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INTRODUCTION 

Wi th t h e  except ion o f  research on A t l a n t i c  b i l l f i s h e s  and b l u e f i n  
tuna which i s  c a r r i e d  o u t  a t  t h e  Nat ional  Marine F i s h e r i e s  Serv ice  (NMFS),
Southeast F i s h e r i e s  Center a t  Miami, F l o r i d a ,  a l l  o the r  s tud ies  on tuna i n  
the  fede ra l  government a re  conducted a t  t h e  NMFS Southwest F i s h e r i e s  
Center 's  two l a b o r a t o r i e s  i n  Honolulu,  Hawaii, and La J o l l a ,  C a l i f o r n i a .  

~~ - __ _- - - -.- - - -

Tuna research a t  t h e  Honolu lu  Laboratory  i s  focused on s tud ies  o f  t h e  
sensory and phys io log i ca l  reac t i ons  o f  tunas t o  t h e i r  environment, South 
P a c i f i c  a lbacore and o the r  tuna popu la t ions  o f  t h e  c e n t r a l  and western 
P a c i f i c ,  and r e c r e a t i o n a l  f i s h e r i e s  research, p r i n c i p a l l y  t h e  s p o r t f i s h e r y  
f o r .  b i l l f i s h e s .  A t  t he  La J o l l a  Laboratory ,  t h e  s t a f 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  prov ides  bas ic  f i s h e r y  a n a l y s i s  and 
management i n f o r m a t i o n  on tunas and b i l l  f i s h e s  t o  i n t e r n a t i o n a l  f i s h e r i e s  
bodies and commissions, and conducts s tud ies  on t h e  s ta tus  o f  porpoise 
invo lved i n  t h e  eas tern  t r o p i c a l  P a c i f i c  tuna purse se ine f i s h e r y .  The 
s t a f f  o f  t h e  Coastal F i s h e r i e s  Resources D i v i s i o n  conducts b i o l o g i c a l  
research on Nor th  P a c i f i c  a lbacore  which i s  d i r e c t e d  toward an 
understanding o f  t he  f i sh/ f ishery/env i ronment  i n t e r a c t i o n s .  

Tuna research a t  t he  Southwest F i s h e r i e s  Center du r ing  t h e  pas t  yea r  
was cha rac te r i zed  by steady progress toward goals  and o b j e c t i v e s  
p rev ious l y  de f i ned  by t h e  Center s t a f f  i n  1979 and 1980: To d e l i v e r  
s c i e n t i f i c  i n fo rma t ion  and adv ice t o  IUMFS, t h e  Department o f  State,  U.S. 
Commissioners t o  i n t e r n a t i o n a l  commissions, and U.S. de legates and 
n e g o t i a t o r s  p a r t i c i p a t i n g  i n  b i l a t e r a l  o r  i n t e r n a t i o n a l  nego t ia t i ons .  

Among t h e  no tab le  developments i n  tuna research a t  t h e  Southwest 
F i s h e r i e s  Center was t h e  i n c r e a s i n g l y  c l o s e  coopera t ion  a t  t h e  
i n t e r n a t i o n a l  l e v e l  i n  research on Nor th P a c i f i c  a lbacore.  Center 
s c i e n t i s t s  j o i n e d  t h e i r  Japanese and Canadian peers a t  t h e  S i x t h  Nor th  
P a c i f i c  Albacore Workshop t o  exchange data, eva lua te  t h e  c o n d i t i o n  o f  t h e  
resource, and present  research r e s u l t s .  I n  1981, t h e  Far  Seas F i s h e r i e s  
Research Laboratory  i n  Japan and the  Southwest F i s h e r i e s  Center extended 
an i n v i t a t i o n  t o  t h e  Canadian P a c i f i c  B i o l o g i c a l  Laboratory  i n  Nanaimo, 
B r i t i s h  Columbia, t o  j o i n  the in fo rmal  , labo ra to ry - to - l abo ra to ry  agreement 
which forms t h e  bas i s  o f  t h e  Albacore Workshop se r ies .  Th is  i n v i t a t i o n  
was accepted and the  Canadian s c i e n t i s t s  now p a r t i c i p a t e  and share i n  the  
research r e s p o n s i b i l i t i e s  assoc ia ted  w i t h  the  a1 bacore resource. 

Another impor tan t  area o f  research was t h e  con t inu ing  e f f o r t  by 
Center s c i e n t i s t s  t o  understand t h e  a1 bacore popu la t i on  and f i s h e r y  
dynamics. Major  emphasis was on the  development o f  a Nor th P a c i f i c  
a1 bacore popu la t i on  model . The model, s t i l l  under development, i s  
designed t o  t e s t  hypotheses on t h e  dynamics o f  t h e  a lbacore popu la t ion ,
i n c l u d i n g  responses t o  changes i n  f i s h i n g  e f f o r t  and response t o  
environmental f a c t o r s .  The ongoing expansion o f  t he  tuna data management 
system a t  Honolulu has i nc luded  data used i n  t h e  development o f  t h i s  
model. 
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A s i g n i f i c a n t  achievement o f  t h e  pas t  yea r  was t h e  d iscovery by a 
research team o f  magnetic m a t e r i a l  i n  the  s k u l l s  o f  y e l l o w f i n  tuna, a c l u e  
t o  t h e i r  a b i l i t y  t o  c a r r y  o u t  ocean-wide m ig ra t i ons .  The team has shown 
t h a t  t r o p i c a l  tunas a re  e a s i l y  cond i t i oned  t o  ea r th -s t reng th  f i e l d s  and 
t h a t  these f i s h  possess magnet i te  ( a  h i g h l y  magnetic i r o n  ox ide m a t e r i a l )  
i n  t h e i r  ethmoid sinuses i n  s u f f i c i e n t  q u a n t i t i e s  t o  serve as the  b a s i s  
f o r  a magnetic sense. 

A major f i n d i n g ,  and one w i t h  impor tan t  i m p l i c a t i o n s  f o r  U.S. 
f ishermen, came about as a r e s u l t  o f  t h e  Center 's  cooperat ive study w i t h  
the  American F i  shermen' s Research Foundation. The r e s u l t s  o f  t h e  study 
show t h a t  t h e  U.S. a lbacore f i s h e r y  can be extended t o  operate du r ing  
w i n t e r  months, us ing  l o n g l i n e  f i s h i n g  methods, i n  an area where t h e  f l e e t  
has n o t  t r a d i t i o n a l l y  f i shed .  Th is  p o t e n t i a l  f o r  a in id-winter a lbacore 
f i s h e r y  i s  an impor tan t  a l t e r n a t i v e  f o r  i n d i v i d u a l  U.S. f ishermen, who 
fo rmer l y  had o n l y  t h e  choices o f  p a r t i c i p a t i n g  i n  o the r  w i n t e r  f i s h e r i e s  
o r  remaining i d l e .  It remains t o  be seen, however, i f  t h e  o v e r a l l  ca tch  
w i l l  increase due t o  a d d i t i o n a l  p a r t i c i p a t i o n .  

Other c o n t i n u i n g  a c t i v i t i e s  a t  t he  Center i n c l u d e  p r o v i d i n g  bas ic  
f i s h e r y  a n a l y s i s  and management i n f o r m a t i o n  on tunas i n  support  o f  t h e  
U . S .  commitment t o  the  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) and t o  ICCAT's Standing Committee on Research and 
S t a t i  s t i c s  (SCRS) . Another impor tant  area o f  involvement was our 
p a r t i c i p a t i o n  f o r  t he  t h i r d  y e a r  i n  ICCAT's I n t e r n a t i o n a l  Sk ip jack Year 
Program (ISYP), which i s  now focused on e v a l u a t i n g  data c o l l e c t e d  i n  pas t  
years.  

Studies a l s o  cont inued on t h e  e l u c i d a t i o n  o f  popu la t i on  s i z e  and on 
t h e  b i o l o g y  o f  do lph ins i n v o l v e d  : i n  t h e  tuna purse seine f i s h e r y  o f  t h e  
eas te rn  t r o p i c a l  P a c i f i c ,  w i t h  new approaches t e s t e d  t o  improve stock 
assessment ana lys i s .  

SWFC f i s h e r y  b i o l o g i s t s  cont inued t h e i r  e f f o r t  t o  induce spawning 
s k i p j a c k  tuna us ing  t h e  "stress- induced' '  method. A1 though t h e  eggs 
hatched, t h e  tuna l a r v a e  d i d  n o t  1 i v e  beyond the  1 2 t h  day. 

The r e p o r t  which f o l l o w s  i s  n o t  in tended as a comprehensive 
p r e s e n t a t i o n  of t he  Cen te r ' s  s t u d i e s  on tuna and tuna - re la ted  f i s h e s  b u t  
r a t h e r  as an in formal  account o f  major a c t i v i t i e s ,  accomplishments, and 
advances c a r r i e d  o u t  i n  f u l f i l l m e n t  o f  our m iss ion  as a cen te r  o f  tuna 
research i n  t h e  federa l  government. 

- , I  

lzadore-"Barret t ,  D i r e c t o r  
MMFS Southwest F i s h e r i e s  Center 

May, 1982 
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RESEARCH O N  ATLANTIC TROPICAL TUNAS AT THE 

SOUTtiWEST FISHERIES CENTER 

Dur ing 1980-1981, research cont inued a t  t h e  Southwest F i s h e r i e s  
Center on the stock assessment and f i s h e r y  e v a l u a t i o n  o f  A t l a n t i c  t r o p i c a l  
tunas i n  support  o f  f i s h e r y  management needs and recommendations p u t  f o r t h  
by  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  At1 a n t i c  Tunas 
(ICCAT) Standing Comini t t e e  on Research and S t a t i s t i c s  (SCRS) . Species 
excluded from study by the  SUFC a r e  A t l a n t i c  b l u e f i n  tuna and b i l l f i s h ,  
which a r e  subjects  o f  research a t  t h e  NMFS Southeast F i s h e r i e s  Center i n  
Miami , F l o r i d a .  

U.S. f i s h e r i e s  were monitored and b i o l o g i c a l  and f i s h e r y  da ta  
c o l l e c t e d  as p a r t  o f  t h e  research. A t l a n t i c  tuna impor ts  were sampled 
(7,844 f i s h  i n  1980 and a p r e l i m i n a r y  count  o f  4,078 i n  1981) f o r  
b i o l o g i c a l  i n f o r m a t i o n  i n  Puerto Rico. Resul ts  o f  t h e  size-cotnposi t i o n  
sampling f r o m  Puerto Rico i n  1980 i n d i c a t e d  t h a t  72% by number o f  t h e  
y e l l o w f i n  and 75% by number o f  t h e  bigeye tuna impor ts  sampled were under-
s i zed  ( l e s s  than 55.0 cm f o r k  l e n g t h ) .  The 1981 p r e l i m i n a r y  data i n d i c a t e  
t e n t a t i v e l y  t h a t  73% by number o f  t he  y e l l o w f i n  and 74% by number o f  t h e  
bigeye tuna impor ts  sampled were under-sized. Sampling f o r  species 
composi t ion i n  Puerto Rico du r ing  1980 i n d i c a t e d  t h a t  approximately 16% by 
weight o f  t he  imported mixed ye1 lowf in /b igeye tuna tonnage sampled,
cons is ted  o f  bigeye tuna. An a n a l y s i s  comparing s i z e  composi t ions from 
impor ts  sampled i n  Puerto Rico t o  s i z e  composi t ions o f  samples from 
land ings  i n  Tema, Ghana, was a l s o  conducted (see page 6 f o r  paper by S .  
H e r r i c k ) .  

A t l a n t i c  tuna catch, e f f o r t ,  and b i o l o g i c a l  data bases were updated 
and submit ted t o  ICCAT.  An a n a l y s i s  o f  b i o l o g i c a l  data t o  d e r i v e  a 
length-weight  r e l a t i o n s h i p  f o r  At1 a n t i c  bigeye tuna was undertaken i n  
cooperat ion w i t h  s c i e n t i s t s  from Spain, Japan, and France (see page f o r  
paper by Parks e t  a1 1. A h i s t o l o g i c a l  gonad a n a l y s i s  o f  l a t e  summer-early 
w i n t e r  c o l l e c t i o n s  o f  b igeye and y e l l o w f i n  tuna from t h e  nor thwest  
A t l a n t i c  and G u l f  o f  Mexico was a l s o  conducted (see page 6 f o r  paper by 
Go1 dberg and Herring-Dyal ) . 

Research d i r e c t e d  toward reducing the b i a s  i n h e r e n t  i n  age-frequency 
est imates obta ined from the  d e t e r m i n i s t i c  von B e r t a l a n f f y  growth 
r e l a t i o n s h i p  r e s u l t e d  i n  the i n t r o d u c t i o n  o f  a s t o c h a s t i c  element i n t o  the  
re1 a t i o n s h i p .  T h i s  m o d i f i c a t i o n  i s  expected t o  improve age-frequency 
est imates f o r  A t l a n t i c  tuna stocks over  those y i e l d e d  by t h e  t r a d i t i o n a l  
d e t e r m i n i s t i c  method (see page 6 f o r  paper by Bartoo and Parker) .  

I n  suppor t  o f  ICCAT's I n t e r n a t i o n a l  Sk ip jack Year Program (ISYP) ,
U.S. p o r t  sampling a c t i v i t i e s  i n  Puerto Rico have been expanded t o  c o l l e c t  
gonad and stomach samples f o n  s k i p j a c k  tuna caught i n  western A t l a n t i c  
waters. The samples w i l l  be used f o r  m a t u r i t y / f e c u n d i t y  analyses and 
feeding behavior s tud ies.  I n  a d d i t i o n ,  length-frequency sampling coverage 
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o f  U.S. A t l a n t i c  sk ip jack  tuna catches has been doubled f o r  t h e  remainder 
o f  t h e  I S Y P .  

INTERNATIONAL COMMISSION FOR THE CONSERVATION OF ATLANTIC TUNAS 

I n  suppor t  o f  t h e  U.S. commitment t o  the  19-member 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) and i t s  Standing 
Committee on Research and S t a t i s t i c s  (SCRS), t h e  s t a f f  o f  t h e  Tuna and 
B i l l f i s h  Resources Program a t  t he  La J o l l  a Laboratory  p rov ides  bas ic  
f i s h e r y  a n a l y s i s  and management in fo rmat ion .  

A t l a n t i c  Tuna Stocks Assessed a t  Meeting 

I n  1981, t h e  ICCAT's SCRS meet ing was h e l d  i n  Tener i fe ,  Canary 
Is lands,  Spain, from November 3 t o  11. The Center was represented a t  t h i s  
meet ing by D i r e c t o r  D r .  Izadore B a r r e t t ,  f i s h e r y  b i o l o g i s t s  D r .  Norm 
Bartoo and D r .  Gary Sakagawa, and i n d u s t r y  economist D r .  Samuel Her r ick .  
P r i o r  t o  the  meeting, SCRS s c i e n t i s t s  prepared s t a t u s  o f  s tock r e p o r t s  on 
A t l a n t i c  tuna and b i l l f i s h  s tocks t o  a s s i s t  t h e  Commission i n  i d e n t i f y i n g  
needed conserva t ion  measures. 

The Committee's assessment of t he  c o n d i t i o n  o f  y e l l o w f i n  tuna s tocks 
s ta ted  t h a t  on an A t l a n t i c - w i d e  bas is ,  y e l l o w f i n  tuna appear t o  be 
h e a v i l y  exp lo i t ed ,  w i t h  c u r r e n t  catches approaching t h e  upper es t imate  o f  
maximum sus ta inab le  y i e l d  (MSY). Whi le t h e  Committee had no s p e c i f i c  
recommendation f o r  a d d i t i o n a l  management o f  y e l l o w f i n  tuna a t  t h i s  t ime,  
i t  d i d  recommend the  con t inua t ion  o f  i n v e s t i g a t i o n s  o f  a l t e r n a t i v e  
management schemes designed t o  enhance y e l l o w f i n  tuna y i e l d s ;  these were 
begun i n  1980 and were developed f u r t h e r  i n  1981. 

The SCRS appaisa l  o f  b igeye tuna s tocks  i n d i c a t e s  t h a t  on an 
A t lan t i c -w ide  bas is ,  b igeye tuna are  c u r r e n t l y  be ing  e x p l o i t e d  w i t h i n  t h e  
range o f  est imated MSY's. Considered separate ly ,  t h e  f i s h e r y  f o r  b igeye 
tuna i n  the  nor thern  A t l a n t i c  i s  c u r r e n t l y  opera t ing  a t  a l e v e l  below t h e  
est imated MSY f o r  a d i s t i n c t  nor thern  s tock,  w h i l e  the  f i s h e r y  i n  the  
south i s  ope ra t i ng  a t  a l e v e l  c l o s e  t o  the  est imated MSY f o r  a d i s t i n c t  
southern s tock.  The Commi t t e e  o f f e r e d  no new management recommendations 
f o r  bigeye tuna a t  t h i s  t ime, b u t  recommended t h a t  a l t e r n a t i v e s  t o  t h e  
c u r r e n t  minimum-size r e g u l a t i o n  f o r  b igeye tuna cont inue t o  be 
i nves t i ga ted .  

The Commi t t e e ' s  assessment o f  sk ip jack  tuna resources remains 
r e l a t i v e l y  unchanged from t h a t  o f  l a s t  year .  Sk ip jack  tuna i n  the  eas tern  
A t l a n t i c  a re  c u r r e n t l y  e x p l o i t e d  a t  a h igher  l e v e l  than i n  the  western 
A t l a n t i c .  Al though the  t r u e  p o t e n t i a l  y i e l d  from the  resource i s  s t i l l  
unknown, a v a i l a b l e  in fo rmat ion  suggests t h a t  i t  i s  g rea te r  than the  ca tch  
l e v e l s  c u r r e n t l y  r e a l  i zed .  There were no management measures recommended 
f o r  sk ip jack  tuna a t  t h i s  t ime. However, t h e  Committee noted t h a t  because 
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sk ip jack  tuna are  f requen t l y  caught together  w i t h  y e l l o w f i n  and b igeye 
tunas, management aimed a t  these l a t t e r  species w i l l  l i k e l y  impact 
sk ip jack  tuna catches. 

The SCRS appra isa l  o f  a lbacore tuna s tocks i n d i c a t e d  t h a t  t he  
nor thern  stock i s  c u r r e n t l y  be ing e x p l o i t e d  below i t s  est imated NSY w h i l e  
the  southern stock appears t o  be f i s h e d  a t  a l e v e l  near i t s  PiSY. There 
were no management recommendations made f o r  a lbacore tuna a t  t h i s  t ime. 

The SCRS assessment o f  t he  b l u e f i n  tuna resource suggests t h a t  w h i l e  
b l u e f i n  tuna i n  t h e  eastern A t l a n t i c  a re  n o t  c u r r e n t l y  threatened w i t h  
over -exp lo i  t a t i o n  g iven the  c u r r e n t  p a t t e r n  o f  t h e  f i s h e r y ,  f i s h i n g  has 
reduced the  resource i n  t h e  western A t l a n t i c  t o  dangerously low l e v e l s .  
Based upon t h i s  assessment, t he  Committee recommended t h a t  c u r r e n t  minimum 
s i z e  and f i s h i n g  m o r t a l i t y  r e g u l a t i o n s  be mainta ined i n  t h e  eas tern  
A t l a n t i c ,  and t h a t  catches o f  a d u l t  and j u v e n i l e  b l u e f i n  tuna i n  t h e  
western A t l a n t i c  be reduced t o  as near zero as f e a s i b l e  i n  1982. On the  
o t h e r  hand, i f  b l u e f i n  tuna are  t o  be managed on an A t lan t i c -w ide  bas is ,  
t h e  Committee recommended t h a t  1982 catches o f  a d u l t  f i s h  be h e l d  t o  as 
near 9,500 m t  as feas ib le ,  and t h a t  catches o f  j u v e n i l e  f i s h  be reduced t o  
as near zero as f e a s i b l e .  Th is  recommendation was based upon evidence 
showing low l e v e l s  of abundance f o r  bo th  j u v e n i l e  and a d u l t  f i s h .  

While t h e  exac t  s ta tus  o f  A t l a n t i c  b i l l f i s h  ( b l u e  mar l i n ,  wh i te  
mar l  i n  , s a i l f i shy and swordf i  sh) resources remain unknown, t h e  Committee 
expressed concern over  t h e  low c a t c h - p e r - u n i t - e f f o r t  (CPUE) 1 eve ls  f o r  
both b lue  and wh i te  mar l i ns  i n  recen t  years,  and t h e  impact o f  increased 
l e v e l s  o f  e f f o r t  on these resources. The Committee noted t h a t  s i g n i f i c a n t  
progress has been made i n  improving and updat ing  b i l l f i s h  data bases; 
however, t he re  i s  s t i l l  i n s u f f i c i e n t  i n f o r m a t i o n  t o  make f i r m  eva lua t i ons  
on t h e  c o n d i t i o n  o f  t he  resources and the  need f o r  management a t  t h i s  
t ime. 

Reports were a l so  prepared on t h e  mu l t i spec ies  aspects o f  f i s h e r i e s  
f o r  bo th  temperate and t r o p i c a l  t u n a - l i k e  species. The Committee s t ressed 
t h e  need t o  develop a p l a n  t h a t  addresses eco log i ca l  i n t e r a c t i o n  issues 
and t o  e s t a b l i s h  an a n a l y t i c a l  framework f o r  mu l t i spec ies  f i s h e r y  
assessment and management i n v e s t i g a t i o n s .  

The I C C A T  Commissioners met from November 11 t o  17, 1981, t o  cons ider  
the  SCRS f i nd ings  and t o  deal w i t h  housekeeping mat te rs .  Based on the  

,SCRS Report  which showed a decrease i n  the  abundance o f  t he  A t l a n t i c  
b l u e f i n  stock,  t he  Commission recommended t h a t  t h e  capture  o f  b l u e f i n  tuna 
be p r o h i b i t e d  f o r  a pe r iod  o f  two years  i n  t h e  western A t l a n t i c  Ocean and 
t h a t  d i r e c t e d  and i n c i d e n t a l  catches be l i m i t e d  t o  an annual l e v e l  o f  800 
m t  t o  enable ongoing s c i e n t i f i c  s tud ies  t o  be cont inued. 
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SWFC S c i e n t i s t s  Submit Tuna Papers t o  SCRS Meeting 

The f o l l o w i n g  papers were among those prepared by t h e  SWFC's Tuna and 
B i l l f i s h  Resources Program f o r  p resen ta t i on  a t  t h e  1981 SCRS meeting: 

D r .  Samuel Her r i ck  authored a paper e n t i t l e d  "Size and species 
composi t ion o f  A t l a n t i c  tunas from impor ts  landed i n  Puerto Rico du r ing  
1980." T h i s  paper descr ibed r e s u l t s  o f  length-frequency and species 
composi t ion sampling o f  foreign-caught,  imported At1 a n t i c  tunas 
transshipped t o  Puerto Rico d u r i n g  1980. The Puerto Rican transshipment 
s i  ze-composi tion sampling r e s u l  t s  were compared t o  t h e  resu l  t s  o f  1 andi ngs 
sampled i n  Tema, Ghana, where the  transshipments o r i g i n a t e d ,  us ing  
goodness-of-f i  t t e s t s .  Est imated 1ength-frequencies obta ined i n  Puerto 
Rico by sampling y e l l o w f i n  and bigeye tuna transshipments o f  t h e  Tema-
based b a i  t b o a t  f l e e t  were t e s t e d  aga ins t  expected l e n g t h  f requencies,  
based upon corresponding landings sampling conducted i n  Tema. The t e s t s  
i n d i c a t e d  t h a t  i n  the  m a j o r i t y  o f  cases, s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t  between the  r e s u l t s  o f  t h e  Puerto Rican and Tema 
sampl i n g  programs. 

Co-authored by D r .  Norm Bartoo, SWFC, and K e i t h  Parker o f  C rea t i ve  
Ideas, San Diego, a paper e n t i t l e d  "Stochast ic  age-frequency us ing  the von 
B e r t a l a n f f y  growth equat ion" d e t a i l e d  a technique whereby t h e  b i a s  
i n h e r e n t  i n  t h e  t r a d i t i o n a l  method o f  e s t i m a t i n g  age-frequency from 
1 ength-frequency us ing,  t h e  d e t e r m i n i s t i c  von B e r t a l a n f f y  growth equat ion 
i s  removed by i n c o r p o r a t i n g  a s t o c h a s t i c  element i n  the  von B e r t a l a n f f y  
r e 1a t i onshi p. The s t o c h a s t i c  element is based on est imated probabi1it i e s  
o f  l e n g t h s  by i n t e r v a l s  a t  age; t h e  p r o b a b i l i t i e s  a r e  est imated from 
var iances i n  1 engths-at-age. Based on age-1 ength samples from t h e  P a c i f i c  
b o n i t o  f i s h e r y ,  t h e  s t o c h a s t i c  method g i ves  improved age-frequency 
est imates over  those obta ined by the  d e t e r m i n i s t i c  method. 

A paper, " H i  s t o l  og i ca l  gonad analyses o f  1 a t e  summer-early w i n t e r  
co l  1e c t i o n s  o f  b igeye tuna, Thunnus obesus , and ye11owf i  n tuna , Thunnus 
albacares, from the  Northwesf A t 1 a n t i T 7 Z Z  the  G u l f  o f  Mexico," - 6 j T . E  
Stephen Goldberg, W h i t t i e r  College, and Hi1 l a r y  Herring-Dyal o f  t he  
Southwest F i s h e r i e s  Center, was submit ted t o  SCRS f o r  t he  1981 meeting. 
I n  t h i s  paper, t he  authors acknowledge the dear th  o f  i n f o r m a t i o n  a v a i l a b l e  
on the rep roduc t i on  o f  y e l l o w f i n  and bigeye tuna i n  the  Gu l f  o f  Mexico and 
ad jacen t  Northwest At1 a n t i c  Ocean, and c i t e  prev ious rep roduc t i ve  s t u d i e s  
on samples from t h e  P a c i f i c  Ocean which p rov ide  some i n f o r m a t i o n  on the  
spawning o f  these species. I n  o rde r  t o  ga in  an understanding o f  t he  
rep roduc t i ve  p o t e n t i a l  o f  y e l l o w f i n  and bigeye, t h e  authors c a r r i e d  o u t  a 
h i s t o l o g i c a l  ana lys i s  o f  t he  gonads. They conclude, based on t h e i r  data, 
t h a t  t h e  popu la t i ons  under study undergo a b r i e f  sp r ing  spawning p e r i o d
s i m i l a r  t o  t h a t  of nor the rn  f i s h e s  which have a r e s t r i c t e d  spawning 
season. They s ta te ,  however, t h a t  i n  o rde r  t o  t e s t  t h e i r  hypothesis o f  a 
p o s t u l a t e d  s p r i n g  spawning pe r iod ,  i t  w i l l  be necessary t o  o b t a i n  
a d d i t i o n a l  female gonads f o r  t he  p e r i o d  Flarch through June f o r  a more 
complete p i c t u r e  o f  t h e  rep roduc t i ve  b i o l o g y  o f  y e l l o w f i n  and bigeye 
tunas. 
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The f o u r t h  paper submit ted t o  the  SCRS meet ing was e n t i t l e d  "Length-
Lqeight r e l a t i o n s  f o r  b igeye tuna (Thunnus obesus) captured i n  the  eas tern  
A t l a n t i c  Ocean," by W .  Parks, X  .  T  -me, and A. Santos. The 
authors est imated parameters f o r  a length-we igh t  re1  a t i o n  f o r  b igeye tuna 
captured i n  the  A t l a n t i c  Ocean between 30"N and 15"s l a t i t u d e s  and between 
30"W l o n g i t u d e  and t h e  coas t  o f  A f r i c a .  Data were s t r a t i f i e d  by gear 
( su r face  and l o n g l i n e ) ,  area o f  season o f  capture,  and by sex. The t ime 
p e r i o d  s tud ied  was 1957 t o  1979, w i t h  m a t e r i a l  froin 1971 t o  1974 
coinpr is ing 75% o f  t h e  t o t a l .  Analyses of covar iance were used t o  t e s t  f o r  
length-weight  r e l a t i o n s  due t o  area, gear, season, and sex. The r e s u l t s  
a re  t e n t a t i v e  due t o  l ack  of data f o r  many s t r a t a .  

INTERNATIONAL SKIPJACK YEAR PROGRAM (ISYP) 

The y e a r  1981 marked t h e  t h i r d  yea r  o f  SWFC involvement i n  t h e  
A t lan t i c -w ide  sk ip jack  tuna research program now known as t h e  
I n t e r n a t i o n a l  Sk ip jack Year Program (ISYP). Almost f o u r  years  i n  the  
p lanning,  t h e  program i s  sponsored by ICCAT. The r a t i o n a l e  f o r  t h e  
program i s  t h a t  w h i l e  s c i e n t i s t s  b e l i e v e  sk ip jack  tuna t o  be t h e  most 
abundant o f  t h e  commercial species o f  tuna i n  the  A t l a n t i c ,  t h i s  species 
has o n l y  r e c e n t l y  been e x p l o i t e d  on a l a r g e  scale.  Since 1961, however, 
catches have increased r a p i d l y ,  w i t h  a peak o f  118,000 m e t r i c  tons i n  
1977. The p ro jec ted  ca tch  f o r  1981 was about 140,000 m t .  

It appears f rom t h e  above t h a t  t he re  i s  p o t e n t i a l  f o r  expanding 
produc t ion  o f  At1 a n t i c  sk ip jack  tuna. A t  present ,  however, i n s u f f i c i e n t  
i n fo rma t ion  e x i s t s  t o  p lan  t h i s  expansion i n  an o r d e r l y  and r a t i o n a l  
manner t o  avo id  damaging the  sk ip jack  s tocks through o v e r e x p l o i t a t i o n  by 
an overdeveloped f i s h e r y .  

The I S Y P  program was developed by ICCAT t o  he lp  f i l l  i n  these gaps i n  
i n f o m a t i o n .  I C C A T  coord ina ted  the  c o l l e c t i v e  i n p u t s  o f  t h e  19 member 
coun t r i es  who supply the  vessels,  gear, and research e x p e r t i s e  r e q u i r e d  t o  
implement the  program. A p lann ing  phase was c a r r i e d  o u t  du r ing  1979, a 
l i m i t e d  execut ion phase s t a r t e d  i n  1980, and research conducted i n  1981. 
The f i n a l  yea r  o f  t he  program, 1982, w i l l  focus on a n a l y s i s  o f  t h e  data 
c o l  1 ected. 

Center S c i e n t i  s t s  A i  ds Braz i  1 ian Tuna 
Tagging Program i n  Support o f  I S Y P  

I n  October 1981, D r .  Ronald Rinaldo, F ishery  B i o l o g i s t  a t  the 
Southwest F i s h e r i e s  Center, re tu rned  a f t e r  a one-month t r i p  t o  B r a z i l  
where he t r a i n e d  s c i e n t i s t s  from the  Super intendencia do Desenvol vimento 
de Pesca (SUDEPE) and Empresa de Pesqui sa Agropecuaria (PESAGRO-RIO) in 
techniques f o r  tagg ing  tuna. The t r i p  was made on b e h a l f  o f  the  
government o f  B r a z i l  and I C C A T  i n  suppor t  o f  t h e  I S Y P .  R i na l  do 
p a r t i c i p a t e d  i n  two t r a i n i n g  c ru i ses  aboard t h e  PESAGRO-RIO research 
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vessel , Mal acost raca , preceding t h e  Braz i  1 i a n  t a g y i  ng e f f o r t  schedul ed t o  
s t a r t  i n  l a t e  January 1982 and cont inue through A p r i l .  Fourteen B r a z i l i a n  
s c i e n t i s t s  were t r a i n e d  i n  tagg ing  and b i o l o g i c a l  sampling procedures 
conta ined i n  the  I S Y P  f i e l d  manuals. 

The B r a z i l i a n  tuna f i s h e r y  i s  a po le-and- l ine f i s h e r y  t h a t  p r i m a r i l y  
catches sk ip jack  tuna. Approximately 80 vessels  w i t h  crews o f  18-25 men 
are  c u r r e n t l y  f i s h i n g  w i t h i n  150 m i l e s  o f  t h e  Sta tes  o f  Rio de Jane i ro  and 
Sao Paulo. 

Sk ip jack  Sampled and Tagged f o r  F i she ry  Studies 

As p a r t  o f  t h e  U.S. c o n t r i b u t i o n  t o  ISYP,  t h e  s t a f f  o f  t h e  
Tuna/Bil  l f i sh Resources Program o f  t h e  SWFC conducted a sk ip jack  sampling 
and tagg ing  c r u i s e  aboard t h e  ba i tboa t ,  Rhonda Sue, i n  t h e  Caribbean and 
western A t l a n t i c  between t h e  Dominican R e m c  and t h e  coas t  o f  Surinam, 
from February 4 t o  A p r i l  18, 1980. One hundred f o r t y - t h r e e  schools o f  
tuna/ tuna- l i ke  f i s h  were s igh ted  du r ing  54 days on t h e  f i s h i n g  grounds. A 
t o t a l  o f  1,612 f i s h  was tagged w i t h  d a r t  tags. Sk ip jack  tuna accounted 
f o r  1,412 o f  t h e  tagged f i s h :  1,074 were single-tagged, 121 were double-
tagged, and 217 were tagged and i n j e c t e d  w i t h  t e t r a c y c l i n e .  The 
t e t r a c y c l i n e  i n j e c t i o n  w i l l  p lace  an event  mark on t h e  hard p a r t s  of t h e  
f i s h  which can be examined f o r  growth s tud ies  when t h e  f i s h  i s  recaptured. 

O t o l i t h  samples f o r  ageing s tud ies  were taken from sk ip jack  captured 
dur ing  t h e  Rhonda Sue c ru i se .  Twenty sk ip jack  o t o l i t h s  were c o l l e c t e d  and 
r e t a i n e d  f o r f u t u r e n a l y s i s .  To date, o n l y  one te t racyc l ine-marked f i s h  
has been recovered and re tu rned  t o  t h e  SWFC's La J o l l a  Laboratory.  A lex 
Wi ld,  B i o l o g i s t  w i t h  t h e  Inter-American T rop ica l  Tuna Commission, i s  
s tudy ing  t h i s  specimen t o  o b t a i n  a reading on age/growth. About 50 
uncleaned sk ip jack  o t o l i t h s  c o l l e c t e d  i n  1977-1979 a r e  a v a i l a b l e  a t  t h e  La 
J o l l a  Laboratory  f rom f i s h  t ransshipped t o  Puerto Rico f rom t h e  eas tern  
At1 a n t i c  and w i l l  be supp l ied  t o  p a r t i e s  i n t e r e s t e d  i n  ageing analyses. 

F i v e  p lank ton  tows were made d u r i n g  t h e  Rhonda Sue c r u i s e  and samples 
froin these tows have been submi t ted t o  the  NM-theast F i s h e r i e s  Center 
i n  Miami, F l o r i d a ,  f o r  ana lys is .  Approximately 140 XBT readings and 40 
weather observa t ions  were a l s o  taken on the  c r u i s e  t o  supplement e x i s t i n g  
sea sur face  temperature observat ions by U.S. purse se iners  f i s h i n g  i n  t h e  
A t l a n t i c .  These data a r e  be ing  evaluated i n  o rde r  t o  r e l a t e  ca tch  by 
species and s e t  type t o  sea sur face  temperature. 

U. S. s c i e n t i s t s  have a1 ready analyzed h i s t o r i c a l  sea sur face  
temperature data and ca tch  e f f o r t  data t o  d e l i m i t  t h e  d i s t r i b u t i o n  o f  
sk ip jack  tuna i n  t h e  t r o p i c a l  A t l a n t i c  Ocean. A p rev ious  oceanographic 
study o f  At1 a n t i c  sk ip jack  h a b i t a t  used h i s t o r i c a l  d i sso l ved  oxygen and 
v e r t i c a l  thermal s t r u c t u r e  data t o  hypothesize areas o f  s k i p j a c k  
v u l n e r a b i l i t y  t o  sur face  gear i n  t h e  western A t l a n t i c  Ocean. 

A data base r e s u l t i n g  f rom t h e  sk ip jack  tagg ing  c r u i s e  aboard the  
Rhonda Sue has been es tab l i shed  a t  t h e  SWFC c o n s i s t i n g  o f  1 )  raw data  from-
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tagg ing  sheets, and 2 )  l e n g t h  f requencies f o r  tagged f i s h  by month and 1"-
l a t i tude x l o n g i t u d e  squares. I n  a d d i t i o n ,  I n t e r n a t i o n a l  Skipjack Year 
t a g  recovery s t a t i o n s  have been es tab l i shed  i n  La J o l l a  and Puerto Rico t o  
c o l l e c t  t ag  recovery and r e l a t e d  i n f o r m a t i o n  on recaptured, tagged tuna. 
These f i s h  a r e  r e t r i e v e d  by f ishermen and cannery workers, as w e l l  as 
s c i e n t i f i c  t echn ic ians  working i n  p o r t s  and aboard vessels.  As o f  t h i s  
w r i t i n g  more than 300 I S Y P  tags have been recovered a t  t h e  U.S. s t a t i o n s ;  
o f  these 7 were from f i s h  tagged d u r i n g  t h e  U.S. tagging c r u i s e .  

P o r t  Sam1inq o f  Ski D.iack Continues 

The U.S. cont inues t o  c o l l e c t  c a t c h / e f f o r t  and s k i p j a c k  l e n g t h -
frequency data from U.S. vessels  f i s h i n g  i n  t h e  A t l a n t i c .  C a t c h / e f f o r t  
coverage i s  approximately 100% f o r  t he  U.S. vessels f i s h i n g  i n  t h e  
At1 a n t i c .  A1though sk i  p jack l e n g t h  f requencies a r e  adequately sampled a t  
present,  at tempts a r e  being made t o  p rov ide  increased sampling d u r i n g  the  
remainder of t h e  I n t e r n a t i o n a l  Sk ip jack Year Program. The U.S. p lans  t o  
m a i n t a i n  t h i s  l e v e l  o f  coverage w h i l e  expanding t h e  length-frequency 
sampling program t o  B r a z i l i a n  b a i t b o a t  f l e e t  transshipments. U.S. p o r t  
sampling a c t i v i t i e s  a t  Puerto Rico have been expanded t o  c o l l e c t  gonad and 
stomach samples from sk ip jack  tuna caught i n  western A t l a n t i c  waters.  
These samples a re  shipped t o  the SWFC i n  La J o l l a  f o r  analyses o f  
m a t u r i t y / f e c u n d i t y  and s tud ies  o f  feeding behavior.  F i s h e r y  b i o l o g i s t  D r .  
David Au o f  t he  SWFC i s  analyz ing the  gonad samples i n  o rde r  t o  determine: 
t h e  l o c a t i o n  o f  s k i p j a c k  spawning areas i n  the  western e q u a t o r i a l  A t l a n t i c  
(W o f  3OoW longi tude,  30"N - 30"s l a t i t u d e s ) ;  t ime  by month o f  spawning 
a c t i v i t y ;  s i z e  a t  f i r s t  m a t u r i t y ;  f ecund i t y  by s i ze ,  area, and t ime; and 
sex r a t i o s .  The sampl ing design o f  t h i s  ma tu r i  ty - fecundi  ty study r e q u i r e s  
t h a t  50 female o v a r i e s  be c o l l e c t e d  pe r  month over  a 12-month per iod.  
Samples w i l l  be s t r a t i f i e d  according t o  f i s h  s i z e  w i t h  each 5 0 - f i s h  sample 
evenly d i s t r i b u t e d  over f i v e  10-cm s i z e  i n t e r v a l s  ranging from 40 t o  81+ 
cm. 

Stomach samples a r e  c u r r e n t l y  be ing analyzed by SWFC s c i e n t i s t s  t o  
determine t h e  composi t ion o f  stomach contents  and t o  c o r r e l a t e  any 
v a r i a t i o n s  i n  food i tems w i t h  d i f f e r e n c e s  i n  t h e  stage o f  sexual m a t u r i t y .  
The I S Y P  p l a n  p o i n t s  o u t  t h a t  sk ip jack  tuna may themselves be a major 
p reda to r  o f  t h e i r  young and t h i s  a n a l y s i s  w i l l  examine t h a t  p o s s i b i l i t y  
f o r  f i s h i n g  areas o f  t h e  western A t l a n t i c  Ocean. 

Procedure Manual s W r i t t e n  f o r  Ski p jack Studies 

Mathematician A t i l i o  Coan and f i s h e r y  b i o l o g i s t  D r .  Ronald R ina ldo  o f  
t he  SWFC, w i t h  I C C A T  s t a f f  member D r .  P h i l i p  Symons, designed and prepared 
manual s on p o r t  sampling, shipboard sampl ing, and 1 aboratory  manual s f o r  
ICCAT's I n t e r n a t i o n a l  Sk ip jack Year Program (ISYP) which have g r e a t l y  
expedi ted I S Y P  data c o l l  e c t i o n  and processing. (Addi t i o n a l  d e t a i l  s about 
the I S Y P  a r e  g iven on page 7 . )  
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OVERVIEW GF UNITED STATES FISHtRIES Oh TUNA AND TUNA-LIKE FISHES 

OF THE ATLANTIC OCEAN I N  1980-1981 

I n  1980, U.S. commercial catches o f  A t l a n t i c  tunas and tuna - l i ke  
species were approx imate ly  20,000 m e t r i c  tons (mt) ,  an inc rease o f  
approximately 14% over  1979. Catches o f  sk ip jack  tuna increased by 16% 
w h i l e  catches o f  b l u e f i n ,  y e l l o w f i n ,  and bigeye tuna decreased by 34%, 
33%, and 5%, r e s p e c t i v e l y .  Catches o f  sword f ish  increased 4%. 

The U.S. f i s h e r y  f o r  t r o p i c a l  tunas operated under a miniinum s i z e  
r e g u l a t i o n  o f  3.2 kg  f o r  y e l l o w f i n  tuna, w i t h  a 3% i n c i d e n t a l  ca tch  
al lowance by weight  per  boa t  land ing ,  du r ing  a l l  o f  1980, and under the  
same minimum s i z e  r e g u l a t i o n  f o r  b igeye tuna a f t e r  i t  was implemented i n  
the  f a l l  o f  1980. The U.S. f i s h e r y  f o r  b l u e f i n  tuna operated under s ize ,  
catch,  and seasonal 1 i m i t a t i o n s .  

Most o f  t h e  A t l a n t i c  t r o p i c a l  tuna f i s h i n g  a c t i v i t y  by U.S. vessels  
d u r i n g  1980 occur red  i n  the  eas tern  A t l a n t i c .  E i g h t  purse se iners  f i s h e d  
i n  eas tern  A t l a n t i c  waters, one more than i n  1979. These vessels  spent 
approx imate ly  5 7 1  days f i s h i n g  and caught 1,614 m t  o f  y e l l o w f i n  tuna, 
2,608 m t  o f  sk ip jack  tuna, and 143 m t  o f  b igeye tuna. 

Catch r a t e s  du r ing  1980 i n  the  eas tern  A t l a n t i c  were 2.2 m t  of 
y e l l o w f i n  tuna and 3.9 m t  o f  sk ip jack  tuna per  day 's  f i s h i n g ,  a 43% 
decrease and a 77% increase,  respec t i ve l y ,  compared w i t h  1979. 

I n  1980, t h e  ca tch  o f  under-s ized y e l l o w f i n  tuna by t h e  U.S. f l e e t  
was approximately 81% (by number) o f  t h e  f l e e t ' s  t o t a l  y e l l o w f i n  catch.  
The ca tch  o f  b igeye tuna below 3.2 k g  du r ing  a l l  o f  1980 was approx imate ly  
5% (by number) o f  t he  f l e e t ' s  t o t a l  b igeye catch. 

I n  1981, e i g h t  U.S. se iners  p a r t i c i p a t e d  i n  t h e  A t l a n t i c  t r o p i c a l  
tuna f i s h e r y .  The 1981 p r e l i m i n a r y  t o t a l  ca tch  o f  A t l a n t i c  t r o p i c a l  tunas 
by  U.S. vessels  was 5,135 m t ,  w i t h  1,757 m t  o f  y e l l o w f i n  tuna, 3,250 m t  o f  
sk ip jack  tuna, and 128 m t  o f  b igeye tuna. Th is  i s  an es t imated  7% 
decrease from t h e  1980 t o t a l  catch,  w i t h  a 15% decrease i n  t h e  catches o f  
y e l l o w f i n ,  a 2% increase i n  sk ip jack ,  and a 36% decrease i n  b igeye tuna 
catches. 
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NORTH PACIFIC ALBACORE 

S i x t h  Nor th P a c i f i c  Albacore Workshop 

I n  keeping w i t h  t h e  i n fo rma l  agreement reached i n  1974 between t h e  
Southwest F i s h e r i e s  Center (SWFC) and t h e  Far  Seas F i  sher ies Research 
Laboratory (FSFRL) o f  Japan f o r  a j o i n t  program o f  research on the  Nor th  
P a c i f i c  a1 bacore resources, t he  S i x t h  Nor th P a c i f i c  A1 bacore Workshop was 
h e l d  from September 1 t o  4, 1981, a t  t h e  FSFRL i n  Shimizu, Japan. 
Representing t h e  Southwest F i s h e r i e s  Center a t  t h e  Workshop were Drs. N. 
Bartoo and M. Laurs. As a preamble t o  t h e  workshop, t h e  p a r t i c i p a n t s  
noted the  recen t  h i g h  u t i l i z a t i o n  o f  t h e  Nor th  P a c i f i c  a lbacore s tocks and 
urged cont inued and i n t e n s i v e  research e f f o r t s  t o  o b t a i n  a b e t t e r  
understanding o f  t he  b i o l o g y  and dynamics o f  t h e  resource. 

A summary o f  papers presented t o  t h e  Albacore Workshop by U.S. 
researchers f o l  1 ows : 

D r .  Laurs and M r .  R. Nishimoto, SWFC, descr ibed r e s u l t s  of f u r t h e r  
s t u d i e s  ( "Eva lua t i on  o f  t h e  o t o l i t h  d a i l y  r i n g  method f o r  age 
de te rm ina t ion  i n  North P a c i f i c  a1 bacore") t o  t e s t  t h e  assumption t h a t  
increments o f  growth a r e  deposi ted d a i l y  on t h e  o t o l i t h s  o f  a lbacore.  
L a t e s t  i n f o r m a t i o n  conf i rms e a r l i e r  i n d i c a t i o n s  t h a t  i n  t e t r a c y c l i n e -
i n j e c t e d  tagged specimens, t h e  r e l a t i o n s h i p  between o t o l i t h  r i n g  
increments and days a t  l i b e r t y  i s  c l o s e  t o  1:l. This  opens the  way t o  
determin ing w i t h  considerable accuracy t h e  l e n g t h  o f  a lbacore a t  f i r s t  
b i r t h d a y .  Furthermore, comparison o f  ages determined by o t o l i t h  r i n g  
counts may he lp  t o  reso lve  u n c e r t a i n t i e s  i n  t h e  ageing o f  a lbacore from 
f i n r a y  cross-sect ions.  ( A d d i t i o n a l  d e t a i l s  on t h e  o t o l i t h  study a re  g iven 
on page 16 . )  

I n  r e c e n t  yea rs  an i nc reas ing  amount o f  evidence i n d i c a t e s  t h a t  t h e  
Nor th P a c i f i c  a lbacore popu la t i on  i s  complex and probably c o n s i s t s  o f  more 
than a s i n g l e  stock. Resul ts  from tagg ing  s tud ies,  i n v e s t i g a t i o n  o f  
growth ra tes ,  and examination of  s i z e  composi t ion o f  f i s h  caught i n  t h e  
Nor th  American sur face f i s h e r y  suggest t h a t  1) t h e r e  are a t  l e a s t  two 
substocks o f  f i s h  t h a t  comprise the  Nor th P a c i f i c  a lbacore populat ion,  and 
2 )  these substocks have d i f f e r e n t  m i g r a t i o n  pa t te rns .  

D r .  Laurs descr ibed the r e s u l t s  o f  a lbacore growth r a t e  s tud ies  t h a t  
he and D r .  J .  Wetheral l  have publ ished.  These s tud ies,  based on t a g  
re tu rns ,  show t h a t  f i s h  from the  proposed "northern1'  substock o f  a lbacore 
have a s i g n i f i c a n t l y  slower growth r a t e  than do f i s h  from t h e  proposed 
"southern" substock. Th is  i s  supported by evidence t h a t  t he re  a r e  inodal 
d i f f e r e n c e s  i n  the  s i ze  composi t ion o f  a lbacore caught n o r t h  and south o f  
about 40" N l a t i t u d e  i n  t h e  Nor th American sur face f i s h e r y  ("The Nor th  
American f i s h e r y  f o r  a lbacore (Thunnus a la lunga)  i n  t h e  Nor th P a c i f i c "  by 
E. Weber and N. Bartoo, and =ew o f  t h e  1980 U.S. No r th  P a c i f i c  
a lbacore f i s h e r y "  by R. M. Laurs and ti. Bar too) .  
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To i n v e s t i g a t e  f u r t h e r  the  popu la t i on  s t r u c t u r e  o f  t h e  Nor th P a c i f i c  
a1 bacore, an e l e c t r o p h o r e t i c  i n v e s t i g a t i o n  o f  p r o t e i n  v a r i a b i l i t y  was 
conducted by J .  Graves and K .  Ivl. Laurs ("An e l e c t r o p h o r e t i c  i n v e s t i g a t i o n  
o f  p r o t e i n  v a r i a b i l i t y  i n  the  Nor th P a c i f i c  a lbacore") .  F o r t y - s i x  l o c i  
were surveyed; f o u r  o f  these demonstrated a1 l e 1  i c  v a r i a t i o n ,  w i t h  t h r e e  
being weakly polymorphic and one being h i g h l y  polymorphic. These f o u r  
l o c i  can be used as genet ic  markers f o r  f u r t h e r  s tud ies  o f  p o p u l a t i o n  
d i f f e r e n t i a t i o n  i n  t h e  a1 bacore because t h e  polymorphisms appear t o  be 
s tab le .  As a l l  f o u r  l o c i  a r e  present  i n  eye t i ssue ,  sampling o f  
a d d i t i o n a l  f i s h  should be r e l a t i v e l y  s i m p l i f i e d .  On t h e  b a s i s  o f  these 
r e s u l t s ,  i t  i s  planned t o  sample f i s h  from d i f f e r e n t  areas i n  o rde r  t o  
determine i f  a l l e l e  frequency d i f f e r e n c e s  e x i s t  a t  t he  v a r i a b l e  l o c i ,  an 
i n d i c a t i o n  t h a t  t h e r e  i s  r e s t r i c t e d  gene f l o w  among groups and 
subpopul a t i  ons. 

I n  l a t e  1990, t h e  Southwest F i s h e r i e s  Center began an e f f o r t  t o  
improve i t s  understanding o f  the Nor th P a c i f i c  a1 bacore popu la t i on  by 
i n t e g r a t i n g  p o p u l a t i o n  dynamics, m i g r a t i o n  dynamics , known and 
hypothesized 1 i f e  h i s t o r y  parameters, f i s h e r y  i n fo rma t ion ,  economic 
i n fo rma t ion ,  and oceanographic parameters and processes i n t o  a fo rma l i zed  
model . T h i s model ( "North P a c i f i c  a1 bacore model i n g  progress r e p o r t  
through August 1918" by N. Bartoo and L. Bledsoe) w i l l  p e r m i t  t h e  t e s t i n g  
o f  hypotheses concerning the  a1 bacore popu la t i on  and i t s  i n t e r a c t i o n  w i t h  
b o t h  the  ocean environment and t h e  ha rves t i ng  f i s h e r i e s .  

The s p e c i f i c  o b j e c t i v e  o f  t h e  North P a c i f i c  a lbacore modeling p r o j e c t  
i s  t o  improve assessment o f  a lbacore stocks by 1 )  making a mathematical 
statement o f  c u r r e n t  hypotheses on a1 bacore s tock dynamics (growth, 
m o r t a l i t y ,  rec ru i tmen t ,  and m i g r a t i o n  as r e l a t e d  t o  t h e  environment) f o r  
comparison w i t h  observed data ( f i s h e r y ,  tagging, e t c . )  as a t e s t  o f  t h e  
consis tency o f  these hypotheses , and 2 )  developing a1 t e r n a t i v e  hypotheses 
t o  e x p l a i n  i n c o n s i s t e n c i e s  revealed by 1 ) .  Success i n  reaching these 
o b j e c t i v e s  w i l l  l e a d  t o  improved management advice. 

The Nor th  P a c i f i c  a lbacore modeling p r o j e c t  i s  be ing developed i n  
t h r e e  general phases: 1 )  f o r m u l a t i o n  o f  t he  model sof tware and assembly 
o f  t he  suppor t  hardware, 2 )  comp i la t i on  and f o m i u l a t i o n  o f  t he  
environmental da ta  base t o  be used t o  q u a n t i f y  ocean processes a f f e c t i n g  
a lbacore as i n p u t  t o  the  model, and 3 )  e s t i m a t i o n  f r o m  f i s h e r y  data o f  t h e  

' 

needed model parameters ( i.e., n a t u r a l  inor ta l ity , m i g r a t i o n  ra tes ,  e t c  .) 
f o r  t he  i n i t i a l  hypothesi s t e s t i n g .  

As o f  t h i s  w r i t i n g ,  t h e  i n i t i a l  f o r m u l a t i o n  o f  t he  model i s  b a s i c a l l y
cornpl e te,  a1 though m o d i f i c a t i o n s  a r e  being made as research proceeds. 
Barometer est imates and f u n c t i o n a l  re1a t i o n s h i p s  between v a r i a b l e s  a r e  
c u r r e n t l y  be ing  estimated. The 1977 ca tch  data a re  be ing  used as t h e  
f i r s t  t r i a l  data s e t  and the  behavior  o f  t he  p r e d i c t e d  catch and catch-
p e r - e f f o r t  i s  being evaluated w i t h  respec t  t o  changes i n  t h e  values o f  t h e  
parameters. Work has a1so begun t o  c o r r e l  a t e  oceanographic and 
environmental i n d i c e s  t o  v a r i a t i o n s  i n  c a t c h - p e r - e f f o r t  as i n p u t s  i n t o  the 
model. 
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The s ixth paper submitted t o  the workshop d e a l t  w i t h  the analysis  of 
stock dynamics. N .  Bartoo and K .  Parker discussed a means of reducing o r  
eliminating bias  when estimating age s t ruc tures  from sampled l e n g t h
frequencies ( "Stochastic age-frequency estimation u s i n g  the von 
Bertalanffy growth equation").  The procedure uses a conventional von 
Bertal anffy growth equation b u t  employs additional information on the 
probabi l i ty  of f ish of a g i v e n  length b e i n g  assigned t o  a par t icu lar  age.
An example demonstrated the adequacy of the method. I t  was noted t h a t  
th i s  procedure could be used t o  age catches which contained strong and 
weak year c lasses .  

Exploratory A1 bacore Long1i n i n g  Operation
Conducted i n Mi d-Wi n ter 1982 

The U.S. albacore f ishery has t r a d i t i o n a l l y  operated d u r i n g  summer 
and f a l l  months, usually w i t h i n  a few hundred miles of the North American 
coast .  I n  some years i t  extends as  f a r  south a s  central  Baja Cal i fornia ,  
Mexico, and i n  some years  a s  f a r  north as northern British Columbia,
Canada. In recent years ,  U.S. fishermen have a l so  begun t o  f ish f o r  
a1 bacore eastward from near the internat ional  date1 ine d u r i n g  ear ly  spring
and summer months. 

In the  spring of 1980, the American Fishermen's Research Foundation 
(AFRF) was awarded a Saltonstall-Kennedy grant ,  t o  be administered by the 
NMFS Southwest Regional Office i n  Terminal Island, Cal i fornia ,  t o  
invest igate  the p o s s i b i l i t i e s  of expanding the U.S. albacore f ishery t o  
operate d u r i n g  winter months w i t h  1ongl i ne f i s h i n g  methods. The 
operational aspects of the study were car r ied  on by AFRF and managed by
the  Western Fishboat Owner's Association (WFOA) ,  a west coast  association 
of a1 bacore f i  shermen. Fishery sc ien t i  s ts  a t  the Southwest F i  sheries 
Center (SWFC) planned the study and worked w i t h  the AFRF and WFOA t o  
organize the study. In addi t ion,  the SWFC provided s c i e n t i f i c  equipment
and f i shery  s c i e n t i s t s  who were aboard three o f  the chartered f i s h i n g
vessels t o  make s c i e n t i f i c  observations and t o  keep de ta i led  records 
re la ted  t o  the f i s h i n g  operations and catch. 

The object ive of the study was t o  evaluate the potential  f o r  
es tabl ishing a U.S. fishery on North Pacif ic  albacore d u r i n g  winter months 
i n  eastern North Pacif ic  waters. An  area several hundred miles of f  the 
coast  of southern California and extending t o  the longitudes of about the 
Hawaiian Islands was selected f o r  the s tudy.  The  purposes of the study 
were to:  1) conduct exploratory f i s h i n g  u s i n g  longline f i s h i n g  methods i n  
order t o  determine i f  s u f f i c i e n t  catches of albacore can be made t o  
suppport an expansion of the U.S. f i s h e r y ,  2 )  make s c i e n t i f i c  observations 
t o  determine oceanographic conditions t h a t  may i nfl uence albacore 
d i s t r i b u t i o n  and ca tchabi l i ty  i n  the a rea ,  and 3 )  c o l l e c t  s c i e n t i f i c  data 
f o r  albacore biology and fishery s tudies .  

The s tudy was actual ly  carr ied out i n  two par t s .  D u r i n g  January-
February 19S1, the  AFRF worked cooperatively w i t h  the SWFC t o  modify
foreign and danestic longline f i s h i n g  methods f o r  albacore. The results 
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o f  t h i s  study showed t h a t  i t  was f e a s i b l e  f o r  U.S. f i s h i n g  vessels  i n  t h e  
50- t o  8i)-foot s i z e  c l a s s  t o  l o n g l i n e  f o r  a lbacore du r ing  t h e  w i n t e r  
months. A l i m i t e d  q u a n t i t y  o f  year  was deployed w i t h  subsequent small 
catches i n  1981; however, t he  ca tch  r a t e s  were s u f f i c i e n t l y  h igh  t o  
suggest t h a t  a p r o f i t a b l e  w i n t e r  a1 bacore f i s h e r y  c o u l d  be developed. 

The second study was designed t o  expand upon t h e  1981 f i n d i n g s .  The 
amount o f  gear depl oyed was increased t o  r e f 1  e c t  p o t e n t i a l  commercial 
e f f o r t s  and a f i s h i n g  s t ra tegy  was proposed based upon the  assoc ia t ions  o f  
c a t c h  and subsurface thermal s t r u c t u r e  found du r ing  the  f i r s t  survey. 

S i x  cha r te red  commercial f i s h i n g  vessel s conducted exp lo ra to ry  
l o n g l i n i n g  opera t ions  f o r  a lbacore tuna i n  an area centered about 1,000 t o  
1,500 m i l e s  west o f  San Diego du r ing  January-February 1982. A t o t a l  o f  
70,939 pounds o f  a lbacore and 7,834 pounds o f  b igeye tuna was caught, w i t h  
7% o f  t h e  a lbacore taken on t r o l l i n g  gear. The vessel land ings  ranged 
from 6,102 t o  24,274 pounds o f  a lbacore and bigeye combined. 

A t o t a l  o f  112 se ts  was made on t h e  survey, w i t h  each vessel  
t y p i c a l l y  p l a c i n g  800 t o  1,400 hooks per  s e t  i n  and about the  thermocl ine 
a t  depths o f  350 t o  700 f e e t .  D a i l y  l o n g l i n e  catches ranged from 0 t o  136 
albacore.  The mean ca tch  per  s e t  f o r  a l l  vessels  was 3 1  albacore,  
e q u i v a l e n t  t o  3.2 f i s h  pe r  100 hooks (3.4 i f  bigeye tuna are inc luded) .  
The average hook r a t e  v a r i e d  among vessels:  1.6 t o  4.8 pe r  100 hooks. 
There was some f i s h  l o s s  due t o  l i n e  t w i s t i n g ,  p a r t  o f  which occurred as 
the  gear broke the  sur face.  Th is  problem va r ied  among vessels  and can be 
l a r g e l y  reduced by m o d i f i c a t i o n s  i n  gear and handl ing.  The l o n g l i n e  
catches o f  a lbacore  f e l l  i n t o  two s i z e  groups, 14-18 pounds and 22-27 
pounds. 

The r e s u l t s  o f  t he  1982 study show t h a t  t he  U.S. a lbacore  f i s h e r y  can 
be extended t o  operate d u r i n g  w i n t e r  months us ing  l o n g l i n e  f i s h i n g  
opera t ions  i n  an area where the  f l e e t  has n o t  t r a d i t i o n a l l y  f i shed.  Th is  
p o t e n t i a l  f o r  a mid-winter  a lbacore f i s h e r y  e x i s t s  as an impor tan t  
a l t e r n a t i v e  f o r  a vessel which now has t h e  cho ice  o f  p a r t i c i p a t i n g  i n  
o t h e r  w i r i te r  f i s h e r i e s  o r  remaining i d l e .  An a d d i t i o n a l  f a c t o r  o f  
importance i s  t h a t  f u e l  consumption du r ing  t h e  study was 40% t o  50% below 
t h a t  t y p i c a l  f o r  t r o l l i n g  operat ions.  

U.S. Albacore Landings Up i n  1981 

U.S. a1 bacore land ings  were cons iderab ly  h ighe r  i n  1981 than du r ing
the  prev ious two seasons. Landings i n  1981 were about 15,500 tons  as 
compared t o  about 7,300 tons  and 9,000 tons i n  1979 and 1980, 
r e s p e c t i v e l y .  The seasonal 10-year average i s  about 20,000 tons.  

The 1981 t o t a l  i nc ludes  f i s h  caught by j i g  boats  ope ra t i ng  i n  t h e  
c e n t r a l  P a c i f i c  i n  t h e  "Midway" f i s h e r y  and i n  eas tern  P a c i f i c  waters 
d u r i n g  t h e  vessels '  r e t u r n  t o  Nor th America. I t  i s  est imated t h a t  these 
j i g  boats  caught about 4,000 t o  4,500 tons  o f  a lbacore du r ing  the  voyage.
The land ings  made i n  1981 a r e  i n  p a r t  due t o :  1 )  good f i s h i n g  i n  waters 
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about 1,000 t o  1,200 m i l e s  o f f  t h e  coasts  o f  Oregon and Washington; 2)  
h i g h  catches o f  medium-sized, 12- t o  16-pound f i s h  o f f  C a l i f o r n i a ,  which 
i s  t y p i c a l  o f  a usual f i s h i n g  season b u t  which were under-represented i n  
1979 and 1980; and 3 )  late-season catches o f  l a r g e  a lbacore o f f  c e n t r a l  
C a l i f o r n i a .  

A1 bacore Movemen t s  Studied Using Acoust ic Track ing 

U1 t r a s o n i c  acous t i c  t r a c k i n g  i n  con junc t i on  w i t h  oceanographic 
sampling from ships and ocean temperature and c o l o r  measurements made froin 
s a t e l l i t e s  a re  be ing used by s c i e n t i s t s  a t  t he  SWFC's La J o l l a  Laboratory  
t o  i n v e s t i g a t e  the  d i s t r i b u t i o n  and sinal 1-scale movements o f  a lbacore tuna 
i n  r e l a t i o n  t o  oceanographic features.  E a r l i e r  work has shown t h a t  
a1 bacore aggregate i n  the  v i c i n i t y  o f  coas ta l  upwe l l i ng  f r o n t s ,  presumably 
t o  feed, and t h a t  when the  upwe l l i ng  f r o n t a l  boundary c o n d i t i o n s  break 
down as the  r e s u l t  o f  s h i f t s  i n  wind cond i t i ons ,  t h e  f i s h  move away from 
the  r e g i o n  where the boundary had ex i s ted .  

Recent experiments us ing  depth- te lemeter ing acous t i c  tags have 
demonstrated t h a t  a lbacore spend most o f  t h e  t ime i n  the  thermocl ine and 
waters below, and r e l a t i v e l y  l i t t l e  t ime i n  the  upper mixed l a y e r  as had 
p r e v i o u s l y  been bel  ieved.  The experiments, conducted i n  waters 1,200 
m i l e s  o f f  t h e  coas t  o f  C a l i f o r n i a ,  a l s o  show t h a t  a lbacore undergo marked 
v e r t i c a l  excursions i n  depth, w i t h  the  e x t e n t  and magnitude o f  v e r t i c a l  
a c t i v i t y  more pronounced i n  daytime hours than n i g h t t i m e  hours i n  
nearshore waters and v i c e  versa. Resul ts  i n d i c a t e  t h a t  t he  depth 
d i s t r i b u t i o n  o f  a lbacore i s  i n  deeper waters d u r i n g  daytime hours than i n  
n i g h t t i m e  hours, w i t h  changes i n  depth d i s t r i b u t i o n  t a k i n g  p lace  a t  
sun r i se  (deeper) and sunset ( shoa le r ) .  The data i n d i c a t e  t h a t  a lbacore 
a r e  o f t e n  found i n  waters w i t h  temperatures (45-60" F) considerably  c o l d e r  
than has genera l l y  been b e l i e v e d  t o  be t h e  opt imal  temperature preference 
f o r  t he  species (60-68" F ) .  It a l s o  appears t h a t  when undergoing v e r t i c a l  
changes i n  depth, t h e  f i s h  f r e q u e n t l y  pass through a v e r t i c a l  g r a d i e n t  o f  
temperature amounting t o  a 12 t o  15" F change w i t h i n  a 20-minute per iod.  

Acoust ic  t r a c k i n g  experiments were conducted du r ing  August 1982 i n  
cooperat ion w i  til the  American Fishermen's Research Foundation froin a 
vessel cha r te red  by t h e  west coast  o rgan iza t i on .  These albacore were 
t racked f o r  approximately 24 hours; one was t racked  f o r  about 15 hours. 
A l l  t h e  f i s h  remained i n  the  same parce l  of warm water t h a t  was separated
froin waters t o  the n o r t h  and inshore by a 4" F temperature g r a d i e n t  which 
t h e  f i s h  d i d  n o t  cross.  As s t a t e d  above, however, t h e  f i s h  passed through 
a v e r t i c a l  temperature g r a d i e n t  about t h r e e  t imes g r e a t e r  than the  
h o r i z o n t a l  g r a d i e n t  near the  surface. These f i n d i n g s  i n d i c a t e  t h a t  the 
causal f a c t o r ( s )  i n v o l v e d  i n  the  aggregat ion o f  tuna on the  warm s i d e  of  
ocean temperature f r o n t s  i s  n o t  r e l a t e d  t o  thermal-physiol  og i ca l  
inechanism(s) a s  had been p r e v i o u s l y  suspected. Instead, i t  appears t h a t  a 
behaviora l  mechanism(s) r e l a t e d  t o  feeding may be responsib le .  
Measurements o f  ocean c o l o r  and water c l a r i t y  made by t h e  Coastal Zone 
Col o r  Scanner on the NIlrlBUS-7 sate1 1 it e  i n  con junc t i on  w i  t h  t h e  t r a c k i n g
study p rov ide  data which support  t h i s  hypothesis.  
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Tet racyc l  ine-Marked O t o l i t h s  Studied 
i n  Age Determinat ion P r o j e c t  

The d a i l y  r i n g  increment method of  ageing f i s h e s  assumes t h a t  there  
i s  a d a i l y  r i n g  depos i t i on  on the  o t o l i t h .  An exper iment i s  now be ing  
conducted by Robert  Nishimoto and D r .  R. Michael Laurs a t  the  La J o l l a  
Laboratory  t o  determine i f  t h i s  assumption i s  v a l i d  f o r  a lbacore.  

A t o t a l  o f  2,544 a lbacore was i n j e c t e d  w i t h  t e t r x y c l i n e ,  tagged, and 
re leased d u r i n g  a 2-year p e r i o d  o f  f i e l d  opera t ions  on a lbacore boats  
cha r te red  by t h e  American Fishermen's Research Foundation. As o f  t h i s  
w r i t i n g ,  t h e r e  have been 178 recover ies  o f  t e t r a c y c l i n e - i n j e c t e d  f i s h .  I n  
some cases, however, t h e  o t o l i t h s  o r  p rec i se  i n f o r m a t i o n  on the  f i s h ' s  
t i m e - a t - l i b e r t y  were n o t  ava i l ab le ,  so n o t  a l l  t h e  recover ies  a re  
represented i n  the  data used i n  t h e  subsequent ana lys i s .  

Te t racyc l  i n e  "marks" were apparent on o t o l  it h s  from 117 f i s h .  Under 
u l t r a v i o l e t  i l l u m i n a t i o n  t h e  appearance o f  t h e  "marks" ranged from b r i g h t  
and c l e a r l y  v i s i b l e ,  t o  f a i n t  and sometimes d i f f i c u l t  t o  see. However, i n  
a l l  o f  these cases, i t  was poss ib le  t o  l o c a t e  the  "mark" and t o  make r i n g  
counts.  

The r e s u l t s  from t h i s  exper iment show t h a t  f o r  t e t r a c y c l  i n e - i n j e c t e d  
a1 bacore, t h e  r e l a t i o n s h i p  between o t o l i t h  r i n g  increments and days-at-
l i b e r t y  i s  n e a r l y  1:l (see F igu re  1 ) .  Th is  f i n d i n g  demonstrates t h e  bas i c  
assumption t h a t  the  o t o l i t h  d a i l y  r i n g  increment ageing method i s  v a l i d  
f o r  a lbacore,  a t  l e a s t  over  the  s i z e  range o f  t he  f i s h  t h a t  were i n jec ted ,
and t h a t  t h i s  method may be  used success fu l l y  t o  age Nor th  Pac i , f i c  
a1 bacore. 

I n  a d d i t i o n ,  whole counts were made on o t o l i t h s  f rom 47 a lbacore w i t h  
f o r k  l eng ths  from about 30 t o  50 cm, as p a r t  o f  a study t o  determine the  
l e n g t h  a t  f i r s t  b i r t hday .  These f i s h  were from t h e  proposed southern 
substock o f  Nor th  P a c i f i c  a lbacore.  P re l im ina ry  r e s u l t s  show t h a t  t h e  
l e n g t h  a t  f i r s t  b i r t h d a y  f o r  an a lbacore from t h e  southern substock i s  
abqut 40 cni. 

D a i l y  r i n g  counts made on o t o l i t h s  from th ree  f i s h  w i t h  f o r k  l eng ths  
between 30-35 cm from the  porposed nor thern  substock o f  Nor th P a c i f i c  
a lbacore  i n d i c a t e  t h a t  t he  l e n g t h  a t  f i r s t  b i r t h d a y  f o r  f i s h  from t h i s  
substock i s  c lose  t o  35 cni. 
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Figure 1 .  Relationship between o t o l i t h  ring increments and days-at- l iber ty
fo r  recaptured albacore which had been injected with te t racyc l ine
prior  t o  release on f i r s t  capture.  
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N O R T H  PACIFIC BLUEFIN TUNA 

Nor thern B1 u e f i n  Tuna Study Comul e ted  

C a l i f o r n i a  Department o f  F i s h  and Game marine b i o l o g i s t  Doyle Hanan, 
s t a t i o n e d  a t  t h e  Southwest F i s h e r i e s  Center i n  La J o l l a ,  C a l i f o r n i a ,  has 
completed a 2-year coopera t ive  study on no r the rn  b l u e f i n  tuna. Dur ing the  
f i r s t  yea r  o f  t h e  study, an ex tens ive  data base o f  e x i s t i n g  i n fo rma t ion  
was e s t a b l i s h e d  a t  t h e  Center. The second year  o f  t h e  s tudy was p r i m a r i l y  
concerned w i t h  ana lyz ing  these data.  Hanan's r e p o r t  o f  t h e  study, "A 
rev iew o f  t h e  nor thern  b l u e f i n  tuna f i s h e r y  i n  t h e  eas tern  P a c i f i c  Ocean," 
w i l l  be submi t ted t o  a j o u r n a l  f o r  cons ide ra t i on  f o r  pub1 i c a t i o n .  

Ana lys i s  o f  data c o l l e c t e d  f o r  t h e  study has revea led  t h a t  t he  recen t  
d e c l i n e s  i n  t o t a l  ca tch  of  nor thern  b l u e f i n  tuna (10,561 m t  i n  1976 t o  
1,016 m t  i n  1981) have been accompanied by s i g n i f i c a n t  decreases i n  catch- 
per-uni  t - e f f o r t  (F igu re  1 )  by purse se iners  ope ra t i ng  i n  t h e  eas tern  
P a c i f i c  Ocean. The 1981 ca tch  i s  t h e  sma l les t  commercial t o t a l  s ince  1933 
when b l u e f i n  tuna were f i s h e d  almost e x c l u s i v e l y  by smal l  purse se iners  i n  
C a l i f o r n i a  waters. Ca tch -pe r -un i t -e f fo r t  ana lys i s  has revea led  d e c l i n i n g  
abundance o f  no r the rn  b l u e f i n  i n  t h e  eas tern  P a c i f i c  Ocean s ince  1954. An 
est imate o f  a 30% e x p l o i t a t i o n  r a t e  by purse se in ing  i n  t h e  eas tern  
P a c i f i c  was made froin t h e  data on t a g  re tu rns .  Hanan recoinmends 
i n t e r n a t i o n a l  d iscuss ion  o f  t h e  problems of  t h e  no r the rn  b l u e f i n  tuna. 
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Figure 1 .  Catch-per-uni t - e f f o r t  ( W h o a t  days) of northern bluefin 
t u n a  i n  the eastern Pacif ic  Ocean, plotted against  year
w i t h  regression l i n e  f i t t e d  t o  curve. 
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PACIFIC FISHERY MANAGEMENT COUNCIL 

F i she ry  Management Plan f o r  B i l l f i s h  
and Oceanic Sharks DeveloPed 

The P a c i f i c  C o u n c i l ' s  F i she ry  Management Plan Development Team, w i t h  
ass is tance from an adv isory panel o f  commercial and r e c r e a t i o n a l  f i s h e r y  
rep resen ta t i ves, prepared and pub1 ished t h e  second d r a f t  management p lan  f o r  
b i l l f i s h  and oceanic sharks i n  September 1981. E a r l i e r  i n  1981, t h e  P a c i f i c  
Counci l  approved the  p lan  o b j e c t i v e s  f o r  t he  FiylP, and the  FMP Development Team 
used these o b j e c t i v e s  i n  p repara t i on  o f  management o p t i o n s  f o r  t h e  
r e c r e a t i o n a l  f i s h e r y  f o r  s t r i p e d  mar l i n ,  t h e  commercial harpoon f i s h e r y  f o r  
swordf ish,  and the  d r i f t  g i l l  n e t  f i s h e r y  f o r  swordf ish and sharks. 

The management team recognized i n  t h e  d r a f t  p l a n  t h a t  b i l l f i s h  and 
oceanic sharks a re  h i g h l y  m i g r a t o r y  species, and t h e i r  f i s h e r i e s  cannot be 
e f f e c t i v e l y  managed on a b i o l o g i c a l  bas i s  i n s i d e  t h e  l i m i t e d  area o f  t he  
F ishery Conservat ion Zone (FCZ). B i o l o g i c a l  management o f  these stocks i s  an 
i n t e r n a t i o n a l  problem, and management w i t h i n  t h e  FCZ i s  approached from s o c i a l  
and economic grounds. The o b j e c t i v e s  r e f l e c t  t h e  s o c i a l  and economic b e n e f i t s  
t h a t  can be gained by e x e r c i s i n g  c e r t a i n  management op t i ons  w i t h i n  t h e  FCZ. 

I n  October 1981, the P a c i f i c  F i she ry  Management Counci l  decided n o t  t o  
cont inue w i t h  p l a n  development. The r e c r e a t i o n a l  and commerical b i l l f i s h  
harpoon f i s h e r i e s  conducted w i t h i n  the  U.S. P a c i f i c  Coast FCZ con t inue  t o  be 
managed by t h e  S ta te  o f  C a l i f o r n i a .  

PACIFIC COOPERATIVE MARINE GAME FISH TAGGING 

Since 1954, b i l l f i s h  have been tagged by f ishernien p a r t i c i p a t i n g  i n  
cooperat ive marine game f i s h  tagg ing  programs i n  many o f  t h e  major 
s p o r t f i s h i n g  areas o f  the P a c i f i c .  The marine game f i s h  tagging program i s  
c u r r e n t l y  supported by the  Nat ional  Marine F i s h e r i e s  Serv ice i n  cooperat ion 
w i t h  the  I n t e r n a t i o n a l  Game F i  sh Associat ion.  James Squire, F i  shery B i o l  og i  st 
a t  the La J o l l a  Laboratory,  coord inates the  program. The tagging o f  s a i l f i s h  
by marine r e c r e a t i o n a l  anglers,  f o rmer l y  a p a r t  o f  t h e  program, has been de-
emphasized. 

I n  1981 some impor tan t  changes were made i n  t h e  tagging program. While 
s t r i p e d  m a r l i n  and swordf ish w i l l  cont inue t o  be major  t a r g e t s  f o r  tagging 
e f f o r t s  about the t i p  o f  Baja C a l i f o r n i a ,  Mexico, and i n  southern C a l i f o r n i a  
waters, t h r e e  species o f  sharks which have r e c e n t l y  been added t o  t h e  l i s t  o f  
des i red  species f o r  t agg ing  w i l l  a l s o  be targeted:  thresher  shark, mako o r  
b o n i t o  shark, and b lue shark. These th ree  species o f  sharks a r e  becoming 
i n c r e a s i n g l y  impor tan t  o f f  southern Cal i f o r n i a  as market f i s h ,  and i n f o n n a t i o n  
on t h e i r  m i g r a t i o n  p a t t e r n s  i s  needed. I n  a d d i t i o n  t o  b i l l f i s h ,  sharks 
( p a r t i c u l a r l y  mako) have been tagged i n  s i zeab le  numbers about New Zeal and 
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w i t h  t h e  encouragement o f  t h e  New Zealand M i n i s t r y  o f  A g r i c u l t u r e  and 
F i she r ies .  

Squ i re  r e p o r t s  t h a t  1,207 f i s h  were r e p o r t e d  tagged and re leased by 
p a r t i c i p a t i n g  f ishermen i n  1981. T h i s  i s  a s u b s t a n t i a l  d e c l i n e  from t h e  1,725 
f i s h  tagged i n  1980 b u t  a s i g n i f i c a n t  increase over  t h e  989 f i s h  tagged and 
re leased i n  1979. O f  t he  1981 t o t a l  o f  1,207 f i s h ,  1,027 were b i l l f i s h :  
s t r i p e d  m a r l i n  accounted f o r  836 (81.5%) f i s h  tagged and released, s a i l f i s h  
f o r  114 (ll.l%), b lack  m a r l i n  f o r  48 (4.6%), and b l u e  m a r l i n  f o r  27 (2.6%); 
one swordf ish and s h o r t b i l l e d  s p e a r f i s h  each were a l s o  tagged and released. 

The number of  tagged f i s h  recovered i n  1981 t o t a l e d  12, down from the  
1980 recovery l e v e l  o f  24 f i s h .  Nine s t r i p e d  m a r l i n  and t h r e e  mako sharks 
were recovered. 

The circumstances o f  ang le r  recaptures o f  s t r i p e d  m a r l i n  tagged and 
recovered about t h e  t i p  o f  Ba ja  Cal i f o r n i a ,  Mexico, i n  1981 were unusual. I n  
p a s t  y e a r s  few m a r l i n  have been recaptured by ang le rs  and most recove r ies  o f  
tagged f i s h  a r e  from the commercial l o n g l i n e  f i s h e r y .  The commercial l o n g l i n e  
f i s h e r y  i n  the  eastern P a c i f i c  takes many t imes the  amount o f  s t r i p e d  m a r l i n  
landed by anglers.  It was, the re fo re ,  expected t h a t  most o f  t h e  recove r ies  
would come from t h e  l o n g l i n e  f i s h e r y .  However, n i n e  s t r i p e d  m a r l i n  were 
r e p o r t e d  recaptured by ang le rs  and o n l y  one tagged f i s h  was ob ta ined  from the  
commercial 1 ongl i n e  f l eet. 

Some very i n t e r e s t i n g  i n f o r m a t i o n  on r e t u r n s  has been gathered f o r  mako 
sharks tagged and recaptured about New Zealand. Peter  Saul, New Zealand 
M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  r e p o r t e d  t h a t  one mako was recaptured
773 days a f t e r  re lease, and o n l y  a s h o r t  d i s tance  from the  p o i n t  o f  o r i g i n a l  
tagging.  These long-term recove r ies  a r e  p r o v i d i n g  n o t  o n l y  v i t a l  i n f o r m a t i o n  
on the  r a t e  o f  growth f o r  mako sharks, b u t  a l s o  da ta  on m i g r a t i o n  p a t t e r n s  of 
these l a r g e  game f i shes .  

PACIFIC INTERNATIONAL BILLFISH ANGLER SURVEY 

The P a c i f i c  I n t e r n a t i o n a l  3 i l  l f i s h  Angler Survey has been conducted 
annual ly  s ince  1969 i n  cooperat ion w i t h  t h e  I n t e r n a t i o n a l  Game F i s h  
Associat ion,  and w i t h  the  ass is tance o f  t h e  P a c i f i c  Gamefish Foundation and 
marine a n g l i n g  clubs. The o b j e c t i v e  o f  t he  Survey i s  t o  determine the  t r e n d  
i n  b i l l f i s h  ca tch  p e r  ang le r  day f o r  va r ious  f i s h i n g  l o c a t i o n s  throughout  t h e  
P a c i f i c .  The i n f o r m a t i o n  de r i ved  from t h i s  survey i s  summarized by 
geographical areas and species caught, and i s  a v a i l a b l e  t o  anyone i n t e r e s t e d  
i n  b i l l f i s h  f i s h i n g  t rends.  These data have been used by t h e  fede ra l  
government and s t a t e  o rgan iza t i ons  i n  t h e  development o f  inanagement p lans  f o r  
b i l l f i s h  f i s h e r i e s  common t o  t h e i r  areas. 
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T h i s  i s  the only internat ional  survey conducted t o  determine trends in  
angler b i l l f i s h  catch and e f f o r t .  H i s to r i ca l ly ,  the commerical f i s h e r i e s ,  
such a s  the Japanese longl ine f i shery ,  have maintained an exce l len t  logbook
record system and much of the ca tch-ef for t  s t a t i s t i c s  ava i lab le  on the t rends 
of cotnmerical longl ine f i sh ing  f o r  s t r iped ,  blue and black marlin,  and 
s a i l f i s h ,  and the determination of the  general s t a t u s  of b i l l f i s h  stocks i n  
the  Pac i f i c ,  have been derived frorn these data .  

Information on the trends in ca tch-ef for t  f o r  the  recreat ional  f ishery 
f o r  b i l l f i s h  i s  important t o  the fu tu re  management of b i l l f i s h  resources.  T h e  
b i l l f i s h  angler  catch-per-uni t -effor t  (CPUE) estimates are g i v e n  in  terms of 
catch per angler day, a s  numbers of f i s h  per day f i sh ing ,  o r  a s  days of 
f i sh ing  per b i l l f i s h  caught. The catch r a t e s  may vary according t o  the  
va r i a t ions  i n  a v a i l a b i l i t y  and ca t chab i l i t y  of b i l l f i s h  i n  the spor t f i sh ing  
a reas  and the abundance level of the stock t h a t  the f i shery  is  operat ing upon.
The catch r a t e s  are  computed a s  an annual average, and b i l l f i s h  f i sh ing  catch 
r a t e s  i n  one area may be rnuch higher a t  c e r t a i n  seasons of the year  than 
indicated by the annual average. 

According t o  James Squire, Fishery Biologis t  a t  the La J o l l a  Laboratory
who compiles the B i l l f i s h  Angler Survey reports, 5,905 b i l l f i s h  ( s t r i p e d ,  
blue,  and black marlin, Pacif ic  s a i l f i s h ,  and shor tb i l l ed  spear f i sh)  were 
captured i n  14,943 angler  days i n  1980. In 1979, a t o t a l  o f  12,343 angler 
days was reported,  w i t h  3,796 b i l l f i s h  caught .  The 1980 survey response base 
was increased by 2,600 angler days and the number of b i l l f i s h  reported caught 
increased by 2,109 f i s h  over 1979. 

The 1980 reported b i l l f i s h  angler catch,  by species  and number of f i s h ,  
was a s  follows: s t r iped  marlin - 3,351, Pac i f ic  s a i l f i s h  - 1,130, black 
marlin - 677, and blue marlin - 663. Str iped marlin cons t i tu ted  57% of a l l  
b i l l f i s h  species reported.  The Pacific-wide b i l l f i s h  catch r a t e  f o r  1980 was 
0.40 b i l l f i s h  per angler day, or 2.53 days per b i l l f i s h .  T h i s  was an 
improvement over the 1979 results when the catch r a t e  was 0.31 fish/day or 
3.25 days/f ish.  Squire noted t h a t  the  Pac i f ic  Internat ional  B i l l f i s h  Survey
recorded i t s  highest  overal l  catch r a t e s  from 1969-1972, w i t h  an average of 
0.55 f i s h  per day or 1.8 days per f i s h ,  well above the 1980 f igu res .  T h u s ,  
while the commercial demand f o r  s t r iped ,  blue,  and black marlin,  swordfish, 
and s a i l f i s h  continues t o  increase,  the  t o t a l  Pac i f ic  catch of these species
today i s  less than t h a t  observed before 1970. 

StriDed Marl in 

The major catch area in the  survey f o r  s t r iped  marlin i s  about the  t i p  of 
Baja Cal i fornia  Sur, Mexico. The  catch-per-uni t -effor t  ( C P U E )  f o r  s t r iped
marlin in t h i s  area has increased d u r i n g  the pas t  th ree  annual surveys (1978,
1979, 1980) froin a n  average of about 0.3 t o  nearly 0.6 marlin per day.
However, the 3-year average f o r  1978-1980 i s  s t i l l  subs t an t i a l ly  below the 
average o f  about 0.75 marlin per day observed d u r i n g  the f i r s t  3 yea r s  of the 
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survey (1969-1971). The low point  was 0.29 f i s h  per day i n  1977. In 1980, 
s t r iped  marlin catches about the t i p  of Baja California were excel lent  and 
this i s  re f lec ted  i n  the increased CPUE observed by the 1980 survey. 

The CPUE i n  southern Cal i fornia  continues t o  be about 0.1 marlin per day, 
a r a t e  which has remained r e l a t i v e l y  s t a b l e  t h r o u g h o u t  the survey years .  

A pos i t ive  correlat ion ( r2  = 0.81) has been made between the trend of 
catch per angler day of the recreational f l e e t  ( a s  determined by the Angler
Survey) and the catch r a t e  trend of the commercial longline f l e e t  ( i n  numbers 
of s t r i p e d  marlin per 1,000 hooks f ished)  operating i n  the  two 5"- la t i tude x 
longitude areas  surrounding the t i p  of Baja Cal i fornia ,  Mexico. The longline 
CPUE f o r  str iped marlin caught by the Japanese f l e e t  and the CPUE recorded f o r  
the recreat ional  catch i n  the same general area o f f  Baja Cal i fornia  f o r  the 
years  1969-1976 were analyzed t o  determine the  cor re la t ion .  The CPUE of the 
Japanese longl ine f l e e t  was much higher i n  the ear ly  and mid-1960's ( p r i o r  t o  
the advent of the B i l l f i s h  Angler Survey i n  1969) and i t  i s  reasonable t o  
assume, based upon the above cor re la t ion ,  t h a t  the recreational angler CPUE 
was a l so  higher d u r i n g  t h i s  time period. 

Black Marl i n  

The angler ( r e c r e a t i o n a l )  CPUE f o r  black marlin caught o f f  the coast of 
northeastern Australia declined s l i g h t l y  i n  1980 t o  0.48 f i s h  per day. The 
r a t e  has remained r e l a t i v e l y  s t a b l e  during the l a s t  three survey years  (1978,
1979, 1980). The level of angler response f o r  1980 i n  the Australian area 
exceeded any previous year.  A t o t a l  of 602 black marlin was caught i n  1,119 
days reported i n  1980. 

Recent r e s t r i c t i o n s  have been imposed by the Australian government on 
commercial longlining w i t h i n  the Austral i d ' s  200-mile zone. In years  past  
b o t h  the recreational rod-and-reel and commercial long1 ine f i shery  f o r  black 
marlin operated i n  adjacent areas  (much i n  the same manner a s  the s t r iped
marlin f ishery of f  the t i p  of Baja Cal i fornia ,  Mexico). W i t h  the r e s t r i c t i o n s  
i n  force,  the e f f e c t s  of t h i s  management regulation on the catch rate trend of 
angler CPUE f o r  black marlin should be o f  i n t e r e s t  t o  those concerned w i t h  the  
management of b i  11 f i  sh resources. 

Blue Marl in 

The blue marlin angler CPUE f o r  1980 shows a s l i g h t  decl ine from the 
previous 3 years .  The data indicate  t h a t  cur ren t  CPUE r a t e s  a r e  s l i g h t l y
higher than those observed d u r i n g  1973-1976. Since blue marlin i s  recognized 
a s  a species  t h a t  has been heavily f ished,  i t  i s  encouraging t o  note a 
r e l a t i v e l y  steady catch r a t e  i n  recent years .  
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MARINE MAMMAL PROTECTION ACT OF 1972 

Tuna/Porpoise I n t e r a c t i o n s  i n  t h e  
Eastern Trop ica l  P a c i f i c  Studied 

I n  1951, t h e  s t a f f  o f  the  Southwest F i s h e r i e s  Center a t  La J o l l a  
cont inued research on t h e  popu la t ion  s i z e  and b io logy  o f  do lph ins  i nvo l ved  i n  
the  tuna purse se ine f i s h e r y  o f  t h e  eas tern  t r o p i c a l  P a c i f i c  as mandated i n  
the  MMPA Ac t  o f  1972. Three new approaches t o  improve s tock assessment 
ana lys i s  were tested.  

1 )  P r e c i s i o n  a e r i a l  photographs, taken i n  an a e r i a l  survey i n  1980, were 
analyzed by s c i e n t i s t s  froin the  Center and froin t h e  In ter -Amer ican T rop ica l
Tuna Cornmission (IATTC) t o  o b t a i n  do lph in  l e n g t h  measurements. P re l im ina ry  
r e s u l t s  suggest t h a t  t he  technique has s u f f i c i e n t  p r e c i s i o n  f o r  t he  data t o  be 
used i n  es t ima t ion  o f  annual p roduc t ion  o f  ca lves .  The photographs can a1 so 
serve f o r  school s i z e  es t imat ion .  Comparison o f  counts o f  do lph ins  i n  the  
photographs w i t h  v i  sua1 school s i ze  est imates suggests t h a t  v i s u a l  est imates 
may s l i g h t l y  underest imate the  school s i z e  f o r  l a r g e  schools. 

2 )  The second approach invol  ved the  successful  use o f  sate1 1 ite-1 inked 
t r a n s m i t t e r s  t o  t rack  two dolph ins o f f  Hawaii. The exper iment proved t h a t  a 
small te lemet ry  system cou ld  be used f o r  t r a c k i n g  do lph in  movements w i t h  a 
s a t e l l i t e  and showed t h a t  the  technique would be use fu l  i n  s tudy ing  do lph in  
seasonal migra t ions ,  s tock boundar ies and school i n t e g r i t y .  

3 )  Teeth from a l a r g e  sample o f  o f f s h o r e  spot ted  do lph ins  k i l l e d  i n  the  
f i s h e r y  were examined f o r  age de terminat ion  us ing  a new technique i n v o l v i n g  
examinat ion o f  t he  d e t a i l e d  s t r u c t u r e s  i n  t h e  tee th .  Using i n f o r m a t i o n  on the  
age composi t ion o f  t h e  k i l l ,  SWFC s c i e n t i  s t s  can ex t rapo l  a t e  i n f o r m a t i o n  on 
t h e  h e a l t h  o f  t he  do lph in  stocks,  such as t h e i r  rep roduc t i ve  capac i t y  w i t h i n  
d i f f e r e n t  age s t ruc tu res .  Th is  new technique f o r  ageing do lph ins  was 
developed us ing  t e e t h  froin c a p t i v e  Hawaiian sp inner  do lph ins  whose ages were 
known and whose t o o t h  l a y e r s  were rnarked f rom p e r i o d i c  dosages o f  
t e t r a c y c l i n e .  The l a y e r s  i n  t h e  t e e t h  were found t o  correspond t o  t ime  
per iods . 

A 2-month a e r i a l  survey exper iment was conducted near Costa Rica t o  study 
t h e  e f f e c t s  o f  environmental cond i t i ons  on a e r i a l  s igh t i ngs .  The r e s u l  t i n y  
data a r e  used t o  es t imate  the  dens i t y  o f  do lph in  schools. Repeated f l i g h t s  
were conducted i n  the  same area under d i f f e r e n t  weather and sea s t a t e s  t o  
determine i f  these c o n d i t i o n s  a f f e c t  t h e  a b i l i t y  o f  t h e  a e r i a l  observer t o  see 
the  schools. 

Cetacean Reproduction Conference and Workshop Held 

The Southwest F i s h e r i e s  Center was one o f  t he  sponsors o f  an 
i n t e r n a t i o n a l  conference and workshop e n t i t l e d  "Cetacean Reproduction: 
Es t imat ing  Parameters f o r  Stock Assessment and Management," he1 d November 28-
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December 7 ,  1951 i n  La J o l l a ,  Cal i fornia .  Par t ic ipants  t o  the conference 
reviewed the  behavior, functional morphology , and physiology of  cetacean 
reproducti on,  and addressed probl  ems and new approaches i n  methodol ogy . The 
workshop covered col1 ect ion,  preparation, i n t e rp re t a t ion  and use of biological
data i n  stock assessment and management. The conference provided additional 
information for the continuing research program a t  the Center on the l i f e  
h i  s t o ry  of sinal 1 cetaceans. 



IN SUPPORT OF OTHER DOMESTIC REQU I REMENTS 
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TUNA DATA MANAGEMENT 

Uocumentation o f  Secondary F i l e s  Completed 
Tor Tuna Data Management System 

S p e c i f i c a t i o n s  have been devel oped f o r  t he  expansion o r  enhancement 
o f  t h e  Honolulu Labora to ry ' s  tuna data management system. Based on these 
s p e c i f i c a t i o n s ,  the development and documentation o f  a s e r i e s  o f  secondary 
tuna ca tch  and e f f o r t  f i l e s  w i t h  a common o r  standardized r e c o r d  format 
have been completed. This  standardized format  was developed e a r l  i e r  t h i s  
yea r  i n  a s e r i e s  o f  meetings and d iscuss ions between t h e  Honolulu 
Labora to ry ' s  Data Management and Technical Services s t a f f  and tuna data 
users. It prov ides adequate c o n t r o l  and i d e n t i f y i n g  i n f o r m a t i o n  t o  a l l o w  
general purpose summarization o f  a n a l y t i c a l  sof tware t o  be w r i t t e n  and 
a p p l i e d  t o  a l l  tuna ca tch  and e f f o r t  data w i t h o u t  m o d i f i c a t i o n .  I n  
add i t i on ,  use o f  the c o n t r o l  and i d e n t i f y i n g  i n f o r m a t i o n  has been 
f a c i l i t a t e d  by a small  l i b r a r y  of subrout ines and f u n c t i o n s  t o  s i m p l i f y  
decoding, u n i t  conversion, and l a b e l i n g  o f  output .  Th is  s e r i e s  of f i l e s ,  
which p r e s e n t l y  encompasses o n l y  t h e  more f r e q u e n t l y  used data, w i l l  be 
expanded t o  cover most o f  t h e  tuna data a f t e r  an i n i t i a l  t r i a l  and 
e v a l u a t i o n  per iod.  

Computer S imulat ion Model t o  Analyze F i s h  
P o w l a t i o n  Dynamics and Harvest P o l i c i e s  

D r .  J e r r y  A. Wetheral l ,  Leader o f  t he  Stock Assessment Study, and 
Marian Y. Y. Yong, Plathernatician, a r e  working on t h e  f i n a l  d r a f t  o f  t h e i r  
NMFS Technical Memorandum, "User 's  guide t o  SIMPOP, a computer s i m u l a t i o n  
model f o r  a n a l y s i s  o f  f i sh popu la t i on  dynamics and harvest  po l  i c i e s , "  
a f t e r  rev iewing comments on an e a r l i e r  d r a f t .  The document descr ibes a 
FORTRAN program which a l l ows  the  user t o  study b o t h  t r a n s i t i o n a l  and 
e q u i l i b r i u m  c h a r a c t e r i z a t i o n  o f  a se l  f -genera t i ng  popu la t i on  harvested by 
a s i n g l e  gear. Process models such as growth, n a t u r a l  m o r t a l i t y ,  
c a t c h a b i l ity, e f f o r t ,  reproduct ion,  and r e c r u i t m e n t  a r e  a l l  user-
s p e c i f i e d .  Various t a b l e s  and p l o t  outputs  d i s p l a y  t r a n s i t i o n a l  and/or 
e q u i l i b r i u m  r e s u l t s  f o r  se lec ted  model v a r i a b l e s  as w e l l  as summary 
s t a t i s t i c s .  The use o f  S IMPOP i s  i l l u s t r a t e d  w i t h  examples o f  
a p p l i c a t i o n s  t o  several  f i s h e r y  stocks i n c l u d i n g  the  Nor th  P a c i f i c  
a1 bacore. 

H A W A I I A N  TUNA F ISHERIES 

The po le -and- l i ne  f i s h e r y  i n  Hawaii again had a poor season i n  1981. 
The t o t a l  1981 s tatewide ca tch  o f  s k i p j a c k  tuna has been est imated t o  be 
2,200 tons. Apparently, t he  S t a t e  o f  Hawaii i s  having some d i f f i c u l t y  i n  
c o l l e c t i n g  ca tch  and e f f o r t  data f ro in  t he  f i s h i n g  i n d u s t r y .  The b u l k  o f  
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the ca tch  was made f r o m  a f i s h i n g  f l e e t  c o n s i s t i n g  o f  13 f u l l - t i m e  pole-
and- l i ne  vessel s. The i n d u s t r y  has managed t o  s u r v i v e  economical ly by 
s e l l i n g  a s u b s t a n t i a l  p a r t  o f  t he  c a t c h  through f r e s h  f i s h  market o u t l e t s  
and by t a k i n g  advantage o f  t h e  increased ex-vessel p r i c e s  i n  r e c e n t  years.  
The f i s h e r y  cont inues t o  be plagued by b a i t f i s h  problems. The Oceanic 
I n s t i t u t e  received funds the  pas t  several yea rs  from S t a t e  and Federal 
sources t o  c u l t u r e  mu1 1 et / rn i l  k f i  sh f o r  b a i t f i sh purposes. From a l l  
accounts t h e  p r o j e c t  appears t o  be a l o n g  way from near ing commercial 
product ion.  

Fo r  t h e  same reason i n d i c a t e d  above, t h e  l a n d i n g  f i g u r e s  f o r  t he  
Hawaiian l o n g l i n e  f i s h e r y  a r e  n o t  c u r r e n t l y  a v a i l a b l e .  

The Hawaiian n i g h t  hand l i ne  f i s h e r y  f o r  tuna (commonly c a l l e d  i k a -
s h i b i  f i s h e r y )  c u r r e n t l y  represents  one o f  t h e  most impress ive growth 
i n d u s t r i e s  i n  Hawaii .  From a handful o f  f ishermen o p e r a t i n g  i n  t h e  mid-
1 9 7 0 ' ~ ~t h e  f i s h e r y  c u r r e n t l y  has grown t o  i n c l u d e  more than several  
hundred vessels. The ex-vessel value o f  t h e  ca tch  exceeds $5 m i l l i o n .  
The v i a b i i t y  o f  t he  i n d u s t r y  r e s u l t s  from a growing e x p o r t  market demand 
(mai t i l  and, Japanese res tau ran ts ,  and Japan) f o r  sashimi-qual ity tuna and a 
cont inued l o c a l  demand f o r  sashitni . One o f  t h e  problems faced by the  
i n d u s t r y  i s  b u r n t  tuna which has tended t o  have a nega t i ve  impact on the  
i n d u s t r y .  

TUNA BEHAVIOR AND PHYSIOLOGY STUDIES 

Larva l  Sk ip jack Tuna Rearing Studies Continue 

Dr. Andrew E. Dizon, Leader of t he  Pelagic  Ecosystem Study a t  t he  
Honol u l  u Laboratory,  and h i s co-workers c o n t i  nued experiments t o  induce 
sk ip jack  tuna t o  spawn us ing  the "stress- induced" method and t o  r e a r  
l a r v a l  s k i p j a c k  tuna d u r i n g  the  summer o f  1981 a t  t h e  Honolulu 
Labora to ry ' s  Kewalo Research F a c i l i t y .  Ova s t r i p p e d  from o v a r i e s  o f  f i s h  
caught  on the Hawaiian b a i t  b o a t  F/V C o r s a i r  were f e r t i l i z e d  ( d r y  
f e r t i l i z a t i o n  method) and placed i n  l a r v a l  r e a r i n g  tanks a t  a dens i t y  o f  
20 pe r  l i t e r .  A l l  t he  eggs hatched w i t h i n  32 hours a f t e r  f e r t i l i z a t i o n  a t  
24.5" C and the  l a r v a e  were feeding on r o t i f e r s ,  Brachionus p l i c a t i l u s ,  by 
the  t h i r d  day a f t e r  hatching. On t h e  f o u r t h  day a f t e r  hatch ing,  t he  
l a r v a e  were fed a h a r p a c t i c o i d  copepod, T ig r i opus  sp., c u l t u r e d  a t  Kewalo. 
A major m o r t a l i t y  o f  50% occurred on t h m y  and on the  8 t h  day o n l y  
about 10 l a r v a e  were seen; on the  12th day t h e  l a s t  two remaining l a r v a e  
died. A check o f  the water q u a l i t y  i n  the r e a r i n g  tanks i n d i c a t e d  t h a t  
the ammonia concen t ra t i on  was approaching l e v e l s  o f  t o x i c i t y .  I n  
add i t i on ,  l a r v a e  t h a t  d i e d  from the  8th t o  12th day had stomachs t h a t  were 
e i t h e r  empty or had on ly  a few r o t i f e r s ,  which i n d i c a t e d  a p o s s i b l e  
d i e t a r y  d e f i c i e n c y  as a c o n t r i b u t i n g  cause i n  t h e  m o r t a l i t y .  
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I n  o r d e r  t o  determine whether the unaer l y ing  cause o f  t h e  poor 
success a t  r e a r i n g  the l a r v a e  was due t o  water q u a l i t y  a t  Kewalo, batches 
o f  f e r t i l i z e d  eggs from the  n e x t  two t r i a l s  were shipped t o  D r .  John R. 
Hunter, F ishery B i o l o g i s t ,  a t  the SWFC La J o l l a  Laboratory.  Resu l t s  o f  
t h e  simultaneous r e a r i n g  at tempts a t  La J o l l a  and Kewalo were i d e n t i c a l .  
The f e r t i l  i z e d  eggs hatched success fu l l y  b u t  1 arye l a r v a l  m o r t a l i t i e s  
occurred a f t e r  4 t o  5 days. 

To t e s t  f u r t h e r  the  l a r v a l  f i s h  c u l t u r e  systems and procedures a t  
Kewalo, D r .  Richard W .  B r i l l ,  the new leader  o f  t he  Pelagic  Ecosystem 
study (Dr .  Dizon t r a n s f e r r e d  t o  t h e  La J o l l a  Laboratory i n  December) began 
exper iment ing w i t h  mahimahi , Coryphaena hippurus , which spawn 
spontaneously i n  c a p t i v i t y  and a re  much e a s i e r  t o  ma in ta in  i n  shoreside 
tanks. I n  March 1982, the mahimahi a t  Kewalo spawned repeatedly  and t h e  
resu l ting f e r t i l i z e d  eggs were d i v i d e d  among t h e  Oceanic I n s t i t u t e ,  
Waik ik i  Aquarium, and Kewalo. The mahimahi l a r v a e  being rea red  a t  Kewalo 
and t h e  Wa ik i k i  Aquarium a l l  d i e d  w i t h i n  5 days a f t e r  hatch ing.  The 
Oceanic I n s t i t u t e  was the  most successful  i n  keeping and r e a r i n g  the  
l a r v a e .  The probable causes o f  m o r t a l i t y  a r e  be ing  i n v e s t i g a t e d  and a new 
s t r a t e g y  f o r  t h e  n e x t  s e r i e s  o f  spawnings i s  be ing planned. 

Study o f  Geomagnetic O r i e n t a t i o n  and 
Nav iga t i on  i n  Pelagic  F i s h  Proposed 

D r .  Andrew Dizon, F i she ry  B i o l o g i s t  a t  t h e  La J o l l a  Laboratory,  D r .  
R ichard B r i l l ,  F i she ry  B i o l o g i s t  a t  t h e  Honolulu Laboratory,  and D r .  
Joseph K i r schv ink , Cal i f o r n i a  I n s t i t u t e  o f  Technology, have submit ted a 
j o i n t  proposal t o  the  Nat ional  Science Foundation t o  study "Geomagnetic 
o r i e n t a t i o n  and n a v i g a t i o d  by p e l a g i c  f i sh . "  The proposal f o r  t h e  2-year 
p r o j e c t  was subrni t t e d  through Cal tech. 

The study w i l l  exp lo re  t h e  use i n  n a v i g a t i o n  o f  magnetic f i e l d  cues 
by  deep swimming aquat ic  animals. The magnetic f i e l d  can p rov ide  n o t  o n l y  
compass d i r e c t i o n s ,  b u t  t i m e  cues and l o c a l  landmarks as w e l l .  The 
e a r t h ' s  magnetic f i e l d  has been r e l i a b l y  shown t o  i n f l u e n c e  behavior  and 
o r i e n t a t i o n  i n  a wide v a r i e t y  o f  organisms, y e t  t h e r e  have o n l y  been a 
handful o f  s t u d i e s  demonstrat ing successful condi t i o n i n y  t o  magnetic 
f i e l d s .  Most cond i t i oned  responses have been d i f f i c u l t  t o  o b t a i n  o r  have 
f a i l e d  r e p l i c a t i o n  at tempts.  The work which has been done by Mike Walker 
(graduate s tudent  a t  t h e  U n i v e r s i t y  of  Hawai i ) ,  Dizon, and K i r s c h v i n k  w i t h  
y e l l o w f i n  and sk ip jack  tuna, and kawakawa a t  t h e  Kewalo Basin Research 
F a c i l i t y  of  t he  Southwest F i s h e r i e s  Center i n  Honolulu i s  an except ion.  
They have shown t h a t  t he  t r o p i c a l  tunas a r e  e a s i l y  cond i t i oned  t o  ear th-
s t reng th  f i e l d s  and t h a t  these f i s h  possess magnet i te ( a  h i g h l y  magnetic 
i r o n  ox ide  m a t e r i a l )  i n  t h e i r  ethmoid sinuses i n  s u f f i c i e n t  q u a n t i t i e s  t o  
serve as the  bas i s  f o r  a magnetic sense. 

Dizon, B r i l l ,  and K i r s c h v i n k  are proposing t o  extend the  s t u d i e s  i n t o  
f i v e  general areas r e l a t e d  t o  magnetoreception and i t s  use f o r  n a v i g a t i o n  
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and m i g r a t i o n  i n  pe lag i c  f i shes .  Using t h e  c o n d i t i o n i n g  experiments, they 
hope t o  d iscover  which components tunas respond t o  i n  the geomagnetic 
f i e l d .  An ex tens i ve  survey o f  p e l a g i c  animals f o r  t he  presence o f  
magnet i te  (mar l i ns ,  do lph ins,  and green t u r t l e s  a re  a l s o  known t o  have i t )  
i s  planned. I f  appropr ia te,  t h e  development and b i o l o g i c a l  synthes is  o f  
t h i s  m ine ra l  w i l l  be examined (magnet i te i s  absent i n  l a r v a l  tunas, 
appearing a t  a l a t e r  stage o f  development). Both scanning and 
t ransmiss ion  e l e c t r o n  microscopy w i l l  be' u t i l i z e d  t o  examine t h e  f i n e  
s t r u c t u r e  o f  t h e  magnet i te c r y s t a l s  and t h e i r  connect ion t o  t h e  nervous 
system. F i she ry  data w i l l  be u t i l i z e d  t o  search f o r  p o s s i b l e  c o r r e l a t i o n s  
between catch,  d i s t r i b u t i o n ,  and magnetic data. F i n a l l y ,  d u r i n g  the 
second y e a r  of t h e  p r o j e c t ,  t h e  i n v e s t i g a t o r s  i n t e n d  t o  t r a c k  w i l d  f i s h  
equipped w i t h  u l t r a s o n i c  t ransmi t t e r s  t o  examine movement p a t t e r n s  du r ing  
n a t u r a l  and a r t i f i c i a l  magnetic storms. 

Magnet i te Presence i n  Blue M a r l i n  
and Ye1 1owf 1 n Tuna txami ned 

I n  December 1961, Michael M. Walker and Anjanet te  S. Perry, 
U n i v e r s i t y  o f  Hawaii graduate s tudents conduct ing research i n  con junc t i on  
w i t h  the  SWFC's Honolulu Laboratory,  spent a week working w i t h  D r .  Joseph 
L. K i r schv ink  a t  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology (Ca l tech )  t o  c a r r y  
o u t  a d d i t i o n a l  work on the  presence o f  magnet i te  i n  marine organisms. 
Cal tech has a more s e n s i t i v e  magnetometer than i s  a v a i l a b l e  i n  Hawaii, 
which enabled D r .  K i r schv ink ,  Walker, and Perry  t o  t e s t  f o r  t h e  presence 
o f  magnet i te  i n  the  head o f  b l u e  m a r l i n ,  and t o  do fo l low- t ip  work done 
e a r l i e r  a t  t he  Honolulu Labora to ry ' s  Kewalo Research F a c i l i t y  on the  
l i k e l y  magnetic sense organ i n  y e l l o w f i n  tuna and green t u r t l e ,  Chelonia 
mydas. Work done e a r l i e r  by Walker had conf i rmed t h a t  t h e  magnetic 
m a t e r i a l  i n  t h e  ethmoid bone complex o f  t h e  s k u l l s  o f  y e l l o w f i n  tuna was 
magnet i te  ( Fe0.Fep03). 

Using t h e  Cal t ech  magnetometer , t h e  researchers found magnetic 
m a t e r i a l  o n l y  w i t h i n  the ethmoid bones i n  t h e  s k u l l s  o f  t h e  f i v e  m a r l i n s  
tested.  The ethmoid bone i s  a l s o  t h e  s i t e  o f  magnetic concen t ra t i on  i n  
y e l l o w f i n  tuna. A l a r g e  branch of  t h e  l a t e r a l  l i n e  nerve i n  t h e  b l u e  
marl  i n ,  which i s  presumed t o  be homologous t o  the  suspected "magnetic 
nerve" i n  y e l l o w f i n  tuna, occurs i n  c l o s e  p r o x i m i t y  t o  t h e  ethmoid bone i n  
t h e  b l u e  m a r l i n .  D r .  K i r schv ink ,  Walker, and Per ry  speculate t h a t  they 
may be c l o s e  t o  d i scove r ing  the s i t e  o f  t h e  magnetic sense organs i n  these 
species. 

Resul t s  o f  experiments on the  b l  ue marl i n  magnetic t i s s u e s  i n d i c a t e  
t h a t  t h e  small  c r y s t a l s  found a re  probably magnet i te  and i n  s u f f i c i e n t  
q u a n t i t y  t o  serve as the  bas i s  f o r  a magnetic sense organ. E l e c t r o n  
microscope a n a l y s i s  o f  y e l l o w f i n  tuna t i s s u e s  which had been s a c r i f i c e d  
f r e s h  and then f i x e d ,  found two p ieces  o f  "ho t "  t i s s u e  which a r e  l i k e l y  t o  
c o n t a i n  thousands, i f  n o t  hundreds o f  thousands, o f  c r y s t a l s .  The 
researchers hope t o  determine whether and how those c r y s t a l s  a r e  l i n k e d  t o  
the  nervous system. 
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Walker and Perry  presented papers on t h e i r  work on tunas and green 
t u r t l e s ,  respec t i ve l y ,  a t  the  spec ia l  session on "Biomineral  i z a t i o n  o f  
magnet i te  by 1 i v i n g  organisms" o f  t h e  American Geophysical Union h e l d  
December 10, 1981, i n  San Franc isco.  Walker, w i t h  D r .  K i r schv ink ,  a l s o  
t r a v e l e d  t o  Washington, D.C. t o  a t t e n d  the  spec ia l  session on " B i o l o g i c a l  
genera t ion  and d e t e c t i o n  o f  magnetic f i e l d s "  o f  t h e  American Assoc ia t i on  
f o r  t h e  Advancement o f  Science he1 d on January 4, 1982, where K i rschv ink  
presented a paper on t h e i r  magnet i te  work. It was apparent f rom t h e  
papers presented a t  bo th  meetings t h a t  t he  Honolulu Laboratory  may w e l l  be 
the  l eader  i n  t h i s  area o f  research, due i n  p a r t  t o  t h e  o p p o r t u n i t i e s  
a v a i l a b l e  a t  t he  Labora tory 's  Kewalo Research F a c i l i t y  t o  work w i t h  
exper imental  .animal s which are  very amenable t o  magnetic s e n s i t i v i t y  
s tud ies .  

01 f a c t i o n  Experiments Conducted w i t h  Ye l l ow f in  Tuna 

D r .  K i m  Hol land, Hawaii I n s t i t u t e  o f  Marine B io logy ,  U n i v e r s i t y  o f  
Hawaii , has been t e s t i n g  the  r e a c t i o n  of y e l l o w f i n  tuna t o  odors o f  opelu, 
squid,  nehu, and o ther  na tu ra l  prey i tems a t  t h e  Honolulu Labora tory 's  
Kewal o Research F a c i l i t y .  Under r i go rous  c o n t r o l  o f  exper imental  
cond i t ions ,  D r .  Ho l land has been ab le  t o  demonstrate c l e a r l y  a h ie ra rchy  
o f  prey odor s t imu la to ry  e f fec t i veness ,  and t o  show a d e f i n i t e  response t o  
na tu ra l  prey odors i n  na ive  f i s h .  Both of  these r e s u l t s  have never been 
c l e a r l y  ob ta ined before.  

The eventual  goal o f  t h i s  work i s  t h e  use o f  odors t o  enhance the  
e f fec t i veness  o f  f l o a t i n g  f i sh-aggregat ing  devices and l i v e - b a i t  f i s h i n g  
methods f o r  tunas. 

Energet ic  Costs of S w i m m i ng Tunas Exami lied 

Chr i  s t o f e r  Boggs , U n i v e r s i t y  o f  Wisconsin graduate s tudent  work ing a t  
the Honol ul u Laboratory , has been measuri ng swimming c o s t s  i n  tunas u s i  ng 
changes i n  whole animal energy dens i t y ,  water content ,  and weight.  These 
p rov ide  a d i r e c t  measure of the  t o t a l  energy conten t  o f  i n d i v i d u a l  f i s h  
t h a t  have been s ta rved o r  f e d  measured q u a n t i t i e s  f o r  known per iods  o f  
t ime. Reference groups of  f i s h  from the  same school s a c r i f i c e d  a t  t he  
t ime o f  cap ture  were analyzed t o  p rov ide  equat ions f o r  back-ca lcu l  a t i n g  
t h e  in i tia1 energy con ten t  o f  exper imental  f i sh. 

Because the  i n i t i a l  weight  o f  growing f i s h  cannot be back-ca lcu lated 
from f i n a l  leng th ,  a technique was developed f o r  making p e r i o d i c  measures 
o f  l i v e  weight.  Over 50 tunas were weighed, many repeated ly ,  w i t h  on l y  
two subsequent mor ta l it i e s  a t t r i  bu tab l  e t o  t h e  hand1ing procedures. A 
procedure was developed t h a t  a l lows the  use o f  a s i n g l e  standard sample o f  
t i s s u e  as a p r e d i c t o r  o f  whole f i s h  energy dens i t y  va r iab les .  

Energy 1 osses o f  s ta rved s k i p j a c k  tuna swimming a t  measured speeds 
were found t o  match rough ly  t h e  energy consumption p r e d i c t e d  by 
t h e o r e t i c a l  power model s and independent measures of  r e s p i r a t i o n .  The 
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s k i p j a c k  swam a t  speeds between 1.3 and 2.1 body l eng ths  per  second, w i t h  
a much h ighe r  energy expend i tu re  than many o t h e r  f i s h  ( n o t a b l y  salmonids) 
requ i  r e  f o r  swimming a t  these speeds. 

Ana lys i s  o f  t he  feeding experiments a re  incomplete b u t  p r e l i m i n a r y  
r e s u l t s  i n d i c a t e  t h a t  growth o f  c a p t i v e  sk ip jack  tuna was o n l y  one-hal f  t o  
o n e - t h i r d  o f  t h a t  p r e d i c t e d  by t h e  above measures o f  swimming c o s t .  Th is  
may be due t o  the  a r t i f i c i a l  environment, s t ress ,  o r  t h e  use o f  f rozen 
smel t  f o r  food. 
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Bartoo, Norman. 1981. Status r e p o r t :  Nor th  A t l a n t i c  a1 bacore. 
I n :  S ta tus  r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks,  NOAA 
E c h n i c a l  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp. 87-97. 

The Nor th A t l a n t i c  a lbacore stock i s  f i s h e d  by l o n g l i n e  and sur face  
gears. Surface catches (38,000 m t  i n  1979) have dec l i ned  about 25% 
s ince  1960. Long l ine  catches i n  1979 were 11,000 m t .  Ava i l ab 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 recen t  yea rs '  catches. Y i e l d - p e r - r e c r u i t  t o  the  Nor th  A t l a n t i c  
a lbacore 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. Recrui tment i n d i c e s  i n d i c a t e  t h a t  spawning s tock i s  
low and rec ru i tmen t  h i g h l y  v a r i a b l e .  The f i s h e r y  appears t o  be 
h e a v i l y  exp lo i t ed .  

Bartoo, Norman. 1981. Status r e p o r t :  South A t l a n t i c  albacore.  
I n :  Status r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks,  NOAA 
E c h n i c a l  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp. 78-86. 

Annual catches from the  South A t l a n t i c  a lbacore stock have remained 
near 22,000 m t  f o r  t h e  l a s t  few years.  Cur ren t  annual e f f o r t  l e v e l s  
a r e  near 100 m i l l i o n  hooks, t h e  l e v e l  reached i n  1972. Ava i l ab le  
evidence ind ica tes  t h a t  t he  stock is c u r r e n t l y  produci  ng catches 
about 25% below est imated MSY and t h a t  a r e l a t i v e l y  h i g h  y i e l d - p e r -  
r e c r u i t  o f  about 7.7 kg  i s  be ing r e a l i z e d .  The South A t l a n t i c  
a lbacore f i s h e r y  supp l ies  about 40% o f  t h e  U.S. annual consumption 
through impor ts .  

Coan, A t i l i o  L., J r .  1981. Status r e p o r t :  A t l a n t i c  y e l l o w f i n  
tuna. I n :  S ta tus  r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks,  NOAA 
T e c h n i c T  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp. 9-33. 

The 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 s tocks remained unchanged from 
1979 t o  1980. Product ion model analyses i n d i c a t e  t h a t  t he  s tocks are  
being 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 .  
Increase i n  f i s h i n g  e f f o r t  w i t h  the  f i s h e r y  ope ra t i ng  w i t h i n  i t s  
present  geographical boundaries is un l  i k e l y  t o  produce subs tan t i a l  
gains i n  y i e l d .  

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 small f i s h  and t o  increase 
y i e l d - p e r - r e c r u i t  (YPR). Analyses i n d i c a t e  t h a t  a s l i g h t  increase i n  
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YPK has occurred f o r  some f i s h e r i e s  s ince  t h e  adopt ion o f  t h e  
r e g u l a t i o n .  These gains may be l e s s  than p red ic ted  due t o  d i sca rd ing  
o f  undersized f i s h .  

Est imates of  rec ru i tmen t  t o  t h e  A t l a n t i c  ye1 l o w f i n  f i s h e r y  have h e l d  
r e l a t i v e l y  constant .  Based upon these assessments, A t l a n t i c  
ye1 l o w f  in tuna s tocks should be c a r e f u l  l y  monitored. 

Coan, A t i l i o  L., J r . ,  and Wesley Parks. 1981. Status r e p o r t :  
A t l a n t i c  bigeye tuna. I n :  S ta tus  r e p o r t s  on wor ld  tuna and b i l l -
f i s h  stocks,  NOAA Technical  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, 
p p .34-54. 

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 the  USSR. The U.S. takes 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 tern  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. catches have been l e s s  than 500 m t .  

The s tock 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  uncer ta in .  
Hypotheses in c l  ude a s ing1e A t 1  a n t i  c-wi de s tock and separate n o r t h  
and south stocks.  Ca tch -pe r -un i t -e f fo r t  shows s l i g h t  decreasing 
t rends .  

Product ion model ana lys i s  est imates MSY i n  the  range o f  52,000-
123,000 m t .  Recent catches a re  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 .  Analyses suggest t h a t  
w i t h  c u r r e n t  f i sh i  ng p a t t e r n s , inc reas ing  age-at - f  irs t - cap tu re  woul d 
s l i g h t l y  increase 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 .  

The I n t e r n a t i o n a l  Comini ss ion  f o r  the  Conservat ion o f  A t 1 a n t i c  Tunas 
adopted a mini’mcm s i z e  l i m i t  o f  3.2 kg f o r  b igeye tuna i n  1979. The 
regu l  a t i o n  , intended t o  inc rease y i e l  d-per- recru 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. 

Cramer, J.L., R.M. Nakamura, A.E. Dizon, and W.N. Ikehara.  1981. 
Bu rn t  tuna: Condi t ions l e a d i n g  t o  r a p i d  d e t e r i o r a t i o n  i n  t h e  
q u a l i t y  o f  raw tuna. Mar. F ish.  Rev. 43(6) :  12-16. 

B u r n t  tuna i s  raw tuna which i s  p a l e r  and s o f t e r  than normal. Th is  
study i n d i c a t e s  t h a t  t he  b u r n t  tuna c o n d i t i o n  r e s u l t s  from muscle 
c e l l  degenerat ion which begins p r i o r  t o  the  death o f  t h e  f i s h  and 
proceeds more r a p i d l y  a f t e r  death than i n  normal tuna. Female sex, 
longer  f i g h t i n g  times, and l e s s  e f f i c i e n t  c h i 1  l i n g  a r e  p o s i t i v e l y  
c o r r e l a t e d  w i t h  the  occurrence and s e v e r i t y  o f  t h e  b u r n t  tuna 
cond i t i on .  

Evans, R.H., D.R. McLain, and R.A. Bauer. 1981. A t l a n t i c  sk ip jack  
tuna: I n f l  uences o f  mean environmental cond i t i ons  on t h e i r  
v u l n e r a b i l i t y  t o  sur face  f i s h i n g  gear. Mar. F ish .  Rev. 43(6) :  
1-11. 
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P e r t i n e n t  data and l i t e r a t u r e  a re  examined t o  determine the  e f f e c t s  
o f  t he  environment on the  s p a t i a l  d i s t r i b u t i o n  o f  sk ip jack  tuna, 
Katsuwonus pelamis, i n  b o t h  t h e  A t l a n t i c  and P a c i f i c  Oceans. 
knvironment/ski  p jack d i s t r i b u t i o n  r e l a t i o n s h i p s  de r i ved  from t h i s  
i n f o r m a t i o n  a re  a p p l i e d  t o  long-term annual mean d i s t r i b u t i o n s  o f  
d i sso l ved  oxygen and thermal s t r u c t u r e  f o r  t he  A t l a n t i c  Ocean between 
l a t .  40'14 and 40"s. The depth o f  s k i p j a c k  h a b i t a t  i s  mapped. W i t h i n  
t h e  de f i ned  h a b i t a t  areas, h i g h  v u l n e r a b i l i t y  o f  sk ip jack  tuna t o  
su r face  gear is i n f e r r e d  and a e r i a l  l y  compared w i t h  the  1 ong-term 
c a t c h  o f  t he  FIS (French, I v o r y  Coast, and Senegalese) f l e e t  t o  
con f i rm  the  v a l i d i t y  o f  t h i s  approach. Th is  technique i s  then used 
t o  hypothesize areas o f  vu1 nerabi  1 ity o f  s k i p j a c k  t o  sur face gear 
ou ts ide  the range o f  t he  FIS f l e e t  e f f o r t  i n  the  western A t l a n t i c .  
F i n a l l y ,  t h e  e f f e c t s  o f  sur face winds on f i s h i n g  operat ions a r e  
discussed and those areas where wind speed may hamper operat ions a re  
o u t l i n e d  f o r  t h e  A t l a n t i c  Ocean between l a t .  30"N and 30"s. 

Evans, Richard H., and Norman Bartoo. 1981. S ta tus  r e p o r t :  
A t l a n t i c  sk ip jack  tuna. I n :  Status r e p o r t s  on wor ld  tuna and b i l l -
f i s h  stocks , NOAA T e c h n i c a  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, 
pp. 55-77. 

Eastern A t l a n t i c  s k i p j a c k  tuna stocks 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  stocks a r e  f i s h e d  
a t  a low 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-
I v o r y  Coast-Senegal -Moroccan and Tema-baseo f l eets,  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 t ime, a r e  n o t  considered 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 no r  eastern A t l a n t i c  s k i p j a c k  stocks a r e  ove r f i shed  
a t  t h i s  t ime, and both stocks 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 he  western A t l a n t i c ,  
where a developing f i s h e r y  o f f  B r a z i l  accounted f o r  80 pe rcen t  o f  t h e  
western A t l a n t i c  ca tch  i n  1980. 

Go1 dberg , Stephen R. , and H i 11 a ry  Herring-Dyal . 1981. H i s t o l  og i  c a l  
gonad analyses of l a t e  summer-early w i n t e r  c o l l e c t i o n s  of bigeye 
tuna, Thunnus obesus, and y e l l o w f i n  tuna, Thunnus albacares, from 
t h e  n o m e s t  M  i  c  and the G u l f  o f  Mexico.mUAA Technical 
Memorandum, NMFS, NGAA-TM-NMFS-SWFC-14, 9 pp. 

Gooding, Reginald Id., W i l l i a m  H. N e i l l ,  and Andrew E. Dizon. 1981. 
R e s p i r a t i o n  r a t e s  and low-oxygen to le rance  1i m i t s  i n  s k i p j a c k  tuna, 
Katsuwonus pelamis. F i sh .  B u l l  ., U.S. 79(1):31-48. 

Oxygen-uptake r a t e s  and swimming speeds o f  v o l u n t a r i l y  a c t i v e  
sk ip jack  tuna, Katsuwonus pelamis, a t  23"-24"C were measured i n  the 
l a b o r a t o r y  f r o m  c a p t i v i t y - m t e d  f i s h  (0.6-3.8 kg )  and a t  sea 
f r o m  jus t - caugh t  f i s h  (1.8-2.2 kg ) .  I n  the shipboard t e s t s ,  s k i p j a c k  
tuna swam 2-5 l e n g t h s l s  ( l e n g t h  = f o r k  l e n g t h )  and consumed 0.9-2.5 
(median = 1.3) mg 02/g per h d u r i n g  t h e i r  f i r s t  2.2 h o f  c a p t i v i t y .  
I n  l a b o r a t o r y  t e s t s ,  s k i p j a c k  tuna swam a t  a mean speed of 1.4 
l eng ths /s  and consumed oxygen a t  a mean r a t e  o f  0.52 mg 02/g pe r  h. 
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For the laboratory f i s h ,  rout ine swimming speed ( S , i n  lengths/second) 
was inversely r e l a t ed  t o  f i s h  weight ( M y  i n  grams)--S = 3.12 - 0.53 
logloW; oxygen-uptake r a t e  ( V  2 i n  milligrams 02/gram per hour) was 
d i r e c t l y  re la ted  t o  both weigh? and speed ( i . e . ,  speed independent of 
weight effects)--log10V02 = -1.20 + 0.19/logloW + 0.21 S. However, 
laboratory f i s h  swimming a t  their c h a r a c t e r i s t i c  (weight dependent) 
speeds respired a t  r a t e s  independent of weight. Calculations based 
on the  above i n t e r r e l a t i o n s  among metabolic r a t e ,  swimming speed, and 
body weight indicated t h a t  skipjack tuna of a l l  sizes may have an 
optinum swimming speed ( f o r  maximum dis tance per u n i t  energy
expenditure) near 2 .1  1engths/s . 
Captivity-habituated skipjack tuna (0.8-3.4 k g )  a l so  were subjected 
t o  a s tep  decrease i n  concentration of dissolved oxygen (02 )  a t  23"-
24°C t o  determine their responses t o  acute hypoxia. A t  l eve ls  of O2 
below 4 m g / l ,  voluntary swimming speed increased a s  0 declined, 
reaching 3.9 lengths/s  a t  the lowest t e s t  value o f  0 , l . z m g / l .  The 
4-h median l i m i t  f o r  log 0 proved s imi la r  t o  the 8, level c r i t i c a l  
f o r  change i n  swimming spee i ,  about 4 mg/l .  

Experimental r e s u l t s  a r e  analyzed and compared with those from other  
f i s h e s  t o  a r r i v e  a t  the following conclusions: 1) The skipjack
t u n a ' s  ' 'standard" metabolic rate i s  two t o  f ive  times t h a t  of typical
f i s h e s  of s imi la r  s i ze ;  2) the  weight  exponent f o r  ' 'standard'' 
metabolic r a t e  of skipjack tuna i s  a pos i t ive  value near 0.2, as  
opposed t o  the -0.2 value typical  of f i shes ;  3 )  b u t ,  because the 
c h a r a c t e r i s t i c  swimniing speed of rout inely ac t ive  skipjack tuna  i s  
inversely r e l a t ed  t o  weight, rout ine metabolic r a t e  i s  v i r t u a l l y
independent of f i s h  weight; 4 )  highly ac t ive  skipjack tuna can 
consume oxygen from a i r - sa tura ted  seawater a t  rates exceeding those 
known from any other  f i s h  of s imi la r  s i z e ;  and 5 )  the skipjack tuna 
is  r e l a t ive ly  i n e f f i c i e n t  i n  i t s  use of oxygen and food-energy f o r  
swimming ( a t  l e a s t  a t  low speeds) and i t  d i e s  a t  0, l eve l s  s t i l l  well 
above those l e tha l  fo r  other  f i shes .  

Hanan, Doyle A.  1981. S ta tus  report :  North Pac i f ic  bluef in  tuna .  
In: S ta tus  repor t s  on world tuna and b i l l f i s h  s tocks,  NOAA 
E c h n i c a l  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp.  246-255. 

Northern Pac i f ic  bluefin tuna a r e  fished by surface gear including 
purse se ine ,  t r o l l i n g  b a i t ,  g i l l  ne t ,  t r a p ,  and harpoon in the 
eas te rn  and western Pac i f ic .  Bluefin a re  a l so  caught by longline in 
the  western Pac i f ic  and, t o  a l e s s e r  extent, i n  the  cent ra l  and 
eas te rn  Pac i f ic  and the e a s t  Indian Ocean. 

The resource appears t o  be composed of a s ing le  stock; the  western 
Pac i f ic  catch i s  composed of juveni les  and mature adul t s  while the 
eastern Pac i f ic  catch cons is t s  mainly of 1-, 2- ,  and 3-year old f i s h .  
Presence of a second stock of f  New Zealand i s  n o t  confirined by
s tudies .  
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Herrick, Samuel F . ,  J r .  1981. S ta tus  repor t :  Eastern t ropical  
Pac i f ic  yellowfin tuna. In: S ta tus  reports  on world tuna and b i l l -
f i s h  stocks y NOAA Techn icT  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, 
p p .  143-162. 

The s t a t u s  of eastern Pac i f ic  yellowfin tuna has been evaluated u s i n g
general production model s and age-structured model s .  Results of the  
production model analyses ind ica te  t h a t  the eastern Pac i f ic  ye1 lowfin 
f i  shery i s current ly  operating a t  1 eve1 s above maximum sus ta i  nab1 e 
y i e l d .  The age-structured analyses r a i s e  concerns over the increased 
dependency of the f ishery on age-1 f i s h .  Recent increases  in  age-1
catches could lead t o  a decrease i n  y ie ld-per - recru i t  and a 
diminished potential  y i e ld .  Heavy f i sh ing  on a succession of poor 
r e c r u i t  c l a s ses  could reduce the adul t  p o p u l a t i o n  such t h a t  
recruitment f a i l u r e  occurs. Ef for t s  t o  reverse these trends i n  the 
near fu tu re  a re  complicated by a f a i l u r e  t o  reach agreement on a 
mechanism f o r  implementing an eastern Pac i f ic  ye1 lowfin con-servation 
program in 1980. 

Jennings, Jacqueline G . ,  James 14. Coe, and Walter F. Gandy. 1981. 
A corral  system f o r  examining pelagic dolphin schools. Mar. F i s h .  
Rev. 43( 11) :16-20. 

Kashin, S.M., R.W. B r i l l ,  W.N. Ikehara, and A . E .  Dizon. 1981. 
Induced 1ocomotion by midbrain st imulation in res t ra ined  skipjack 
tuna,  Katsuwonus pelamis, L.  J .  Exp. Zool. 216:327-329. 

The authors  show t h a t  e l ec t r i ca l  st imulation o f  the midbrain of 
res t ra ined  and sedated skipjack tuna  ( Katsuwonus pel ami s)  produces
coordinated locomotory a c t i v i t y .  Their p r e p a r a t i o n e f o r e  i s  a 
v iab le  a1 t e rna t ive  f o r  c rea t ing  normal swimming movements which can 
be closely control led by the experimental is t ,  and demonstrates t h a t  a 
midbrain i'locornotory center"  i s  present i n  skipjack tuna ,  a s  i n  other 
t e l e o s t s .  

Kaya, Calvin M . ,  Andrew E .  Dizon, and Sharon D .  Hendrix. 1981. 
Induced spawning of a tuna, Euthynnus a f f i n i s .  F i s h .  Bull . ,  U.S. 
(Note) 7 9 ( 1):185-187. 

Laurs, R .  Michael, and J e r r y  A. Wetherall. 1981. Growth r a t e s  of 
North Pacif ic  albacore,  T h u n n u s  alalunga, based on t ag  re turns .  
Fish.  Bull ., U.S. 79(2) :2333UT.  

Estimates of growth parameters f o r  North Pac i f ic  a1 bacore, T h u n n u s  
a1 a1 unga were based on tag-recapture s t a t i  s t ics ,  using the s
von Dertalanffy model and an extended model. Sequential estimation 
of L and K allowed us t o  t e s t  hypotheses concerning var ia t ion  in 
grow& r a t e  between tagged a1 bacore recaptured i n  d i f f e r e n t  ocean 
regions. 

m  
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S i g n i f i c a n t l y  lower  growth r a t e s  were found i n  a lbacore recaptured 
o f f  Japan and the  Uni ted Sta tes  n o r t h  o f  l a t i t u d e  40" n o r t h  coinpared 
w i t h  those captured o f f  t he  Un i ted  Sta tes  south o f  l a t i t u d e  40' 
no r th .  The d i f f e r e n c e s  i n  est imated growth r a t e  were general l y  
c o n s i s t e n t  w i t h  d i f f e r e n c e s  i n  length- f requency d i s t r i b u t i o n  o f  
a lbacore taken o f f  the  Un i ted  States n o r t h  and south o f  l a t i t u d e  38" 
n o r t h  du r ing  the  p e r i o d  when most recaptures were made. The f i n d i n g s  
add t o  a growing body o f  evidence t h a t  t he  Nor th  P a c i f i c  a lbacore 
popu la t i on  i s  n o t  homogeneous; r a t h e r ,  a t  l e a s t  two d i f f e r e n t  
subpopul a t i o n s  may e x i s t .  

Matsumoto, Wal ter  M . ,  Thomas K. Kazama, and Donald C.  Aasted. 1981. 
Anchored f i s h  aggregat ing devices i n  Hawaiian waters. Mar. F ish.  
Rev. 43( 9 ) :1-13. 

F i  sh aggregat ing devi  ces ( FAD 'SI made o f  55-gal 1on o i1 drums and 
wooden r a f t s  were moored i n  Hawaiian waters o f f  t h e  i s l a n d s  o f  Oahu, 
Lanai ,  and Hawaii from May 1977 through J u l y  1979. The FAD's 
successful  l y  a t t r a c t e d  numerous pe l  ag i c  f ishes, in c l  ud i  ng 1arge 
schools o f  sk ip jack  and smal l  y e l l o w f i n  tunas. Commercial tuna pole-
and-1 i n e  boats  b e n e f i t e d  g r e a t l y  by t a k i n g  l a r g e  catches o f  tunas 
from around the  FAD's. F i s h i n g  around the  FAD'S r e s u l t e d  i n  reduced 
f u e l  and b a i t f i s h  expenses. T r o l l i n g  boats  a l s o  b e n e f i t e d  as they 
exper ienced a reduc t i on  i n  the  number o f  zero-catch days. The 
success o f  t h e  FAD exper iment encouraged the  S ta te  o f  Hawaii t o  
implement i t s  own FAD system i n v o l v i n g  26 f i s h  aggregat ing devices 
around seven major  isl ands. 

Mendel ssohn , Roy. 1980. Using Box-Jenkins model s t o  f o r e c a s t  
f i s h e r y  dynamics: i d e n t i f i c a t i o n ,  es t imat ion ,  and checking. F ish .  
B u l l  ., U.S. 78(4):887-896. 

Box-Jenkilis models a re  suggested as approp r ia te  model s f o r  
f o r e c a s t i n g  f i s h e r y  dynamics. Un l i ke  s tandard p roduc t i on  models, 
these models a r e  emp i r i ca l  , dynamic, s tochas t i c  model s. Box-Jenkins 
models a re  n o t  b iased when es t ima t ing  r e l a t i o n s h i p s  between ca tch  and 
e f f o r t ,  as a r e  standard produc t ion  models. The use o f  these 
techniques i s  i l l u s t r a t e d  on ca tch  and e f f o r t  data f o r  t he  sk ip jack  
tuna f l e e t  i n  Hawaii. An ac tua l  12-month fo recas t  i s  shown t o  g i ve  a 
reasonable f i t  t o  the  observed data.  Most o f  t h e  d iscrepancies a re  
exp la ined by changes i n  t h e  behavior  o f  t h e  f ishermen (i.e., economic 
f a c t o r s ) ,  r a t h e r  than by l a c k  o f  knowledge o f  t h e  behavior  o f  f i s h .  

Riggs, F l e t c h e r  V .  1981. Status r e p o r t :  Tunas i n  t h e  I n d i a n  
Ocean. I n :  S ta tus  r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks, NOAA 
TechnicaT-Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp. 99-117. 

The s t a t u s  o f  s tocks o f  f o u r  species o f  tuna (albacore,  bigeye,
y e l l o w f i n ,  and sk ip jack )  i n  the  Ind ian  Ocean was analyzed. Since 
1952 es t imated annual ca tch  o f  a lbacore i n  the  Ind ian  Ocean has 
f l u c t u a t e d  w ide ly  between 10,000 and 28,000 m t .  The est imated ca tch  
f o r  1978 was 14,600 nt. FlSY l i e s  between 15,000 and 20,000 m t .  A 
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y i e l d - p e r - r e c r u i  t assessment suggests no ga in  i n  y i e l d - p e r - r e c r u i t  
froli l  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 
souther ly  waters. Th is  s tock appears f u l l y  harvested and the 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. 

Est imated annual ca tch  o f  b igeye tuna i n  t h e  I n d i a n  Ocean reached a 
h i g h  o f  48,000 m t  i n  1978. A p roduc t i on  model a n a l y s 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. The y i e l d  curve showed 
inc reas ing  ca tch  w i t h  e f f o r t  and d i d  n o t  reach an asymptote. Th is  
s tock appears t o  be o n l y  1 i g h t l y  exp lo i t ed .  

Y e l l o w f i n  tuna i n  the  Ind ian  Ocean are  f i s h e d  by sur face  and l o n g l i n e  
gears. Est imated annual ca tch  f l u c t u a t e d  w ide ly  froin 1952 t o  1978 
b u t  e x h i b i t e d  a general upward t rend.  The est imated t o t a l  ca tch  f o r  
1978 was 62,500 m t .  Product ion model analyses based on a v a i l a b l e  
l o n g l i n e  f i s h e r y  da ta  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 h igher .  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  c o u l d  be 
increased apprec iab ly  above the  c u r r e n t  1 eve1 . However , i t  is 
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  
y e l l o w f i n  tuna by sur face  f i s h e r i e s .  

The sur face  sk ip jack  tuna f i s h e r y  i n  t h e  Ind ian  Ocean i s  r e l a t i v e l y  
undeveloped. Catches have f l u c t u a t e d  from 1965 on a genera l l y  r i s i n g  
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 h e  Ind ian  Ocean sk ip jack  tuna stock.  

Rinaldo, Ronald G. 1981. Status r e p o r t :  Eastern t r o p i c a l  P a c i f i c  
sk ip jack  tuna. I n :  S ta tus  r e p o r t s  on wor ld  tuna and b i l l f i s h  
s tocks , NOAA Technical  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15 , 
pp. 163-181. 

The stock s t r u c t u r e  o f  sk ip jack  tuna i n  t h e  P a c i f i c  Ocean i s  poo r l y  
understood. I n  t h e  eas tern  P a c i f i c  f i s h e r y  f o r  sk ip jack  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 ie l  d -pe r - rec ru 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 .  According t o  t h e  IATTC, t t ie  
f i s h e r y  f o r  sk ip jack  tuna i n  t h e  eas tern  P a c i f i c  does n o t  appear t o  
a f f e c t  stock abundance, and the re  i s  no need t o  r e s t r i c t  t h e  catch.  

Squire,  James L., Jr.  1981. Observat ions o f  a1 bacore (Thunnus 
a la lunga)  f i s h i n g  o f f  C a l i f o r n i a  i n  r e l a t i o n  t o  sea s u r f a c e  
temperature isotherrns as measured by an a i rbo rne  i n f r a r e d  rad io -
meter. NOAA Technical  Memorandurn, NMFS, NOAA-TM-NMFS-SWFC-11, 15 
PP 

Dur i  ng a i rbo rne  in f  ra red  sea sur face  temperature surveys , in 
coopera t ion  w i t h  t h e  U.S. Coast Guard and tt ie U.S. Navy o f f  t he  
Un i ted  States west coast ,  t h e  l o c a t i o n  o f  a1 bacore, Thunnus a la lunga 
(Bonnaterre) , f i s h i n g  r e l a t i v e  t o  sea sur face temperature was 
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recorded. An a s s o c i a t i o n  was found between a1 bacore f i s h i n g  and 
c e r t a i n  sea sur face temperatures and d i s c o n t i n u i t i e s  i n  temperature. 
Sea su r face  temperatures where a1 bacore f i s h i n g  was observed o f f  
southern C a l i f o r n i a  were 17.8" t o  18.9"C (64.0" t o  63.O"F) [ s i c ] ;  and 
o f f  c e n t r a l  C a l i f o r n i a  were 15.6" t o  17.2"C (60.0" t o  63.0"F) and 
these temperature ranges a r e  i n  general agreement w i t h  optimum 
f i s h i n g  temperatures repo r ted  by o t h e r  authors.  On two occasions 
when the  s p e c i f i c  o b j e c t i v e  was t o  survey temperatures about t h e  
commercial a1 bacore f l e e t ,  f i s h i n g  was being conducted immediately 
west o f  a temperature d i s c o n t i n u i t y .  

F u r t h e r  s t u d i e s  us ing t h e  near- instantaneous a i r b o r n e  i n f r a r e d  sea 
surface and sub-surface survey techniques f o r  temperature, i n  
a s s o c i a t i o n  w i t h  measurements o f  o t h e r  phys i ca l  and b i o l o g i c a l  
parameters, a ided by s a t e l l i t e  data, should be conducted. This  would 
e s t a b l i s h  t h e  t r u e  r e l a t i o n  o f  isotherm p a t t e r n s  t o  the  l o c a t i o n  and 
movement o f  t h e  a lbacore f i s h i n g  area f o r  t h e  u l t i m a t e  development o f  
r e l i a b l e ,  t a c t i c a l  i n fo rma t ion  f o r  t he  f i s h i n g  f l e e t  and a b e t t e r  
understanding o f  t he  f a c t o r s  determin ing t h e  m i g r a t i o n  p a t t e r n s  o f  
a1 bacore. 

Squire,  James L., Jr. 1981. Status r e p o r t :  P a c i f i c  swordf ish. 
In: Status r e p o r t s  on w o r l d  tuna and b i l l f i s h  stocks, NOAA 
E c h n i c a l  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15 , pp. 256-276. 

The stock s t r u c t u r e  o f  swordf ish populat ions i n  the  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 data evaluated a t  t he  B i l l f i s h  Stock 
Assessment Workshop suggest t h a t  t he  popu la t i on  c o n s i s t s  o f  e i t h e r  a 
s i n g l e  Pac i f i c -w ide  stock, o r  northwestern, southwestern, and eastern 
P a c i f i c  stocks.  Swordf ish a r e  caught by a v a r i e t y  of gear, b u t  t he  
m a j o r i t y  a r e  taken by l o n g l i n e  gear designed f o r  c a p t u r i n g  tunas. 
For  the  1952-1963 data ser ies,  a product ion model a n a l y s i s  gave a 
Pac i f i c -w ide  MSY est imate 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/fi" area. The average (1966-1975) ca tch  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 he  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  the  stock, and t h a t  t he  stock i s  i n  
good c o n d i t i o n .  

Recent catches (1978) i n d i c a t e  l e v e l s  o f  t o t a l  ca tch  e q u a l l i n g  about 
18,000 m t ,  approximately 2,000 m t  l e s s  than MSY. High demands world-
wide may d r i v e  the ca tch  f i g u r e  t o  t he  l e v e l  o f  c u r r e n t  MSY est imates 
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. 

S ta tus  r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks.  1981. NOAA 
Technical  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, 300 pp -+ 2-page 
Appendix. 

Stevens, E. Don, and Andrew E .  Dizon. 1982. Energet ics  o f  
locomotion i n  warmbodied f i s h .  Ann. Rev. Phys io l .  
44:121-131. 
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Stock assessment a c t i v i t i e s  w i t h i n  the  Nat ional  Marine F i s h e r i e s  
Serv ice.  1981. NOAA Technical Memorandum, NMFS, NOAA-TM-hMFS-
SWFC-12, 130 pp + 34-page Appendix. 

Uchiyama, James ii., and Paul Struhsaker. 1981. Age and growth o f  
sk ip jack  tuna, Katsuwonus pelamis, and y e l l o w f i n  tuna, Thunnus 
a1 bacares, as i n d i c a t e d  by-growth increments o f  s m .  
F ish .  B u l l  ., U.S .  79(1):151-162. 

Counts of t he  d a i l y  growth increments on o t o l i t h s  p rov ided t h e  means 
f o r  e s t a b l i s h i n g  growth curves f o r  c e n t r a l  P a c i f i c  sk ip jack  tuna, 
Katsuwonus pelamis, up t o  3 yea rs  o l d  and f o r  c e n t r a l  P a c i f i c  
y e l l o w f i n  t u n u n n u s  albacares,  up t o  2 yea rs  o l d .  The data 
i n d i c a t e d  t h r e e  stanzas o f  l i n e a r  growth f o r  5 1  sk ip jack  tuna rang ing  
i n  s i z e  from 3 t o  80 cm f o r k  length .  Est imated d a i l y  growth r a t e s  
were 1.6 mm/day f o r  f i s h  up t o  a l e n g t h  o f  about 27.0 cm; 0.8 mm/day 
f o r  f i s h  between 27.0 and 71.4 cm; and 0.3 mm/day f o r  f i s h  between 
71.4 and 80.3 cm. Growth data f o r  eas tern  P a c i f i c  sk ip jack  tuna 
rang ing  i n  s i z e  from 38 t o  65 cm f o r k  l e n g t h  suggested t h a t  sk ip jack  
tuna i n  the  eas tern  P a c i f i c  grew a t  a s lower r a t e  than those from t h e  
c e n t r a l  P a c i f i c .  

Age determinat ions of 14 c e n t r a l  P a c i f i c  y e l l o w f i n  tuna suggested two 
stanzas o f  l i n e a r  growth. Est imated growth r a t e s  a r e  1.4 mm/day f o r  
f i s h  up t o  a l e n g t h  o f  64.2 cin and 0.9 mm/day f o r  f i s h  between 64.2 
and 93.0 cm. Growth curves from t h i s  study were compared w i t h  
publ ished growth curves based on o t h e r  methods. 

The va l  i d i t y  o f  d a i l y  growth increments was t e n t a t i v e l y  determined by 
observa t ions  on sk ip jack  and y e l l o w f i n  tunas h e l d  i n  c a p t i v i t y .  
Agreement o f  our growth curves w i t h  those o f  prev ious s tud ies  on the  
same stock o f  tunas us ing  o the r  growth es t ima t ing  techniques a l s o  
suggests t h a t  our ageing technique i s  acceptable.  However, t h e  day-
to-growth increment r e l a t i o n  and the  e f f e c t  o f  var ious  v a r i a b l e s  on 
t h e  fo rmat ion  o f  growth increments o f  tunas need t o  be i n v e s t i g a t e d  
f u r t h e r .  

Walker, M.M., and A.E. Dizon. 1981. I d e n t i f i c a t i o n  o f  magnet i te  i n  
tuna. EOS; Trans., Am. Geophys. Union 62(45):850 [ a b s t r a c t  only] .
GPA4-2-5. 

H igh ly  m ig ra to ry  animals such as the  tuna should f i n d  the  a b i l i t y  t o  
d e t e c t  t h e  geomagnetic f i e l d  very use fu l  i n  nav iga t ion .  Recent 
d i scove r ies  o f  b iogen ic  magnet i te  i n  a v a r i e t y  o f  species l e d  us t o  
search f o r  magnet i te  i n  the  y e l l o w f i n  tuna, Thunnus albacares.  We 
t e s t e d  rep resen ta t i ve  t i s s u e s  and organs f r o n s e v e n  j u v e n i l e  
y e l l o w f i n  tuna f o r  s a t u r a t i o n  induced magnetic remanence i n  t h e  S Q U I D  
magnetometer a t  t he  U n i v e r s i t y  o f  Hawaii I n s t i t u t e  o f  Geophysics. 
T issue samples w i t h  s igna l  t o  no ise r a t i o s  g rea te r  than u n i t y  were 
weighed t o  c a l c u l a t e  magnetic i n t e n s i t y  and subjected t o  AF 
demagnetization. 
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H i g h  sIRM and magnetic i n t e n s i t y  values were cons is ten t ly  obtained 
only f o r  t i s s u e s  from w i t h i n  the ethmoid bone complex of the skull of 
the ye1 1 owf i n tuna. AF dernagneti za t i  on experiments on frozen t i  ssue 
samples from the ethmoid bone complex suggested t h a t  the sIRM of the 
t i  ssue i s  c a r r i e d  by ferromagnetic c r y s t a l s  w i t h  c o e r c i v i t i e s  between 
9 and 10 mil l iTesla .  An X-ray d i f f r a c t i o n  pat tern obtained from the 
residue a f t e r  hypochl ori t e  digestion of the magnetic tissue 
ident i f ied  magnetite as the source of the remanence. Behavioral 
s tud ies  have demonstrated magnetic s e n s i t i v i t y  i n  yellowfin t u n a .  
Magnetite contained i n  the ethmoid bone complex may be the basis  f o r  
magnetorecepti on i n  these f i sh. 

Weber, Earl .  1981. Status  report :  North Pacif ic  albacore. In: 
S ta tus  reports  on world tuna and b i l l f i s h  stocks, NOAA Technical 
Memorandum, NMFS, NOM-TM-NMFS-SWFC-15, pp.  228-245. 

The North Pacif ic  albacore stock i s  harvested primarily by the 
Japanese surface and longline,  and North American surface f l e e t s .  
Catches of these f l e e t s  have been i n  the  v i c i n i t y  of 100,000 rnt i n  
recent years ,  w i t h  a record catch of nearly 124,000 m t  i n  1976. The 
North American surface f i shery ,  comprised primarily of U.S. t r o l l  
vessels ,  landed an annual average catch of approximately 20,000 m t  
d u r i n g  the period of 1969 through 1978 b u t  landed less than 5,000 m t  
i n  1979. The U.S. imports an additional 80,000 t o  90,000 nit of 
albacore t o  meet domestic demand and a substant ia l  p a r t  of this 
o r i g i n a t e s  from the North Pacif ic  stock. 

A1 though heavily harvested, the stock i s  considered heal thy. Ef for t  
l e v e l s  i n  recent years  have been below those required t o  produce
maximum average sustainable  y i e l d s  (MASY). Yield-per-recruit ( Y / R )
analyses indicated a decrease i n  Y / K  fallawing the expansion o f  the 
Japanese surface f ishery.  S l igh t  gains  i n  Y / R  are possible  through
increased e f f o r t  on la rger  f i s h  b u t  substantial gains a r e  unlikely
w i t h  the f i shery  i n  i t s  present configuration. Catch r a t e s  f o r  a l l  
three major f l  e e t s  have shown gradual decreasing trends. 

Weihs, Daniel. 1981. Effects  of swimming path curvature on the 
energet ics  of f i s h  motion. F i s h .  Bull ., U.S. (Note) 79(1):171-176. 

Wetherall , Jer ry  A. 1981. Status  report:  South Pacif ic  albacore.  
In: S ta tus  reports  on world tuna and b i l l f i s h  stocks,  NOAA 
E c h n i c a l  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, p p .  212-227. 

The South Pacif ic  albacore stock has been fished s ince 1952. Most of 
the catch i s  taken by longl ine vessels  from Japan, the Republic of 
Korea, and Taiwan. Long1 ine catch-per-uni t - e f f o r t  declined 
considerably between 1962 and 1974 a s  e f f o r t  and catch increased. 
However, catch r a t e s  increased i n  recent  years  so t h a t  average annual 
catch has increased recently i n  s p i t e  of lowered e f f o r t .  Present 
average annual catch by longl iners  i s  i n  the neighborhood of the 
estimated f4SY f o r  th i s  f i shery ,  35,000 m t ,  and no sustained increase 
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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 t h e  
sur face ca tch  o f  re1  a t i  v e l y  small  a1 bacore a r e  unknown. 

Wetheral l  , J e r r y  A., and Marian Y.Y. Yong. 1981. P1 anni ng doubl e- 
tagging experiments. NOAA Technical Nemorandum, NMFS, NOAA-TM-
NMFS-SNFC-13, 44 pp ( i n c l u d e s  3 Appendices). 

Yosiiida, Howard 0. 1981. Status r e p o r t :  B i l l f i s h e s  i n  t h e  
I n d i a n  Ocean. I n :  Status r e p o r t s  on wor ld  tuna and b i l l f i s h  
stocks , NOAA T e f i n i c a l  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, 
pp. 118-141. 

B i l l f S 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  t h e  h i g h e s t  p r i c e ,  
f o l l o w e d  by swordf ish,  b l u e  m a r l i n ,  and b lack  m a r l i n .  T e n t a t i v e  
r e s u l t s  from p roduc t i on  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  mar l i n ,  
whereas s t r i  ped marl i n  y i e l  ds coul d increase w i  t h  increased e f f o r t .  
Swordf ish and s a i l f i s h  s tocks do n o t  appear t o  be adversely 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 .  A d d i t i o n a 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  n a t i o n s  t o  g i v e  a c l e a r e r  
p i c t u r e  o f  s tock s t a t u s  i n  these waters.  

Yoshida, Howard 0. 1981. Status r e p o r t :  P a c i f i c  s t r i p e d ,  b lue ,  
and b lack m a r l i n s .  I n :  Status r e p o r t s  on w o r l d  tuna and b i l l f i s h  
stocks,  NOAA TechnicZT Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, 
pp. 277-300. 

The b l u e  m a r l i n ,  s t r i p e d  mar l i n ,  and b lack  m a r l i n  a r e  p r i m a r i l y  
caught by l o n g l i n e  gear i n  t h e  P a c i f i c .  The a v a i l a b l e  evidence 
suggests t h a t  b lue marl 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 .  Two hypotheses have been advanced f o r  s t r i p e d  
m a r l i n  stocks i n  t h e  P a c i f i c .  The a v a i l a b l e  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  ( two o r  t h r e e )  s tock s t r u c t u r e  f o r  b lack  
m a r l i n  i n  the  P a c i f i c :  one i n  the  eas te rn  P a c i f i c  and two i n  t h e  
western P a c i f i c .  The p roduc t i on  model ana lys i s ,  t oge the r  w i t h  t h e  
d e c l i n i n g  ca tch  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  stock i s  
be ing ove r f i shed .  On a Pac i f i c -w ide  bas is ,  t h e  s t r i p e d  m a r l i n  stock 
appears t o  be i n  good cond i t i on .  No p roduc t i on  model a n a l y s i s  i s  
a v a i l a b l e  f o r  the P a c i f i c  b lack  m a r l i n .  A h i g h  p r i o r i t y  t ask  i s  t o  
b e t t e r  d e f i n e  t h e  stock 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 .  

Yoshida, Howard 0. 1981. Status r e p o r t :  Western P a c i f i c  s k i p j a c k  
tuna. I n :  Status r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks,  NOAA 
T e c h n i c x  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp. 182-195. 

The major 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  adjacent  t o  
c o n t i n e n t s  and i s lands .  I n  the  western P a c i f i c ,  t h e  Japanese pole-
and- l ine,  1i v e - b a i t  f i s h e r y  i s  t he  l a r g e s t  and the  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 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  i s  n o t  
very  w e l l  known. Although no p roduc t i on  model analyses o r  o t h e r  
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analyses and s imu la t i ons  have been at tempted f o r  western P a c i f i c  
s k i p j a c k  tuna, a1 1 a v a i l a b l e  i n f o m i a t i o n  suggests t h a t  t h e  resource 
i s  s t i l l  underexplo i ted.  One o f  t h e  impor tan t  research needs f o r  
sk ip jack  tuna i n  the  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  popu la t i on  
s t r u c t u r e  o f  t i l e  resource. 

Yoshida, Howard 0. 1981. Status r e p o r t :  klestern P a c i f i c  y e l l o w f i n  
tuna. In :  Status r e p o r t s  on wor ld  tuna and b i l l f i s h  stocks,  NOAA 
T e c h n i c 3  Memorandum, NMFS, NOAA-TM-NMFS-SWFC-15, pp. 196-211. 

Y e l l o w f i n  tuna a re  p r i m a r i l y  caught by  l o n g l i n e  gear i n  t h e  western 
P a c i f i c .  Al though 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 h e r e  a re  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 t h e r  i n  the  western 
P a c i f i c ,  which a r e  separated by a l e s s  c l e a r l y  de f i ned  s tock 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  t h e  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  t h e  s tock  i s  
capable o f  sus ta in ing  t h e  c u r r e n t  l e v e l  o f  catches. 
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Squire,  James L., Jr .  Catch temperatures f o r  some impor tan t  mar ine 
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t i o n  and rearing of larvae i n  f r i g a t e  inackerel and yellowfin tuna, 
cul tured w i t h  seawater-accl imatized Chl ore1 1 a a s  a basic d i e t .  J .  
Fac. Mar. Sci.  Technol. Tokai U n i v .  18): 27-56. (Engl. t r a n s l .  by
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Suzuki , Ziro. 1981. Recent condition of the Japanese purse seine 
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t o  sogyii shi t a  gyogun no tsukimono kara mita t'dgyogya no 
tokuchii n i  t s u i t e . )  Proc:, 1980 Tuna Fish. Res. Conf. (1980
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MISCELLANEOUS INTELLIGENCE O N  FISHERIES A C T I V I T I E S  I t 4  

THE PACIFIC BASIN AND I N D I A N  OCEAN I N  1981 

With a s t r a t e g i c  l o c a t i o n  i n  t h e  c e n t r a l  P a c i f i c ,  t h e  researchers a t  
the Honolulu Laboratory  have unique q u a l i f i c a t i o n s  and exper ience f o r  
ga ther ing  i n f o r m a t i o n  on f i s h e r y  a c t i v i t y ,  i n c l u d i n g  tuna f i s h e r i e s ,  i n  
the P a c i f i c  Basin and Ind ian  Ocean. Through wide personal  con tac ts  and 
correspondence, t r a v e l s  on o f f i c i a l  business, and p a r t i c i p a t i o n  and 
at tendance a t  f i s h e r i e s  meet ings and conferences, Richard S. Shomura, 
D i r e c t o r  o f  t h e  Honolulu Laboratory,  and the  s t a f f  o f  t h e  F ishery  
Management Research Program main ta in  an a c t i v e  i n t e r e s t  and involvement i n  
t h e  people and f i s h e r i e s  o f  t h i s  area. 

Because o f  t he  need t o  keep abreast  o f  r a p i d l y  moving events and t o  
disseminate the  i n fo rma t ion  t o  i n t e r e s t e d  persons, M r .  Shomura has 
prepared the  f o l l o w i n g  miscel laneous i n t e l l i g e n c e  on f i s h e r y  a c t i v i t y  i n  
1981 throughout the  c e n t r a l  and western P a c i f i c  and the  Ind ian  Ocean: 

Indo -Pac i f i c  Tuna Data C o l l e c t i n g  Agency Created 

As a r e s u l t  o f  an i dea  conceived a t  t h e  S i x t h  J o i n t  Meeting o f  t he  
Ind ian  Ocean F ishery  Commission (IOFC) and t h e  Indo -Pac i f i c  F ishery  
Commission (IPFC) Tuna Management Committees h e l d  i n  Perth,  A u s t r a l i a ,  i n  
February 1980, t h e  FAO/Uni t e d  Nat ions Development Programme (UNDP) has 
s t a r t e d  up a p r o j e c t  t o  c o l l e c t  I ndo -Pac i f i c  tuna data.  As envisaged by 
t h e  Committee, the  o b j e c t i v e  o f  t he  p r o j e c t  i s  t o  p rov ide  a mechanism f o r  
c o l l e c t i n g  tuna ca tch  and e f f o r t  s t a t i s t i c s  as w e l l  as o t h e r  b i o l o g i c a l  
i n f o r m a t i o n  f o r  the  P a c i f i c  and Ind ian  Oceans. 

Progress t o  date has been slow due t o  funding u n c e r t a i n t i e s  and 
d i f f i c u l t y  i n  l o c a t i n g  a p r o j e c t  leader ;  A r thu r  G. Woodland o f  t h e  South 
China Sea Programme i n  Mani la  i s  p resen t l y  a c t i n g  as an i n t e r i m  superv isor  
u n t i l  a p r o j e c t  leader  can be appointed. The p r o j e c t  has been es tab l i shed  
i n  Colombo, S r i  Lanka. A Japanese n a t i o n a l ,  T. Sakurai, f o rmer l y  F ishery  
S t a t i s t i c i a n  a t  t h e  S t a t i s t i c s  and In fo rma t ion  Department, Economic 
A f f a i r s  Buredu, Tokyo, has f i l l e d  t h e  tuna s t a t i s t i c i a n ' s  p o s i t i o n  f o r  t he  
p roj ect. 
Resul ts  o f  South P a c i f i c  Cominission Skip jack 
Programme Presented a t  Workshop 

I n  August 1981, t h e  South P a c i f i c  Commission (SPC) Tuna Tagging 
Programme he1d a workshop i n  Noumea, New Cal edoni a , t o  p resent  p r e l  i m i nary 
r e s u l t s  o f  t h e  Skip jack Tagging Programme. About 153,000 sk ip jack  tuna, 
Katsuwonus pelamis, were tagged du r ing  the  3-year f i e l d  program. The 
r e l e a s e / r e c o m a t a  have n o t  been analyzed i n  d e t a i l  b u t  t o  da te  no 
major  m ig ra to ry  p a t t e r n s  have been discerned. Examples o f  extens ive 
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migra to ry  movements o f  sk ip jack  tuna were demonstrated by a f i s h  tagged 
o f f  Aus t ra l  i a  which was recovered i n  French Polynesia,  a d is tance o f  more 
than 3,000 nmi from p o i n t  o f  re lease t o  p o i n t  o f  recapture.  There are  
o the r  s i m i l a r l y  ou ts tand ing  long-term movements. 

A t  t h e  August meeting, t h e  program s t a f f  est imated t h a t  t he  stock 
s i z e  o f  sk ip jack  tuna i n  t h e  western P a c i f i c  may be as h i g h  as 10 m i l l i o n  
m e t r i c  tons ( m t ) .  It should be noted, however, t h a t  more recen t  est imates 
o f  t he  s tanding stock a re  about 3 m i l l i o n  m t .  

Dur ing 1981 t h e  SPC endorsed t h e  development o f  a new tuna program 
which would i nc lude  stock assessment o f  l a r g e  tuna species ( i n  a d d i t i o n  t o  
sk ip jack  tuna)  and t h e  several  species o f  b i l l f i s h e s  o f  commercial 
importance. D r .  Robert  E. Kearney i s  scheduled t o  head t h i s  new program. 
To da te  i t  appears t h a t  funds t o  operate t h i s  new program w i l l  be 
for thcoming from A u s t r a l i a ,  New Zealand, and the  Un i ted  States,  a t  l e a s t  
f o r  the  f i r s t  year .  

A c t i v i t i e s  o f  Forum F i s h e r i e s  Agency Moni tored 

The s t a f f  o f  t h e  Honolulu Laboratory  cont inued t o  mon i to r  t he  
a c t i v i t i e s  o f  t he  Forum F i s h e r i e s  Agency (FFA) i n  1981. Reports a re  t h a t  
a Clr. Cou l te r ,  from New Zealand, has been appointed the  new Deputy 
D i r e c t o r  o f  FFA. When the  D i r e c t o r ,  W i l l i am Razzel l ,  l e f t  h i s  post ,  M r .  
James was appointed the  a c t i n g  d i r e c t o r .  I t  has now been learned t h a t  M r .  
James, who fo rmer ly  headed the  f isher i es department i n  t h e  Government of 
t he  Solomon Is lands ,  has taken a p o s i t i o n  w i t h  t h e  Government o f  K i r i b a t i .  

There i s  an unconf i rmed r e p o r t  t h a t  Alan B. Chapman, f o m i e r l y  
F i s h e r i e s  Advisor  f o r  t he  Mar i t ime A u t h o r i t y  o f  t h e  Republ ic o f  Belau, has 
been appointed F i s h e r i e s  A  N  For f o r  t he  FFA. 

Reports I n d i c a t e  Increased Tuna F i s h i n g  A c t i v i t i e s  
i n  the  P a c i f i c  and Ind ian  Oceans 

Purse Se in ing  

I n  1981 t h e r e  was subs tan t i a l  purse se ine f i s h i n g  a c t i v i t y  i n  the  
c e n t r a l  and western P a c i f i c  by f l a g  vessels  o f  va r ious  na t ions .  The U.S. 
f l e e t ,  c o n s i s t i n g  o f  about 25 vessels,  and t h e  Japanese f l e e t  were very
a c t i v e .  F i s h i n g  a c t i v i t i e s  were successful  on f i s h  found i n  schools, near 
logs ,  and around f i sh-aggregat ing  devices (FAD) o r  payaos. There a l so  have 
been conf i rmed s i g h t i n g s  o f  U.S.S.R. purse se iners  i n  the  western P a c i f i c ,  
and t h e  U.S.S.R. has approached Indonesia f o r  access t o  t h e i r  200-mile 
economic zone. Other na t i ons  showing some a c t i v i t y  o r  i n t e r e s t  i n  purse 
se in ing  i n c l u d e  Taiwan and Korea. 

There appears t o  be a t r e n d  f o r  many o f  t h e  25 U.S. purse se iners  t o  
operate year-round i n  the  c e n t r a l  and western P a c i f i c  r a t h e r  than r e t u r n  
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t o  the eastern P a c i f i c  f o r  the y e l l o w f i n  tuna, Thunnus albacares, season. 
Al though t h e  b u l k  o f  t h e  c e n t r a l  and western P a c 7 f i c t c h  i s  o f f l o a d e d  a t  
Pago Pago, American Samoa, some f i s h  a re  being o f f l o a d e d  i n  Belau and 
Guam. F i r m  est imates o f  t o t a l  catch a r e  n o t  a v a i l a b l e  b u t  a 40,000-ton 
f i g u r e  has been mentioned as t h e  U.S. ca tch  i n  the  c e n t r a l  and western 
P a c i f i c .  The U.S. purse seine vessels appear t o  be equa l l y  adept a t  
school f i s h i n g  and l o g  f i s h i n g  and a l s o  at tempt  f i s h i n g  around FADs. I n  
December a U.S. purse se iner  caught 500 tons o f  s k i p j a c k  tuna i n  two 
successive days around a FAD loca ted  o f f  Western Samoa. Th is  i s  b e l i e v e d  
t o  have been an experiment conducted w i t h  the  approval o f  t he  F i s h e r i e s  
Department o f  Western Samoa. The 1980-81 purse se ine f i s h e r y  f o r  s k i p j a c k  
tuna  i n  New Zealand was judged "poor." 

The Japanese se iners appear t o  have achieved some e x p e r t i s e  i n  purse 
seine f i s h i n g  and p lans a r e  underway t o  increase t h e  f l e e t .  One r e p o r t  
i n d i c a t e d  t h a t  t he  Japanese purse seine f l e e t  i n  1980 numbered 14 vessels 
w i t h  p r o j e c t i o n s  f o r  18 vessels i n  1982 and 40 vessels i n  1983. Because 
o f  concerns i n  economic d i s l o c a t i o n ,  Japan p lans t o  increase purse se ine 
f i s h i n g  e f f o r t  and reduce pole-and- l ine f i s h i n g  capaci ty .  Est imates of 
the Japanese purse seine ca tch  i n  1981 a re  n o t  a v a i l a b l e  b u t  t h e  1979 
c a t c h  t o t a l e d  31,000 tons. The Japanese purse se ine e f f o r t  i s  p r i m a r i l y  
focused on f i s h i n g  around logs,  a l though r e c e n t  r e p o r t s  suggest some 
success i n  school f i s h i n g .  

There i s  a purse se ine j o i n t  venture c u r r e n t l y  ope ra t i ng  i n  F i j i  
which has f i n a n c i a l  backing from New Zealand i n t e r e s t s .  The j o i n t  venture 
operates two New Zealand purse se iners,  t h e  Western Ranger and Western 
P a c i f i c ,  which f i s h  around a s e r i e s  o f  F A D s - Z E F E r e d o u g h o u -
waters. Catch data a r e  n o t  a v a i l a b l e  and r e p o r t s  i n d i c a t e  the p r o j e c t  has 
encountered p rob l  ems w i t h  FADs break ing loose. 

The purse s e i n i n g  a c t i v i t i e s  i n  the  P h i l i p p i n e s  and Indonesia a l s o  
appear t o  be t i e d  t o  j o i n t  ventures and the  use o f  FADs. I n  the  
P h i l i p p i n e s  the j o i n t  ventures apparent ly  a r e  a f f i l i a t e d  w i t h  Canadian and 
American i n t e r e s t s  and the purse se iners be ing used a r e  o l d  Canadian and 
American vessels.  I n  Indonesia, t he  governmental e n t e r p r i s e ,  P.T. East 
Indonesian F i she ry ,  which operates pole-and- l ine boats  o u t  o f  Waegeo, 
Mal uku-\Jest I r i a n ,  has a Japanese-buil t purse se ine r  which has been i n  
o p e r a t i  on s ince  December 1979. The Japanese c a p t a i n, who was 
inexper ienced i n  tuna purse se in ing,  f i s h e d  i n i t i a l l y  i n  coas ta l  waters 
o f f  West I r i a n  w i t h  poor r e s u l t s .  Rumor has i t  t h a t  the boa t  i s  now 
f i s h i n g  o f f s h o r e  on the same grounds f i s h e d  by t h e  Japanese, U.S.S.R., 
South Korean, and Uni ted States purse seiners,  r e s u l t i n g  i n  b e t t e r  
catches. Confirmed d e t a i l s  a r e  l a c k i n g  and t h e r e  i s  no i n f o r m a t i o n  
a v a i l a b l e  on i t s  success t o  date.  The Japanese tuna i n t e r e s t s  have an 
ongoing j o i n t  venture w i t h  Indonesia ( i t  i s  u n c e r t a i n  whether t h e  j o i n t  
venture i s  w i t h  an Indonesian governmental c o r p o r a t i o n  , t h e  D i  r e c t o r a t e  o f  
F i s h i n g  En te rp r i ses  w i t h i n  the D i r e c t o r a t e  General o f  F i s h e r i e s ,  o r  w i t h  
p r i v a t e  i n d u s t r y ) .  A1 though the  d e t a i l s  a r e  sketchy, t he  opera t i on
invo lves  Japanese-bui l t  purse se iners o f  t he  300- t o  400-ton c lass .  The 
opera t i on  appears t o  be successful :  catches o f  150-200 tons a re  being niade 
i n  1-2 weeks. 
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In the Indian Ocean, there  has been a recent report  t h a t  the French 
Government i s  providing a purse seiner  t o  carry out  exploratory tuna 
f i s h i n g  i n  waters of f  the Seychelle Islands.  A previous attempt t o  carry 
out tuna pole-and-line fishing e f f o r t s  i n  the Seychelles by the French was 
unsuccessful. 

Pol e-and-Li ne 

A l t h o u g h  purse seine f i s h i n g  a c t i v i t i e s  were increasing i n  the 
western and central  Pacif ic ,  pole-and-1 ine f i s h i n g  a c t i v i t i e s  were not a t  
a s t a n d s t i l l .  W i t h  the exception of Japan, is land nations i n  the  Pacif ic  
a s  well a s  i n  the  Indian Ocean are  seeking means of developing t h e i r  
coastal  pol e-and-1 ine f i s h e r i e s .  In addition t o  t h e i r  own individual 
e f f o r t s ,  the  means of developing f i s h e r i e s  include j o i n t  ventures w i t h  
distant-water f i s h i n g  nations. 

There was a marked increase i n  placement of FADs i n  the t ropical
Pac i f ic  i n  1981. Centers of a c t i v i t i e s  include Hawaii , Western Samoa,
American Samoa, F i j i  , Papua New Guinea ( P N G ) ,  Cook Is lands,  Indonesia,
Guam, and the Commonwealth of the Eforthern Mariana Islands.  The Maldives 
i n  the  Indian Ocean have a l so  i n s t a l l e d  FADs w i t h  FA0 assis tance.  
Undoubtedly, FADs have been placed i n  o ther  areas.  Activity i n  the payao
f i shery  i n  the P h i l  ippines continues t o  be h i g h .  

Reports on pole-and-1 ine f i s h i n g  a c t i v i t y  f o r  the various establ ished 
and developing nations i n  the Pacif ic  Basin indicate  t h a t  the f lee t  s ize  
and a c t i v i t y  of the Japanese distant-water pole-and-line f l  e e t  appears t o  
be o n  a decline.  The peak of this  f ishery was probably i n  the l a t e  1970's 
and ear ly  1980's. The decline can probably be a t t r i b u t e d  t o  a number of 
f a c t o r s ,  pr incipal ly  increased labor c o s t s ,  substant ia l  increase i n  fuel 
c o s t s ,  and the establishment of ZOO-mile extended economic zones (EEZ) by 
many i sl and governments. 

The smal 1 (3,000- t o  5,000-ton annual catch)  pole-and-line tuna 
f i shery  based i n  Levuka, F i j i ,  continues t o  be viable  and act ive.  There 
have been recent  moves t o  increase the f l e e t  w i t h  newly b u i l t  pole-and-
1ine vesse ls .  A U . S . - b u i l t  vessel (Lepea), which has design
c h a r a c t e r i s t i c s  of Japanese b a i t  boats,  i s  scheauled t o  fish around F i j i
i n  1982 and there  i s  a l s o  t a l k  of an additional pole-and-line boat b e i n g
b u i l t  f o r  the f ishery.  

The Kir ibat i  Government made a major move i n  1981 t o  develop a pole-
and-1 ine  f i  shery . A quasi -government/i ndustry company managed by Richard 
James has been establ ished.  Currently, two pole-and-1 ine vessels ( g i f t s
from Japan) a r e  f i s h i n g  f o r  the company. Bai t f ish a r e  being provided by
t h e  milkfish grow-out system developed under a project  sponsored by FAO. 
Milkfish f ry  a r e  caught i n  the w i l d  and cultured i n  earthen ponds.
Current plans a r e  t o  t ransship tuna catch i n  containers t o  U.S. 
dest inat ion points;  the f i r s t  refr igerated container was transshipped t o  
Hawaii via Majuro i n  l a t e  1981. 
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The PNG po le -and- l ine  f i s h i n g  a c t i v i t i e s  have been r a t h e r  q u i e t  i n  
1981 Negot ia t ions  f o r  cons t ruc t i on  o f  a cannery by Star -K i  s t  a re  
c o n t  nuing. A Japanese company opera t ing  o u t  o f  a PNG base has p u l l e d  o u t  
f o r  economic reasons; thus,  S t a r - K i s t  appears t o  be the  o n l y  f o r e i g n  
i n t e r e s t  p resen t l y  i n  PNC. 

I n  New Caledonia a j o i n t  French-New Caledonia tuna f i s h i n g  company 
began opera t ions  i n  1981. I n  mid-1981, a 300-ton French-bui l  t po l  e-and- 
l i n e  vessel a r r i v e d  i n  New Caledonia t o  f i s h  under the  Transpeche Nouvel le  
Caledonie j o i n t  venture.  A second vessel was expected t o  j o i n  the  
opera t i on  i n  1951. The vessels  p rev ious l y  operated i n  the  Seychel le  tuna 
t r i a l s .  

The Solomons pole-and- l ine f i s h e r y  f o r  sk ip jack  tuna cont inues t o  be 
h i g h l y  successful .  The f i s h e r y  i s  a j o i n t  ven ture  between t h e  Taiyo 
F i s h i n g  Company o f  Japan and the  Government o f  Solomons. Cur ren t  p lans 
a re  t o  b u i l d  a new cannery i n  the  Solomons t o  rep lace  an o l d e r  one 
p r e s e n t l y  i n  operat ion.  

Indonesia cont inues t o  a t t r a c t  a t t e n t i o n  as a s i t e  f o r  subs tan t i a l  
tuna f i s h e r i e s  development. I n  a d d i t i o n  t o  the  j o i n t  venture w i t h  the  
Japanese (purse se ine FAD opera t ion) ,  t h e r e  are  a number o f  sinal1 po le-
and- l ine  f i s h i n g  operat ions,  most o f  them l o c a t e d  on t h e  eas tern  p a r t  o f  
t h e  Indonesia Archipelago. The t o t a l  number o f  boats  i s  est imated a t  500 
vessels,  n e a r l y  a l l  smal l  (around 30 gross tons) .  I n  1981, ou ts ide  
i n t e r e s t s  made a number o f  v i s i t s  t o  review t h e  tuna f i s h i n g  a c t i v i t i e s  i n  
Indonesia.  The a v a i l a b l e  i n fo rma t ion  on ca tch  shows an est imated 102,000 
m t  of tuna caught i n  1978, of which 33,000 m t  were repo r ted  t o  be sk ip jack  
tuna. 

Van Camp i s  con t inu ing  i t s  f reeze r  ope ra t i on  i n  Belau. Cur ren t l y  a 
f l e e t  o f  about 12 po le -and- l ine  boats  f i s h  f o r  Van Camp, several  o f  which 
are  owned by Palauan na t i ona ls .  Because o f  t h e  s o f t  wor ldwide tuna 
market, t h e r e  are  r e p o r t s  t h a t  f i s h i n g  has come t o  a v i r t u a l  stop. S tar -
K i s t  c u r r e n t l y  operates a c a r r i e r  sh ip  o u t  o f  Belau. There apparent ly  a re  
two j o i n t  ventures opera t i ng  i n  Belau. One i s  a katsuobushi  opera t ion ,  a 
j o i n t  ven ture  w i t h  Japanese i n t e r e s t s .  The sk ip jack  tuna ca tch  i s  
prov ided by two Japanese purse se iners  (approx imate ly  200-ton c l a s s ) .  The 
opera t i on  i s  a c t i v e  and the  excess ca tch  has been s o l d  t o  Van Camp. A 
second j o i n t  venture,  a purse seine-FAD operat ion,  i nvo l ves  P h i l i p p i n e  
i n t e r e s t s .  Reports a r e  t h a t  t h e  j o i n t  ven ture  has i n s t a l  l e d  approximately 
20 FADS i n  the  waters around Belau b u t  t he re  i s  no i n f o m i a t i o n  on i t s  
success t o  date. 

The Maldives po le -and- l ine  f i s h e r y  cont inues  t o  be the  most 
p roduc t ive  tuna f i s h e r y  i n  the  Ind ian  Ocean. Several s tud ies  have been 
undertaken i n  r e c e n t  years  by f i s h i n g  i n t e r e s t s  and f i n a n c i a l  
i n s t i t u t i o n s .  Japanese i n t e r e s t s  c u r r e n t l y  appear t o  have a f o o t h o l d  i n  
the  area and have a ided the  Mald iv ian  Government by t rans forming the  
f i s h e r y  from a s a i l - d r i v e n  t o  a motor-powered operat ion.  I n  recen t  years,  
t h e  Japanese have purchased the  sk ip jack  tuna f o r  t ransshigment t o  Japan 
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v i a  r e e f e r - s h i p  opera t ion .  The Ma ld i v ian  f i s h e r y  i s  repo r ted  t o  l a n d  
approximately 40,000 m t  o f  s k i p j a c k  tuna. 

I n  t h e  1 9 6 0 ' ~ ~w i t h  t h e  a i d  of French support ,  a small po le-and- l ine 
f i s h e r y  was developed i n  t h e  nor thern  p a r t  o f  Madagascar. For  p o l i t i c a l  
reasons, t h e  f i s h e r y  ceased t o  operate when the  French were asked t o  leave 
i n  t h e  1970's.  There a re  rumors t h a t  t he  Government o f  Madagascar i s  
p lanning t o  r e e s t a b l i s h  a po le -and- l ine  f i s h e r y  f o r  sk ip jack  tuna a ided by 
Japanese tuna companies. 

Lonal in i  nq 

The tuna l o n g l i n e  f i s h e r i e s  cont inued t o  operate i n  s p i t e  o f  a l l  t he  
a t t e n t i o n  on the  development o f  purse se ine and pole-and- l ine f i s h e r i e s .  

The Japanese l o n g l i n e  f i she ry  has been plagued w i t h  access problems. 
I n  1981, t h e  Government o f  A u s t r a l i a  p u t  l o n g l i n e  f i s h i n g  o f f  l i m i t s  i n  
the  b lack  m a r l i n  (Makaira n i g r i c a n s )  f i s h i n g  grounds o f f  Cai rns.  I n  
add i t i on ,  r e s t r i c t i o n s e  been imposed by A u s t r a l i a  and New Zealand on 
the  Japanese 1ongl i n e  f i s h e r y  f o r  southern b l u e f i n  tuna (Thunnus thynnus) , 
as p a r t  o f  an i n i t i a t i v e  t o  promote development o f  t h e i r  own=ic 
f i s h e r i e s .  Indonesia c losed  i t s  f i s h i n g  zone, i n c l u d i n g  t h e  impor tan t  
b igeye tuna (Thunnus obesus) grounds i n  the  Banda Sea, t o  Japanese 
1ongl iners . 

The f o r e i g n  f l a g  f l e e t  l o n g l i n e  f i s h e r y  based a t  American Samoa i n  
1980 cons is ted  o f  106 vessels  from Taiwan and 175 from South Korea. The 
1980 tuna and b i l l f i s h  ca tch  landed i n  American Samoa was es t imated t o  be 
32,600 m t ,  i n c l u d i n g  9,700 m t  o f  y e l l o w f i n  tuna, 18,100 m t  o f  a lbacore 
(Thunnus a la lunga) ,  3,600 m t  o f  b igeye tuna, 1,000 m t  o f  m a r l i n ,  and 200 
m t  o f  wahoo (Acanthocybium s o l a n d r i ) .  

From a l l  accounts, t h e  small l o n g l i n e  f i s h e r y  (es t imated  t o  be about 
18-20, 100-gross ton  boats)  based on Sabang (Sumatra) and B a l i ,  Indonesia,  
con t inues  t o  operate.  Each f i e l d  base has a 900-mt c o l d  s torage f a c i l i t y  
t h a t  can process 5 m t  per  day. D e t a i l s  o f  t h i s  f i s h e r y  a re  n o t  c u r r e n t l y  
ava i1ab1e. 

Tonga's l o n g l i n e  f i she ry  (one o r  two vessels)  con t inues  t o  operate.  
I n  the  Ind ian  Ocean, one of t h e  two 100-gross t o n  l o n g l i n e  vessels  i n  S r i  
Lanka apparent ly  is s t i  11 opera t ing . The government is seeking ou ts ide  
fund ing  (UNDP) t o  expand the  l o n g l i n e  f l e e t .  

I n  o the r  tuna f i s h e r y  developments, t h e  hand l ine  f i s h e r y  f o r  l a r g e  
tunas ( s i m i l a r  t o  t h e  Hawaiian hand l ine  f i s h e r y )  c u r r e n t l y  operates i n  
con junc t i on  w i t h  t h e  P h i l i p p i n e s  FAD f i s h e r y .  It i s  repo r ted  t h a t  the  
ca tch  from the  m a l  1 hand l ine  f i s h i n g  boats  (bancos) a re  being purchased 
i n  the  f i e l d  by Japanese and o the r  i n t e r e s t s .  The ca tch  i s  a i r -sh ipped t o  
Japan and o t h e r  areas. Apparent ly  b u r n t  tuna are a lso  a problem i n  the  
P h i l i p p i n e  f i s h e r y ;  t h e  u n a v a i l a b i l i t y  o f  i c e  and l a c k  of any i n s u l a t i o n  
add t o  the  problem. 

c 
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