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I NTRODUCTI 0N 

Tuna research i n  the  National Marine Fisher ies  Service (NMFS) i s  
conducted a t  the NMFS Southwest Fisher ies  Center ' s  two labora tor ies  i n  
Honolulu, Hawaii , and La J o l l a ,  Cal i forn ia ,  w i t h  one exception. Studies on 
Atlant ic  b i l l f i s h e s  and b luef in  tuna a re  car r ied  o u t  a t  the  NMFS Southeast 
Fisher ies  Center i n  Miami , Florida.  

Under the leadership of Richard Shomura, tuna research a t  the  Honolulu 
Laboratory includes s tud ies  on the  behavior, energet ics  , physiology and 
sensory biology of t ropical  tunas,  South  Pac i f ic  albacore and other  tuna 
populations of the central  and western Pac i f ic ,  and recreat ional  fisheries 
research, pr inc ipa l ly ,  the sportf ishery f o r  b i l l f i s h e s .  Research results a re  
important i n  the development of management plans by the Western Pac i f ic  
Regional Fishery Management Council, the  development of internat ional  pol icy 
on tuna and b i l l f i s h  management by the U.S. Department of S t a t e  and Department
of Commerce, and for  the evaluation of f i s h i n g  po ten t i a l s  and explo i ta t ion
s t r a t e g i e s  by the  U.S. tuna indus t ry .  

A t  the La J o l l a  Laboratory, the s t a f f  of the Oceanic Fisheries Resources 
Divis ion under the leadership of Dr. Gary Sakagawa provides basic f i shery
analys is  and management advice on tunas and bi l l f ishes  t o  U.S. Commissioners 
servi ng on i n te rna t i  onal f i sher ies  bodies, and conducts s tud ies  on the  s t a t u s  
of d o l p h i n  involved i n  the  tuna purse seine f ishery of the  eastern t rop ica l
Pac i f ic .  The s t a f f  of the  Coastal Fisher ies  Resources Division, led  by Dr. 
Reuben Lasker, a l so  conducts s tud ies  on the d i s t r ibu t ion ,  a v a i l a b i l i t y  and 
migration pat terns  of North Pac i f ic  a1 bacore and associated environmental 
influences i n  the  eastern North Pacif ic .  Results of these s tud ies  a r e  a key 
source of information and advice fo r  U.S. representat ives  t o  internat ional  
tuna management organizations,  the  International Commission f o r  the 
Conservation of A t 1  an t i c  Tunas, f i  sheri  e s  sci  en t i  s ts, and admi n i  s t r a t o r s  , and 
the U.S. tuna industry.  

S igni f icant  advances i n  tuna research were made a t  the  Southwest 
F isher ies  Center d u r i n g  the  pas t  year incorporating h i g h  technology and new 
methodol ogi e s  w i  t h  cl  ass ica l  f i shery research methods. For exampl e ,  sate1 1i t e  
imagery i s be ing  used i n  research deal i ng w i t h  re1 a t i  onshi p s  between a1 bacore 
tuna and the  environment, i n t e rac t ive  computer systems a r e  being used t o  
develop simulation models, acoustic and radio telemetry a re  be ing  used t o  
track the movements o f  tuna and marine mammals and mitochondrial DNA 
biochemical methods a re  b e i n g  used t o  study tuna and mammal stock s t ruc ture .  

The repor t  which fol lows i s  not intended as  a comprehensive presentat ion 
of the Southwest F i  sheri  e s  Center ' s  research on tuna and tuna-re1 ated 
a c t i v i t i e s  b u t  ra ther  as  an informal account of major on-going a c t i v i t i e s ,  
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accomplishments, and advances we have made d u r i n g  th i s  report ing period toward 
our primary goal: To de l iver  s c i e n t i f i c  information and advice t o  the
National Marine F isher ies  Service,  the  U.S. Department of S t a t e ,  U.S. # 

Cornmi ss ioners  t o  in te rna t iona l  commi ssions, and U .S. del egates  and negoti a to r s  
par t i  c i  pa t i  ng i n b i  1 a t e ra l  o r  i n te rna t i  onal negot ia t ions.  

The information was compiled by technical wr i t e r  Martha Brown from 
material supplied by our s c i e n t i f i c  s t a f f  a t  the Honolulu and La J o l l a  
Laboratories. __ - 1* 

lzadore Barre t t ,  Director 
NMFS Southwest F i  sheries Center 

May, 1983 

L 
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RESEARCH ON ATLANTIC TROPICAL TUNAS AT THE 

SOUTHWEST FISHERIES CENTER 

Research on A t l a n t i c  albacore and t r o p i c a l  tunas i n  support  o f  t h e  Uni ted 
S ta tes '  commi tment t o  t h e  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) i s  conducted a t  t he  La J o l l a  Laboratory o f  t he  
Southwest F i  sher ies Center. The Center a1so admin is ters  a tuna p o r t  sampl ing 
program i n  Puerto Rico, mainta ins a comprehensive A t l a n t i c  tunas data base, 
f a c i l i t a t e s  t h e  exchange o f  data between U.S. and f o r e i g n  researchers and 
coord i  nates general s c i e n t i  f i c  mat ters  invol  v i  ng ICCAT-re1 a ted  research being 
done by U.S. s c i e n t i s t s .  

Dur ing  1981-1982 research cont inued on stock assessments and f i s h e r y  
eva lua t i ons  o f  A t l a n t i c  t r o p i c a l  and albacore tunas. 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 she ry  data c o l l e c t e d  i n  cooperat ion w i t h  the  
U.S. tuna i n d u s t r y  and government o f f i c i a l s .  A t l a n t i c  tuna impor ts  were 
sampled 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. Data c o l l e c t e d  through 
these a c t i v i t i e s  were compiled and submit ted t o  ICCAT, as r e q u i r e d  o f  I C C A T  
members. 

A document d e s c r i b i n g  1981 Puerto Rican impor t  sampl ing a c t i v i  t i e s  has 
been prepared f o r  t he  1982 SCRS meeting. Resul ts  i n d i c a t e  t h a t  79% by number 
o f  t h e  y e l l o w f i n  tuna impor ts  sampled were l e s s  than 55.0 cm f o r k  length,  and 
83% o f  t h e  bigeye tuna impor ts  sampled were l e s s  than 55 cm f o r k  l e n g t h  i n  
1981. Sampling f o r  species composi t ion i n  Puerto Rico du r ing  1981 i n d i c a t e d  
t h a t  approximately 8% by weight  o f  t h e  mixed y e l l o w f i n l b i g e y e  tuna impor t  
tonnage sampl ed consi  s ted o f  b igeye tuna. 

A produc t ion  model a n a l y s i s  o f  t he  A t l a n t i c  y e l l o w f i n  tuna f i s h e r y  was 
conducted t h a t  empl oys a d i f f e r e n t  approach toward c a l  cu l  a t i  ng vec to rs  o f  
c a t c h - p e r 4  n i  t - e f f o r t ,  and considers t h e  appropr iateness o f  t h e  d i f f e r e n t  
p roduc t i on  curves on t h e  b a s i s  o f  c u r r e n t  popu la t i on  theory.  Resul ts  i n d i c a t e  
t h a t  maximum sus ta inab le  y i e l d  (MSAY) i s  between 110,000 m t  and 150,000 m t  f o r  
the eastern A t l a n t i c ,  and t h a t  t he  present  f i s h e r y  i s  ope ra t i ng  near t h i s  
l e v e l  with t h e  opt imal amount o f  e f f o r t .  

A rev iew o f  A t l a n t i c  t r o p i c a l  tuna f i s h e r i e s  between 1975 and 1980, which 
focuses a t t e n t i o n  on t h e  expansion o f  t he  sur face f i s h e r y ,  was conducted. 
T h i s  expansion cons is ted  main ly  o f  an increase i n  t h e  number o f  l a r g e  purse 
se iners p a r t i c i p a t i n g  i n  t h e  f i s h e r y  and an o f f s h o r e  extens ion o f  t h e  f i s h e r y  
i n  t h e  eastern t r o p i c a l  A t l a n t i c  du r ing  t h i s  per iod.  

An a n a l y s i s  o f  s i n g l e  s e t  data from t h e  U.S. t r o p i c a l  tuna f l e e t  cover ing 
t h e  p e r i o d  1968-1981 was conducted. Changes i n  f i s h i n g  p a t t e r n s  and 
operat ions were examined w i t h  respect  t o  changes i n  f i s h i n g  success. 

The c o n d i t i o n  o f  t h e  south A t l a n t i c  albacore tuna stock was evaluated 
through p roduc t i on  model ana lys i s  and Monte Car l o Simul a t i o n  us ing  updated
data. The s e n s i t i v i t y  o f  t he  r e s u l t s  t o  data accuracy was inves t i ga ted .  The 
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p roduc t i on  model a n a l y s i s  suggests t h a t  t h e  south A t 1 a n t i c  a1 bacore tuna stock 
i s  be ing  e x p l o i t e d  beyond MSAY under the  c u r r e n t  p a t t e r n  o f  f i s h i n g .  

F ishery  S t a t i s t i c s  

Dur ing 1981 most o f  t h e  t r o p i c a l  tuna f i s h i n g  occurred i n  the  eastern 
A t l a n t i c .  Led by t h e  FISM (French, I v o r y  Coast, Senegalese and Moroccan) and 
Spanish f l e e t s  the  eas tern  f i s h e r y  c o n t r i b u t e d  an est imated 116,000 m t  o f  
y e l l o w f i n  tuna, o r  83%, and 110,000 m t  o f  sk ip jack  tuna, o r  85% o f  t h e  t o t a l  
A t l a n t i c  catches o f  these species. The remainder o f  t h e  1981 y e l l o w f i n  tuna 
catch, 23,000 m t ,  was taken by l o n g l i n e r s  (78%) t h a t  f i s h e d  i n  t h e  eas tern  and 
western A t l a n t i c ,  and b a i t b o a t s  and purse se iners  (22%) t h a t  f i s h e d  i n  the  
western A t l a n t i c .  The remainder o f  t h e  est imated sk ip jack  tuna ca tch  f o r  
1981, 19,000 m t ,  was taken by b a i t b o a t s  and purse seiners,  o f f  B r a z i l  and i n  
the  Caribbean Sea. 

Long1iners domi nated the  est imated 1981 A t 1 a n t i c  b igeye tuna catch 
(48,000 mt) :  77% o v e r a l l ;  67% and 87% r e s p e c t i v e l y  o f  t h e  n o r t h  (23,000 mt) 
and south (25,000 mt)  catches. 

Dur ing  1981 e i g h t  U.S. vessels,  a l l  c lass-6 purse se iners,  f i s h e d  i n  the  
A t l a n t i c ,  p r i m a r i l y  f o r  t r o p i c a l  tunas. Four o f  t h e  e i g h t  U.S. vessels  f i s h e d  
approximately 565 days i n  t h e  eas tern  A t l a n t i c  and caught 1,472 m t  o f  y e l o w f i n  
tuna, 2,800 m t  o f  sk ip jack  tuna and 128 m t  o f  b igeye tuna. Catch r a t e s  i n  the  
eastern A t l a n t i c  f o r  these U.S. vessels were 2.6 m t  o f  y e l l o w f i n  tuna and 5.0 
m t  o f  sk ip jack  tuna per  day 's  f i s h i n g .  These r a t e s  are  h ighe r  by 18% and 28% 
r e s p e c t i v e l y  when compared t o  those f o r  1980. 

F i v e  o f  t h e  e i g h t  U.S. vessels  f i s h e d  approximately 395 days i n  the  
western t r o p i c a l  A t l a n t i c  du r ing  1981 and caught 285 m t  o f  y e l l o w f i n  tuna and 
448 m t  o f  sk ip jack  tuna. Western A t l a n t i c  ca tch  r a t e s  were 0.7 m t  o f  
y e l l o w f i n  tuna and 1.1 m o f  sk ip jack  tuna per  day's f i s h i n g .  

F i v e  U.S. purse seiners,  f i s h i n g  p r i m a r i l y  f o r  b l u e f i n  tuna, caught 
approximately 2,100 m t  o f  sk ip jack  tuna o f f  t h e  U.S. e a s t  coas t  du r ing  1981. 

I n  1981, t h e  number of undersized ( l e s s  than 3.2 kg) A t l a n t i c  y e l l o w f i n  
tuna i n  the  land ings  o f  t h e  U.S. f l e e t  was approximately 58% o f  t h e  t o t a l  
number landed. T h i s  i s  a 28% reduc t i on  f rom 1980. The number o f  A t l a n t i c  
bigeye tuna below 3.2 kg  i n  the  U.S. f l e e t s '  land ings  was approximately 3% o f  
the  t o t a l ;  a 40% reduc t i on  from 1980. 

Thus f a r  i n  1982 two U.S. c lass-6  purse se iners  have p a r t i c i p a t e d  i n  the  
A t l a n t i c  t r o p i c a l  tuna f i shery .  Together they have spent approximately 150 
days i n  t h e  A t l a n t i c  and have caught an est imated 1,000 m t  o f  y e l l o w f i n  tuna 
and 500 m t  o f  sk ip jack  tuna. P re l im ina ry  i n fo rma t ion  i n d i c a t e s  t h a t  sk ip jack  
tuna catches of f  t h e  U.S. eas t  coast  du r ing  1982 a re  f a r  below those 
exper ienced i n  1981. 

c 

c 

c 
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INTERNATIONAL COMMISSION FOR THE CONSERVATION OF ATLANTIC TUNAS 

Sta tus  of At lan t ic  Tuna  and B i l l f i s h  
Resources Assessed bv ICCAl 

Southwest F i  sheries Center Director  Izadore Bar re t t ,  toge ther  w i t h  
Oceanic Divis ion Chief Gary Sakagawa, and f i shery  b i o l o g i s t s  Norm Bartoo and 
David A u ,  at tended the 1982 meeting of the Internat ional  Commission f o r  the 
Conservation of At1 an t i c  Tunas ( ICCAT) Standing Commi t tee  f o r  Research and 
S t a t i s t i c s  (SCRS) , November 3-9, 1982, i n  Funchal , Madeira, Portugal.  

Several working papers were prepared by the Southwest F i  she r i e s  Center 
Tuna/Billf ish Resources S ta f f  and presented a t  the  meeting of the  Standing
Committee of Research and S t a t i s t i c s  (SCRS). Authors and t i t l e s  of the 
working papers are:  

A u ,  D.  Production model ana lys i s  of the  At lan t ic  yellowfin t u n a  
( T h u n n u s  a lbacares)  f i shery .  

Bartoo, N . W . ,  and A.L. Coan. Production model ana lys i s  of the  
south At lan t ic  albacore stock and e f f e c t  of data accuracy. 

Coan, A.L. ,  and G.T. Sakagawa. U.S. t rop ica l  tuna purse seine 
s ingle  set  ana lys i s ,  1967-1980. 

Foster ,  T.C. Size and species  compositions of At lan t ic  tunas 
from imports landed i n  Puerto Rico d u r i n g  1981. 

Herrick,  S. A review of the t ropical  tuna f ishery of the At l an t i c  
Ocean, 1975-1980. 

The  SCRS s c i e n t i s t s  prepared s t a t u s  of stocks repor t s  on At lan t ic  tuna and 
b i l l f i s h  s tocks t o  a s s i s t  the Commission i n  ident i fy ing  needed conservation 
measures. 

The SCRS appraisal  of yellowfin tuna stocks i n  the  At lan t ic  Ocean found 
t h a t  on an Atlantic-wide basis yellowfin tuna catches a r e  cur ren t ly  near 
estimated maximum sus ta inable  y i e l d  (MSY) (123,000 MT) and t h a t  the f i shery
m i g h t  be operating beyond the optimal level of e f f o r t  ( i . e . ,  t h e  e f f o r t  level 
correspondi ng t o  the estimated MSY 1. Considered separately , ye1 1 owf i n tuna i n  
the  eas te rn  At lan t ic  a r e  cur ren t ly  be ing  f ished above the lower end of the 
range of po in t  es t imates  f o r  MSY (110,000-120,000 MT) w i t h  the corresponding
e f f o r t  level possibly i n  excess of t h a t  which i s  considered optimal. I t  was 
n o t  possible  t o  draw any conclusions concerning the s t a t u s  of yellowfin tuna 
i n  the western At lan t ic  due t o  lack o f  information from the f i s h e r i e s  
operating i n  this area.  

The Committee's opinion was t h a t  At lan t ic  skipkjack tuna catches a r e  
s t i l l  below potent ia l  l eve ls .  However, the r e l a t ion  of recent  catches t o  MSY 
i s  s t i l l  unknown pending completion of analyses which recent ly  have begun
u s i n g  data co l lec ted  d u r i n g  ICCAT's Internat ional  Skipjack Year Program. 
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The SCRS assessment o f  A t l a n t i c  b igeye tuna found t h a t  on an A t l a n t i c -
wide bas i s  t h e  stock i s  c u r r e n t l y  be ing e x p l o i t e d  c lose  t o  t h e  lowest  p o i n t  
est imate o f  MSY (52,900 MT). For  a separate no r the rn  A t l a n t i c  b igeye tuna 
stock,  c u r r e n t  catches and corresponding e f f o r t  l e v e l s  have been below those 
associated w i t h  MSY (33,000-71,000 MT).  For  a separate south A t l a n t i c  stock, 
c u r r e n t  catches and corresponding e f f o r t  l e v e l s  have been above those 
associated w i t h  MSY (21,000-49,000 MT). Only i n  t h e  case o f  a separate 
nor thern  s tock would an inc rease i n  e f f o r t  l i k e l y  r e s u l t  i n  an inc rease i n  
sus ta inab le  y i e l d .  

The Commi t t e e l s  appra isa l  o f  A t l a n t i c  a1 bacore tuna s tocks i n d i c a t e d  t h a t  
the  nor thern  stock i s  c u r r e n t l y  sub jec t  t o  moderate e x p l o i t a t i o n ,  w h i l e  the  
southern s tock appears t o  be over-explo i ted,  g iven  r e s u l t s  o f  p roduc t i on  model 
analyses presented a t  t h i s y e a r ' s  meeting. 

The SCRS was unable t o  make a conc lus ive  statement concerning t h e  s ta tus  
o f  b l u e f i n  tuna i n  t h e  western A t l a n t i c  due t o  t h e  u n c e r t a i n t y  surrounding 
r e s u l t s  o f  analyses presented a t  t h e i r  1982 meeting. However, t h e  p r i n c i p a l  
analyses d i d  agree tha t ,  f o r  t h e  west, t h e r e  has been some d e c l i n e  i n  
abundance, t h a t  rec ru i tmen t  may have decreased i n  recen t  years, and t h a t  t he re  
i s  l i t t l e  r e l a t i o n  between rec ru i tmen t  and spawning p o t e n t i a l  w i t h  data so f a r  
used. For  t h e  eas tern  A t l a n t i c  as w e l l  as t h e  t o t a l  A t l a n t i c ,  u n c e r t a i n t y  
r e 1  a ted  t o  a n a l y t i c a l  resu l  t s  and s i g n i f i c a n t  changes i n  t h e  h i s t o r i c a l  ca tch  
s t a t i s t i c s  was t o o  g r e a t  t o  a l l ow  conclus ions as t o  the  s t a t u s  o f  t h e  stocks.  

As i n  1981, t h e  Committee expressed concern over  t h e  d e c l i n e  i n  catches 
Yand apparent abundance 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 in ,  

s a i l f i s h  and sword f ish)  resources. However, t h e r e  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 firm eva lua t i ons  on t h e  c o n d i t i o n  o f  these resources a t  
t h i s  time. 

Reports were a l s o  prepared on the  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  tuna and t u n a - l i k e  species. The SCRS recognized
t h a t  mu1ti-species in t e r a c t i  on consi  d e r a t i  ons fa11 i n t o  two broad categor ies.  
One invol  ves t h e  b i  o l  og i  c a l  requ i  rements o f  coexi  s t i  ng o r  competi ng species i n  
the  same h a b i t a t .  The second has t o  do w i th  f i s h e r i e s  t h a t  e x p l o i t  t h i s  co-
occurrence o f  species w i t h  var ious  f i s h i n g  gears and f i s h i n g  procedures. 

The SCRS d i d  n o t  recommend any new management measures f o r  t h e  
conservat ion o f  A t l a n t i c  tuna and b i l l f i s h  a t  i t s  1982 meeting. 

Foreign-caught At1 a n t i c  tuna t ransshipped t o  Puer to R ico  a re  sampled 
r o u t i n e l y  f o r  b i o l o g i c a l  i n f o r m a t i o n  by b i o l o g i c a l  t echn ic ian  Eugene
Holzapfe l .  Data on f o r k  length ,  weight  and species composi t ion o f  catches are  
co l l ec ted .  Resul ts  o f  H o l z a p f e l ' s  sampling dur ing  t h e  p e r i o d  January 1, 1982 
t o  December 1, 1982, a r e  as fo l l ows :  

x 
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Species and gear 
# of 

sampl es 
# of f i sh  

sampl ed 

Tonnage 
sampl ed 

(MT) 

Ye1 1 owfi n 
Bai tboa t  
Purse se ine  
Longl i ne 
Unknown 

10 
26 
1 

10 

893 
2015 

89 
775 

123.70 
1806.13 
246.59 

67.00 

Skipjack
Bai tboa t  
Purse se ine  
Unknown 

15 
12 
4 

659 
602 
203 

1472.88 
3665.95 

940.22 

Bigeye
Bai t boa t  
Purse se ine  
Unknown 

2 
19 
4 

61 
706 
107 

1.24 
675.40 
155.13 

A1 bacore 
Longl i ne 1 50 372.10 

Blackfin 
Bai tboa t  1 50 6.12 

In addi t ion,  t he  s t a f f  of the  Tuna/Billf ish Resources Program has 
received bi  ol ogi cal sampl es from the  western A t 1  a n t i c  throughout 1982. 
Holzapfel and biological a id  Raul Rivera have co l lec ted  and sent t o  the 
Southwest Fisheries Center 635 skipjack tuna gonads and 211 skipjack tuna 
stomachs. The Tuna/Bi 11 f i sh Resources Program a1so received 905 ski pjack tuna 
gonads and 9110 skipjack tuna stomachs from the  Brazi l ian F isher ies  Agency
S.U.D.E.P.E. 

INTERNATIONAL SKIPJACK YEAR PROGRAM (ISYP) 

The Tuna/Billf ish Program a t  the La J o l l a  Laboratory has been ac t ive ly
involved i n  the  Internat ional  Skipjack Year Program (ISYP) of the 
Internat ional  Commission f o r  the Conservation of At lan t ic  Tunas ( I C C A T ) .  The 
ISYP was ca r r i ed  out  from 1979 through 1982, and relied on the  pa r t i c ipa t ion
of 19 ICCAT member count r ies  t o  provide the resources f o r  research designed t o  
increase the  information base on Atlant ic  skipjack tuna. The purpose of ISYP 
i s  t o  develop a ra t ional  expansion of the  f ishery t o  f u l l  u t i l i z a t i o n  of the 
resource. 
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In 1982, Southwest Fisheries Center (SWFC) s c i e n t i s t s  conducted studies 
i n  suppor t  of the  ISYP i n  th ree  broad areas:  por t  sampl i n g ,  d a r t  tagging and 
exploratory f i s h i n g ,  and biology. The major e f f o r t  consisted of sampling the  
catch of t he  U.S. purse se iners  f i s h i n g  i n  the At lan t ic  Ocean and landing a t  
Mayaguez and Ponce i n  Puerto Rico. In general ,  these l a rge  purse seine 
vessels  f i s h  the  At lan t ic  a f t e r  the close of the  IATTC Commission Yellowfin 
Regulatory Area ( C Y R A )  i n  the  eastern t rop ica l  Pac i f ic .  Usually c losure 
occurs sometime i n  the  ear ly  summer (depending upon  the ca tch)  , b u t  may occur 
as  ear ly  a s  April o r  a s  l a t e  as September. Some of the vessels t h e n  move t o  
the At lan t ic  and f ish u n t i l  December. Samples were a lso  co l lec ted  from the  
catch of foreign-flag vessels  which  t ranssh ip  At lan t ic  tunas a t  Ponce and 
Mayaguez, Puerto Rico. 

In addi t ion,  U.S. s c i e n t i s t s  undertook a number of ana ly t ica l  s tud ies  
incl u d i  ng research on feeding habi t s ,  maturity and fecundity , stock 
iden t i f i ca t ion  and r e l a t ion  of environmental var iables  t o  f ish d i s t r i b u t i o n .  

Current efforts underway a t  La J o l l a  include analyses of data  col lected 
f o r  the ISYP, i n  preparation for  a June 1983 ISYP scientific conference where 
the program resul t s  w i  11 be reviewed. 

New Study on Genetic Var iab i l i ty
i n  Tuna Stocks I n i t i a t e d  

I n  1982, researchers i n  the  Tuna and B i l l f i s h e s  Resources Program a t  the 
Southwest F isher ies  Center i n i t i a t e d  a study t o  apply a new technique fo r  
measuring genetic var iabi l  i ty  t o  the ol d problem of defining the  ' l u n i  t stock" 
f o r  population analyses and management needs. Traditional l y  , u n i t  s tocks have 
been iden t i f i ed  by pa r t i cu la r  morphological , ecological , o r  more recent ly ,
e lec t rophore t ic  characters .  However, because not a l l  populations of exploited
species  d i f f e r  enough from each other  t o  be character ized by the above means, 
a new technique involving ana lys i s  of genet ic  material i s  now being used. 
W i t h  the technique, researchers compare fragments of mitochondrial DNA ( m t D N A )
between individual s i n  order t o  cal cul a t e  the frequency of base pa i r
s u b s t i t u t i o n  between individuals.  The grea te r  the frequency of base pa i r
subs t i t u t ions ,  t he  more d i s t a n t  the re la t ion .  

m t D N A  ana lys i s  was recently applied t o  skipjack tuna from the Atlant ic  
and Pac i f ic  Oceans, and indicated a surpr is ingly h i g h  degree o f  genet ic
s imi l a r i t y  between tuna from the two oceans. These r e s u l t s  suggest continued 
genetic contact  between the  two populations s ince the u p l i f t  of the  Panama 
land b r i d g e  1.3 mi l l i on  years  ago. The new technique a l so  has appl icat ion t o  
stock ana lys i s  of various other  tunas and d i f f e r e n t  species  of d o l p h i n s .  

Study of Fecundi t y  of A t 1  an t i c  Skipjack Tunas Completed 

Dr. David Au , Operation Research Analyst, repor t s  t h a t  a h i  stol ogi cal 
examination of female skipjack tuna gonads from tuna col lected in the western 
At lan t ic  Ocean was completed by Dr. Steven Goldberg from Whit t ier  College,
Cal i fornia .  A t o t a l  o f  951 female gonads was examined, 916 from Brazil and 35 

c 

c 

c 
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f rom t h e  Caribbean, t o  assess rep roduc t i ve  cond i t i on .  A p o r t i o n  o f  t he  
B r a z i l i a n  sample ( f rom 25"s t o  45"W) was i n  spawning c o n d i t i o n  i n  November; 
t h e  c o n d i t i o n  cont inued through March. The B r a z i l i a n  f i s h  a r e  batch spawners 
and spawn more than once. Minimum l e n g t h  of sexua l l y  mature females was 510 
mm w i th  minimum gonad i n d i c e s  o f  30. For  sk ip jack  tuna measuring 510-720 mm 
f o r k  l e n g t h  (2600-9650 g) , t h e  average number o f  eggs was 385,936. 

Food Hab i t s  o f  B a i t  Cauaht Tuna Examined 

Stomachs from 1041 a d u l t  sk ip jack  tuna caught o f f  southern B r a z i l  were 
analyzed f o r  t h e  occurrence o f  j u v e n i l e  sk ip jack  tuna as w e l l  as o the r  forage 
items. Changes i n  d i e t  were examined by season and by s i z e  o f  t h e  predator .  

No j u v e n i l e  sk ip jack  tuna were found i n  any o f  t he  stomach contents.  
While Auxis thazard and Scomber japonicus represented t h e  major scombrid prey 
i t e m s , m a u s i a  s i m i l a s  r n r o l i c u s  m u e l l e r i  prov ided the  bu lk  o f  t h e  d i e t  
i tems throughout t h e i r e  season and s i z e  range o f  t h e  sample. 

OVERVIEW OF ECONOMICS OF U.S. TUNA FISHERIES 

A Review o f  1982 U.S. Tuna Harvest ing 
and Processi ng A c t i  v i  ty 

Dur ing 1982 t h e r e  was a subs tan t i a l  d e c l i n e  i n  domest ical ly-caught U.S. 
tuna rece ip ts ,  raw tuna impor ts  and domestic p roduc t i on  a c t i v i t y .  P r e l i m i n a r y  
i n f o r m a t i o n  i n d i c a t e s  t h a t  t o t a l  U.S. cannery r e c e i p t s  (domestic catches p l u s  
impor ts)  o f  a1 bacore and t r o p i c a l  tunas ( sk ip jack  , ye11owfin, b l u e f i n  and 
bigeye tuna) were down 16% from 1981 and 17% below t h e  1977-81 average volume 
o f  annual rece ip ts .

c 

Popular accounts a t t r i b u t e  t h e  1982 U.S. tuna i n d u s t r y  downturn t o  a 
number o f  f a c t o r s ,  foremost o f  which was an apparent excess o f  canned 
i n v e n t o r i e s .  Large i n v e n t o r i e s  l e d  t o  shutdowns and slowdowns i n  t h e  canning 
operat ions o f  t h e  t h r e e  major U.S. tuna processors: Bumble Bee Seafoods, a 
d i v i s i o n  o f  Cas t l e  and Cooke, c losed  i t s  San Diego p l a n t  i n  June o f  1982, 

x 

i d l i n g  900 workers; t h e  l e a d i n g  producer, S t a r k i s t ,  Heinz Foods, imposed a 
three-week work stoppage a t  i t s  p l a n t s  l o c a t e d  i n  San Pedro, C a l i f o r n i a ,  
Puerto Rico and American Samoa; and Van Camp Seafoods, Rals ton Pur ina, reduced 
operat ions a t  i t s  San Diego cannery. A l l  processors imposed 40-60 day t i e - u p  
per iods f o r  those tuna se iners i n  which they h e l d  a major  i n t e r e s t .  

T o t a l  domestical l y - caugh t  rece ip ts ,  227,784 s t ,  were down approximately
5% i n  1982, w i t h  a lbacore and y e l l o w f i n  tuna ( i n c l u d i n g  b l u e f i n ,  b igeye and 
b l a c k f i n  tuna)  o f f  56% and 6% r e s p e c t i v e l y  w h i l e  domestical l y - caugh t  r e c e i p t s  
o f  sk ip jack  tuna increased approximately 5%. Y e l 1owf in tuna compri sed over 
52% o f  t h e  t o t a l  domest ical ly-caught,  U.S. cannery r e c e i p t s  o f  major  market 
species i n  1952, w i t h  a lbacore and sk ip jack  tuna c o n t r i b u t i n g  approximately 3% 
and 45% each o f  t he  t o t a l .  
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The average ex-vessel prices paid by U.S. processors since Augus t  1982 
ranged from $795.00 s t  f o r  skipjack tuna t o  $1036.00 s t  f o r  yellowfin and 
bigeye tuna decreases of approximately 24% and 14% respect ively from 1981. 
T h e  top ex-vessel p r i ce  f o r  albacore tuna (accounting f o r  s i ze  d i f f e r e n t i a l s )
f e l l  approximately 25% d u r i n g  1982, from $1800.00 s t  a t  the c lose  of 1981 t o  
$1350.00 s t  a t  the c lose  of 1982. 

In  1982 r ece ip t s  of U.S. caught albacore and t rop ica l  tunas generated
approximately 237 m i  11 ion dol l a r s  i n  ex-vessel revenues, down 16% from 1981. 
Domestical ly-caught, U.S. a1 bacore tuna receipts produced ex-vessel revenues 
of approximately 9 mi l l ion  do l l a r s ,  67% below 1981, which divided by to ta l  
volume r e s u l t s  i n  a weighted ex-vessel p r i ce  of $1,382 per shor t  ton, down 25% 
from 1981. Domestical ly-caught, U.S. r ece ip t s  of skipjack tuna generated
approximately 98 mil l ion do l l a r s  i n  ex-vessel revenues, 8% below 1981, a t  an 
average weighted price of $957 per short ton, down 7% from 1981. Receipts of 
U.S. caught yelowfin tuna produced approximately 130 mil l ion do l l a r s  i n  ex-
vessel revenues, 8% below 1981, a t  an average weighted p r i c e  of $1,117 per
shor t  ton,  which i s  6% below the 1981 average weighted p r i ce  per ton. 

U.S. imports of raw tuna d u r i n g  1982 a r e  estimated t o  b e  272,345 shor t  
tons,  a decrease of 24% from 1981. Imports o f  albacore tuna to t a l ed  94,599 s t  
i n  1982, 8% above 1981, while imports of skipjack tuna (127,106 s t )  and 
yellowfin tuna (50,781 s t )  were both down from 1981, 32% and 39% respect ively.  

Based on the  weighted average ex-vessel prices f o r  albacore,  skipjack and 
yellowfin tuna ca lcu la ted  f o r  domestically-caught U.S. l a n d i n g s  i n  1982, the 
value of imports i n  1982 approached 310 mil l ion do l l a r s ,  31% below the 
corresponding value of 1981. A1 bacore, ski pjack and ye1 1 owfi n tuna generated
131 mil l ion,  122 mil l ion and 57 mil l ion do l l a r s  each, down 18%, 35% and 42% 
respect ively from 1981. 

In terms of the t o t a l  supply (domestical ly-caught r ece ip t s  pl us imports
the U.S. i s  mainly dependent on tuna resources i n  the  Pac i f ic  Ocean, which i n  
1982 accounted f o r  approximately 72% of a l l  U.S. tuna r ece ip t s ;  the  At lan t ic  
and Indian Oceans p rov ided  approximately 24% and 4% of the 1982 to t a l  U.S. 
tuna receipts, v i r t u a l l y  a1 1 imports. These proportions were not  g rea t ly
d i f f e r e n t  from 1981. However, there were some s i g n i f i c a n t  s h i f t s  between 1981 
and 1982 w i t h  respect t o  sub-oceanic area of or ig in  and domestic or foreign 
source of supply. Of p a r t i c u l a r  i n t e r e s t  i n  th is  regard was the large
increase i n  domestically-caught r ece ip t s  r e l a t i v e  t o  the decl ine i n  imports
from the western Pac i f ic  Ocean, a s  well a s  the  increase i n  imports from the 
western At1 a n t i c  and Indi an Oceans. 

U.S. canned tuna production d u r i n g  1982 i s  estimated a t  27,233 thousand 
standard cases (based on 19.5 pounds t o  the standard case ) ,  o f f  approximately
14% from 1981. The pack of l i g h t  meat tuna ( t rop ica l  spec ies )  i s  estimated a t  
21,221 thousand standard cases f o r  1982, down 18% from 1981; white meat 
(a lbacore tuna)  production d u r i n g  1982 i s  estimated a t  6,012 standard cases,  
u p  3% from 1981. Compared t o  the 1977-81 annual average, the  1982 t o t a l  pack 
was down 12%,  r e f l e c t i n g  a 15% decrease i n  the  l i g h t  meat pack and no change
i n  the white meat pack. 
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The average wholesale l i s t  price of advert ised l i g h t  meat tuna fe l l  from 
$50.44 per standard case i n  1981 t o  $47.61 i n  1982, a 6% decrease. On the 
other hand, the average wholesale l i s t  pr ice  of advert ised white meat tuna 
rose from $61.55 per standard case i n  1981 t o  $63.92 i n  1982, an increase of 
almost 4%. 

Imports of canned tuna i n  1982 to t a l ed  approximately 4,496 thousand 
standard cases ,  an increase of 23% from 1981. Imports of canned white tuna 
meat amounted t o  572 thousand standard cases ,  a 12% decrease from 1981, while 
approximately 3,192 standard cases of l i g h t  meat t u n a  were imported i n  1982, 
u p  32% from 1981. 

U.S. production of canned tuna i n  1982 generated approximately 885 
mil l ion d o l l a r s  i n  wholesale revenues, down nearly 25% from 1981. Based upon
to ta l  l i g h t  and white meat volume this results i n  a weighted average standard 
case price of $32.49 f o r  1982 compared t o  $37.17 f o r  1981, a 13% decrease. 
The  value of imported canned tuna was approximately 113 mi l l ion  d o l l a r s  i n  
1982, a 2% increase from 1981, this despi te  a 19% decrease i n  the weighted 
average price of imported canned tuna (white and l i g h t  combined) from $30.87 
t o  $25.13 per standard case. 

The  Ef fec t  of the 1982 U.S. Tuna Year 
on the Cal i forn ia  Economy 

King and She1 lhammer (1982) derived Cal i forn ia  economic impact
multipliers f o r  tuna purse seiners ( w h i c h  accounted f o r  almost a l l  of the U.S. 
t rop ica l  tuna landings i n  19821, salmon/al bacore vessel s and tuna processors
based i n  Cal i forni  a. The i  r f i  ndi ngs  i ndi c a t e  t h a t  every $1,000 of Cal i forni a 
t ropical  tuna 1 andi ngs by Cal i forni  a-based purse sei ners generates
approximately $3,633 i n  Cal i forn ia  production a c t i v i t y ,  $1,042 i n  household 
income and 0.028 fu l l - t ime jobs. For each addi t ional  $1,000 of Cal i forn ia  
a1 bacore landings by Cal i fornia-based salmon/al bacore vessels, Cal i forn ia  
production a c t i v i t y  increases by $3,554, household income increases  $890 and 
approximately 0.098 ful l - t ime jobs a r e  created.  

Based on the decl ine i n  continental  t rop ica l  tuna landings by the 
Cal i forni  a-based purse sei ne f l eet  between 1981 and 1982 and correspondi ng
price conditions,  ex-vessel s a l e s  revenue i s  estimated t o  have decreased by an 
estimated 34 mil l ion do l l a r s .  The  decrease i n  albacore tuna landings by
Cal i fornia-based vessel s a t  continental  si tes duri  ng 1982 resul t ed  i n  ex-
vessel albacore tuna revenues f a l l i n g  an estimated 20 m i l l i o n  do l l a r s .  The 
combined decl ine i n  albacore and t ropica l  tuna landings between 1981 and 1982 
trans1 a t e s  i n t o  an overal l  harvesti  ng re1 a ted  production decl ine of 
approximately 196 mi l l ion  do l l a r s ,  a decrease i n  household income of about 53 
mil l ion d o l l a r s  and a predicted l o s s  of more than 2,900 fu l l - t ime jobs f o r  
Cal i forni  a.  

T h e  King and Shellhammer (1982) study a l so  derived economic impact
multipliers f o r  the processing sec to r  of the  Cal i forn ia  based segment of the 
U.S. tuna industry.  These mul t ip l i e r s ,  a s  i n  the case f o r  landings,  can be 
used t o  assess  the impact of reduced processing a t  continental  canneries  on 
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the Cal i forn ia  economy. T h e  decrease i n  t o t a l  cont inental  t rop ica l  tuna 
receipts (domestic catches and imports) f o r  1982 could have reduced canned 

P-l i g h t  meat tuna production by a s  much a s  1.91 mil l ion standard cases.  A t  an 
average U.S. l i s t  p r i ce  of $47.61 per standard advert ised case this amounts t o  
approximately 90 mil l ion do l l a r s  i n  reduced l i g h t  meat tuna revenues a t  the 
wholesale l eve l .  White meat tuna production could have fa1len by a s  much a s  
617,000 standard cases ,  which a t  an average l i s t  p r i ce  of $63.92 per standard 
advert i sed case  resul t s  i n 1o s t  who1 esal  e revenues of approximately 43 m i  1 1 ion 

Pdol 1ars .  

The combined decrease i n  wholesale revenues from reduced white and l i g h t  
meat production a t  cont i  nental si tes  dur i  ng 1982 i s approximately 133 m i  11ion 
dol la rs .  The predicted impact of th i s  decline on the Cal i forn ia  economy i s  a 
decrease of approximately 489 m i  11 ion dol l a r s  i n  processing re1 a ted  economic 
production, a reduction of about 109 mi l l ion  do l l a r s  i n  household income and a 
l o s s  of approximately 4,800 full-time jobs. 

The mu1t i p l i e r  ana lys i s  suggests a substant ia l  impact on the Cal i forn ia  
economy due t o  reduced a c t i v i t y  i n  the Cal i forn ia  based segment of the U.S. 
tuna industry.  When the  predicted impacts of reduced domestically-caught U.S. 
tuna receipts, imports and associ a ted canned producti on a r e  combi ned, there is  
an overal l  decrease of 684 mil l ion do l l a r s  i n  Cal i forn ia  production a c t i v i t y ,  
a decrease of 162 mil l ion do l l a r s  i n  household income and a l o s s  of 
approximately 7,700 f u l l  -time jobs. 

Tuna ConsumDti on 

Canned tuna i s  the leading fishery product consumed i n  the United S ta tes .  
In 1981, U.S. per cap i t a  consumption of canned tuna was 3.1 pounds out  of a 
t o t a l  of 13.0 pounds of a l l  fishery products. 

Growth of tuna consumption over the long term has been subs t an t i a l ,  b u t  
i t  has not been a smooth, continuous process (Figure 1). S ign i f i can t  short-
term setbacks have occurred, notably i n  1975-76 and again i n  1979-82. S tud ie s  
have suggested t h a t  tuna consumption rises o r  f a l l s  w i t h  changes i n  consumer 
income. The not iceable  drop i n  consumption d u r i n g  recession periods appears 
t o  bear this out.  Price competition from substitute products--ground beef and 
chicken, f o r  example--are o ther  f ac to r s  t h a t  l i k e l y  have an impact on tuna 
consumption. Tuna prices have increased much f a s t e r  than chicken prices s ince  
1975 (Figure 2 ) .  Over the long term, however, r e t a i l  prices of canned l i g h t  
meat tuna compare reasonably well w i t h  beef. 

c 
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U.S. PER CAPITA CONSUflPTION AND TOTAL SUPPLY 
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CL> --- PER CAPITA CXNSWTION O F  WED TUNA 
cR> - 70TM SUPPLY OF W E D  w 

3.a 

2.5 

B
3 

2.a 

I 

,--4 I 
I .s 

I .a 

-1 3-

F i g u r e  1 

U.S.  CONSUMER PRICE INDM FOR CANNED TUNA. 
UHOLE CHICKENS, AND GRCUND BEEF. 1953-82 - W E D  LIGHT ?!U--- nESH YWLE M1CXEN.S .... S R C W  EF 

1.- ........-*-

6a-r I ,  
64 W 68 W 62 

I 
64 80 68 

Y U R  
78 72 74 78 78 80 82 

F i g u r e  2 



-1 4-

SOUTH PACIFIC COMMISSION 

Tagging  Flortal i t y  Studied 

Dr. Robert E. Kearney, South Pac i f ic  Commission ( S P C ) ,  i n  cooperation
w i t h  f i shery  b io log i s t  Dr. Je r ry  Wetherall and several members of the 
Experimental Ecology of Tunas Program, conducted an experiment t o  measure the 
mor t a l i t y  caused by t a g g i n g  skipjack tuna a t  the Kewalo Research F a c i l i t y .
T h i s  p ro jec t  was designed spec i f i ca l ly  t o  complement the SPC skipjack t u n a  
tagging pro jec t  i n  the  Sou th  Pacif ic .  Results so f a r  show t h a t  t a g g i n g
i nduces no increase i n  mortal i ty .  

These r e s u l t s  a r e  of importance i n  the  ana lys i s  of d a t a  i n  the  SPC tuna  
tagging program. About  153,000 skipjack t u n a  were tagged d u r i n g  the  3-year
f i el d program. 

South Pac i f ic  Commission Meetina Held i n  New Caledonia 

Fishery b io log i s t  Dr. Robert A .  Skillman attended the 1 4 t h  Regional
Technical Meeting on F isher ies  held i n  Noumea, New Caledonia from Augus t  2 t o  
6 ,  1982. The substant ive agenda i terns included d i  scussions on coastal  
f i s h e r i e s ,  a r t i  sanal f i s h e r i e s  development, workshops on deep-bottom f i s h e r i e s  
resources,  f ish aggregating devices, oceanic f i s h e r i e s ,  workshops on foreign
vessel observer programs, and mariculture.  

Dr. Robert Kearney reviewed the r e s u l t s  of the SPC's Skipjack and 
Assessment Programme. The revised estimate of the s t a n d i n g  stock o f  skipjack 
t u n a  i n  the  SPC area was upped from 3.1 t o  3.4  mill ion metric tons.  Dr. 
Kearney a l so  reviewed progress on the new Tuna and Bi l l f i sh  Assessment 
Programme. So f a r  the program has concentrated on the establishment of a 
regional data base f o r  f i shery  s t a t i s t i c s .  Computer programs fo r  data en t ry ,
ve r i f i ca t ion ,  and summarization have been developed. Reporting forms f o r  
purse seine and pole-and-line vessels have been approved and data a re  being
entered i n t o  the d a t a  management system. Dr. Kearney noted t h a t  f i s h i n g
a c t i v i t i e s  o f  the  Japanese and the  United S ta t e s  purse seine f l e e t s  i n  waters 
outs ide the SPC member count r ies '  200-mile zone were not being monitored and 
t h a t  t h i s  was causing d i f f i c u l t i e s  i n  analyzing the recapture data of the 
Skipjack Survey Assessment Programme. 
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NORTH PACIFIC ALBACORE 

Seventh Nor th  Paci f ic A1 bacore Workshop 

The Nor th P a c i f i c  Albacore Workshop s e r i e s  o r i g i n a t e d  i n  1974 w i t h  an 
i n fo rma l  agreement on a j o i n t  exchange o f  research r e s u l t s  from Nor th  P a c i f i c  
a1 bacore resources. The o r i g i n a l  agreement, between the  Southwest F i s h e r i e s  
Center (SWFC, Un i ted  S ta tes )  and F a r  Seas F i s h e r i e s  Research Laboratory 
(FSRFL, Japan) was extended i n  1982 t o  i n c l u d e  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  
( PBS, Canada1. 

The Seventh Nor th  P a c i f i c  Albacore Workshop was h e l d  i n  La J o l l a  a t  t he  
Southwest F i s h e r i e s  Center, May 20-25, 1982. S c i e n t i s t s  from Japan, Canada, 
Korea, and t h e  Uni ted States p a r t i c i p a t e d .  High u t i l i z a t i o n  of t h e  a lbacore 
resource and devel opment o f  new fisher i  es combi ned w i  t h  expansion o f  e x i  s t i  ng 
f i s h e r i e s  underscore t h e  need t o  b e t t e r  understand t h e  b i o l o g y  and dynamics o f  
t he  Nor th P a c i f i c  a1 bacore resource. 

The f o l l  owi ng research resu l  t s  were presented: 

1. Tagging 

I n  1981, a few hundred tagged f i s h  were re leased i n  eastern P a c i f i c  
waters through a c o n t i n u i n g  arrangement w i t h  the  American Fishermen's Research 
Foundation (AFRF) and the  SWFC. Tagging i s  c u r r e n t l y  i n  progress (summer o f  
1982) by j i g  boats ope ra t i ng  i n  t h e  m id -Pac i f i c  ( f r o m  t h e  d a t e - l i n e  eastward), 
w i t h  an o b j e c t i v e  o f  1800 re leases o f  f i s h  i n  the  6-8 kg c l a s s  d u r i n g  1982. 
I n  add i t i on ,  i t  i s  expected t h a t  300-400 f i s h  w i l l  be tagged i n  waters  c lose  
t o  the  Nor th American coast. 

Attempts by t h e  F i s h e r i e s  Agency o f  Japan t o  t a g  a lbacore i n  1981 were 
hampered because o f  t h e  u n a v a i l a b i l i t y  o f  f i s h .  P r e f e c t u r a l  agencies were 
asked t o  t a g  i n c i d e n t a l l y  caught albacore du r ing  t h e  same year  b u t  t he  number 
tagged i s  n o t  known a t  t h i s  t ime. The F i s h e r i e s  Agency i t s e l f  p lans  no 
tagging i n  1982 b u t  has asked f o r  ass is tance from p r e f e c t u r a l  agencies. 

2 .  Ageing 

Dur ing a 2-year p e r i o d  (1977-78) a t o t a l  o f  2544 albacore were i n j e c t e d  
w i  t h  o x y t e t r a c y c line, tagged and re1 eased from f is h i  ng boats  cha r te red  by AFRF 
(NPALB/82/2). O f  178 recaptures,  116 were accompanied by i n f o r m a t i o n  
requ i  s i t e  f o r  determi n i  ng t h e  r e l a t i o n s h i p  between o t o l it h  r i n g  increments and 
t ime  a t  l i b e r t y .  The r e l a t i o n s h i p  i s  nea r l y  1:1, t hus  i n d i c a t i n g  t h a t  
increments a r e  l a i d  down d a i l y ,  a t  l e a s t  over the  s i z e  range o f  f i s h  i n j e c t e d
(51-83 cm). Demonstrat ion t h a t  t h e  d a i l y  r i n g  method can be success fu l l y  used 
t o  age Nor th  P a c i f i c  a lbacore opens t h e  way t o  v a l i d a t i o n  o f  o ther ,  l e s s  t ime 
consumi ng ageing techniques, and accurate e v a l u a t i o n  o f  age composi tion o f  
catches. 
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Total  r i n g  counts from o t o l i t h s  of 50 albacore i n  a 30-50 cm length range
show t h a t  length a t  f i r s t  b i r thday  i s  about 40 cm for f i sh  belonging t o  the 
proposed southern substock. For the northern substock, counts from only 3 
specimens ind ica te  a corresponding length of about 35 cm. Further readings 
a re  required t o  confirm estimates.  

Progress on devel opment of ageing techniques which u t i  1i ze dorsal f i nrays 
was discussed. Samples o f  both o t o l i t h s  and dorsal f in - rays  have been 
col lected fo r  the  purpose of va l ida t ing age est imates  from the l a t t e r .  
Results a r e  expected l a t e r  i n  1982. 

3. Sonic Tracking 

The use of acoust ic  tracking t o  study swimming depths and d iurna l  
behavior was continued i n  1982. Two albacore were tracked from a U.S. 
expl oratory 1ongl i ne vessel about 1200 miles west o f  southern Cal i forn ia  
(NPALB/82/5). These f i sh  exhibited s imi l a r  day-n ight  behavior, i n  t h a t  d u r i n g
daylight they swam near the bottom of the  mixed layer  (depths  of 146-152 m )
and made ver t ica l  excursions of only 15 m. A t  or ne r sunset they rose t o  a 
depth of about 107 m and from there  made frequent v e r t  cal excursions of 30 m. 
Additional information on sonic tracking done i n  1981 i s  given i n  d scussion 
of oceanographic research. 

4. A1 bacore Physiology 

Using a continuous flow respirometer aboard a research vessel a t  sea,  
measurements were made of a1 bacore oxygen consumption r a t e ,  V02 (NPfLB/82/3).
Mean t o t a l  VO f o r  6 f i sh  weighing from 6 t o  13 kg  was 2,114 mlh'  i n  water 
temperature 0% 15-19"C, a f igu re  s l i g h t l y  below the average fo r  skipjack
swimming i n  23-25°C water, b u t  more than twice t h a t  f o r  sockeye salmon 
measured a t  15°C. As expected, tunas have much higher metabolic r a t e s  than 
other  ac t ive  f i shes .  

Additional t e s t s  on a1 bacore swimming i n  the  respirometer confirmed the 
a 9verse e f f e c t s  of prolonged exposure t o  temperatures cooler than 12°C and t o
0 sa tura t ion  l eve l s  l e s s  than 55%. 

5. Stock St ruc ture  

Discussions on stock s t ruc tu re  were 1imi ted t o  r e s u l t s  o f  e lec t rophore t ic
s tudies .  Studies conducted i n  1981 revealed the presence of a s ing le  locus,  
phosphoglucose isomerase ( P G I - A ) ,  t h a t  was h i g h l y  polymorphic. A follow*p
study on the a l l e l e  frequencies a t  the P G I - A  locus was conducted i n  1982 
(NPALB/82/6) and showed t h a t  there  were no s t a t i s t i c a l l y  s i g n i f i c a n t  a l l e l e  
frequency d i f fe rences  between f ish taken i n  offshore (138"-142"W; 32-33"N) and 
inshore areas  off southern Cal i forn ia .  Resul t s  a r e  consi s t e n t  w i t h  the  
in t e rp re t a t ion  t h a t  the off shore ( w i  nter-caught) f i s h  share a common gene pool
w i t h  f i s h  which migrate i n t o  the U.S. fishery s o u t h  of 40"N d u r i n g  summer and 
fa1 1 months. However, t o  be meaningful, s t a t i s t i c a l  ly  d i f f e r e n t  a1 le1 e 
frequencies must be demonstrated a t  the P G I - A  locus f o r  f i s h  not i n  the 
hypothesized southern substock. 
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Work by Graves and Laurs (Southwest F isher ies  Center Admin. Report No.LJ-
82-11 ) i s be ing  conducted t o  determi ne i f el e c t r o p h o r e t i x a r a c t e r s  can be 
used t o  d i f f e r e n t i a t e  possible  north Pac i f ic  albacore substocks. To a s s i s t  i n  
this s tudy ,  frozen eye t i s s u e s  will be co l lec ted  from various a reas  and 
seasons d u r i n g  the coming year.  

6. Pac i f i c  Albacore Simulation Model 

The SWFC i s  developing a simulation model f o r  the North Pac i f ic  albacore 
population. T h i s  model has been under development s ince l a t e  1980 and i s  t o  
be used t o  t e s t  hypotheses concerning the  in t e rac t ions  between the  f ish,
fisheries and environment. 

The model forms a framework f o r  organizing information on population
dynamics, migration dynamics, 1 i f e  his tory information, economic information 
and environmental parameters and processes. The model i s  not intended t o  be a 
s t a t i s t i c a l  forecas t ing  model b u t  r a the r  will serve a s  a vehicle  f o r  
eval ua t i  ng hypotheses concerni ng a1 bacore behavior and the i  r dynamics. The 
mathematical concepts associated w i t h  the  model were reviewed; pa r t i c ipan t s
then discussed progress i n  the  model ' s  development. To date ,  i n i t i a l  runs on 
a computer system have been made and preliminary i n p u t  f i shery  parameters have 
been estimated. P r i o r  t o  exacting simulations,  a sensi t ivi ty  ana lys i s
(NPALB/82/8) was conducted to:  (1) insure t h a t  the model funct ions co r rec t ly ;
( 2 )  i den t i fy  omi t ted compartments and mechanisms; ( 3 )  i den t i fy  unnecessary 
compartments and mechanisms; and (4) determine how changes of known magnitude
i n  the  i n p u t  parameters a f f e c t  the age- and gear-specif ic  quar te r ly  catches 
predicted by the model. Near completion i s  a computer program t h a t  will 
compare t h e y  model-predicted catches w i t h  actual recorded catches and 
generate an R f i t  index f o r  each simulation. 

Par t ic ipants  a1 so discussed the  fu ture  development of the model, which 
will occur i n  two phases. In the  f i r s t  phase, t he  f i shery  wil l  be simulated 
over a sequence of years ,  both i ndi v i  dual l y  and a s  mu1t i p l  e-year simul a t ions .  
These simulations will involve f ishery data alone. I n  the second phase, the 
albacore model w i l  be used f o r  hypothesis testing by including, f o r  example,
environmental o r  economic indices  a s  i n p u t t o  the  model and determininig t o  
what extent their inclusion reduces the variance between observed and 
predicted r e s u l t s .  

7. Oceanographic Research 

A n  inves t iga t ion  of small-scale movements and aggregation of albacore i n  
r e l a t ion  t o  oceanic temperature and co lor  boundaries was conducted by the 
Southwest Fisheries Center i n  cooperation w i t h  the American Fishermen's 
Research Foundation. Ocean co lor  and inf ra red  sa t e l  l i  t e  data ,  co l lec ted  
contemporaneously w i t h  observations made from ships a t  sea were used t o  
inves t iga te  the  smal 1-scal e m i  grat ion pa t te rns  of a1 bacore tuna i n  re1a t i  on t o  
oceanographic conditions.  

NIMBUS-7 Coastal Zone Color Scanner (CZCS)  and NOAA-6 sa te l  l i t e  AVHRR 
data were co l lec ted  a t  the  S.I.O. Remote Sensing F a c i l i t y  i n  conjunction w i t h  
f i e ld  experiments where a )  acoust ic  telemetering methods were used t o  t rack 
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t he  horizontal and ve r t i ca l  movements of free-swimming albacore,  and b)  XBT 
observations were made t o  determine subsurface ocean thermal s t ruc tu re .  Three 
albacore were tracked fo r  approximately 24 hours and one for  15 hours. The 
r e s u l t s  showed: a )  t o t a l  dis tances  tracked ranged from a b o u t  40 t o  60 km w i t h  
a l l  f i s h  remaining i n  the  same parcel of warm water t h a t  was separated from 
waters t o  the nor th  and inshore by a 4°F temperature gradient  a s  shown by
inf rared  thermal imagery, b )  tracked f i sh  spent most of the time i n  waters 
w i t h i n  and below the  thermocline, and only small amounts of time i n  the  upper
mixed layer ,  c )  the f ish exhibited marked ver t ica l  excursions i n  depth w i t h  
the range being l a r g e r  d u r i n g  daytime hours than d u r i n g  nighttime hours, d )
the fish spent the majority of the time i n  waters w i t h  temperatures
considerably lower (about 45" t o  60°F) t h a n  w h a t  has been generally believed 
t o  be preferred temperature range for  albacore (60" t o  66OF) and e )  when 
undergoing ve r t i ca l  changes i n  depth, the  f ish frequently w i t h i n  a 20-minute 
period passed through a ve r t i ca l  g r a d i e n t  of temperature amounting t o  12' t o  c 

15"F, o r  about 3+ times g rea t e r  than the horizontal temperature gradient  a t  
the surface indicated by s h i p  measurements and the IR thermal imagery. 

These f i n d i n g s  ind ica te  t h a t  the  causal f a c t o r ( s )  involved i n  the 
aggregation of t u n a  on the warm s ide  of ocean surface temperature f ron t s ,  a 
phenomenon which has been observed on s c i e n t i f i c  c ru i se s ,  i s  well known by
fishermen, and has economic s igni f icance ,  i s  probably not r e l a t ed  t o  thermal-
physiological mechanism(s) a s  has been previously suspected. Instead i t  
appears t h a t  a behavioral mechanism(s )  re1 ated t o  feeding may be responsible.
Ocean co lor  movements made by the CZCS i n  conjunction w i t h  the  tracking s tudy
provide data which s u p p o r t  t h i s  hypothesis. 

li. 

The d i f fuse  at tenuat ion coe f f i c i en t  ( k ) ,  a measure of water c l a r i t y
measured by the  CZCS, showed a gradient  pa t te rn ,  w i t h  lower values of k i n  the 
warm waters and higher values i n  the cooler waters. The d i s t r i b u t i o n  of color  
boundaries indicated by the r a t i o  of b1ue:green color  bands measured by the 
CZCS was a l so  similar t o  the gradient pat tern observed i n  the  d i f fuse  
at tenuat ion coe f f i c i en t  (k). c 

The r e s u l t s  show t h a t  the albacore remained i n  water t h a t  had higher
c l a r i t y  than adjacent  waters. T h i s  suggests t h a t  water c l a r i t y  a s  i t  a f f e c t s  
the t u n a  being able  t o  see i t s  prey may play a key ro le  i n  the  mechanism(s)
underlying the  aggregation of tuna on the warm c l e a r  s ide of ocean surface 
thermal fronts. 4 

8. Env i  ronmental Model i ng 

Oceanographic and envi ronmental indices  a re  bei ng i nvestigated and 
quant i f ied  t o  serve a s  model i n p u t s  t o  the North Pacif ic  albacore simulation 
modeling e f f o r t  introduced previously. Progress was made i n  assembling li 

oceanic climatological time s e r i e s  for  use in developing environmental indices  
t h a t  will be candidates i n  the  modeling e f f o r t s .  In the subtropical North 
Pac i f ic  environmental var ia t ions  may have an influence upon la rva l  surv iva l .  
One ava i lab le  d a t a  s e r i e s  i s  Wyrtki's i s l a n d  sea level d i f fe rences ,  which may
be useful i n  evaluating the  influence of var ia t ions  i n  ocean cur ren ts  on 
spawning success. A second one i n  the subtropics i s  O 'b r i en ' s  wind  s t r e s s  i" 

model. Further considerat ions a r e  needed t o  determine i f  o u t p u t  of the 
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O 'b r ien  model can be app l i ed  as environmental i n p u t  t o  t h e  a lbacore model. 
T h i r d l y  , pub1ished a t1  ases o f  sate11ite-observed c loud  p a t t e r n s  may o f f e r  
evidence o f  changing wind regimes. 

C l imato log ica l  v a r i a t i o n s  i n  the  western P a c i f i c  may i n f l u e n c e  
a v a i l a b i l i t y  and v u l n e r a b i l i t y  o f  a lbacore i n  t h e  western P a c i f i c  and t i m i n g  
o f  t he  f i s h e r y  i n  t h e  eas tern  P a c i f i c .  Wyrtk i  has a temperature t ime s e r i e s  
across the  Kuroshio, Kawabe r e l a t e s  a sea l e v e l  d i f f e r e n c e  s e r i e s  t o  
v a r i a t i o n s  i n  t h e  Kuroshio meander and Kawaii has data on pa t te rns  i n  t h e  
Kuroshio extension. I n  t h e  eas tern  P a c i f i c ,  Saur 's  Honolu lu  t o  San Franc isco 
XBT t ime s e r i e s  may be used t o  t e s t  hypotheses on a v a i l a b i l i t y  and 
vu1 nerabi  1 it y . 

Review o f  Cur ren t  F i  sher ies  

1. U.S. F ishery  

a. Jig/bai  t F i  sher ies  

U.S. a lbacore land ings  were considerably  h ighe r  i n  1981 than du r ing  t h e  
prev ious two seasons, amounting t o  15,500 tons i n  1981 as compared t o  6,600 
tons and 8,200 tons i n  1979 and 1980 respec t i ve l y .  The 10-year average i s  
about 20,000 tons. 

I n  1981 an est imated ca tch  o f  3900 m t  was taken by U.S. vessels  ope ra t i ng
f u r t h e r  o f f sho re  than they have done i n  p a s t  years. Th is  i nc ludes  t h e  f i s h i n g  
area i n  t h e  c e n t r a l  n o r t h  P a c i f i c  area as w e l l  as f i s h i n g  areas 800 t o  1200 
m i l e s  o f f  t he  Nor th  American coast. The land ings  made i n  1981 are  i n  p a r t  due 
to :  1 )  e a r l y  catches i n  mid-June o f f  C a l i f o r n i a  and e a r l y  J u l y  o f f  Oregon; 2 )  
good f i s h i n g  i n  waters 800 t o  1200 m i l e s  o f f  t h e  coasts  o f  Oregon and 
Washington; 3 )  h igh  catches were under-represented i n  1979 and 1980; and 4)  
la te-season catches o f  a lbacore l a r g e r  than 13.6 kg (30  pounds) o f f  c e n t r a l  
C a l i f o r n i a .  

S ize  composi t ion o f  a lbacore i n  t h e  1981 ca tch  i s  presented i n  
NPALB/82/1. The ca tch  n o r t h  o f  about 40"N was dominated by f i s h  60 t o  70 cm 
i n  length;  t h e  ca tch  south of 40"N had a smal le r  p r o p o r t i o n  o f  f i s h  i n  the  60 
t o  70 cm l e n g t h  range and r e l a t i v e l y  more f i s h  i n  the  45 t o  55 cm and 75 t o  85 
cm ranges. 

b. Recreat ional  F i  shery 

The a v a i l a b l e  p r i v a t e  and commercial passenger vessel (PCPV) s t a t i s t i c s  
f o r  t he  U.S. west coas t  were summarized i n  NPALB/82/7. PCPV catches have 
ranged from near zero m t  (1959) t o  an est imated 1,700 m t  i n  1962. Since 1975, 
catches have averaged about 500 m t  per  year .  Catches repo r ted  are  minimum 
est imates due t o  incomplete data c o l l e c t i o n .  E f f o r t ,  i n  u n i t s  of angler-
t r i p s ,  was est imated t o  be 975,000 i n  1981. The 1981 ca tch  i s  n o t  y e t  
ava i l ab le .  Most o f  t he  PCPV e f f o r t  was centered south o f  Monterey,
C a l i f o r n i a ,  b u t  h igh  catches are  made o f f  Oregon and Washington when f i s h  a re  
a v a i l a b l e  near shore. 
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c. Experimental-1ongl ine F i  shery 

Expl o r a t o r y  1ongl in ing o p e r a t ions by s i x  cha r te red  U. S. fish i  ng vessel s 
were conducted i n  January-February 1982 i n  an area centered 1000 t o  1500 m i l e s  
west o f  San Diego ( r e p o r t e d  i n  NPALB/82/5). A t o t a l  o f  112 se ts  was made on 
the survey. Each o f  t h e  vessels t y p i c a l l y  s e t  800 t o  1400 hooks i n  and about 
the thermocl ine depths of 116 t o  233 meters. The t o t a l  ca tch  was 322 m t  
a lbacore and 3.6 m t  of b igeye tuna. The mean catch pe r  s e t  was e q u i v a l e n t  t o  
3.2 albacore pe r  100 hooks (3.4 w i t h  bigeye inc luded)  and v a r i e d  f rom 1.6 t o  
4.8 among t h e  s i x  vessels. Fuel consumption was 40% t o  50% below t h a t  t y p i c a l  
o f  t r o l l  i n g  operat ions.  

The r e s u l t s  o f  t h e  study show t h a t  t he  U.S. albacore f i s h e r y  can operate 
d u r i n g  w i n t e r  months i n  an area n o t  t r a d i t i o n a l l y  f i shed ,  which c o u l d  be an 
impor tant  a l t e r n a t i v e  t o  o the r  w i n t e r  f i s h e r i e s  o r  t o  remaining i d l e .  The 
l a r g e  d i s p a r i t y  between t h e  ca tch  r a t e s  o f  t h e  vessels, which employed 
d i f f e r e n t  gear s e t t i n g s  and operat ional  methods, shows t h a t  we have much t o  
l e a r n  about methods, gear and d i s t r i b u t i o n  t o  improve catch rates.  

2. Canadian F i she ry  

A t o t a l  o f  46 Canadian j i g - b o a t s  p a r t i c i p a t e d  i n  t h e  1981 f i s h e r y ,  b u t  
the ca tch  was r e l a t i v e l y  small  (202 mt).  The low ca tch  was due i n  p a r t  t o  
e f f o r t  d i v e r s i o n  by t h e  salmon f i s h e r y ,  and t o  h ighe r  f u e l  costs.  F o r  the 
f i r s t  t ime i n  more than s i x  years vessels operated f a r  south, o f f  t h e  Uni ted 
States coast. Th i s  was due p a r t l y  t o  a new t r e a t y  which p e r m i t t e d  Canadian 
landings o f  a lbacore a t  f o u r  U.S. po r t s ,  and p a r t l y  because t h e  main 
concentrat ions of a lbacore stayed l a r g e l y  o f f s h o r e  and t o  t h e  south o f  B r i t i s h  
Columbia. I n  a 64-day t r i p ,  one vessel (120 f t )  operated as f a r  south as 32"N 
and as f a r  west as 178"W and landed 39 m t .  Another vessel experimented w i th  
purse-seining a lbacore b u t  caught on ly  2.7 m t .  

3.  Japanese F i she ry  

Cur ren t  progress of Japanese albacore f i s h e r i e s  i n  the Nor th  P a c i f i c  was 
descr ibed and p e r t i n e n t  f i s h e r y  data were presented i n  NPALB/82/9. The t o t a l  
a lbacore ca tch  from t h e  Japanese f i s h e r i e s  was 66,000 m t  i n  190, a 5% increase 
over the 1979 catch. The 1981 catch i s  expected t o  be a t  t h e  same l e v e l .  
Whi 1e t h e  1981 pol  e-and-1 ine f i shery recorded the  1 owest a1 bacore ca tch  s ince 
1971, t h e  d r i f t  g i  11 n e t  f i shery experienced the  h ighes t  a1 bacore ca tch  s i  nce 
i t s  i ncep t ion .  The 1980 l o n g l i n e  f i she ry  remained a t  about t h e  average l e v e l  
o f  t h e  p a s t  10 years. 

d. Pole-and- l ine f i s h e r y  

The summer pole-and-1 i n e  f i s h i n g  season ( A p r i l  -August) progressed r a t h e r  
p o o r l y  i n  1981. Some good f i s h i n g  success was encountered i n  the  c o o l e r  water 
zone j u s t  ou ts ide  t h e  Kuroshio Current  area from A p r i l  t o  mid-June w i th  the  
predominance o f  f i s h  about 72-76 cm. However, t h e  f i s h i n g  c o n d i t i o n s  i n  the 
o v e r a l l  offshore " F r o n t a l "  area were genera l l y  poor; most o f  t h e  ca tch  was 
composed o f  50-76 cm f i s h .  The autumn pole-and- l ine f i s h i n g  season 
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(September-December) was a1so poor. T h u s  the season 's  t o t a l  pole-and-line
catch was low a t  about 26,000 m t .  T h i s  low 1981 catch was a t t r i b u t e d  pa r t ly  
t o  reduced e f f o r t  and poor avai 1 abi 1 i t y  . The 1982 summer pol e-and-1 i ne 
f i shery s t a r t e d  i n  the usual southern area "Around N i  shi nochima'' and f i shi ng
conditions on the nearshore a1 bacore f i s h i n g  grounds (26-28"N, 139-143"E)
remained poor u n t i l  mid-May. In the middle of May, f i s h i n g  success improved,
reaching a level t h a t  was b e t t e r  than t h a t  of the previous season, toward the 
western pa r t  of "Frontal" area.  

b. Longline fishery 

The North Pac i f ic  Japanese a1 bacore longl ine f i shery  operates  primarily
i n  the winter season. The 1980 longline albacore catch was 14,700 m t ,  about 
the same as  the 1979 catch.  In 1981, f i s h i n g  began i n  the  cent ra l  North 
Pac i f ic  area north of 30"N i n  l a t e  September and expanded i n  the  area between 
145"E and 160"W as  the season progressed. Later  i n  the f i s h i n g  season, 
January-March, the  hook r a t e s  (catch i n  number of f i sh  per 100 hooks) i n  the 
nearshore waters of f  Japan ranged from 1.5-3.5, only about 50% of recent  
yea r s '  average, r e f l e c t i n g  the  poorer f i s h i n g  conditions t o  be seen i n  the 
subsequent pole-and-line f i s h i n g  season. Catch level i n  1981 i s  assumed t o  be 
about the same a s  t h a t  of recent  years (14,700 m t  i n  1980). 

c.  Drift g i l l ne t  f i s h e r i e s  

Japanese d r i f t  g i l l n e t  f i s h e r i e s  capture various f i sh  species such a s  
squid ,  pomfret, b i l l f i s h e s  and tunas. The  albacore a r e  caught mainly by the 
large-meshed d r i f t  g i l l ne t  f i shery  (OME-AM1:Mesh s i z e  about 18 cml. During
the  summer months of 1981, OME-AMI f i s h i n g  e f f o r t  was d i rec ted  mainly a t  
albacore i n  the  area north of 35"N between the date  l ine and 150"W. The  1981 
albacore catch i s  estimated t o  be a record h i g h  of between 15,000-20,000 m t .  
I t  was reported t h a t  very small albacore a re  caught inc identa l ly  by the squid
g i l l n e t  fishery, and there a r e  repor t s  t h a t  some of these f i sh  a r e  being
dumped because they a r e  below minimum market s ize .  

Condition o f  the  Stock 

Production model ana lys i s  based on updated abundance ind ices  and 
e f f e c t i v e  e f f o r t  s t a t i s t i c s ,  and assuming a single s tock,  gave est imates  of 
MSY ranging from 92,000 m t  t o  166,400 m t ,  depending la rge ly  on the  assumed 
shape of the equilibrium y ie ld -e f fo r t  re la t ionship .  T h i s  range of es t imates  
i s  consi stent w i t h  pa s t  resul ts. Cr i t i ca l  assumptions underlying the 
production model ana lys i s  may be d i f f i c u l t  t o  s a t i s f y ,  a s  discussed i n  pas t
workshops. 

Yiel d-per-recrui t ana lys is  resul t s  were qual i t a t i v e l y  the same a s  those 
found i n  pas t  workshops, i .e., y ie ld-per - recru i t  i s  maximized by harvesting
albacore only a f t e r  they reach a r e l a t ive ly  l a rge  s ize .  A con t r a s t  between 
the yiel  d-per-recrui t resul t s  and observed 1ongl i ne CPUE s t a t i  s t i c s  w i t h  
respect  t o  expected decl ine i n  abundance of spawning stock was noted. The 
discrepancy could be explained by an increasing trend i n  recruitment o r  by a 
1ower f i  shi ng mortal i t y  r a t e  than was assumed i n  the  y ie l  d-per-recrui t 
analysis .  
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Based on s t a t i s t i c s  and analyses c u r r e n t l y  ava i l ab le ,  t h e  stock appears 
t o  be heal thy.  However, c l o s e  mon i to r i ng  i s  requi red,  e s p e c i a l l y  i n  view o f  
increased e f f o r t  i n  t h e  d r i f t  g i l l n e t  f i s h e r y ,  about which very l i t t l e  i s  
known, and because o f  t h e  d e c l i n i n g  c a t c h - p e r - e f f o r t  i n  the major  f i s h e r i e s .  
R e l i a b l e  assessment o f  t h e  Nor th P a c i f i c  a lbacore stocks remains a c r u c i a l  
task,  beset  by numerous problems. I n  p a r t i c u l a r ,  t h e  measurement o f  e f f e c t i v e  
e f f o r t  i s  necessary, b u t  i s  exceedingly d i f f i c u l t  i n  t h e  sur face f i s h e r i e s ,  
where oceanographic processes and weather c o n d i t i o n s  s t r o n g l y  i n f l u e n c e  f i s h  
a v a i l a b i l i t y  and c a t c h a b i l ity. Fur ther ,  stock rec ru i tmen t  processes a re  n o t  
understood, and many quest ions about stock s t r u c t u r e  remain unanswered. As 
po in ted  o u t  i n  pas t  workshops, these subjects  should be placed h i g h  on the 
research agenda o f  t h e  p a r t i c i p a t i n g  l a b o r a t o r i e s .  I n  t h e  meantime, 
s e n s i t i v i t y  analyses a r e  needed t o  b e t t e r  d e f i n e  t h e  robustness o f  c u r r e n t  
assessment procedures and the  d i r e c t i  on and magni tude o f  p o s s i b l e  b i  ases. 

The F a r  Seas F i s h e r i e s  Research Laboratory,  Shimizu, Japan, o f f e r e d  t o  
h o s t  t he  E i g h t h  Nor th P a c i f i c  Albacore Workshop d u r i n g  t h e  f a l l  o f  1983. 

CENTRAL AND WESTERN PACIFIC SKIPJACK AND YELLOWFIN TUNAS 

Tuna F i  sh i  ng Data from t h e  Mar i  ana Archi  pe l  ago Analyzed 

Dr. J e f f r e y  J .  Polovina, Leader o f  t he  Resource Assessment I n v e s t i g a t i o n  
o f  t he  Mariana Arch ipe l  ago Program, and research a s s i s t a n t  Nathaniel  T. 
Shippen have completed an a d m i n i s t r a t i v e  r e p o r t  e n t i t l e d ,  'Estimates of t he  
ca tch  and e f f o r t  by Japanese l o n g l i n e r s  and b a i t b o a t s  i n  t h e  F i she ry  
Conservat ion Zone o f  t h e  Mar i  ana Archi  pe l  ago." Th is  r e p o r t  presents 
h i s t o r i c a l  ca tch  and e f f o r t  data from Japanese l o n g l i n e r s  f o r  t h e  p e r i o d  1965-
79 and from b a i t b o a t s  f o r  t he  p e r i o d  1970-79, and an ana lys i s  o f  t he  data. 

For  t h e  p e r i o d  1965-79, t h e  t o t a l  annual tuna catches from Japanese 
l o n g l i n e r s  i n  t h e  FCZ around Guam ranged from 9 t o  1,334 m e t r i c  tons (MT), and 
from 7 1  t o  576 MT i n  t h e  FCZ around the  Commonwealth o f  t he  Nor thern Mariana 
I s lands  (CNMI). The tuna catches f o r  t h e  p e r i o d  1976-79 were above average as 
compared w i th  those o f  t h e  p e r i o d  1965-75 i n  t h e  FCZ around Guam and t h e  CNMI.  
The ca tch  was composed predominant ly o f  a1 bacore, Thunnus a1 a1 unga, ye1 1 owf i  n 
tuna, T. albacares, and bigeye tuna, T. obesus. D u r m e  l a t t e r  p a r t  o f  t h e  
1969-7F per iod,  t h e r e  was an i n c r e a s e - i n t h e a t c h ,  e f f o r t ,  and catch pe r  u n i t  
o f  e f f o r t  i n  the  lower  p o r t i o n  o f  t he  archipelago ( l a t .  11°-160N). 

The most abundant tuna i n  t h e  arch ipe lago appears t o  be the  sk ip jack  
tuna, Katsuwonus pelami s. The annual t o t a l  tuna catches from Japanese 
b a i t b o a t s  f o r  t  h  e  m  1970-79 ranged f r o m  300 t o  2,059 MT f o r  t h e  FCZ 
around Guam and from 2,554 t o  12,564 MT f o r  the FCZ around the  CNMI. Sk ip jack 
tuna comprise over 90% o f  t h e  tuna caught by the  ba i tboa ts .  The middle 
l a t i  tudes (16"-21"N) prov ided c o n s i s t e n t l y  good catches. 
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WESTERN PACIFIC REGIONAL FISHERY MANAGEMENT COUNCIL 

Number o f  F i s h i n g  Vessels i n  Hawaii Determined 

I n  response t o  a need expressed by t h e  Western P a c i f i c  Regional F ishery  
Management Counci l  (Counci 1 ) f o r  data requirements re1  a ted  t o  t h e  western 
P a c i f i c  b i l l f i s h  f i s h e r y  management p lan,  t h e  Southwest F i s h e r i e s  Center, 
Honolulu Laboratory,  has been work ing on a vessel i nven to ry  p r o j e c t .  On hand 
now i s  a con t rac to r -de l i ve red  computer tape o f  vessels  r e g i s t e r e d  and 
documented i n  American Samoa, Guam, Hawaii, and t h e  Commonwealth o f  t he  
Nor thern Mar i  ana I s 1  ands. 

D r .  Robert  A. Ski l lman, Leader o f  t he  F ishery  Management Research 
Program, Thomas S. Hida, F ishery  B i o l o g i s t ,  and Research A s s i s t a n t  Bernard M. 
I t o  o f  t h e  Honolulu Laboratory  prepared an a d m i n i s t r a t i v e  repo r t ,  "A  no te  on 
the  number o f  f i s h i n g  vessels  i n  Hawaii," based on t h e  vessel i nven to ry  
p r o j e c t  data. The data i nc luded  i n  t h i s  r e p o r t  p rov ided an answer t o  a 
ques t ion  r a i s e d  by t h e  Counci l  on whether t h e r e  has been an inc rease i n  
domestic f i s h i n g  e f f o r t  f o r  b i l l f i s h  over  the  p e r i o d  1979-81. The data 
document t h a t  t he re  was an 8.1% increase i n  commercial f i s h i n g  vessels, an 
11.1%increase i n  c h a r t e r  f i s h i n g  vessels, and a 2.3% decrease i n  rec rea t i ona l  
vessel s. 

Recreat ional  F i  sh i  ng Data Col 1 ec ted  

F u r t h e r  t o  t h e  needs o f  t h e  Counci l ,  f i s h e r y  b i o l o g i s t  Thomas Hida has 
been c o l l e c t i n g  data on the  rec rea t i ona l  f i s h e r y  i n  Hawaii f rom var ious  
sources. He has been con tac t i ng  rec rea t i ona l  f i s h i n g  c lubs  f o r  t h e  purpose o f  
o b t a i n i n g  data on ca tch  and e f f o r t .  As o f  J u l y  1982 he had contacted 20 
f i s h i n g  c lubs  and had rece ived a l i s t  o f  members and boats from 8 o f  t h e  
c lubs. Also, d e t a i l e d  ca tch  and opera t iona l  data were ob ta ined from a 
m i l i t a r y  c h a r t e r  f i s h i n g  boat  f o r  t he  p e r i o d  March 28, 1979 through January 6, 
1983, and weigh s l i p s  f o r  1982 have been rece ived from t h e  f i s h i n g  c lub.  
These data were added t o  t h e  data base i n  t h e  Honolulu Laboratory  da ta  
management system. I n  add i t i on ,  ca tch  data a re  being t r a n s c r i b e d  f rom t h e  
"Hawaii F i s h i n g  News'' f o r  e n t r y  i n t o  t h e  data management system. Data were 
a l s o  updated f o r  t he  Hawaiian B i l l f i s h  Tournament and t h e  I n t e r n a t i o n a l  
B i l l f i s h  Tournament. These data a re  being summarized and analyzed by Hida and 
research a s s i s t a n t  Nathanie l  Shippen f o r  a r e p o r t  on r e c r e a t i o n a l  f i s h i n g  f o r  
t he  Counci l  meet ing i n  May 1983. 

Socio-Economic Research Underway f o r  I n p u t  
i n t o  F i  shery Management P1 ans 

Samuel G. Pooley, I n d u s t r y  Economist, has been invo lved  i n  var ious  socio-
economic p r o j e c t s  i n  response t o  a need f o r  updat ing t h e  C o u n c i l ' s  b i l l f i s h  
management p lan  and a need expressed by t h e  Counci l  f o r  new data on domestic 
catches o f  b i l l f i s h e s ,  mahimahi, wahoo, and sharks. E i g h t  key wholesale f i s h  
dea le rs  were i d e n t i f i e d  as sources o f  t he  requ i red  data. Data c o l l e c t e d  from 
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the who1 esal  ers were entered i n t o  the Honolul u Laboratory da t a  management 
system, and computer summaries of 1979-81 landings and revenues were prepared
f o r  the Council. 

Pooley reported t h a t  progress has been made on several socio-economic 
studies t h a t  a r e  be ing  ca r r i ed  out  under cont rac t .  First, a f i n a l  repor t
describing the marketing of mahimahi and wahoo (ono) i n  Hawaii was received 
from the cont rac tor .  Second, regarding the survey of c o s t s  and earnings of 
deep-sea hand1ine and tuna 1ongl i ne vessel s i n  Hawai i , the con t r ac to r  has 
delivered the data  on magnetic tape and i s  now s t a r t i n g  on the second phase of 
the con t r ac t  w h i c h  i nvol ves developing an economic model of these fisheries. 
T h i r d ,  the f i e l d i n g  format f o r  the experimental valuation of recreat ional  
f i sh ing  has been developed and the cont rac tor  i s  expected t o  f i e l d  the s tudy
th i s  month. 

A document describing the F i  shery Management Research Program's (FMRP 1 
socio-economic research pl ans w i  11 be issued shor t ly  a s  an admi n i  s t r a t i v e  
report .  T h e  document presents the goals,  ob jec t ives ,  and proposed a c t i v i t i e s  
of FMRP research i n  economics and r e l a t e s  these plans t o  needs w i t h  respect t o  
fishery management plans and general monitoring of fisheries i n  the region. 

PACIFIC COOPERATIVE MARINE GAME FISH TAGGING 

Since 1954, b i l l f i s h  have been tagged by fishermen p a r t i c a t i n g  i n  
cooperative marine game f i sh  tagging programs i n  many of the major
spor t f i sh ing  a reas  of the Pac i f ic .  The marine game f i sh  tagging program i s  
cu r ren t ly  supported by the National Marine Fisheries Service i n  cooperation
w i t h  the Internat ional  Game F i s h  Association. James Squire ,  Fishery Bio logis t  
a t  the La J o l l a  Laboratory, coordinates the program. 

A t o t a l  of 1,006 b i l l f i s h  Pacific-wide were reported tagged and released 
i n  1982, a decline from the 1,207 tagged i n  1981. The  1,006 f ish included 778 
striped marlin (71% of t o t a l ) ,  185 s a i l f i s h  (18%),28 black marlin (3%) ,and 
16 blue marlin (2%). One swordfish was a l s o  tagged and released.  

In 1981, the t o t a l  catch of str iped marlin o f f  southern Ca l i fo rn ia  was 
about 1,500 fish. T h i s  was an exce l l en t  f i s h i n g  y e a r  b u t  only 73 fish were 
tagged and released.  In 1982, the catch was smaller by about 500 fish,  b u t  
because of the addi t ional  emphasis by the National Coal i t ion  of Marine 
Conservation on tagging b i l l f i s h  i n  this a rea ,  a t o t a l  of 82 f i sh  were tagged
and re1eased. 

A t o t a l  of 19 b i l l f i s h  tags  (17 striped marlin and 2 b l u e  mar l in)  were 
reported recovered i n  1982 of f  the coas t  o f  Baja Cal i forn ia  Sur, Mexico, a 
subs tan t ia l  increase  over the 9 reported recovered i n  1981. Three of the 
recoveries  were by recrea t iona l  anglers  o r  spo r t  f i sh ing  boat cap ta ins ,  15 
were by Japanese o r  Korean longl iners ,  and one was recovered by a tuna purse
seiner. 
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StriDed .Marlin Tracked f o r  24 Hours Near San Dieqo 

The f i r s t  extended t racking of a striped marlin, t e t r a p t u r u s  audax was 
conducted by fishery b i o l o g i s t s  Dave Holts and Earl Weber on S e p t e m b e m  the 
f i sh  was tagged w i t h  a dep th  sensitive u l t ra -sonic  t r ansmi t t e r  and tracked f o r  
24 hours. The experiment i s  p a r t  of a s tudy aimed a t  gaining an understanding
of the da i ly  horizontal and ve r t i ca l  movement pa t t e rns  of the striped marlin, 
swordf i sh ( X i  p h i  a s  g l  adius) and thresher shark (A1 opi a s  u u l  p i  n u s  1. By
ident i fy ing  d i f f e r e n c m  the da i ly  a c t i v i t y  p r o f i l e s  of these pelagic
species, the research may a s s i s t  i n  resol v i  ng confl i c t s  between 1 oca1 
sportsmen and the swordf i sh/thresher shark gi 11 net f i shery . The b i  o l  ogi s ts  
hope t o  obtain up  t o  f ive,  24 hour t r acks  of each of the species involved. 

The marlin was caught and tagged a t  the edge of a small bank, 28 miles 
southwest of Poin t  Loma, San Diego. From there i t  swam north and northwest 
f o r  7 hours a t  about 1.3 knots. T h e  f i s h  then remained f a i r l y  immobile, 
moving only 3 miles i n  the next 7-hour period between 7:OO p.m. and 2:OO a.m. 
Between 2:OO a.m. and noon, i t  moved generally west across  deep water t o  
another bank, averaging about 1.7 knots. I t s  westerly d i r ec t ion  of t rave l  was 
generally " u p  swell" and i n t o  the wind. Ta i l ing  ''down swell'' and basking 
( 'Is1eeping") behaviors were expected b u t  not observed. 

The  depth-of-swim p r o f i l e  indicated t h a t  the f i sh  stayed a t  o r  above 10 m 
f o r  most of the 24-hour t racking period. A t  the s t a r t  of the t racking  period 
the bottom of the mixed oxygen l aye r  was a t  12  m. T h e  marlin made only f ive 
excursions below 30 rn, four  of which were between m i d n i g h t  and 5:OO a.m. The 
deepest was t o  74 m just a f t e r  3:OO a.m. Tracking was terminated a f t e r  the 
24-hour period. 

Richard Johnson, owner and operator of the t racking vessel Marie B ,  
volunteered his time and services f o r  the marlin portion of the study. By tEe 
end of September, 14 f i s h i n g  trips t o  local  marlin waters were completed w i t h  
two marlin successfully tagged. T h e  f i r s t  tagged marlin was l o s t  a f t e r  15 
minutes. T h i s  i s  generally considered a poor y e a r  f o r  the striped marlin 
catch; t o  da te ,  less than 200 have been landed a t  the San Diego Marlin C l u b .  
Normally by this  time of year  an average of about 360 s t r iped marlin have been 
1 anded. 

PACIFIC INTERNATIONAL BILLFISH ANGLER SURVEY 

T h e  amount of information ava i l ab le  on the catch per u n i t  e f f o r t  (ca tch  
per angler  day) f o r  the recreat ional  b i l l f i s h  f i shery  is  small compared t o  
information ava i l ab le  f o r  the commercial fisheries. To help c lose  this  gap,
the Pac i f i c  Bi l l f i sh  Angler Survey has been conducted annually s ince  1969 t o  
determine the trend i n  b i l l f i s h  catch per angler  day f o r  various loca t ions  
throughout the Pac i f ic .  T h e  information derived from t h i s  survey i s  
summarized by geographical a reas  and spec ies  caught, and i s  ava i l ab le  t o  
anyone interested i n  the trend of b i l l f i s h  f i s h i n g .  These data  have been used 
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by Governments and organizations i n  development of management plans for  
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  country 's  waters. 

I n t e r e s t  i n  the trend of b i l l f i s h  catch r a t e s  i n  the  Pac i f i c ,  r e su l t i ng
from data co l lec ted  by the  B i l l f i s h  Angler Survey, has been growing. The 
declining t rends i n  catch r a t e  f o r  species such as s t r iped  marlin and black 
marl in  have concerned many anglers.  In some areas  of the Pac i f ic ,  regulat ions
have been i n s t i t u t e d  i n  an attempt t o  reverse these t rends,  and the angler 
survey may provide data r e l a t i v e  t o  the fu ture  e f f e c t s  of such regulat ions.  

The 1981 b i l l f i s h  angler survey resu l ted  i n  data for  11,123 angler days
and a t o t a l  catch of 4,465 b i l l f i s h  ( s t r i p e d ,  blue and black marlin,  Pac i f ic  
s a i l f i s h  and shor tb i l l ed  spea r f i sh ) .  In 1980, a to t a l  of 14,943 angler days 
were reported w i t h  a corresponding catch of 5,905 b i l l f i s h .  The 1981 survey 
response base decreased by 3,820 angler days and the reported number of 
b i l l f i s h  caught was down by 1,440 f i s h  from 1980. 

The Pacific-wide b i l l f i s h  catch r a t e  f o r  1981 was 0.40 b i l l f i s h  per
angler day, o r  2.49 days per b i l l f i s h ,  unchanged from 1980. Bil l f ish anglers
reported a l a rge  catch of s t r iped  marlin o f f  southern C a l i f o r n i a  i n  1981, a s  
re f lec ted  by a subs tan t ia l  increase i n  southern Cal i fornia  s t r i p e d  marlin 
catch r a t e s :  0.17 fish per day or 5.58 days per f i sh  i n  1981, compared t o  the 
long-term average of 0.10 f i s h  per day o r  10 days per f i s h .  

Str iped marlin catch r a t e s  decreased f o r  Baja '  C a l i f o r n i a  Sur ,  Mexico,
from 0.69 fish per day i n  1980 t o  0.51 f i s h  per day i n  1981. Blue marlin 
catch r a t e s  increased s l i g h t l y  i n  the Hawaii region, while black marlin catch 
r a t e s  declined from a 1980 r a t e  of 0.54 fish per day (1.86 days / f i sh)  t o  0.43 
f i s h  per day (2.34 days/f ish)  i n  1981. 

1972 MARINE MAMMAL PROTECTION ACT 

The Southwest F i  sher i  e s  Center i s responsi bl  e f o r  research on dolphins
involved i n  the  U.S. tuna purse-seine f ishery.  Since 1971 i t  has  conducted a 
s e r i e s  of s tud ie s  d i rec ted  pa r t i cu la r ly  a t  the population biology of spotted
and spinner dolphins. Highlights fo r  1982 are:  a number of biological
s tud ie s  were executed, a survey t o  census d o p h i n s  along 10"N l a t i t u d e  was 
completed, and techniques for improving precis ion of es t imates  of population 
parameters were devel oped. 

Biological s tud ie s  t h a t  were executed include del ineat ion of dolphin
stocks,  age-determi nation, ana lys i s  of growth and ana lys i s  of reproduction.
Two new methods a r e  being invest igated f o r  del ineat ing stocks: a nonmetrical 
technique u s i n g  sku11 c h a r a c t e r i s t i c s  i s  being developed i n  cooperation w i t h  
U.S.S.R. s c i e n t i s t s  and a mitochondrial DNA technique t h a t  a1 lows examination 
of degree of re la tedness  among dolphins from d i f f e r e n t  areas i s  being t e s t ed .  
Preparation and readings for age of 1800 samples of spotted dolphin t ee th  were 
completed and ana lys i s  of the  d a t a  i s  underway. The ana lys i s  i s  d i rec ted  a t  
growth and age-speci f i c  reproductive r a t e s .  
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From May t o  A u g u s t  1982, the NOAA resarch vesse l ,  David S t a r r  Jordan, 
executed a survey i n  the eastern t ropical  Pac i f ic  f o r  the  p - s e x e m g
d o l p h i n s .  The survey was concentrated on 10"N l a t i t u d e  and resu l ted  i n  
s i g h t i n g  of 342 marine mammal schools. 

A new computerized tracking system, devel oped t o  improve precis ion of 
s i g h t i n g  angles and locat ion of marine mammal schools sighted on vessel 
surveys, was "road-tested" f o r  the  f i r s t  time d u i r n g  the Jordan cru ise .  In  
the past ,  researchers have had t o  re ly  on manual t e c h n i q u m  ca lcu la t ing  
pos i t ions  of d o l p h i n  schools i n  r e l a t ion  t o  the research s h i p .  The  new 
tracking system uses a computer which i s  rigged t o  spec ia l ly  mounted, h i g h -
powered ( 25X ) b i  nocul a r s  and gyrocompass. Observers use the  b i  nocul a r s  t o  
s i g h t  schools of d o l p h i n s ,  and the  computer records the posi t ion of the 
schools i n  r e l a t ion  t o  the l ine along which the s h i p  i s  moving. Using the 
angle between the  ship's l i n e  of t ravel  and the posi t ion of the  dolphins, and 
taking i n t o  account the swimming speed of the d o l p h i n s  and movement of the 
vesse l ,  the  computer can ca l cu la t e  the dis tance o f  the  school from the  s h i p
and eliminate any potent ia l  d i s t o r t i o n  i n  the  s i g h t i n g  data caused by the 
movement o f  the s h i p  i t se l f .  The s i g h t i n g  information i s  used t o  es t imate  the 
density of dolphins i n  a given geographical area. 

Another research study t h a t  has received a t t en t ion  i s  the impact upon
estimates of dolphin population s i zes  of the avoidance of observation s h i p s  by
dolphins before the dolphins a r e  detected by the s h i p ' s  observers. The dolphin 
assessment program has conducted a 40-day experiment aboard a NOAA research 
s h i p  and hel icopter  i n  the eastern t ropical  Pac i f ic  ( E T P )  d u r i n g  March-April
1983, t o  record avoidance behavior. Marine mammal experts  aboard the s h i p -
based hel icopter  searched ahead of the s h i p  and recorded behavior of the 
animals a s  the s h i p  approached. These data will be used t o  ad jus t  s t a t i s t i c a l  
biases i n  data used t o  estimate population s izes .  

Additional data were gathered i n  1983 u s i n g  another NOAA research s h i p  t o  
fu r the r  define dolphin stock boundaries and abundance estimates.  Marine 
mammal survey e f f o r t  was concentrated i n  the area south of the  equator from 
Peru t o  the Marquesas Islands.  Marine mammal experts  searched the  ocean's 
surface t o  note the occurrence of d o l p h i n s .  The species of d o l p h i n s ,  the  
number i n  each school and i t s  geographic posi t ion were recorded f o r  each 
s i g h t i n g .  These data will be used t o  determine est imates  of population
abundances, stock ranges, and estimates of mean school s i z e  of animals i n  the  
ETP south of the  equator. 

Analysis of data col lected d u r i n g  a 2-month ae r i a l  survey i s  being
completed. A repor t  of the experiment including summaries of t he  data i s  now 
avai lable .  Analysis of the  e f f e c t s  of sun g lare ,  sea s t a t e s  and observer upon
the estimates of d o l p h i n  school densities i s  being completed. I f  these 
var iab les  do have an impact, i t  will take the  form of underestimates of the  
number of d o l p h i n  schools i n  the  ETP. T h i s  data will  be used t o  determine the 
sever i ty  o f  the bias.  
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I n  p repara t i on  f o r  a review o f  t h e  s t a t u s  o f  t h e  eastern t r o p i c a l  P a c i f i c  
d o l p h i n .  stocks i n  1984, t h e  SWFC has organized and scheduled a s e r i e s  o f  
review panels t h a t  w i l l  meet i n  1983 and 1984 t o  review SWFC d o l p h i n  research 
resu l  t s .  These panel s c o n s i s t  o f  exper t  s c i e n t i s t s  chosen f o r  t h e i r  know1 edge 
on t o p i c s  t o  be reviewed. So f a r  t h r e e  panels have met t o  review SWFC r e s u l t s  
concerning data sources and d e f i n i t i o n  o f  species ranges, age determi n a t i o n  
and p rec i s ion ,  and i d e n t i f i c a t i o n  o f  sub-speci f ic  stocks and d e f i n i t i o n  o f  
t h e i r  boundaries. 

TUNA BEHAVIOR AND PHYSIOLOGY STUDIES 

Work Continued on the  Magnetic Compass Sense o f  Tunas 

Michael M. Walker, U n i v e r s i t y  o f  Hawaii graduate student,  cont inued 
research on t h e  magnetic compass sense o f  tunas. The behaviora l  experiments 
on t h e  a b i l i t y  o f  y e l l o w f i n  tuna, T. albacares, t o  d e t e c t  changes i n  the 
E a r t h ' s  magnetic f i e l d  were completed-and a manuscr ipt  d e s c r i b i n g  t h e  r e s u l t s  
has been prepared. Cont inu ing t h i s  l i n e  o f  research, Walker i s  now at tempt ing 
t o  i d e n t i f y  t h e  magnetic recep to r  organ i n  tunas. He has success fu l l y  
ex t rac ted ,  i s o l a t e d ,  and photographed magnet i te c r y s t a l s  from ye1 l o w f i n  tuna. 
The magnet i te  c r y s t a l s  were p o s i t i v e l y  i d e n t i f i e d  as such through a 
t ransmiss ion e l e c t r o n  microscope. He has a l s o  been ab le  t o  t e n t a t i v e l y  
i d e n t i f y  s t r u c t u r e s  t h a t  appear t o  be nerves i n n e r v a t i n g  t h e  suspected 
magnetic recep to r  organ i n  ye1 1 owf i  n tuna. 

Other Behavioral  Experiments C a r r i e d  Out 

D r .  K i m  Hol land, Hawaii I n s t i t u t e  o f  Marine Bio logy,  U n i v e r s i t y  of 
Hawaii, i s  c o n t i n u i n g  behaviora l  experiments on the  r e a c t i o n s  o f  tunas t o  
n a t u r a l  prey odors, va r ious  mol ecul a r  weight  f r a c t i o n s  o f  n a t u r a l  prey odors, 
and a r t i f i c i a l  odors (m ix tu res  o f  amino ac ids) .  Hol land i s  working w i t h  
y e l l o w f i n  tuna, kawakawa, Euthynnus a f f i n i s ,  and sk ip jack  tuna. He has 
determi ned an odor preference h ierarchy 1 owf in tuna and i s  t r y i ng t o  do 
t h e  same f o r  kawakawa and sk ip jack  tuna f o r  comparison. 

I n  c o n j u n c t i o n  w i th  D r .  Ho l l and ' s  work, D r .  Richard W .  B r i l l ,  Leader o f  
the Experimental Ecology of Tunas Program, has been developing techniques t o  
measure t h e  e l e c t r i c a l  responses of t he  nasal recep to r  organ i n  tuna t o  odor 
s t i m u l i .  Th i s  procedure i nvo l ves  measuring small  (0.2 mV o r  l e s s )  d i r e c t  
c u r r e n t  e l e c t r i c a l  p o t e n t i a l  changes i n  response t o  odor presentat ion.  D r .  
B r i l l  has been successful i n  r o u t i n e l y  us ing  t h e  procedure i n  m u l l e t .  
A1 though t h e  i n i t i a l  at tempts t o  record " e l  ectro-ol factograms" ( a  q u a n t i t a t i v e  
measure o f  t h e  s t i m u l a t o r y  ef fect iveness o f  an odor)  i n  m u l l e t  were 
successful ,  D r .  B r i l l ' s  at tempts t o  do the same i n  tuna have been 
unsuccessful.  Work on t h i s  p r o j e c t  i s  c u r r e n t l y  suspended pending a review o f  
methodol og i  es. 
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Chr is topher  Boggs, U n i v e r s i t y  o f  Wisconsin graduate student,  i s  c u r r e n t l y  
c o n t i n u i n g  s tud ies  on b ioenerge t i cs  o f  tunas. Boggs has been us ing  t h e  novel 
technique o f  c l i p p i n g  t h e  pec to ra l  f i n s  o f  y e l l o w f i n  tuna as a method o f  
induc ing an increase i n  t h e  f i s h ' s  swimming speed on a sustained basis.  Th i s  
technique w i  11 a1 1 ow him t o  measure t h e  energy consumption o f  these animal s a t  
e l  evated swimmi ng speeds. 

F i n a l l y ,  D r .  Steve Perry,  U n i v e r s i t y  o f  Toronto; D r .  Chuck Daxboeck, 
P a c i f i c  Gamefish Foundation; D r .  B r i a n  Emmett, U n i v e r s i t y  o f  B r i t i s h  Columbia; 
and D r .  B r i l l  have begun a s e r i e s  o f  experiments on l a c t a t e  metabolism and 
a c i d  base r e g u l a t i o n  f o l l o w i n g  exhausting exe rc i se  i n  tuna. T h i s  p r o j e c t  may 
have impor tan t  i m p l i c a t i o n  w i t h  respect  t o  t h e  " b u r n t  tuna" problem t h a t  
c u r r e n t l y  reduces t h e  value o f  an impor tant  f r a c t i o n  o f  t h e  catches o f  l a r g e  
y e l l o w f i n  tuna dest ined f o r  t he  f r e s h  f i s h  market. 

D r .  B r i l l  has a l s o  been conducting a s e r i e s  o f  experiments t o  measure the 
standard metabol ic  ra te ,  i.e., t h e  metabol ic  r a t e  a t  zero o v e r t  muscular 
a c t i v i t y ,  o f  kawakawa. Resul ts  so f a r  show t h a t  standard metabol ic  r a t e  o f  
kawakawa i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  sk ip jack  tuna. 
Add i t i ona l  experiments have shown tha t ,  u n l i k e  a c t i v e  metabol ic  r a t e ,  t h e  
standard metabol ic  r a t e  o f  kawakawa i s  h i g h l y  temperature s e n s i t i v e .  

Tuna Successfu l ly  Tracked O f f  Kona, Hawaii 

F i she ry  b i o l o g i s t  D r .  Richard B r i l l  and L t .  ( j g )  J.  S c o t t  Ferguson, NOAA 
Corps, conducted f i s h  t r a c k i n g  and o t h e r  experiments around f i s h  aggregat ing 
devices (FAD) o f f  Kailua-Kona i n  June 1982. The experiments were conducted on 
board the  Honolulu Labora to ry ' s  R / V  Kaahele'ale. Plans were t o  determine the 
shor t - term movements o f  l a r g e  y e l l o w f i n  tuna and b l u e  mar l i n ,  Makaira 
n ig r i cans ,  i n  re1 a t i o n  t o  oceanographic c o n d i t i o n s  by us ing  depth-sensi t i v e  
acoust ic  tags and expendable bathythermographs. 

A successful 24-hour t r a c k  o f  bigeye tuna caught a t  200 m was recorded on 
casset te  tape. The f i s h  ranged from 300 m t o  t h e  sur face a t  n i g h t  and 
genera l l y  stayed a t  250 m dur ing  the  day wi th  occasional excurs ions t o  t h e  
surface. The f i s h  swam around an FAD and tended t o  p r e f e r  15°C water. An 
at tempt t o  t a g  a b l u e  m a r l i n  f a i l e d  when t h e  f i s h  leaped o u t  o f  t h e  water  and 
threw t h e  tag. The f i s h  was recaptured b u t  a ser ious eye i n u r y  precluded 
r e t a g g i  ng . 

Cooperating s c i e n t i s t s  from t h e  U n i v e r s i t y  o f  Hawaii, D r .  K i m  Hol land, 
and Reuben Yost, Zoology Department, t e s t e d  the  e f f e c t i v e n e s s  o f  n a t u r a l  prey 
odor re leased around one o f  t h e  FADS. F i v e  days o f  t r i a l s  w i t h  prey odors 
were run and the  t e s t s  i n d i c a t e d  s t rong  responses from t r i g g e r f i s h ,
B a l i s t i d a e ,  a good response from tunas, Thunnus sp., and a moderate response 
from sk ip jack  tuna. 
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HAWAIIAN TUNA FISHERIES 
P 

Hawaiian Skipjack Tuna Fishery Monitored 

The Honolulu Laboratory i s  continuing t o  monitor the I,dwai ian  pol e-and- 
l ine  skipjack tuna f i shery .  Since 1978 the to t a l  s t a t e  landings have been
estimated by ex t rapola t ing  the landings made a t  the tuna cannery a t  Kewalo L 

Basin by vessels belonging t o  a boat owners' cooperative. In 1982 i t  was 
estimated t h a t  the t o t a l  landings of skipjack tuna amounted t o  about 1,800 MT. 
These landings were approximately 2,300 MT below the 1964-79 long-term 
average. The landings i n  t h i s  fishery have been declining from a t  l e a s t  1976 
when the l and ings  were an estimated 4,000 MT. 

Since a t  l e a s t  about the middle  of 1982 the fishermen reported t h a t  Pearl 
Harbor was producing almost no b a i t  and t h a t  they were having d i f f i c u l t y
f i n d i n g  b a i t  i n  Kaneohe Bay. Because of the persistent b a i t  shortage problem 
an informal bai t f i sh  workshop cosponsored by the Southwest Fisheries Center, 
Honolulu Laboratory and the Hawaii Division of Aquatic Resources ( H D A R )  was 
he ld  a t  the Kewalo Research F a c i l i t y  on A p r i l  14,  1983. The  71 persons c) 

at tending the workshop represented 1 eaders of the Hawai i an skipjack tuna 
industry,  boat owners, boa t  captains ,  interested fishermen, and scient is ts  
from the  Honolulu Laboratory, HDAR,  the Naval Ocean Systems Center, and the 
University o f  Hawaii's Hawaii Inst i tute  of Marine Biology. The  pa r t i c ipan t s
discussed short-term so lu t ions  t o  the current c r i t i c a l  b a i t  shortage,
p a r t i c u l a r l y  f o r  the 1983 summer f i sh ing  season, and long-term so lu t ions  and ex 

goals t o  assure  sustained b a i t  production f o r  the future well-being of the 
Hawai i an ski pjack tuna f i shery . 
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WORLD TUNA PRODUCTION AND TRADE* 

World Catch Trends and Potent ia l  

The world catch of tuna has doubled over the l a s t  20 years ,  growing from 
0.7 mi l l ion  metric tons i n  1960 t o  1 .7  mil l ion metric tons i n  1980 (Table 1).
The rate of growth, however, has been declining. Average annual growth slowed 
from 5.2% i n  1960-70 t o  3.7% i n  1970-80. 

Table l.--World caccb of tuna by country, 1960, 1970 and 198@ 

Country : 1960 : 1970 : i9ao 

Thousand m t r l c  tons 

Japan 459.9 493.9 704.3 
United S t a t e s  135.1 219.8 225.7 
Philippines 
Republlc of Korea 
Spain 
France 
Papua Yew Guinea 
Xexico 

11.2 -
10.9 
31.4 -

0.4 

0.3 79.2 
74.8 110.2 
64.2 89.9 
49.5 72.1 
1.4 26.9 
10.2 33.7 

Ecuador 19.1 12.5 26.7 
Canada 
Panama (1) 
Indonesia 

0.2 --
9.0 0.3 
5.6 -
12.1 57.2 

Pe N 27.2 15.1 0.9 
Other 

Tot a1 
36.0 

7 3 1 . 4  
243.2 314.5 

1,213.6 1,741.8 

* Includes albacore, yellowfin, skipjack, bigeye and bluef in .  
(1) Catch by Panamanian-flag vessels  i s  riot necessari ly  landed In 

Panama, but landed elsewhere or exported. 

SOURCE: FA0 Yearbooks of Fishery S t a t i s t i c s .  

Japan i s  the world's  leading tuna producer and accounts f o r  about 40% of 
the world catch.  The United S ta t e s  i s  second, w i t h  about 13% o f  the t o t a l .  
Other countries, however, a r e  increasing t h e i r  shares  o f  world catch,  namely
the  Republic of Korea, P h i l i p p i n e s ,  Spain, France, Indonesia, and Papua New 
G u i  nea. 

The  United S t a t e s  i s  the world 's  leading importer of tuna. Japan i s  the 
Uni t ed  S t a t e s '  leading foreign suppl ie r ,  b u t  o ther  count r ies  have become 
increasingly important. The United S ta t e s  imported raw tuna from 38 countr ies  
o r  areas  i n  1982. The Phi l ippines ,  Taiwan, and Thailand i n  recent  years  have 
expanded t h e i r  canning operations and their exports of canned tuna t o  EEC and 
U.S. markets. 

*Principal contr ibutors  t o  th i s  report  were John Vondruska and Richard Kinoshita,  
Industry Economists , National Fishery Economics Program. 
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Most o f  t h e  growth i n  w o r l d  catch of tuna has been through increased 
landings o f  sk ip jack  and y e l l o w f i n  ( F i g u r e  1 ) .  Catches o f  albacore, b igeye 

*1and b l u e f i n  tuna have remained r e l a t i v e l y  s t a b l e  o r  even decl ined. Assessment 
o f  t h e  s t a t u s  o f  25 species o r  stocks o f  t h e  w o r l d ' s  tuna and b i l l f i s h  
suggests t h a t  t h e  p o s s i b i l i t i e s  o f  f u r t h e r  increases i n  t o t a l  w o r l d  ca tch  a re  
l i m i t e d .  Catches o f  many species o r  stocks o f  tuna a r e  a t  o r  near t h e  maximum 
sus ta inab le  y i e l d  ( M S Y ) .  

WORLD CATCH OF TUNA, BY SPECIES. 106740-NBACCRE 
- - - e--

BIGEYE 
BLIJEFIN 
SKIPJACX--- YULCVFIN 

'-1 
c 
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Figure 1 

World Trade and Consumuti on 

The Un i ted  States, European Economic Community (EEC) , and Japan toge the r  
accounted f o r  89% o f  wor ld  tuna consumption i n  1980. The Japanese a re  the  
w o r l d ' s  l e a d i n g  consumers o f  tuna, p r e f e r r i n g  f r e s h  and f r o z e n  tuna ( t h e  II, 

sashiini market) ,  whereas canned tuna dominates i n  t h e  Uni ted States and EEC 
markets. Japan i s  t h e  w o r l d ' s  l e a d i n g  tuna harvester ,  and a l s o  a l e a d i n g  
s u p p l i e r  o f  b o t h  raw f rozen  and canned tuna t o  t h e  Un i ted  States. 
Nonetheless, Japan impor ts  s i zeab le  quant i  t i e s  of tuna. Two-way t r a d e  i n  tuna 
occurs between t h e  Un i ted  States and Japan because o f  d i f f e r e n c e s  i n  the  
species composi t ion o f  catches and consumer preferences. Japanese consumers #e 

p r e f e r  bigeye and b l u e f i n ,  which command the  h i g h e s t  p r i c e s  i n  Japanese 
markets , whereas U. S. consumers p u t  a premi um on a1 bacore. 

The Uni ted S ta tes  impor ts  more tuna than any o t h e r  country  o r  area, 
fo l lowed by t h e  EEC. Net impor ts  i n  1980 ( impor ts  minus expor t s )  were 184,000 
m e t r i c  tons i n  t h e  EEC, and 409,000 f o r  t he  Un i ted  States, w h i l e  Japan i s  a 
n e t  expor ter .  
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World Production and Trade of Canned Tuna 

World production of canned tuna grew more than a t h i r d  from 1970 t o  1980, 
according t o  FA0 data.  Production t o t a l e d  567,000 metric tons i n  1980, of 
w h i c h  the Uni t ed  S t a t e s  accounted f o r  about one-half. Other major producers 
were Japan, I t a l y ,  Spain, and France. 

Countries adjacent t o  the t r ad i t i ona l  f i s h i n g  grounds of the U.S. tuna 
f l e e t  i n  the Eastern Tropical Pac i f i c  produce small amounts of canned tuna,  
w i t h  Mexico packing about one-half of the t o t a l .  Col lec t ive ly ,  these 
count r ies  produced under 5% of the world production i n  1980. 

In te rna t iona l  t r a d e  of canned tuna i s  f a i r l y  small, b u t  i n  recent  years
i t  has been growing. Mexico, the P h i l i p p i n e s ,  Thailand, and Taiwan have 
g rea t ly  expanded exports. Because of an embargo by the United S ta t e s ,  
Mexico's production i s  be ing  exported t o  o ther  count r ies  o r  b e i n g  consumed 
domestical l y  . 

FADs t o  be Placed i n  Southern Cal i forn ia  Waters 

The use of anchored buoys a s  " f i sh-aggregating-devices" (FADS) was 
pioneered i n  t he  U.S. by the Hawaii Laboratory of the Southwest Fisheries 
Center (SWFC) . After i n i t i a l  success i n  Hawaiian waters i n  commercial and 
recreat ional  fisheries, t he  use of FADs spread t o  inany of the i s lands  i n  the 
Central and South Pac i f ic .  Perhaps the most successful employment of FADs i s  
i n  the tuna purse seine fishery i n  the P h i l i p p i n e s ,  where f o r  many years
"payaos", r a f t s  constructed of bamboo, have been used t o  aggregate tunas. 

Off the coas t  of Cal i forn ia ,  b l u e f i n  tuna show up regular ly  i n  summer and 
f a l l ,  and a r e  caught by purse seiners working ou t  of San Pedro and Por t  
Hueneme. Researchers a t  the SWFC's Tiburon laboratory believe t h a t  FADs 
deployed a t  s t r a t e g i c  a reas  may a t t r a c t  and hold the f i s h ,  providing the 
commercial b l u e f i n  f i she ry  w i t h  a more e f f ic ien t  means of l oca t ing  tuna.  In  
addi t ion ,  various recreat ional  species may be a t t r a c t e d  t o  and he ld  by the 
devices. A cooperative p ro jec t  t o  i n s t a l l  FADs has been i n i t i a t e d  by the 
Fishermen's Cooperative Association of San Pedro, the  Southwest Region of 
NMFS, and the Tiburon Laboratory. 

Y 

The s t a f f  of the Fisheries Development Task a t  Tiburon i s  assembling
equipment and mater ia l s  needed t o  b u i l d  two FADs. They will be deployed i n  
the v i c i n i t y  o f  Sixty  Mile bank around June 27, 1983, by the NOAA research 
vessel David S t a r r  Jordan. The loca t ions  will then be monitored t o  a s ses s  the 
e f f e c t i G s o f t h e c e s  i n  aggregating f i sh  and cont r ibu t ing  t o  s p o r t  and 
commercial catches. I f  this p i l o t  p ro j ec t  proves t o  be successful, i t  i s  
expected t h a t  industry will expand i t  by placing more FADs of f  Cal i forn ia .  
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SWFC PUBLICATIONS ON TUNA AND TUNA-RELATED SUBJECTS 

MAY 1, 1982 t o  APRIL 30, 1983 

A u ,  David and Wayne Perryman. 1982. Movement and speed of dolphin
schools responding t o  an approaching s h i p .  F i s h .  B u l l .  U.S. 80(21:
396-401. 

Eight  dolphin schools of the species S tene l l a  a t tenuata ,  S. 
l o n g i r o s t r i s ,  and S. coeruleoalba were approached by s h i p  ard 
observed from a he l i cop te r  i n  the eas te rn  Pac i f i c  t o  study their 
responses t o  the vessel. A l l  schools swam away from the  projected
t rack  of the approaching s h i p .  Their movement, r e l a t i v e  t o  the 
s h i p ,  followed paths  t h a t  curved around the s h i p .  Average
swimming speeds while avoiding the s h i p  varied from 5.1 t o  8.8 
knots. In some cases  avoidance apparently began a t  6 o r  more 
miles away from the s h i p .  The e f f e c t  of th is  behavior on 
shipboard censusi ng of dolphins i s  di scussed. 

Bartoo, Norman and Keith Parker. 1982. S tochas t ic  age-frequency 
es t imat ion  using the Von Bertal  anffy growth equation. In te rna t iona l  
Commission for the Conservation of A t l an t i c  Tunas, Col lec t ive  
Volume of S c i e n t i f i c  Papers, XVII (SCRS-19811, No. 1, 35-43. 

The t r ad i t i ona l  method of estimating age-frequency from length-
frequency v i  a the von Bertal  anf fy  growth equation i s determi n i  s t i c  
and y i e l d s  biased results. Most of the b i a s  can be removed by
incorporating a stochastic element i n  the von Bertal  anffy 
re la t ionships .  The s tochas t i c  element i s  based on estimated 
p r o b a b i l i t i e s  of lengths  by i n t e r v a l s  a t  age, the  probabil i t i e s  
being estimated from variances i n  lengths-at-age. Based on age-
length samples from the Pac i f ic  bonito f i shery  the s tochas t i c  
method gives improved age-frequency estimates over those obtained 
by the determi n i  s t i c  method. 

Dahleim, Marilyn E. ,  Stephen Leatherwood, and William Perrin. 1982. 
Dis t r ibu t ion  of k i l le r  whales i n  the warm temperate and t rop ica l  
eas te rn  Pac i f ic .  Rep. I n t .  Whal. Commn. 32:647-653. 

Records of k i l l e r  whale occurrence f o r  the warm temperate and 
t rop ica l  ea s t e rn  Pac i f i c  Ocean a r e  summarized from 11 
s t randi  ngs/col 1 ect i ons and 581 observations. Level s of si ght i  ng 
e f f o r t  a r e  i d e n t i f i e d  and used t o  interpret  t rends i n  d i s t r i b u t i o n  
and movement. Killer whales occur from the Gulf of Cal i forn ia  
more o r  less continuously along the Pac i f i c  Coast from 35"N t o  
jus t  below 5"s. Nearly a l l  records of f  Ca l i fo rn ia  and western 
Baja Cal i forn ia  were within 150 nm of the coast .  North of 20"N, 
there were only four  widely sca t t e red  offshore s i g h t i n g s  beyond
150 nm. South o f  20°N, 56.6% of a l l  s igh t ings  were w i t h i n  
approximately 300 nm of the coas t  and 78.4% w i t h i n  600 nm. Two 
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offshore c l u s t e r s  of s i g h t i n g s  occurred, (1) 7" t o  14"N, 127" t o  
139"W and ( 2 )  w i t h i n  a band between the equator and 5"N from the  
Galapagos Is lands t o  115"W. Herds contained up t o  75 animals, 
w i t h  a mean of 5.3 animals per herd. An estimated 91% of the 
herds contained fewer than 10 animals. 

Herrick, S. 1982. Size and species  compositions of A t l an t i c  tunas 
from imports landed i n  Puerto Rico d u r i n g  1980. Internat ional  
Commission f o r  the Conservation of At1 an t i c  Tunas, Col lect ive Volume 
of S c i e n t i f i c  Papers, XVII (SCRS-1981), 1, 53-67. 

Forei gn-caught, imported, At1 an t i c  tunas transshipped t o  Puerto 
Rico, U.S.A., are routinely sampled f o r  size and species
composition by personnel of the Southwest F isher ies  Center. 
Dur ing  1980, transshipment landings of French, Ghanaian, Japanese,
Korean-Panamani an and Span i sh  catcher  vessel s were sampl ed.  
Approximately 3,800 yellowfin,  2,300 skipjack, 1,300 bigeye, and 
500 albacore tuna were measured f o r  fork length i n  1980. The size 
compositions of the  sampled transshipments were estimated and the 
results presented. 

To evaluate  the ex ten t  t o  which Puerto Rican transshipment size 
composition sampl ing r e s u l t s  agree w i t h  the r e s u l t s  of landings
sampled i n  Tema, Ghana, where the transshipments orginated,
goodness-of-fi t tests were conducted t o  .compare the results of the 
respect ive sampl i n g  programs. Estimated 1 ength frequencies from 
sampl i ng ye1 1 owfi n and bigeye tuna transshipments of the  Ghana-
based bai t boa t  f l e e t  obtained i n  Puerto Rico were tes ted  aga ins t
expected l e n g t h  frequencies,  based upon corresponding landings
sampling conducted i n  Tema. The tests indicated t h a t ,  i n  the  
majority of the 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 fe rences  exist 
between the r e s u l t s  of the Puerto Rican and Tema sampling 
programs. c 

Kaya, Calvin M. ,  Andrew E .  Dizon, Sharon Hendrix, Thomas K .  Kazama, 
and Martina K.K.  Queenth. 1982. Rapid and spontaneous
maturation, ovu la t ion ,  and spawning of ova by newly captured 
skipjack tuna, Katsuwonus pelamis. F i s h .  Bull.,  U.S. 80:393-396. 

Lo, Nancy, C.H. ,  Joseph E .  Powers, and Bruce E. Wahlen. 1982. 
Estimati ng and moni t o r i  ng i ncidental dol p h i  n mortal i t y  i n the  
eastern t rop ica l  Pac i f i c  tuna purse seine f ishery.  F i s h .  Bull ., 
U.S. 80(2 ):396-401. 

Parks, W . ,  F.X. Bard, P .  Cayre, S. Kume, A. Santos G. 1982. 
Length-weight r e l a t ions  f o r  bigeye tuna captured i n  the eas te rn  

c 

At1 an t i c  Ocean. Internat ional  Commission f o r  the Conservation of 
At lan t ic  Tunas, Col lect ive Volume of S c i e n t i f i c  Papers, XVII (SCRS-
1 9 8 l ) ,  1~214-225. 

Parameters o f  t h e  a1 1 ometric length-weight re1 a t ions  were 
estimated f o r  bigeye tuna ( T h u n n u s  obesus) captured i n  the eas te rn  



x 

x 

-36-

A t l a n t i c  Ocean. Data were s t r a t i f i e d  by area, gear and season of 
cap tu re  and by sex. Data were f o r  captures between 30"N and 20"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 from a l l  qua r te rs  o f  t h e  year. Data were from 1957 t o  1979 
with data from 1971 t o  1974 compris ing 75% o f  t h e  t o t a l .  Data 
were f o r  captures by sur face and l o n g l i n e  gear. 

Analyses o f  covar iance were used t o  t e s t  f o r  d i f f e r e n c e s  i n  
length-weight  r e l a t i o n s  r e l a t e d  t o  area, gear, season and sex. 
Resul ts  a re  t e n t a t i v e  due t o  the  l a c k  o f  data f o r  many s t r a t a .  

Resul ts  were mixed f o r  d i f f e r e n c e  r e l a t e d  t o  area. For  those 
s t r a t a  f o r  which data a re  a v a i l a b l e ,  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  i n  1 ength-weight r e l a t i o n s  r e l a t e d  t o  gear o f  capture. 

Resu l t s  showed s i g n i f i c a n t  d i f f e r e n c e s  r e l a t e d  t o  season capture.
Resu l t s  were mixed f o r  d i f f e r e n c e s  r e l a t e d  t o  sex. Fo r  some 

s t r a t a  d i f f e r e n c e s  were s i g n i f i c a n t ,  f o r  some they were n o t  
s i g n i ficant. 

P e r r i n ,  W.F., and C.W. O l i v e r .  1982. Time/area d i s t r i b u t i o n  and 
composi t ion o f  t h e  i n c i d e n t a l  k i l l  o f  do lph ins and small  whales 
i n  t h e  U.S. purse-seine f i s h e r y  f o r  tuna i n  t h e  eas te rn  t r o p i c a l  
P a c i f i c ,  1979-1980. Rep. I n t .  Whal. Commn. 32:429-444. 

Data a re  presented f o r  4,642 spot ted dolphins,  S t e n e l l a  a t tenuata;  
1,745 spinner  dolphins,  S. l o n g i r o s t r i s ;  99 s t r i p e d  dolphins,  S. 
coeruleoalba, 1,535 common dolphins,  Del h inus de lph i s ;  two 
bo t t l enose  dolphins,  Turs iops t runcatus;  h  fic w h i t e - side d 
dol  p h i  n, Lagenorhynchus ob1iqui  dens, and one fa1 se k i  11 e r  whal e, 
Pseudorca c r a s s i  dens. Possi b l  e source o f  b iases in t h e  sampl es 
are d i scussed. 

Pe r r i n ,  W.F., T.D. Smith and G.T. Sakagawa. 1982. Status o f  
populat ions o f  spot ted dolphin,  S t e n e l l a  at tenuata,  and sp inner  
dolphin,  S. l o n g i r o s t r i s ,  i n  t h e  eastern t r o p i c a l  P a c i f i c .  FA0 
Fisher ies-Ser ies No. 5, v o l .  IV:67-83. 

T h i s  paper r e p o r t s  progress on assessing t h e  s t a t u s  o f  t h r e e  
populat ions o f  two species o f  do lph ins o f  t he  genus S t e n e l l a... 
i n v o l v e d  i n  t h e  purse-seine f i s h e r y  f o r  tuna i n  t h e  eastern 
t r o p i c a l  P a c i f i c  Ocean. The types o f  data used, t h e  methods used 
t o  c o l l e c t  and analyze them and t h e  main assumptions and o t h e r  
sources o f  u n c e r t a i n t y  i n  the  study - as w e l l  as t h e  measures 
taken i n  some cases t o  account f o r  these - a re  summarized. 

The s i z e  o f  t h e  popu la t i on  o f  o f f s h o r e  spot ted dolph ins (S. 
at tenuata sub-species) i n  1974 was f i r s t  est imated t o  be 2.3-4T9 
m i l l i o n ,  based on an a e r i a l  survey. The annual capac i t y  f o r  
increase ( t o t a l  b i r t h s  minus na tu ra l  deaths) was est imated t o  be 
1.4-4.0%, and the  annual r a t e  o f  observed i n c i d e n t a l  m o r t a l i t y ,  
based on an est imated k i l l  i n  1974 of 79,900-97,300 animals was 
est imated t o  be 1.6-4.2%. Comparison o f  these r a t e s  i n d i c a t e d  
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t h a t  the  number of spot ted dolphins k i l l e d  i n  the f i shery  i n  1974 
was a t  o r  near the population size between 3.1-3.5 mil l ion 
dolphins ( a  prefer red ,  cen t ra l  es t imate  from a l a r g e r  range) ,  of 
which 72,000 were k i l l e d  i n  the  tuna f i shery  - this gives an 
incidental  f i sh ing  mor ta l i ty  rate of 2.1-2.3%. T h i s  r a t e  was 
compared w i t h  the  annual capacity f o r  increase a s  o r ig ina l ly
estimated and w i t h  an independently f igured est imate  of the  
i nci dental mortal i t y  r a t e  the popul a t i  on coul d to1 e ra t e .  The 
p o p u l a t i o n  s i z e  of a second dolphin involved i n  the tuna f i she ry ,
t h e  eas te rn  spinner dolphin (S. l o n g i r o s t r i s  sub-species) was 
given i n  revised est imates  t o  bebetween 1.1-1.2 mil l ion ( a l s o  a 
preferred,  cen t ra l  estimate). The number of animals k i  1 led 
inc identa l ly  i n  1974 was estimated t o  be 21,000 animals. The 
resulting incidental  mortal i ty  r a t e ,  1.8-1.9%, was compared w i t h  
an estimated annual reproductive r a t e  of 8.3%, the low value of 
which indicates  no apparent response of the  population t o  
explo i ta t ion .  For both the  offshore spotted dolphin and the 
eastern spinner dolphin, t he  revised est imates  ind ica t e  t h a t  i f  
the sizes of their populations were increasing o r  decreasing under 
the l e v e l s  of f i sh ing  mortal i ty  i n  1974, they were probably doing 
so a t  low ra t e s .  The impact of t h e  tuna f i shery  on the whitebelly
spi nner popul a t i  on ( S. 1ongi r o s t r i  s sub-speci es)  has not y e t  been 
assessed. There i s  3 need f o r  increased acquis i t ion  of re levant  
biological  and catch data ,  expanded surveys o f  population size and 
est imat ion of c e r t a i n  l i f e  his tory parameters. 

Pol acheck, Tom. 1982. Local s t ab i l  i t y  and maximum net  product ivi ty
l e v e l s  f o r  a simple model of porpoise population sizes. NOAA 
Technical Memorandum, NMFS, NOAA-TM-NMFS-SWFC-17 , 14 pp. 

Polacheck, Tom. 1982. The re la t ionship  between changes i n  gross
reproductive r a t e  and the cur ren t  r a t e  of increase f o r  some simple 
age s t ruc tured  models. NOAA Technical Memorandum, NMFS, NOAA-TM-
NMFS-SWFC-19, 9 pp. 

Polacheck, Tom. 1983. Possible e f f e c t s  of sampling biases on 
reproduction r a t e  es t imates  f o r  porpoise i n  the eas te rn  t rop ica l
Pac i f ic .  NOAA Technical Memorandum, NMFS, NOAA-TM-NMFS-SWFC-26. 

bSakagawa, Gary T. ,  and P h i l i p  E.K. Symons. 1982. The Internat ional  
Skipjack Year Program of the  Internat ional  Commission f o r  the 
Conservation of At lan t ic  Tunas. Fisheries, 7(3):12-17. 

A four  year  research program t o  obtain information f o r  assessing
t h e  condition of the  At lan t ic  skipjack tuna,  Katsuwonus pelamis,
popul a t i  on f o r  devel oping p l  ans f o r  the ra t iona l  expl oi t a t i  on o f  
the resource was i n i t i a t e d  by the  Internat ional  Commission f o r  the 
Conservation of At lan t ic  Tunas (ICCAT) i n  1979. The program has 
so f a r  contr ibuted t o  the development of a new f i shery  o f f  Braz i l ,  
compl e ted expl o ra t ion  of potent i  a1 f i  shi ng areas  i n the Caribbean 
Sea and off  Angola, sponsored t a g g i n g  of 27,000 f i s h ,  and 
generated a considerable amount of f i  shery s t a t i  s t i c s  and 
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bioJogica1 information. Analysis of the data and information i s  
planned f o r  1982 and a s c i e n t i f i c  meeting i s  planned f o r  1983 t o  
review the results and r e l a t e  them t o  the needs of the  ICCAT. 

Shomura, Richard S. and Walter M .  Matsumoto. 1982. Structured 
flotsam a s  f i s h  aggregating devices. NOAA Technical Memorandum, 
NMFS, NOAA-TM-NMFS-SWFC-22, 9 p. 

A modern adaptation of an o l d  f i sh ing  technique i s  gaining
recognition in the Pac i f ic  and elsewhere as an e f f ec t ive  means t o  
increase f i sh ing  productivity in  the open sea. The use of 
manmade, f r e e  f loa t ing ,  and anchored f loa t ing  devices t o  aggregate
pelagic f i shes  f o r  subsistence,  recreat ional  , and commercial 
f i sh ing  has increased markedly i n  recent  years ;  es t imates  of 
deployed and planned units exceed 1,000. These devices have been 
anchored in d e p t h s  ranging from several hundred t o  several 
thousand fathoms. T h i s  report  reviews the development and present 
use of f i s h  aggregating devices i n  the  Pac i f ic  and Indian Oceans. 

S m i t h ,  Tim D. 1982. Testing methods of estimating range and 
bearing t o  cetaceans aboard the R / V  David S t a r r  Jordan. NOAA 
Technical Memorandum, NMFS, N O A A - T M - ! ~ S W m ~ p .  

Smith, T im D. 1982. Current understanding of the s t a t u s  of small 
cetacean populations i n  the  Black Sea. FA0 Fisheries Series No. 5, 
V O ~. IV: 121-130. 

A f ishery u s i n g  guns and nets  fo r  the common dolphin, Delphinus
del his, Azov d o l p h i n  Phocoena phocoena, and  bottlenose d o l p h i n ,
ursiops t runcatus ,  i n  the  Black and Azov Seas has been pursued=+-

since about 1810 from the  USSR, Turkey, Bulgaria, and Romania. 
Steadi ly  decl i ni ng annual Sovie t  harvests si nce the maximum Sov ie t  
catch of 135,000-140,000 animal s i n 1938, despi t e  an increased 
catching e f f o r t ,  led t o  seasonal management r e s t r i c t i o n s  by the 
USSR i n  1962, and a complete closure of the f ishery i n  the USSR, 
Romania, and Bulgaria i n  1967. T h e  f ina l  annual Soviet  catches of 
5,600-7,400 animals reported f o r  1964-66 represent  a major
col lapse of the  f ishery and were accompanied by apparent marked 
changes i n  the age and sex composition of the harvest  and a change
in the species composition from the  h i s to r i ca l ly  predominant D. 
delphi s t o  predominantly P.  phocoena. The f ishery continues Tn 
Turkey w i  t h  recent reportcd annual catches approaching the 1938 
Soviet  maximum: the  loss r a t e  i s  estimated t o  be h i g h  because of 
the use of g u n s  as  the harvesting method. 

Limited catch s t a t i s t i c s  a r e  avai lable  s ince 1927, except f o r  
Romania, and a re  generally reported only f o r  a l l  species  combined 
i n  t o t a l  metric weight. Analysis ind ica tes  t h a t  the explo i ta t ion  
r a t e  was probably excessive a t  the height o f  the  f ishery i n  1936 
(12.5-20.0%) and may remain so today fo r  the T u r k i s h  f ishery (7.9-
100.8%). 
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Annual Sovie t  a e r i a l  surveys i n i t i a t e d  since the 1967 moratorium 
provide questionable es t imates  of t o t a l  population size of Black 
Sea porpoises. Problems w i t h  these es t imates  and probably a1so 
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s t a t i s t i c s .  Present observations a r e  confined t o  recognition t h a t  
the numbers of porpoise i n  the Black Sea have declined 
s u b s t a n t i a l l y  t o  marginal levels due t o  the d i r e c t  f i she ry ;  the 
present  T u r k i s h  f i shery  i s  important, p a r t i c u l a r l y  a s  i t  continues 
now when s tocks  a r e  probably reduced. 
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