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ABSTRACT 

-The s tudy of mar icu l tu re  of tuna  s p e c i e s  s t a r t e d  i n  1969 i n  Japan. 
There have been two types of t r i a l  employed. For t h i s  (1) a f t e r  s t r i p p i n g  t h e  
eggs £rom n a t u r a l l y  mature a d u l t s  and a r t i f i c i a l  f e r t i l i z a t i o n ,  t h e  newly 
hatched l a r v a e  were rea red  indoor tank (2) ongrowing of juven i les  i n  n e t  cages 
a f t e r  c o l l e c t i n g  them £rom t h e  open sea. 

I n  t h e  i n i t i a l  s t a g e  of resea rch  n e i t h e r  of t h e  two types  of t r i a l  
was very s u c c e s s f u l ,  bu t  y e a r  by year  t h e  technology has  improved and a t  t h i s  
t i m e  success  has  been achieved wi th  s e v e r a l  spec ies .  

I n  t h i s  paper recen t  r esea rch  r e s u l t s  a r e  repor ted i n  d e t a i l s  f o r  
f o u r  s p e c i e s y e l l o w f i n  tuna  Thunnus albacares, boni to  Sarda omen ta l i s ,  f r i g a t e  
mackerel Auxis tapeinosoma and A. thazard. Bluef in  tuna  Thunnus thynrzus n o t  be 
s u c c e s s f u l  owing t o  no g e t t i n g  mature eggs.- 

STATUT ACTUEL DES ETUDES DE MARICULTURE 

DES THONIDES AU JAPON 

Les é tudes  de  mar icu l tu re  des  espèces de thonidés on t  commencé en 1969 
au Japon. Il y a eu deux v o i e s  de recherches  : 

( 1 )  Après ob ten t ion  d 'oeufs  de  g é n i t e u r s  n a t u r e l s  e t  f e r t i l i s a t i o n  a r t i f i c i e l l e ,  l e s  
l a r v e s  son t  é levées  en  bass ins .  

(2) Les juvén i les  c o l l e c t é s  dans l ' océan  son t  m i s  en  grossissement en  cages f l o t t a n t e s .  

Au dépar t ,  aucune des  deux v o i e s  n ' a  b i e n  r é u s s i .  Mais, au f i l  des  ans ,  
l a  technologie  s ' e s t  améliorée e t  ac tuel lement ,  p l u s i e u r s  espèces marchent b ien.  

Dans c e  pap ie r ,  l e s  r é s u l t a t s  des  recherches  récen tes  son t  d é c r i t s  en 
d é t a i l  pour qua t re  espèces : Thunnus aZbacares, Sarda orientalis ,  Amis  tapeinosorna 
e t  A. thazard. Pour l e  thon rouge Thunnus thynnus, l e  manque d 'oeufs  a empêché 
d ' a l l e r  b i e n  l o i n .  

MOTS-CLES : M r i c u l t u x e  - Japon - l'hunnus albacares, Amis  tapeinosorna, Allns Thazard, 
Zaunnuo t pwus.  

KEY-WORDS : Maricul ture  - Japan - Thunnus alhacares, Amis  tapeinosoma, Amis  Thazard, 
, Thunnus thynnus. 
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INTRODUCTION 

The s tudy  of mar icu l ture  of tuna spec i e s  s t a r t e d  i n  1969 i n  Japan. There 
have been two types of t r i a l  employed f o r  t h i s  : (1) a f t e r  s t r i p p i n g  the  eggs from 
n a t u r a l l y  mature a d u l t s  and a r t i f i c i a l  f e r t i l i z a t i o n ,  the newly hatched la rvae  were 
reared  indoors  i n  tanks ; (2) ongrowing of j uven i l e s  i n  n e t  cages a f t e r  c o l l e c t i n g  
them from the open sea .  

In  the i n i t i a l  s t a g e  of research  s t a g e  of research  n e i t h e r  of t he  two 
types of t r i a l  was very  succes s fu l ,  bu t  year  a f t e r  year  the  technology has improved 
and a t  t h i s  time success  has  been achieved wi th  s e v e r a l  spec ies .  

1. ARTIFICIAL FERTILIZATION AND INDOOR REARING I N  TANKS 

A r t i f i c i a l  f e r t i l i z a t i o n  takes  p l ace  a f t e r  s t r i p p i n g  the eggs £rom na tu ra l -  
l y  mature a d u l t s  caught i n  the  open sea .  The f e r t i l i z e d  eggs a r e  t ranspor ted  t o  the 
l abo ra to ry  and the  newly hatched l a rvae  a r e  reared  i n  tanks and fed on food micro- 
organisms under s u i t a b l e  r e a r i n g  condi t ions .  Up t o  now, four  spec i e s  have been succes- 
s f u l l y  reared  up t o  a body length  of s eve ra l  cm us ing  t h i s  method. These spec i e s  a r e  
ye l lowf in  tuna Thunnus a lbaca re s ,  bon i to  Sarda o r i e n t a l i s ,  f r i g a t e  mackerel Amis 
tapeinosorna and A. t haza rd  bu t  b l u e f i n  tuna Thunnus thynnis  has  n o t  been successfu l  
owing t o  the  lack  of mature eggs. 

A .  Yellowfin tuna Thunnus a l b a c a r e s  (3.)  
Following information received £rom purse s e i n e r s  o f f  t he  K i i  Peninsula  

i n  J u l y , ( l )  1969, s eve ra l  r e sea rche r s  went out  on these  boa t s  t o  c o l l e c t  eggs, and 
they were successfu l  i n  c o l l e c t i n g  eggs £rom mature a d u l t s  on 25th Ju ly .  As soon 
a s  t he  eggs were s t r i p p e d  they were f e r t i l i z e d  on board and were t ranspor ted  t o  
Shirahama F i s h e r i e s  Laboratory, Kinki Univers i ty ,  and seve ra l  o t h e r  l a b o r a t o r i e s .  
Newly hatched l a rvae  were r ea red  indoors  and f ed  on Brachionus pZicata and marine 
copepoda. Larvae on ha tch ing  had a t o t a l  l ength  of 2.7 mm and achieved a length  
of 8.4 mm e ighteen  days a f t e r  ha tch ing .  

Unfortunately,  i n  the  fol lowing f i v e  yea r s  i t  was not  poss ib l e  t o  experi-  
ment due t o  t he  lack  of mature eggs. But on 28th J u l y ,  1976, mature eggs were obtained 
and f e r t i l i z e d  on board and taken t o  Shirahama F i s h e r i e s  Laboratory. Following these  
t r i a l s ,  the  most s u i t a b l e  temperature f o r  t he  development of the  embryo was found 
t o  be 26 - 2 9 " ~ .  Su i t ab l e  food f o r  newly hatched out  l a rvae  was r o t i f e r  and marine 
copepoda i n  the  e a r l y  s t a g e s  and l a t e r  they were fed on small  f i s h .  Af te r  38 days 
body length  was 51 mm. 

B .  Boni t o  Sarda o r i e n t a l i s  (8 ) 
The m a t e r i a l  f o r  t hese  tr ials was caught i n  s e t  n e t s  i n  Oshima, Kushimotocho, 

Wakayama P r e f . ,  and a f t e r  s t r i p p i n g  and f e r t i l i z a t i o n  on board the  eggs were taken t o  
the  Shirahama Lab. The eggs had a diameter  of 1.32-1.45 mm. They f l o a t e d  on the sur face  
and had seve ra l  o i l g l o b u l e s .  They hatched out  about 50 hours  a f t e r  f e r t i l i z a t i o n  i n  
water a t  20-24'~. The newly hatched l a rvae  had a t o t a l  l ength  of 4.2 mm. They were 
f ed  on r o t i f e r  and copepoda and smal l ,  l i v e  f i s h e s ,  f rozen  f i s h ,  e t c .  a s  they grew 
l a r g e r .  Under good condi t ions  they a t t a i n e d  an average body length  of 14 mm a f t e r  
10 days, 74 mm a f t e r  20 days, 106 mm a f t e r  30 days, 219 mm a f t e r  40 days and 290 mm 
a f t e r  99 days. Ind iv idua l s  wi th  a body length  of more 23 rmn showed c a n n i b a l i s t i c  
behaviour.  Af t e r  a t t a i n i n g  t h i s  s i z e  they tend t o  a t t a c k  o t h e r  i nd iv idua l s  s l i g h t l y  
smal le r  than themselves, and s u r v i v a l  of l a rvae  decreased r a p i d l y  due t o  t h i s .  The 
growth of t h i s  spec i e s  was found t o  be very r ap id  given s u i t a b l e  food and good 
environmental condi t ions .  

C.  F r i g a t e  mackerel Amis tapeindsoma 
Mature a d u l t s  were caught i n  the  same s e t  n e t s  i n  June, 1972, and eggs 

were s t r i p p e d  and f e r t i l i z e d  and taken t o  Shirahama Lab. They were reared  i n  indoors  
tanks up t o  a t o t a l  l ength  of 155mm. Af t e r  t h i s  experiment,  Shizuoka P r e f . ,  Tokai 
Univers i ty  and Far  Sea F ishery  Research Lab. c a r r i e d  out  successfu l  experiments with 
these  spec i e s .  Their  method f o r  r e a r i n g  l a rvae  was the  same a s  a t  Shirahama Lab. 



Mature eggs were 0.95-1.0 mm i n  diameter, and hatched out  about 40 hours a f t e r  
f e r t i l i z a t i o n  i n  water of 2 3 ' ~ .  The larvae which were fed on r o t i f e r ,  copepoda 
and small f i s h e s  achieved normal growth. Under good conditions the newly hatched 
larvae,  3.5 mm i n  t o t a l  length a t t a ined  49 mm i n  18 days, and about 140 mm i n  
40 days. 

D. A d s  thazard 
Adults were caught i n  the same s e t  ne t  i n  May 1972, and a f t e r  s t r ipp ing ,  

the  f e r t i l i z e d  eggs were taken to  the  Shirahama Lab. The eggs had a diameter of 
0.93mm-0.98mm with one o i l  globule, and hatched out  30-54 hours a f t e r  f e r t i l i z a t i o n ,  
i n  water of 21.4-23.5°~. The larvae were given the  same d i e t  of r o t i f e r ,  copepoda 
and small f i s h e s  and £rom a t o t a l  length of 0.34 mm on hatching they reached 64 mm 
a f t e r  17 days, 120 mn a f t e r  33 days, i n  a large  aquarium under good conditions. 

E. Other species 
A t  t h i s  time experiments a r e  being ca r r i ed  out  using the same method with 

bigeye tuna l'hunnus ubesus and skipjack Katsuwonus pelamis but due t o  lack t o  mature 
eggs no successful  experiments have been ca r r i ed  out  f o r  b lue f in  Thunnus thynnus. 

The author has ca r r i ed  out  experiments of hybr id iza t ion with four species,  
f r i g a t e  mackerel, bonito A k s  thazard, and l i t t l e  tunny Euthynnus affiinis (female) 
hatched out about twenty two hours a f t e r  f e r t i l i z a t i o n  i n  water a t  24.8-28.7'~. 
Newly hatched larvae had a t o t a l  length of 2.3 mm and reached 178 mm a f t e r  68 days. 
For tuna and r e l a t e d  species the experimental method used has been successful ,  but  
i t  i s  not ye t  employed f o r  l a rge  sca le  a r t i f i c i a l  production of larvae.  There a r e  
two main bott lenecks : ( 1 )  the uncertain supply of mature eggs, (2) the low survival  
r a t e  of larvae i n  indoor cul ture .  Research i s  needed t o  secure mature adu l t s  f o r  
s t r ipp ing  using f l o a t i n g  n e t  cages i n  order t o  maintain a Constant supply of eggs. 
Study of the  most s u i t a b l e  foods and environmental condit ions i s  needed t o  achieve 
good survival  r a t e s .  

II. ONGROWING I N  FLOATING NET CAGES 

The method used f o r  ongrowing i s  based on t h a t  used f o r  yel lowtai l  SerdoZa 
cul ture .  T r i a l s  f o r  rear ing tuna and re la ted  species up t o  commercial s i z e  have been 
ca r r i ed  out s ince  1969 a t  Mie, Nagasaki, Shizuoka, Kochi and Kagoshima Pre fec tu ra l  
Research Sta t ions ,  and by Kinki and Tokai Univers i t ies .  The species used f o r  these 
t r i a l s  have been : bluef in ,  yellowfin, skipjack,  bonito,  l i t t l e  tunny, f r i g a t e  mackerel, 
etc. .  , 

A. Bluefin tuna 
ûngrowing of these species encountered many d i f f i c u l t i e s  i n  the f i r s t  

severa l  years,  but  survival  r a t e s  have improved year by year with the improvment 
of the f a c i l i t i e s  used and i n  the handling of f i s h .  Kinki University has successful ly  
reared f i s h  f o r  £ive years i n  wire n e t  f l o a t i n g  cages. 

Circular  o r  octagonal f l o a t i n g  cages having a diameter of 8-30 m were 
found s u i t a b l e ,  but  small s i z e  synthet ic  f i b e r  ne t  was not s u i t a b l e  due t o  high 
morta l i ty  caused by the n e t  deformation and the  necess i ty  of requent n e t  changes. 
I n  fu tu re ,  f u r t h e r  improvement of cu l tu re  f a c i l i t i e s  f o r  oceanic species such a s  
b lue f in  tuna i s  necessary. 

In  ongrowing t r i a l s  under s u i t a b l e  condit ions b lue f in  with a s i z e  of 
about 25 cm i n  t o t a l  length,  0.23 kg i n  body weight were caught i n  the period 
August-September, and a t t a ined  50-60 cm, 2-3 kg, by December, 80-90 cm, 10-15 kg 
by December of the following year. A year l a t e r  they had reached 100-125 cm, 
20-30 kg and the  four th  year 120-135 cm, 25-45 kg, and the f i f t h  year 130-160 cm, 
40-80 kg. 

Food was anchory, sand e e l  and jack mackerel f o r  young tuna, and l a t e r  
raw, frozen sardine,  saury, horse mackerel, e t c .  

The food e f f i c iency  was about 13-15 % f o r  the f i r s t  year and a f t e r  t h a t  
the  e f f i c iency  tended t o  decrease year by year. It i s  very d i f f i c u l t  t o  determine 
the exact  e f f i c i ency  due t o  the danger of damaging the f i s h  daring measurement, 
and therefore  the  above f igures  a r e  only approximate. The ac tua l  feeding e f f i c iency  



f o r  young and o l d e r  tuna i s  j u s t  now under s tudy.  
High m o r t a l i t y  occurs  i n  t he  f i r s t  month a f t e r  p l ac ing  the  f i s h  i n  n e t  

cages i n  t he  range of 13-58 % f o r  f i s h  caught i n  t he  range of 50-100 %. This i s  
an important  bo t t l eneck  f o r  developing commercial tuna c u l t u r e .  The amount of 
young tuna a v a i l a b l e  f o r  c u l t u r e  caught i n  s e t  n e t s  i s  small  b u t  t he  amount caught 
by angl ing  i s  much l a r g e r .  

Therefore s tudy of techniques f o r  improving tuna angl ing  i s  needed t o  
i nc rease  the  supply of young tuna f o r  c u l t u r e .  

In  o rde r  t o  s tudy  theecology and physiology of t h i s  f i s h  some were reared  
i n  ponds on land,  and t h e i r  r e s i s t a n c e  t o  poor environmental condi t ions  and fundamen- 
t a 1  b io logy  were s tud ied  i n  d e t a i l .  

B. Yellowfin tuna 
Since 1970, ongrowing experiments wi th  t h i s  spec i e s  have been c a r r i e d  out  

a t  Kagoshima ~ r e f e c t u r a l - F i s h e r y  Laboratory and Kinki ~ n i v e r s i t ~  Laboratory us ing  
juven i l e s  caught i n  the open sea .  

High m o r t a l i t y  occurs  dur ing  the  f i r s t  month while  t he  f i s h  a r e  adapt ing  
t o  feeding  and m o r t a l i t y  a l s o  occurs  dur ing  win ter .  The growth of t h i s  spec i e s  i s  
slower than  t h a t  of the  b l u e f i n .  

Young f i s h e s  a t t a i n e d  85 cm, 1 1  kg, a f t e r  two years  and fourn months of 
r ea r ing .  This r e s u l t  i s  h a l f  t h a t  of b l u e f i n  tuna i n  weight i nc rease .  

C. Other s ~ e c i e s  
Bonito : i n  1971, a t  Nagasaki P r e f e c t u r a l  F ishery  Research S t a t i o n ,  and 

1972, 1974, 1976 a t  Kinki Univers i ty ,  experiments were c a r r i e d  out  and the  s u r v i v a l  
r a t e  was h igher  than  f o r  b l u e f i n .  

I n i t i a l  s i z e  was 40 cm, 0.67 kg and f i s h  a t t a i n e d  about 65 cm, 3 kg, 
a f t e r  t h ree  yea r s  and th ree  months. 

L i t t l e  tunny : s tud ied  a t  Kinki Un ive r s i t y  Laboratory i n  1974, and 1975. 
Mor t a l i t y  i n  t he  f i r s t  acc l imat ing  per iod  i s  very  low, 3-17 2,  and l a t e r  m o r t a l i t y  
i s  a l s o  low compared t o  b l u e f i n  and boni to .  

Skipjack : experiments c a r r i e d  ou t  s i n c e  1975 and s t i l l  under s tudy a t  
Kinki Univers i ty  Laboratory. 

The au thor  has  c a r r i e d  ou t  experiments f o r  ongrowing wi th  the  above 
mentioned spec i e s  i n  o rde r  t o  g e t  mature a d u l t s  and enough ma te r i a l  f o r  a r t i f i c i a l  
f e r t i l i z a t i o n  i n  the  near  f u t u r e .  
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