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These  i n v e s t i g a t i o n s  t o o k  p l a c e  i n  Honol.ulu, H a w a i i  a t  t h e  Kewnlo 

Resea rch  F a c i l i t y  of thc> "it ic)11:11 Marine  F l s h c r i c * s  Scbrvivc,. S i x  t lc l  i v e r i c s  

of l i v e  s k i p j a c k  t u n a  were r e c e i v e d  d u r i n g  J u n e  and J u l y  1980 from two l o c a l  

commerc ia l  f i s h i n g  vesse ls ,  t h e  B l u e f i n  and t h e  Neptune.  The f i s h  were c a u g h t  

by s t a n d a r d  po le -and- l ine  methods and t r n n s p o r t c d  t o  t h v  r e c e i v i n ) ;  dock  of  

tlic l a b o r a t o r y  i n  l i v e  b n i t w c l l  c;. A 1  1 t h e  s p c ~ c i m e ~ i s  were be twcvn 40 a n d  50 cm 

i n  f o r k  l e n g t h  and 1.4 t o  2 . 2  kg i n  w e i g h t ;  f i s h  of  t h i s  s i z e  a re  a b o u t  t h e  

l a r g e s t  t h a t  c a n  be  k e p t  a l i v e  i n  r c n s o n n b l e  c o n d i t i o n  i n  t h e  b a i t w e l l s  o f  

t h e s e  v e s s c l s  ( abou t  145 X 165  X 130 cm d e e p  i n  t h c  B l u e f i n ) .  S k i p j a c k  of 

t h i s  s i z e  are between one  and two y e a r s  o l d  and p r o b a b l y  i n  t h e i r  f i r s t  spawn- 

i n g  season (Brock  1954;  Yoshida 1966 ,  1 9 7 1 ) .  

-_ ___ - ____ 

Gonadal m a t u r a t i o n  s t a tvs  of f e m a l e s  w e r e  d e t e r m i n d  a t  v a r i o u s  t imes 

f o l l o w i n g  t h e i r  r a p t u r e ,  a s  w i l l  bc  s p r r i f i c d ,  c i t h c r  tllrotlgh b i o p s i e s  o f  llvc 

spec imens  o r  t h rough  postmorLcm d i s s c c t  i o n s .  U i o p s i c s  invo lved  e x t r a c t i o n  of 

gonada l  t i s s u e  by c a t h e t e r i z a t i o n  t h r o u g h  t h c  u r o g e n i t a l  p o r e  of r e s t r a i n e d ,  

u n a n e s t h e t i z e d  f i s h  (Shehndc~h e t  n l  . 1 9 7 3 ) .  Ova wcrc t e n s e d  f r e e  from i i n p r e -  

ssuc p l a c c ~ l  i n  0 .92  s a l i n e  s o l u t i o n  and 

and sc , cond  largest d c v e l o p i  n g  g r o u p s  

(hrnriaii m ~ ~ t r i r i i t  i on  str7g:cS o f  s k i p j a c k  

t t ina hnvcA hclcn t l ( , sc r ibed  by ~ ; c ~ v c . r . i l  invost  iy,aLor:, (1;11ii,ig 1956;  S h a t f ( . r  and 

Orange 1956;  l i a ju  1 9 6 4 ;  Yostlicla 1966;  Simmons 1 9 6 9 ;  B a t t s  1 9 7 2 ) .  S i n c e  t h e  

o c c u r r e n c e  and p r o g r e s s  of  o v u l a t i o n  w a s  a pr imary  i n t e r e s t  of t h i s  s t u d y ,  

fernales were d i v i d e d  i n t o  t h e  f o l l o w i n g  c a t e g o r i c s :  

1. Unovu la t ed .  Ripe  ova a r c  n o t  found loose  i n  t l i c >  o v a r i a n  l u m e n .  

Ma tu r ing  ova v a r y  i n  size a c c o r d i n g  t o  m a t u r a t i o n  s t a t e  of t h e  f e m a l e ,  

t h e  1 3 r g e s t  g roup  of ova r a n g i n g  from . l O  mm o r  less  i n  immature 

s e r v e d ,  fresh or  r c f r i g c r a t c d  o v a r i a n  t 

t h e  d i a m e t e r s  of 2 5  e a c h  frorii t lie f i r s t  

were measured w i t h  an o c u l a r  in icrornc.tc,r 
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spec imens  t o  a b o u t  . 90  mm i n  spec imens  n e a r i n g  o v u l a t o r y  c o n d i t i o n .  

B i o p s i e s  of l i v e  l e m a l e s  y i e l d  o v a r i a n  t i s s u e ,  c o n s i s t i n g  m o s t l y  of 

d e v e l o p i n g  ova w i t h i n  f o l l i c l e s ,  i n  t h e  c a t h e t e r .  D i s s e c t i o n s  r e v e a l  

o v a r i e s  t h a t  are y e l l o w ,  f i r m ,  and of v a r y i n g  s i z e s  depend ing  on 

m a t u r a t i o n  s t a t e .  

2 .  O v u l a t i n g ,  n o t  y e t  r r i n n i n g  r i p e ,  Some r i p e  ova a r e  found l o o s e  i n  t h e  -- 
o v a r i a n  lumen; f e m a l e s  re lease few t o  no r i p e  ova  on modera t e  t o  f i r m  

s t r i p p i n g  p r e s s u r e .  B i o p s i e s  produce  a mixture  of r i p e  ova and 

e n l a r g e d ,  p r e o v u l a t o r y  ova i n  t h e  c a t h e t e r  from f e m a l e s  t h a t  are j u s t  

s t a r t i n g  t o  o v u l a t e ,  and o n l y  r i p e  ova i n  t h o s e  t h a t  a l r e a d y  have  

c o n s i d e r a b l e  numbers of  ova r e l e a s e d  i n t o  t h e  lumen. D i s s e c t i o n s  

reveal o v a r i e s  t h a t  a r e  b r i g h t  y e l l o w ,  s w o l l c n ,  and s o f t .  The o v a r i a n  

w a l l s  a r c  g r e a t l y  t h i c k c n c d  wl t h  the  p r e s e n c e  of t h e  e n l a r g e d ,  p r e -  

o v u l a t o r y  ova .  

3 .  O v u l a t e d ,  r u n n i n g  r i p e .  O v a r i e s  are s w o l l e n  w i t h  r i p e ,  o v u l a t e d  ova 

which c a n  b e  r e a d i l y  e x p r e s s e d  from t h e  females w i t h  s l i g h t  t o  modera t e  

s t r i p p i n g  p r e s s u r e .  Females of the s i z e  used i n  t h i s  s t u d y  c o u l d  b e  

s t r i p p e d  of about  100,000 t o  o v e r  150,000 ova w h e n  i n  t h i s  s t a t e .  

B i o p s i e s  yie1.d o n l y  r ipe  ova i n  t h e  c , i t h ( > t r r .  D i s s e c t  i o n s  r e v e a l  

o v a r i e s  t h a t  a r e  e x t r e m e l y  s w o l l e n ,  s o f t ,  and w i t h  a y e l l o w ,  s l i g h t l y  

t r a n s l u s c e n t  a p p e a r a n c e .  The o v a r i a n  lumen is  g r e a t l y  e n l a r g e d  w i t h  

the mass o f  r i p e  ova .  

4 .  __-Y Recen t1  .L--- .;pent O v a r i e s  c o n t a i n  R few t o  R f c w  t h o r ~ s a n d  ova loose  .In 

t h e  lumen. Modera te  t o  f i r m  s t r i p p i n g  p r e s s u r e  p roduces  f rom no ova 

t o  a few thousand from t h e  f e m a l e s .  Ova a p p e a r  normal i n  t h o s e  which 

h a v e  spawned w i t h i n  a f e w  h o u r s  p r e v i o u s l y ,  b u t  have i n d e n t e d  o r  
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c o l l a p s e d  membranes I n  t h o s e  cxainIncd l a t c r ,  Iliopsies y i e l d  

r e s i d u a l  ova ,  o r  a m i x t u r e  of r e s i d u a l  ova a n d  o v a r i a n  t i s s u e  con- 

t a i n i n g  t h e  n e x t  g roup  of d e v e l o p i n g  ova, i n  tlir c ; l t h c t c r .  1 ) i sscc-  

t i o n s  reveal ovaries t h a t  a rc  s o f t ,  f l a c c i d ,  and b loody i n  a p p e a r a n c e .  

The f i rs t  g roup  o f  s k i p j a c k  were d e l i v r r e d  t o  t h e  l a b o r a t o r y  on t h e  n i g h t  

of J u n e  18  and were b i o p s i e d  a t  9:30 t h e  n e x t  morning .  The pu rpose  of  t h i s  

b iopsy  was t o  d e t e r m i n e  whe the r  any  f cmnlcs  had ovaricxs s u f f i c i e n t l y  m a t u r e  t o  

make them s u i t a b l e  fo r  hormonal ly  induced  spawning t r ia l s .  However, a l l  8 

f e m a l e s  b i o p s i e d  t u r n e d  o u t  t o  b e  r e c e n t l y  s p e n t .  (The re  w e r e  a c t u a l l y  10  

f e m a l e s  i n  t h e  g r o u p ,  as l a t e r  de te rmined  by d i s s c c t i o n s ,  b u t  f o r  v a r i o u s  r e a s o n s  

n o t  a l l  spec imens  i n  a g roup  are  s u c c e s s f u l l y  b i o p s i e d  d u r i n g  any  g i v e n  s e s s i o n .  

Some s t r u g g l e  t o o  v i o l e n t l y  t o  be e f f e c t l v e l y  h a n d l e d ,  and o t h e r s  a re  r e l e a s e d  

a f t e r  a n  u n s u c c e s s f u l  b i o p s y  a t t e m p t .  Malc s k i p j a c k  of t h e  s i z e  used i n  t h i s  

s t u d y  a re  d i f f i c u l t  t o  b i o p s y  because  of t h e  small s i z e  o f  t h e i r  u r o g e n i t a l  

a p e r t u r e ,  and spec imens  i n  which t h e  c a t h e t t r  c o u l d  n o t  r e a d i l y  b c  i n s e r t e d  w e r e  

r e l e a s e d  as  p r o b a b l e  males. On postmortem e x a m i n a t i o n  some of t h e s e  would l a t e r  

t u r n  ou t  t o  be f e m a l e s ,  t he  number depcnd ing  on t h e  s k i l l  and e x p e r i e n c e  of t h e  

i n v e s t i g a t o r  and the c i r c u m s t a n c e s  a t t e n d i n g  t h e  g i v e n  b i o p s y  s e s s i o n .  These  

o t h e r  two f cmi l c s  wcrc cxamitictl f i v c  d a y s  l i t e r  and  a l s o  t u r n e d  o u t  t o  be s p e n t  .> 
The s p e n t  c o n d i t i o n  of a l l  t h e  f e m a l e s  was a d i s a p p o i n t m e n t  a t  t h e  t i m e  

s i n c e  i t  meant  t h a t  none c o u l d  h e  used f o r  hormonal ly  induced  spawning a t t e m p t s .  

I r e c a l l e d  t h a t  w e  hod p r e v i o u s l y  b i o p s i e d  one  o t l i c r  g roup  of s k i p j a c k  on t h e  

morning f o l l o w i n g  tlicir captiirc and  d e l i v e r y ,  d u r i n g  t h e  p r e c e d i n g  J u n e  of 1979 ,  

and a l l  t h r e e  f e m a l e s  i n  t h a t  g r o u p  a l s o  had been r e c e n t l y  s p e n t ,  The s p e n t  

c o n d i t i o n  of all t h e s e  females c o n t r a s t f d  s h a r p l y  w i t h  t h e  m a t u r i n g  o v a r i e s  

of s imi l a r  s i z e d  spec imens  b e i n g  c o n c u r r e n t l y  sampled f r o m  t h e  l o c a l  c a n n e r y  



(M. Queenth ,  N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e ,  JIonolulu,  Hawaii, unpt~b- 

lished data  ) .  These  o b s e r v a i i o n s  s u g g e s t e d  t h a t  t h e  s k i p j a c k  might  be 

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

by a r e p o r t  t h a t  a n c h o v i e s  ( E n g r a u l u s  mordax) w i l l  do  so (Hun te r  and C o l d b e r g ,  
- I _ ~  -- 

1980).  

When t h e  next  g roup  of 13 l i v e  s k i p j a c k  were d e l i v e r e d  t o  t h e  l a b o r a t o r y  

t h e  e v e n i n g  of J u n e  28, 1 s e t  up  a s i p h o n  and s t r a i n e r  t o  :;ample water from 

t h e i r  h o l d i n g  t a n k ,  The s t ra iner  w a s  checked a t  6:05 t h e  f o l l o w i n g  morning  

and was found t o  c o n t a i n  more t h a n  100,000 ova.  T h e  f i s h  were b i o p s i e d  t h a t  

same morning  and t h r e e  f e m a l e s  were f o u n d ,  a l l  r e c e n t l y  s p e n t .  Two o t h e r  

specimens, f e m a l e s ,  had d i e d  d u r i n g  t h e  t r a n s f e r  from t h e  f i s h i n g  v e s s e l  t o  

t h e  h o l d i n g  t a n k  a t  a t i m e  aliout 8 hr f o l l o w i n g  their c a p t u r e .  Whcn t h e i r  

r e f r i g e r a t e d  o v a r l e s  were examined the n e x t  morning ,  b o t h  p a i r s  were found 

t o  be i n  a r u n n i n g  r i p e  c o n d i t i o n ,  s w o l l e n  w i t h  masses of o v u l a t e d  ova.  T h e s e  

o b s e r v a t i o n s  demons t r a t ed  t h a t  t h e  s k i p j a c k  w e r e  i ndeed  spawning d u r i n g  t h e  

f i r s t  n i g h t  i n  c a p t i v i t y ,  and  a l s o  s u g g e s t e d  t h a t  femalcls cotiId be  i n  a r u n n i n g  

r i p e  c o n d i t i o n  w i t h i n  8 h r  f o l l o w i n g  t h e i r  c a p t u r e .  

B e f o r e  t h e  n e x t  d e l i v e r y  of l i v e  s k i p j a c k ,  the  boat  c a p t a i n s  invo lved  

were asked  t o  immedia t c ly  r e f r i g e r a t e  spec imens  tnkcn  from t h e  same s c h o o l  so 

t h a t  t h e  g o n a d a l  c o n d i t i o n  of f r e s h l y  c a p t u r e d  f i s h  c o u l d  be d e t e r m i n e d .  The 

n e x t  d e l i v e r y ,  o f  8 s k i p j a c k ,  w a s  r e c c i v e d  on J u l y  L5. They llad b e e n  c a p t u r e d  

a t  a b o u t  4 : 3 0  p.m. and were d e l i v e r e d  a t  t h e  l a b o r a t o r y  dock a t  a b o u t  8:OO p.m.  

The 8 f i s h  were watched f o r  any  spawning 1,c.havior i n  thc.ir h o l d i n g  t ank  i int i l .  

1 2 : 3 0  a,m., b u t  none was o b s c r v c d .  A t  i h i s  t i m e ,  8 hr n r t c r  c a p t u r e ,  t h c  f i s h  

were b i -ops i ed .  Three  were de t e rmined  t o  be  f e m a l e s ,  of which two were  r u n n i n g  

r l p e  w h i l e  t h e  o t h e r  had  n o t  o v u l a t e d ,  Threc3 mnles w e r e  i - d e n t i f i e d  by t h e  



p r e s e n c e  of  m i l t  i n  t h e  c a t h e t e r ,  b u t  none c o u l d  be sLr ipped  of m i l t .  'i'wo 

males were s a c r i f i c e d  and t h e i r  testes dissected o u t .  About 100,000 ova  w e r e  

s t r i p p e d  from e a c h  o f  t h e  t w o  r i p e  fcm:ilcs and f e r t i l i z e d  w i t h  m i l t  sqilcezcd 

from t h e  d i s s e c t e d  tes tes .  !30 t k  females were < i l s o  s a c r i f i c e d  a f t e r  b e i n g  

s t r i p p e d .  Again,  l a r g e  numbers of ova were forind t h e  n e x t  morning i n  tlie s t r a i n e r  

sampl ing  

and d i e d  

and were 

water from t h e  h o l d i n g  t a n k .  Two o t h e r  f e m a l e s  had remained i n  t h e  t a n k  

t h e  second d a y  f o l l o w i n g  c a p t u r e .  Both were found t o  h a v e  s p c n t  o v a r i e s  

t h e r e f o r e  r e s p o n s i b l c  f o r  t h e  ova  spawned o u t  i n  t h e  h o l d i n g  t a n k .  

T h i r t e e n  r e f r i g e r a t e d  spec imens  were r e c e i v e d  a t  t h e  same t i m e ,  f o u r  

f e m a l e s  and n i n e  males. Thv f o u r  f e m a l e s  p r o v i d e d  a d i s t i n c t  c o n t r a s t  t o  t h o s e  

t h a t  had been  k e p t  a l i ve  f o r  8 h r .  All four  had n o t  o v u l a t e d  and i n s t e a d  had 

ova r i e s  c o n t a i n i n g  m a t u r j n g  O V A  w i t h  t h e  l a r g e s t  g roup  a v e r a g i n g  from .59 t o  

- 6 2  mm i n  d i a m e t e r .  All males had mature tes tes  g r o s s l y  i n d i s t i n g u i s h a b l e  f rom 

t h o s e  of  t h e  males s a c r i f i c e d  8 h r  f o l l o w i n g  c a p t u r e .  

T h r e e  more g r o u p s  of b o t h  l i v e  and r t f r i g c r a t t d  spec imens  were r e c e i v e d  

o n  J u l y  2 1 ,  2 2 ,  and 31 ,  and i n  e a c h  i n s t a n c e  produced r e s u l t s  simil'ir t o  t h o s e  

of J u l y  15. O b s e r v a t i o n s  on a l l  s i x  g r o u p s  o f  f e m a l e  s k i p j a c k  r e c e i v e d  from 

J u n e  18 t o  J u l y  3 1  a r e  summarized i n  T a b l e  1. None of t h c  1 6  specinicns k i l l e d  

and r e f r i g e r a t e d  o n  c a p t u r e  wcrc i n  a n  o v u l a t o r y  s t a t e .  'rhe L a r g e s t  g r o u p  of 

m a t u r i n g  ova a v e r a g e d  .59 t o  .64 mm i n  1 4  of  t h e s e  f e m a l e s  and .74 mm i n  a n o t h e r ,  

w h i l e  t h e  r e m a i n i n g  i n d i v i d u , i l  li,id r e l a t i v e l y  immature o v a r i e s  ( T a b l e  2)  . Nine 

f e m a l e s  were p l a c e d  in r e f r i g e r a t i o n  a f t e r  d y i n g  i n  t r a n s i t  t o  t h e  l a b o r a t o r y ,  

w i t h  times o f  d e a t h  n o t  r e c o r d e d  1)y t h e  f i s h i n g  crews b u t  lcss t h a n  f i v e  h r  i n  

all cases. None of t h e s e  f e m a l e s  had y e t  o v u l a t e d ,  and t h e i r  l a r g e s t  g roup  of 

d e v e l o p i n g  ova a v e r a g e d  from .60 t o  .93 mm i n  d i , i m e t e r  ( T a b l e  2 ) .  
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1 Table 2 .  Mean S i z e s  (mm) of  L a r g e s t  and Second L a r g e s t  Modal Group 
of Developing  Ova i n  S k i p j a c k  ' r i i n ,~  K i l l e d  and R e f r i g e r a t e d  
Immedia te ly  hf ter  C a p t u r e ,  or  R e f r i g e r a t e d  A f t e r  Dying i n  
T r a n s i t  t o  t h e  1 , a h o r a t o r v .  

R e f r i g e r a t e d  on C a p t u r e  Died i n  T r a n s i t  
L a r g e s t  Second T i m e  L a r g e s t  Second 

N o .  C r  n u p  No. ( 1 ~ ) ~  Group Group C r o u p  -- - - Date 
-_I 

. Ju ly  1 5  4 

J u l y  2 1  7 

J u l y  2 2  3 

.July 31 2 

. h 2  n o t  measured 

. h l  

.59 

.60  

1 1  I 1  

1 1  I 1  

I 1  1 1  

.60 

.60 

.60  

.59  

.59  
, 6 0  
.59  

.22 

.64 

.74 

.62 

.62  

.42 

.39 

.40 

.41 

.40 

.39 

.40 

.1.0 

.41 

.44 

.41  

.43 

7 -r: 4 . 5  .84 
.93 
.76 
.69 
.72 
.70 
* 7 2  

2 c 5  .67 
.60 

.44 

.43 

.44 

.44 

.42 

.42 
-45 

.41 

.41 

s t a n d a r d  d e v i a t i o n s  .02  t o  .04 
1 

2 t i m e  between c a p t u r e  and d e a t h  
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With t h o s e  k e p t  a l i v e  a l l  b u t  one  o f  t h e  1 3  spec imens  examirred 5 t o  6 h r  a f t e r  

c z p t u r e  w e r e  o v u l a t i n g  b u t  n o t  y e t  r u n n i n g  r ipe ,  and 8 o f  1 2  c.xnmined a f t e r  7 

t o  8 , 5  hr wcrc' runn ing  r i p ( . ,  A l l  lmt one o r  7 0  :;p(5(-inwils; ~~x;1inintd 1 5  I O  

65 h r  a f t e r  c a p t u r e  were s p e n t .  On all Eive  occasions w h c r i  t h e  h o l d i n g  t a n k s  

were mon i to red  € o r  t h e  p r e s e n c e  of  spawncd o v a .  l a r g e  n ~ l m i ~ i ~ r s  of ova were cwi- 

d e n t  by t h e  morning f o l l o w i n g  t l c l i v c r y .  

These  o b s e r v a t i o n s  c l e a r 1  y demons t r a t ed  thaL Cc.m;ilc s k i p j a c k  t u n a  cauglit  

d u r i n g  t h i s  t i m e  of t h e  year r c sponded  t o  some f a c t o r  a s s o c i a t e d  w i t h  b e i n g  c a p -  

t u r e d  o r  c o n f i n e d  by unde rgo ing  t h e  f i n a l  s t a g t l s  of o v a r i a n  m a t u r a t i o n  and 

o v u l a t i n g  r i p e  ova i n t o  t h e  o v a r i a n  lilmcn. T h i s  rc.sponsc> cou ld  be comple ted  

w i t h i n  8 hr, U n l e s s  manua l ly  s t r i p p e d  the f e m a l c l s  p rocwdc t l  t o  spawn o u t  these  

ova i n t o  t h e  h o l d i n g  t a n k  and by  t h e  n e x t  d a y ,  1 5  t o  24 h r  a f t e r  c a p t u r e ,  were 

i n  a s p e n t  c o n d i t i o n  w i t h  from few t o  a fcw thoiisancl r e s i d u a l  ova loose i n  the 

o v a r i a n  lumen. 

Numerous i n v e s t i g a t o r s  Ilnvc d e s c r i b e d  t h e  muIt imoclal s i z e  d i s L r  i b u t i o n  of 

d e v e l o p i n g  ova i n  o v a r i e s  of m a t u r i n g  t u n a .  T h c  c n t i r e  coniplemc~nt of  the most 

adva.nced g roup  of ova ( abou t  ,hO mi o r  g r e a t e r  i n  thescL spec imens )  appea rc>d  t o  

undergo  f i n a l  m a t u r a t i o n  and o v u l a t i o n  i n  this "stress r e s p o n s e " ,  b u t  t h e  

second l a r g e s t  g roup  seemed no t  a f f e c t e d .  O v a r i e s  from ' l ~ c ) n t r o l "  spec imens  

k i l l e d  and r e f r i g e r a t e d  on c a p t u r e  and from thosc' t h a t  d i e d  w i t h i n  5 h r  con- 

t a i n e d  an  advanced g roup  of m a t u r i n g  o v a ,  a s  p r r ' v ious ly  t l e s c r i h c d ,  and n s e c o n d ,  

smaller  g roup  t h a t  ave raged  lietween - 3 9  and .44 mm i n  diamctc>r  (Table  2 ) .  

Ovaries from f u l l y  o v u l a t e d ,  r u n n i n g  r i p e  f e m a l e s  and from t h o s e  r e c e n t l y  s p e n t  

c o n t a i n e d  a r e s i d u a l  g r o u p  of s i m i l a r ,  u n o v u l a t ~ d  ova t h a t  ave raged  . 3 9  t o  .44 

mm i n  d i a m e t e r  ( T a b l e  3 ) .  

c 
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T a b l e  3 .  

Date -- 

June 2 8  

J u l y  1 7  

J u l y  2 1  

J u l y  2 2  

J u l y  2 3  

J u l y  31 

Mean S i z e s  (mu)' o f  Largest Modal Group of Unovulated &a 
in Running-Ripe or R c c c n t l y  Spcsiit Skipjnck. 

1Ir A f t t . r  Ova 
Cap t I I r c --I__ D i a m e  t cr s t ;1 t us . - ._____ _. . 

8 
8 

4 6 
46  

r u n n i n g  r i p e  - 4 6  
r u n n i n g  r ipe  .46  

. 4 3  

.40 

7 r u n n i n g  r i p e  .43 

20.5 spc!n 1 
2 5  s p e n t  

2 32-39 
I 1  

I I  

2 6.5-15  

spc.11 t 
spent 
s p e n t  

spen t  

.42 

.39 

.40 

. 4 3  

.49 

. 45  

' S t a n d a r d  d e v i a t i o n s  .02 t o  .04 

2 
Found dead  in h o l d i n g  Lanks, t i m c  i n t e r v a l  since l a s t  seen alive 



- 
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Testes o f  males s a c r j f i c c t l  after 7 t o  8 . 5  11r a p p e n r c d  i d c n t i c n l  t o  t h o s e  

s a c r i f i c e d  and r e f r i g e r n t c d  on c a p t u r e .  A 1  1 males had tcstc,s t h a t  were n i a tu re ,  

w h i t e ,  and f i r m  and had a t h i c k ,  v i s c o u s  m i l t  i n  t h e  sperm d u c t s .  None of t h e  

males y i e l d e d  m i l t  on modera t e  s t r i p p i n g  pressure,  T h i s  i n d i c a t e s  tha t  e i t h e r  

t h e  males do n o t  have  a co r rc spon t l ing  s c m i n n l  h y d r a t i o i l  rc’sponse t o  c a p t u r e  

and conf inemen t ,  o r  t h a t  t h e i r  rc’sponse o c c u r s  v e r y  q u i c k l y  a f t e r  c ; ip tu rc  and 

t h e i r  t es tes  r e c o v e r  t o  a n  o r i g i n a l  a p p e a r a n c e  w i t h i n  a f e w  h o u r s .  D e s p i t e  

t h i s  seeming l a c k  o f  r e s p o n s e  by t h e  males and a l t h o u g h  we d i d  no t  observe any 

a p p a r e n t  spawning b e h a v i o r  i n  t h e  h o l d i n g  t a n k s ,  a v e r y  small  f r a c t i o n  of eggs 

r e l e a s e d  s p o n t a n e o u s l y  i n t o  the h o l d i n g  t a n k s  and r c c o v c r c d  by t h e  s t r n  i n c r  

were found t o  b e  f e r t i l i z e d  and unde rgo ing  embryonic deve lopment  ( e . g .  l ess  

t h a n  50 found among a b o u t  100,000 c o l l e r t e d  i n  tlic s t r a i n e r  t h e  morning of  

J u n e  2 9 ) ,  

The o v u l a t e d  ova, b o t h  t h o s e  r e l e a s e d  s p o n t a n e o u s l y  i n t o  t h e  t a n k s  and 

t h o s e  s t r i p p e d  from r i p e  f e m a l e s ,  w e r e  normal  i n  s i z e  a n d  a p p e a r a n c e ,  They 

were s p h e r i c a l ,  t r a n s p a r e n t ,  ave raged  nroiind 1 .0  I I I ~  i n  d i a m e t e r ,  and had a 

s i n g l e  o i l  g l o b u l e  a b o u t  ,24 mm i n  d i a m e t c r ,  T h e  F e r t i l i z a t i o n  ra tes  of ova 

s t r i p p e d  o u t  of f e m a l e s  abou t  8 h r  f o l l o w i n g  t h e i r  c a p t u r e  w e r e  o n l y  a b o u t  40 

t o  50%, b u t  t h i s  may r e f l e c t  ttic q u a l i t y  o r  quantity o f  tlie s m a l l  m o u n t s  of 

v i s c o u s  m i l  t squec,zed from t h e  rl issclctcd tcJstc’s. Thc c>mhryos ha t chcd  obit i n  

about .  30-31 hr a t  25-26 C ,  a n d  s [ ; i r t < d  fc .cdink;  o n  t h v  tliircl d a y  a f t e r  l ~ ~ i t r l i -  

l n g .  

n a u p l i i ,  w e  d i d  n o t  manage t o  r e a r  any bcyond t t i c ’  1211)  clay , ? f tc r  h a t c h i n g .  

R e a r i n g  t r i a l s  a re  e x p e c t e d  t o  c o n t i n u e .  

0 

Al though t h e y  f e d  a c t i v e l y  on r o t i f e r s  ( R r a r f i i n n u ~  - - ._ -. _I__ sp.) a n d  copepod 

% 



Conclus io i i s  

1. The “ s t r e s s - i n d u c e d “  m a t u r a t i o n  nnd OVlJlat ion of s k i p j a c k  t u n a ,  d i s c o v e r e d  

and documcntcd by t l l i s  s t u d y ,  rnrs:ins t l iat  P c r ~ i l  i zed  eggs ,  cmbryos,  axld 

l a r v a e  c a n  be  produced r e l i a b l y  a n d  predictably from c a p t i v e  spec imens  

of t h i s  s p e c i e s ,  

2 .  Q u e s t i o n s  r ema in  t o  be r e s o l v e d  ( s e e  r cconmenda t ions )  i n  o r d e r  t o  b e t t e r  

u n d e r s t a n d  this phenomenon and t o  d e t e r m i n e  or  improve t h e  p r e d i c t a b i l i t y  

of this r e s p o n s e  r e l a t i v e  t o  t i m e  of d a y ,  season,  and y e a r ,  

3 .  Because of t h e  i n a b i l i t y  of t h e  l a b o r a t o r y  t o  o b t a i n  l i v e  kawakawa from 

t h e  commerc ia l  f i s h i n g  b o a t s  d u r i n g  t h c  s t u d y  p e r i o d  and b e c a u s e  of t h e  

o v u l a t o r y  r e s p o n s c  and consequen t  s p e n t  c o n d i t i o n  of t h e  s k i p j a c k  females, 

a p p r o p r i a t e l y  m a t u r e  f e m a l e s  were not  a v a i l a b l e  f o r  hormone-induced spawning 

t r i a l s  on e i t h e r  s p e c i e s .  However, indurement  of spawning t h r o u g h  hormone 

t r e a t m e n t s ,  a l t h o u g h  d c w o n s t r a t c d  t o  h c  f c a s i b l c  w i t h  knwakawa (Kaya e t  a l ,  

1981)  , now appears a n  acadcwic  prohlcw n o  longer n e c c s s a r y  for  p r a c t i c a l  

spawning o p e r a t i o n s  w i t t i  s k i p j a c k  t u n a .  

4 .  At tempts  t o  rear s k i p j a c k  l a r v a e  have n o t  y e t  produced s u r v i v a l  beyond 

tile 1 2 t h  d a y  f o l  lowing  l rntcl i ing,  c’vcn t l i o u g h  the l a r v a e  appea red  normal  

and h e a l t h y  and f e d  a c t i v e l y .  S o l u t i o n  of t h i s  a s p e c t  w i l l  depend on 

further r e a r i n g  t r i a l s ,  e x p e r i m e n t a t i o n  w i t h  d i f f e r e n t  l a r v a l  f o o d s ,  

m o n i t o r i n g  of water q u i l l i t y  i n  tlie r c n r i n g  t a n k s ,  and d e t e r m i n a t i o n  of 

p o s s i b l e  e f f e c t s  of egg q u a l i t y  on  l a r v a l  v i a b i l i t y  ( s e e  recommendat ions) .  



S i n c e  f e r t i l i z e d  eggs  of s k i i i j a c - k  t u n a  r'iii now be produced ''on demand" 

' i t  1 o;ist d u r  111); t I i t b  s u l i i l i i ( b r  riioiitlis, a bro,~tJ  : . p c ~ I  rtim of r-xperinic-ntal  o b s e r v a -  

t i u u s  0 1 1  uu ib ryos ,  t c i r v i i ~ ~ ,  ciud ( w i t 1 1  t l ic  d c ~ v c ~ l o p i n c ~ i i t  o f  e f f e c t i v e  r e a r i n g  

t e c h n i q u e s )  j u v e n i l e s  w i l l  be made p o s s i b l e .  T o  b e t t e r  d e f i n e  t h e  p o t e n t i a l s  

f o r  and t h e  l i m i t a t  i o i i s  of a p p l y i n g  this o v i l l a t o r y  r e s p o n s e  t o  such  p r a c t i c a l  

p u r p o s e s ,  1 recommend thnt  p r i o r i t y  be givcm t o  c o n t i n u i n g  o r  i n i t i a t i n g  the 

r o l l o w i n g  s t u d i e s  a t  the Kcwalo Kesearch  F a c i l i t y :  

1. T h e  l a r v a l  r e a r i n g  e f f o r t s  shou ld  be c o n t i n u e d  and g i v e n  h i g h e s t  p r i o r i t y .  

W i t h  acc-ess t o  f c r t i l  i z c d  eggs now n s s u r c x l ,  these e f f o r t s  s h o u l d  e v e n t u a l l y  

d c v c ~ l o p  c h f  f e c l i v e  prnc. t~t lur ts  and p r o v i d e  t h e  means t o  p roduce  advanced  

young r o u t i n e l y .  

2 .  The r e l n t  i o n s h i p  s h o u l d  be de tc rmincd  between t h e  a n n u a l  r e p r o d u c t i v e  

cycle> of s k i p j l i c k  i n  l lawai ian wnt c'rs aiid tlic o v n i l a l > i l i t y  of r e s p o n s i v e  

f e m a l e s .  The f o l l o w i n g  s h o u l d  be done toward t h i s  o b j e c t i v e :  

A .  Weekly sampl ing  of o v a r i e s  from s k i p j a c k  d e l i v e r e d  t o  t h e  c a n n e r y  

s h o u l d  be coil t intic4 at l e a s t  tint i l  A1igiist 1981. 

13. L i v e  s k i p j a c k  s l iou ld  bc o b t a i n e d  on a t  l e a s t  a month ly  b a s i s  u n t i l  

August 1 9 8 1  a n d  c~ic l i  g roup  r e c e i v e d  s h o u l d  be  s u b j e c t e d  t o  t h e  r o u t i n e  

egg m o n i t o r i n g  ( s i p h o n  and s t r a i n e r )  and b i o p s y  and s t r i p p i n g  t e c h -  

n i q u e s  t o  tcst  f o r  ovulation. 

Thcsc  o b s e r v a t i o n s  s h o u l d  p r o v i d e  t h e  f o l l o w i n g :  

(1) Determine  t h e  p o r t i o n  o f  t h e  y e a r  when s k i p j a c k  c a n  be e x p e c t e d  

t o  undergo  t h e  o v u l a t o r y  r e s p o n s e .  
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( 2 )  I ) c t c b r i i i i l i ( ’  t l i t ’  size. t o  wiric . l i  n v , i  ~ I C I : ; ~  tlcbvelop b ( ~ f o r t ~  t h e  ftmales 

w i l l  r e s p o n d ,  and t h e  o c c u r m c c  o f  females advanced t o  t h i s  s t a t e  

a t  d i f f e r e n t  t i m e s  of t h e  yca r .  

( 3 )  P r o v i d e  l a r v a ( .  f o r  fnrt1ic.r rtx;ltrinl: t r i a l s .  

3 .  Ai1 ;iLLcwpl s h o u l d  I)c, ~ I I : I I . I ( *  t o  d ~ ~ L ( ~ r i ! i i n ~ ~  wlic’t  lirr ilrc.rc* is a r c ~ l n L i o n s h i J )  

between m a t u r i t y  of ova ( a s  i n d i c a t e d  by s i z e  of l a r g e s t  m a t u r i n g  g roup)  

and f e r t i l i z a t i o n  r a t e ,  h a t c h i n g  s u c c e s s ,  and t i m e  of s u r v i v a l  of l a r v a e .  

T h i s  c o u J d  be  c.xaniincvl b y  comparing I lie ova d i< imc te r s  f rom r e f r i g e r a t e d  

spccirnc>ns and t h c  f a t e  0 1  f c r t  i l i z c d  c’gi;:. a n d  l a r v a e  produccd  f rom members 

of t h e  same s c h o o l .  

4 .  Respons iveness  o f  o t h e r  spccics of  t u n a  s h o u l d  be t e s t e d :  

A .  Knwalcawa s l i o u l t l  l ) ~ >  o b t a i n e d  d u r i n g  t h c  s p r i n g  and summer  b r e e d i n g  

s c a s o n  and s u b j e c t e d  t o  the same procedural r o u t i n e  t o  d e t e r m i n e  

wlicther t h e y  w i l l  a l s o  undergo  a n  o v u l a t o r y  r e s p o n s e  t o  c a p t u r e .  

R .  C o n s i d e r a t i o n  shou ld  b c  g i v e n  t o  d e s i g n i n g  a s i m i l a r  expe r imen t  

t o  be conducted  a t  sea ,  e i ther  on a s h i p  with a l a r g e  b a i t w e l l  

o r  t h rough  t h e  u s e  of a f l o a t i n g  e n c l o s u r e ,  011 l a r g e r  s p e c i e s  l i k e  

ye]. 1.owf i n  t u n a .  

5 .  Tlic r c > l a t  i o n s h i p  betwccln t ime a f t e r  c a p t t i r e  a n d  s t a g e s  of o v a r i a n  r e s p o n s e  

s h o u l d  b e  b c t L e r  de f  i i i cd ,  T h i s  would i n v o l v e  p e r i o d i c  sampl ing  of c a p t i v e  

f i s h  u n t i l  spec imens  bconie r u n n i n g  r i p < . .  Because  of t h e  s h o r t  t i m e  t o  

comple t ion  o f  t h e  r e s p o n s e ,  s u c h  o b s e r v a t i o n s  would have  t o  be c o n d u c t e d ,  

o r  a t  l e a s t  i n i t i a t e d ,  oil board t h c  f i s l i i n g  v c s s c l .  
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