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I n  t h e  l a s t  6 months, we have had t o  r e o r g a n i z e  and r e a l i g n  

o u r  r e s e a r c h  programs i n  o r d e r  t o  p l a c e  major emphasis on h i g h  p r i o r i t y  

t a s k s .  It has  been decided t h a t  t h e  Honolulu Labora tory ' s  major t h r u s t  

should be i n  t h e  assessment  and development o f  t h e  s k i p j a c k  tuna (Katsuwonus 

pelamis)  r e s o u r c e s .  There is g e n e r a l  agreement t h a t  t h e  s k i p j a c k  tuna 

resource  is l a r g e  and r e l a t i v e l y  u n d e r u t i l i z e d .  From t h e  p o i n t  of view 

o f  t h e  American tuna i n d u s t r y ,  i t  is important  t o  develop s k i p j a c k  tuna 

f i s h e r i e s  i n  o r d e r  t o  keep the  i n d u s t r y  v i a b l e ,  p a r t i c u l a r l y  the  purse 

s e i n e r  segment o f  t he  i n d u s t r y .  The tuna processors  i n  t h e  United S t a t e s  

need new s o u r c e s  o f  raw materials, and they would l i k e  to see American 

i n t e r e s t s  develop t h e  s k i p j a c k  tuna f i s h e r i e s .  The Governments of H a w a i i ,  

American Samoa, Guam, and t h e  T r u s t  T e r r i t o r y  o f  t h e  P a c i f i c  I s l a n d s  have 

r a i s e d  a u n i f i e d  vo ice  c a l l i n g  f o r  s k i p j a c k  tuna  f i s h e r y  development i n  

t h e i r  r e s p e c t i v e  a r e a s  i n  o r d e r  to expand t h e i r  economic base.  Thus, 

Llrere is g r e a t  i n t e r e s t  i n  t h e  U.S. very similar to J a p a n ' s  c u r r e n t  

"sk ip jack  boom." 
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One of t h e  major  c o n s t r a i n t s  today t o  t h e  increased  h a r v e s t  o f  

s k i p j a c k  tuna by American i n t e r e s t s  i n  t h e  c e n t r a l  and wes tern  P a c i f i c  

i s  t h e  problem o f  l i v e - b a i t  supply.  Although a r e a s  such as American 

Samoa, t h e  T r u s t  T e r r i t o r y ,  Guam and Hawaii a l l  hold p o t e n t i a l  fa:  g r e a t l y  

increased  h a r v e s t  o f  s k i p j a c k  tuna,  they are  uniformly hampered by t h e  

problem of inadequate  l i v e - b a i t  resources .  The Hawaiian f i s h e r y  f o r  

s k i p j a c k  tuna  exper iences  c o n s i d e r a b l e  f l u c t u a t i o n s  i n  landings  from 

yea r  t o  y e a r .  One o f  t h e  reasons  f o r  t h e  f l u c t u a t i o n  i s  t h e  s h o r t a g e  of 

l i v e  b a i t .  The s e a s o n a l  a v a i l a b i l i t y  o f  t h e  Hawaiian anchovy, nehu 

(Stolephorus purpureus) ,  v a r i e s  g r e a t l y ,  b u t  i n  g e n e r a l  the supply  is 

i n s u f f i c i e n t  t o  a l low maximum f i s h i n g  e f f o r t  by the  e x i s t i n g  f l e e t  o f  

v e s s e l s .  The problem i s  p a r t i c u l a r l y  s e r i o u s  d u r i n g  t h e  peak s k i p j a c k  

tuna  season,  from around May t o  September, when many o f  t h e  b o a t s  spend 

c o n s i d c r a b l c  timc c a t c h i n g  b a i t  necdcd t o  f i s h  s k i p j a c k  tuna by the  pole- 

and- l ine  method. Obviously, i f  t h e  boa t s  could f i s h  s k i p j a c k  tuna i n s t e a d  

o f  spending so much t i m e  i n  c a t c h i n g  b a i t ,  t h e  landings  of t h e  Hawaiian 

f i s h e r y  would i n c r e a s e  p r o p o r t i o n a t e l y .  

A s l i g h t l y  d i f f e r e n t  s i t u a t i o n  a p p l i e s  t o  American Samoa and 

Guam. In  t h e s e  p l a c e s ,  s u i t a b l e  b a i t f i s h  are  v i r t u a l l y  n o n e x i s t e n t .  Any 

f i s h e r y  development would have t o  r e l y  on a method of f i s h i n g  t h a t  e n t i r e l y  

foregoes  t h e  use  o f  b a i t f i s h  (e.g. purse  s e i n i n g )  o r  b a i t f i s h  would have 

to be made a v a i l a b l e  (e .g .  a q u a c u l t u r e  of b a i t f i s h  f o r  po le-and- l ine  

f i s h i n g ) .  The prewar exper iences  of t h e  Japanese have i n d i c a t e d  t h a t  

b a i t  supply w a s  t h e  p r i n c i p a l  f a c t o r  l i m i t i n g  c a t c h e s  i n  t h e  former 

Japanese Mandated I s l a n d s  ( p r e s e n t  T r u s t  T e r r i t o r y ) .  
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Purse s e i n i n g  may be t h e  answer t o  what appears  t o  be a u n i v e r s a l  

problem of b a i t  supply.  However, expe r i ences  t o  date sugges t  t h a t  t h e  

h i g h l y  developed U.S. purse  s e i n e  technology needs cons ide rab le  modifica- 

t i o n s  be fo re  t h i s  method can work s u c c e s s f u l l y  i n  t r o p i c a l  waters of t h e  

c e n t r a l  and wes tern  P a c i f i c .  I n d i c a t i o n s  are, p a r t i c u l a r l y  from Japanese  

p u r s e  s e i n e  exper iments ,  t h a t  purse  s e i n i n g  can  be made t o  work by modi- 

f i c a t i o n s  of t h e  gea r  and by t h e  development of new s e i n i n g  techniques  

i n  response  t o  environmental  c o n d i t i o n s  ( c l e a r e r  wa te r ,  deeper  thermocl ine)  

and f i s h  behavior  ( s m a l l e r  s k i p j a c k  tuna  schoo l s ,  f a s t e r  moving schoo l s ,  

e t c . )  i n  t hese  t r o p i c a l  wa te r s  which a r e  cons ide rab ly  d i f f e r e n t  from t h e  

e a s t e r n  t r o p i c a l  P a c i f i c .  

Both pu r se  s e i n i n g  and po le -and- l ine  f i s h i n g  methods should be 

developed f u r t h e r  i f  we are t o  f u l l y  r e a l i z e  t h e  p o t e n t i a l  h a r v e s t  of t h e  

s k i p j a c k  tuna r e source  i n  t h e  c e n t r a l  and wes tern  P a c i f i c  Ocean. 

Labora tory ,  because of  funding l i m i t a t i o n s ,  w i l l  probably n o t  be a b l e  t u  

c a r r y  o u t  any e x t e n s i v e  pu r se  s e i n e  exper iments .  We f e e l  t h a t  t h e  U.S .  

tuna  i n d u s t r y  w i l l  soon begin  c a r r y i n g  o u t  t hese  exper iments ,  and we w i l l  

t hen  be p rov id ing  them wi th  whatever suppor t  p o s s i b l e .  

w e  hope t o  begin  immediately by concen t r a t ing  our  e f f o r t s  i n  t h e  b a i t f i s h  

problem . 

Our 

On t h e  o t h e r  hand, 

There a re  s e v e r a l  p o s s i b l e  s o l u t i o n s  t o  t h e  b a i t f i s h  problem. 

These are 1) aquacu l tu re  o f  b a i t f i s h ,  2 )  development of a r t i f i c i a l  b a i t ,  

and 3 )  t r a n s p o r t a t i o n  of b a i t f i s h  from a r e a s  of p l e n t y  t o  a r e a s  where they 

are u n a v a i l a b l e  o r  i n  s h o r t  supply.  

. 
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In Hawaii, some p re l imina ry  s t u d i e s  have shown t h a t  c u l t u r i n g  

o f  b a i t f i s h  i s  no t  one of t h e  b e t t e r  a l t e r n a t i v e s .  The h igh  c o s t  of  

b a i t f i s h  c u l t u r e  due i n  l a r g e  p a r t  t o  t h e  h igh  c o s t  o f  land a c q u i s i t i o n  

i s  a major  f a c t o r  i n  t h i s  f i nd ing .  Never the less ,  a more d e t a i l e d  s tudy  

o f  t he  problem i s  needed be fo re  t h i s  a l t e r n a t i v e  can be r u l e d  o u t  as a 

p o s s i b l e  s o l u t i o n  t o  Hawaii's b a i t f i s h  problem. A r t i f i c i a l  b a i t  o f  va r ious  

k inds  has  been t e s t e d  i n  H a w a i i ,  bu t  r e s u l t s  have n o t  been t o o  promising. 

The approach t h a t  seems t o  be  most f e a s i b l e  a t  t h i s  t i m e  i s  to t r a n s p o r t  

b a i t f i s h  from C a l i f o r n i a  t o  H a w a i i  t o  supplement Hawaii's n a t u r a l  b a i t  

supply.  

be moved t o  Hawaii on  a r e g u l a r  b a s i s  i n  a c o s t - e f f e c t i v e  manner, t h i s  

w i l l  permi t  t h e  p r e s e n t  f i s h i n g  vessels t o  devote  more t i m e  t o  f i s h i n g  

s k i p  j ack  tuna,  and enab le  them t o  increase t h e i r  l and ings  p r o p o r t i o n a t e l y .  

Furthermore, t h e  a v a i l a b i l i t y  o f  b a i t  would remove one of t h e  major  con- 

I f  t h e  n o r t h e r n  anchovy (Engrau l i s  mordax) from C a l i f o r n i a  can 

s t r a i n t s  t o  new inves tments  i n  t h e  f i s h e r y  and t h e r e  i s  every  p o s s i b i l i t y  

t h a t  a d d i t i o n a l  v e s s e l s  would j o i n  t h e  Hawaiian s k i p j a c k  tuna  f l e e t .  The 

success  o f  t h i s  approach r e q u i r e s :  1 )  a s u i t a b l e  v e h i c l e  w i t h  an e f f e c t i v e  

l i f e - s u p p o r t  system t h a t  w i l l  permi t  t r a n s p o r t  of  b a i t f i s h  t o  H a w a i i  w i th  

l i t t l e  m o r t a l i t y ,  2 )  a r e l i a b l e  b a i t  s u p p l i e r  i n  C a l i f o r n i a ,  3 )  a r e l i a b l e  

schedule  o f  b a i t f i s h  t r a n s p o r t ,  and 4 )  a c c e p t a b i l i t y  o f  t h e  b a i t f i s h  by 

t h e  f ishermen f o r  s k i p j a c k  tuna  f i s h i n g .  The l a t t e r  r e q u i r e s  t h a t  t h e  

b a i t f i s h  be e f f e c t i v e  i n  producing s k i p j a c k  tuna,  and t h a t  t he  f ishermen 

be w i l l i n g  t o  pay f o r  them i n  an  amount t h a t  would make the t r a n s p o r t  

program a se l f -pay ing  ven tu re .  

chance of  immediate payoff t o  t h e  Hawaiian f i s h i n g  i n d u s t r y ,  and w i t h  

a p p l i c a t i o n  t o  o t h e r  areas,  i s  r e c e i v i n g  ou r  immediate a t t e n t i o n .  

This  type of  a c t i o n  program wi th  a good 
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W e  have d i scussed  t h i s  program with members of t h e  

Hawaiian tuna  i n d u s t r y  and wi th  v a r i o u s  r e s e a r c h e r s ,  and have r ece ived  

e n t h u s i a s t i c  response .  The i n d u s t r y  members have assured  us  t h a t  they 

w i l l  purchase  t h e  anchovy and, i f  t h e  b a i t - t r a n s p o r t  system i s  proven 

c o s t - e f f e c t i v e ,  t h a t  they w i l l  t ake  over  t h e  f u l l - s c a l e  system under 

p r i v a t e  e n t e r p r i s e .  Of cour se ,  we have a long way t o  go b e f o r e  a f u l l -  

scale system i s  r e a l i z e d .  

A s  a means o f  t r a n s p o r t i n g  b a i t  from C a l i f o r n i a  t o  H a w a i i ,  

we examined s e v e r a l  p o s s i b l e  a l t e r n a t i v e s .  For example, we cons idered  

u s i n g  C a l i f o r n i a  a lbacore  f i s h i n g  v e s s e l s  t o  t r a n s p o r t  t h e  b a i t f i s h  i n  

t h e i r  b a i t  tanks.  We know t h a t  anchovy can be c a r r i e d  i n  b a i t  t anks  

w i t h  l i t t l e  m o r t a l i t y  from previous  expe r i ences  wi th  o u r  r e s e a r c h  ves- 

sels. However, we found t h a t  t h e s e  f i s h i n g  v e s s e l s  cannot be depended 

upon t o  c a r r y  o u r  b a i t  r e g u l a r l y ,  s i n c e  they  would p r e f e r  t o  go f i s h i n g  

f o r  a lbacore  du r ing  t h e  peak seasons .  They would only  ag ree  t o  t r a n s -  

p o r t  b a i t  du r ing  t h e i r  o f f - seasons ,  and t h i s ,  o f  cour se ,  would n o t  

s a t i s f y  t h e  requi rements  o f  t h e  Hawaiian f i s h i n g  i n d u s t r y .  

We have a l s o  cons idered  s e v e r a l  o t h e r  a l t e r n a t i v e s  such as 

us ing  a barge  t o  c a r r y  l a r g e  amounts of b a i t  a c r o s s  the  ocean. The 

c o s t s  were p r o h i b i t i v e .  

decided t h a t  t h e  method t h a t  secms most economically f e a s i b l e ,  and one 

O f  t h e  s e v e r a l  p o s s i b l e  a l t e r n a t i v e s ,  w e  

t h a t  can  be r e l i a b l y  scheduled, employs a l a r g e  tank t h a t  can be t r a n s -  

por ted  ove r  t h e  oceans by a commercial f r e i g h t e r .  There is  a f r e i g h t e r  

running  between C a l i f o r n i a  and H a w a i i  t h a t  c a r r i e s  r o l l  o n / r o l l  o f f  

cargo .  Anything on wheels can  be r o l l e d  on i n  C a l i f o r n i a  and be 
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t r a n s p o r t e d  t o  H a w a i i  i n  4 days. The s h i p  makes a round t r i p  t o  

H a w a i i  eve ry  10 days.  

The n e x t  s t e p  was t o  l o c a t e  a b a i t - t r a n s p o r t i n g  t ank  on 

wheels.  

seems t o  m e e t  t h e  requi rements .  The tank i s  on a t ra i ler  and i s  towed 

by a t r a c t o r .  We acqui red  both t h e  t a n k - t r a i l e r  and t h e  t r a c t o r ,  

and began modifying i t  f o r  u se  as a b a i t  t r a n s p o r t .  The tank has  a 

5 ,000-ga l lon  c a p a c i t y .  Large h a t c h  covers  were welded over  each of 

t h e  t h r e e  compartments i n  t h e  t ank  f o r  easy  access .  We then  proceeded 

t o  b u i l d  a l i f e - s u p p o r t  system c o n s i s t i n g  of a g a s o l i n e  pump t o  c i r c u l a t e  

water i n  t h e  tank,  a f i l t e r ,  an a e r a t o r ,  e t c .  The t ank  i s  made t o  

o p e r a t e  w i t h  both  a c losed ,  r e c i r c u l a t i n g  system ashore  and an  open 

system whi l e  i n  t r a n s i t  on  t h e  f r e i g h t e r .  The water supply w i l l  be  

fu rn i shed  through the s h i p ' s  system. 

We found a s u r p l u s  U . S .  Navy a i r c r a f t  r e f u e l i n g  tank  t h a t  

We began working on t h i s  tank i n  November, and have 

e s s e n t i a l l y  completed t h e  m o d i f i c a t i o n s  inc lud ing  c l e a n i n g  of t h e  tank,  

p a i n t i n g  of t h e  i n t e r i o r ,  b u i l d i n g  a l i f e - s u p p o r t  system. The schedule  

c a l l s  f o r  t e s t i n g  of t h e  system i n  Honolulu wi th  a load of t h r e a d f i n  

shad (Dorosoma pe tenense)  be fo re  sh ipp ing  t h e  tm k t o  C a l i f o r n i a  f o r  

a d d i t i o n a l  on-shore tests wi th  n o r t h e r n  anchovy. One o f  t h e  impor tan t  

t es t s  i n  C a l i f o r n i a  w i l l  be t o  determine t h e  b a i t - c a r r y i n g  c a p a c i t y  

o f  t h e  tank.  When eve ry th ing  is found ready ,  we w i l l  make the  f i r s t  

t r i a l  shipment.  We hope t h a t  by e a r l y  nex t  month (March 1974) t h e  f i r s t  

t r i a l  shipment can  be made. 
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Some o f  t h e  problems t h a t  need t o  be overcome inc lude :  1 )  

o b t a i n i n g  s t r o n g  b a i t  i n  C a l i f o r n i a ,  2) provid ing  s u f f i c i e n t  c i r c u l a t i o n  

and a e r a t i o n  o f  t h e  water to  i n s u r e  s u f f i c i e n t  oxygen s i n c e  oxygen 

consumption i n c r e a s e s  markedly w i t h  i n c r e a s e  i n  water tempera ture ,  3)  

developing  an e f f i c i e n t  method o f  removing dead b a i t  from t h e  tank,  

and 4 )  developing  a method of t r a n s f e r r i n g  t h e  b a i t  from t h e  tank t o  

t h e  f i s h i n g  v e s s e l  w i th  l i t t l e  m o r t a l i t y .  A l l  o f  t h e s e  are d i f f i c u l t  

problems bu t  we are hopefu l  o f  s o l v i n g  them one a t  a t i m e .  

One of t h e  most s e r i o u s  problems i s  t h e  m a t t e r  of c i r c u l a t i o n  

i n  t h e  tank  s i n c e  t h i s  tank was n o t  o r i g i n a l l y  b u i l t  f o r  c a r r y i n g  f i s h  

and t h e  shape i s  f a r  from opt imal .  There i s  l i t t l e  t h a t  can be done 

about  t h i s .  Oxygen consumption i s  ano the r  s e r i o u s  problem. We have 

based our  oxygen requi rements  on some d a t a  publ i shed  i n  t h e  Katsuo- 

Maguro Nenkari, 1971 ( d a t a  a t t r i b u t e d  t o  t h e  Mie S u i s h i )  and a l s o  on 

some of our  own experiments a t  t h e  La J o l l a  Labora tory .  A t  t h e  La 

J o l l a  Labora tory  we  have conducted oxygen consumption tests at  temper- 

a t u r e s  ranging  from 16" t o  28°C o r  roughly  t h e  tempera tures  encountered 

i n  t h e  c r o s s i n g  from C a l i f o r n i a  t o  H a w a i i .  F o r t u n a t e l y ,  t he  tempera ture  

change i s  r a t h e r  g r a d u a l ,  u n l i k e  t h e  ab rup t  tempera ture  i n c r e a s e s  

experienced by Japanese  v e s s e l s  when heading f o r  t h e  sou the rn  f i s h i n g  

grounds.  

I f  we can t r a n s p o r t  anchovy from C a l i f o r n i a  t o  H a w a i i  i n  

s u f f i c i e n t  q u a n t i t i e s  and on a r e g u l a r l y  scheduled b a s i s ,  t h i s  w i l l  

n o t  on ly  permi t  our  e x i s t i n g  b o a t s  t o  spend more t i m e  f i s h i n g ,  bu t  

w i l l  encourage new v e s s e l s  t o  j o i n  t h e  f l e e t .  Already t h e r e  i s  
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c o n s i d e r a b l e  i n t e r e s t  i n  new inves tments ,  b u t  t h e s e  are d iscouraged  by 

t h e  problem o f  b a i t  supply.  I f  b a i t  supply i s  no problem, i t  i s  very  

l i k e l y  t h a t  new boa t s  w i l l  come i n t o  Hawaii, and t h a t  t h e r e  w i l l  be a 

c o n s i d e r a b l e  expans ion  of t h e  f i s h e r y .  

A t  t h e  p r e s e n t  t i m e ,  a group of r e s e a r c h e r s  i s  readying  t h e  

tank  f o r  a t r ia l  shipment of anchovy from C a l i f o r n i a  t o  Hawaii. Before 

sh ipp ing  t h e  tank  t o  C a l i f o r n i a ,  t h e  l i f e - s u p p o r t  system w i l l  be  t e s t e d  

i n  Honolulu w i t h  a load of t h r e a d f i n  shad. I f  t h e  shad can be he ld  i n  

a c losed  r e c i r c u l a t i n g  system, then  t h e  t ank  w i l l  be s e n t  over  t o  Los 

Angeles by way o f  c m e r c i a l  f r e i g h t e r  f o r  another  on-shore  test  w i t h  

n o r t h e r n  anchovy. The optimum c a r r y i n g  d e n s i t y  w i l l  be determined 

be fo re  t h e  f i r s t  t r i a l  shipment.  I h o p e  t h a t  t h i s  experiment works 

w e l l ,  and t h a t  we c a n  prove t h i s  system t o  be c o s t - e f f e c t i v e .  By 

demonst ra t ing  t o  t h e  Hawaiian tuna i n d u s t r y  t h a t  an adequate  b a i t  

supply  can  be moved t o  Hawaii i n  t h i s  manner, we are hopefu l  t h a t  t h e  

i n d u s t r y  w i l l  t ake  over  t h e  system f o r  a f u l l - s c a l e  o p e r a t i o n .  




