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PREFACE 

T h i s  r e p o r t  r e p r e s e n t s  a w r i t t e n  p r e s e n t a t i o n  f o r  t h e  
w o r k s h o p  o n  F o r c e s  o f  Change i n  Hawaii's Aku ( S k i p j a c k  T u n a )  
I n d u s t r y  h e l d  i n  H o n o l u l u  on A p r i l  3 0  a n d  May 1, 1986. The 
w o r k s h o p  was c o o r d i n a t e d  by  t h e  N a t i o n a l  M a r i n e  F i s h e r i e s  
S e r v i c e ,  S o u t h w e s t  F i s h e r i e s  C e n t e r  H o n o l  u l  u L a b o r a t o r y .  
Workshop r e s u l t s  w i l l  be  s u m m a r i z e d  i n  a f o r t h c o m i n g  S o u t h w e s t  
F i s h e r i e s  C e n t e r  Admi n i s t r a t i v e  R e p o r t .  

The  w o r k s h o p  p r e s e n t a t i o n s  w e r e  p r e p a r e d  b y  i n d e p e n d e n t  
s c i e n t i s t s  a n d  a r e  r e p o r t e d  h e r e  v e r b a t i m .  T h e r e f o r e  t h e  
r e s u l  t s r  c o n c l  u s i  ons, and r e c o m m e n d a t i o n s  a r e  t h o s e  of t h e  a u t h o r  
a n d  do n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  v i e w s  o f  t h e  N a t i o n a l  M a r i n e  
F i s h e r i e s  S e r v i c e .  



INTRODUCTION 

There are many causes t o  t h e  d e c l i n e  i n  t h e  tuna f i s h e r y  i n  H a w a i i ,  not 
t h e  least  among them being t h e  seeming d e c l i n e  i n  t h e  number of f i s h  
a v a i l a b l e  t o  t h e  f i s h e r y .  Even i f  w e  could know f o r  c e r t a i n  t h e  
b i o l o g i c a l  o r  oceanographic causes of t h e  d e c l i n e ,  i t  i s  no t  c l e a r  t h a t  
t h e  i n d u s t r y  could su rv ive  given t h e  p re sen t  economic condi t ions  of t h e  
tuna indus t ry  throughout t h e  U.S. - t h e  c l o s i n g  of most of t h e  
canner ies  and t h e  moving of t h e  f l e e t s  t o  f o r e i g n  f l a g s  o r  t o  more 
d i s t a n t  waters. However, i t  i s  worthwhile t o  t r y  t o  a s c e r t a i n  t h e  
causes of t h e  dec l ine ,  as d i f f e r e n t  answers could l e a d  t o  d i f f e r e n t  
f u t u r e  ac t ions .  

The main ques t ion  f o r  t h e  group today t h e r e f o r e  i s  whether t h e  d e c l i n e  
i s  due t o  ove r f i sh ing  of t h e  sk ip j ack  s tock,  whether environmental 
f a c t o r s  have increased  m o r t a l i t y  and decreased reproduct ion  t o  l e s s e n  
t h e  s tock ,  o r  whether t h e  f i s h  are s t i l l  out t h e r e  but  are migra t ing  t o  
a r e a s  f a r t h e r  from H a w a i i  due t o  changes i n  t h e  environment. 
Unfortunately,  s i n c e  w e  have r e l a t i v e l y  l i t t l e  d a t a  on t h e  sk ip j ack  
f i s h e r y ,  do not  know where t h e  f i s h  come from, and t h e r e f o r e  what o t h e r  
f i s h i n g  t akes  p l ace  on t h i s  s tock,  no d e f i n i t i v e  answer can be given t o  
t h i s  ques t ion .  However, it i s  p o s s i b l e  t o  3.ook a t  evidence both from 
H a w a i i  and from o t h e r  tuna  f i s h e r i e s  t o  s e e  what f a c t o r s  have in f luenced  
t h e  v a r i a t i o n s  i n  tuna abundance. 

Not s u r p r i s i n g l y ,  t h e  debate over whether v a r i a t i o n s  i n  t h e  sk ip j ack  
f i s h e r y  i n  H a w a i i  are due mainly t o  year -c lass  f l u c t u a t i o n  o r  due t o  
environmental f a c t o r s  i s  an o l d  one. Rothsehi ld  (1965) p r e s e n t s  an 
a n a l y s i s  t h a t  sugges ts  it i s  mainly due t o  yea r -c l a s s  f l u c t u a t i o n s .  
Seckel (19701, however, shows t h a t  t h e  da t a  a r e  not i n c o n s i s t e n t  wi th  
a model of buoys d i spe r s ing  w i t h  t h e  cu r ren t s .  E.C. Jones developed an 
index, based on t h e  l o c a t i o n  of t h e  20C isotherm i n  t h e  e a s t e r n  
P a c i f i c ,  t h a t  had a reasonable  c o r r e l a t i o n  wi th  t h e  y e a r l y  c a t c h  l e v e l .  
Jones hypothesized t h a t  t h e  tuna migrated i n  a unimodal d i s t r i b u t i o n ,  
and when t h e  isotherm w a s  more no r the r ly ,  t h e  mode of t h e  d i s t r i b u t i o n  
reached H a w a i i ,  whi le  when i t  w a s  more s o u t h e r l y  only t h e  t a i l s  of t h e  
d i s t r i b u t i o n  reached t h e  i s l a n d s .  

Today, I w i l l  f i r s t  look a t  t h e  ca t ch  record  from t h e  sk ip j ack  f i s h e r y ,  
and decompose i t  (much l i k e  economic d a t a  are decomposed) us ing  an 
a lgor i thm due t o  Gersch (from U.H.) and Kitigawa, t o  determine t h e  t r e n d  
i n  the  d a t a  and empi r i ca l ly  see when t h e  presumed d e c l i n e  began, i f  a t  
a l l .  Then, I w i l l  p resent  some new evidence, from H a w a i i  and elsewhere, 
t h a t  t una  are a f f e c t e d  by t h e  dominant oceanographic p a t t e r n s  i n  an 
area, and t h a t  t h i s  i n  p a r t  may exp la in  some of t h e  observed d e c l i n e  i n  
t h e  f i s h e r y .  

DECOMPOSITION OF T€XE SIZE-SPECIFIC CATCITES 

Figures  1-3 show t h e  o r i g i n a l  d a t a  and t h e  t r end  l i n e  f o r  t h e  c a t c h  of 
extra s m a l l ,  s m a l l  and medim s i z e  tuna f o r  t h e  y e a r s  1964-1982. While 
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t h e  ca t ch  of t h e s e  t h r e e  s i z e  c l a s s e s  has  f l u c t u a t e d  up and dawn over 
t h e  per iod  of ques t ion ,  t h e r e  i s  n e i t h e r  a long-term d e c l i n e  nor  
evidence of a short-term d e c l i n e  i n  t h e s e  s i z e  c l a s ses .  The most 
no t i ceab le  f e a t u r e  of t h i s  data i s  t h a t  t h e  b i g  c a t c h  i n  1965 w a s  due t o  
an unusual ly  l a r g e  ca t ch  of medium s i z e d  f i s h  t h a t  year.  

Figures 4-5 show t h e  o r i g i n a l  d a t a  and t h e  t r e n d  l i n e  f o r  t h e  c a t c h  of 
l a r g e  sk ip j ack  and t h e  t o t a l  c a t c h  of sk ip j ack  f o r  1964-1984. While 
previous ana lyses  of t h e  da t a  have suggested a slow l i n e a r  d e c l i n e  i n  
t h e  o v e r a l l  ca tch ,  t h e  t r ends  es t imated  he re  suggest t h a t  t h e  ca t ch  
collapsed a f t e r  1973 and has never  recovered, w i t h  what appears  t o  be  a 
one-time drop i n  l e v e l .  Moreover, t h e  d e c l i n e  i n  t h e  t o t a l  c a t c h  i s  
almost t o t a l l y  due t o  t h e  disappearance of t h e  l a r g e  f i s h  from t h e  
f i s h e r y  a f t e r  1972. 

While i t  may j u s t  be a coincidence, t h e  1972-1973 per iod  w a s  marked by a 
very s t rong  E l  Nino t h a t  caused t h e  v i r t u a l  c o l l a p s e  of t h e  anchoveta 
f i s h e r y  o f f  of Peru. Norton i n  a r e c e n t  study has  shown t h a t  t h e  1972- 
1973 event,  wh i l e  no t  as long i n  d u r a t i o n  as o t h e r  E l  Ninos, (and 
the re fo re  producing a smaller i n t e g r a t e d  e f f e c t )  heated t h e  ocean deeper 
and more quick ly  than  t h e  o t h e r  major E l  Ninos of t h e  l a s t  25-30 yea r s ,  
inc luding  t h e  major E l  Nino of 1982-1983. If t h e  1972-1973 E l  Nino i s  
indeed t h e  c u l p r i t  t h e  mechanism t h a t  caused t h e  disappearance of t h e  
l a r g e  tuna can only be guessed a t ;  moreover why t h e  l a r g e  s k i p j a c k  have 
not come back i n  t h e  in t e rven ing  y e a r s  i s  a l s o  a puzzle. S t i l l ,  t h e  
timing of t h e  d e c l i n e  i n  t h e  c a t c h  i s  my f i r s t  and i n t r i g u i n g  p i ece  of 
evidence t h a t  t h e  environment i s  a major f a c t o r  i n  t h e  d e c l i n e  of t h e  
s k i p j  ack f i s h e r y  . 
STATISTIW MODELS RKLATING “A AM) THE ENVIRONMENT 

Having seen what t h e  e m p i r i c a l  t r ends  t e l l  u s  about t h e  sk ip j ack  
f i s h e r y ,  w e  can examine some more d i r e c t  evidence that sugges t s  t h a t  
sk ip j ack  as w e l l  as o t h e r  tuna are a f f e c t e d  by oceanographic condi t ions .  
Several  y e a r s  ago I reexamined E.C. Jones hypothes is  u s ing  more 
so  phis t i c a t  ed st a t  is  t ical  techniques  . This a n a l y s i s  showed sever  a1 
things.  When examined by s i ze -c l a s ses ,  t h e  key component, no t  j u s t  i n  
terms of t o t a l  v a r i a b i l i t y  but  a l s o  i n  terms of t h e  underlying s t r u c t u r e  
of t h e  dynamics, is  t h e  ca t ch  of l a r g e  tuna.  This agrees  w i t h  t h e  
r e s u l t s  of t h e  decomposition presented  earlier.  

I developed an empi r i ca l  index based on t h e  p o s i t i o n  of t h e  20C isotherm 
f o r  t h e  months of January, February, and Apr i l  of t h e  win te r  preceding 
t h e  catch.  The formula f o r  t h e  index, as w e l l  as a p l o t  of t h e  index 
ve r sus  t h e  t o t a l  ca t ch  and c a t c h  of l a r g e  tuna i s  shown i n  f i g u r e  6. 
The index can be viewed as a weighted d i f f e r e n c e  between t h e  January 
p o s i t i o n  of t h e  i so therm and an average of t h e  February and Apr i l  
pos i t i ons .  I t  thus  i s  a measure of haw f a s t  t h e  20C isotherm moves 
northward - t h a t  i s  an i n d i r e c t  measure of t h e  warming of t h e  ocean. 
This area i n  t h e  ocean r e f l e c t s  bo th  t h e  C a l i f o r n i a  Current ex tens ion  as 
w e l l  as t h e  North Equa to r i a l  Current  and t h e  index  may be i n d i r e c t l y  



measuring f r o n t a l  s t r u c t u r e s  o r  o the r  p r o p e r t i e s  of t h e  waters 
dominating t h e  area t h a t  year. When lagged v a l u e s  w e r e  considered, t h e  
index was-found t o  be a good p r e d i c t o r  
t h e  Hawaiian I s lands .  

Recently, Claude Roy of ORSTOM and I 
of tuna i n  t h e  Gulf of Guinea area of f  
area d i f f e r s  g r e a t l y  from H a w a i i  - 

of t h e  c a t c h  of l a r g e  t u n a  o f f  of 

completed a s tudy of t h e  dynamics 
t h e  coas t  of  w e s t  Africa. This  
t h e  c o a s t a l  reg ions  are major - - 

upwelling reg ions  and t h e  area under s tudy i s  no t  an i s l a n d  group 
surrounded by huge areas of open ocean as i s  H a w a i i .  Also ,  t h e  tuna  
f i s h e r y  i n  t h e  Gulf of Guinea i s  a purse  s e i n e  f i s h e r y  r a t h e r  than  a 
pole  and l i n e  f i s h e r y ,  s o  t h e  cond i t ions  l e a d i n g  t o  favorable  ca tches  
may be  q u i t e  d i f f e r e n t .  However, t h e  r e s u l t s  of t h e  s tudy t e l l  us 
several i n t e r e s t i n g  t h i n g s  about the behavior  of tuna.  

The Gulf of Guinea w a s  d iv ided  i n t o  11 areas f o r  our study. A l o c a l  
model w a s  developed f o r  each area. Figure 7 summarizes t h e  r e s u l t s  of 
t he  l o c a l  models. Each area shows. on t h e  average whether wind o r  sea 
su r face  temperature  (SST) w a s  t h e  most important  p r e d i c t o r  i n  t h e  area. 
The C ( f o r  co lder )  and W ( f o r  warmer) g ives  t h e  d i f f e r e n c e  i n  SST two 
weeks and one month earlier t h a t  produced t h e  g r e a t e s t  CPUE. These 
parameters w e r e  always about equal  i n  a b s o l u t e  value.  What i s  
no t i ceab le  areas, 
and t h a t  a sharp  change i n  SST i s  des i r ab le .  r a t h e r  than  any one value.  
This sugges ts  t h a t  t h e  tuna  are a f f e c t e d  by upwelling. probably t ak ing  
advantage of t h e  concentrated food sources  produced by upwelling. 

i s  tha t  wind is  more dominant i n  t h e  major upwelling 

The l o c a l  models have t h e  a b i l i t y  t o  complete miss ing  data .  t h a t  i s  t o  
estimate i n  t h i s  i n s t a n c e  CPUE dur ing  per iods  when t h e r e  w a s  no f i s h i n g .  
As a tes t  of t h e  l o c a l  models, w e  a r t i f i c i a l l y  d e l e t e d  almost a yea r  of 
ye l lowf in  CPUE d a t a  from area 5, and rees t imated  t h e  models t o  see what 
va lues  were given by the model. The r e s u l t i n g  estimates are ve ry  c l o s e  
t o  the  observed v a l u e s  of CPUE ( f i g .  8); as t h e  only d a t a  a v a i l a b l e  t o  
the  model during t h i s  s t r e t c h  w a s  environment da t a  ( sea  su r face  
temperature and wind) t h i s  i s  s t rong  evidence t h a t  knuwledge of t h e  
environmental condi t ions  i s  s u f f i c i e n t  t o  o b t a i n  reasonable  p r e d i c t i o n s  
of CPUE. 

The l o c a l  winds i n  t h e  Gulf of Guinea do no t  appear  t o  be  s t r o n g  enough 
t o  produce t h e  level  of upwelling observed i n  t h a t  region. One theory 
i s  that  the zonal  winds o f f  the coas t  of B r a z i l  produce an  underwater 
wave c a l l e d  a Kelvin wave t h a t  f o r c e s  t h e  upwelling. The wave 
propagates when 
it i n t e r s e c t s  t h e  coast .  Figure 9 shows a t  a frequency of one y e a r  and 
six months t h e  dominant progress ion  of both SST and c a t c h  f o r  ye l lowf in  
tuna i n  t h e  area. SST progresses  much as i s  p red ic t ed  by t h e  theory.  
Moreover, w e  have extended t h e  a n a l y s i s  t o  a broader  area i n  t h e  Gulf, 
and t h i s  more c l e a r l y  shows a progress ion  i n  SST t h a t  i s  c o n s i s t e n t  w i t h  
t h i s  remote f o r c i n g  theory.  

a long t h e  equator  and then  poleward i n  both  d i r e c t i o n s  

What i s  more not iceable .  i s  t h a t  t h e  dominant progress ion  i n  t h e  CPUE 
f o r  tuna  fo l lows  roughly t h e  same p a t t e r n ,  s l i g h t l y  lagging  t h e  SST 
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progression. W e  estimate t h a t  some 50 t o  60 pe rcen t  of t h e  v a r i a n c e  i n  
the  d a t a  a t  a l l  11 areas a t  t h e s e  f requencies  are contained i n  t h i s  
dominant progression.  Since t h e  SST progress ion  does n o t  real ly  reach 
a l l  11 areas, i n  some areas t h e  p r e d i c t a b i l i t y  i s  even higher.  

Why should tuna  follow a progress ion  of SST t h a t  i s  a s soc ia t ed  wi th  
upwelling? Again, upwelled waters i n  Eas t e rn  Boundary Current areas are 
known t o  b e  a s soc ia t ed  wi th  plankton blooms and aggregat ions.  Other 
recent  s t u d i e s  have.shown t h a t  o t h e r  f i s h  s p e c i e s  t h a t  feed  on plankton 
also  e i t h e r  come t o  t h e  su r face  o r  aggrega te  fo l lowing  upwelled waters. 
The most l i k e l y  explana t ion  t h e r e f o r e  i s  t h a t  t h e  tuna  are fol lowing 
food sources ,  and t h a t  t h e i r  migratory p a t t e r n s  are inf luenced  by t h e  
oceanographic condi t ions  t h a t  produce food. (As an a s ide ,  a r e c e n t  
tagging t o  
t h e  one Claude and I found us ing  s t a t i s t i ca l  models.) 

s tudy has  proposed a migratory p a t t e r n  f o r  t h e  tuna similar 

CONCLUSION 

The Gulf of Guinea r e s u l t s  are similar i n  s p i r i t  t o  Seckel ' s  and Jones'  
hypothesis  r a t h e r  than t o  Rothschi ld 's .  Tuna are p r e t t y  s imilar  
throughout t h e  world,  and i t  would be ve ry  s u r p r i s i n g  i f  t he  sk ip j ack  
tuna around H a w a i i  are inf luenced  by very d i f f e r e n t  f a c t o r s .  W e  should 
f u r t h e r  no te  t h a t  1982 w a s  t h e  s ta r t  of a major E l  Nino, and t h a t  s i n c e  
1976, t h e r e  has  been an  o v e r a l l  warming i n  t h e  ocean, as i f  a change i n  
regime w e r e  t ak ing  p lace ,  These events  may h e l p  exp la in  why t h e  l a r g e  
sk ip jack  have no t  r e tu rned  s i n c e  t h e  c o l l a p s e  fo l lowing  1973. There i s  
good reason  t o  b e l i e v e  t h a t  t h e  environment has  inf luenced  t h e  catch.  

What i s  not clear, f i n a l l y ,  is whether t h e  t u n a  have j u s t  been moved 
elsewhere, o r  whether t h e s e  changes have a f f e c t e d  t h e  reproduct ion  and 
mor ta l i t y  of s tocks .  

As I s a i d  a t  t h e  s ta r t ,  I have presented some evidence t h a t  tuna fol low 
favorable  environments, f avorab le  i n  t h e  sense  of food sources,  and t h a t  
t he  environment may w e l l  be  a major cause i n  t h e  observed d e c l i n e  i n  
sk ip jack  ca t ch  o f f  H a w a i i .  However, as I a l s o  s t a t e d  earlier, i t  i s  not  
clear t h a t  even i f  t h i s  i s  t r u e  t h a t  t h e  level  of knowledge w e  have now 
about t h e  problem is  adequate  to overcome t h e  o t h e r  problems f a c i n g  t h e  
sk ip jack  f i s h e r y  around t h e  i s l a n d s .  
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7s : Summary of thc. [oca\ -wrodetS f o r  yellowfin, In the upper 
corner of each area is the environmental paraueter which 
contributes the mcat to the predictive power of the local 
model. 

The C and W in the lower corner indicate the time periods 
t-1 and t-2 that yield optimum CPUE. 

- W means relatively warmer water 
- C means relatively colder water 
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corner of each area is the environmental parameter which 
contributes the most to the predictive power of the local I - . -  - model. 

The C and b? in the lower corner indicate the time periods 
t -1 and t-2 that yield optimum CPUE. 

- W means-relatively warmer water 
- C means relatively colder water 
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