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PREFACE 

i 

This  r e p o r t  was prepared during a summer's f e l l o w s h i p  a t  t h e  Southwest 
F i s h e r i e s  Center Honolulu Laboratory.  The purpose of t h e s e  f e l low s h i p s  i s  
t o  b r i n g  u n i v e r s i t y  s c h o l a r s  i n t o  a n  a p p l i e d  r e s e a r c h  s e t t i n g .  Academic 
'freedom i s  preserved. Because t h e  r e p o r t  w a s  p repared  by an independent 
f a c u l t y  fe l low,  i t s  s t a t emen t s ,  f i nd ings ,  conclusions,  and recommendations 
are t h o s e  of D r .  Hudgins and do n o t  n e c e s s a r i l y  r e f l e c t  t h e  view of t h e  
Nat ional  Marine F i s h e r i e s  Service.  

Samuel G. Pooley 
Indus t ry  Economist 



INTRODUCTION 

The s i z e  of a product i s  o f t e n  a q u a l i t y  v a r i a b l e  and an important  
determinant  of demand. 
p r i c e  premium o r  p r i c e  discount .  
same r o l e  as o t h e r  determinants  of demand such as income, tastes, and t h e  
p r i c e  of s u b s t i t u t e  commodities.' 
a f f e c t s  p r i c e s ,  t h e  income of fishermen i s  a f f e c t e d  by any change i n  t h i s  
composition. The composition of t h e  c a t c h  i s  p o t e n t i a l l y  under t h e  con t ro l  
of t h e  fishermen themselves i n  many f i s h e r i e s . 2  Fishermen can change t h e  
level of t h e i r  l andings  o r  t a r g e t  d i f f e r e n t  schools  of f i s h  i n  a t t empt s  t o  
raise t h e  va lue  of  t h e i r  t o t a l  catch.  

I n  many markets p a r t i c u l a r  s i z e  f i s h  command a 
I n  economic terms, s i z e  of f i s h  p l ays  t h e  

Since t h e  s i z e  composition of t h e  ca t ch  

Skipjack tuna,  Katsuwonus pelamis, f ishermen i n  Honolulu, H a w a i i  
contend t h a t  " large" tuna are r e c e n t l y  less p l e n t i f u l  than  i n  previous 
years .  I f  th i s  is  t r u e ,  then  they have l o s t  a major po r t ion  of t h e i r  
a b i l i t y  t o  t a r g e t  p a r t i c u l a r  f i s h  and raise t h e i r  incomes. The purpose of 
t h i s  r e sea rch  i s  t o  r e p o r t  t h e  r e s u l t s  of s t a t i s t i c a l  a n a l y s i s  which tes ts  
t h e  f ishermen's  content ion.  I n  add i t ion ,  i t  i s  argued t h a t  t h e  causes  of 
t h i s  changing s i z e  composition may be economic i n  o r i g i n .  The conclusion 
i s  t h a t  a dec l ine  i n  H a w a i i  sk ip j ack  tuna f ishermen incomes of over  $2  
m i l l i o n  annual ly  is  the  consequence of economic a c t i v i t y  elsewhere i n  t h e  
P a c i f i c  Ocean and t h e  i n c r e a s e  i n  f u e l  c o s t s  s i n c e  1973. The paper  i s  
arranged as fol lows:  P a r t  I g ives  a b r i e f  d e s c r i p t i o n  of t h e  f i s h e r y ,  p a r t  
I1 is  a d i scuss ion  of t h e  s t a t i s t i ca l  r e s u l t s  t e s t i n g  whether annual  
composition and seasonal  composition of ca t ch  have changed and i n  what 
d i r e c t i o n ,  p a r t  I11 i s  an examination of t h e  v a r i o u s  economic f a c t o r s ,  
endogenous and exogenous t o  t h e  f i s h e r y ,  which have been proposed as causes 
f o r  t h e  s i z e  change, and p a r t  IV desc r ibes  t h e  consequences f o r  H a w a i i  
fishermen incomes when s i z e  composition changes. 

I. DESCRIPTION OF TKE FISHERY 

H i s t o r i c a l l y  t h e r e  w e r e  12 t o  15  vessels based i n  H a w a i i  f i s h i n g  f o r  
sk ip j ack  tuna w i t h  pole  and l i n e .  Fishermen chum w i t h  nehu, Stolephorus 
purpureus,  an anchovy type  f i s h  caught i n  Pearl Harbor and Kaneohe Bay. 
The tuna  are so ld  i n  a f r e s h  f i s h  market and u n t i l  January 1985 i n  a 
processor  market (cannery).  I n  January 1985, t h e  cannery closed.  By Apr i l  
1986, t h e r e  were n ine  vessels a c t i v e l y  f i s h i n g .  

'See Gates (1974) f o r  d i scuss ion  of t h e o r e t i c a l  i s s u e s  of f i s h  s i z e  
i n  demand curves. 

2According t o  Garrod and Chong (1978:14) approximately 85-90% of f r e s h  
sk ip j ack  i n  H a w a i i  i s  s o l d  a t  r e t a i l  l e v e l  as f i l l e t s ,  s t eaks ,  and sashimi 
s t y l e .  The p r i c e  premium is  r e l a t e d  t o  the f a c t  t h a t  "large'1 have a rela- 
t i v e l y  h igher  y i e l d  per  f i s h  and r e q u i r e  lower l a b o r  c o s t s  per  pound t o  
f i l l e t  . 



The f i s h  are s o l d  by s i z e  category,  and " l a rge"  sk ip j ack  tuna  (>15 l b  
(7 kg))  command t h e  h i g h e s t  p r i c e .  The p r i c e  v e c t o r  r e f l e c t s  t h e  e a t a b l e  
y i e l d  of t h e  v a r i o u s  s i z e s .  Large f i s h ,  f o r  example, y i e l d  about 50% 
e a t a b l e  meat, and medium, small. and extra s m a l l  f i s h  y i e l d  approximately 
43, 40, and 30%, respec t ive ly .3  
depends on t h e  s k i l l  of t h e  person f i l l e t i n g  t h e  f i s h .  

V a r i a t i o n  i n  a c t u a l  e a t a b l e  y i e l d  ais0 

The usua l  season f o r  sk ip j ack  tuna i s  cons idered  t o  be from Apr i l  t o  
October when " la rge"  f i s h  are p l e n t i f u l .  The y e a r s  1972 and 1973 were the  
peak f o r  ' tlargelf s i z e  ca tches .  To ta l  ca t ches  by y e a r  are given i n  Table 1. 
The f i shermen ' s  a s s e r t i o n s  of a changing s i z e  composition of c a t c h  are 
based on t h e i r  obse rva t ion  of f a l l i n g  t o t a l  annual  ca tches  i n  weight  and a 
smaller number of " large" f i s h  landed,  as w e l l  as an apparent  sho r t en ing  of 
t h e  season. Before 1973, t h e  c a t c h  of " la rge"  s k i p j a c k  tuna w a s  h igh ly  
c o r r e l a t e d  w i t h  t h e  t o t a l  ca tch ,  b u t  no t  c o r r e l a t e d  t h e r e a f t e r .  

Table 1.--Total ca t ches  of s k i p j a c k  tuna i n  
H a w a i i  by year ,  1964-82. 

Year Pounds caught 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
19 80 
1981 
1982 

1982 i n  m e t r i c  t o n s  

6.3 26 , 683 
12 , 63 2 , 43 3 

7.4 81 . 41 0 
6,400,685 
7 , 699,3 1 4  
4.9 47,8 98 
5 , 8 83 , 975 

10,947,019 
9,426,269 
9,094,412 
5.767,900 
3 , 7 62,3 62 
7,483 , 274 
6,135,889 
5 , 10 6 , 805 
5 , 93 8 , 8 48 
3.250,894 
4,093.432 
2,948,801 

1,340 

3Large are considered >15 l b s  i n  weight ;  medium a r e  8-14 l b s ;  small 
are 4-7 l b s ,  and e x t r a  s m a l l  are ( 4  l b s .  
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I 

Mendelssohn (1981 :896) argues  t h a t  "s ince  1973.. . t h e r e  has  been a 
d e f i n i t e  change i n  t h e  s i z e  composition of t h e  catch."  This  i s  i n  c o n t r a s t  
t o  t h e  estimates of a v a i l a b i l i t y  f o r  sk ip j ack  tuna  done f o r  t h e  wes te rn  and 
e a s t e r n  P a c i f i c  which show cont inuing  l e v e l s  of abundance (Inter-American 
Tropica l  Tuna Commission (IATTC) 1982; Kearney 1983). 

The annual d a t a  f o r  Hawaii show a downward t r e n d  and l a r g e  year-to- 
y e a r  f l u c t u a t i o n s  between 1964 and 1982. U n t i l  1973 over 64% of t h e  t o t a l  
ca tch  comprised " large" tuna. From 1974 t o  1982 t h a t  f e l l  to 36%. This  
d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Skipjack tuna are h ighly  mobile and t h e r e  i s  no a p r i o r i  reason  t o  
b e l i e v e  t h e  ca t ch  would be equa l ly  d i s t r i b u t e d  a c r o s s  t h e  s i z e s .  
an economic i n c e n t i v e  through t h e  p r i c i n g  s t r u c t u r e  f o r  f ishermen t o  t a r g e t  
" large" f i s h  i f  a v a i l a b l e ,  which i s  r e f l e c t e d  i n  t h e  r e l a t i v e l y  g r e a t e r  
p ropor t ion  of " large" f i s h  caught. The a c t u a l  d i s t r i b u t i o n  of c a t c h  a c r o s s  
s i z e s  by year  i s  given i n  Table 2. 
ca tch  composition are p resen ted  i n  t h e  next  s e c t i o n .  

There i s  

Results of a d d i t i o n a l  a n a l y s i s  of t h i s  

Table 2.--Percentage s i z e  composition of t o t a l  Hawaiian s k i p j a c k  tuna 
ca t ches  by year ,  1964-82. 

Percent 
Y e  ar 1 ar ge 

Percent  Percent  
medium s m a l l  

P e r  cen t  
extra s m a l l  

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
19 81 
1982 

0.6954 
0.6496 
0.6981 
0.5712 
0.5260 
0.5692 
0.4558 
0.5563 
0.8859 
0.8025 
0.4012 
0.3137 
0.2091 
0.2439 
0.4210 
0.4544 
0.2827 
0.4570 
0.4856 

0.1059 
0.2618 
0.2253 
0.1615 
0.3 240 
0.0673 
0.0881 
0.2182 
0.0607 
0.0994 
0.2021 
0.1493 
0.1800 
0.2739 
0.2215 
0.3596 
0.3751 
0.1716 
0.1578 

0.1612 
0.0759 
0.0709 
0.2043 
0,1229 
0.2219 
0.3576 
0.2233 
0.0406 
0.0799 
0.2313 
0.2674 
0.5453 
0.4452 
0.2337 
0.1397 
0.2369 
0.2283 
0.2264 

0.0373 
0.0124 
0.0055 
0.0628 
0.0270 
0.1414 
0.0984 
0.0020 
0.0126 
0.0180 
0.1652 
0,2695 
0.0654 
0.0368 
0.1236 
0.0462 
0.1050 
0.1429 
0.1300 
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11. COMPOSITION OF ANNUAL CATCHES AND SEASONAL DISTRIBUTION 

Annual Analysis 1964-82 

Annual ca t ches  f e l l  from t h e  expected long  t e r m  t r e n d  a f t e r  1973. The 
mean monthly t o t a l  catch i n  t h e  1964-73 per iod  was 305 metric t o n s  (MT) 
(673,667 l b ) .  This mean f e l l  t o  190 MT (411,926 l b )  f o r  1974-82, Absolute 
and re la t ive c a t c h e s  of "large" s k i p j a c k  tuna  f e l l  af ter  1973. The mean 
monthly c a t c h  of "large" f e l l  from 200 MT (439,790 l b )  t o  65 MT (144,704 
l b )  i n  1964-73 and 1974-82, r e s p e c t i v e l y .  I n  re la t ive terms, c a t c h e s  of 
"large" f i s h  f e l l  from 64.1% of t o t a l  annual c a t c h  i n  1964-73 t o  36.3% i n  
1974-82. The fisherman obse rva t ion  t h a t  " large" f i s h  are less p l e n t i f u l  i s  
supported by s t a t i s t i ca l  a n a l y s i s .  The d e c l i n e  i n  t o t a l  ca t ches  i s  no t ,  
however, completely explained by t h e  d e c l i n e  i n  " large" f i s h  caught. 

To examine relative changes among sizes, s imple  c o r r e l a t i o n  coef f i -  
c i e n t s  between s i z e  c a t e g o r i e s  were c a l c u l a t e d  f o r  t h e  pe r iod  1964-82 
(Table 3) . Several  c o r r e l a t i o n s  w e r e  s i g n i f i c a n t  : weight of " large" i s  
p o s i t i v e l y  c o r r e l a t e d  w i t h  t o t a l  weight and w i t h  percentage " large" i n  t o t a l  
catches;  weight  of " large" i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  small and extra 
s m a l l  weights ,  

Table 3 .--Simple c o r r e l a t i o n  c o e f f i c i e n t s  among s i z e s  1964-82 (pounds). 

Weight Large Medium Small Extra small To ta l  

Large 1.0 0.3646* -0.1910* -0.6357 * 0.8729.k 
Medium -- 1 .o 0.1335.k -0.5044* 0.649 4* 
Small -- -- 1 .o 0.0773 0.1363.k 

-- 1 .o 0.6135* Extra s m a l l  -- -- 

Percent of t o t a l  weipht  

0.53 83 * Large (XI 0.8642* -0.01 18 -0.57 60* -0.5 171* 
Medium (%) -0.2 43 0 * 0.6982 0.0122 -0.2309* -0.025 4* 
Small ( X I  -0.6 89 1 * -0 191 9* -0.863 5 * 0.3 995 * -0.3507* 
Extra small (%I -0.6836.k -0.5494* 0.0781 0.9325 -0.7353* 

Percent of 
t o t a l  weight  Large (%) Medium ( X )  Small (%) Extra small (%I 

Large (%I 1.0 -0.4506* -0.823 I* -0.5 188* 
Medium ( W )  c- 1 .o 0.0105 -0.172 2* 
Small (%I -- -- 1 .o 0.3 217 
Extra small (%I -- -- -- 1 .o 
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C o r r e l a t i o n s  among s i z e s ,  a l though s t a t i s t i c a l l y  s i g n i f i c a n t  , g ive  no 
evidence as t o  when t h e  re la t ive  p ropor t ions  may have changed. 
t h a t  a l though "large" s izes  were no longe r  a v a i l a b l e ,  o t h e r  s i z e s  became 
r e l a t i v e l y  o r  a b s o l u t e l y  more abundant. The e f f e c t  on fisherman incomes of 
t h e  d e c l i n e  i n  "large" f i s h  may have been o f f s e t  by i n c r e a s e s  i n  o t h e r  
s i z e s .  

It may be 

The mean monthly ca t ches  of medium, small, and extra small f i s h  v a r i e d  

The mean monthly 
widely ove r  t h e  period. The r e s u l t s  of mean t-tests i n d i c a t e  t h a t  medium 
s i z e  catches f e l l  s i g n i f i c a n t l y  from p r i o r  y e a r s  i n  1980. 
c a t c h  of medium f i s h  i n  1964-79 w a s  50 MT (114,244 l b )  wh i l e  t h a t  i n  1980- 
82 w a s  30 MT (66,319 l b ) .  The mean monthly c a t c h  of small f i s h  i n  1964-77 
w a s  55 MT (123,068 l b )  w h i l e  t h a t  i n  1978-82 w a s  35 MT (73,274 l b ) .  The 
mean c a t c h e s  of e x t r a  s m a l l  f i s h  r o s e  s i g n i f i c a n t l y  i n  1975 relative t o  
p r i o r  yea r s .  The mean monthly c a t c h  of extra  small f i s h  1964-74 w a s  12 MT 
(27,154 l b )  wh i l e  t h a t  i n  1975-82 w a s  20 MT (41,114 l b ) .  

The change i n  t o t a l  annual c a t c h e s  observed by t h e  fishermen then 
r e s u l t s  from a b s o l u t e  d e c l i n e s  i n  "large" ( i n  19741, medium ( i n  1980),  
small ( i n  19781, and only s l i g h t l y  o f f s e t  by an a b s o l u t e  i n c r e a s e  i n  extra 
s m a l l  f i s h  ( i n  19761. S imi l a r  tests were done t o  examine r e l a t ive  s h i f t s  
i n  p ropor t ion  of t o t a l  c a t c h  by s i z e .  The p r o p o r t i o n  of " large" f i s h  
decreased i n  the same y e a r  (1973) t h a t  a b s o l u t e  c a t c h e s  of " large" f i s h  
decl ined.  Only t h e  p ropor t ion  of " large" f i s h  showed any s t a t i s t i c a l l y  
s i g n i f i c a n t  change. This imp l i e s  t h a t  p r o p o r t i o n a l l y ,  none of t h e  o t h e r  
s i z e s ,  medium, small, o r  extra small, has  i n c r e a s e d  o r  decreased o u t s i d e  
t h e  expected range. 
i n c r e a s e  i n  o t h e r  s ize  f i s h  except  f o r  e x t r a  small which b r i n g s  t h e  lowest 
p r i c e  ( t o t a l  and p e r  pound). 

As "large" f i s h  dec l ined  t h e r e  w a s  no o f f s e t t i n g  

The same conclusions are apparent  when c a t c h  p e r  l and ing  i s  c a l c u l a t e d  
(Table 4 ) .  Although t h e r e  i s  some v a r i a t i o n  i n  number of l-day t r i p s  taken 
p e r  y e a r  t h i s  v a r i a t i o n  does n o t  e x p l a i n  t h e  d e c l i n e  i n  " large" f i s h  caught 
s i n c e  1974. The t o t a l  c a t c h  p e r  t r i p  has d e c l i n e d  s l i g h t l y .  Given t h e  
changed composition of t h e  ca t ch ,  each l and ing  i n  1982 has  a lower va lue  i n  
revenue relative t o  p r i o r  years .  

The d e c l i n e  i n  abundance of "large" s k i p j a c k  tuna  around t h e  Hawaiian 
I s l a n d s  began i n  1974 and had n o t  reversed as of 1982. The f a l l  i n  t o t a l  
weight caught i s  a l s o  a t t r i b u t a b l e  t o  t h e  d e c l i n e  i n  small and medium s i z e  
catches.  Although t h e r e  con t inues  t o  be wide v a r i a t i o n  i n  annual  catches, 
t h e  downward t r e n d  i s  c l e a r l y  apparent .  
Skillman and Riggs (1978) who found no d e f i n a b l e  t r e n d  i n  t h i s  same f i sh -  
ery.  The fishermen a l s o  contend t h a t  t h e  season i s  s h o r t e r  s i n c e  "large" 
season f i s h  seem t o  come l a t e r  i n  t h e  y e a r  and b e  abundant f o r  fewer 
months. This  content ion is  examined i n  t h e  next  s e c t i o n .  

This  c o n t r a s t s  w i t h  f i n d i n g s  of 
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Table 4.--Catch (weight) per  l and ing  p e r  yea r ,  1964-82. 
-~ ~~ ~ ~ 

Year Large Medium S m a l l  Extra small Tota l  

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

1982 i n  
ki lograms 

3,209 
4,679 
3,210 
2,354 
2,293 
2,144 
1 , 743 
3,776 
5,272 
4,544 
1,347 

754 
89 0 
9 94 

1,501 
2 , 043 

928 
1,659 
1,354 

6 15 

489 
1,886 
1,036 

666 
1 ,'413 

25 4 
3 37 

3 62 
563 
679 
35 9 
7 66 

1,116 
7 89 

1,617 
1,231 

623 
440 

1 , 481 

200 

7 44 
5 47 
3 26 
842 
536 
83 6 

1,367 
1,516 

2 42 
453 
777 
6 43 

2,320 
1,814 

83 3 
628 
777 
829 
63 1 

2 87 

172 
90 
25 

25 9 
118 
53 3 
376 
14 
75 
10 2 
555 
648 
27 8 
150 
4 41 
208 
3 45 
519 
362 

165 

4,6 15 
7,202 
4,598 
4,121 
4,360 
3,766 
3 , 823 
6,787 
5,951 
5,663 
3,357 
2,404 
4,254 
4,074 
3,564 
4,496 
3,280 
3,629 
2,787 

1,267 

Seasonal Analysis 

Although t h e r e  have been dramat ic  d e c l i n e s  i n  t h e  a b s o l u t e  weight  
caught annual ly  i n  t h e  v a r i o u s  s i z e  c a t e g o r i e s ,  no evidence w a s  found t h a t  
e i t h e r  s easona l  d i s t r i b u t i o n  of s k i p j a c k  tuna  c a t c h e s  o r  seasonal  l e v e l s  of 
l and ings  have changed over  t h e  per iod.  A chi-square test  w a s  a p p l i e d  t o  
d a t a  d isaggrega ted  by month. 
and level of l and ings  i s  g iven  i n  Table 5. The only y e a r  i n  which any 
a c t u a l  d i s t r i b u t i o n  d i f f e r e d  from t h e  expected w a s  1982. This  d i f f e r e n c e  
is  a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  s i g n i f i c a n t l y  fewer " large" f i s h  w e r e  
caught i n  June 1982. 

The expected d i s t r i b u t i o n  of ca t ches  by s i z e  

This  seasonal  a n a l y s i s  sugges t s  t h a t  t h e  month-to-month behavior  of 
t h e  s k i p j a c k  tuna  and t h e  s k i p j a c k  tuna f ishermen i n  H a w a i i  has  n o t  changed 
a c r o s s  t h e  years .  
ab le .  
tuna i n  1974 and con t inues  t o  i n f l u e n c e  t h e  f i s h e r y .  
been no change i n  f i s h i n g  method, o the r  economic a c t i v i t y  has  occurred 
which may exp la in  t h e  changed s i z e  d i s t r i b u t i o n .  
examined i n  the next  s ec t ion .  

There i s  a s imple d e c l i n e  i n  t h e  number of f i s h  avail- 
Some event c l e a r l y  a f f e c t e d  t h e  a v a i l a b i l i t y  of " la rge"  s k i p j a c k  

Although t h e r e  has  

These economic causes  are 
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Table 5.--Expected seasona l  d i s t r i b u t i o n  of c a t c h e s  by s i z e s  and of 
l and ings ,  1964-82. 

Percentage c a t c h e s  by s i z e  Percent  
of . t o t a l  

Month To ta l  Large Medium Small Extra s m a l l  l and ings  

Jan. 
Feb . 
Mar. 
Apr . 
May 
June 
J u l y  
Aug . 
Sept. 
O c t .  
Nov. 
Dec. 

3.63 
2.51 
3.13 
5.15 

12.40 
16.88 
19.10 
15.06 

7.61 
6.01 
4.62 
3.84 

1.95 
1.11 
1.76 
3.17 

11.25 
19.31 
25.01 
19.09 

6.66 
5.06 
3.13 
2.42 

8.68 
4*93 
5.12 
6.93 

12.05 
10.57 
12.80 
6.51 
5.25 
7.20 

10.46 
9.45 

4.14 
3.92 
3.83 
7.16 

12.92 
17.12 
11.34 
12.84 
11.15 

7.29 
4.04 
3.19 

0.93 
2.61 
6.82 

10.74 
18.81 
14.28 
11.60 
13.49 
12.11 

6.58 
1.14 
0.83 

6.41 
6.08 
5.94 
7.36 

10.67 
12.09 
12,77 
11.14 

8.31 
7.09 
6.01 
6.08 

111. INFLUENCE OF ECONOMIC FACTORS 

Measures of b i o l o g i c a l  abundance of s k i p j a c k  t u n a  f o r  t h e  P a c i f i c  
Ocean i n d i c a t e  t h a t  t h e  r e source  i s  i n  no danger of being overf ished.  
Given t h i s ,  t h e  d e c l i n e  i n  ca t ches  around H a w a i i  appea r s  t o  be  a r e g i o n a l  
i s s u e  i n  that t h e  d e c l i n e  i s  n o t  occur r ing  elsewhere. 
economic a c t i v i t y  i s  i n f l u e n c i n g  t h e  H a w a i i  f i s h e r y .  
can be ca t egor i zed  as: 
t h e  fishermen, t h a t  which occurred i n  H a w a i i  and i s  exogenous t o  t h e  
fishermen, and tha t  which occurred elsewhere i n  the P a c i f i c  Ocean. Each 
category i s  examined below. 

This i m p l i e s  t h a t  
This economic a c t i v i t y  

t h a t  which occurred i n  H a w a i i  and i s  endogenous t o  

The most obvious economic event  which might a f fec t  ca t ches  would be a 
change i n  t h e  f i s h i n g  behavior  of t h e  H a w a i i  f ishermen themselves. Measures 
of economic f a c t o r s ,  over which t h e  fishermen might be  expected t o  have some 
degree of con t ro l ,  &re g iven  by y e a r  i n  Table 6. 
1964-82 of t h e  number of vessels f i s h i n g ,  t h e  ave rage  ca t ch  p e r  vessel, and 
t h e  average c a t c h  p e r  landing.  To examine t h e  r e l a t ive  e f f e c t s  of t h e s e  
v a r i a b l e s  on t o t a l  ca t ches ,  t h e  fo l lowing  model w a s .  t e s t e d  a g a i n s t  t h e  

There w a s  a d e c l i n e  over 

where : 

annual data:  

C =  

c =  
v =  
L =  
S =  

dC = 

(1.1) 

t o t a l  c a t c h  i n  pounds 
number of vessels 
number of l and ings  
s i z e  composition of c a t c h  measured as pe rcen t  "large" 
y e a r l y  change i n  t o t a l  ca t ch .  
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Table 6 .--Measures of economic a c t i v i t y  i n  Hawaii sk ip j ack  tuna f i s h e r y  
by yea r ,  1964-82. 

Average c a t c h  Average ca t ch  
per v e s s e l  per  t r i p  

Year Number of v e s s e l s  Pounds Pounds 

1964 
1985 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

18 
19 
16 
15 
14 
12 
13 
13 
13 
14 
13 
15 
13 
15 
13 
17 
13 
14 
14 

1982 i n  metric tons  

3 51 , 4 82 
664,864 
467,588 
426,712 
549,9 51 
412,324 
452,613 
842,078 
725,097 
649,600 
443 , 684 
250,824 
575 , 636 
409,059 
392,831 
349,344 
250,068 
292,388 
210,628 

95.5 

7,706 
6,392 
4.2 45 
3,758 
4,060 
3 , 469 
4,348 
6,143 
5,528 
5,416 
3,215 
2,350 
4,152 
4,401 
3,563 
4,495 
3 , 280 
3,628 
2,795 

1.27 

The model w a s  run w i t h  two s e t s  of independent v a r i a b l e s  t o  c o r r e c t  f o r  
expected c o l l i n e a r i t y  among t h e  de te rminants  of ca tch .  The r e s u l t s  are: 

C = -62325 -I- 245816 V + 7,209,330 S* + 3404880 dC* (1.2) 
( 2 43 3 23 ) ( 2 245330) (100730) 

N = 19; R2 = 0.66. 

C = -2533760 + 4502 L* + 5020920 S* + 255860 dC* (1.3) 
(1 133) ( 1 70 03 20 (748160) 

( s tandard  e r r o r s  a r e  i n  pa ren theses ) .  
N = 19; R2 = 0.83. 

The * i n d i c a t e s  t h e  estimated parameter d i f f e r s  from z e r o  a t  a 
95% confidence l e v e l .  

E s t i m a t e  (1.2) says  t h a t  t h e  s i z e  composition of ca tch  (measured a s  
percent  " la rge"  of t h e  t o t a l )  and t h e  change i n  ca t ches  from l a s t  yea r  a r e  
s t a t i s t i c a l l y  s i g n i f i c a n t  determinants  of t o t a l  ca tches .  The number of 
vessels i s  not.  Estimate (1.3) has s i m i l a r  r e s u l t s  except t h a t  number of 
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landings  r a t h e r  t h a n  abso lu te  number of vessels i s  a s i g n i f i c a n t  determi- 
nant  of t o t a l  ca tches .  
w a s  5.106 l b  and between 1974 and 1982 was 3,188 l b .  I n  15 y e a r s  out  of 
t h e  19-year per iod,  t h e  d i r e c t i o n  of change i n  number of l and ings  i s  t h e  
same as t h a t  f o r  ca tches ,  implying t h a t  f ishermen are responding t o  f i s h  
a v a i l a b i l i t y  r a t h e r  than  caus ing  t h e  ca t ches  t o  change (Table 7) .  I n  
add i t ion  t h e r e  i s  no reason  t o  b e l i e v e  t h a t  l e v e l s  of  landings  should 
a f f e c t  t h e  levels of average ca t ch  per  landing.  
would be  ca tch ing  as much as poss ib l e .  As shown i n  p a r t  11. t h e r e  has  a l s o  
been no change i n  d i s t r i b u t i o n  of landings  a c r o s s  the season. The economic 
v a r i a b l e s  over  which t h e  f ishermen i n  H a w a i i  have some degree  of c o n t r o l  do 
no t  e x p l a i n  t h e  changed s i z e  composition of c a t c h  or fall i n  t o t a l  ca t ches  
s i n c e  1974. 

The average ca tch  p e r  l a n d i n g  between 1964 and 1973 

The fishermen presumably 

There are t h r e e  economic even t s  which occurred  i n  H a w a i i  dur ing  t h e  
These even t s  may have a f f e c t e d  1964-82 exogenous t o  t h e  f i s h e r y  i t s e l f .  

t h e  t o t a l  ca tches  of t h e  sk ip j ack  tuna f ishermen i n  H a w a i i :  
of b a i t ,  placement of f i s h  aggrega t ing  dev ices  (FAD's) offshore ,  and 
i n c r e a s i n g  f u e l  cos t s .  
jack tuna  schools .  Since 1981, b a i t  i n  P e a r l  Harbor and Kaneohe Bay i s  
less p l e n t i f u l  apparent ly  because of environmental  r e g u l a t i o n s  about t h e  

a v a i l a b i l i t y  

Fishermen h a r v e s t  nehu w i t h  which they chum skip- 

Table 7.--Percentage change i n  mean monthly landings  
and percentage change i n  t o t a l  annual  catch.  

Year 

Percent  annual  
change i n  mean 

monthly l and ings  
Percent  annual  change 

i n  t o t a l  ca t ch  

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

-- 
+46.0 
-11.0 

-3 .O 
+11 .o 
-25.0 

+7.7 
+16.0 
-4.0 
-1.5 
+6.8 

-10.0 
i-12.9 
-22.5 

+2 .o 
-7.5 

-25 .O 
+14.6 

-6.3 

+99.6 
-40.7 
-14.4 
+20.2 
-35.7 
+18.9 
+86.0 
-13.8 

-3.5 
-36.5 
-34.7 
+98.8 
-18.0 
-16.7 

-45.2 

-27.9 

+1.6 

+25.9 
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type  of r e f u s e  t h e  U.S.  Navy can dump i n t o  ha rbor s  and bays. 
a b i l i t y  does n o t  exp la in  t h e  changed composition of ca tches  which began i n  
1974, a l though t h e  problem probably exacerba tes  t h e  d e c l i n e  i n  t o t a l  
catches.  The placement of FAD's a l s o  does no t  e x p l a i n  t h e  s i z e  composition 
of ca tch  w i t h  r e spec t  t o  "large",  medium, o r  s m a l l  f i s h .  The FAD's were i n  
p lace  f o r  t h e  f u l l  1980 f i s h i n g  season. Sproul (1984) says  t h a t  f ishermen 
use t h e  FAD's pr imar i ly  t o  compensate f o r  low-catch o r  zero-catch t r i p s .  
The b e s t  evidence i n d i c a t e s  t h a t  FAD's at t ract  smaller f i s h .  The statis- 
t i c a l  a n a l y s i s  presented above i n d i c a t e d  t h a t  s m a l l  f i s h  dec l ined  i n  1978 
and extra s m a l l  f i s h  inc reased  i n  1976, n e i t h e r  of which co inc ides  wi th  t h e  
placement of the FAD's. The a n a l y s i s  d i d  show that  medium s i z e  f i s h  
decl ined i n  1980. I f  t h e  FAD's had an in f luence ,  w e  would expect t h e  
oppos i te  e f f e c t ,  ca tches  of smaller f i s h  which could be  def ined  t o  inc lude  
medium f i s h  should have increased  r a t h e r  than  decreased.  

B a i t  ava i l -  

Fuel  c o s t s  are a major determinant  of the d e c i s i o n  t o  take a t r i p  and 
t h e  l e n g t h  of a t r i p .  
1973. This  i n c r e a s e  may have l e d  t o  a s u b t l e  change i n  fisherman behavior 
i n  t h a t  they  no longer  go as far ou t  t o  sea o r  s ea rch  as long  as i n  
previous years .  Recent estimates (Hudgins 1980:64) i n d i c a t e  t h a t  f o r  each 
$0.10 i n c r e a s e  i n  t h e  real p r i c e  of fue l ,  t o t a l  monthly ca tch  w i l l  dec l ine  
by about 5,900 kg (13,000 l b ) .  
about 359%. This  i n c r e a s e  impl ies  a 780 MT (1,716,000 l b )  decrease  i n  
annual ca t ches  i n  response t o  r i s i n g  f u e l  cos t s .  It  i s  c e r t a i n l y  poss ib l e  
t h a t  a s l i g h t  change i n  f i s h  migratory p a t t e r n s  f a r t h e r  o f f shore  combined 
wi th  s h o r t e r  d i s t a n c e s  t r a v e l e d  by fishermen i n  response t o  increased  f u e l  
c o s t s  would exp la in  p a r t  of t h e  decrease  i n  t o t a l  ca t ch  s i n c e  1974. 

Fuel  c o s t s  have inc reased  i n  H a w a i i  s t e a d i l y  s i n c e  

Gasol ine p r i c e s  have increased  over 1964-82 

Aside from f u e l  c o s t s  then, t h e r e  i s  noth ing  which occurred i n  H a w a i i  
dur ing the per iod  which exp la ins  t h e  d e c l i n e  i n  ca t ches  o r  t h e  change i n  
s i z e  composition. 
i n  t h e  P a c i f i c  does o f f e r  some explanat ion.  
explore:  
expansion of t h e  sk ip j ack  tuna f i s h e r y  i n  t h e  Pac i f i c .  I n  1973 canner ies  
on t h e  w e s t  coas t  of t h e  United S t a t e s ,  because of the mercury sca re ,  were 
requi red  t o  buy more sk ip j ack  tuna  t o  m i x  w i t h  o t h e r  tuna t o  b r i n g  down t h e  
mercury conten t  of a can of tuna.  Vessels responded by inc reas ing  their  
ca tches  of sk ip j ack  tuna i n  t h e  e a s t e r n  P a c i f i c  relative t o  o the r  spec ie s  
of tuna. A t  t h e  same t i m e ,  some evidence i n d i c a t e s  t h a t  ye l lowf in  tuna,  
Thunnus a lbaca res ,  were beginning t o  show s i g n s  of dec l in ing  abundance 
(IATTC 1982).  The d a t a  i n  Table 8 show t h e s e  i n c r e a s i n g  ca t ches  of skip- 
j ack  tuna.  Fur ther  a n a l y s i s  would be necessary  t o  determine how much of 
t h i s  i n c r e a s e  i s  a t t r i b u t a b l e  t o  cannery demand f o r  sk ip j ack  tuna  and how 
much w a s  v e s s e l  response t o  i n c r e a s i n g  re la t ive a v a i l a b i l i t y  of sk ip j ack  
tuna. It i s  obvious though t h a t  sk ip j ack  tuna ca t ches  i n  t h e  e a s t e r n  and 
wes tern  Pac i f ic  increased  i n  t h e  same yea r  t h a t  sk ip j ack  tuna ca t ches  i n  
Hawaii began t o  show d e c l i n e s  i n  " large" f i s h .  

Economic a c t i v i t y  i n  t h e  s k i p j a c k  tuna  f i s h e r y  elsewhere 

behavior  of t h e  canne r i e s  which buy and pack tuna and t h e  genera l  
There are two major i s s u e s  t o  

The sk ip j ack  tuna f i s h e r y  elsewhere i n  t h e  P a c i f i c  cont inued t o  
expand, and between 1965 and 1982, ca tches  of s k i p j a c k  tuna  i n  t h e  P a c i f i c  
increased  157% (Hudgins and Greeman 1985). 
from <50,000 MT i n  1965 t o  >300,000 MT i n  1973 and 572,000 MT i n  1982. 

Catches i n  t h e  P a c i f i c  jumped 
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Table 8.--Skipjack c a t c h e s  i n  e a s t e r n  and wes tern  P a c i f i c  by 
y e a r  (me t r i c  t ons ) .  Source: FA0 Yearbook of F i she ry  S t a t i s t i c s ,  
v a r i o u s  annual e d i t i o n s .  

Year E a s t e r n  P a c i f i c  Western Pacif ic  

1970 
197 1 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

59.0 
83.2 
55.7 
52.0 
75.3 
96.9 
129.6 
91.7 
130.9 
119.3 
130.5 
147.5 
92.5 

67.8 
102.5 
117.1 
173.0 
302.7 
265.2 
252.4 
271.5 
364.0 
298.2 
303.1 
299.8 
217.8 

United S t a t e s  vessels caught about 20,000 MT i n  t h e  P a c i f i c  i n  1973 and 
over 100,000 MT by 1979. 
t h e  P a c i f i c  from east t o  w e s t  are w e l l  de f ined  (Matsumoto e t  a l .  1984) so  
i t  seems t h a t  t h e  f i s h  may have been caught b e f o r e  ever g e t t i n g  t o  H a w a i i .  
The migratory p a t t e r n s  of s k i p j a c k  tuna a c r o s s  t h e  P a c i f i c  from w e s t  t o  
east are undetermined al though t h e r e  i s  some evidence from t agg ing  experi-  
ments t h a t  sk ip j ack  tuna  have migrated from t h e  wes tern  P a c i f i c  t o  t h e  area 
around H a w a i i .  The b i o l o g i c a l  i n t e r a c t i o n  of t h e  v a r i o u s  f i s h e r i e s  w i t h i n  
t h e  P a c i f i c  deserves  f u r t h e r  a t t e n t i o n .  The economic i n t e r a c t i o n  of t h e  
v a r i o u s  f i s h e r i e s  w i t h i n  t h e  P a c i f i c  seems clear. The f i s h  l o s t  t o  H a w a i i  
fishermen have been cap tu red  by vessels elsewhere.  These economic even t s  
elsewhere i n  t h e  P a c i f i c  o f f e r  t h e  most r easonab le  exp lana t ion  of t h e  
changed s i z e  d i s t r i b u t i o n  of ca t ches  around H a w a i i .  The consequences of 
t h e s e  changes on H a w a i i  f isherman incomes are examined i n  t h e  n e x t  s ec t ion .  

The migratory p a t t e r n s  of sk ip j ack  tuna  a c r o s s  

IV. GONSIQUENCES FOR HAWAII SKIPJACK TUNA FISEERMAN INCOMES 

Since 1974 the abundance of "large" s k i p j a c k  tuna  caught by t h e  
Hawaii-based pole-and-line f l e e t  has  s i g n i f i c a n t l y  decl ined.  Although t h e  
subsequent dec reases  i n  medium ( i n  1980) and small f i s h  ( i n  1978) are a l s o  
important f o r  fisherman income, "large" f i s h  comprised the major p o r t i o n  of 
t h e  catch.  The s h i f t s  i n  d i s t r i b u t i o n  by s i z e  are given i n  Table 9. 
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Table 9.--Annual s i z e  d i s t r i b u t i o n :  1964-73, 1974-82, 1964-82. 

e 

Percent  Percent  
Period " large" medium 

Percent  Percent  
s m a l l  extra - s m a l l  

196 4-7 3 
1974-82 
1 9 6 4- 82 

64.1 16.1 
36.3 23.2 
50.9 19.4 

15.5 4.1 
28.3 12.0 
21.6 7.9 

The average annual c a t c h  f e l l  between t h e  p e r i o d s  by 1,425 MT 
(3,140,892 l b ) .  This  dec rease  i n  t o t a l  c a t c h e s  occurred  a c r o s s  a l l  s i z e s .  
I f  w e  u s e  t h e  expected 1974-82 d i s t r i b u t i o n  on t h e  a c t u a l  1964-73 ca tches ,  
it is  obvious t h a t  no t  only has s i z e  d i s t r i b u t i o n  changed bu t  a b s o l u t e  
weight i n  each s i z e  ca tegory  has  decreased. 

Expected and a c t u a l  annual ca t ches  i f  s i z e  d i s t r i b u t i o n  changed 
but  t o t a l  pounds caught d i d  n o t  change. 

Large Medium Small Extra s m a l l  

Expected 1974-82 2,934.493 1 , 875,488 2 , 2 87 , 773 970 , 080 
Actual 1974-82 1 , 7 94,3 49 1 , 146,801 1,398,900 593,173 

A t t r i b u t a b l e  t o  f u e l  

A t t r i b u t a b l e  t o  

Dif f e r ence  -1,140,147 -728 , 6 87 -888,873 -376,907 

c o s t  i n c r e a s e s  -6 15,679 -393,487 -479,991 -203,529 

abso lu te  d e c l i n e  
i n  ca t ches  due t o  -5 24,467 -3 35  , 200 -408,881 -173,377 
1 es s abundance 

Fuel c o s t  i n c r e a s e s  may e x p l a i n  as much as h a l f  of t h e  t o t a l  decrease  
which should a f f e c t  t h e  t o t a l  c a t c h  a c r o s s  a l l  s i z e s .  The r e s i d u a l  i s  
a t t r i b u t a b l e  t o  t h e  exogenous d e c l i n e  i n  a b s o l u t e  weight  caught i n  each 
s i z e  category.  The dec reases  a t t r i b u t a b l e  t o  changed s i z e  composition are 
much l a r g e r .  For example i f  s i z e  composition had no t  changed bu t  t o t a l  
quan t i ty  caught had changed, t h e  expected and a c t u a l  ca t ches  by s i z e  would 
be ( i n  pounds): 
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Large Medium Small Extra small 

Expected 1974-82 
with no change i n  
s i z e  d i s t r i b u t i o n  3,168,534 7 95 , 841 766,182 202,667 

Actual 1974-82 c a t c h  1,794,349 1,146,801 1 , 39 8 , 900 593,173 
Difference -1.3 74.185 +3 5 0 , 9 06 +632,7 18 +3 90,506 

Two e f f e c t s  must t hen  be considered when e v a l u a t i n g  t h e  impact of 
exogenous changes on p r i c e s  and incomes. 
as a b s o l u t e  ca t ches  f a l l .  This q u a n t i t y  e f f e c t  would have a n  i n v e r s e  
r e l a t i o n s h i p  w i t h  p r i c e s .  E l a s t i c i t y  of demand f o r  t h i s  market h a s  been 
est imated t o  b e  -1.82 (Hudgins 1980:67). The a b s o l u t e  d e c l i n e  during 1974- 
82 i n  annual c a t c h e s  of 1,425 MT (3,140,892) would r e s u l t  i n  an i n c r e a s e  i n  
p r i c e s  of about 2O%.‘+ The second i s  t h e  e f f e c t  on p r i c e  as average s i z e  of 
catch changes. 
p r i c e s  and s i z e  moving i n  t h e  same d i r e c t i o n .  
using t h e  1982 p r i c e  v e c t o r  and c a l c u l a t i n g  t h e  t o t a l  v a l u e s  of t h e  v a r i o u s  
ca t ches  under t h e  d i f f e r e n t  s i z e  d i s t r i b u t i o n  assumptions: 

The first i s  t h e  e f f e c t  on p r i c e  

Th i s  e f f e c t  would be  p o s i t i v e l y  r e l a t e d  t o  p r i c e s ,  w i t h  
Th i s  e f f e c t  i s  e a s i l y  seen 

1982 s k i p j a c k  wholesale  p r i c e  vec to r :  

’large = 0.90/lb 
Pmedium = 0.81/lb 
‘ s m d  1 = 0.63/lb - 0.49/lb Pextra s m a l l  - 

= average weighted p r i c e  

1964-73 Catch Value (1982 p r i c e s )  

1964-73 size d i s t r i b u t i o n  $6,725,160 po = 0.83 
1974-82 s i z e  d i s t r i b u t i o n  $6,076,826 = 0.75 

1974-82 Catch Value (1982 p r i c e s )  

1964-73 s i z e  d i s t r i b u t i o n  $4,078,312 po = 0.83 
1974-82 s i z e  d i s t r i b u t i o n  $3,715,784 Po = 0.75 

‘The change i n  q u a n t i t y  over  t h e  pe r iod  w a s  about  38%. The 20% 
i n c r e a s e  i n  p r i c e  i s  c a l c u l a t e d  a t  t h e  mean v a l u e  assuming a l l  o t h e r  deter-  
minants of demand, i nc lud ing  s i z e  are h e l d  c o n s t a n t ,  over  t h e  per iod.  
Pooley and Hudgins (unpublished d a t a )  found no s i g n i f i c a n t  change i n  t o t a l  
sk ip j ack  demand between t h e  1970-78 and 1979-83 periods.  



1 4  

The p r i c e  and t o t a l  va lue  of t h e  ca t ch  dec l ined  about 10% under t h e  
changed s i z e  d i s t r i b u t i o n ,  For each 2.8% decrease  ( inc rease )  i n  " large" 
f i s h ,  a s  a propor t ion  of t o t a l  ca tch ,  t h e r e  i s  about a 1% decrease  
( inc rease )  i n  p r i ce .  S i m i l a r  c a l c u l a t i o n s  were done t o  eva lua te  t h e  l o s s  
a t t r i b u t a b l e  t o  f u e l  cos t  i n c r e a s e s  and a b s o l u t e  d e c l i n e s  i n  ca tches .  The 
loss i n  H a w a i i  f isherman incomes from t h e  v a r i o u s  causes  are ( a l l  valued i n  
1982 p r i c e s )  : 

Fuel c o s t  i n c r e a s e s  - $1,274,958a 
Absolute d e c l i n e  i n  f i s h  abundance - $1,086,084b 
Change i n  s i z e  d i s t r i b u t i o n  - $362,529C 

To ta l  d e c l i n e  i n  H a w a i i  f isherman income - $2,723,571 

aDecline i n  t o t a l  q u a n t i t y  caught i n  1974-82 not  a t t r i b u t a b l e  t o  

bDecline i n  t o t a l  q u a n t i t y  caught i n  1974-82 not  a t t r i b u t a b l e  t o  f u e l  

'Decline i n  t o t a l  q u a n t i t y  caught i n  1974-82 s o l e l y  a t t r i b u t a b l e  t o  

dec l ine  i n  f i s h  abundance o r  changing s i z e  d i s t r i b u t i o n .  

c o s t  i n c r e a s e s  o r  changed s i z e  d i s t r i b u t i o n .  

changed s i z e  d i s t r i b u t i o n .  
i n  medium, small, extra small f i s h .  

Inc ludes  decrease  i n  " la rge ,"  r e l a t i v e  inc rease  

The conclusion is t h a t  when eva lua ted  i n  re la t ive terms (a t  1982 
wholesale  p r i c e s ) ,  t h e  va lue  of t h e  t o t a l  ca t ch  h a s  dec l ined  by almost $3 
mil l ion .  Over $1 m i l l i o n  i s  a t t r i b u t a b l e  t o  t h e  a b s o l u t e  d e c l i n e  i n  f i s h  
abundance caused by f i s h i n g  a c t i v i t y  e lsewhere i n  t h e  Pac i f i c .  Fuel c o s t  
i nc reases  may have l e d  t o  l e s s  s ea rch  t i m e  o r  decreased numbers of landings  
r e s u l t i n g  i n  t h e  loss  of over $1 m i l l i o n  va lue .  The changed s i z e  d i s t r i -  
bu t ion  a t t r i b u t a b l e  t o  inc reased  f i s h i n g  elsewhere i n  t h e  P a c i f i c  l e d  t o  a 
loss of $350,000, 
mi t iga t ing  i n f l u e n c e  of t h e  r e l a t i v e l y  inc reased  ca t ches  of medium, s m a l l ,  
and e x t r a  small f i s h .  I f  " large" f i s h  had dec l ined  without  t h e  abso lu te  
inc reases  i n  t h e  o the r  s i z e s  t h e  loss a t t r i b u t a b l e  t o  t h e  d e c l i n e  i n  
"large" f i s h  a lone  i s  va lued  a t  $1,236,766. 
f isherman incomes are d e f i n i t e l y  being a f f e c t e d  by economic even t s  beyond 
t h e i r  con t ro l .  

T h i s  loss i s  r e l a t i v e l y  less, simply because of t h e  

The H a w a i i  sk ip j ack  tuna 

v, co~cLusIoNs 

Skipjack tuna  fishermen i n  H a w a i i  had complained t h a t  " large" tuna  
w e r e  l e s s  abundant on an  annual b a s i s  and t h a t  t h e  sk ip j ack  tuna season had 
apparent ly  been shortened.  The s t a t i s t i c a l  a n a l y s i s  suppor ts  t h e  f i r s t  
complaint bu t  no t  t h e  second. 
dec l ine  i n  " large" f i s h  ( i n  19741, i n  medium f i s h  ( i n  19801, i n  s m a l l  f i s h  
( i n  19781, and an i n c r e a s e  i n  extra small f i s h  ( i n  1976).  There i s  no 
evidence t h a t  seasonal  d i s t r i b u t i o n  of s i z e s  o r  l and ings  has changed over 
t h e  per iod 1964-82. 

There has  been a s t a t i s t i c a l l y  s i g n i f i c a n t  

Several  causes  of t h i s  abso lu t e  dec l ine  i n  "largel '  f i s h  and t o t a l  
ca tches  w e r e  examined. Only inc reased  f u e l  c o s t s  and increased  f i s h i n g  
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e f f o r t  elsewhere i n  t h e  P a c i f i c  o f f e r  exp lana t ions  f o r  t h e  d e c l i n i n g  
catches.  It appea r s  most l i k e l y  t h a t  t h e  s t o c k  i s  being t r u n c a t e d  be fo re  
i t  ever r eaches  H a w a i i  waters. 

H a w a i i  f isherman incomes have been s t r o n g l y  a f f e c t e d  by d e c l i n i n g  
t o t a l  catches and changing s i z e  d i s t r i b u t i o n .  The d e c l i n e  i n  t o t a l  ca t ches  
has t h e  most important impacts on t o t a l  value.  
t o t a l  c a t c h e s  would l e a d  t o  an i n c r e a s e  i n  average p r i c e  of about  20%, t h e  
dec l ine  i n  q u a n t i t y  caught and s o l d  (38%) dominated and l e d  t o  d rama t i c  
decreases  i n  t o t a l  v a l u e  of t h e  catch.  The change i n  s i z e  d i s t r i b u t i o n ,  
e s p e c i a l l y  t h e  d e c l i n e  i n  "large" f i s h  as a p ropor t ion  of t o t a l  ca t ch ,  
would have l e d  t o  about a 10% d e c l i n e  i n  average p r i c e .  This  combination 
of market f a c t o r s  and exogenous e v e n t s  i n d i c a t e s  t h a t  it w i l l  be  inc reas -  
i n g l y  d i f f i c u l t  f o r  t h e  s k i p j a c k  tuna  i n d u s t r y  i n  H a w a i i  t o  expand wi thou t  
some change i n  technology o r  expansion of markets. 

Although t h e  dec rease  i n  
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