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F i s h e r i e s  management d e c i s i o n s  a r e  u s u a l l y  
p r e d i c a t e d  on a f f e c t i n g  t h e  s u p p l y  o f  f i s h  a t  t h e  
p o i n t  o f  h a r v e s t .  However. c h a n g e s  i n  s u p p l y  may 
have s i g n i f i c a n t  impacts  on processors .  wholesa le rs .  
and t h e  f i n a l  consumer. 

Examination of H a w a i i ' s  market f o r  bottom f i s h  
shows some p r i c e  v o l a t i l i t y  i n  t h e  s h o r t  run .  and  
q u a l i t y  premiums i n  b o t h  t h e  s h o r t  and  l o n g  run. 
Long-term demand h a s  b e e n  s i g n i f i c a n t l y  p o s i t i v e .  
most c l o s e l y  a s s o c i a t e d  w i t h  i n c r e a s i n g  populat ion.  
t o u r i s t  arrivals. and exports .  F i s h e r i e s  management 
d e c i s i o n s  mus t  t a k e  i n t o  a c c o u n t  t h e  i m p a c t  o f  
changing supply c o n d i t i o n s  on t h e  a v a i l a b i l i t y  and 
p r i c e  of f r e s h  bottom f i s h  i n  t h e  market. 

F i s h e r i e s  management f r e q u e n t l y  a f f e c t s  n o t  only t h e  
t o t a l  vo lume  o f  f i s h  t h a t  r e a c h e s  a m a r k e t  b u t  a l s o  t h e  
t i m i n g  and  c o m p o s i t i o n  o f  supp ly .  A l l  t h r e e  f a c t o r s  c a n  
a f f e c t  t h e  e x - v e s s e l  p r i c e  o f  f i s h  and t h u s  c o m m e r c i a l  
f i 'shing incomes and. through t h e  market ing chain.  whole- 
sale and processor  incomes and consumer budgets. Once t h e  
n a t u r e  of  demand i s  d e t e r m i n e d ,  any  management  scheme  
(e.g., supply  c o n s t r a i n t )  can b e  eva lua ted  w i t h  r e s p e c t  t o  
i t s  e f f e c t  on p r i c e s  and income. This  paper  d e s c r i b e s  t h e  
m a r k e t  for f r e s h  s n a p p e r s  and  g r o u p e r s  i n  t h e  U.S. as  a 
whole ( p r i m a r i l y  t h e  east coas t )  bu t  emphasizes  H a w a i i  i n  
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p a r t i c u l a r .  Then t h e  demand f o r  f r e s h  b o t t o m  f i s h  i n  
H a w a i i  i s  e s t ima ted  through p r i c e  f l e x i b i l i t y  f u n c t i o n s .  
F i n a l l y ,  some management i m p l i c a t i o n s  t h a t  d e r i v e  f rom 
market demand e s t i m a t i o n  a r e  explored. 

DESCRIPTION OF THE MARKETS 

I n t e r n a t i o n a l  Markets 

F r e s h  s n a p p e r s  a r e  a h i g h - v a l u e  s e a f o o d  p r o d u c t  
t h r o u g h o u t  t h e i r  range:  t h e  e a s t  and g u l f  c o a s t s  of  t h e  
mainland United S ta tes .  Hawaii. t h e  Caribbean, A u s t r a l i a ,  
and New Zealand. Groupers a r e  a l s o  an impor tan t  seafood 
product i n  a number of t h e s e  p laces ,  w h i l e  j a c k s  appear t o  
b e  m a r g i n a l  c o m m e r c i a l  s p e c i e s  b u t  a re  v a l u e d  for t h e i r  
s p o r t s  f i s h i n g  appeal. These s p e c i e s  c o n s t i t u t e  t h e  bottom 
f i s h  management complex i n  H a w a i i .  

Annual l a n d i n g s  of  s n a p p e r s  on t h e  m a i n l a n d  U. S. 
( p r i m a r i l y  F lo r ida )  have dec l ined  r e c e n t l y  t o  4,200 metric 
t o n s  (MT) v a l u e d  a t  $15 m i l l i o n  i n  1984 .  L a n d i n g s  o f  
grouper  and sea bass  have been growing, w i t h  1984 l and ings  
of 7,800 MT w i t h  an ex-vessel v a l u e  of $21 m i l l i o n  ([U.S.] 
Nat iona l  Marine F i s h e r i e s  Se rv ice  (NMFS) 1985). 

H a w a i i ' s  snapper-grouper market has  a lways  been con- 
s i d e r e d  marginal  from a n a t i o n a l  perspec t ive ,  bu t  r ecen t  
h a r v e s t  r e c o r d s  may change  t h a t  a s s e s s m e n t .  T h e r e  i s ,  
however ,  a l m o s t  no c o m p e t i t i o n  b e t w e e n  e a s t  c o a s t  and  
Hawai i  s n a p p e r s  i n  e i t h e r  m a r k e t  area a t  t h i s  t ime, n o r  
has t h e r e  b e e n  s u b s t a n t i a l  c o m p e t i t i o n  f rom i m p o r t s .  
I m p o r t s  of  s n a p p e r s  and g r o u p e r s  t o  t h e  U. S. have  b e e n  
r e l a t i v e l y  errat ic  i n  volume and appear t o  have a minimal 
i m p a c t  on p r i c e  d e t e r m i n a t i o n  for d o m e s t i c  s p e c i e s  
( K e i t h l y  and  P r o c h a s k a  1984). I m p o r t s  of s n a p p e r s  (and 
a s s o c i a t e d  spec ie s )  t o  t h e  sou theas t e rn  U. S. i n  1984 were 
3,800 MT, a record  (Vondruska and Cunningham 1985).  

I n  t he  U.S., s n a p p e r s  and g r o u p e r s  h a v e  a r e l a t i v e l y  
low vo lume  compared  w i t h  a p p a r e n t l y  s i m i l a r  f i s h  (e.g., 
w e s t  c o a s t  r o c k f i s h )  and  command c o n s i d e r a b l y  h i g h e r  
p r i c e s .  The h a n d l i n e - h a r v e s t e d  p r o d u c t  i s  t r e a t e d  w i t h  
cons iderably  more r e spec t  than t rawl-caught  f i s h  (al though 
t r a w l i n g  f o r  snappers  has  been i n s t i t u t e d  on t h e  mainland 
U.S.) and  rece ives  a p p r o p r i a t e l y  h i g h e r  p r i c e s .  F o r  
example ,  A p r i l  1985 wholesa le  p r i c e s  f o r  r e d  s n a p p e r  a t  
t h e  Ful ton  S t r e e t  Market i n  New York were i n  t h e  range of 
$3-$5 a pound ( r o u g h l y  e q u i v a l e n t  t o  Norwegian  sa lmon) ,  
w h i l e  s o l e  and f lounder  were a t  $1.50. I n  Hawaii  t h e  ex- 
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vesse l  p r i c e  f o r  a l l  b o t t o m  f i s h  a v e r a g e d  $2.47 a pound 
( a b o u t  $3.50 vholesale) i n  1984, a y e a r  of r e c o r d  s u p p l y ,  
and p r i c e s  for i n d i v i d u a l  s p e c i e s  reached over  $10 a pound 
during peak buying season f o r  some species .  

Economic s t u d i e s  of snappers  and groupers  emphasize 
t h e  l o c a l i z e d  n a t u r e  of t h e i r  h a r v e s t  and t h e i r  p r i m a r y  
marke t s .  C a t 0  and  P r o c h a s k a  (1976) r e p o r t e d  a h i g h l y  
i n e l a s t i c  demand f o r  f r e s h  red snapper  from F lo r ida ,  i nd i -  
c a t i n g  t h a t  t h e r e  are r e l a t i v e l y  few s u b s t i t u t e s  f o r  t h i s  
s p e c i e s .  K e i t h l y  and  P r o c h a s k a  (1984) found  c o n t i n u e d  
dominance of red  snapper  i n  t h e  f r e s h  market through 1982. 
w i t h  average p r i c e s  f o r  r ed  snapper  about double  those  f o r  
groupers. The pr imary source  f o r  growth i n  t h e  p r i c e  f o r  
s n a p p e r s  w a s  g r o w i n g  t o t a l  p e r s o n a l  d i s p o s a b l e  income. 
More r ecen t  i n fo rma t ion  shows t h a t  red  snapper p r i c e s  have 
been  r e l a t i v e l y  c o n s t a n t  o v e r  t h e  p a s t  4 y e a r s ,  w h i l e  
p r i c e s  f o r  o t h e r  s n a p p e r s  and  g r o u p e r s  h a v e  r i s e n .  T h i s  
sugges ts  t h a t  t h e  market i s  broadening and t h a t  premiums 
f o r  r e d  s n a p p e r  may d i m i n i s h  (Vondruska and  Cunningham 
1985). R o c k f i s h  f rom t h e  w e s t  c o a s t  i s  a l r e a d y  b e i n g  
m a r k e t e d  a s  s n a p p e r  ( a t  a s u b s t a n t i a l l y  l o w e r  p r i c e )  i n  
some areas. Since h a r v e s t s  of red  snapper may have a l r eady  
r e a c h e d  t h e i r  b i o l o g i c a l  l i m i t s  i n  t h e  U n i t e d  S t a t e s ,  
s u b s t i t u t i o n  o f  l e s s  h e a v i l y  h a r v e s t e d  s p e c i e s  may be 
d e s i r a b l e ,  a l t h o u g h  t h i s  w i l l  h a v e  an  unwan ted  income  
e f f e c t  on c o m m e r c i a l  h a r v e s t e r s  c o n c e n t r a t i n g  on r e d  
snappers. 

It appears  t h a t  t h e  market f o r  snappers  i n  gene ra l  is  
r e l a t i v e l y  i n d e p e n d e n t  o f  t h e  demand f o r  o t h e r  s ea food .  
It makes up a small  percentage  of average f a m i l y  household 
consumption (Kei thly and Prochaska 1984) , bu t  t h e  res tau-  
r a n t  market f o r  snappers  may be  r e l a t i v e l y  more important .  
F luc tua t ions  i n  t h e  p r i c e  of snappers  appear  t o  be  de te r -  
mined p r i m a r i l y  by an  exQgenous domest ic  supply. 

Snappers are a l s o  an  impor tan t  commercial  s p o r t s  f i s h  
on t h e  ea s t  and g u l f  c o a s t s  (Huntsman e t  a l .  19831, b u t  
t h i s  i s  n o t  so i n  H a w a i i  ( S a m p l e s  e t  el. 1984). Huntsman 
p o i n t s  ou t  t h a t  s p o r t s  f i s h e r s  p r i z e  l a r g e  snappers.  bu t  
t h a t  t h e  c o m m e r c i a l  m a r k e t  h a s  d e v e l o p e d  a n i c h e  f o r  
smaller f i s h .  which may reduce t h e  a v a i l a b i l i t y  of l a rge r .  
o l d e r  snappers. One might c o n j e c t u r e  t h a t  t h e  development 
of  t h e  t r a w l  f i s h e r y  on t h e  eas t  c o a s t .  w i t h  i t s  l o w e r  
s i z e  s e l e c t i v i t y .  l e d  t o  t h i s  deve lopment .  I n  Hawai i .  
s m a l l  snappers  are a l s o  caught  e x t e n s i v e l y  by small-scale 
f i s h i n 2  vessel o p e r a t o r s  (par t - t ime commercial  and osten- 
s i b l y  r e c r e a t i o n a l )  f o r  d i r e c t  sale t o  households. Manage- 
ment  p r o b l e m s  a p p e a r  t o  e x i s t  i n  both areas i n  terms of 
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a l l o c a t i o n  between groups of f i s h e r s ,  Le., between f u l l -  
t i m e  and p a r t - t i m e  c o m m e r c i a l  f i s h e r s  and  w i t h  recrea-  
t i o n a l  f i she r s .  

Hawaii Market 

H a w a i i ' s  o v e r a l l  s e a f o o d  m a r k e t  i s  wel l -known f o r  
r e l a t i v e l y  h i g h  p r i c e s  b a s e d  on l o c a l  p r e f e r e n c e  f o r  a 
l i m i t e d  number of s p e c i e s  of f r e s h  fish.  Inc luded  i n  t h i s  
consumption bundle  are a number of snappers. groupers ,  and 
jacks of which opakapaka. Pr i s t ipomoides  f i l amentosus ,  i s  
t h e  most important.  A f i s h e r i e s  management problem has  
developed because bottom f i s h  and r ee f  f i s h  s t o c k s  i n  t h e  
ma in  H a w a i i a n  I s l a n d s  (MHI) a p p e a r  t o  b e  a t  or n e a r  
maximum s u s t a i n a b l e  y i e l d s  w h i l e  market demand f o r  bottom 
f i s h  ( e s p e c i a l l y  i n  "up-sca le"  r e s t a u r a n t s )  h a s  grown 
s u b s t a n t i a l l y  i n  t h e  p a s t  5 t o  1 0  y e a r s .  The h o u s e h o l d  
m a r k e t  f o r  s m a l l  b o t t o m  and r e e f  f i s h  a l s o  c o n t i n u e s  t o  
grow. 

Hawaii's o v e r a l l  seafood market has  been surveyed a 
number of  t i m e s  and i s  d e p i c t e d  i n  F i g u r e  14.1. T h i s  
diagram shows t h e  market channels  f o r  a l l  t ypes  of  seafood 
i n  H a w a i i .  The bottom f i s h  market,  i nc lud ing  f r e s h  bottom 
and r ee f  f i s h e s  and imported f rozen  snapper. f o l l o w s  t h e s e  
c h a n n e l s .  H a w a i i ' s  r e t a i l  m a r k e t  f o r  f r e s h  and  f r o z e n  
b o t t o m  f i s h  and r e e f  f i s h  h a s  been  e s t i m a t e d  a t  2,750 MT 
($13.7 m i l l i o n ) .  w h i c h  c o n s t i t u t e s  a p p r o x i m a t e l y  11% of  
the f i n a l  r e t a i l  market. Frozen snapper i m p o r t s  t o  Hawaii 
( m a i n l a n d  U. S. a n d  f o r e i g n )  a r e  e s t i m a t e d  a t  800 MT (1.8 
m i l l i o n  l b ) .  $2.5 m i l l i o n  w h o l e s a l e  v a l u e  ( H i g u c h i  and 
Pooley 1985; Pooley Unpub.; d a t a  from an unpubl ished 1981- 
1982 NMFS survey). 

F igure  14.2 d e p i c t s  r e t a i l  o u t l e t s  f o r  a l l  var ie t ies  
o f  s e a f o o d  i n  H a w a i i  and  i s  r e p r e s e n t a t i v e  f o r  b o t t o m  
f i s h .  The H a w a i i  w h o l e s a l e  s e a f o o d  b u s i n e s s  h a s  t h r e e  
m a j o r  components :  (1) 1 0  m a j o r  w h o l e s a l e  d e a l e r s  who 
predominate i n  t h e  f r e s h  f i s h  market: (2) 50 smaller f r e s h  
f i s h  d e a l e r s  who s e l l  w h o l e s a l e  and r e t a i l ;  and  (3) 5 0  
wholesa l e r s  and b roke r s  who handle  f rozen  seafood imported 
f rom t h e  U.S. m a i n l a n d  and  f o r e i g n  s o u r c e s .  The f r e s h  
bottom f i s h  market ope ra t e s  around an a u c t i o n  i n  Honolulu. 
a l t h o u g h  s i z a b l e  m a r k e t  c h a n n e l s  e x i s t  o u t s i d e  t h e  
a u c t i o n .  The l a t t e r  c h a n n e l s  a re  b a s e d  on b i l a t e r a l  
exchange w i t h  nego t i a t ed  pr ic ing .  t y p i c a l  of o t h e r  f r e s h  
f i s h  markets i n  t h e  U.S. (Wi l son  1980). The o v e r a l l  
m a r k e t  m i g h t  b e  t e r m e d  one  of c o n t e s t a b l e  c o m p e t i t i o n  
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D EST I NAT ION S 1 1  
H a w a i i  
R e t a i l  

H a w a i i  
Processor s 

$54.1 U l i o n  $0.8 Million I 
A 

Exports 

Mainland U.S. and 
Foreign Exports 

$5.8 Million 

WHOLESALE FIRMS 

$60.7 Mil l ion  

Intra-wholesale I $5.9 Mil l ion 1 
$47.1 Mil l ion  

Purchases 

Local 

H a w a i i  Auction 
and Local Fishers 

$18.4 W l i o n  

SOURCES 

Imports 

Mainland U.S. F ordgn 
Imports 

~ ~~ 

$28.7 Million 

Flgure 14.1 Market channels for Hawalf seafood 
sales, 1979 (mllllons of dollars) 
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Federal Facilities Fast Foods 
2.3 \ 2.6 

Schools and colleges 
1.7 

F lgure  14.2 R e t a l l  o u t l e t s  for a l l  types o f  sea- 
food I n  H a w a l l  (percentage o f  t o t a l  revenue) 

(Baumol 1982) i n  which a r e l a t i v e l y  s m a l l  number of whole- 
sale d e a l e r s  of f r e s h  and f r o z e n  s e a f o o d  are a b l e  t o  
g e n e r a t e  economies  of scale  and scope  i n  t h e i r  p r o d u c t  
exchange f u n c t i o n a  This reduces t r ansac t ion8  and i n f o r  
m a t i o n  c o s t s  w h i l e  m a i n t a i n i n g  p r o d u c t  h e t e r o g e n e i t y ,  
i n c l u d i n g  an  abundance  of h i g h  q u a l i t y ,  f r e s h  s e a f o o d  
(Cooper and Pooley 1983). 

Retail sales t o  H a w a i i  consumers inc lude  two compo- 
nents:  regular  purchases  w i t h i n  a household's weekly food 
b u d g e t  and a s t r o n g  s e a s o n a l  demand based  on a c u l t u r a l  
i n t e r e s t  i n  l a rge ,  red  snappers f o r  ceremonial occasions 
s u c h  as N e w  Year's. T h i s  c u l t u r a l  demand a l s o  i n c l u d e s  
nonseasonal events  such as weddings and birthdays.  Favored 
f i s h  i n  t h i s  category inc lude  the opakapaka. onaga. E t e l i s  
coruscans. and uku, Aprion v i r e s c e n a  The r egu la r  h o u s e  
h o l d  component c a n  be s e r v e d  by s m a l l  bo t tom and r e e f  
f i s h e s .  by f i l l e t s  of l a rge r  bo t tom f i s h ,  and by f r o z e n  
snappers  imported from the  mainland United S t a t e s  and New 
Zealand. Although consumer s u b s t i t u t i o n  be tween  p r o d u c t  
forms occurs. t he  f rozen  product is considered an i n f e r i o r  
a l t e r n a t i v e  f o r  l o c a l  bo t tom f i s h  consumers.  The p r i c e  
d i f f e r e n t i a l  is  subs t an t i a l .  In  1981 f rozen  snappers from 
New Zealand were en te r ing  H a w a i i  as f i l l e t s  a t  $1.40 per  
pound. Dur ing  t h a t  y e a r  t h e  a v e r a g e  p r i c e  for whole 

Retail p r i c e s  are competit ive.  
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bottom f i s h  was $2.30 p e r  pound and f o r  opakapaka a lone .  
i t  was $2.80 (NMFS unpubl i shed  w h o l e s a l e  marke t  survey  
1981-1982). 

Restaurant demand f o r  f r e sh  bottom f i s h  i s  centered on 
f r e s h  opakapaka and i s  based on c a t e r i n g  t o  nup-scalew 
t o u r i s t  preferences (Takenaka e t  al. 1984; Monaghan 1985). 
Successful market promotion and a f a i r l y  regular  supply of 
t h i s  species  i n  l a r g e  s i z e s  has led  t o  i t s  in t roduct ion  on 
res taurant  menus as a high qua l i ty  i t e m .  Subs t i t u t ion  of 
o ther  bottom f i s h  and reef species  has begun t o  occur, but 
t h i s  is  not a preferred pract ice .  

E x p o r t s  of opakapaka and a few o t h e r  l a r g e  bot tom 
f i s h  have f o l l o w e d  t h e  growth  of t h e  t o u r i s t  r e s t a u r a n t  
market, much as a market f o r  red snapper  moved north from 
F l o r i d a  t o  N e w  Pork  y e a r s  ago. bu t  e x p o r t s  are  s t i l l  a 
f a i r l y  small  component of t h e  demand f o r  l o c a l  bo t tom 
f i s h .  Fresh  bot tom f i s h  i s  impor t ed  i n c r e a s i n g l y  from 
American Samoa, Guam. F i j i ,  and Micronesia. 

HAWAII PROMXION 

From the production side, the bottom f i s h  market is  
se rved  by two t y p e s  of Hawaii-based commerc ia l  f i s h i n g  
v e s s e l s  as w e l l  as by import brokerage. Relat ively large- 
scale (12-20 m, i.e., 45-65 f t ) ,  fu l l - t ime commercial f i sh-  
i n g  b o a t s  p l y  t h e  waters  of t h e  r e l a t i v e l y  d i s t a n t  (500- 
1,000 nmi) Nor thwes te rn  Hawaiian I s l a n d s  (NWHI). These 
modern vesse l s  have the capaci ty  t o  f lood t h e  f r e s h  market 
a t  the  conclusion of t h e i r  2- t o  3-week t r i p s ,  landing up 
t o  7.000 kg of mixed bottom f i sh ,  but their boa ts  have not 
developed an e f f e c t i v e  marke t  f o r  f r o z e n  product .  T h i s  
l i m i t s  not only their ca tch  t o t a l  but t h e i r  f i s h i n g  range 
(Hau 1984). Opakapaka is t h e  major  c a t c h  of t h e  NWHI 
f i she ry  . 

On t h e  o t h e r  hand, t h e  MHI are  t h e  s i t e  of a mixed 
commercial  and p a r t - t i m e  f i s h e r y  of r e l a t i v e l y  small  
vessels.  Their catches f i l l  a niche wi th  smal le r  bottom 
and r e e f  f i s h e s .  T h e i r  b o a t s  l a n d  <1.000 kg and u s u a l l y  
much less. The MHI v e s s e l s  are f r e q u e n t l y  o p e r a t e d  on 
extra-economic r a t i o n a l e s  and are faced wi th  s u b s t a n t i a l  
r e s o u r c e  pressure .  Both t h e  N W H I  and t h e  MHI v e s e e l s  
compete i n  t h e  same f r e s h  f i s h  marke t ,  a l t h o u g h  s i z e  
composition tends t o  allocate the  l a r g e r  f i s h  of the NWHI 
catch t o  r e s t au ran t s  and the  s m a l l e r  f i s h  of the  MHI catch 
t o  t h e  household marke t  (Table  14.1). T h i s  c o m p e t i t i o n  
between large-  and small-scale vessels ,  each represent ing 
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TABLE 14.1 
Hawai 1 bottom f ish sales, 1984 (numbers In  pounds 
rounded). S c i e n t i f i c  names a r e  g iven  I n  t h e  
t e x t .  MHI = Main Hawal ian  Is lands;  NWHI = 
Northwestern Hawai Ian Islands. (Source: Western 
P a c i f l c  Regional F ishery  Management Councl l  
1985: 152) 

Landings P r i c e s  
Group/ To ta l  
Species  MHI NWHI MHI NWHI Revenue 

Group 1 
U k U  146.100 
Ulua 59,700 

Sub t o t  a1 205.800 

Group 2 
Opakapaka 211.600 
Gindai  4.600 
Hapuupuu 55 . 300 
Lehi  16.300 

87 . 800 Sub t o t  a1 

Group 3 
Onaga 190.700 
EhU 36 . 800 
K a l  ekal e 23 . 800 

Subt o t  a1 251.300 

Other 165.000 

Tota l  909 . 900 

10.600 
80 , 300 
90 , 900 

331,900 
2.800 
98,100 

0 
43 2.800 

6.500 
5 .ooo 
2.500 
14.000 

8,600 

546,300 

$2.30 
1.90 
2.18 

3.35 
2.20 
1.80 
2.30 
2.97 

4.00 
2.75 
2.20 
3.65 

1.25 

2.65 

$2.50 $362.500 
1 .OS 197.700 
1.22 560.200 

2.70 1.605.000 
2.95 18.400 
1.65 261 . 400 
0.00 37.500 
2.46 1.922.300 

2.95 782.000 
2.10 111,700 
1.60 56 . 400 
2.40 950.100 

1.10 215.700 

2.25 $3,595,900 

small  b u s i n e s s  e n t e r p r i s e s .  has i n c r e a s e d  p r e s s u r e  f o r  
government regulat ion.  i n c l u d i n g  l i m i t e d  e n t r y  (Western  
P a c i f i c  Reg iona l  F i s h e r y  Management Counc i l  (Counc i l )  
1985; Pooley  Unpub.). 

Such i n s t i t u t i o n a l  f a c t o r s  s h o u l d  be c o n s i d e r e d  i n  
f i s h e r i e s  management planning but genera l ly  are n o t  Since 
t h e  supp ly  of f i s h  i s  t h e  ma jo r  v a r i a b l e  a f f e c t e d  by 
f i s h e r y  management plans, i t s  e f f e c t  on t h e  market needs 
t o  be  i n v e s t i g a t e d .  I n  t h e  n e x t  s e c t i o n .  t h e  demand f o r  
f r e s h  bo t tom f i s h  i n  H a w a i i  i s  e s t i m a t e d  w i t h  a v i e w  
t o w a r d  u n d e r s t a n d i n g  t h e  r e l a t i o n s h i p  between f i s h e r i e s  
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product ion and marketing. The f i n a l  s e c t i o n  examines t h e  
economic impact of regula ted  changes i n  supply. 

ECONOMIC DEMAND 

The demand f o r  f r e s h  bo t tom f i s h  r e p r e s e n t s  a 
s p e c i f i c  behaviora l r  r e l a t i o n s h i p :  Consumers  a re  s a i d  t o  
d e t e r m i n e  t h e  q u a n $ i t y  demanded of a p a r t i c u l a r  t y p e  of  
f i s h  based on a number of demand de te rminan t s  (character-  
i s t i c s ) .  The p r i m g r y  d e t e r m i n a n t  i s  t h e  p r i c e  of t h e  
f i s h .  bu t  o the r  de tqrminants  i nc lude  t h e  p r i c e  of s u b s t i -  
t u t e s ,  t h e  s i z e  an4  q u a l i t y  of t h e  f i s h .  and s e a s o n a l  
c o n s i d e r a t i o n s .  Lqng-term c h a r a c t e r i s t i c s  i n c l u d e  p e r  
c a p i t a  d i sposable  d c o m e  and t h e  s i z e  of t h e  market, Le.. 
t h e  popu la t ion .  T4e d a t a  a v a i l a b l e  f o r  e s t i m a t i n g  t h e  
demand f o r  Hawaii '$  bo t tom f i s h  a re  based  on w h o l e s a l e  
p u r c h a s e s  of f r e s h  iproduct  i n  t h e  round. T h e r e f o r e ,  i n  
t h i s  p a p e r  a shor t i - run  p r i c e  f o r m a t i o n  f u n c t i o n  of t h e  
fo l lowing  genera l  farm is  u t i l i z e d .  

is t h e  ex-qessel p r i c e  pe r  pound of a p a r t i c u l a r  
:;;r:i!bottom f i s h ,  Q, i s  t h e  m a r k e t  q u a n t i t y  of t h a t  
t y p e  of f i s h ,  Q, i 4  t h e  m a r k e t  q u a n t i t y  of s u b s t i t u t e  
( a l t e r n a t i v e )  specie+. SD i s  a dummy v a r i a b l e  r ep resen t ing  
product q u a l i t y  baseld on t h e  source  of t h e  product, and CD 
i s  a dummy v a r i a b l e , r e p r e s e n t i n g  seasonal  consumer demand. 
I n  t h e  s h o r t  run, pqpula t ion  and income are assumed t o  be  
f i x e d .  Wholesa l e  b u y e r s  make t h e i r  of f e r  p r i c e s  t o  
h a r v e s t e r s  based  09 e x p e c t a t i o n s  of c o n d i t i o n s  i n  t h e  
f i n a l  consumer mar4ets. This  o f f e r  is  no t  s i g n i f i c a n t l y  
a f f e c t e d  by i n v e n t  r ies  i n  a f r e s h  f i s h  marke t .  There-  
fore.  the p r i c e  f o r J a t i o n  curve i s  mathemat ica l ly  equiva- 
l e n t  t o  t h e  inve r se  of t h e  demand curve. 

The price-quandity r e l a t i o n s h i p  can be depic ted  as a 
l i n e a r  or  1ogari thmiF r e l a t i o n s h i p  and through two summary 
measures :  (1) e l a s ~ t i c i t y ,  wh ich  i s  n o t  d i r e c t l y  a p p l i -  
c a b l e  t o  wholesale  d a r k e t  ana lys i s ,  and (2) i ts  inverse,  a 
p r i c e  f l e x i b i l i t y  c o e f f i c i e n t ,  Fp, w h i c h  m e a s u r e s  t h e  
percentage r i t e  of change of a product 's  p r i c e  relative t o  
t h e  rate of change lof t h e  product 's  q u a n t i t y  sold,  Le., 

XdP 
F P = - -  * 100 

%dQf 
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A l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  t h e  p r i c e  a n d  q u a n t i t y  
v a r i a b l e s  t r a n s l a t e s  r eg res s ion  c o e f f i c i e n t s  d i r e c t l y  i n t o  
estimates of e l a s t i c i t y  o r  p r i c e  f l e x i b i l i t y .  depending on 
t h e  form of t h e  equation. 

The problem of exp lana t ion  for seafood market pr ice-  
q u a n t i t y  r e l a t i o n s h i p s  i s  n o t  t r i v i a l  and  is n o t  u n l i k e  
p r o b l e m s  i n  u n d e r s t a n d i n g  p o p u l a t i o n  dynamics and o t h e r  
f e a t u r e s  of f i s h  s t o c k s  where observable  phenomena have an 
u n c e r t a i n  r e l a t i o n s h i p  t o  underlying forces .  The seafood 
market i s  a complex i n s t i t u t i o n  embedded i n  a network of 
s o c i a l  s t r u c t u r e s .  The q u a n t i t a t i v e  m e a s u r e s  of  m a r k e t  
behavior  are l i m i t e d  and i n t e r p r e t a t i o n  of market f o r c e s  
i s  f r e q u e n t l y  contested.  Previous exp lana t ions  of seafood 
marke ts  i n  Hawaii have explored t h e  s o c i a l  s i d e  of f r e s h  
f i s h  a u c t i o n i n g  ( P e t e r s o n  1973) .  t h e  n a t u r e  o f  m a r k e t  
c h a n n e l s  (Garrod  and  Chong 1978) .  t h e  e c o n o m e t r i c s  o f  a 
f r e s h  f i s h  c o o p e r a t i v e  (Hudgins  1980). i n d u s t r i a l  struc- 
t u r e  (Adams 1981). and c h a r a c t e r i s t i c s  of market t ransac-  
t i o n s  (Cooper  and Poo ley  1983) .  T h i s  p a p e r  b u i l d s  on 
t h o s e  exp lana t ions  bu t  does n o t  c o m p l e t e l y  " e x p l a i n "  t h e  
demand f o r  f r e s h  b o t  tom f i s h .  A 1  t hough  m i c r o e c o n o m i c  
theory  of p r i c e  de t e rmina t ion  has  been developed i n  g r e a t  
d e t a i l  ( i t  i s  p r o b a b l y  t h e  most  e l a b o r a t e  t h e o r e t i c a l  
s t r u c t u r e  w i t h i n  economics), i t  i s  a r e l a t i o n a l  theory  of 
s t a t i c  a g g r e g a t i o n s  of i n t e r p e r s o n a l  i n t e r a c t i o n s  i n  a n  
i m p l i c i t l y  f o r m u l a t e d  g e n e r a l  e q u i l i b r i u m  f ramework .  
T h e r e f o r e .  t h e  b e s t  t h a t  e c o n o m e t r i c  a n a l y s i s  of m a r k e t  
p r i c e  c a n  hope  t o  a c c o m p l i s h  i s  t o  r e v e a l  t h e  p a t t e r n  of 
exchange  c h a r a c t e r i s t i c s  t h a t  c a n  b e  d i r e c t l y  observed. 
Le., t h e  v a r i a t i o n s  i n  p r i c e  and quant i ty .  

None of t he  c h a r a c t e r i s t i c s  t h a t  d e s c r i b e  t h e  seafood 
m a r k e t  h a s  c a u s a l  p r o p e r t i e s  i n  and of  i t s e l f :  e a c h  i s  a 
m a n i f e s t a t i o n  of underlying human a c t i v i t y .  On one s ide .  
commercial  f i s h e r s  r e q u i r e  monetary e q u i v a l e n t s  f o r  t h e i r  
h a r v e s t ;  on a n o t h e r  s i d e  t h e r e  i s  t h e  i n s t i t u t i o n a l  
arrangement of wholesa le  d e a l e r s  i n  t r a n s a c t i n g  commodity 
exchange:  and on a t h i r d  s i d e  a r e  t h e  p r e f e r e n c e s  o f  
c o n s u m e r s  c o n c e r n i n g  t h e i r  c o n s u m p t i o n  e x p e n d i t u r e s .  
E c o n o m e t r i c  a n a l y s i s  of the w h o l e s a l e  m a r k e t  f o r  f r e s h  
b o t t o m  f i s h  d i s t i l l s  t h i s  b e h a v i o r  and s o c i a l  s t r u c t u r e  
i n t o  a l i m i t e d  number of q u a n t i t a t i v e  v a r i a b l e s .  but  i t  i s  
e x a m i n a t i o n  of. and e x p e r i e n c e  w i t h .  t h e  p a r t i c u l a r  
c h a r a c t e r i s t i c s  o f  t h i s  marke t .  and t h e  e x i s t e n c e  o f  a 
l eng thy  i n t e l l e c t u a l  t r a d i t i o n  pe r t a in i t i g  t o  microeconomic 
a n a l y s i s .  t h a t  make t h i s  d i s t i l l a t i o n  p r a c t i c a l  and  
informat ive .  
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Assuming a compe t i t i ve  equ i l ib r ium market,  p r i c e  and 
q u a n t i t y  d a t a  r e p r e s e n t  t h e  i n t e r s e c t i o n  of  s u p p l y  and  
demand w h e r e  o n l y  t h e  p o i n t  o f  e q u a l i t y  i s  r e v e a l e d .  
Therefore ,  a t i m e  series i s  s u b j e c t  t o  an i d e n t i f i c a t i o n  
problem:  What i s  b e i n g  d i s c o v e r e d ,  t h e  demand o r  t h e  
supply r e l a t i o n s h i p ?  This  problem i s  so lved  i n  short- term 
a n a l y s i s  of a h ighly  p e r i s h a b l e  product  l i k e  f r e s h  seafood 
by t h e  p r i o r  r e s t r i c t i o n  t h a t  s u p p l y  b e  i n d e p e n d e n t  of  
p r i c e .  Demand i s  c o n s i d e r e d  s t a b l e  o v e r  a y e a r .  The 
exogenous de t e rmina t ion  of q u a n t i t y  supp l i ed  t o  t h e  market 
a l l o w s  s t a t i s t i c a l  de t e rmina t ion  of t h e  demand cu rve  from 
market data.  

MARKET DATA 

B a s i c  d a t a  f o r  t h i s  a n a l y s i s  come f rom t w o  s o u r c e s .  
The o n l y  p u b l i c l y  a v a i l a b l e  l o n g - t e r m  s o u r c e  of  p r i c e  
and q u a n t i t y  in fo rma t ion  i s  t h e  S t a t e  of Hawaii 's l and ing  
records.  The H a w a i i  Div is ion  of Aquatic Resources (HDAR) 
r e q u i r e s  a l l  commercial f i s h e r s  i n  Hawaii t o  r e p o r t  t h e i r  
s a l e s  of f i s h  on a month ly  b a s i s .  These  d a t a  a r e  summa- 
r i z e d  and provide a monthly t i m e  series of market volume 
and  p r i c e  by i n d i v i d u a l  s p e c i e s .  The HDAR d a t a  were 

AR 
15001 

30 
1945.47 * i s  $1 '55 $5 4 7  *i9 '$1 *$3 .65 '$7 '$9 '$1 ' f 3  9 5  9 7  '78 

YEAR 

F i g u r e  1 4 3  Bottom f i s h  l a n d i n g s  i n  Hawai i ,  
1949-1978  (AR = a d j u s t e d  r e v e n u e  i n  1981 
pr ices ;  L = catch i n  1,000s o f  pounds) 
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TABLE 14.2 
Hawaii f resh f i s h  market: Monthly summary 
s t a t i s t i c s r  1965-1982. N = 216 

Coef f i- 
c i e n t  of Loga- 

Var iab le  Var i ab le  Standard V a r i a t i o n  r i t hmic  
Desc r ip t ion  N a m e  Average Deviat ion (XI Mean 

Pounds Sold 

Bottan f i s h  QBTTM 37.000 15.000 41 3.53 
Group 1 QBTTM-G1 14.000 7.000 49 2.52 
Group 2 @TTM-G2 16.000 9 .ooo 60 2.57 
Group 3 QBTTM-G3 7.000 4.000 51 1.86 

Tuna 6 QWNA 825.000 621.000 7 5  6.46 
Mahimahi 

and wahoo QMAHI/ONO 21.000 15.000 7 1  2.75 

Average 

P r i c e s  
mntuy 

Bottom f i s h  PBTTM[R] 
Group 1 PBTTM- 

G1 [Rl  
Group 2 PBTTM- 

G2 [Rl 
Group 3 PBTTM- 

G3 [Rl 
A l l  f r e s h  

f i s h  PFISH [R] 
Fresh f i s h ,  

excluding 
s k i p j  a& PFISH- 
tuna SJ [Rl  

Btrvaii Demographice 

Defacto popula t ion  
POP 

Resident  popula t ion  
RES 

Inflation-Adjusted P r i c e s  P e r  P o d  
(December 1982 P r i c e  Level) 

$2.09 0.42 20  0.72 

1.65 0.35 2 1  0.48 

2.01 0.59 29  0.66 

3.14 0.54 1 7  1.13 

1.11 0.44 40 0.02 

1.55 0.35 

900,000 95.000 

841,000 31,000 

23  1.55 

11 6.79 

53 6.73 

(Cont I nued) 
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TABLE 14.2 (Cont.1 

Coef f i- 
c i e n t  of Loga- 

Var iab le  Var i ab le  Standard Var i a t ion  r i t hmic  
Descr ip t ion  Name  Average Deviat ion (%I Mean 

Average d a i l y  v i a i t o r  census 
-- 3.91 VISIT 59,000 -- 

R e a l  d i sposable  personal  
income p e r  c a p i t a  (monthly) 

RDXNC $876 $112 13 6.77 

Consumer dummy: 
l=Jan.. Dec.. 
Mar., or Apr.; 
O=normal demand 

-- -- -- CD 0.25 

a v a i l a b l e  f o r  bottom f i s h  through December 1982. This  
a n a l y s i s  uses  t h e  da ta  beginning i n  1965. t h e  y e a r  i n  
which Hawaii's o v e r a l l  commercial f i s h e r y  "bottomed out"  
f o l l w i n g  much h igher  s a l e s  fo l lowing  World War 11. 
Figure 14.3 p re sen t s  bottom f i s h  l and ings  i n  t h e  postwar 
per iod and Table  14.2 p r e s e n t s  average monthy va lues .  
The HDAR revenue f i g u r e s  are  "adjusted" f o r  i n f l a t i o t l  by 
basing a l l  p r i c e s  on t h e  December 1982 consumer p r i c e  
index f o r  Honolulu. 

For t h e  long-term a n a l y s i s .  monthly H a w a i i  popula t ion  
and t o u r i s t  a r r iva l  informat ion  w a s  ob ta ined  from r e g u l a r  
S t a t e  of H a w a i i  Department of Planning and Economic 
Development r epor t s .  H a w a i i  has  experienced c o n s i d e r a b l e  
grcwth i n  popula t ion  and v i s i t o r  a r r i v a l s  (averaging  
roughly 2.5% annual ly  s i n c e  1965). and t h e  v a r i a b l e s  are 
h ighly  c o r r e l a t e d  (r = 0.92).  Data on real d i sposab le  
personal  income per  c a p i t a  (RDINC)  were obta ined  from U.S. 
Bureau of t h e  Census and Hawaii Department of Planning and 
Econanic Development sources .  The RDINC h a s  dec l ined  
s i n c e  1976 due t o  s t r u c t u r a l  and c y c l i c a l  economic f a c t o r s  
i n  H a w a i i ' s  economy. 

The source  of short-term market i n fo rma t ion  is  t h e  
Council. which has  a r e g u l a r  monitor ing program of whole- 
sa le  bottom f i s h  purchases  from Hawaii's commercial 



6 18 

f i shery .  These data r ep resen t  a l a r g e  propor t ion  of t h e  
e n t i r e  f r e s h  f i s h  m a r k e t  i n  H a w a i i  and were c o l l e c t e d  
throughout 1984. However, t o  p r o t e c t  t h e  c o n f i d e n t i a l i t y  
of  t h e i r  s o u r c e ,  t h e  q u a n t i t y  d a t a  have  been  s c a l e d  t o  
l e v e l s  a p p r o x i m a t e  t o  an  e s t ima te  of t h e  o v e r a l l  marke t  
volume. The data were aggregated i n t o  weekly q u a n t i t i e s  
and p r i c e s ,  and summaries appear i n  Table 14.3. 

TABLE 14.3 
H a w a l  I f r e s h  b o t t o m  f Ish m a r k e t :  Weekly ,  1984. 
(MHI = maln Hawal lan Is lands;  NWHI = Nor thwestern  
Hawal lan Is lands)  

Coef f i- 
c i e n t  of Loga- 

Var iab le  Var iab le  Standard Var i a t ion  r i thmic  
Descr ip t ion  Name /werage Deviat ion ( X I  Mean 

Pounds Sold  

B o t t a n  f i s h  QBTTM 
Group 1 QBTTM-G1 
Group 2 @TTM-G2 
Group 3 QBTTWG3 
t4iI QMHI 
NWHI QWI 

herage 
Weekly 
Prices 

Bottom f i s h  PBTTM 
Group 1 PBTTM-G1 
Group 2 PBTTWG2 
Group 3 PBTTM-G3 
HI  PMiI 
NWH I P WHI 

Consumer 
dummy : CD 
1 =peak 
season; 
O=normal 
demand 

2 4.700 
5.700 
l3 .goo 
5,100 

14.300 
10.30 0 

$2.91 
2.12 
2.95 
4.03 
3.3 1 
2.45 

0.17 

11 200 45  
3,900 6 8  
7 .SO0 5 4  
3,500 6 9  
8 .OOO 5 6  
7,000 6 8  

Price Per Pound 

0.7 4 25 
0.75 3 5  
0.80 27 
0.89 22 
0.88 27 
0.74 3 0  

9.9 
8.42 
9.34 
8.25 
9.38 
8.98 

1.04 
0.69 
1 .05 
1.37 
1.16 
0.86 

-- 
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For  b o t h  t h e  l o n g - t e r m  and s h o r t - t e r m  a n a l y s i s .  a 
consumer dummy v a r i a b l e  t akes  on a va lue  of 1 dur ing  peak 
demand p e r i o d s  ( C h r i s t m a s ,  New Year's. and E a s t e r )  and 0 
otherwise.  

The b a s i c  ques t ion  is: How do seafood consumers (or 
w h o l e s a l e  d e a l e r s  a c t i n g  on e x p e c t a t i o n s  of consumer  
b e h a v i o r )  reac t  t o  c h a n g e s  i n  t h e  s u p p l y  o f  f r e s h  b o t t o m  
f i s h ?  If consumers have a number of s u b s t i t u t e s  for f r e s h  
bottom f i s h .  then w e  can expect t h e  p r i c e  fo rma t ion  func- 
t i o n  t o  b e  r e l a t i v e l y  f l a t  a s  consumers  a d j u s t  t h e i r  
purchases t o  pr ice .  On t h e  o t h e r  hand, i f  consumers accept  
few s u b s t i t u t e s .  w e  would expect  a s t e e p  demand c u r v e  and 
high p r i c e  f l e x i b i l i t y .  I t  appears  t h a t  t h e  former  i s  t h e  
case. b u t  t h e  p u r c h a s e  d e c i s i o n  a p p e a r s  t o  b e  a " l i m i t e d  
c h o i c e "  d e c i s i o n .  i.e.. t h e r e  i s  l i t t l e  l i k e 1  ihood  of  
s u b s t i t u t i o n  t o  a p p a r e n t l y  c o m p a r a b l e  f r e s h  f i s h  when 
p r i c e s  rise. and t h e  range of purchases  i s  l i m i t e d .  

With t h e  assumption t h a t  t he  q u a n t i t y  supp l i ed  t o  t h e  
market by t h e  commercial f i s h e r y  i s  independent of pr ice .  
a t  l e a s t  i n  t h e  s h o r t  run .  a s i m p l e  l i n e a r  model  u s i n g  
o r d i n a r y  l e a s t  s q u a r e s  r e g r e s s i o n  t e c h n i q u e s  can  b e  
a p p l i e d  t o  t h e  p r i c e  and  q u a n t i t y  d a t a  t o  e s t i m a t e  t h e  
p r i c e  f o r m a t i o n  cu rve .  A l though  t h i s  i s  a r u d i m e n t a r y  
technique, i t  appears  t o  be v i a b l e  i n  t h i s  case. 

Previous a n a l y s i s  of s i m i l a r  d a t a  i n d i c a t e d  a problem 
w i t h  serial c o r r e l a t i o n  of t h e  r e s i d u a l s  from reg res s ion  
a n a l y s i s  o f  t h e  t i m e  s e r i e s  ( H i g u c h i  and  P o o l e y  Unpub.). 
Therefore. t he  d a t a  are t ransformed through an au toregres-  
G i v e  l a g  technique c a l l e d  t h e  Hildreth-Lu procedure.  which 
c o r r e c t s  f o r  such serial cor re la t ion .  The a u t o r e g r e s s i v e  
f ac to r .  g. i s  i n d i c a t e d  f o r  each equation. The equa t ions  
are i n  t h e  appendix. 

P r i c e  f l e x i b i l i t y  c o e f f i c i e n t s  a r e  c a l c u l a t e d  from 
t h e  regress ion  c o e f f i c i e n t s  of t h e  p r i c e  equat ions.  Loga- 
r i t h m i c  c o n v e r s i o n  of t h e  d a t a  p r o v i d e s  c o n t i n u o u s  
estimates of p r i c e  f l e x i b i l i t y  from t h e  r e g r e s s i o n  coeff  i- 
c i e n t s .  The l o g a r i t h m i c  form a l s o  d e a l s  w i t h  some non- 
l i n e a r i t i e s  i n  t h e  demand f u n c t i o n .  A l t h o u g h  i t  is 
un l ike ly  t h a t  cons is tency  of the  p r i c e  f l e x i b i l i t y  param- 
e t e r  a c r o s s  t he  e n t i r e  r a n g e  o f  q u a n t i t y  a p p l i e s .  t h e  
r e s u l t s  of t h e  l o g a r i t h m i c  and t h e  l i n e a r  m o d e l s  (equa- 
t i o n s  not  shown) showed no s i g n i f i c a n t  d i f f e rences .  
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S u b s t i t u t i o n  i s  examined for t h r e e  groups of Hawaii's 
b o t t o m  f i s h  t a k e n  f rom d e p t h - g r o u p i n g s  ( R a l s t o n  1979).  
A l l  bu t  two of t h e  s p e c i e s  are snappers. 

Group 1: 

Group 2: 

Group 3: 

uku. Aprion v i r e s c e n s  
ulua, Caranx spp. ( jacks)  

gindai .  P r i s t i pomoides  zonatus  
hapuupuu. Epinephelus  quernus (sea bass)  
l e h i .  Aphareus r u t i l a n s  
opakapaka. E. f i l amentosus  

ehu. E t e l i s  marshi  
ka leka le .  1. s i e b o l d i i  
onaga. E.  carbunculus  

These  groups .  b a s e d  on d e p t h  h a b i t a t s ,  r e f l e c t  
n e i t h e r  c o m m e r c i a l  h a r v e s t  n o r  m a r k e t  c o m p a r a b i l i t y  
c h a r a c t e r i s t i c s .  A s imple  f a c t o r  a n a l y s i s  of p r i c e s  and 
q u a n t i t i e s  f o r  t h e  n i n e  s p e c i e s  c o u l d  f i n d  no s t r o n g e r  
r e l a t i o n s h i p s ,  and an a1 t e r n a t i v e  s p e c i f i c a t i o n  of groups 
showed no s t r o n g e r  o v e r a l l  a v e r a g e  b o t t o m  f i s h  p r i c e -  
q u a n t i t y  r e l a t i o n s h i p  t h a n  t h e  g r o u p s  chosen ,  a l t h o u g h  
i n d i v i d u a l  g r o u p  p r i c e s  were b e t t e r  e x p l a i n e d  i n  some 
cases. 

RESULTS 

Shor t  Run Demand. 1984 

The week ly  d a t a  f o r  1 9 8 4  show 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  nega t ive  p r i ce -quan t i ty  r e l a t i o n s h i p  for f r e s h  
bottom f i s h  sales i n  H a w a i i  The average weekly p r i c e  of 
a l l  bottom f i s h  i s  nega t ive ly  c o r r e l a t e d  w i t h  t h e  weekly 
q u a n t i t y  s u p p l i e d .  and t h e  r e l a t i o n s h i p  is s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  99% conf idence  l e v e l  (Equation 1). The 
same i s  t r u e  f o r  mon th ly  a g g r e g a t i o n s  ( E q u a t i o n  2). The 
consumer dummy v a r i a b l e  i s  a l so  s i g n i f i c a n t  i n  bo th  s i t u a -  
t ions.  V a r i a t i o n  i n  q u a n t i t y  supp l i ed  and i n  t h e  consumer 
dummy v a r i a b l e  s t a t i s t i c a l l y  e x p l a i n s  h a l f  t h e  p r i c e  
v a r i a t i o n  (R2 = 53% f o r  t h e  w e e k l y  d a t a  and  R2 = 59% f o r  
t h e  mon th ly  d a t a ) .  The w e e k l y  p r i c e - q u a n t i t y  r e l a t i o n -  
ship.  c o r r e c t e d  f o r  s easona l  e f f e c t s ,  is p l o t t e d  i n  F igure  
14.4. I n t e t e s t i n g l y .  t h e  pr ice-quant i ty  r e l a t i o n s h i p  f o r  
week ly  b o t t o m  f i s h  sa les  i n  1984  i s  a l m o s t  e x a c t l y  t h e  
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same as a p r e v i o u s  a n a l y s i s  b a s e d  on 1976-1977 week ly  
sales (Higuchi and Pooley Unpub.). 

The p r i c e  f l e x i b i l i t y  coef f i c e n t  c a l c u l a t e d  from t h e  
r e g r e s s i o n  e q u a t i o n  on w e e k l y  d a t a  i s  23%. w h i l e  t h e  
mon th ly  c o e f f i c i e n t  i s  42% ( c a l c u l a t e d  f rom E q u a t i o n s  1 
and 2) . T h i s  means t h a t  p r i c e  d o e s  n o t  v a r y  a s  much as  
q u a n t i t y .  The a v e r a g e  w e e k l y  m a r k e t  s a l e s  a r e  11 MT 
(25.000 lb) w i t h  a s tandard  d e v i a t i o n  of 5 MT (11.000 lb). 
A change  i n  l a n d i n g s  of one  s t a n d a r d  d e v i a t i o n  r a i se s  o r  
l o w e r s  p r i c e  a p r e d i c t e d  30 c e n t s ,  a p p r o x i m a t e l y  10%. 
Pr ice  v o l a t i l i t y  i s  o c c a s i o n a l l y  much g r e a t e r  t h a n  p r e -  
d i c t e d  by t h i s  s i m p l e  s t a t i s t i c a l  t e c h n i q u e .  I n  mos t  
c a s e s .  w h o l e s a l e r s  r i d e  o u t  r e d u c t i o n s  i n  t h e  q u a n t i t y  
s u p p l i e d  i n  t h e  s h o r t  r u n  t h r o u g h  s h o r t - t e r m  "inven-  
tories." However. i f  q u a n t i t y  i s  suppressed  o r  increased  
f o r  several weeks. then such d i scoun t ing  cannot  be  main- 
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t a i n e d  a n d  p r i c e  w i l l  f l u c t u a t e  more  w i d e l y .  T h i s  i s  
shown  by t h e  h i g h e r  p r i c e  f l e x i b i l i t y  c o e f f i c i e n t  f o r  
m o n t h l y  a g g r e g a t i o n s .  The r a n g e  i n  a c t u a l  p r i c e s  ( o n e  
s t a n d a r d  d e v i a t i o n )  w a s  ~$1.13, o r  a p r i c e  f l e x i b i l i t y  
o f  100%. 

C e n t r a l  t o  t h e  f r e s h  bo t tom f i s h  market  i n  Hawai i  are 
q u a l i t y  premiums: F i s h  hand led  c a r e f u l l y  and t h o s e  caught  
c l o s e r  t o  t h e  Honolulu market  have l o n g e r  s h e l f  l i f e  and 
commensurately h i g h e r  p r i c e s .  Although t h i s  p r i c e  forma- 
t i o n  b e h a v i o r  c a n  b e  o b s e r v e d  a t  t h e  H o n o l u l u  a u c t i o n ,  
s p e c i f i c a t i o n  of a q u a l i t y  f a c t o r  i s  e x t r e m e l y  d i f f i c u l t  
b e c a u s e  i t  i s  o n l y  r e f l e c t e d  i n  t h e  j u d g m e n t  o f  b i d d e r s  
and f i n a l  users .  F i s h  caugh t  i n  t h e  M H I  are  c a u g h t  n e a r e r  
t o  t h e  marke t  ( t h u s  have l o n g e r  s h e l f  l i f e )  and a r e  caugh t  
i n  s m a l l e r  n u m b e r s  ( t h u s  m a x i m i z i n g  t h e  p o t e n t i a l  f o r  
i n d i v i d u a l  h a n d l i n g ) .  T h i s  a d v a n t a g e  i s  o f f s e t  by  t h e  
f a c t  t h a t  N W H I  f i s h  a r e  g e n e r a l l y  l a r g e r  a n d  t h u s  h a v e  a 
l a r g e r  y i e l d  a n d  b e c a u s e  t h e  N W H I  v e s s e l s  h a v e  b e t t e r  
r e f r i g e r a t i o n .  S m a l l e r  f i s h  a r e  v a l u e d  by many l o c a l  
c o n s u m e r s  b e c a u s e  t h e y  c a n  b e  u s e d  a s  s i n g l e  meals,  b u t  
l a r g e r  f i s h  are p r i z e d  by r e s t a u r a n t s  f o r  t h e i r  f i l l e t s .  

U s i n g  t h e  1 9 8 4  m a r k e t  s a m p l e  a n d  d i s c r i m i n a t i n g  
b e t w e e n  f i s h  l a n d e d  f r o m  t h e  M H I  a n d  t h e  N W H I .  t h e  
c o n f l i c t i n g  e f f e c t s  of q u a n t i t y  and q u a l i t y  a r e  revealed.  
A p o o l e d  c r o s s - s e c t i o n  t ime-ser ies  a p p r o a c h  was  u s e d  t o  
t e s t  f o r  p r i c e  d i f f e r e n c e s  b a s e d  on l o c a t i o n  o f  c a t c h .  
Average weekly sales  f o r  each  spec ies  group were d i v i d e d  
i n t o  M H I  a n d  N W H I  a n d  p o o l e d  t o g e t h e r  i n t o  a d a t a  s e t  
where a dummy v a r i a b l e  was used t o  s p e c i f y  t h e  M H I  f i s h .  
The s o u r c e  dummy 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  (Equa t ion  3) 
a n d  i n d i c a t e s  t h a t  f i s h  l a n d e d  f r o m  t h e  M H I  c an  e x p e c t  
a p p r o x i m a t e l y  a 50% p r i c e  "bonus" b e c a u s e  o f  q u a l i t y  
c o n s i d e r a t i o n .  However ,  s o m e  f i s h  f r o m  t h e  N W H I  a r e  
handled w e l l  and r e c e i v e  comparable  p r i c e s  and paradoxi-  
c a l l y .  t h e  more f i s h  l a n d e d  from t h e  N W H I  ( v a r i a b l e  QN:Q). 
t h e  h i g h e r  t h e  a v e r a g e  p r i c e .  ( T h i s  i s  e x p l a i n e d  by 
s h o r t - r u n  s u p p l y  e f f e c t s  w h e r e b y  N W H I  v e s s e l  o p e r a t o r s  
a t t e m p t  t o  l a n d  d u r i n g  peak demand p e r i o d s  o r  when rough 
w e a t h e r  res t r ic ts  t h e  s m a l l e r  M H I  v e s s e l s  from f i sh ing . )  

B r e a k i n g  q u a n t i t y  s o l d  i n t o  s p e c i e s  g r o u p s  
s u b s t a n t i a l l y  i m p r o v e s  t h e  p r i c e  f o r m a t i o n  f u n c t i o n  
(Equat ion 4). The s t r o n g e s t  s i m p l e  c o r r e l a t i o n  comes from 
t h e  s h a l l o w  water  group ( u l u a  and uku), which r e c e i v e s  t h e  
l o w e s t  a v e r a g e  p r i c e .  Pr ice  f l e x i b i l i t y  f o r  e a c h  of t h e  
s p e c i e s  groups i s  a l s o  e s t i m a t e d  (Equa t ions  5-7). 

One e x p e c t s  t h e  d e t e r m i n a t i o n  of p r i c e  t o  b e  improved 
by examin ing  t h e  market  by s p e c i e s  group. However, t h i s  
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l e a d s  t o  a n o t h e r  i n t e r e s t i n g  q u e s t i o n :  To what e x t e n t  do 
l a n d i n g s  of o t h e r  s p e c i e s  a f f e c t  t h e  p r i c e  of a p a r t i c u l a r  
s p e c i e s ?  T h i s  r e l a t i o n s h i p  i s  t e r m e d  c r o s s e l a s t i c i t y .  
and i t s  e f f e c t  i s  r e p r e s e n t e d  by t h e  s t a t i s t i c a l  s i g n i f i -  
c a n c e  of t h e  r e g r e s s i o n  ' c o e f f i c i e n t  f o r  t h e  q u a n t i t y  
s u p p l i e d  of t h e  a l t e r n a t i v e  species  group. These r e s u l t s  
( E q u a t i o n s  8-10) show a f a i r  d e g r e e  of s e p a r a b i l i t y  f o r  
t h e  h i g h - p r i c e d  g r o u p s  ( o p a k a p a k a  a n d  o n a g a ) ,  s i n c e  t h e  
c r o s s - e l a s t i c i t i e s  are n o t  l a r g e .  

E x a m i n a t i o n  of d a t a  f o r  1976-1977 s h o w s  a l m o s t  n o  
c r o s s  e f f e c t s  w i t h  o t h e r  t y p e s  of f r e s h  seafood i n  H a w a i i ,  
e.g., t u n a ,  mah imah i ,  and wahoo ( H i g u c h i  and  P o o l e y  
Unpub.). L a n d i n g s  of one  b o t t o m  f i s h  g r o u p  h a v e  some 
e f f e c t  on t h e  p r i c e s  i n  t h e  o t h e r  b o t t o m  f i s h  g r o u p s .  
However, l a n d i n g s  i n  t h e  rest of t h e  f i s h e r y  (Le.. tunas.  
mah imah i ,  wahoo, and  m a r l i n s .  e t c . )  seem t o  h a v e  n o  
n o t i c e a b l e  i n f l u e n c e  i n  t h e  sho r t - t e rm p r i c e  f o r m a t i o n  f o r  
bottom f i s h ,  which s u p p o r t s  t h e  i d e a  t h a t  t h e i r  sho r t - t e rm 
demand is  r e l a t i v e l y  independent  ( s e e  a l s o  Equa t ion  14). 

A n o t h e r  q u e s t i o n  i m p o r t a n t  t o  Hawaii ' s  c o m m e r c i a l  
f i s h e r y  is: To wha t  e x t e n t  i s  marke t  p r i c e  de t e rmined  by 
r e l a t i v e  l a n d i n g s  from t h e  two main h a m e s t i n g  areas? The 
s t r o n g e s t  c o r r e l a t i o n  w i t h  o v e r a l l  market  p r i c e  i s  w i t h  
NWHI l and ings ,  which is  n o t  s u r p r i s i n g  s i n c e  they p r o v i d e  
l a r g e r  f l u c t u a t i o n s  in volume (Equat ion 11). However. a 
p r i c e  d e t e r m i n a t i o n  e q u a t i o n  for t h e  MHI a l o n e  shows that 
N W H I  l a n d i n g s  appear  t o  have l i t t l e  c a u s a l  e f f e c t  on MHI 
p r i c e s .  compared w i t h  t h e  e f f e c t  of MHI l a n d i n g s  and t h e  
c o n s u m e r  dummy v a r i a b l e  ( E q u a t i o n  12). Because l a n d i n g s  
f rom t h e  M H I  a r e  c o n s i d e r e d  of h i g h e r  q u a l i t y .  t h e i r  
volume a p p e a r s  t o  d e t e r m i n e  t h e i r  own p r i c e  l e v e l  indepen- 
d e n t l y  of NWHI l and ings .  

Long-Term Demand. 1965 t o  1982 

I n  t h e  s h o r t  run. one can  assume t h a t  consumer demand 
f o r  a p r o d u c t ,  s u c h  as f r e s h  b o t t o m  f i s h ,  i s  r a t h e r  
s t a b l e .  s i n c e  c o n s u m e r  p r e f e r e n c e s  are themselves rela- 
t i v e l y  s t a b l e .  However,  i n  t h e  l o n g  r u n ,  a number of  
f a c t o r s  w i l l  a f f e c t  t h e  m a r k e t  demand f o r  a p r o d u c t .  
F i r s t .  t h e  s i z e  of t h e  m a r k e t  may c h a n g e  t h r o u g h  
p o p u l a t i o n  g r o w t h  or e x p a n s i o n  i n t o  new m a r k e t s  s u c h  as 
r e s t a u r a n t s .  r e t a i l  p r o m o t i o n ,  a n d  e x p o r t s .  Second.  t h e  
c h a r a c t e r i s t i c s  of consumers may change through a change 
i n  t h e i r  d i s p o s a b l e  income (income a f t e r  t axes ) ,  or t h e i r  
b a s i c  p r e f e r e n c e  s t r u c t u r e s  may change through a d v e r t i s -  



i ng ,  pe rce ived  h e a l t h  e f f e c t s ,  g e n e r a t i o n a l  s h i f t s .  e t c .  
Summary s t a t ig t i c s  f o r  t h i s  pe r iod  a p p e a r  i n  Tab le  14.2. 

N o t  s u r p r i s i n g l y ,  t h e  s t a t i s t i c a l  i n f o r m a t i o n  
s u g g e s t s  that t h e  s t r o n g e s t  long-term impac t  on t h e  p r i c e  
f o r  b o t t o m  f i s h  i s  t h e  g r o w t h  of H a w a i i ' s  de f a c t o  
p o p u l a t i o n  ( r e s i d e n t  and t o u r i s t  combined) .  The s i m p l e  
c o r r e l a t i o n  b e t w e e n  t h e  r e s i d e n t  p o p u l a t i o n  a n d  t h e  
i n f l a t i o n - a d j u s t e d  p r i c e  f o r  f r e s h  bottom f i s h  was s t a t i s  
t i c a l l y  s i g n i f i c a n t ,  r = 0.441. R e l a t i o n s h i p s  w i t h  a c t u a l  
l a n d i n g s ,  t h e  s e a s o n a l  dummy v a r i a b l e ,  and real d i s p o s a b l e  
income p e r  c a p i t a  were much w e a k e r .  However, when p laced  
i n  a l i n e a r  r e g r e s s i o n  f o r m a t ,  s e a f o o d  v o l u m e  and t h e  
c o n s u m e r  s e a s o n a l  dummy v a r i a b l e ,  as w e l l  as r e s i d e n t  
popu la t ion ,  are h i g h l y  s i g n i f i c a n t ,  w h i l e  real  d i s p o s a b l e  
i n c o m e  p e r  c a p i t a  i s  n o t  ( E q u a t i o n  13).  T h e s e  v a r i a b l e s  
"explain" 60% of t h e  v a r i a t i o n  i n  t h e  i n f l a t i o n - a d j u s t e d  
p r i c e  of bottom f i s h  Over t h e  pe r iod  1965-1982. 

I a l s o  i n v e s t i g a t e d  t h e  c r o s s  e f f e c t  of o t h e r  s p e c i e s  
g r o u p s  o n  b o t t o m  f i s h  p r i c e s  and somewha t  s u r p r i s i n g l y  
f o u n d  a s t r o n g  n e g a t i v e  r e l a t i o n s h i p  b e t w e e n  l o c a l  
l a n d i n g s  of t u n a  ( a h i - - y e l l o w f  i n  a n d  b i g e y e  t u n a s .  and 
aku--skipjack t u n a )  and t h e  p r i c e  of bottom f i s h  (Equation 
14).  A r e g r e s s i o n  on t h e  p r i c e  of b o t t o m  f i s h  w i t h  
bottom f i s h ,  tuna,  and mahimahi or wahoo l a n d i n g s  (us ing  
t h e  l o g a r i t h m i c  t r a n s f o r m a t i o n s  as b e f o r e )  a s  w e l l  as the 
donsumer  dummy v a r i a b l e  34% of t h e  m o n t h l y  
v a r i a t i o n  i n  p r i c e  over  t h e  18-year per iod.  The n e g a t i v e  
e f f e c t  of t u n a  on bottom f i s h  p r i c e  s u g g e s t s  some s u b s t i -  
t u t i o n ,  w h i l e  t h e  p o s i t i v e  e f f e c t  of m a h i m a h i  and  wahoo  
i n d i c a t e s  t h e  p a r a l l e l  m a r k e t i n g  of t h e s e  w h i t e - f l e s h e d  
s p e c i e s  ( T a k e n a k a  e t  a l .  1984) .  A 22.700 k g  (50.000 l b )  
i n c r e a s e  i n  t h e  t o t a l  supply of t u n a  r educes  bottom f i s h  
p r i c e s  by o n l y  1.8 c e n t s ;  h o w e v e r ,  t h i s  c h a n g e  i n  s u p p l y  
i s  < l o %  of t h e  s t a n d a r d  d e v i a t i o n  f o r  t u n a  l and ings .  

F i n a l l y ,  a l t h o u g h  p r i c e s  f o r  f r e s h  f i s h  i n  H a w a i i  
t r a c k  t o g e t h e r  t o  a c e r t a i n  e x t e n t  ( E q u a t i o n  1 5 ) .  t h e  
r e l a t i o n s h i p  i s  w e a k e r  t h a n  o n e  m i g h t  e x p e c t .  Over  t h e  
long  t e r m ,  t h e  p r i c e  of bottom f i s h  rose more r a p i d l y  t h a n  
t h e  p r i c e  of all f r e s h  f i s h  ( F i g u r e  14.5) except s k i p j a c k  
tuna, which i n c r e a s i n g l y  s h i f t e d  f r m  t h e  cannery t o  t h e  
f r e s h  market  i n  H a w a i i .  The n o n s k i p j a c k  tuna  p r i c e s  r o s e  
a t  a n  a n n u a l  r a t e  of 1.5%. of w h i c h  b o t t o m  f i s h  p r i c e s  
r o s e  by 3.1% a f t e r  a d j u s t m e n t  f o r  i n f l a t i o n .  I n  terms of 
t h e  t h r e e  s p e c i e s  groups,  pr ices  t r a c k e d  q u i t e  c l o s e l y  f o r  
t h e  two g roups  w i t h  t h e  h i g h e s t  p e r c e n t a g e  of c a t c h  i n  the 
N W H I ,  Le., t h e  u l u a - u k u  a n d  o p a k a p a k a  g r o u p s  ( T a b l e  
14.4). The o p a k a p a k a  g r o u p  h a d  t h e  s t r o n g e s t  t i m e - t r e n d  
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TABLE 14.4 
H a w a i i  b o t t o m  f i s h  p r i c e s  ( i n f l a t i o n - a d j u s t e d )  
1965- 1982 s i  m p l  e cor r e l  a ti on s. A1 1 c o r r  el a t  1 ons 
a r e  s i g n i  f i c a n t  a t  t h e  99.9% c o n f  i d e n c e  1 e v e l .  
Monthly average p r i c e s  f o r  bottom f i s h  and bot tom 
f i s h  groups 

Simple Cor re l a t ion  C o e f f i c i e n t s  

PBT'IM PBTTM-G1 PBTTMG2 PBTTM-G3 

PBTTM [ R] 1 

PBTTM-Gl [Rl  0.888 1 

PBTTM-G2 [R] 0.864 0.731 1 

PBTTM-G3 [R] 0.643 0.454 0.523 1 

Month (1-216) 0.664 0.596 0.809 0.302 

CONCLUS I ON 

The evidence obtained from examining the i n t e r a c t i o n  
of pounds s o l d  and p r i c e s  i n  H a w a i i ' s  f r e s h  f i s h  m a r k e t  
sugges ts  t h a t  f a c t o r s  a f f e c t i n g  t h e  supply of f r e s h  bottom 
f i s h  and exogenous changes i n  H a w a i i ' s  markets. e s p e c i a l l y  
i n  the growth of t h e  domestic and expor t  markets. may have 
i m p o r t a n t  e f f e c t s  on p r i c e s .  As a r e s u l t ,  t o  t h e  e x t e n t  
t h a t  w h o l e s a l e  p r i c e s  a re  p a r a l l e l  t o  e x - v e s s e l  p r i c e s .  
t h e  i n c o m e s  a v a i l a b l e  t o  t h e  c o m m e r c i a l  f i s h e r y  w i l l  b e  
a f f e c t e d .  The commerc ia l  f i s h e r s  i n  H a w a i i  have  l o n g  
w o r r i e d  a b o u t  l a r g e  s w i n g s  i n  t h e  p r i c e  f o r  f r e s h  f i s h .  
p a r t i c u l a r l y  on t h e  "down" s i d e .  such  t h a t  t h e  t o t a l  
r evenue  t o  t h e  v e s s e l  (and hence  i t s  c a p t a i n .  crew. and 
owner) i s  a c t u a l l y  reduced d e s p i t e  increased  landings.  I n  
p a r t i c u l a r .  MHI v e s s e l  ope ra to r s  worry t h a t  landings  from 
t h e  l a r g e r  v e s s e l s  which  p l y  t h e  N W H I  and make l e s s  
f requent  l and ings  w i l l  f lood t h e  market and reduce income 
f o r  t h e  M H I  f i s h e r y .  The same problem a160 a f f e c t s  t h e  
N W H I  v e s s e l  o p e r a t o r s  who depend on some t y p e  of p r i c e  
s t a b i l i t y  t o  r a t i o n a l i z e  their f i s h i n g  schedules. 

The average ltawingtl i n  the  H a w a i i  bottom f i s h  market 
i n  terms of pounds s o l d ,  p r i c e s .  and g r o s s  r e v e n u e s  i s  
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s u b s t a n t i a l :  pounds and revenue vary  by 45% weekly. wh i l e  
p r i c e s  vary  by 25% (Table  14.3. c o e f f i c i e n t  of  v a r i a t i o n ) .  
I n  o t h e r  words. a l though p r i c e s  and q u a n t i t i e s  tend  t o  be 
nega t ive ly  r e l a t e d .  t h e r e  a r e  s u f f i c i e n t l y  l a r g e  exogenous 
e f f e c t s  on t h e  market so t h a t  t h e  income e f f e c 4 s  of 
"Bwings" may be  cons iderable .  Thus not  only are  Hawaii's 
commercial f i s h e r i e s  r e l a t e d  i n  terms of t h e  resource.  
they are l i nked  i n  t h e  market. 

A p a r t i c u l a r l y  v i s i b l e  example i s  t h e  e f f e c t  of t he  
newly developed NWHI bottom f i s h e r y .  Using somewhat hypo- 
t h e t i c a l  c o s t  and c a t c h  ra te  da ta .  one NWHI v e s s e l  unloads 
a t o t a l  of 4.500 kg (10.000 l b )  of mixed bottom f i s h  a t  
t h e  end of a normal t r i p .  based on 1984 da ta .  The c a p t a i n  
can expect  an average p r i c e  of $2.45 per  pound f o r  t h e  
catch.  $25,000 i n  g r o s s  revenue. a crew s h a r e  of some 
$10.000, and a n e t  income ( a f t e r  a l l  expenses)  of approxi- 
mately $1,500 (Hau 1984; and Unpublished vessel s i m u l a t o r s  
by Pooley). A t  t h e  same t i m e .  some 20-40 M H I  v e s s e l s  
( f i s h i n g  r e l a t i v e l y  fu l l - t ime)  can expect  a pr ice  of $3.31 
based on t h e i r  t o t a l  l and ings  of 6.400 kg (14.000 l b ) .  
This  would r ep resen t  weekly crew incomes of $400 per  
person and ne t  vessel incomes of $300 per  v e s s e l  a f t e r  
expenses (da t a  from NMFS cos t -earn ings  su rveys  (Lyman and 
Hawaii Opinion 1984) and unpublished v e s s e l  s i m u l a t o r s ) .  

I f  an additional NWHI v e s s e l  off- loaded du r ing  a 
p a r t i c u l a r  week. t o t a l  l and ings  would i n c r e a s e  by 4,500 kg 
(10.000 l b ) .  i n c r e a s i n g  t o t a l  market volume by 42%. 
Average p r i c e s  would f a l l  approximately 10%: f o r  t h e  EWHI 
v e s s e l s  t o  approximately $2.20 and f o r  MHI v e s s e l s  t o  
$3.00 (us ing  Equation 1 and Table 14.3). The e f f e c t  on 
g ross  sales i s  s t i l l  p o s i t i v e :  Gross  sales  i n c r e a s e  from 
$70.800 t o  $86.000. or 17.5%. However. t h e  e f f e c t  on t h e  
ind iv idua l  v e s s e l s  is. of course.  nega t ive :  Each M J H I  
v e s s e l  g e t s  $2.500 less than  o therwise  and each MHI vessel 
g e t s  $150 less. This  t r a n s l a t e s  i n t o  smaller crew s h a r e s  
and ne t  r e t u r n s  per  vessel. S i m i l a r  e f f e c t s  could occur 
from o t h e r  f a c t o r s  which would i n c r e a s e  l a n d i n g s  f o r  one 
s e c t o r  of t h e  o v e r a l l  f i s h e r y  and no t  another .  such as 
increased  sales by " rec rea t iona l "  f i s h e r s .  

These compet i t ive  e f f e c t s  a r e  w e l l  known and are a 
s u b s t a n t i a l  reason why t h e  f i s h i n g  i n d u s t r y  f a v o r s  some 
form of management. F i she ry  managers, however. u sua l ly  
concen t r a t e  on t h e  b i o l o g i c a l  e f f e c t s  of m e r f  i s h i n g  on 
f i s h  s t o c k s  wi thout  as much a t t e n t i o n  t o  t h e  o v e r a l l  
e c o n m i c  e f f e c t  of such dec i s ions .  Y e t  s imply by a f f e c t -  
i n g  t h e  timing of t o t a l  l and ings  (opt imized a t  whatever 
long-run l e v e l ) .  f i s h e r y  managers can have s u b s t a n t i a l  

I _  -- 
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e f f e c t s  on short-run l i q u i d i t y  and long-run prof i t a b i l i t y  
€ o r  hamesters and processors .  

Seasonal c l o s u r e s  and quotas  ( inc lud ing  t h e  c u r r e n t l y  
p o p u l a r  s h a r e  s y s t e m  known a s  " i n d i v i d u a l  f i s h e r m e n ' s  
quo ta s" ) ,  w h i c h  t e n d  t o  "clump" l a n d i n g s  e a r l y  i n  t h e  
quo ta  per iod.  may depress  incomes f o r  vessels l a n d i n g  any 
s p e c i e s  s u b j e c t  t o  p r i c e  f l e x i b i l i t y .  (There a re  of course  
o t h e r  e f f e c t s . )  Consumers.  on t h e  o t h e r  hand,  would  b e  
f a c e d  w i t h  h i g h e r  p r i c e s  d u r i n g  t h e  o f f - s e a s o n ,  d u r i n g  
which MHI vessels would r ece ive  r e l a t i v e l y  h ighe r  pr ices .  
While such  p r i c e  e f f e c t s  are f r e q u e n t l y  not  r e l e v a n t  f o r  
% - i d u s t r i a l "  f i s h e r i e s  such a s  tuna. shrimp. and rock f i sh ,  
i t  i s  c e r t a i n l y  t h e  case  f o r  f r e s h  snappers. 

For example.  i n  Hawai i ' s  f i s h e r y ,  a 2-month c l o s u r e  
o f  t h e  N W H I  w i t h  no e f f e c t  on t o t a l  a n n u a l  l a n d i n g s  
( implying inc reased  e f f o r t  d u r i n g  t h e  "on-season" and no 
s h i f t i n g  of  e f f o r t  i n t o  t h e  MHI) would i n c r e a s e  w e e k l y  
l a n d i n g s  d u r i n g  t h e  on-season  by 910 kg (2,000 l b ) .  T h i s  
would have only a marginal  impact on pr ices .  which might 
b e  expected t o  d e c l i n e  by 5 cents.  However, f o r  t h e  NWHI 
vessels. which are i n c u r r i n g  l a r g e r  c o s t s  du r ing  t h e  on- 
season, t h i s  w i l l  a f f e c t  t o t a l  n e t  income, reducing  t h e i r  
annual g r o s s  sales by $27,500. During t h e  off-season. t h e  
amount of  bottom f i s h  a v a i l a b l e  i n  t h e  Hawaii market  would 
d e c l i n e  by 4.800 kg (10.500 l b )  p e r  week. T h i s  wou ld  
i n c r e a s e  p r i c e s  by 28 c e n t s  p e r  pound, on a v e r a g e .  and 
t h u s  i n c r e a s e  t h e  v a l u e  of t h e  M H I  c a t c h  d u r i n g  t h e  of  f- 
s e a s o n  by a t o t a l  o f  $40.000. The n e t  g r o s s  s a l e s  e f f e c t  
o f  t h e  p r i c e  c h a n g e s  i n  t h e  two  s e a s o n s  wou ld  b e  a l m o s t  
e x a c t l y  o f f s e t  f o r  t h e  M H I  f l e e t .  

The Council c a l c u l a t e s  t h a t  t h e  maximum s u s t a i n a b l e  
y i e l d  (MSY) f o r  t h e  NWHI f i s h e r y  i s  approximate ly  320,000 
kg (700.000 l b )  of mixed bottom f i s h  (Council 1985). This  
i s  approximately 30% more than w a s  landed i n  1984 as t h e  
f i s h e r y  was s t i l l  developing. This  i n c r e a s e  i n  l and ings  
m i g h t  b e  e x p e c t e d  t o  d e p r e s s  m a r k e t  p r i c e s  u n t i l  a d d i -  
t i o n a l  expor t  markets  are  found: The p r i c e  e f f e c t  would 
be  19 cents .  so t h a t  g ross  revenue would i n c r e a s e  by only 
20%. 

I f  t h e  f i s h e r y  s t a b i l i z e s  a t  MSY over  t h e  long  term, 
and H a w a i i ' s  domest ic  market grows because of popula t ion  
e f f e c t s ,  then t h e r e  would be a p o s i t i v e  p r i c e  e f f e c t .  The 
S t a t e  p r o j e c t i o n  of  p o p u l a t i o n  i n  1990 i s  f o r  a 10% 
increase .  The p r i c e  e f f e c t  of a growing market would be  
45 c e n t s  (15.6%). r a i s i n g  g r o s s  r e v e n u e  on t h e  MSY l e v e l  
of l a n d i n g s  by $3 00.000. 
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The market f o r  f r e s h  bottom f i s h  i n  Hawaii  appears  t o  
b e  much a s  t h e  m a r k e t s  f o r  s n a p p e r s  a r e  t h r o u g h o u t  t h e  
world--a market f o r  a product h igh ly  va lued  w i t h  s i g n i f i -  
can t  q u a l i t y  premiums. Short-run (weekly) f l u c t u a t i o n s  i n  
landings  are r e f l e c t e d  i n  p r i c e  but  perhaps less than t h e  
c o m m e r c i a l  f i s h e r s  m i g h t  e x p e c t .  Medium-run (mon th ly )  
f l u c t u a t i o n s  a r e  g r e a t e r  and i n d i c a t e  t h e  k ind  of problems 
t h a t  might a r i s e  w i t h  management measures a f f e c t i n g  t h e  
s c h e d u l i n g  of  l a n d i n g s  ( s u c h  a s  a n n u a l  c a t c h  q u o t a s  or 
s e a s o n a l  c l o s u r e s ) .  At t h e  same t ime. t h e  m a r k e t  seems 
capable  of domest ic  expansion. which i n c r e a s e s  t h e  poten- 
t i a l  b i o l o g i c a l  p r e s s u r e  on f i s h  s t o c k s .  P r o p o s a l s  f o r  
managing Hawai i ' s  b o t t o m  f i s h  may have  t o  r e f l e c t  t h e  
q u a l i t y  premiums t h a t  ex i s t  f o r  f i s h  coming from t h e  M H I  
a s  w e l l  a s  t h e  weak s u b s t i t u t a b i l i t y  b e t w e e n  s p e c i e s .  
e s p e c i a l l y  i n  t h e  c a s e  of opakapaka (Pooley 1985). Whether 
a h i g h - q u a l i t y  f r o z e n  p r o d u c t  would  b e  a c c e p t a b l e  i n  
H a w a i i  and whether  i t  would compete w i t h  t h e  M H I  c a t c h  o r  
w i t h  f rozen  snapper impor t s  i s  ano the r  impor t an t  i s sue .  

The t o t a l  i ncome  e f f e c t s  shown i n  t h i s  s e c t i o n  a r e  
n o t  d r a m a t i c  b e c a u s e  o f  t h e  r e l a t i v e l y  low s h o r t - t e r m  
p r i c e  f l e x i b i l i t i e s  and s m a l l  l and ings  volume i n  Hawaii's 
f i shery .  However, f o r  t h i s  sma l l - sca l e  indus t ry .  which i s  
similar t o  o t h e r  snapper f i s h e r i e s  throughout t h e  world,  
t h e  i n d i v i d u a l  e f f e c t s  a r e  important .  Perhaps t h e  s t a t e  
of f i s h e r i e s  s c i e n c e  i s  no t  s u f f i c i e n t l y  p r e c i s e  t o  empha- 
s i z e  t h e  e f f e c t  o f  t h e  m a r k e t  on t h e  i m p a c t  o f  f i s h e r i e s  
r e g u l a t i o n s  and deve lopmen t .  b u t  a g e n e r a l  a w a r e n e s s  of  
such e f f e c t s  would seem t o  be an  impor tan t  c o n t r i b u t i o n  t o  
o b t a i n i n g  t h e  h i g h e s t  l e v e l  of  s o c i a l  v a l u e  f r o m  t h e s e  
u n i q u e  resources.  

NOTES 

Appreciat ion but  n e i t h e r  blame nor r e s p o n s i b i l i t y  t o  
t h r e e  reviewers: L. Hudgins, D. Squires ,  and J. Waters. 

1. The r e c o r d e d  s u p p l y  o f  f r e s h  b o t t o m  and r e e f  
f i s h  i n  H a w a i i  i s  o n l y  some 1 ,250  MT (2.5-3 m i l l i o n  lb). 
The d i s c r e p a n c y  w i t h  t h e  r e t a i l  s u r v e y  i s  n o t  e x p l a i n e d  
b u t  may r e l a t e  t o  d o u b l e  c o u n t i n g  on t h e  r e t a i l  s i d e  
(Le. ,  r e s a l e )  and  u n d e r c o u n t i n g  on t h e  h a r v e s t  side 
(through "back door"  s a l e s ) .  

2. Disequi l ibr ium models are  not a p p l i c a b l e  t o  f r e s h  
f i s h  markets. 

3. Data m a n i p u l a t i o n  was a s s i s t e d  by J i m  Baxter. 
computer aid.  and Wesley K. Higuchi. mathematics  aid. 
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4. K u r t  Kawamoto o f  t h e  Wes te rn  P a c i f i c  R e g i o n a l  
F ishery  Management Council  w a s  r e spons ib l e  f o r  t h i s  d a t a  
c o l l e c t i o n .  

5. A value of -1.0 on t h e  r eg res s ion  c o e f f i c i e n t  f o r  
q u a n t i t y  p u r c h a s e d  (Qd) i n d i c a t e s  p r i c e  and q u a n t i t y  
c h a n g e s  are  s t r i c t l y  ( n e g a t i v e l y )  p r o p o r t i o n a l  and t h e  
p r i c e  f l e x i b i l i t y  c o e f f i c i e n t  i s  100%. A value less than  
-1 i n d i c a t e s  an i n e l a s t i c  demand where p r i c e  changes rela- 
t i v e l y  more  t h a n  pounds s o l d .  A c o e f f i c i e n t  o f  -2.0 
t r a n s l a t e s  i n t o  a p r i c e  f l e x i b i l i t y  of  200%. A v a l u e  
between 0 and -1 i n d i c a t e s  an e l a s t i c  demand where pounds 
s o l d  change r e l a t i v e l y  more than pr ice .  A c o e f f i c i e n t  of 0 
shows a p r i c e  f l e x i b i l i t y  of 0 and a c o e f f i c i e n t  of -0.50 
t r a n s l a t e s  i n t o  a p r i c e  f l e x i b i l i t y  of  5 0 % .  However. 
t r a n s l a t i o n  o f  e l a s t i c i t i e s  i n t o  p r i c e  f l e x i b i l i t i e s .  
e s p e c i a l l y  between ex-vesssel  and r e t a i l  levels. i s  some- 
what suspec t  (Manderscheid 1964: Houck 1965). 
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APPENDIX EQUATIONS 

A l l  e q u a t i o n s  i n v o l v e  l o g a r i t h m i c  t r ans fo rma t ion  of 
t h e  cont inuous va r i ab le s .  The v a r i a b l e s  a r e  a l s o  t rans-  
formed t o  account f o r  s i g n i f i c a n t  l e v e l s  of s e r i a l  corre-  
l a t i o n  (determined by t h e  Durbin-Watson t e s t )  through t h e  
Hi ld re th -Lu  p r o c e d u r e  (P indyck  and Rubinfeld 1981). The 
r eg res s ion  estimates are c a l c u l a t e d  us ing  o rd ina ry  l e a s t  
s q u a r e s  techniques.  

The r e s u l t s  a re  g i v e n  i n  t h e  f o l l o w i n g  fo rm:  The 
f i r s t  l i n e  p r e s e n t s  t h e  equat ion  number, a b r i e f  descr ip-  
t i o n .  and  t h e  d a t a  s o u r c e .  The second  l i n e  p r e s e n t s  t h e  
dependent v a r i a b l e  on t h e  l e f t  and t h e  independent  v a r i -  
a b l e s  on t h e  r i g h t :  t h e  t h i r d  l i n e  p r e s e n t s  t h e  b e t a  
c o e f f i c i e n t s  of t h e  regress ion:  t h e  f o u r t h  l i n e  p r e s e n t s  
t h e  t - s ta t i s t ics ;  t h e  f i f t h  l i n e  p r e s e n t s  summary informa- 
t i o n  on t h e  equation. i nc lud ing  t h e  c o e f f i c i e n t  of mu l t i -  
p l e  d e t e r m i n a t i o n  (R2X t h e  r e s u l t a n t  Durbin-Watson (DW) 
s t a t i s t i c  f o r  s e r i a l - c o r r e l a t i o n .  t h e  Hildreth-Lu serial- 
c o r r e l a t i o n  c o r r e c t i o n  f a c t o r  (8). and  t h e  number o f  
observat ions.  Abbrevations f o r  e a c h  v a r i a b l e  a r e  i n t r o -  
duced below t h e  equation. The q u a n t i t y  d a t a  a re  i n  pounds 
a n d . p r i c e s  by p e r  pound. S t a t i s t i c a l  s i g n i f i c a n c e  i s  
r e p r e s e n t e d  by an  a s t e r i s k  (*I. c o r r e s p o n d i n g  t o  a 95% 
confidence 1 evel. 

A l l  values are i n  natural logarithms except for the 
consumer dummy variable. 

Equation 1: Hawaii  b o t t o m  f i s h  demand--1984 w e e k l y  
wholesa le  d a t a  

PBTTM = CNST QBTTM CD 

Beta 3.24 -0.23 0.42 
t -s ta t is t ic  -4.73* 5.14* 

R2 = 48.5%. DW = 1.93. 8 = 0.2. N = 51 

BTTM: The average  p r i c e  p e r  pound of bottom f i s h ,  

QBBTM: The average  q u a n t i t y  of bottom f i s h  s o l d  i n  

OUT: The cons tan t  
CD : A consumer dummy v a r i a b l e  t a k i n g  t h e  value 

of 1 f o r  t h e  h i g h  demand s e a s o n  and t h e  
v a l u e  of 0 f o r  t h e  low demand season  

na t ur  a1 1 o g a r i  t hm s 

pounds p e r  period, n a t u r a l  l o g a r i t h m s  

*Significant at  the 95% confidence level. 
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l4uation 2: Hawai i  b o t t o m  f i s h  demand--1984 monthly 
wholesale  d a t a  

PBTTM = CNST QBTTM CD 

Beta 5.68 -0.42 1.04 
t -s ta t is t ic  -3.33* 2.21 

R2 = 55.9%. DW = 2.07, g = 0 . 8 ,  N = 12 

Equation3: H a w a i i  b o t t o m  f i s h  demand  by  s o u r c e  of 
supply--pooled 1984 M H I  and NWHI weekly d a t a  

QBTTM QN:Q CD M:N: S PB:N:M = CNST 

Beta 2.62 -0.20 0.34 0.29 0.36 
t-statis t i c  -4.00* 2.91* 4.29* 6.92* 

R2 = 45.3%. 

PB :M:N: 

QN:Q : 

M:N:S: 

Eqnation 4: 

PBm = 

Beta 
t - s t a t i s  t i c  

DW = 1.88*, g = 0. N = 104 

Average weekly p r i c e  of bottom f i s h  landed 

Ra t io  of N W H I  l and ings  t o  t o t a l  l andings  f o r  

A dummy v a r i a b l e  valued 1 f o r  MHI landings  

e i t h e r  from t h e  MHI or NWHI. n a t u r a l  l o g  

t h e  week 

and 0 f o r  NWHI l and ings  

Hawai i  b o t t o m  f i s h  demand by group--1984 
weekly wholesale  d a t a  

CNST QBTTMGl QBTTMGZ QB"MG3 CD 

2.99 -0.13 -0.13 0.04 0.35 
-3.30* -2.90* 0.97 4.11* 

R2 = 54.5%. DW = 1.91*. g = 0.2. N = 50 

QBTTM31: Q u a n t i t y  for b o t t o m  f i s h  g roup  1 (uku and  
ulua). n a t u r a l  l o g  (equiva len t ly  f o r  o t h e r  
groups) 
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Equation 5: H a w a i i  b o t t o m  f i s h  demand g r o u p  1 ( u l u a  and 
uku)--1984 weekly wholesa le  d a t a  

PBTRlGl = CNST QBTTMGl CD 

Beta 1.52 -0.11 0.47 
t-s t a t i s  t i c  -1.64 3.87* 

R~ = 30.9%. DW = i.84*. g = 0, N = 52 

Equation 6: H a w a i i  bottom f i s h  demand group 2 (opakapaka, 
e t  ai.)--1984 weekly wholesa le  d a t a  

PBTRL;2 = CNST QBTTMG2 CD 

Beta 3.04 -0.22 0.41 
t -s ta t is t ic  -6.19* 6.06* 

R2 = 57.5%. DW = 1.77*. g = 0. N = 52 

Equation 7: Hawaii bottom f i s h  demand group 3 (onaga. e t  
a1.)--1984 weekly wholesa le  d a t a  

PBTR1G3 = CNST QBTTMG2 CD 

Beta 3.31 -0.11 0.31 
t-statis t i c  -3.48* 1.96 

R2 = 29.8%. DW = 1.96*, g = 0.6. N = 52 

Equation 8: H a w a i i  b o t t o m  f i s h  g roup  1 ( u l u a  and uku) 
cross effects--1984 weekly who lesa l e  d a t a  

PBTTMG1 = CNST QBTTK;l QBTTM2C3 CD 

Beta 2.98 -0. 08 -0.18 0.54 
t-statist ic -1.25 -2. 85* 4.70* 

R2 = 40.9%. DW = 2.17*. g = 0. N = 52 

QBTTM26r3 : Q u a n t i t y  f o r  groups 2 and 3 combined. natu- 
r a l  l o g  ( equ iva len t ly  f o r  o t h e r  groups) 
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Equation 9: H a w a i i  b o t t o m  f i s h  g r o u p  2 (opakapaka.  e t  
al.) c r o s s  e f  f ec t s - -1984  w e e k l y  w h o l e s a l e  
d a t a  

PBTTMG2 = CNST QBTW2 QBTTMl.63 CD 

Beta 3.43 -0.19 -0.08 0.39 
t - s t a t i s t i c  -4.36* -1.26 5.77* 

R2 = 57.5%. DW = 1.75*. g = 0. N = 52 

Equation 10: H a w a i i  b o t t o m  f i s h  g r o u p  3 (onaga.  e t  al.) 
c r o s s  effects--1984 weekly who lesa l e  d a t a  

PBTTMG3 = CNST QBTTE3 QBTTMlb2 CD 

Beta  3.58 -0.10 -0.03 0.32 
t-statis t i c  -2.65* -0.53 1.97 

R2 = 23.9%. DW = 2.03*, g = 0.6. N = 50 

Equation 11: H a w a i i  b o t t o m  f i s h  demand by source- -1984 
weekly wholesa le  da t a  

F’BTRI84 = CNST QMHI QNWHI CD 

Beta 2.12 -0.10 -0.03 0.43 
t-statistic -2.04* -0.88 4.08* 

R2 = 32.9%. DW = 2.02. g = 0.2, N = 47 

QMHI : Q u a n t i t y  landed from main Hawaiian Is lands.  

QNWHI : Q u a n t i t y  l a n d e d  f rom Northwestern Hawaiian 
n a t u r a l  l o g  

Is lands.  n a t u r a l  l o g  
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Equation 12: Main Hawaiian I s l ands  bottom f i s h  prices-- 
1984 weekly wholesale  da ta  

PMHI = CONST QMHI Q W H I  CD 

Beta 2.29 -0.16 0.03 0.38 
t - s t a t i s t i c  -3.43* 1 .21  3.84* 

R 2  = 15.53%. DW = 1.98*. g = 0.2. N = 44 

PMHI : Average p r i c e  f o r  bo t tom f i s h  l a n d e d  from 
t h e  main Hawaiian ISlandS. n a t u r a l  l o g  

Equation 13: Hawai i  commerc ia l  l a n d i n g s ,  b o t  tom f i s h  
demand--HDAR monthly data. 1965-1982 (p r i ces  
ad jus ted  by the  December 1982 consumer p r i c e  
index f o r  Honolulu) 

PBTTX[R] = CNST RES RDINC QBTTM CD 

Beta -9.29 1.56 0.05 -0.23 0.145 
t-statist ic 11.30* 0.67 -8.45* 4.25* 

R 2  = 4409%. DW = 2.12. = 0.4. N = 214 

PBTTX [R] : I n f l a t i o n - a d j u s t e d  p r i c e  of bo t tom f i s h ,  

QBTRI: Quant i ty  of bottom f i s h  (1.000s lb ) ,  n a t u r a l  
na tu ra l  l o g  

RES : 
n a t u r a l  log- 

( inf  la t ion-adj  u s t  ed) . n a t u r a l  log 
RDINC: Real disposable  income per  c a p i t a  i n  Hawaii. 
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Equation 14: 

PBTRI[R] = 

Beta 
t -s ta t is t ic  

H a w a i i  commercial landings,  cross e f fec t s - -  
H D A R  m o n t h l y  d a t a ,  1965-1982 ( p r i c e s  
ad jus t ed  by t h e  December 1982 consumer p r i c e  
index f o r  Honolulu) 

CNST QBTTM QTUNA QWI CD 

1.78 -0.18 -0.13 0.13 0.12 
-5.98* -7.02* 6.65* 3.03* 

R2 = 33.5%. DW = 1.88*, g = 0.4, N = 214 

QTUNA: 

QMAHI : 

Equation 15: 

PBTTM[R] = 

Beta 
t-statist ic 

Q u a n t i t y  o f  f r e s h  m a r k e t  t u n a  (1,000s l b ) ,  

Quant i ty  of mahimahi and wahoo (1,000s 1b). 
n a t u r a l  log 

n a t u r a l  l o g  

H a w a i i  b o t t o m  f i s h  p r i c e  trends--HDAR 
monthly da t a ,  1965-1982 ( p r i c e s  ad jus t ed  by 
t h e  December 1982 consumer p r i c e  index f o r  
Honolulu) 

CNST PFISH[R] 

0.71 0.29 
8.85* 

R2 = 25.73, DW = 2.08*, g = 0.4, N = 214 

PFISHIR] :' P r i c e  of a l l  s p e c i e s ,  i n f l a t i O n - a d j U S t e d ,  
n a t u r a l  log 




