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ABSTRACT 

S p e c i f i c a l l y  d e s i g n e d  t o  g a t h e r  data and i n f o r m a t i o n  t o  
meet t h e  management needs of t h e  Hawaiian deepsea hand- 
l i n e  f i s h e r y  for demersa l  b o t t o m f i s h e s ,  a Sea G r a n t  
p r o j e c t  (NI/R-7) was unde r t aken  from 1976 t o  1981. The 
r e s o u r c e  i n  t h e  main Hawaiian i s l a n d s  was assessed by 
s u r p l u s - p r o d u c t i o n  and y i e l d - p e r - r e c r u i t  methods t o  
i d e n t i f y  t h e  e x t e n t  of r e c r u i t m e n t  and/or growth- 
o v e r f i s h i n g .  The former a n a l y s i s  r e v e a l e d  t h a t  around 
t h e  Maui-Lanai-Kahoolawe-Molokai (MLKM) bank, t h e  main 
p roduce r  i n  t h e  s t a t e ,  f i s h i n g  a c t i v i t y  is e x c e s s i v e  
r e l a t i v e  t o  o b t a i n i n g  a maximum i n  s u s t a i n e d  y i e l d  
( M S Y ) .  The l a t t e r  t r e a t m e n t  demons t r a t ed  t h a t  a t  Pen- 
g u i n  Bank an o p t i m a l  l e v e l  of f i s h i n g  m o r t a l i t y  is i n  
e f f e c t  f o r  maximizing t h e  growth p o t e n t i a l  of opaka- 
paka, Prlstlpomoides f i l a m e n t o w  . These two assess- 
ments are  c o n s i s t e n t  w i t h  t h e  l i t e r a t u r e  where it h a s  
been shown t h a t  MSY f i s h i n g  m o r t a l i t y  is g e n e r a l l y  
r e s t r i c t e d  t o  v a l u e s  less  t h a n  t h a t  which maximizes 
y i e l d  per r e c r u i t .  I n  c o n t r a s t  w i t h  t h e  main i s l a n d s ,  
t h e  b o t t o m f i s h  r e s o u r c e  of t h e  Nor thwes tern  Hawaiian 
I s l a n d s  i s  u n d e r u t i l i z e d  a t  p r e s e n t ,  where it i s  e s t i -  
mated t h a t  an a n n u a l  h a r v e s t  of a t  l ea s t  330 metric 
t o n s  (MT) w i t h  an e x - v e s s e l  v a l u e  of $2 m i l l i o n  may b e  
t a k e n .  

. .  

b o t t  omf i s h  y i e l d  per recru i t  
mor t a l i  t y  
opa kapa k a  maximum s u s t a i n e d  y i e l d  

s u r  p l  us-pr o d u c t  i on 

INTRODUCTION 

The Hawaiian A r c h i p e l a g o  s t re tches  1,500 n a u t i c a l  mi les  
(nmi) from Cape Kumukahi on t h e  i s l a n d  of H a w a i i  t o  Hancock 
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Seamounts,  f a r  t o  t h e  no r thwes t  ( F i g u r e  1). The main h igh  
i s l a n d s  a re  b a s a l t i c  f o r m a t i o n s  and s u p p o r t  a l l  p o p u l a t i o n  cen- 
t e r s  i n  t h e  s t a t e  of Hawaii ,  b u t  many small i s l a n d s ,  p i n n a c l e s ,  
and a t o l l s  ex tend  f o r  miles t o  t h e  no r thwes t ,  i n c l u d i n g  Nihoa, 
Necker I s l a n d ,  F r e n c h , F r i g a t e  S h o a l s ,  Gardner P i n n a c l e s ,  Laysan 
and L i s i a n s k i  I s l a n d s ,  P e a r l  and Hermes A t o l l ,  Midway I s l a n d s ,  
and Kure A t o l l .  I n  a d d i t i o n  t o  t h e s e  l a r g e l y  u n i n h a b i t e d  i s l a n d s  
t h e r e  a re  e x t e n s i v e  s h o a l  areas i n  t h e  Nor thwes tern  Hawaiian 
I s l a n d s  ( N W H I )  ( e .g . ,  Neva Shoa l ,  Brooks Banks,  S t .  Roga t i en ,  
Raita Bank, Mar0 Reef ,  and Hancock Seamounts) .  

18O.W 170.W 160. w 
I 

I-. Northwestern or L e w s r d  Island. -1 Yaln nloh Islands 

F i g u r e  1. The Hawaiian Arch ipe lago  showing t h e  approximate  
p o s i t i o n s  ( d o t t e d  l i n e s )  of 100-fathom i s o b a t h s  

Throughout t h e  i s l a n d s  t h e  myriad sys tems of submerged 
r e e f s ,  banks,  and  p i n n a c l e s  ha rbor  stocks o r  p o p u l a t i o n s  of com- 
m e r c i a l l y  impor t an t  b o t t o m f i s h e s .  I n  p a r t i c u l a r ,  t h e  snappe r s  
( L u t j a n i d a e ) ,  g r o u p e r s  ( S e r r a n i d a e ) ,  and jacks (Carang idae )  com- 
p r i s e  some of t h e  most v a l u a b l e  f i s h e s  h a r v e s t e d  by t h e  Hawaiian 
f i s h i n g  i n d u s t r y ,  w i t h  some species a t  t i m e s  commanding e x - v e s s e l  
p r i c e s  i n  e x c e s s  of $15/kg. These are f o r  t h e  most p a r t  b e n t h i c  
f i s h e s ,  i n  c o n t r a s t  w i t h  t h e  p e l a g i c  t u n a s ,  l i v i n g  on o r  near  t h e  
bot tom i n  water  d e p t h s  of 20 t o  200 fathoms.  Most are  found i n  
r e g i o n s  of h igh  p h y s i c a l  r e l i e f  which a r e  t h u s  u n s u i t a b l e  f o r  
t r a w l i n g .  They are  caught  a lmost  e x c l u s i v e l y  wi th  b a i t e d  hook- 
and- l ine  gea r  from f i s h i n g  v e s s e l s  which g e n e r a l l y  range  i n  
l e n g t h  from 7 t o  30 m ( R a l s t o n ,  1 9 7 9 ) .  The mixed c a t c h  is mar- 
k e t e d  p r i m a r i l y  i n  t h e  round as f r e s h  f i s h  through s e v e r a l  f i s h  
a u c t i o n s  and f i s h e r m e n ' s  c o o p e r a t i v e s  i n  t h e  s t a t e .  
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I n  t h e  p a s t  most f i s h i n g  h a s  been conducted around t h e  main 
i s l a n d s  of t h e  a r c h i p e l a g o ,  e s p e c i a l l y  a t  Penguin Bank o f f  t h e  
i s l a n d  of Molokai ( F i g u r e  1) ( R a l s t o n  and Po lov ina ,  1 9 8 2 ) .  How- 
e v e r ,  as c a t c h  r a t e s  around t h e  h igh  Hawaiian i s l a n d s  d e c l i n e d  
and l a r g e r  v e s s e l s  e n t e r e d  t h e  f i s h e r y ,  e x p l o i t a t i o n  i n  t h e  N W H I  
began t o  i n c r e a s e .  S i n c e  1976,  when t h e  ex tended  200-mile U . S .  
f i s h e r y  c o n s e r v a t i o n  zone under t h e  a u t h o r i t y  of t h e  Magnuson 
F i s h e r y  Conse rva t ion  and Management A c t  was implemented, i n t e r e s t  
i n  t h e  b o t t o m f i s h  r e s o u r c e s  of t h e  NWHI  i n c r e a s e d  g r e a t l y .  
Recogniz ing  t h e s e  developments  t h e  Western P a c i f i c  Reg iona l  F i sh -  
e r y  Management Counci l  a u t h o r i z e d  t h e  development of a f i s h e r y  
management p l a n  f o r  t h e s e  s t o c k s  and emphasized t h e  need t o  
acquire b i o l o g i c a l  i n fo rma t ion  t o  manage t h e  r e s o u r c e .  A t  t h e  
time t h e r e  had been no s t u d i e s  of t h e s e  f i s h e s  i n  Hawaii and 
v i r t u a l l y  n o t h i n g  was known of t h e i r  p o p u l a t i o n  dynamics 
( R a l s t o n ,  1 9 7 9 ) .  

Accompanying t h i s  i n c r e a s e d  i n t e re s t  i n  t h e  N W H I ,  t h e  South- 
west F i s h e r i e s  Center  Honolulu Labora to ry ,  N a t i o n a l  Marine F ish-  
e r i e s  S e r v i c e ,  j o i n e d  i n  a c o o p e r a t i v e  t r i p a r t i t e  agreement  i n  
1977 wi th  t h e  U . S .  F i s h  and W i l d l i f e  S e r v i c e  (FWS) and t h e  Hawaii 
D i v i s i o n  of Aqua t i c  Resources  (DAR) t o  i n v e s t i g a t e  t h e  b i o t i c  
r e s o u r c e s  of t h e  area. S h o r t l y  t h e r e a f t e r  t h e  U n i v e r s i t y  of 
Hawaii Sea Gran t  C o l l e g e  Program became a f o u r t h  a c t i v e  pa r t i c i -  
pan t  i n  t h e  r e s o u r c e  i n v e s t i g a t i o n s  of t h e  NWHI. T h i s  Sea Gran t  
p r o j e c t  was i n i t i a t e d  a t  t h a t  time wi th  t h e  i n t e n t  of deve lop ing  
a b a s i s  f o r  managing t h e  deepsea  h a n d l i n e  f i s h e r y .  

S i n c e  i t s  i n c e p t i o n ,  t h i s  p r o j e c t  sought  t o  g a t h e r  d a t a  and 
i n f o r m a t i o n  t o  meet t h e  needs  of f i s h e r i e s  management. T h i s  
r e s e a r c h  p r o j e c t ,  "Development of a b i o l o g i c a l  b a s i s  f o r  managing 
t h e  h a n d l i n e  f i s h e r y  f o r  snapper and grouper  p o p u l a t i o n  i n  t h e  
Hawaiian Arch ipe lago" ,  i s  now concluded  and t h e  p roceed ings  of 
t h i s  second symposium on r e s o u r c e  i n v e s t i g a t i o n s  i n  t h e  N W H I  
o f f e r  an i d e a l  forum f o r  summarizing some of t h e  p r o j e c t ' s  more 
impor t an t  f i n d i n g s .  I n  t h i s  paper an overview i s  p r e s e n t e d  which 
s p e c i f i c a l l y  re la tes  t o  management q u e s t i o n s  i n  t h e  deepsea  hand- 
l i n e  f i s h e r y .  Almost a l l  of t h e  i n f o r m a t i o n  p r e s e n t e d  h e r e  i s  a 
p roduc t  of Sea Gran t  p r o j e c t  NI/R-7, a l t h o u g h  r e l e v a n t  l i t e r a t u r e  
and o u t s i d e  d a t a  have been i n c l u d e d  where a p p r o p r i a t e .  However, 
most of t h e  i n f o r m a t i o n  r e s u l t i n g  from t h i s  program h a s  a l r e a d y  
been r e p o r t e d  i n  a series of p u b l i c a t i o n s  and m a n u s c r i p t s  
( R a l s t o n ,  1979,  1980a,  1980b, 1981a, 1981b, 1982; R a l s t o n  and 
Miyamoto, 1982,  i n  p r e s s ;  R a l s t o n  and Po lov ina ,  1982) .  Much of 
t h a t  which is p r e s e n t e d  h e r e  i s  summarized from t h i s  l i t e r a t u r e .  

OBJECTIVES 

From a management p e r s p e c t i v e  t h e  o b j e c t i v e  of t h e  Sea Gran t  
p r o j e c t  was t o  assess t h e  c o n d i t i o n  of b o t t o m f i s h  s t o c k s  i n  
Hawaii r e l a t i v e  t o  h i s t o r i c a l  and p r e s e n t  l e v e l s  of e x p l o i t a t i o n .  
T h i s  fundamenta l  problem was approached  u s i n g  two c l a s s i c a l  
methods. I n  t h e  f i r s t  of t h e s e  t h e  e n t i r e  b o t t o m f i s h  community 
was t r e a t e d  as a multispecies f i s h e r y  and was a n a l y z e d  by t o t a l  
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biomass s u r p l u s - p r o d u c t i o n  methods. Twenty y e a r s  of DAR c a t c h  
s t a t i s t i c s  were summarized and Schae fe r  a n a l y s e s  performed a t  
d i f f e r e n t  l e v e l s  of s p e c i e s  a g g r e g a t i o n  ( R a l s t o n  and Po lov ina ,  
1982) .  R e s u l t s  from t h i s  t ype  of s tudy  are used t o  i d e n t i t y  t h e  
l a t e n t  c a p a b i l i t y  of f i s h  s t o c k s  t o  respond t o  e x p l o i t a t i o n  i n  a 
compensatory f a s h i o n ,  and t h u s  t h i s  f i r s t  approach deals i n  a 
g e n e r a l  s ense  wi th  t h e  q u e s t i o n  of recruitment/stock-overfishing. 
The second approach t o  s t o c k  assessment  i nvo lved  s t u d y i n g  growth- 
o v e r f i s h i n g  i n  opakapaka, Pr i s t iDomoideS f i l a m e n t o s u s  , t h e  s i n g l e  
most impor t an t  s p e c i e s  i n  t h e  Hawaiian h a n d l i n e  f i s h e r y .  T h i s  
problem was e v a l u a t e d  a t  s t e a d y  s t a t e  u s i n g  of t h e  Bever ton  and 
Ho l t  (1957) y i e l d - p e r - r e c r u i t  y e a r - c l a s s  model i n  which opakapaka 
growth dynamics were de termined  by a n a l y z i n g  t h e  width of d a i l y  
o t o l i t h  inc remen t s  ( R a l s t o n  and Miyamoto, 1982, i n  p r e s s )  and 
m o r t a l i t y  ra tes  were e s t i m a t e d  from c a t c h  c u r v e s  a f t e r  a r e g r e s -  
s i o n  model was fo rmula t ed  t o  p e r m i t  development of an age- length  
key ( R a l s t o n ,  1981b) .  I n  a d d i t i o n  t o  t h e  s tock -p roduc t ion  and 
dynamic-pool a n a l y s e s  (Bever ton  and H o l t ,  1 9 5 7 ) ,  a n c i l l a r y  s tud -  
i e s  of gea r  s e l e c t i o n  ( R a l s t o n ,  1 9 8 2 ) r  b o t t o m t i s h  depth  d i s t r i b u -  
t i o n s ,  and opakapaka r e p r o d u c t i v e  b io logy  p rov ided  o t h e r  t y p e s  of 
i n f o r m a t i o n  which were u s e f u l  no t  on ly  from a b i o l o g i c a l /  
s t a t i s t i c a l  p e r s p e c t i v e  but  from management's v iewpoin t  as  w e l l .  

. .  

SURPLUS-PRODUCTION ANALYSIS OF BOTTOMFISH 

The b a s i c  premise of most s tock -p roduc t ion  models i s  t h a t  
t h e  per c a p i t a  ( i . e . ,  weight  s p e c i f i c )  n e t  p r o d u c t i v i t y  of a 
s t o c k  (dB/B*dt)  i s  a monotonic d e c r e a s i n g  f u n c t i o n  of s t a n d i n g  
c r o p  biomass ( B ) .  However, because t o t a l  n e t  p roduc t ion  a l s o  
depends i n  a p o s i t i v e  way upon B, t h e  g r e a t e s t  n e t  p roduc t ion  
u s u a l l y  o c c u r s  a t  an i n t e r m e d i a t e  l e v e l  of s t a n d i n g  crop .  A 
maximum i n  s u s t a i n e d  y i e l d  can then  be o b t a i n e d  from a s tock  by 
c ropp ing  it a n n u a l l y  t o  t h i s  s p e c i f i c  l e v e l  w h i l e  h a r v e s t i n g  t h e  
" l a t e n t "  o r  "surp lus"  p roduc t ion .  The fundamental  problem then  
i s  t o  estimate t h i s  i n t e r m e d i a t e  l eve l  and a l s o  t h e  annual  f i s h -  
i n g  e f f o r t  needed t o  r each  it. 

The u s u a l  p rocedure  i s  t o  assume t h a t  t h e  c a t c h  ra te  or  
c a t c h  per u n i t  of f i s h i n g  e f f o r t  (C/f)  i s  i n  simple p r o p o r t i o n  t o  
t h e  biomass of s t a n d i n g  c r o p  and t h a t  f i s h i n g  e f f o r t  ( f )  i s  i n  
simple p r o p o r t i o n  t o  f i s h i n g  m o r t a l i t y .  The e m p i r i c a l l y  observed  
f u n c t i o n a l  r e l a t i o n s h i p  between C/f and f can t h e n  be used t o  
p r e d i c t  t h e  r e sponse  of t h e  s t o c k  t o  e x p l o i t a t i o n .  The w e l l -  
known Graham-Schaefer model asserts t h a t  t h e s e  two v a r i a b l e s  dem- 
o n s t r a t e  an i n v e r s e  l i n e a r  r e l a t i o n s h i p ,  from which it f o l l o w s  
t h a t  t h e  growth of t h e  s tock  f o l l o w s  t h e  l o g i s t i c  e q u a t i o n .  

T h i s  seems t o  make  good sense  but  t h e r e  are  s e r i o u s  d e f i -  
c i e n c i e s  i n  t h i s  kind of approach.  The most obvious  is t h e  
i n a b i l i t y  of t h e s e  models  t o  adequa te ly  describe v a r i a t i o n  i n  
s t o c k  age  s t ruc ture  ( b u t  see Der i so ,  1 9 8 0 ) .  A t o n  of l a r v a e ,  f o r  
example,  responds  d i f f e r e n t l y  t o  a t t e m p t s  a t  e x p l o i t a t i o n  t h a n  
does  a t o n  of a d u l t s .  Thus, t o  model a s t o c k  u s i n g  biomass as 
t h e  on ly  s t a t e d  v a r i a b l e  i s  c l e a r l y  an extreme s i m p l i f i c a t i o n .  
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Another d e f i c i e n c y  which is somewhat more s u b t l e  a r i s e s  when 
de te rmin ing  t h e  s t a t i s t i c a l  r e l a t i o n s h i p  between C/f and f .  An 
i n v e r s e  a s s o c i a t i o n  between t h e s e  v a r i a b l e s  i s  expec ted  even i n  
t h e  s i t u a t i o n  where c a t c h  and e f f o r t  a r e  comple te ly  independent-  
o r t h o g o n a l  random v a r i a b l e s  (Schnu te ,  1977; Mohn, 1980) .  Never- 
t h e l e s s ,  when t h e s e  are  t h e  only  s t a t i s t i c s  a v a i l a b l e ,  t h e  u s e  of 
s u r p l u s - p r o d u c t i o n  models can p rov ide  a c rude  b u t  u s e f u l  means of 
a s s e s s i n g  t h e  c o n d i t i o n  of a s t o c k .  

Hawaii was e v a l u a t e d  by a p p l i c a t i o n  of t h e  Graham-Schaefer model 
t o  20 y e a r s  of DAR c a t c h  s t a t i s t i c s  ( R a l s t o n  and Po lov ina ,  1 9 8 2 ) .  
S e v e r a l  problems unique t o  t h i s  s p e c i f i c  f i s h e r y  compl i ca t ed  t h i s  
a n a l y s i s .  The f i r s t  i s  t h e  q u e s t i o n  of s t o c k  d e f i n i t i o n .  A t  t h e  
p r e s e n t  t i m e  t h e r e  i s  i n s u f f i c i e n t  i n f o r m a t i o n  a v a i l a b l e  t o  
de t e rmine  t h e  e x t e n t  of b o t t o m t i s h  l a r v a l  d i s p e r s a l  between d i s -  
crete  i s l a n d s  of t h e  a r c h i p e l a g o .  A r e c e n t  s t a r c h - g e l  e l e c t r o -  
p h o r e t i c  a n a l y s i s  of opakapaka enzyme sys tems f a i l e d  t o  d e t e c t  
g e n e t i c  d i f f e r e n c e s  from p o p u l a t i o n s  a s  wide ly  s e p a r a t e d  as  Molo- 
kai  and Mar0 Reef ,  a d i s t a n c e  of 750 nmi (Shak lee  and Samollow 
unpub l i shed  m a n u s c r i p t ) .  Negat ive  b iochemica l  ev idence  such as 
t h i s  i s  d i f f i c u l t  t o  i n t e r p r e t ,  b u t  does not  d i s p r o v e  i s o l a t i o n  
a l t h o u g h  it does s u g g e s t  i n t e r m i x i n g  of t h e  s t o c k s .  Another 
problem, however, i s  t h a t  t h e  t o t a l  biomass model which was used 
i n  t h e  a n a l y s i s  (Pope,  1979) p o o l s  c a t c h  s t a t i s t i c s  a c r o s s  d i f -  
f e r e n t  species, a procedure  which c o n t r a d i c t s  a l l  c o n v e n t i o n a l  
n o t i o n s  of t h e  u n i t  s t o c k .  

Accord ingly ,  t h e  s t a t u s  of t h e  deepsea  h a n d l i n e  f i s h e r y  i n  

A t h i r d  problem was t h a t  an e x t e n s i v e  h i s t o r y  of f i s h i n g  and 
co r re spond ing  c a t c h  s t a t i s t i c s  were a v a i l a b l e  f o r  h igh  i s l a n d  
areas on ly  and were comple t e ly  l a c k i n g  f o r  t h e  N W H I .  Conse- 
q u e n t l y ,  t h i s  approach cou ld  on ly  be used f o r  t h e  former r eg ion .  
Problems a l s o  a r o s e  i n  f o r m u l a t i n g  a s u i t a b l e  measure of f i s h i n g  
e f f o r t  and t h e r e  were d i f f i c u l t i e s  i n  d e a l i n g  w i t h  t h e  un repor t ed  
r e c r e a t i o n a l  c a t c h  of b o t t o m f i s h  as w e l l .  Needless  t o  s a y ,  a 
V a r i e t y  of assumpt ions  were made but  t h e  a n a l y s i s  d i d  p rov ide  
i n t e r n a l l y  c o n s i s t e n t  r e s u l t s  which gave a r easonab ly  c lear  i n d i -  
c a t i o n  of t h e  s t a t u s  of b o t t o m f i s h  r e s o u r c e s  i n  t h e  h igh  Hawaiian 
i s l a n d s  . 

The s t u d y  demons t r a t ed  t h a t  t h e  f i s h e r y  cou ld  be e f f e c t i v e l y  
d e s c r i b e d  by a g g r e g a t i n g  t h e  c a t c h  s t a t i s t i c s  of t h e  13 major 
b o t t o m f i s h e s  i n t o  3 species groups  i d e n t i f i e d  by c lus te r  ana ly-  
sis. No i n t e r a c t i v e  e f f e c t s  were d e t e c t e d  among t h e s e  mul t i spe -  
c ies  g roups ,  as t h e y  seemed t o  behave as independent  e n t i t i e s .  
Although t h e r e  were s t r o n g  c o r r e l a t i o n s  i n  f i s h i n g  m o r t a l l t y  
among t h e  groups ,  t h i s  was a p p a r e n t l y  due t o  f i s h i n g  a c t i v i t y  
r a t h e r  t h a n  having  a b i o l o g i c a l  b a s i s .  

Maui-Lanai-Kahoolawe-Molokai s tock  which a l o n e  accounted  f o r  over  
50 p e r c e n t  of t h e  t o t a l  s t a t e  l a n d i n g s  of b o t t o m t i s h .  The maxi- 
mum i n  s u s t a i n e d  y i e l d  f o r  t h i s  s t o c k  was e s t i m a t e d  t o  be 106 
metric t o n s  per y e a r ,  e q u i v a l e n t  t o  272 kg/nmi of 100-fathom 

Accep tab le  s t a t i s t i c a l  r e s u l t s  were only  o b t a i n e d  from t h e  
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i s o b a t h  pe r  yea r  when s t a n d a r d i z e d  f o r  h a b i t a t  a r e a .  I t  was a l s o  
de t e rmined  t h a t  an  annua l  f i s h i n g  e f f o r t  of about  900 f i she rmen  
( v e s s e l ) - d a y s  would r e s u l t  i n  a h a r v e s t  equal t o  t h e  p r o j e c t e d  
MSY. 

A p l o t  of t o t a l  annua l  l a n d i n g s  of a l l  b o t t o m t i s h  species 
revea ls  p a s t  t r e n d s  as  w e l l  a s  t h e  c u r r e n t  s t a t u s  of t h e  MLKM 
f i s h e r y  ( F i g u r e  2 ) .  I t  i s  a p p a r e n t  t h a t  from 1 9 6 1  t o  1963 an 
a b r u p t  jump o c c u r r e d  i n  t o t a l  l a n d i n g s  (56 p e r c e n t  i n c r e a s e ) ,  
l e a d i n g  t o  h a r v e s t s  modera t e ly  i n  e x c e s s  of t h e  estimate of MSY 
(18  p e r c e n t  a b o v e ) .  I n  t h e  6 y e a r s  a f t e r  t h e  peak h a r v e s t s  of 
1963 and 1964 c a t c h e s  s t a b i l i z e d  b r i e f l y  around MSY but  t h e n  a 
d e f i n i t e  d e c l i n e  i n  b o t t o m f i s h  l a n d i n g s  o c c u r r e d  which reached  a 
n a d i r  i n  1970 a t  a l e v e l  of 38 p e r c e n t  below MSY. S i n c e  t h a t  
time c a t c h e s  of b o t t o m f i s h  i n c r e a s e d  f o r  a w h i l e  and as  of 1980 
t h e  h a r v e s t  hovered  a t  a l e v e l  somewhat less t h a n  MSY ( 1 0  p e r c e n t  
be low) .  A t  p r e s e n t  t h e r e  a r e  no estimates a v a i l a b l e  f o r  t h e  
a n n u a l  l a n d i n g s  of 1981 o r  1982. 

T h i s  p a t t e r n  of c a t c h e s  a p p e a r s  t o  be a d e q u a t e l y  e x p l a i n e d  
by changing  t r e n d s  i n  f i s h i n g  e f f o r t  w i t h i n  t h e  f i s h e r y  ( F i g u r e  
2 ) .  Rapid i n c r e a s e s  i n  e f f o r t  d u r i n g  1963 and 1 9 6 4  were a s s o c i -  
a t e d  w i t h  t h e  peak h a r v e s t s  of t h o s e  y e a r s .  These c a t c h e s  i n  
e x c e s s  of MSY may have been t h e  r e s u l t s  of d i s e q u i l i b r i u m  and t h e  
" f i s h i n g  up" e f f e c t  ( R i c k e r ,  1975) .  The y i e l d  from t h e  f i s h e r y  
t h e n  s t a b i l i z e d  near MSY (1965-68) as  f i s h i n g  e f f o r t  approached  
a n  o p t i m a l  l e v e l .  The r eason  f o r  t h e  a b r u p t  d e c l i n e  i n  l a n d i n g s  
which o c c u r r e d  i n  1970 i s  d i f f i c u l t  t o  de te rmine .  The c a u s a l i t y  
between t h e  e f f e c t s  of c a t c h  on e f f o r t  and ,  c o n v e r s e l y ,  t h e  
e f f e c t s  of e f f o r t  on c a t c h  are confounded i n  t h i s  instance.  
Although it i s  not  c e r t a i n  whether  t h e  d e c l i n e  was due s p e c i f i -  
c a l l y  t o  some k ind  of s t o c k  f a i l u r e ,  t h e r e  a r e  a t  l e a s t  two f ac -  
t o r s  which s u p p o r t  t h i s  p o s s i b i l i t y .  The f i r s t  is t h a t  f i s h i n g  
e f f o r t  had been s t e a d i l y  i n c r e a s i n g  and was a t  a l e v e l  i n  excess 
of o p t i m a l  e f f o r t  d u r i n g  1968 and 1969,  j u s t  p r i o r  t o  when land-  
i n g s  f e l l .  The second is  t h a t  t h roughou t  t h e  t i m e  p e r i o d  i n  
q u e s t i o n  t h e  ex -vesse l  p r i c e  per pound of b o t t o m t i s h  was i n c r e a s -  
i ng .  F i g u r e  2 a l s o  shows t h a t  t h e  a v e r a g e  ex-vessel va lue  of t h e  
c a t c h  r o s e  from $0 .58/ lb  i n  1963 t o  $0.81/ lb  i n  1970. These f i g -  
ures have been a d j u s t e d  by consumer p r i c e  i n d i c e s  f o r  Honolulu 
and r e p r e s e n t  t h e  a c t u a l  d e f l a t e d  v a l u e  of t h e  c a t c h  measured i n  
1967 d o l l a r s .  Thus,  it i s  u n l i k e l y  t h a t  t h e  d e c l i n e  i n  l a n d i n g s  
cou ld  have been due t o  u n f a v o r a b l e  m a r k e t  c o n d i t i o n s  f o r  t h e  
p roduc t .  Immediately f o l l o w i n g  t h e  d e c l i n e  of 1970,  and pe rhaps  
as  a r e s u l t  of it, f i s h i n g  e f f o r t  d e c r e a s e d  t o  subop t ima l  l e v e l s  
i n  1971 and 1972 and l a n d i n g s  began t o  i n c r e a s e  a g a i n .  However, 
t h e  l e v e l  of f i s h i n g  e f f o r t  i n c r e a s e d  a b r u p t l y  i n  1973 and 1974 
t o  l e v e l s  s u b s t a n t i a l l y  i n  e x c e s s  of an o p t i m a l  amount, and s i n c e  
t h a t  time y i e l d s  have c o n s i s t e n t l y  been less  t h a n  t h e  R a l s t o n  and 
Po lov ina  (1982)  e s t i m a t e  of MSY. The obvious  c o n c l u s i o n  i s  t h a t  
t h e  f i s h e r y  f o r  b o t t o m f i s h  a t  t h e  MLKM bank i s  now on t h e  des- 
cend ing  l i m b  of t h e  c a t c h  cu rve ,  w i th  f u r t h e r  i n c r e a s e s  i n  f i s h -  
i n g  e f f o r t  l i k e l y  t o  r e s u l t  i n  f u r t h e r  d e c r e a s e s  i n  c a t c h .  From 
t h e  p e r s p e c t i v e  of MSY t h e  f i s h e r y  a p p e a r s  t o  be o v e r e x p l o i t e d .  
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C a l e n d a r  Y e a r  

F i g u r e  2 .  Trends  (1959-80) w i t h i n  t h e  f i s h e r y  f o r  bottom- 
f i s h  a t  t h e  Maui-Lanai-Kahoolawe-Molokai bank. 
The t o p  pane l  shows t o t a l  c a t c h  r e l a t i v e  t o  t h e  
estimate of maximum i n  s u s t a n i n e d  y i e l d ,  t h e  
middle  pane l  shows annua l  f i s h i n g  e f f o r t  r e l -  
a t i v e  t o  t h e  estimate of f o p t ,  and t h e  bottom 
panel shows d e f l a t e d  ex -vesse l  p r i c e  per pound 
i n  1967 d o l l a r s .  

Other  aspects of t h e  su rp lus -p roduc t ion  s t u d y  p r o v i d e  mana- 
g e r s  w i t h  food f o r  thought  i f  no t  c o n c r e t e  i n f o r m a t i o n  on which 
t o  base p o l i c i e s .  Two of t h e s e  d e s e r v e  mention h e r e .  The f i r s t  
r e l a t e s  t o  t h e  estimate of MSY from t h e  MLKM s t o c k .  Pope (1979) 
a rgued  t h a t  if i n  a mult ispecies  f i s h e r y  e x p l o i t a t i o n  is  e x e r t e d  
i n  such a way t h a t  t h e  f i s h i n g  m o r t a l i t i e s  of t h e  v a r i o u s  s p e c i e s  
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remain i n  c o n s t a n t  r a t i o  t o  one a n o t h e r ,  t h e n  u 5 e  of t h e  t o t a l  
biomass S c h a e f e r  model may have rea l  meaning. However, he a l s o  
showed t h a t  it cannot  be concluded  t h a t  an MSY e s t i m a t e d  from t h e  
model need be t h e  g l o b a l  maximum. These a r e  r e l e v a n t  cons ide ra -  
t i o n s  because ,  a s  a l l u d e d  t o  p r e v i o u s l y ,  t h e r e  a r e  h igh  c o r r e l a -  
t i o n s  of f i s h i n g  e f f o r t  among t h e  t h r e e  s p e c i e s  groups .  Thus,  it 
i s  t h e o r e t i c a l l y  p o s s i b l e  t h a t  a y i e l d  l a r g e r  t han  1 0 6  MT per  
yea r  cou ld  be s u s t a i n e d  i f  one cou ld  a l t e r  t h e  r a t i o s  of f i s h i n g  
m o r t a l i t y  among t h e  s p e c i e s  groups .  T h i s  may n o t  be an u n r e a l i s -  
t i c  p r o p o s i t i o n  because  t h e  t h r e e  groups  a r e  f o r  t h e  most p a r t  
s p a t i a l l y  s e p a r a t e d .  I n  p r i n c i p l e ,  a p p r o p r i a t e  management a c t i o n  
cou ld  t h u s  r educe  f i s h i n g  on one group w h i l e  s i m u l t a n e o u s l y  
i n c r e a s i n g  t h a t  on a n o t h e r ,  bu t  w i th  t h e  p r e s e n t  s t a t e  of our  
knowledge it would be f u t i l e  t o  s p e c u l a t e  about  t h e  p o s s i b l e  
e x t e n t  of any i n c r e a s e  i n  MSY r e s u l t i n g  from such  a c t i o n .  

A second outcome of t h e  s t u d y  worthy of c o n s i d e r a t i o n  by 
managers i n v o l v e s  t h e  n o t i o n  of  s p e c i e s  s u c c e s s i o n  i n  m u l t i s p e -  
c i e s  f i s h e r i e s .  The p r o d u c t i o n  a n a l y s i s  of t h e  t h r e e  s p e c i e s  
groups  compr i s ing  t h e  MLKM s t o c k  s u g g e s t e d  t h a t  each  of t h e  
groups  i s  c h a r a c t e r i z e d  by i ts  own unique combina t ion  of 
Mal thus i an  parameter  and c a r r y i n g  c a p a c i t y .  The t r a j e c t o r y  of 
t h e  s y s t e m ' s  biomass approach ing  a new e q u i l i b r i u m  p o i n t  would 
t h e r e f o r e  be l i k e l y  t o  undergo s h i f t s  i n  composi t ion  of one group 
r e l a t i v e  t o  t h e  o t h e r s .  I n  p a r t i c u l a r ,  t h e  s p e c i e s  group com- 
posed  of u l u a  s p e c i e s  (Caranx and Caranuo i d e s  s p p . ) ;  t a a p e  
(Uti- kasmi r a ) ;  u k u  (APrion v i r e s c e n s ) ;  and aawa (Bodianus 
bilunulatus) h a s  a Mal thus i an  parameter  e s t i m a t e d  t o  be a lmos t  
twice t h a t  of t h e  remain ing  two groups .  I f  f i s h i n g  were r e l a x e d  
a b r u p t l y  one would t h u s  e x p e c t  a t r a n s i t o r y  i n c r e a s e  i n  t h e  rela- 
t i v e  c o n t r i b u t i o n  of t h e s e  s p e c i e s  t o  t h e  t o t a l  h a r v e s t  of 
b o t t o m f i s h  from t h e  MLKM s t o c k .  Given t h a t  t h e  economic v a l u e  of 
t h e  d i f f e r e n t  s p e c i e s  of b o t t o m f i s h  v a r i e s  g r e a t l y ,  t h i s  may o r  
may n o t  be a d e s i r a b l e  r e s u l t  of managing t h e  r e s o u r c e .  

YIELD PER RECRUIT ANALYSIS OF OPAKAPAKA 

Consider  t h e  p r o g r e s s i o n  of a s i n g l e  y e a r - c l a s s  o r  c o h o r t  of 
f i s h  th rough  time. E a r l y  i n  i t s  l i f e s p a n  t h e r e  are many ve ry  
small recru i t s .  L a t e r  on,  due t o  t h e  i n e v i t a b l e  f o r c e  of n a t u r a l  
m o r t a l i t y ,  t h e r e  a r e  fewer  f i s h  a l i v e  bu t  t h e s e  are  l a r g e r  
t h rough  growth. Only ve ry  few i n d i v i d u a l s  u l t i m a t e l y  s u r v i v e  t o  
r e a c h  old age  and l a r g e  s i z e .  I t  i s  a l s o  t r u e  t h a t  a t  any p o i n t  
i n  t i m e  t h e  c o h o r t  biomass i s  e q u a l  t o  t h e  p roduc t  of t h e  number 
of i n d i v i d u a l s  a l i v e  a t  t h e  t i m e  and t h e i r  ave rage  weight .  
Because w i t h i n  a y e a r - c l a s s  t h e s e  two q u a n t i t i e s  are  i n v e r s e l y  
r e l a t e d ,  t h a t  i s  t o  s a y ,  e i t h e r  many s m a l l  f i s h  a r e  p r e s e n t  o r  a 
few b i g  ones ,  t h e  biomass of a f i s h  c o h o r t  u s u a l l y  r e a c h e s  a 
maximum v a l u e  a t  some i n t e r m e d i a t e  s t a g e  i n  i t s  l i f e s p a n .  An 
optimum combina t ion  of s i z e  a t  h a r v e s t  and p r o b a b i l i t y  of c a p t u r e  
t h e r e f o r e  e x i s t s  which w i l l  maximize expec ted  y i e l d .  

Bever ton  and H o l t  (1957)  f o r m a l i z e d  t h e s e  i d e a s  and showed 
t h a t  t h e  y i e l d  of a c o h o r t  over  i t s  f i s h a b l e  l i f e s p a n  ( t c  - t h )  
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e q u a l  t o  t h e  i n t e g r a l  of t h e  product  of i n s t a n t a n e o u s  f i s h i n g  
m o r t a l i t y  ( F )  and c o h o r t  biomass a t  time t. Y e t ,  a s  no ted  
p r e v i o u s l y ,  biomass is s imply  t h e  p roduc t  of t h e  number of 
i n d i v i d u a l s  a l i v e  times t h e i r  ave rage  weight .  Hence: 

They a l s o  showed t h a t  under e q u i l i b r i u m  c o n d i t i o n s  t h e  y i e l d  of a 
c o h o r t  over  i t s  f i s h a b l e  l i f e s p a n  i s  i n  e f f e c t  e q u a l  t o  t h e  
annua l  y i e l d  from a f i s h e r y  composed of mixed c o h o r t s .  
E q u i l i b r i u m  c o n d i t i o n s  imply a r e l a t i v e l y  c o n s t a n t  supply  of 
recru i t s ,  c o n s t a n t  f i s h i n g  m o r t a l i t y  over  a t i m e  p e r i o d  e q u a l  t o  
ti - tc,  and similar cons tancy  i n  a l l  t h e  pa rame te r s  which 
c h a r a c t e r i z e  t h e  m o r t a l i t y  N ( t )  and growth W ( t )  f u n c t i o n s .  

o p t i m a l  f i s h i n g  m o r t a l i t y  and age  a t  e n t r y  t o  t h e  f i s h e r y  ( t c )  so  
as  t o  m a i n t a i n  h igh  y i e l d s .  I f  t o o  much f i s h i n g  m o r t a l i t y  is 
i n f l i c t e d  e a r l y  i n  l i f e ,  a y e a r - c l a s s  w i l l  no t  have had s u f f i -  
c i e n t  o p p o r t u n i t y  f o r  growth. Converse ly ,  i f  h a r v e s t i n g  is 
de layed  too  long ,  many i n d i v i d u a l s  w i l l  be l o s t  t o  n a t u r a l  
m o r t a l i t y  and w i t h  it t h e i r  p o t e n t i a l  c o n t r i b u t i o n  t o  t o t a l  
y i e l d .  

o v e r f i s h i n g  o r  h a r v e s t i n g  f i s h  b e f o r e  t h e i r  o p t i m a l  s i z e  i s  
a t t a i n e d .  The b a s i c  problem is t o  c h a r a c t e r i z e  t h e  growth and 
m o r t a l i t y  f u n c t i o n s ,  W ( t )  and N ( t ) ,  and t h i s  was a t t empted  f o r  
opakapaka. 

The growth of opakapaka was s t u d i e d  by examining d a i l y  
growth inc remen t s  which are  known t o  be d e p o s i t e d  i n  t h e  o t o l i t h s  
of many f i s h e s  ( R a l s t o n  and Miyamoto, 1982, i n  p r e s s ) .  Because 
t h e s e  growth m a r k s  are f r e q u e n t l y  d i f f i c u l t  t o  r e s o l v e  throughout  
an  o t o l i t h ,  a method was d e v i s e d  t o  estimate t h e  age  of i n d i v i d -  
u a l  opakapaka, based  upon t h e  p a t t e r n  of o t o l i t h  growth r a t e  as 
i n d i c a t e d  by increment wid th .  I n t e g r a t i o n  of r e g r e s s i o n  equa- 
t i o n s  of o t o l i t h  growth rate on o t o l i t h  s i z e  p rov ided  estimates 
of specimen ages  i n  days.  The method proved t o  be r easonab ly  
accurate ( t h e  median c o e f f i c i e n t  of v a r i a t i o n  of age estimates 
was 6 p e r c e n t )  and was a l s o  s u c c e s s f u l  i n  accoun t ing  f o r  most of 
t h e  v a r i a t i o n  i n  o t o l i t h  growth ra te  ( t h e  median r 2  f o r  a l l  
r e g r e s s i o n s  was 77 p e r c e n t )  ( R a l s t o n  and Miyamoto, 1982) .  One 
major f i n d i n g  was t h a t  growth i n  mature opakapaka seemed t o  be 
d i s c o n t i n u o u s ,  r e q u i r i n g  r e s t r i c t i v e  assumpt ions  about  growth i n  
t h i s  s i z e  range.  N e v e r t h e l e s s ,  increment  p e r i o d i c i t y  was 
v a l i d a t e d  by t e t r a c y c l i n e  i n j e c t i o n  of expe r imen ta l  f i s h  and 
s h i f t s  i n  s i ze - f r equency  modes of samples  from French F r i g a t e  
S h o a l s  c l o s e l y  matched estimates of growth ra te  d e r i v e d  from t h e  
s t u d y  of o t o l i t h s .  Both estimates compared f a v o r a b l y  wi th  t h e  

The s o l u t i o n  t o  t h i s  e q u a t i o n  p r o v i d e s  a means of s e l e c t i n g  

T h i s  t y p e  of c a l c u l a t i o n  a d d r e s s e s  t h e  q u e s t i o n  of growth- 
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a v a i l a b l e  l i t e r a t u r e  and a growth cu rve  f o r  opakapaka was u l t i -  
mate ly  o b t a i n e d  ( R a l s t o n  and Miyamoto, i n  p re s s ) .  

f r equency  d i s t r i b u t i o n s .  A r e g r e s s i o n  approach t o  g e n e r a t i n g  an 
age- length  key f o r  opakapaka was developed a s  a means of t r a n s -  
forming  l eng th - f r equency  d a t a  i n t o  age-frequency d i s t r i b u t i o n s  
( R a l s t o n ,  1981b) .  I n  t h i s  procedure  a n o n l i n e a r  r e g r e s s i o n  of 
age on l e n g t h  provided  an e q u a t i o n  f o r  e s t i m a t i n g  mean age  as a 
f u n c t i o n  of f i s h  l e n g t h .  The squa red  d e v i a t i o n s  i n  age  ( i . e . ,  
r e s i d u a l s 2 )  from t h i s  f i t  were subsequen t ly  r e g r e s s e d  on l e n g t h  
as w e l l ,  r e s u l t i n g  i n  an  e q u a t i o n  f o r  e s t i m a t i n g  t h e  mean squared  
d e v i a t i o n  i n  age  ( v a r i a n c e  i n  a g e )  as a f u n c t i o n  of l e n g t h .  
These two e q u a t i o n s  p rov ided  estimates of mean age and v a r i a n c e  
i n  age as f u n c t i o n s  of l e n g t h .  An age- length  p r o b a b i l i t y  matrix 
was then  c a l c u l a t e d  u s i n g  t h e  normal d i s t r i b u t i o n  f u n c t i o n  which, 
when p o s t - m u l t i p l i e d  by a l eng th - f r equency  column v e c t o r ,  
r e s u l t e d  i n  ano the r  v e c t o r  of e s t i m a t e d  age  f r e q u e n c i e s  ( R a l s t o n ,  
1981b) .  

M o r t a l i t y  r a t e s  were e s t i m a t e d  from c a t c h  cu rves  or age- 

T h i s  age - l eng th  p r o b a b i l i t y  m a t r i x  was a p p l i e d  t o  l eng th -  
f r equency  samples of opakapaka from Penguin Bank, Necker I s l a n d ,  
French F r i g a t e  S h o a l s ,  and Mar0 Reef ( F i g u r e  1) .  The r e s u l t i n g  
e s t i m a t e d  age-frequency d i s t r i b u t i o n s  were t h e n  ana lyzed  by 
t r a d i t i o n a l  c a t c h  cu rve  methods and t h e  t o t a l  ra te  of i n s t a n -  
t aneous  m o r t a l i t y  ( Z )  and age  a t  e n t r y  t o  t h e  f i s h e r y  were 
de termined .  S e v e r a l  estimates of Z were o b t a i n e d  from each 
l o c a l i t y ,  bu t  u l t i m a t e l y  a pooled mean estimate of t o t a l  
m o r t a l i t y  ra te  ( i ) ,  weighted by sample s i z e ,  was c a l c u l a t e d  f o r  
each  s i t e  under t h e  assumption t h a t  p o p u l a t i o n s  were age- 
s t a t i o n a r y .  F i g u r e  3 shows t h a t  2 is  i n v e r s e l y  r e l a t e d  t o  d i s -  
tance t o  Honolulu.  T h i s  i s  l i k e l y  due t o  v a r i a t i o n  i n  f i s h i n g  
p r e s s u r e  a l o n g  t h i s  g r a d i e n t .  A t  t h e  time of t h e  s t u d y ,  t h e  
s t o c k  a t  Mar0 Reef i n  t h e  NWHI was f o r  a l l  p r a c t i c a l  purposes  
un f i shed .  During t h e  p e r i o d  1959-78, on ly  3 1  c a t c h  r e c o r d s  from 
t h i s  s i t e  were f i l e d  wi th  DAR. For purposes  of comparison,  
n e a r l y  58,000 c a t c h  r e c o r d s  were f i l e d  from Penguin Bank d u r i n g  
t h e  same p e r i o d .  S i m i l a r l y ,  over  2,600 r e c o r d s  were f i l e d  from 
Necker I s l a n d .  I f  we assume t h a t  d u r i n g  t h e  s t u d y  f i s h i n g  
m o r t a l i t y  ( F )  a t  Mar0 Reef was n e g l i g i b l e ,  t h e n  t h e  estimate of 
t o t a l  m o r t a l i t y  (0 .22  per y e a r )  p r o v i d e s  an e s t i m a t e  of n a t u r a l  
m o r t a l i t y  ( M )  because  Z = M + F. T h i s  assumption seems t o  be 
r e a s o n a b l e  because t h e  c a l c u l a t e d  v a l u e  of 2 from Mar0 Reef is 
t h e  lowes t  of a l l  f i s h i n g  banks examined. Natural  m o r t a l i t y  r a t e  
was p r e d i c t e d  by t h e  method sugges t ed  by Pauly (1980)  as  an inde-  
pendent  check on t h i s  estimate,  r e s u l t i n g  i n  a p r e d i c t e d  v a l u e  of 
0.32 per y e a r .  The agreement  between t h e  two estimates seems 
r e a s o n a b l e ,  and,  a s  a r e p r e s e n t a t i v e  f i g u r e  f o r  opakapaka n a t u r a l  
m o r t a l i t y ,  a v a l u e  of 0.25 per  yea r  was used i n  a l l  subsequent  
a n a l y s e s .  C h a r a c t e r i z i n g  t h e  ra te  of opakapaka n a t u r a l  m o r t a l i t y  
a l lowed s e p a r a t i o n  of 2 i n t o  i ts  component p a r t s .  Thus,  a t  Pen- 
g u i n  Bank f i s h i n g  m o r t a l i t y  ra te  (F) was e s t i m a t e d  t o  be 0.48 per  
yea r  (0 .73 minus 0 . 2 5 ) .  
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Figure  3 .  The r e l a t i o n s h i p  between t h e  pooled mean t o t a l  mor t a l -  
i t y  ra te  ( 2 )  of opakapaka and d i s t a n c e  t o  Honolulu.  
PB = Penguin Bank, N I  = Necker I s l a n d ,  FFS = French 
F r i g a t e  S h o a l s ,  and MR = Mar0 Reef.  The estimate of 
n a t u r a l  m o r t a l i t y  i s  i n d i c a t e d  by an arrow on t h e  
o r d i n a t e .  

The f o r e g o i n g  r e s u l t s  completed t h e  d e t e r m i n a t i o n  of t h e  
opakapaka m o r t a l i t y  f u n c t i o n ,  N ( t ) ,  which was t h e n  combined wi th  
t h e  growth f u n c t i o n ,  W ( t )  , p e r m i t t i n g  numer ica l  s o l u t i o n  of t h e  
Beverton-Holt  y i e l d  e q u a t i o n .  The r e su l t s  are d i s p l a y e d  g raph i -  
c a l l y  i n  F igu re  4 .  I n  t h i s  f i g u r e  c o n s t a n t  v a l u e s  of y i e l d  per 
r ec ru i t  ( i s o p l e t h s 1  a re  mapped o n t o  a two-dimensional s u r f a c e  of 
management c o n t r o l  ( f i s h i n g  m o r t a l i t y  ra te  and age a t  e n t r y  t o  
t h e  f i s h e r y ) .  Note t h a t  t h e  eumetric f i s h i n g  l i n e  i s  t h e  l o c u s  
of p o i n t s  which g i v e s  t h e  maximum y i e l d  per  r e c r u i t  a t  f i x e d  
l e v e l s  of f i s h i n g  m o r t a l i t y .  The s i n g  e p o i n t  on t h e  i s o p l e t h  
s u r f a c e  r e p r e s e n t s  Penguin Bank where F = 0.48 per  yea r  and qc = 
4 . 0  y e a r s .  

From t h e s e  resu l t s  it i s  p o s s i b l e  t o  conclude  t h a t  t h e r e  is 
l i t t l e  t h a t  cou ld  be done i n  t h e  s e n s e  of g rowth -ove r f i sh ing  t o  
improve t h e  f i s h e r y  f o r  opakapaka a t  Penguin Bank. The s p e c i f i c  
combinat ion of F and t ,  a t  t h i s  s i t e  places it ve ry  c l o s e  t o  t h e  
eumetric l i n e .  Es t ima ted  y i e l d  per recru i t  i s  about  0.36 kg per 
r e c r u i t  and on ly  ve ry  l a r g e  i n c r e a s e s  i n  f i s h i n g  m o r t a l l t y  cou ld  
i n c r e a s e  t h i s  f i g u r e  s u b s t a n t i a l l y .  Such a p o l i c y  would c e r t a i n l y  
r i s k  r e c r u i t m e n t - o v e r f i s h i n g ,  v i o l a t i n g  a c r i t i c a l  assumption of 

A 
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t h e  model. 
e r y  f o r  opakapaka a t  Penguin Bank i s  f o r t u i t o u s l y  c l o s e  t o  an 
optimum l e v e l  of e x p l o i t a t i o n  inasmuch a s  t h e  f i s h e r y  has  never 
been s e r i o u s l y  r e g u l a t e d .  

From t h e s e  c o n s i d e r a t i o n s  i t  i s  c l e a r  t h a t  t h e  f i s h -  

k g  / r e c r u i t  
/ 

1.8 2.4 3.0 3.6 0.6 1.2 

F i s h i n g  M o r t a l i t y ,  F - y;' 

F i g u r e  4 .  Beverton-Holt  y i e l d - p e r - r e c r u i t  s u r f a c e  f o r  
opakapaka. The p o i n t  r e p r e s e n t s  t h e  e s t i m a t -  
ed  p o s i t i o n  of Penguin Bank i n  1980.  

DISCUSSION 

The r e s u l t s  of bo th  t h e  s u r p l u s - p r o d u c t i o n  a n a l y s i s  of bot -  
t o m f i s h  from t h e  MLKM s t o c k  and t h e  y i e l d - p e r - r e c r u i t  a n a l y s i s  of 
opakapaka from Penguin Bank p r o v i d e  a c o h e r e n t  a s ses smen t  of t h e  
p r e s e n t  s t a t u s  of b o t t o m f i s h  p o p u l a t i o n s .  
f i s h e r y  were e s t i m a t e d  t o  be somewhat less than  maximal i n  t h e  
former t rea tment ,  o s t e n s i b l y  as a r e s u l t  of o v e r f i s h i n g .  
l a t t e r  s t u d y ,  on t h e  o t h e r  hand, s u g g e s t e d  t h a t  i n  terms of o p t i -  
miz ing  t h e  h a r v e s t  of opakapaka growth p o t e n t i a l  few improvements 
were p o s s i b l e .  On f a c e  v a l u e  t h e s e  two c o n c l u s i o n s  seem somewhat 

Landings from t h e  

The 
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contradictory although a brief examination of the literature will 
show otherwise. 

Recall from the yield-per-recruit analysis that the natural 
mortality rate of opakapaka at Mar0 Reef was estimated to be 0.25 
per year whereas the total mortality rate of this species at Pen- 
guin Bank was determined to be 0.73 per year. If natural mortal- 
ity at these two sites is comparable, and at the present time 
there is no reason to think otherwise, this implies a fishing 
mortality rate at Penguin Bank which is nearly twice as high as 
that due to natural causes. Other studies suggest this may be 
excessively high if yields are to be maximized by avoiding 
recruitment/stock-overfishing. 

Alverson and Pereyra (1969), based on the unpublished ideas 
of Gulland (1971) and an earlier Soviet study (Tiurin, 1962), 
first proposed that at MSY the optimum level of fishing mortality 
(Fopt) was approximately equal to natural mortality. This par- 
ticular conclusion applied not only to surplus-production models 
such as the Graham-Schaefer formulation, but more loosely to the 
Beverton-Holt constant recruitment model as well (Gulland, 1971). 
Saetersdal (1973) also advocated using M as a direct estimate of 
Fopt when assessing unexploited resources and when catch statis- 
tics are unavailable. 

Francis (1974) examined more critically the theoretical 
basis of this approximation within the framework of the logistic 
growth equation. He concluded that the equivalence of mortality 
factors held only when recruitment was density-independent over a 
range in stock size spanning unexploited levels to one-half the 
virgin level (i.e., R, = Rapt). More generally if the stock- 
recruitment relationship is best described by a Beverton-Holt 
type of spawner-recruit curve, or any other asymptotic form, then 
FOpt would likely be constrained to values less than M. Con- 
versely, only when a Ricker or dome-shaped spawner-recruit rela- 
tionship applies will FOpt likely exceed M. 

cally two other factors of importance. The first and most 
significant of these is that MSY fishing mortality is often 
restricted to values less than the fishing mortality which maxi- 
mizes yield per recruit. Thus, the relatively efficient utiliza- 
tion of opakapaka growth potential which characterizes the 
fishery at Penguin Bank is compatible with the notion of overex- 
ploitation from the perspective of MSY. The second point is that 
when a spawner-recruit curve is dome-shaped, F, t can exceed M in 
the logistic model, but only in the situation wgere recruitment 
is severely depressed in the unexploited state (i.e., the stock 
displays strong recruitment compensation) will FOpt  exceed 
1 . 5 ( M ) .  Other models such as Deriso's delay-difference formula- 
tion are more conservative in their behavior. 

Deriso (1982) expanded on these ideas and showed analyti- 

In view of the conclusions of these other studies it would 
seem that the analysis of the MLKM fishery presented here is 
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i n t e r n a l l y  c o n s i s t e n t .  F i s h i n g  t h e r e  is e x c e s s i v e  r e l a t i v e  t o  
o b t a i n i n g  M S Y  b u t  i s  nea r  op t ima l  i n  terms of maximizing y i e l d  
p e r  r ec ru i t .  A danger  of r e c r u i t m e n t - o v e r f i s h i n g  l i k e l y  e x i s t s  
i n  t h i s  s i t u a t i o n  and y e t  i t  is f o r t u i t o u s  t h a t  w i t h  t h e  h i s t o r -  
i c a l  l a c k  of any s e r i o u s  c o n s t r a i n t s  on f i s h i n g  t h e  s t o c k s  of 
b o t t o m f i s h e s  have been as  s t ab le  a s  t h e y  have,  g iven  t h e  e x t e n t  
of e x p l o i t a t i o n  a t  t h e  MLKM bank. The s i t u a t i o n  is  t enuous ,  how- 
e v e r ,  and management of b o t t o m f i s h  r e s o u r c e s  around t h e  main 
Hawaiian i s l a n d s  shou ld  c e r t a i n l y  be c o n s i d e r e d  now. 

I n  c o n t r a s t ,  t h e  r e s o u r c e s  of t h e  N W H I  a p p a r e n t l y  have much 
p o t e n t i a l  y e t  t o  o f f e r .  Estimates of t h e  t o t a l  m o r t a l i t y  r a t e  of 
opakapaka from Necker I s l a n d  and French F r i g a t e  Shoa l s  ( F i g u r e  3 )  
i n d i c a t e  t h a t  f u r t h e r  i n c r e a s e s  i n  f i s h i n g  a c t i v i t y  should  be 
e a s i l y  a s s i m i l a t e d  by t h e  s t o c k s .  Other  f i s h i n g  grounds remain 
t o t a l l y  untapped t o  t h e  no r thwes t  of Mar0 Reef ,  where l i t t l e  
f i s h i n g  h a s  o c c u r r e d  t o  d a t e .  While c o n f l i c t s  between f i s h i n g  
a c t i v i t y  and t h e  c o n s e r v a t i o n  of o t h e r  w i l d l i f e  r e s o u r c e s  ( e .g . ,  
monk seals)  remain un reso lved ,  t h e r e  n e v e r t h e l e s s  e x i s t s  a bot-  
t omf i sh  r e s o u r c e  i n  t h e  N W H I  c a p a b l e  of s u p p o r t i n g  i n c r e a s e d  
h a r v e s t s  on b i o l o g i c a l  grounds .  

A s  a f i r s t  approximat ion  t o  t h e  magnitude of b o t t o m f i s h  
r e s o u r c e s  i n  t h e  N W H I ,  w e  can  assume p r o d u c t i v i t y  comparable  w i t h  
t h e  main h igh  i s l a n d s  and invoke  t h e  R a l s t o n  and Polovina  (1982) 
estimate of MSY p e r  u n i t  of h a b i t a t  area (272 kg/nmi of 1 0 0 -  
fathom i s o b a t h  pe r  y e a r )  f o r  t h e  MLKM s t o c k .  Because t h i s  f i g u r e  
does  n o t  i n c l u d e  t h e  r e c r e a t i o n a l  c a t c h  i t  p r o v i d e s  a ve ry  con- 
s e r v a t i v e  estimate of t h e  p o t e n t i a l  y i e l d  of b o t t o m f i s h e s  from 
t h e  NWHI.  These i s l a n d s  have a combined h a b i t a t  area e q u i v a l e n t  
t o  abou t  1 ,200 nmi of 100-fathom i s o b a t h .  Thus, one might  e x p e c t  
a s  a minimum a s u s t a i n e d  b o t t o m f i s h  y i e l d  of 330 MT pe r  y e a r  from 
t h e  N W H I .  Given t h a t  t h e  ex -vesse l  p r i c e  p e r  pound f o r  t h e s e  
s p e c i e s  is c u r r e n t l y  ave rag ing  abou t  $2.75, t h e  v a l u e  of t h e  
r e s o u r c e  t o  t h e  f i she rmen  might  be e s t i m a t e d  t o  be roughly  $2 
m i l l i o n  a n n u a l l y .  T h i s  amounts t o  a h a r v e s t  s u b s t a n t i a l l y  
g r e a t e r  t h a n  t h a t  c u r r e n t l y  be ing  l anded  i n  t h e  main h igh  i s l a n d s  
of t h e  a r c h i p e l a g o .  
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