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ABSTRACT 

T h i s  overview i n c o r p o r a t e s  r e su l t s  of s t u d i e s  conducted 
on t h e  sp iny  l o b s t e r ,  Panulirus mars ina tus  (Quoy and 
Gaimard 1 8 2 5 ) ,  r e s o u r c e  i n  t h e  Northwestern Hawaiian 
I s l a n d s  by t h e  Honolulu Labora to ry  from October 1976 t o  
September 1981. Of 26 si tes surveyed ,  on ly  Necker 
I s l a n d  and Mar0 r ee f  appeared  t o  have s u f f i c i e n t l y  
l a r g e  s t o c k s  f o r  commercial e x p l o i t a t i o n .  Inc luded  
a l s o  are data on h i s t o r i c a l  c a t c h e s  and f i s h e r y  devel -  
opment, and resu l t s  of a n a l y s e s  on geograph ic  and depth  
d i s t r i b u t i o n s ,  p r e - e x p l o i t a t i o n  abundance, s i z e  compo- 
s i t i o n ,  s e x  r a t i o ,  s i z e  a t  m a t u r i t y ,  r e p r o d u c t i o n ,  
behav io r ,  and morphometry. E x t r a p o l a t i o n  of resu l t s  
from t h e  assessment  of t h e  s tock  a t  Necker I s l a n d  pro- 
v ided  estimates of t h e  maximum s u s t a i n a b l e  y i e l d  of 
s p i n y  l o b s t e r  f o r  t h e  e n t i r e  Northwestern Hawaiian 
I s l a n d s .  

D i s c u s s i o n s  on economics, f i s h e r y  p o t e n t i a l ,  and 
management gu i d e l  i nes  are a1 so p r e s e n t e d  . 

s p i n y  l o b s t e r  Northwestern Hawaiian I s l a n d s  
b io logy  p o p u l a t i o n  s t r u c t u r e  
abundance d i s t r i b u t i o n  

INTRODUCTION 

Before  1976, l i t t l e  was known about  t h e  marine r e s o u r c e s  of 
t h e  Nor thwes tern  Hawaiian I s l a n d s  ( N W H I )  ( F i g u r e  1) and, excep t  
f o r  a few commercial f i shermen who used French F r i g a t e  S h o a l s  as 
a f i s h i n g  base  OK t h o s e  who made p e r i o d i c  f i s h i n g  t r i p s  f o r  
bo t tomf i sh ,  t h e s e  r e s o u r c e s  were v i r t u a l l y  untouched by humans. 
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The sequence  of e v e n t s  t h a t  l e d  t o  t h e  i n v e s t i g a t i o n  of t h e  
mar ine  and t e r r e s t r i a l  r e s o u r c e s  of t h e s e  i s l a n d s  i s  documented 
i n  Uchida e t  a l .  (1980) and Gr igg  and Pfund (1980) .  

Center  Honolulu Labora to ry  of t h e  N a t i o n a l  Marine F i s h e r i e s  Ser- 
v i c e  conducted r e s o u r c e  su rveys  i n  t h e  NWHI, c o n c e n t r a t i n g  on 
t h o s e  species of economic s i g n i f i c a n c e  and h igh  development 
p o t e n t i a l .  The o b j e c t i v e s  of t h e s e  s u r v e y s  were t o  i n v e s t i g a t e  
t h e  u n f i s h e d  waters of t h e  NWHI t o  de t e rmine  t h e  species t h a t  
were a v a i l a b l e ,  t o  d e f i n e  t h e i r  d i s t r i b u t i o n  and abundance, t o  
make a f i r s t  estimate of t h e i r  p o t e n t i a l  y i e l d ,  and t o  p r o v i d e  
p r e l i m i n a r y  estimates of t h e  l i k e l y  c a t c h  rates.  Among t h e  
species t h a t  showed e x c e l l e n t  p o t e n t i a l  f o r  development was t h e  
s p i n y  l o b s t e r ,  Panulirus -. 
dep th  d i s t r i b u t i o n ,  f e c u n d i t y  and spawning, growth and movement, 
behav io r ,  p o p u l a t i o n  s t r u c t u r e ,  and p o p u l a t i o n  dynamics of t h e  
s p i n y  l o b s t e r .  Also s t u d i e d  were p r e d a t i o n  on s p i n y  l o b s t e r s ,  
gea r  c o m p e t i t i o n ,  and ghos t  f i s h i n g .  The r e su l t s  of t h e s e  s u r -  
veys  form t h e  b a s i s  of t h i s  overview r e p o r t .  R e s u l t s  of many of 
t h e  expe r imen t s  and i n d i v i d u a l  s t u d i e s  are  i n c l u d e d  i n  p u b l i s h e d  
and unpubl i shed  r e p o r t s  of t h e  Honolulu Labora tory .  

MATERIALS AND llETBODS 

From October 1976 t o  September 1981, t h e  Southwest F isher ies  

Thus s t u d i e s  were under taken  t o  de t e rmine  t h e  geograph ic  and 

The d a t a  f o r  t h i s  s t u d y  were o b t a i n e d  from t r a p p i n g  opera- 
t i o n s  of r e s e a r c h  and c h a r t e r  cruises. The s t a n d a r d  gear  used 
was t h e  C a l i f o r n i a  two-chambered l o b s t e r  po t .  Because f i s h  t raps  
were a l s o  used d u r i n g  t h e  su rveys ,  and because l o b s t e r s  were a l s o  
t a k e n  by t h e s e  t r a p s ,  d a t a  from f i s h  t r a p p i n g  s t a t i o n s  are a l s o  
inc luded .  Both t h e  pot  and t r a p  had i d e n t i c a l  e n t r a n c e s ;  how- 
e v e r ,  s e v e r a l  p o t s  and t raps  wi th  modi f ied  e n t r a n c e s  were used 
f o r  s p e c i a l  s t u d i e s .  The l o b s t e r  p o t  and f i s h  t r a p  are d e s c r i b e d  
i n  d e t a i l  i n  a for thcoming f i s h e r y  a t l a s  of t h e  NWHI by R.N. 
Uchida and J . H .  Uchiyama. 

were a l t e r n a t e d  on a s t r i n g .  Each l o b s t e r  po t  was separated from 
t h e  f i s h  t r ap  by 5 m; e ach  p a i r  of t r ap -po t  combina t ion  was 
spaced  18  m a p a r t .  Only two pa i r s  of t r ap -po t  combina t ion  were 
used per s t r i n g  wi th  s i x  s t r i n g s  making u p  t h e  se t  a t  each 
s t a t i o n .  

On our f i r s t  cruise (TC-76-06), l o b s t e r  p o t s  and f i s h  t raps  

On subsequent  cruises,  u s u a l l y  e i g h t  l o b s t e r  pots, spaced  35 
m a p a r t ,  were at tached t o  one s t r i n g  and up t o  f i v e  s t r i n g s  were 
set a t  v a r y i n g  d e p t h s  between 20 and 91 m (10  and 50 fa thoms)  ; 
t h e  p o t s  were o c c a s i o n a l l y  set as sha l low as 4 m ( 2  f a thoms) .  
For f i s h  t raps ,  u s u a l l y  f o u r  t raps  were p laced  on a s t r i n g  and up 
t o  f i v e  s t r i n g s  set a t  each s t a t i o n .  Depths v a r i e d  from 9 t o  337 
m ( 5  t o  75 f a thoms) .  
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O c c a s i o n a l l y ,  special  l a r g e - e n t r a n c e  l o b s t e r  p o t s  were set 
as deep a s  183 m ( 1 0 0  fa thoms)  t o  de te rmine  whether l a r g e  
l o b s t e z s  ( .140-mm ca rapace  l e n g t h ,  CL) were i n  deeper water and 
a l s o  t o  examine t h e  sp iny  l o b s t e r ' s  depth d i s t r i b u t i o n .  A t  some 
s t a t i o n s ,  f i s h  t r a p s  were set s i n g l y  t o  d e p t h s  of 329 m (180 
fa thoms)  t o  e v a l u a t e  t h e  c a t c h a b i l i t y  of f i s h e s  of t h e  snapper- 
grouper  complex; t h e  d a t a  o b t a i n e d  from t h e s e  s t a t i o n s  were used 
t o  d e f i n e  t h e  sp iny  l o b s t e r ' s  depth  l i m i t s .  

Trapping  s t a t i o n s  were occupied  from about  1800 t o  0800 
t h e r e b y  a l l o w i n g  t h e  pots and t r a p s  t o  soak f o r  about  1 4  hours .  

Because a lmost  no th ing  was known about  t h e  d i s t r i b u t i o n  of 
s p i n y  l o b s t e r s  i n  time and space  ( v a r i o u s  h a b i t a t s ) ,  p r e l i m i n a r y  
s u r v e y s  were conducted t o  i d e n t i f y  t h e  most promis ing  sites 
w i t h i n  t h e  NWHI.  A s e a r c h  f o r  s u i t a b l e  depth and bottom condi- 
t i o n s  was r e q u i r e d  t o  make  t h e  most e f f i c i e n t  use of gea r  and 
f i s h i n g  time. S t a t i o n s  were s e l e c t e d  by u s i n g  e x i s t i n g  naviga- 
t i o n a l  and bottom contour  c h a r t s ;  where in fo rma t ion  was l a c k i n g ,  
b a t h y m e t r i c  p r o f i l e s  were f i r s t  o b t a i n e d  w i t h  t h e  echo sounder.  

The sampling scheme was modi f ied ,  a f t e r  a n a l y s i s  of d a t a  
from t h e  p r e l i m i n a r y  s u r v e y s ,  t o  i n c r e a s e  t h e  e f f i c i e n c y  of l a t e r  
su rveys .  The a r e a  around each i s l a n d ,  bank, and a t o l l  was sub- 
d i v i d e d  i n t o  smaller g r i d s  or equal -a rea  sampling u n i t s  0.1" of  
l a t i t u d e  and l o n g i t u d e ,  and w i t h i n  each g r i d ,  f i s h i n g  s t a t i o n s  
were s t r a t i f i e d ,  whenever p o s s i b l e ,  by depth .  Although some sets 
were made i n  waters less than  18  m ,  sampling was u s u a l l y  conf ined  
t o  t h e  i n n e r  s h e l f  (18 t o  36 m ) ,  o u t e r  s h e l f  (36 t o  45 m ) ,  and 
s h e l f  edge ( 4 5  t o  90 m )  . Some sets  were a l s o  made i n  t h e  s l o p e  
zone (90 t o  360 m ) .  

Records were u s u a l l y  kept of t h e  number of l e g a l ,  s u b l e g a l ,  
male, f ema le ,  and ov ige rous  female  l o b s t e r s  caught .  For most of 
t h e  l o b s t e r s ,  mi s s ing  appendages,  ca rapace  l e n g t h ,  we igh t s ,  and 
whether or n o t  t h e  female  bore  spermatophores (mated) were a l s o  
recorded .  When c a t c h e s  were l a r g e  or when time was l i m i t e d ,  o n l y  
t h e  t o t a l  number and weight  caught  were recorded  and t h e  c a t c h  
was subsampled f o r  l e n g h t s  and weights .  

l o b s t e r  po t  and a t r a p - n i g h t  f o r  t h e  f i s h  t r a p ,  t h a t  is, one pot  
o r  one t r a p  f i s h i n g  o v e r n i g h t ,  u s u a l l y  f o r  1 4  o r  more hours .  

RESULTS 

For t h i s  s t u d y ,  e f f o r t  is d e f i n e d  as a pot -n ight  f o r  t h e  

Taxonomy 

The s p i n y  l o b s t e r s ,  a c l e a r l y  d e f i n e d  group i n  t h e  o r d e r  
Decapoda, can be d i s t i n g u i s h e d  from t h e  t rue  l o b s t e r s  by t h e  lack 
of claws and t h e  p re sence  of a s u b c y l i n d r i c a l  s p i n y  carapace. I n  
Hawaiian waters, two s p e c i e s  of s p i n y  l o b s t e r s  are  found around . Although t h e  major i s l a n d s  -- p. marsinatus and 2. Denlclllatus 
t h e  s p e c i e s  may sometimes be confused  wi th  one a n o t h e r ,  t h e r e  are 

. .  
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d i s t i n g u i s h i n g  f e a t u r e s  t h a t  e a s i l y  s e p a r a t e  t h e  two. I n  2. 
mughatu, t h e  a n t e r i o r  border  of t h e  carapace is armed wi th  a 
pair  of s t r o n g  prominent f r o n t a l  horns  above t h e  e y e s ,  whereas i n  
E. penlcluatus , t h e r e  are two pairs of s t r o n g  a n t e r i o r  s p i n e s  on 
t h e  a n t e n n a l  p la te  (McGinnis, 1 9 7 2 ) .  

(George and H o l t h u i s ,  1965) and Johns ton  A t o l l  (Brock, 1 9 7 3 ) .  

Eanulirus species, is found from t h e  Galapagos I s l a n d s  i n  t h e  
east  t o  t h e  Red Sea i n  t h e  west ( H o l t h u i s ,  1 9 4 7 ) .  

. .  

marainatus is  endemic t o  t h e  Hawaiian i s l a n d s  

en ic l l la tus ,  t h e  most wide ly  d i s t r i b u t e d  I n d o - P a c i f i c  . .  

Historical Catch and Fishery Development 

mos t ly  caught  around t h e  major Hawaiian i s l a n d s .  The c a t c h e s  
were small and c o n s t i t u t e d  on ly  an i n s i g n i f i c a n t  par t  of t h e  
t o t a l  marine f i s h  and s h e l l f i s h  l a n d i n g s  i n  t h e  s t a t e .  I n  1961- 
75, t h e  mean annua l  c a t c h  r e p o r t e d  t o  t h e  D i v i s i o n  of Aquat ic  
Resources ,  Hawaii Department of Land and Natural  Resources ,  was 3 
metric t o n s  (MT) o r  less t h a n  1 p e r c e n t  of t h e  s t a t e ' s  t o t a l  
mar ine  p roduc t ion :  however, it is b e l i e v e d  t h a t  l a r g e  numbers of 
l o b s t e r s  are  a l s o  t aken  by r e c r e a t i o n a l  f i she rmen ,  who are no t  
r e q u i r e d  t o  r e p o r t  t h e i r  c a t c h e s .  The magnitude of t h e  recrea- 
t i o n a l  c a t c h  has  never been de termined .  

Before  t h e  i i s h e r y  expanded t o  t h e  N W H I ,  s p i n y  l o b s t e r s  were 

The p r i n c i p a l  g e a r s  used i n  t h e  commercial f i s h e r y  around 
t h e  major Hawaiian i s l a n d s  are t a n g l e  n e t s  which are s e t  pr i -  
m a r i l y  f o r  sp iny  l o b s t e r ,  and f i s h  t raps  ( l o b s t e r s  caught  i n  
t h e s e  t r a p s  are c o n s i d e r e d  i n c i d e n t a l ) .  About 82 p e r c e n t  of t h e  
l o b s t e r  c a t c h  was made i n  waters around Oahu (Mor r i s ,  1 9 6 8 ) .  

when one v e s s e l  began f i s h i n g  commercially a t  Necker I s l a n d .  I n  
1977, f o u r  o t h e r  v e s s e l s  p a r t i c i p a t e d  i n  t h e  f i s h e r y .  The ves- 
sels f i s h e d  p r i m a r i l y  a t  Nihoa and Necker I s l a n d  bu t  e f f o r t  was 
a l s o  expended a t  French F r i g a t e  S h o a l s  and as f a r  n o r t h  as Mar0 
Reef.  The p r i n c i p a l  gea r  used i n  t h i s  f i s h e r y  was t h e  C a l i f o r n i a  
two-chambered l o b s t e r  pot, a small (0 .9  m x 0.6 m x 0 . 4  m ) ,  easy- 
to -handle ,  r e c t a n g u l a r  p o t ,  which occup ies  about  a t h i r d  as much 
space as a c o n v e n t i o n a l  Hawaiian f i s h  t r a p .  

By 1977, t h e  s p i n y  l o b s t e r  c a t c h  i n  Hawaii had r i s e n  from 
less t h a n  3 MT i n  1976 t o  s l i g h t l y  more than  37.5 MT ( F i g u r e  2 ) .  
Annual l a n d i n g s  i n  subsequent  y e a r s  f l u c t u a t e d  wide ly  as v e s s e l s  
e n t e r e d  and l e f t  t h e  f i s h e r y .  Because t h e r e  was no management 
p l a n  f o r  l o b s t e r s  d u r i n g  t h e  e a r l y  y e a r s  of t h e  f i s h e r y ,  many 
c a t c h e s  went un repor t ed .  T h e r e f o r e ,  t h e  ca t ches -  shown i n  F i g u r e  
2 f o r  1977-82 were e s t i m a t e d  from d a t a  c o l l e c t e d  by NMFS and DAR 
o b s e r v e r s  on v e s s e l s  or from t h e  weight  of f r o z e n  t a i l s  l anded  
(Ski l lman and I t o ,  1981) .  

The s p i n y  l o b s t e r  f i s h e r y  i n  t h e  NWHI began i n  November 1976 
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F i g u r e  2 .  c a t c h  of s p i n y  l o b s t e r s  i n  t h e  Hawaiian 
Archipe lago .  Data f o r  1948-78 a re  from 
S k i l l m a n  and I t o  ( 1 9 8 1 ) ;  d a t a  f o r  1979-82 
a r e  from R.A. S k i l l m a n ,  Southwest  F i s h e r i e s  
Center  Honolulu L a b o r a t o r y ,  N a t i o n a l  Marine 
F i s h e r i e s  S e r v i c e ,  (1983: p e r s o n a l  
communication) . 

Geographical Distribution and Pre-exploitation Abundance 

Although two species of s p i n y  l o b s t e r s  occur  i n  waters of 
t h e  N W H I ,  t h e y  a r e  d i s t i n c t l y  s e p a r a t e d  by d e p t h ,  u n l i k e  t h e i r  
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d i s t s i b u t i o n  i n  waters of t h e  main i s l a n d s  where t h e y  a r e  found 
t o g e t h e r .  E. , b e i n g  a shal low-water  i n h a b i t a n t  i n  
t h e  NWHI,  were never  caught  i n  t h e  area of o p e r a t i o n ,  which 
i n c l u d e d  a l l  o f f s h o r e  waters from a b o u t  1 8  m and deeper  ( e x c e p t  
a t  Mar0 Reef and t h o s e  i s l a n d s  nor thward  where it was possible t o  
occupy s t a t i o n s  i n  waters less  t h a n  1 8  m d e e p ) .  

I n  t h e  N W H I ,  sampl ing  f o r  2. marainatus began a t  Nihoa , 
where l o b s t e r  t r a p p i n g  s u r v e y s  produced maximum c a t c h e s  of 2.7 
i n d i v i d u a l s / p o t - n i g h t  and 1.84 i n d i v i d u a l s / t r a p - n i g h t  a l o n g  t h e  
s o u t h e a s t e r n  part of t h e  bank ( g r i d  230617) ( T a b l e  1 and F i g u r e  
3 ) .  Nihoa, because  of i t s  c l o s e  p r o x i m i t y  t o  Honolulu,  was one 
of  t h e  f i r s t  l o b s t e r  grounds  i n  t h e  e a r l y  y e a r s  when commercial  
f i s h i n g  began i n  1976. E. marainatus was a l s o  found on an  i s o -  
l a t e d  bank ( h e n c e f o r t h  r e f e r r e d  t o  as Nihoa West Bank) n e a r  
Nihoa, b u t  t h e  c a t c h e s  h e r e  were r e l a t i v e l y  small. Bank 3 ,  a 
small bank l o c a t e d  between Nihoa and Necker, was a l so  v i s i t e d  b u t  
no e v i d e n c e  of l o b s t e r  was found.  

. .  

Moving nor thwes tward  t o  Necker I s l a n d ,  dense  a g g r e g a t i o n s  of 
E. marainatus were found over  much of t h e  n o r t h e r n  and s o u t h e r n  
pa r t s  of t h e  bank. Catch  ra tes  of l o b s t e r s  i n  some of t h e  areas 
r e a c h e d  as  h i g h  as 13.25 i n d i v i d u a l s / p o t - n i g h t  ( g r i d  236646) and 
25.83 i n d i v i d u a l s / t r a p - n i g h t  ( g r i d  236647) .  Commercial opera-  
t i o n s  i n  l a t e  1976 and 1977 produced c a t c h e s  a v e r a g i n g  5-7 
i n d i v i d u a l s / p o t - n i g h t .  The c a t c h  ra te  reached  6.62 i n d i v i d u a l s /  
p o t - n i g h t  i n  1976 b u t  dropped t o  4.83 i n d i v i d u a l s / p o t - n i g h t  by 
1977 and c o n t i n u e d  a downward t r e n d  t o  3.32 i n  1978,  1 .88 i n  
1979,  1.70 i n  1980, and  1.09 i n  1981. The f i s h  t r a p  c a t c h  ra te  
was 6.18 i n d i v i d u a l s / t r a p - n i g h t  i n  1976,  3.32 i n  1977,  3.97 i n  
1978,  5.09 i n  1979,  1 .82 i n  1980,  and  5.62 i n  1981.  The r i s e  i n  
t h e  f i s h  t r a p  c a t c h  ra te  i n  1979 and 1981 was due p r i m a r i l y  t o  
s u b l e g a l  l o b s t e r s  ( < 7 7 . 0  mm CL) , which made up 70 t o  80 p e r c e n t  
of t h e  c a t c h .  Because commercial  o p e r a t i o n s  s i g n i f i c a n t l y  
reduced  t h e  abundance a t  Necker by t h e  end of 1979,  when t o t a l  
c a t c h  reached  an e s t i m a t e d  45,372 kg, d a t a  o n l y  f o r  1976-78 were 
r e g a r d e d  as i n d i c a t i v e  of p r e - e x p l o i t a t i o n  abundance. 

Northwest  of Necker I s l a n d ,  E. nugbaku was a l so  found a t  
French F r i g a t e  S h o a l s ,  Brooks Banks, S t .  R o g a t i e n  Bank, Gardner 
P i n n a c l e s ,  and Raita Bank; however, nowhere was it as abundant  as 
a t  Necker. The p r e - e x p l o i t a t i o n  abundance of E. was 
e x t r e m e l y  low a t  French  F r i g a t e  S h o a l s ,  Brook Banks, and S t .  
R o g a t i e n  Bank, and t h e  species was n o t  caught  i n  f i s h  t r a p s  se t  
a t  Bank 7.  Abundance v a r i e d  a t  Gardner P i n n a c l e s ;  some areas 
( g r i d s  245680, 246681, and 251682) a l o n g  t h e  southwes t  and 
n o r t h w e s t  edges  of t h e  bank produced r e l a t i v e l y  good c a t c h e s .  
Because t h e  bank a t  Gardner P i n n a c l e s  is e x t r e m e l y  l a r g e  ( a b o u t  
50 nmi i n  t h e  n o r t h - s o u t h  d i r e c t i o n  and 24 nmi a t  t h e  w i d e s t  
p o i n t  i n  t h e  east-west d i r e c t i o n )  , a b o u t  h a l f  of it remains  
unsurveyed.  Only one g r i d  a t  Rai ta  Bank showed r e l a t i v e l y  h i g h  
c a t c h e s .  
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TABLE 1. CATCH OF LOBSTERS (LEGAL-SIZED, SUBLEGAL-SIZED, AND 
BERRIED) IN LOBSTER POTS AND FISH TRAPS DURING 
RESEARCH AND CHARTER CRUISES TO THE NORTHWESTERN 
HAWAIIAN ISLANDS, OCTOBER 1976 TO SEPTEMBER 1981 

__ ~ ~- 
L o b s t e r  P o t  Ca tche f i  C a t c h /  

Grid T o t a l  P o t  
1 9 7 6  1977  1 9 7 8  1 9 7 9  1980  1 9 8 1  N i g h t  

L o c a t i o "  

M i d d l e  Bank 
(22" 42 'N,  161° 02'Wl 

Nihoa 
123" 03". 161' 55'W) 

227 

230 
230 
231  
232 

229 
229 
229 
230 

231  
232 

232 
232 
233 
233  
233 
234 
234 
234 
234 
235 
235  
235 
235 
236 
236 
236 
236 

610 

617  
619  
619  
618 

T o t a l  

6 2 1  
622 
623  
621  

T o t a l  

631  
631  

T o t a l  

642  
6 4 3  
644 
645  
6 4 6  
6 4 3  
644 
645 
6 4 6  
645  
646 
647  
648 
645 
6 4 6  
647 
648 

T o t a l  

660 
662  
663  
662  
6 6 3  
6 6 2  
663  
6 6 4  
662  

0 1 4 0 1  0140) 0.00 

2.70 
1 . 0 0  
1 . 0 9  
0 . 0 0  
1 . 2 1  

0 .38  
0 . 6 0  
0 . 0 0  
1 . 0 0  
0.66 

0.00 
0.00 
0.00 

3 . 8 5  
4 . 0 1  
0 . 5 2  
0 .10  
1 . 4 2  

1 . 4 2  
2.10 
3 .13  
3 . 8 8  
3 .15  
5 .41  
6.40 
4.33 
2 .88  
4 .43  
5 . 0 8  
3 .74  

0.30 
0 .02  

0 .12  
0 . 9 5  
0 .17  
0 .16  

_ _  

_ _  

_-  _ _  _ _  
0 .33  

0 . 2 8  

0 .14  
0 .78  
0 .14  
0.28 

_ _  

_ _  
0.70 
0 . 2 1  
0 .18  
0 . 1 8  
0 . 3 6  

_ _  
1 . 6 2  
2 . 3 1  
2 . 3 1  

0.79 
1 . 7 1  
0 .48  
0 .00  
1 .90  

0 .83  
5 . 0 7  

1.50 
1 . 7 3  

_ _  

_ _  
-- 

1 0 8 ( 4 0 )  
401401 

107198)  
01321 

2551210)  

4 0 1 4 0 )  
1 0 7 ( 9 8 )  _ _  
14711381 

481801 

98(981  
1 4 6 ( 1 7 8 1  

_ _  
_ _  

Nihoa  west Bank 
(22" 58". 162" 14 'W) 

151401 
48(801 

0126)  
981981 

1611244)  

0171 
01241 
01311 

_ _  _ _  
01261 

01261 

0171 
01241 
01311 

211281 

_ _  

_ _  
_ _  

Bank 3 
123" 13". 163" 09'WI 

Necke r  I s l a n d  
(23"34 'N ,  164 '42 'W)  

3081801 
2731681 

211401 
4 ( 4 0 )  

142(1001  

246 ( 4 0 )  
211401 

4 1401 
1421100)  _ _  

34 1241 
229(1091  
31911021 

_ _  
9181 _ _  220(1011  

3191102)  
186  148)  _ _  

395 1100) 
1 , 8 9 2 ( 3 3 7 1  

593  1701 
7961981 
68711331 
71011381 
73811011 

6 , 7 6 3 1 1 , 4 0 0 1  

41011301 
1 , 8 9 3  I3501 

72311131 

1 , 8 1 2 ( 6 2 8 1  
8161184)  
84811671 

1 ,10412551  

9 ,12212 ,4181  

11121 
96120)  

1571221 
16018) 

93 f 6 )  
2 4  14i 

3 4 ( 2 3 1  
15111351 

171251 1 8 3 ( 4 0 )  
13140)  _ _  

690(2081  

French Prigate 

123" 46". 166 '18 'W) 
s h o a l s  

121401  
11401 _ _  
7160)  

9711021 
81481 

2611621 _ _  -- 
_- 

1511452)  

161561  

9164)  
2 5 ( 3 2 1  

7 ( 4 8 )  
5 7 ( 2 0 0 1  

_ _  

_ _  
411591 

_ _  _ _  239 663 -- 
T o t a l  -- 3 6 ( 2 3 9 )  1041120)  

_ _  
_. 

Brooks BankB 240 668 -- 
(24 '05 'Nv  166"5O'Wl 241  667  -- 

241  668 -- 
241  669  -- 
242 669  -- 

T o t a l  -- 

_ _  _ _  _ _  _ _  

131481  

31321 
_ _  
_ _  

21401 
1811201 

S t .  R o g a t i e n  Bank 242 670  -- _ _  _. 
124'25 'N,  167'15'WI 242 6 7 1  -- 411591 _ _  _ _  _ _  

_ _  _ _  243 670 -- 
243 671  -- 
244 671  -- _ _  _ _  

T o t a l  -- 4 1  159)  -_ 

_ _  _ _  246 672  -- Bank 7 
124" 36". 167 '  1 8 ' W )  

_ _  
S ( 2 4 I  

1Ol551  
71391 

2 2 ( 1 1 8 1  

s i 2 4 1  
1 0 1 5 5 )  

71391 
6311771 

G a r d n e r  Pinnac laB 244 679  -- _ _  
(Z5D01 'N ,167059 'W)  245 680 -- _ _  261161 

37116)  
_ _  26(161  

7 4 0 2 1  
371161 _ _  .. _ _  246 681  -- 

247 681 -- 
7 4 8  6 8 1  -- _. 

250 679  -- 281581 
_ _  249 682  -- 

250 680 -- _ _  

23(291  -- 231291 
9 6 ( 5 6 1  
28158)  

0171 
911481 

421241 _ _  
250 6 8 2  -- _ _  
250 6 8 3  -- _ _  
251  681  -- 
251  682  -- _ _  
252 680  -- 
252 681 -- _ _  

_ _  
-- 

T o t a l  -- 281581 - 
Note :  IN1 - t r a F n i g h t s  

._ -- _ _  
1521301 -- _ _  
238  I 9 1  I 

191231 
1521301 _ _  

1 2 1 8 )  
55813231 

12181 
1261791 
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TABLE 1. CATCH OF LOBSTERS (LEGAL-SIZED, SUBLEGAL-SIZED AND 
BERRIED) IN LOBSTER POTS AND FISH TRAPS DURING 
RESEARCH AND CHARTER CRUISES TO THE NORTHWESTERN 
HAWAIIAN ISLANDS, OCTOBER 1976 TO SEPTEMBER 1981 
( cont inued)  

__-________ ____ 
Lobster Pot  Catches Catch/ 

Location Grid T"t"1 Pnr 
1976 

Raita Bank 
(25'35'N. 169'35'W) 

naro Reef 
(25'29'N. 170'35'W) 

Not thampton 
Seamounts 

(25'18'N, 172"04'W) 

Laysan Island 
(25"12'N, 171"44'W) 

Pioneer Bank 
(26"OO'N. 173'25'W) 

Lisianski Island 
(26'02'N. 174'00'W) 

Bank 8 
(26'17'N. 174"34'Wl 

Salmon Bank 
(26-56'N. 176s28'W1 

Pearl and H e m e s  
Atoll 

(27'48'N. 175'51'W) 

254 
254 
255 
255 
255 
2 5 6  
256 
2 5 6  

252 
252 
253 
253 
253 
254 
254 
254 
254 
255 
255 
255 
255 
255 
256 
256 

254 

256 
257 
257 
257 
2 5 8  
258 
258 
258 

259 

258 
259 
259 
259 
259 
260 
260 
260 
261 
2 6 2  

262 
2 6 3  

26 9 
269 

277 
277 
277 
277 
278 
278 
278 
279 
279 
279 

279 

6 9 4  
696 
693 
694 
695 
693 
694 
695 

Total 

704 
706 
704 
707 
708 
706 
707 
708 
709 
705 
706 
707 
708 
709 
706 
707 

Total 

724 

717 
716 
717 
718 
715 
716 
717 
718 

Total 

735 

738 
737 
738 
739 
741 
738 
739 
740 
739 
141 

Total 

745 
745 

Total 

763 
764 

Total 

157 
7 5 8  
759 
760 
757 
759 
760 
757 
758 
759 

Total 

779 

1977 1978 

5(22) 
1371401 

_ _  
1421621 

8 2 5  I1511 
6131991 
50116) _ _  

409(142) 
6 9 1 1 8 1  

1 6 6 1 5 2 1  _ _  

144 ( 4 0 )  
2,437 (5651  

40(24) 
411241 
911811 
97 i24j 
l(10) 

1 2 0 1 5 6 )  
421241 

1161641 
548 (307) 

O ( 2 4 )  
3(24) 
4 1 6 4 )  

2 1 4 )  
0123) 
0140) 
911791 

_- 

1979 1980 

165 

...__ ._. 
1981 Night 

- 
1 6 ( 4 0 1  0 . 4 0  
5122) 0.23 

137 (401 3.42 

37(321 1.16 
401471 0.85 
3 9 ( 6 9 )  0.56 
35(23) 1.52 

3301297) 1.11 

2 1 ( 2 4 )  0.88 

82511511 5.46 
709(147) 4.82 
50(16) 3.12 
1 2 1 2 4 )  0.50 

409(142) 2.88 
134130) 4.47 
5051164) 3.08 
190(711 2 . 6 8  
251161 1.56 
491261 1.88 

1611471 3.42 
1451321 4.53 

4.44 2131481 _ _  _ _  
_. _ _  

144 (40) 3.60 
3.571(9541 3.74 

3 ( 4 0 )  0.08 

40(24) 1.67 
41(20 1.71 
91(81) 1.12 
97124) 4 .04  

1 1 1 0 1  0.10 
12411201 1.03 
1521127) 42(241 1.75 1.20 

5881434) 1.35 

0 1 2 4 1  0.00 

O ( 1 6 1  0.00 
0.00 0140) 

0 1 2 4 1  0.00 
31241 0.12 
4 1 6 4 1  0.06 
014) 0.00 
218) 0.25 
0 1 2 3 1  0.00 
01401 0.00 

_ _  _ _  

91243) 0.04 

0 1 2 4 )  0.00 
0132)  0.00 
O ( 5 6 1  0.00 

_ _  _ _  
2 ( 8 7 1  0.02 
2(87) 0.02 

27 (641 0.42 
11 ( 6 0 )  0.18 
34(112) 0.30 

0.00 
4 0 ( 6 3 1  o(22) 0 . 6 3  
221151 1.47 

241(1301 1.85 
1 3 ( 5 6 )  0.23 

0.27 
0.35 

4021567) 0.71 

6(221 
8 1 2 3 )  

0 1 2 4 1  0.00 



TABLE 1. CATCH OF LOBSTERS (LEGAL-SIZED, SUBLEGAL-SIZED AND 
BERRIED) IN LOBSTER POTS AND FISH TRAPS DURING 
RESEARCH AND CHARTER CRUISES TO THE NORTHWESTERN 
HAWAIIAN ISLANDS, OCTOBER 1976 TO SEPTEMBER 1981 
(continued) 

~~ 

Lobster Pot Catches Catch/ 
Location Grid Total Pot 

1976 1977 1978 1979 1980 1981 Night 

-- 16(301 0 . 5 3  
1181 0.12 _ _  _ _  37611441 2.61 -- 2691123) 2.19 

_ _  _ _  _ _  _ _  _ _  _ _  _ _  Midway Islands 281 774 -- 16(30) 
(28'12'N, 177"22'W) 282 772 -- l(81 

_ _  282 773 -- 158(88) 166(40) 52(16) 
282 774 -- 111 161) 124(391 34123) 

-- 0141 0.00 -_ 46(140) 0.33 
101(81) 1.25 

1.35 _ _  42(311 

Total -- 138(200) 20(40) -- 31 116) _ _  189(2561 0.74 

014) 
0141 

3118) 

_- _- _ _  xure Atoll 283 782 -- 
(28-25". 178"25'W) 283 783 -- 26196) 

284 782 -- 101 (81) 
11(23) 284 783 -- 

285 783 -- 
_ _  _ _  201401 -- _ _  _ _  

-_ _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  
_ _  284 766 -- Ladd Seamount 

(28'32'N, 176'40'W) 285 766 -- _ _  
Total -- _ _  

se Bancock seamount 298 790 - 
(29'47'N. 179"04'E) 

rn Bancock Seamount 302 787 -- _- _ _  
130"16'N, 178"43'W) 

Location 
Fish Trap Catches Catch/ 

Grid Total Trap 
1976 1977 1978 1979 1980 1981 Night 

Middle Bank 
122'42'N. 161'02'W) 

Nihoa 
(23'03'N. 161"55'W) 

Nihoa west Bank 
(22' 58 ' N, 162' 14 ' W) 

Bank 3 
123'13'N, 163.09'111 

Necker Island 
123' 34". 164" 42'Wl 

?ranch Frigate 
Shoals 

123'46'N. 166'18'WI 

227 

230 
230 
231 
232 

229 
229 
229 
230 

231 
232 

232 
232 
233 
233 
233 
234 
234 
234 
234 
235 
235 
235 
235 
236 
236 
236 
236 

236 
236 
236 
237 
237 
238 
238 
238 
239 
239 

610 

617 
619 
619 
618 

Total 

621 
622 
623 
621 

Total 

631 
631 

Total 

642 
643 
644 
645 
646 
643 
644 
645 
646 
6 4 5  
646 
647 
648 
6 4 5  
646 
647 
648 

Total 

660 
662 
663 
662 
663 
662 
663 
664 
662 
663 

Total 

121123) 
40181 _ _  

3414) _ _  1211231 2421321 

- .  - - .  
2181 2181 
018) 2(451 

0141 
0141 0141 
0121 0121 

_ _  
21221 87(176) 

166 

0.00 

1.84 
0.31 _ _  _ _  
1.14 

0.06 
0.10 

0.00 
0.08 

0.00 
0.00 
0.00 

5.26 
7.56 

1.95 
0.40 
2.15 
4.88 

_ _  

-_ 

_ _  _ _  
9.00 

2.55 
3.12 
5 .6.0 
5.01 
6.12 
4.08 
4 . 6 5  

0.41 
0.05 
0.00 
0.00 
1.82 
0.25 
0.04 
0.00 
0.00 
0.00 
0.49 

_ _  



TABLE 1. CATCH OF LOBSTERS (LEGAL-SIZED, SUBLEGAL-SIZED AND 
BERRIED) IN LOBSTER POTS AND FISH TRAPS DURING 
RESEARCH AND CHARTER CRUISES TO THE NORTHWESTERN 
HAWAIIAN ISLANDS, OCTOBER 1976 TO SEPTEMBER 1981 
(cont inued)  

Location 

~~ 

Fish Trap Catches Catch/ 
Grid Total Trap 

1976 1977 1978 1979 1980 1981 Night 

Brooks Banks 
(24'05'N. 166"50'W) 

St. Rogatien Bank 
(24'25'N. 167"lS'W) 

Bank 7 
124"36'N. 167 "18'W) 

Gardner Pinnacles 
(25"01'N, 167"59'W) 

Raita Bank 
(25"35'N, 169'35'Wl 

Mar0 Reef 
(25"29'N, 170'35'W) 

Northhampton 
Seamounts 

(25"lB'N. 172'04'W) 

Laysan Island 
(25'42'N. 171*44'W) 

Pioneer Bank 
126°00'N, 173'25'W) 

240 668  
241 667 
241 668 
241 669 
242 669 

Total 

242 670 
242 671 
243 670 
243 671 
244 671 

Total 

246 672 

244 679 
245 680 
246 681 
247 681 
248 681 
249 682 
250 679 
250 680 
250 682 

251 681 
251 682 
252 680 
252 681 

Total 

254 694 
254 696 
255 693 
255 694 
255 695 
256 693 
256 694 
256 695 

Total 

252 704 
251 706 
253 704 
253 707 
253 708 
254 706 
254 707 
254 708 
254 709 
255 705 
255 706 
2 5 5  707 
255 708 
255 709 
256 706 
256 707 

Total 

254 724 

256 717 
257 716 
257 717 
257 718 
258 715 
258 716 
258 717 
258 718 

Total 

259 735 

0.12 
0.00 
0.40 
0.00 
0.25 
0.23 

0.11 

0.00 
_ _  
_ _  -- 

0.08 

0.00 

_ _  
0.00 

0.00 
0.22 
0.83 

0.00 
1.17 
0.00 
0.62 
0.13 
0.12 
1.21 
0.49 

_ _  

_ _  

_ _  
0.33 
2.60 
0.62 

0.00 
0.00 

1.20 

6 .85  
0.00 
8.25 
0.12 
5.70 
0.00 
5.45 
3.06 
0.00 

3.29 

6.82 
0.00 
0.33 
4.10 
4.35 

0.00 

_ _  
-- 

-_ 
-- 

1.50 
2.83 
0.78 
3.00 
0.25 
2.33 
2.25 
2.93 
2.14 

0.00 
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TABLE 1. CATCH OF LOBSTERS (LEGAL-SIZED, SUBLEGAL-SIZED AND 
BERRIED) IN LOBSTER POTS AND FISH TRAPS DURING 
RESEARCH AND CHARTER CRUISES TO THE NORTHWESTERN 
HAWAIIAN ISLANDS, OCTOBER 1976 TO SEPTEMBER 1981 
(continued) 

Location Grid 

Lis ianski  Island 
(26'02'N, 114"OO'Wl 

Bank 8 
126"ll'N. 174"34'Wl 

Salmon Bank 
I26 "56 'N, 176 "28'Wl 

Pearl and H e m e s  
Atoll 

(27 " 4 8 '  N, 17 5 "51 ' W) 

Nero Seamount 
(21m57'N, 177 "58'Wl 

Midway Island8 
128"lZ'N. 171"22'W) 

Kure Atoll 
( Z E  "25'N, 178 '25'Wl 

Ladd Seamount 
128"32'N, 176'4O'W) 

Bank 11 
(28'53'N, 179'38'Wl 

SE Rancock Seamount 
(29'47". 119°04'E) 

hW HanCOCk Seamount 
00'16'N, llP'43'Wl 

258 
259 
259 
259 
259 
260 
2 6 0  
2 6 0  
261 
262 

262 
263 

269 
269 

217 
271 
277 
277 
278 
278 
278 
219 
279 
219 

279 

281 
282 
282 
282 
283 
283 

283 
281 
284 
284 
285 

284 
285 

288 
289 

298 

302 

738 
737 
138 
139 
741 
738 
739 
740 
139 
741 

Total 

745 
145 

Total 

163 
164 

Total 

157 
158 
759 
760 
157 
759 
760 
751 
158 
759 

Total 

119 

714 
172 
113 
114 
173 
114 

Total 

182 
783 
182 
783 
783 

Total 

766 
766 

Total 

795 
795 

Total 

790 

787 

Fish Trap Catches Catch/ 
Total Trap 

1916 1971 1978 1979 1980 1981 Night 

0.00 
0.05 
0.00 
0.11 
0.17 
0.19 
_- 
_ _  

0.00 
0.00 
0.09 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0 . 0 4  
0.51 
0.59 
0.00 
1.08 

1.23 
0.83 
0 . 4 2  
0.36 
0.72 

0.00 

_ _  

2.28 

2.91 
2.10 
0.00 
0.00 
2.30 

0.00 
0.10 
0.05 
0.12 
0.00 
0.09 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0 . 0 0  

_ _  

0.00 
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2. marsinatu s was a l s o  found around t h e  i s l a n d s  and a t o l l s  
f a r t h e r  up t h e  cha in .  A t  Maro Reef ,  which c o n t r a s t e d  s h a r p l y  
wi th  Necker i n  s u b s t r a t u m  c o n d i t i o n ,  h igh  c a t c h  ra tes  of E. 
n u g i n a t u s  were a l s o  o b t a i n e d .  The s u r v e y s  conducted a t  Mar0 
R e e f  i n  1977 produced c a t c h  ra tes  v a r y i n g  between 2.88 and 6.19 
i n d i v i d u a l s / p o t - n i g h t ,  whereas t h e  f i s h  t raps  produced c a t c h e s  
ranging  from 0.00  t o  8.25 i n d i v i d u a l s / p o t - n i g h t .  The h igh  abun- 
dance a t  Mar0 Reef was unexpected because s u b s u r f a c e  o b s e r v a t i o n s  
made d u r i n g  a cruise i n  1977 r e v e a l e d  a subs t ra tum of predomi- 
n a n t l y  sand and sands tone  j u s t  o u t s i d e  t h a t  c o r a l  r e e f :  however, 
subsequent  d i s c u s s i o n s  wi th  o t h e r  i n v e s t i g a t o r s  who dove a t  Maro 
Reef brought  o u t  t h e  f a c t  t h a t  many areas i n  t h e  10  t o  55 m depth  
range have s u i t a b l e  l o b s t e r  h a b i t a t .  Due t o  t h e  h igh  c a t c h  
ra tes ,  Maro Reef was e s t a b l i s h e d  as t h e  second impor tan t  a r e a  i n  
t h e  s p i n y  l o b s t e r  f i s h e r y .  

Beyond Maro Reef ,  none of t h e  s i t e s  surveyed showed commer- 
c ia1  c o n c e n t r a t i o n s  of E. mu i n a t u s ,  a l t h o u g h  s e v e r a l  had moder- 
a t e l y  good c a t c h  ra tes .  Whether a commercial f i s h e r y  can be 
developed a t  t h e s e  s i t e s  depends t o  a l a r g e  e x t e n t  on t h e  cost of 
o p e r a t i n g  a t  such d i s t a n c e s  from t h e  home p o r t .  Few l o b s t e r s  
were found a t  Northampton Seamounts, b u t  r e l a t i v e l y  good c a t c h e s  
were made a t  s e v e r a l  s i t es  ( g r i d s  257716, 257718, 258716, 258717, 
258718) a t  Laysan I s l a n d .  Pioneer  Bank near  L i s i a n s k i  I s l a n d  
produced n o t h i n g  and c a t c h e s  a t  L i s i a n s k i ,  which has  a r a t h e r  
l a r g e  bank, were ex t remely  low a t  a l l  t h e  s i t e s  surveyed.  

Bank 8 and Salmon Bank r e c e i v e d  v e r y  l i t t l e  e f f o r t :  t h e  
former produced n o t h i n g  and 'only two l o b s t e r s  were caught  i n  87 
p o t - n i g h t s  and 31 t r a p - n i g h t s  a t  t h e  l a t t e r .  A t  Pearl and Hermes 
A t o l l ,  t h e  e n t i r e  area o u t s i d e  t h e  r e e f  was surveyed and good 
c a t c h e s  were made a l o n g  t h e  c e n t r a l  wes te rn  edge of t h e  bank 
( g r i d s  278759 and 278760): o t h e r  survey  s i t e s  produced r e l a t i v e l y  
small c a t c h e s .  

A t  Nero Seamounts, 24 p o t - n i g h t s  and 6 t r a p - n i g h t s  of e f f o r t  
produced no s p i n y  l o b s t e r s ,  b u t  a t  Midway I s l a n d s ,  t h e  c a t c h  
rates were over  2 i n d i v i d u a l s / p o t - n i g h t  and t r a p - n i g h t  i n  t h r e e  
g r i d s  (281774, 282773, and 282774).  A t  t h e  extreme n o r t h w e s t e r n  
end of  t h e  Hawaiian Archipe lago ,  2. marq i n a t u s  was found a t  Kure 
A t o l l  b u t  n o t  i n  t h e  same numbers as a t  Midway. Kure  marks t h e  
n o r t h e r n  l i m i t  of t h e  d i s t r i b u t i o n  of E. m r u i n a t u  s as  none were 
found a t  Ladd Seamount, which is l o c a t e d  s l i g h t l y  n o r t h  of K u r e ,  
nor a t  Bank 11 and Hancock Seamounts t o  t h e  nor thwes t .  

Simpson (1976) s p e c u l a t e d  t h a t  f o r  p. araus ,  areas which are 
conducive t o  h igh  s u r v i v a l  c o u l d  be a s s o c i a t e d  w i t h  bottom topog- 
raphy, t h a t  is, t h e r e  are many s u i t a b l e  h i d i n g  p l a c e s  f o r  t h e  
young s t a g e s  t o  molt  s a f e l y .  T h i s  i s  b e l i e v e d  t o  be a p l a u s i b l e  
e x p l a n a t i o n  f o r  t h e  h igh  d e n s i t i e s  of s p i n y  l o b s t e r  a t  Necker and 
Maro Reef.  
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Catch by Depth 

from 110  t o  183  m i n  Hawaiian waters (McGinnis, 1 9 7 2 ) ,  w e  b e l i e v e  
t h e  species is not  found a t  d e p t h s  beyond 137 m l .  The su rveys  
i n d i c a t e d  t h a t  t h i s  species was u s u a l l y  found i n  water d e p t h s  of 
90 m or less. The r e l a t i v e  abundance of s p i n y  l o b s t e r  t aken  i n  
l o b s t e r  pots and f i s h  t r a p s  by 9-m s t r a t a  was c a l c u l a t e d  f o r  each 
of t h e  i s l a n d s  and banks ( F i g u r e  4 ) .  Along t h e  lower p o r t i o n  of 
t h e  a r c h i p e l a g o  t h e  r e l a t i v e  abundance was h i g h e s t  a t  t h e  55 t o  
64 m depth  around Nihoa and Necker and a t  t h e  65 t o  73 m depth  
around French F r i g a t e  Shoa l s .  F a r t h e r  northward a t  Gardner 
P i n n a c l e s ,  t h e  r e l a t i v e  abundance of s p i n y  l o b s t e r s  was h ighe r  a t  
sha l lower  d e p t h s  of 19 t o  27 m t o  about  46 t o  54 m. 

A t  Raita Bank, t h e  r e l a t i v e  abundance was h i g h e s t  between 28 
and 36 m. Northwestward a t  Mar0 Reef ,  t h e r e  was a d r a m a t i c  s h i f t  
i n  r e l a t i v e  abundance: t h e  h i g h e s t  v a l u e s  were i n  t h e  s h a l l o w e s t  
area. T h i s  t r e n d  towards h ighe r  abundance a t  sha l lower  depth  
appeared  t o  be c o n s i s t e n t  a t  t h e  remain ing  i s l a n d s ,  banks,  and 
a t o l l s  t o  t h e  no r thwes t  of Mar0 Reef. Uchida e t  a l .  (1980b) 
s u g g e s t  t h a t  t h e  r e l a t i v e l y  low c a t c h  ra tes  observed  i n  w a t e r s  
deeper  t h a n  64 m i n  t h e  n o r t h e r n  p a r t  of t h e  a r c h i p e l a g o  may be 
t h e  r e su l t  of d i f f e r e n c e s  i n  t h e  temperature regime from n o r t h  t o  
sou th  i n  t h e  NWHI.  

Although p. ' a t u s  h a s  been r e p o r t e d  a t  d e p t h s  r ang ing  

The p r o p o r t i o n  of l e g a l - s i z e d ,  s u b l e g a l - s i z e d ,  and b e r r i e d  
female  l o b s t e r s  were a l s o  examined by dep th  f o r  Necker and Mar0 
Reef ,  because of t h e  impor tance  of t h e s e  areas f o r  commercial 
t r a p p i n g  ( F i g u r e  5 ) .  A t  Necker, it was found t h a t  c a t c h e s  a t  t h e  
19  t o  27 m depth  were composed predominant ly  of s u b l e g a l - s i z e d  
l o b s t e r s ,  bu t  a t  t h e  28 t o  36 m depth  t h e  p r o p o r t i o n  of l e g a l -  
s i z e d  and s u b l e g a l - s i z e d  l o b s t e r s  was n e a r l y  1:l. A t  d e p t h s  
deeper than  36 m ,  however, l e g a l  s i z e s  predominated by a s l i g h t  
margin. A t  Mar0 Reef,  l e g a l - s i z e d  l o b s t e r s  predominated a t  t h e  
s h a l l o w e s t  depth  by a small margin. A t  t h e  1 0  t o  18  m depth  
s u b l e g a l - s i z e d  l o b s t e r s  were predominant,  compr is ing  60 percent 
of t h e  c a t c h .  The c a t c h e s  a t  d e p t h s  g r e a t e r  t h a n  18 m were 
composed of l e g a l - s i z e d  l o b s t e r s  by a ve ry  wide margin over 
s u b l e g a l - s i z e d  l o b s t e r s .  

'McGinnis (1972) c i t e d  cruise  r e p o r t  35 of t h e  Townsend C r o w ,  
p r e p a r e d  by t h e  B u r e a u  of Commercial F i s h e r i e s  (now NMFS), and 
which invo lved  shrimp, Penaeus m u g b & u  , t r a w l i n g  o p e r a t i o n s .  
McGinnis assumed t h a t  t h e  by-catch of s p i n y  l o b s t e r ,  Panulirus 
-, was a l s o  made a t  t h e  same d e p t h s  t r a w l e d  f o r  shrimp. 
The o r i g i n a l  c a t c h  r e c o r d s  r e v e a l  t h a t  22 s p i n y  l o b s t e r s  were 
c a p t u r e d  on t h e  bank n o r t h  of Molokai between Kaiehu P o i n t  and 
P a u a l a i a  P o i n t  d u r i n g  f o u r  t r a w l  h a u l s  on Apr i l  6 ,  1968 i n  
waters which averaged  1 1 0 ,  124 ,  128 ,  and 137 m i n  dep th .  
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F i g u r e  5.  Pe rcen tage  of l e g a l ,  s u b l e g a l ,  and b e r r i e d  ( o v i g e r o u s )  
female  l o b s t e r s  i n  c a t c h e s  by depth  a t  Necker I s l a n d  
and MaKO Reef,  October 1976 t o  September 1981. (No.) 
= number of l o b s t e r s ;  z e r o  i n d i c a t e s  e f f o r t  expended 
a t  t h a t  depth  range  bu t  no l o b s t e r s  caught .  
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Life History 

To s a t i s f y  t h e  d a t a  needs of t h e  Western P a c i f i c  Regional  
F i s h e r y  Management Counci l ,  and a l s o  t o  f i l l  gaps  i n  t h e  know- 
l e d g e  of t h e  l i f e  h i s t o r y  of 1. mars i n a t u s  i n  t h e  N W H I ,  s t u d i e s  
on s e v e r a l  a s p e c t s  of t h e  l i f e  h i s t o r y ,  i n c l u d i n g  f e c u n d i t y  and 
spawning (Honda, 1980, i n  p r e p a r a t i o n ) ,  growth and movement 
(Uchiyama, i n  p r e p a r a t i o n ) ,  s i z e  a t  m a t u r i t y  ( P r e s c o t t ,  i n  prepa- 
r a t i o n )  , behavior  ( r e a c t i o n  t o  o f f a l )  (Gooding, i n  p r e p a r a t i o n )  , 
and p r e d a t o r s  (Gooding, 1979, 19821, of  2. W a t u g  were con- 
ducted.  The r e su l t s  of t h e s e  s t u d i e s  are  reviewed i n  t h e  fol low- 
i n g  s e c t i o n s .  

FECUNDITY AND SPAWNING 

Fecundi ty  of E. margina tus  from Oahu was e s t i m a t e d  by Morr i s  
(1968) and McGinnis (1972) .  Fecundi ty  s t u d i e s  conducted by Honda 
(1980, i n  p r e p a r a t i o n )  on N W H I  E. mars i n a t u s  c o l l e c t e d  between 
1978 and 1981 are  based on egg c o u n t s  of 75 samples of egg masses 
from b e r r i e d  females  a t  Necker and Maro Reef.  The s l o p e s  of t h e  
r e g r e s s i o n  of f e c u n d i t y  on CL f o r  t h e  Mar0 Reef and Necker sam- 
ples were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Honda a l s o  showed t h a t  
f e c u n d i t y  i n c r e a s e d  wi th  s i z e .  The fecundity-CL r e l a t i o n s h i p  
(Maro Reef and Necker samples pooled)  i s  d e s c r i b e d  by t h e  
q u a t  i o n  : 

2 . 3 7 0 6  Y = 6.5334CL 

where 

CL = c a r a p a c e  l e n g t h  i n  mill imeters,  and 
Y = number of eggs c a r r i e d  

When compared w i t h  f e c u n d i t y  estimates f o r  Oahu, Honda found 
t h a t  t h e  NWHI estimates were i n  r a t h e r  c l o s e  agreement as f a r  as 
t h e  smaller females  were concerned;  however, t h e  d i s c r e p a n c y  
between Oahu and N W H I  e s t i m a t e s  became g r e a t e r  f o r  t h e  l a r g e r  
females .  For example, a t  110-mm CL, an NWHI female was e s t i m a t e d  
t o  c a r r y  460,000 eggs  whereas an Oahu female had an e s t i m a t e d  
575 , 000 eggs.  

The p e r c e n t a g e  of b e r r i e d  females  i n  t h e  c a t c h  w a s  examined 
by month a t  Necker and Mar0 Reef ( T a b l e  2 ) .  Using only  d a t a  f o r  
r e p r o d u c t i v e l y  mature females  of 60.7-mm CL (see s e c t i o n  on " S i z e  
a t  M a t u r i t y "  below) it was found t h a t  between 9 and 23 p e r c e n t  of 
t h e  female  p o p u l a t i o n  a t  Necker was b e r r i e d  i n  a l l  months of t h e  
y e a r  e x c e p t  J a n u a r y  (no d a t a  a v a i l a b l e )  and August,  when only  1 9  
male and 5 non-ber r ied  female  l o b s t e r s  were c a p t u r e d .  Data on 
b e r r i e d  f e m a l e s  from Mar0 Reef were even s p a r s e r :  however, it 
a p p e a r s  e v i d e n t  t h a t  spawning o c c u r s  a t  l ea s t  d u r i n g  t h e  summer. 
Data f o r  o t h e r  months are  e i t h e r  n o t  a v a i l a b l e  o r  t o o  sparse t o  
be meaningful .  
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TABLE 2 .  PERCENTAGE OF B E R R I E D  FEMALE I N  THE CATCH AT NECKER 
ISLAND AND MAR0 REEF, BY MONTH, BASED ON DATA COL- 
LECTED DURING FISH AND LOBSTER TRAPPING OPERATIONS, 
OCTOBER 1976 TO SEPTEMBER 1981 

Necker I s l a n d  Mar0 Reef 

T o t a l  B e r r i e d  T o t a l  Ber r i e d  
Female Female 

T o t a l  % T o t a l  % 

Janua ry  
February  
March 
A p r i l  
May 
June  
J u l y  
August 
Se p t  embe r 
October 
November 
December 

-- 
44 
98 
65 

254 
163 
215 

5 
35 0 
185 
191  

22 

-- 
8 
9 

1 2  
51  
24 
42 

0 
80 
34 
20 

5 

-- 
18  

9 
18  
20 
15  
20 

0 
23 
18  
1 0  
23 

-- 
60 

165 
577 
266 

39 

362 

8 

-- 
l o  
31  

103 
51 
10  

23 

2 

-- 
17 
19 
18  
19 
26 

6 

25 
-- 

Of 8,304 f ema les  caught  on r e s e a r c h  and c h a r t e r  c ru ises  t o  
t h e  N W H I ,  i n f o r m a t i o n  on t h e  presence or absence  of t h e  sperm 
packet o r  spermatophores  was r eco rded  f o r  about  a t h i r d  o r  2,716 
i n d i v i d u a l s .  The smallest mated female  measured 48.3-mm CL and 
t h e  l a r g e s t  140.0-mm CL. The p e r c e n t a g e  of mated f ema les  was 
h i g h e s t  among t h o s e  between 80.00 and 89.0-mm CL. Of 774 mated 
s u b l e g a l - s i z e d  ( < 7 7 . 0 - m  CL) f ema les  c o l l e c t e d  d u r i n g  t h e  s u r -  
veys ,  673 i n d i v i d u a l s  o r  87 p e r c e n t  were from Necker, i n d i c a t i n g  
t h a t  c o p u l a t i o n  takes p l a c e  i n  g r e a t e r  numbers t h e r e  among 
s u b l e g a l - s i z e d  f ema les  than  a t  any o t h e r  s i t e  -in t h e  NWHI.  

between 80.0 and 99.0-mm CL. The smallest b e r r i e d  female ,  caught  
a t  Necker, measured 49.5-mm CL whereas t h e  l a r g e s t ,  from Mar0 
Reef,  was 132.5-mm CL. The Necker p o p u l a t i o n  of f ema les  
a p p a r e n t l y  spawned a t  a smaller s i z e ;  of 165 b e r r i e d  s u b l e g a l -  
s i z e d  f ema les  sampled throughout  t h e  N W H I ,  137 i n d i v i d u a l s  o r  83 
percent were from Necker. 

Of t h e  668 b e r r i e d  f ema les  measured, n e a r l y  63 p e r c e n t  were 

GROWTH AND MOVEMENT 

L o b s t e r s  were t agged  t o  c o l l e c t  d a t a  on growth, movement, 
and abundance. Of 5,367 l o b s t e r s  t agged  d u r i n g  t h e  e a r l y  phases  
of t h e  i n v e s t i g a t i o n ,  139 were recaptured, e i t h e r  by commercial 
v e s s e l s  or on r e s e a r c h  cruises.  Tagged l o b s t e r s  ranged from 45.3 
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t o  145.8-mm CL; r e c a p t u r e s  were from 68.0 t o  100.3-mm CL. Con- 
s i d e r a b l e  d i f f i c u l t y  was exper ienced  w i t h  t a g s ;  many of  t h e  v i n y l  
and polyure thane  t a g s ,  when KeCOVered, were worn down t o  smal l  
s t u b s  as i f  chewed on by o t h e r  l o b s t e r s .  Also 98 o r  70 p e r c e n t  
of t h e  r e c o v e r i e s  e i t h e r  were n o t  accompanied by any CL measure- 
ments o r  showed no p o s i t i v e  growth which would be u s e f u l  f o r  
de te rming  growth r akes .  A s  a r e s u l t ,  a n a l y s i s  was r e s t r i c t e d  t o  
modes i n  t h e  length- f requency  d a t a  c o l l e c t e d  from t h e  n o r t h e r n  
s e c t o r  of Nccker I s l a n d  on f o u r  c r u i s e s  d u r i n g  1976-78. Confin- 
i n g  t h e  a n a l y s i s  t o  l a t a  from t h e  n o r t h e r n  s e c t o r  of Necker bank 
reduced v a r i a b i j r t y  a t t r i b u t a b l e  t o  d i f f e r e n c e s  i n  h a b i t a t ,  s t o c k  
d e n s i t y ,  s t a g c s  c l i  e x p l o i t a t i o n ,  and p o p u l a t i o n  s t r u c t u r e .  

Whereas a p r o g r e s s i o n  of modes was e v i d e n t  i n  t h e  male 
length- f reguency  d i s t r i b u t i o n ,  t h a t  f o r  t h e  females  was unimodal 
and t h e  mode appeared t o  r e g r e s s  wi th  time (Uchiyama, i n  prepara-  
t i o n ) .  Including t h e  l o b s t e r  p u e r u l u s ,  a von B e r t a l a n f f y  growth 
Curve was c o n s t r u c t e d  based on nodal  p r o g r e s s i o n  i n  t h e  length-  
f requency  d i s t r i r l u t i o n  o f  males c o l l e c t e d  a t  Necker I s l a n d  
( F i g u r e  6 ) .  

BaPecf  on t a g g i n g  d a t a  p u b l i s h e d  by McGinnis (1972) t h e  
growth of mzle and female l o b s t e r s  caught  around Oahu were 
e s t i m a t e d  ai?d compared w i t h  t h e  male growth curve  from Necker. 
The c u r v e s  a r e  s i m i l a r  f o r  t h e  males.  Data on growth r a t e s  
f u r n i s h e d  by C.  MacDonald (1983: p e r s o n a l  communication) i n d i -  
c a t e d  t h a t  l o b s t e r s  a t  Kure A t o l l  and French F r i g a t e  S h o a l s  grows 
s l i g h t l y  f a s t e r  than  t h o s e  around Necker and Oahu. 

Although t h e  t a g  recovery  d a t a  were n o t  a p p r o p r i a t e  f o r  
c a l c u l a t i n g  t h e  growth curve ,  s u f f i c i e n t  d a t a  was o b t a i n e d  on 
r e c a p t u r e  l o c a t i o n  t o  de te rmine  t h e  movement of l o b s t e r s .  For 
tagged l o b s t e r s  which were recovered by a NMFS r e s e a r c h  v e s s e l ,  
o r  by commercial v e s s e l s  c a r r y i n g  NMFS o b s e r v e r s ,  t h e  r e c a p t u r e  
l o c a t i o n s  were determined r a t h e r  p r e c i s e l y ;  however, f o r  t h o s e  
r e c o v e r i e s  made by commercial v e s s e l s  w i t h  no NMFS observer  
aboard ,  r e l i a n c e  was made on d a t a  s u p p l i e d  by t h e  c a p t a i n .  Of 94 
r e c o v e r i e s  wi th  u s a b l e  d a t a ,  85 (90  p e r c e n t )  showed movement of 5 
nmi o r  less .  Only 9 ( 1 0  p e r c e n t )  had t r a v e l e d  more t h a n  5 nmi, 
t h e  f a r t h e s t  be ing  15.6 nmi. No c o r r e l a t i o n  was found between CL 
and d i s t a n c e  t r a v e l e d  ( r  = -0.102; d . f .  = 92; P > 0.05) o r  
between days a t  l i b e r t y  and d i s t a n c e  t r a v e l e d  ( r  = 0.226; d . f .  = 
92; P > 0 . 0 5 ) .  Twenty-one l o b s t e r s  ( 2 2  p e r c e n t )  were a t  l i b e r t y  
f o r  30 days  O K  l e s s ,  49 (53 p e r c e n t )  f o r  31 t o  60 days ,  and 11 
(12 p e r c e n t )  f o r  61 t o  90 days.  The remaining 1 3  ( 1 4  p e r c e n t )  
were a t  l i b e r t y  f o r  322 days.  

S I Z E  AT MATURITY 

Most of t h e  p a s t  s t u d i e s  on s i z e  a t  m a t u r i t y  have been based 
on females because males lack s a t i s f a c t o r y  i n d i c a t o r s  of s e x u a l  
m a t u r i t y .  S t u d i e s  by Heydorn (1965, 1 9 6 9 ) ,  Ber ry  (19731, and 
Aiken and Waddy (1980) on s i z e  a t  m a t u r i t y  of male l o b s t e r s  a r e  
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F i g u r e  6 .  Growth c u r v e  of s p i n y  l o b s t e r s  from Necker 
I s l a n d  and Oahu 
Oahu male: L = 12.77 c m ;  K = 0.2698 
Oahu female:  L = 10.60 c m ;  K = 0.3857 
Necker male: L = 12.46 c m ;  K = 0.2632 

based  on e i t h e r  weight  o r  s t a g e  of development of t h e  v a s  
d e f e r e n t i a .  

Among t h e  secondary  s e x u a l  c h a r a c t e r i s t i c s  i n  male s p i n y  and 
clawed l o b s t e r s ,  l e n g t h  of t h e  walking l e g s  was found t o  i n c r e a s e  
s i g n i f i c a n t l y  i n  some s p e c i e s  as t h e  l o b s t e r  grew. 
Morgan (1979) f o r  2. v e r s i c o l o r  and Grey (1979) f o r  2. cvanus 
e s t i m a t e d  t h e  s i z e  a t  m a t u r i t y  u s i n g  l i n e a r  growth phases  of t h e  
walk ing  l e g s .  

George and 
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Estimates of t h e  s i z e  a t  m a t u r i t y  of p. marsinatus were 
o b t a i n e d  from p o p u l a t i o n s  around Oahu and Necker I s l a n d  
( P r e s c o t t ,  i n  p r e p a r a t i o n ) .  u s i n g  r e g r e s s i o n  a n a l y s i s ,  P r e s c o t t  
e s t i r m t e d  s i z e  a t  m a t u r i t y  from changes i n  t h e  a l l o m e t r i c  growth 
of p a i r s  of walking l e g s .  For t h e  Oahu p o p u l a t i o n ,  P r e s c o t t  
found t h a t  males m a t u r e  a t  63.6-mm CL and females  a t  58.6-mm CL, 
a d i f f e r e n c e  i n  CL of 5.0 mm. For t h e  Necker I s l a n d  p o p u l a t i o n ,  
P r e s c o t t  o b t a i n e d  e s t i m a t e s  of 59.2-mm CL f o r  males and 60.7-mm 
CL f o r  females .  No s i g n i f i c a n t  d i f f e r e n c e s  were found i n  s i z e  a t  
m a t u r i t y  between sexes and between l o c a l i t i e s .  The s i z e  a t  
m a t u r i t y  e s t i m a t e d  f o r  Necker females  i s  c o n s i d e r a b l y  l a r g e r  t han  
t h e  s i z e  of t h e  s m a l l e s t  mated female  found t h e r e  (48.3-mm C L ) ;  
however, t h i s  d i sc repancy  does  n o t  i n v a l i d a t e  P r e s c o t t ' s  r e s u l t s  
because t h e  p re sence  of spermatophores i s  not  c o n c l u s i v e  ev idence  
t h a t  t h e  female  has  mature o v a r i e s  (Wilson, 1 9 4 8 ) .  

Population Structure 

SIZE COMPOSITION 

The pe rcen tage  f r equency  d i s t r i b u t i o n s  of ca rapace  l e n g t h s  
of male and female  sp iny  l o b s t e r s  caught d u r i n g  our su rveys  a r e  
g iven  by i s l a n d  and bank i n  F igu re  7 .  Because t h e r e  a r e  wide 
tempora l  and spatia: .  gaps  i n  sampling, on ly  a d e s c r i p t i v e  summary 
of s i z e  d i f f e r e n c e s  among a r e a s  and between sexes is  provided .  

I t  was shown e a r l i e r  t h a t  t h e  s i z e  of l o b s t e r s  d i f f e r e d  wi th  
l o c a l i t y  (Uchida e t  a l . ,  1 9 8 0 a ) .  Because c a t c h e s  from both f i s h  
t r a p s  and l o b s t e r  p o t s  are  inc luded  i n  t h e  samples from a lmost  
a l l  of t h e  l o c a l i t i e s  surveyed ,  d i f f e r e n c e s  i n  s i z e  r e f l e c t  t h e  
p o p u l a t i o n  and no t  an a r t i f a c t  of t h e  sampling gea r .  

Moving from Nihoa northwestward, t h e  l o b s t e r s  were smallest 
a t  Necker and only  s l i g h t l y  l a r g e r  a t  French F r i g a t e  Shoa l s .  A t  
t h e s e  l o c a l i t i e s ,  t h e  ave rage  s i z e  was much smaller than  t h a t  
from o t h e r  i s l a n d s  and banks,  even d u r i n g  e a r l i e r  su rveys  (Uchida 
e t  a l . ,  1 9 8 0 a ) .  T h e r e f o r e ,  t h e  small s i z e s ,  p a r t i c u l a r l y  a t  
Necker, do not  r e p r e s e n t  a g r a d u a l  r e d u c t i o n  i n  s i z e  caused by 
i n c r e a s i n g  f i s h i n g  e f f o r t  and removal of t h e  l a r g e  a d u l t s .  
F a r t h e r  n o r t h ,  no a p p a r e n t  t r e n d  or c l i n e  i n  t h e  ave rage  s i z e  of 
t h e  l o b s t e r s  was found; t h e  l a r g e s t  l o b s t e r s  were found a t  Kure  
A t o l l  where t h e  males averaged  116-mm CL fo l lowed by t h o s e  a t  
Brooks Banks where t h e  males averaged  113-mm CL (Table  3). 
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There i s  no known e x p l a n a t i o n  f o r  t h e  smal l  s i z e  of l o b s t e r s  
a t  Necker. I t  has  been s p e c u l a t e d  t h a t  t h e r e  may be a d e n s i t y -  
dependent e f f e c t  on growth ra te  caused  by i n t r a s p e c i f i c  competi- 
t i o n  (Uchida e t  a l . ,  1 9 8 0 a ) .  Such an  e f f e c t  cou ld  occur  i n  a 
l a r g e  p o p u l a t i o n  over a l i m i t e d  area and may account  f o r  t h e  h igh  
c a t c h  r a t e s  a t  Necker. Also ,  i f  most of t h e  food energy  a v a i l a -  
b l e  t o  l o b s t e r s  a t  Necker was conve r t ed  i n t o  egg p r o d u c t i o n ,  t hen  
one would expec t  no t  on ly  small s i ze s  a s s o c i a t e d  wi th  impai red  
somat i c  growth, bu t  a l s o  a sma l l e r  s i z e  a t  m a t u r i t y .  Data pre- 
s e n t e d  ea r l i e r  on pe rcen tage  of ov ige rous  and mated f ema les  a t  
Necker p rov ide  ev idence  s u p p o r t i n g  t h i s  conc lus ion .  C h i t t l e b o -  
rough ( 1 9 7 9 )  a l s o  r e p o r t e d  t h a t  when t h e  d e n s i t y  of t h e  b r e e d i n g  
s t o c k  i s  h igh ,  t h e  mean s i z e  a t  m a t u r i t y  is  low and t h e  a d u l t s  
a r e  g e n e r a l l y  s t u n t e d .  

L i s i a n s k i ,  where t h e  sample s i z e  was t o o  small t o  be meaningfu l ,  
males were c o n s i s t e n t l y  predominant among t h e  l a r g e  s i z e  c l a s s e s .  
The d i f f e r e n c e s  i n  ave rage  s i z e  between sexes i s  thought  t o  
r e s u l t  from dimorphism r e l a t e d  t o  egg b e a r i n g  i n  f ema les  (Hey- 
do rn ,  1 9 6 9 ) .  Simpson (1976) c i t e d  a f a s t e r  growth r a t e  or 
reduced m o r t a l i t y  among males, o r  bo th ,  i n  accoun t ing  f o r  t h e  
predominance of males i n  p o p u l a t i o n s  of 2. aruua. MacDonald ( i n  
P r e s c o t t ,  i n  p r e p a r a t i o n )  b e l i e v e s  t h a t  growth r a t e  per s e  does 
no t  account  f o r  t h e  d i f f e r e n c e  i n  s i z e  between t h e  sexes f o r  E. 

t u s .  Rather  it is reduced m o r t a l i t y  among males t h a t  i s  
r e s p o n s i b l e  f o r  t h e i r  predominance i n  t h e  p o p u l a t i o n .  

The s i z e  of t h e  sexes a l s o  d i f f e r e d .  I n  eve ry  a r e a  excep t  

RATIO OF LEGAL-SIZED TO SUBLEGAL-SIZED LOBSTERS 

The l o b s t e r  c a t c h e s  based on a l e g a l  s i z e  of 82.5-mm CL were 
ana lyzed  i n  an e a r l i e r  s t u d y  (Uchida e t  a l . ,  1 9 8 0 a ) .  However, 
because of a new l e g a l  minimum s i ze  of 77.0-mm CL f o r  t h e  N W H I  
l o b s t e r ,  t h e  r a t i o  between l e g a l  and s u b l e g a l  s i z e s  was calcu- 
l a t e d  ( T a b l e  4 ) .  Apparen t ly ,  t h e  r a t i o s  have not  changed d ras -  
t i c a l l y  from t h o s e  c a l c u l a t e d  e a r l i e r .  

f o r  po t  c a t c h e s  d u r i n g  October 1976 t o  September 1981 v a r i e d  
wide ly  between 51:49 a t  Necker and 97:3 a t  Kure. For f i s h  t r a p  
c a t c h e s ,  where t h e  number of s u b l e g a l - s i z e d  l o b s t e r s  would be 
expec ted  t o  be h i g h e r ,  t h e  r a t i o s  v a r i e d  from 39:61 a t  Necker t o  
1 O O : O  a t  s e v e r a l  banks; however, i f  t h o s e  banks where less t h a n  
25 l o b s t e r s  were t aken  by f i s h  t r a p s  are  no t  counted ,  t h e n  t h e  
r a t i o  is c l o s e r  t o  94:6. 

The r a t i o  of l e g a l -  t o  s u b l e g a l - s i z e d  l o b s t e r ,  by l o c a l i t y ,  

Except a t  Necker and French F r i g a t e  S h o a l s  where t h e  c a t c h  
of s u b l e g a l - s i z e d  l o b s t e r s  was as h igh  as i f  no t  h ighe r  t han  
l e g a l  l o b s t e r s ,  t h e  p r o p o r t i o n  of s u b l e g a l - s i z e d  l o b s t e r s  i n  t h e  
N W H I  is expec ted  t o  be low, because j u v e n i l e s  molt  more f r e q u e n t -  
l y  t h a n  a d u l t s ,  t e n d  t o  remain sec luded  and, hence ,  a r e  not  
s u b j e c t  t o  c a p t u r e .  They a r e ,  however, more s u s c e p t i b l e  t o  
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p r e d a t i o n  because of t h e i r  smaller s i z e .  Furthermore,  t h e  
i n i t i a l  c a t c h e s  a t  any g iven  l o c a l i t y  would t e n d  t o  i n c l u d e  a 
l a r g e  p r o p o r t i o n  of t h e  l a r g e  o l d e r  i n d i v i d u a l s ,  p a r t i c u l a r l y  
males, p a r t l y  because of t h e i r  a g g r e s s i v e  behavior .  T h i s  d i s p l a y  
of dominance f o r  s h e l t e r  and food e x i s t s  i n  a n a t u r a l  environment 
( C h i t t l e b o r o u g h ,  1974) .  I n  a f i s h e r y ,  however it is t h e  b a i t e d  
t r a p  t h a t  becomes an o b j e c t  of dominant behavior .  

That  l a r g e  l o b s t e r s  were removed from t h e  p o p u l a t i o n  e a r l y  
i n  t h e  f i s h e r y  was q u i t e  e v i d e n t  from changes i n  t h e  p r o p o r t i o n  
of l e g a l  l o b s t e r s  i n  t h e  c a t c h e s  a t  Necker. I n  November 1976 
when t r a p p i n g  o p e r a t i o n s  f i r s t  began, t h e  r a t i o  of l e g a l -  t o  
s u b l e g a l - s i z e d  l o b s t e r s  a t  g r i d  236646, l o c a t e d  n o r t h  of Necker 
I s l a n d ,  was 60:40 b u t  dropped t o  43:57 by May 1977 and d e c l i n e d  
t o  34:66 by August 1977. The r a p i d  d e c l i n e  i n  t h e  p r o p o r t i o n  of 
l e g a l - s i z e d  l o b s t e r s  is a t t r i b u t a b l e  t o  heavy f i s h i n g  p r e s s u r e  by 
t h e  commercial v e s s e l s .  

SEX RATIO 

The s t u d y  d a t a  show t h a t  f o r  l o b s t e r s  t a k e n  i n  t h e  N W H I ,  
some s e l e c t i v i t y  was e v i d e n t  i n  t h a t  t h e  p r o p o r t i o n  of females  
was u s u a l l y  lower among t h e  l e g a l  s i z e s  whereas it was h i g h e r  
among s u b l e g a l  s izes  i n  most areas sampled. Among t h e  areas 
sampled, s e v e r a l  had small sample s izes  and it i s  b e l i e v e d  t h a t  
t h e  r a t i o s  c a l c u l a t e d  are  u n l i k e l y  t o  be r e p r e s e n t a t i v e  of t h e  
p o p u l a t i o n s  a t  t h o s e  l o c a l e s .  For t h i s  a n a l y s i s ,  samples  w i t h  
less t h a n  1 0  l o b s t e r s  were ignored .  For t h e  l o b s t e r  po t  c a t c h e s ,  
t h e  male and female r a t i o  among l e g a l - s i z e d  l o b s t e r s  v a r i e d  from 
87:13 a t  Necker t o  54:46 a t  Brooks Banks and S t .  Rogat ien  Bank. 
For f i s h  t r ap  c a t c h e s ,  t h e  r a t i o s  were n o t  d i s s i m i l a r ,  r a n g i n g  
from 85:15 a t  Necker t o  57:43 a t  Nihoa. 

Among s u b l e g a l - s i z e d  l o b s t e r s ,  t h e  male t o  female  r a t i o  was 
near  50:SO a t  Maro Reef ,  Laysan, and P e a r l  and Hermes A t o l l  b u t  
c o n s i d e r a b l y  i n  f a v o r  of t h e  females  a t  Nihoa, Necker, French 
F r i g a t e  S h o a l s ,  Gardner P i n n a c l e s ,  Rai ta  Bank, Midway, and Kure. 
The f i s h  t r a p  c a t c h e s  r e f l e c t  a somewhat s i m i l a r  preponderance of 
females. Whereas it was near  50:50 or very  s l i g h t l y  i n  f a v o r  of 
males  a t  Necker, Mar0 Reef ,  and Laysan, t h e  r a t i o s  were l a r g e l y  
i n  f a v o r  of females  a t  French F r i g a t e  S h o a l s  and Midway. Samples 
from o t h e r  areas were t o o  small t o  be r e p r e s e n t a t i v e .  T h e r e f o r e ,  
a l t h o u g h  male predominance i n  t h e  c a t c h  is e v i d e n t  a t  a lmost  
e v e r y  bank among l e g a l - s i z e d  l o b s t e r s ,  it is  no t  r e f l e c t e d  i n  t h e  
c a t c h  of s u b l e g a l - s i z e d  l o b s t e r s .  

MORPHOMETRIC STUDIES 

A s t u d y  of t h e  r e l a t i o n s h i p  between CL and t o t a l  weight was 
completed i n  1979 (Uchida e t  a l . ,  1 9 8 0 a ) .  S i x  hundred f i v e  lob-  
s t e r  measurements and w e i g h t s  c o l l e c t e d  from Necker, Mar0 Reef ,  
and French F r i g a t e  S h o a l s  were used. Because t h e r e  i s  s e x u a l  
dimorphism i n  t h e  growth of s p i n y  l o b s t e r s ,  t h e  e x p o n e n t i a l  
model, w = aCLb, was f i t t e d  t o  d a t a  f o r  males and females  by t h e  
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l eas t  s q u a r e s  method a f t e r  l o g  t r a n s f o r m a t i o n .  The length-weight  
r e l a t i o n s h i p s  f o r  t h e  408 males  and 197  females  a r e :  

Males: W = 0.00423CL 

FEMALES ( n  = 197) 
W 0.00090 CL2.9952 

MALES ( n = 408 1 
Ws0.00423 CL2.6246. 

Females: W = 0.0009OCL 

where 

W = weight  ( g ) ,  and 
CL = c a r a p a c e  l e n g t h  ( m m ) .  

The r e l a t i o n s h i p s  are  shown i n  F i g u r e  8 .  For l o b s t e r s  having  a 
CL of 77.0 m m ,  t h e  e q u a t i o n s  p r e d i c t  a t o t a l  weight of 378.1 g 
( 1 3 . 3  0 2 )  f o r  males and 402.4 g (14.2 0 2 )  f o r  females .  

‘600/ 

4 ” 40 60 70 60 90 Id0 110 I20 th I& 

CARAPACE LENGTH (mm) 

F i g u r e  8 .  Length-weight r e l a t i o n s h i p  of male and 
female  Panu- W a t u  s determined 
from samples c o l l e c t e d  a t  Necker I s l a n d ,  
French F r i g a t e  S h o a l s ,  and Mar0 Reef 

For enforcement purposes  i n  s i t u a t i o n s  where a v e s s e l  l a n d s  
o n l y  f r o z e n  t a i l s ,  it is u s e f u l  t o  know t h e  r e l a t i o n s h i p  between 
t a i l  weight o r  t a i l  wid th ,  p rovided  t h a t  e i t h e r  one is used as a 
c r i t e r i o n  f o r  minimum l e g a l  s i z e .  Uchida e t  a l . ,  (1980a) f i t t e d  
e x p o n e n t i a l  models t o  d a t a  f o r  male and female  CL and f r o z e n  t a i l  
weight  and o b t a i n e d :  

Males: TW = 0.00731CL 

Females: TW = 0.00094CL 
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where 

TW = t a i l  weight  ( g ) ,  and 
CL = c a r a p a c e  l e n g t h  ( m m ) .  

The e q u a t i o n s  p r e d i c t  t h a t  l o b s t e r s  w i th  a CL of 77.0 mm would 
have a t a i l  weight of 1 3 0 . 4  g (4 .6  o z )  f o r  males and 156.3 g (5 .5  
oz)  f o r  f ema les .  

To de termine  whether a l o b s t e r  was of l e g a l  s i z e  when cap- 
t u r e d ,  based  on f r o z e n  t a i l  w id th ,  a d i s c r i m i n a n t  a n a l y s i s  proce- 
du re  t o  c l a s s i f y  them was performed (Po lov ina  and Tagami, 1 9 8 1 ) .  
Based on t h e  d i s c r i m i n a n t  a n a l y s i s ,  a l o b s t e r  i n  which t h e  wid th  
of t h e  f i r s t  ta ' i l  segment e q u a l s  o r  exceeds  49 mm can be c l a s s i -  
f i e d  as l e g a l  s ize . '  The d i s c r i m i n a n t  a n a l y s i s  c o r r e c t l y  c l a s s i -  
f i e d  94.8 p e r c e n t  of t h e  s u b l e g a l - s i z e d  and 85.8 p e r c e n t  of t h e  
l e g a l - s i z e d  l o b s t e r s .  The t o l e r a n c e  f a c t o r  adopted  was t h a t  no 
more than  15  p e r c e n t  of t h e  t o t a l  number of t a i l s  may be  less 
t h a n  t h e  s p e c i f i e d  t a i l  wid th  l i m i t .  

MAXIMUM SUSTAINABLE YIELD ( M S Y )  

I n  t h e  N W H I ,  t h e  f i s h e r y  f o r  sp iny  l o b s t e r  i s  based on a 
s i n g l e  homogeneous s tock  w i t h i n  t h e  a r c h i p e l a g o  (Shak lee  and 
Samollow, 1 9 8 0 ) .  A model deve loped  t o  a s s e s s  t h e  f i s h e r y .  f o r  E. 

n a t u s  t h e r e f o r e  a d d r e s s e d  t h e  Hawaiian p o p u l a t i o n  as a 
s i n g l e  s t o c k  (Po lov ina  and Tagami, 1 9 8 0 ) .  

Polovina  and Tagami assumed t h a t  t h e  r a t i o  of n a t u r a l  mor- 
t a l i t y  t o  r e c r u i t m e n t  was c o n s t a n t  and used changes i n  ca t ch /po t -  
n i g h t  a t  Necker d u r i n g  November 1976 t o  A p r i l  1979 t o  make  t h e  
f i r s t  p r e l i m i n a r y  assessment  of t h e  f i s h e r y .  Because t h e  f i s h e r y  
was r e l a t i v e l y  new and h i s t o r i c a l  c a t c h  d a t a  were n o t  a v a i l a b l e ,  
t h e y  used  d a t a  from r e s e a r c h  cruises  as w e l l  as a v a i l a b l e  commer- 
c i a l  d a t a  t o  estimate p o p u l a t i o n  s i z e  and c a t c h a b i l i t y .  They 
d e r i v e d  an estimate of t h e  i n i t i a l  p o p u l a t i o n  s i z e  of 132,400 
l e g a l - s i z e d  l o b s t e r s  (282.5-mm CL) i n  Region I ,  which is t h e  
n o r t h e r n ,  most h e a v i l y  f i s h e d  s e c t o r  of Necker bank. By Apr i l  
1979, a c c o r d i n g  t o  t h e i r  a n a l y s i s ,  t h i s  p o p u l a t i o n  was reduced t o  
68,571 l e g a l - s i z e d  l o b s t e r s .  T h e i r  s t u d y  concludes  t h a t  Region I 
had a s u s t a i n a b l e  y i e l d  of 1 0 , 0 0 0  t o  2 1 , 0 0 0  l e g a l - s i z e d  l o b s t e r s  
which t r a n s l a t e d  t o  a d e n s i t y  estimate of 13 .3  t o  27.5 l e g a l -  
s i z e d  lobs te rs /km' /year .  

Cons ide r ing  t h e  p o s s i b i l i t y  t h a t  t h e  l e g a l  minimum s i z e  
cou ld  be lowered, Polovina  and Tagami used a Beverton-Holt  equi -  
l i b r i u m  y i e l d  model t o  e s t i m a t e  y i e l d  per r ec ru i t  a t  s e v e r a l  
l e v e l s  of f i s h i n g  i n t e n s i t y  and minimum CL. They de termined  t h a t  
a minimum l e g a l  s i z e  of 67.5 mm would produce t h e  maximum y i e l d  
per  r e c r u i t .  A wors t -case  s i t u a t i o n  would r e s u l t  i n  a d e c r e a s e  

'The sp iny  l o b s t e r  F i s h e r y  Management P lan  was approved w i t h  a 
50-mm requi rement .  
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of 15  p e r c e n t  i n  y i e l d  per r ec ru i t  a t  a minimum l e g a l  s i z e  of 
67.5 mm as compared wi th  a 82.5-mm minimum l e g a l  s i z e .  I n  t h e  
b e s t  case, a 167 p e r c e n t  i n c r e a s e  i n  y i e l d  per r e c r u i t  would 
r e su l t .  T h i s  a n a l y s i s ,  however does no t  cons ide r  t h e  e f f e c t s  
t h a t  a lowered minimum l e g a l  s i z e  would have on s tock  reproduc- 
t i v e  p o t e n t i a l .  

E x t r a p o l a t i n g  t h e  r e g i o n  I estimates t o  t h e  e n t i r e  popula- 
t i o n  i n  t h e  N W H I  p rov ided  p o s s i b l e  MSY r anges  of 210 ,000  t o  
435,000 l o b s t e r s / y e a r .  A d j u s t i n g  f o r  d i f f e r e n c e s  i n  t h e  geo- 
g r a p h i c  d i s t r i b u t i o n  of l o b s t e r s  w i t h i n  t h e  N W H I  and u s i n g  c a t c h  
r a t e s  o b t a i n e d  d u r i n g  r e s e a r c h  cruise  su rveys ,  Polovina  and 
Tagami a l s o  c a l c u l a t e d  lower r anges  of p o s s i b l e  MSY v a l u e s  of 
2 0 0 , 0 0 0  t o  378,000 l o b s t e r s / y e a r .  They a l s o  de te rmined  t h a t  
a l though  t h e  p r e c i s e  magnitude of t h e  impact of lower ing  t h e  
l e g a l  minimum s i z e  cannot  be determined c o n c l u s i v e l y ,  it a p p e a r s  
t h a t  a 1 5  p e r c e n t  i n c r e a s e  i n  y i e l d  would be s u s t a i n a b l e  i f  t h e  
minimum l e g a l  s i z e  were reduced t o  77.0 mm. 

adopted  a range of MSY of 2 0 0 , 0 0 0  t o  435,000 l o b s t e r s / y e a r  i n  t h e  
N W H I .  These estimates were based on a minimum l e g a l  s i z e  of 82.5 
mm, bu t  t h e  y i e l d  per  r e c r u i t  a n a l y s i s  s u g g e s t s  t h a t  a h ighe r  
y i e l d  i s  p o s s i b l e  a t  t h e  new minimum l e g a l  s i z e  of 77.0 mm. The 
estimates, t h e r e f o r e ,  are  on t h e  c o n s e r v a t i v e  s i d e .  The 
accumula t ion  of commercial d a t a  w i l l  permit f u t u r e  a n a l y s i s  t o  
d e r i v e  more p r e c i s e  e s t i m a t e s .  

The Western P a c i f i c  Regional F i s h e r y  Management Counci l  h a s  

Exploitation 

GEAR COMPETITION EXPERIMENTS 

I t  may be a rgued  t h a t  a d e c l i n e  i n  c a t c h  per pot -n ight  of 
sp iny  l o b s t e r s  may n o t  r e p r e s e n t  an a c t u a l  d e c r e a s e  i n  numbers 
bu t  may r e f l e c t  i n s t e a d  t h e  r e su l t s  of compe t i t i on  among t h e  p o t s  
fo r  t h e  same l o b s t e r .  I f  s p a c i n g  d i s t a n c e s  a r e  small, t h e  cap- 
t u r i n g  f i e l d s  o v e r l a p ,  t h u s  r e s u l t i n g  i n  an appa ren t  d e c l i n e  i n  
c a t c h  per po t -n igh t .  

S t u d i e s  conducted  i n  1977 d u r i n g  r e s e a r c h  and c h a r t e r  
cruises  showed t h a t  gear  compe t i t i on  does e x i s t  and t h a t  it is  
d e n s i t y  dependent (Po lov ina ,  1 9 8 0 ) .  The h i g h e s t  c a t c h  rates were 
o b t a i n e d  w i t h  pot  spac ing  i n  t h e  range  of 35 t o  46 m (20 t o  25 
f a thoms) .  From exper iments  conducted on t h e  NMFS r e s e a r c h  ves- 
sel ,  where f i v e  spaces of 1 8 ,  27, 36 ,  46, and 55 m ( 1 0 ,  151  20,, 
25, and 30 fa thoms)  per l o c a t i o n  were tes ted,  s p a c i n g  e f f e c t s  
were s i g n i f i c a n t  f o r  medium d e n s i t y  areas but  no t  i n  low-density 
and h igh -dens i ty  areas. For d a t a  o b t a i n e d  from a c h a r t e r e d  com- 
mercial v e s s e l ,  no s i g n i f i c a n t  d i f f e r e n c e s  i n  c a t c h  rates between 
36 and 55-m ( 2 0  and 30 fa thoms)  s p a c i n g s  a t  e i t h e r  h igh -dens i ty  
or ve ry  h igh -dens i ty  areas were found. Fur thermore ,  t h e  c a t c h  
ra te  wi th  pot  s p a c i n g  of 18  m (10  fa thoms)  was s i g n i f i c a n t l y  
lower t h a n  c a t c h  rates o b t a i n e d  wi th  36 and 55-m (20 and 30 
fathoms) spac ing .  
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ESCAPE GAP AND GHOST FISHING EXPERIMENTS 

In a study to determine whether the use of escape panels or 
vents would significantly reduce the number of sublegal sizes 
taken by pots, tank experiments were conducted using different- 
sized escape gap widths (Paul, in preparation). She found that 
the overall escape rate of sublegal-sized lobsters was about 60 
percent and that escape rate decreased linearly with an increase 
in CL. No significant differences were found in escape rates of 
males and females. There were, however, notable differences in 
escape rate depending on the types of vents used and Paul con- 
cluded that vent effectiveness depends more on total vent area 
than on width of the vent. 

In all trials conducted, it was found that unbaited traps in 
which live lobsters were present attracted other lobsters or 
ghost fished. To examine the degree of ghost fishing in lost 
traps, several field trials were conducted. Although lobsters 
are attracted to and enter unbaited pots that contained live lob- 
sters, there was also evidence that lobsters can easily escape 
through the pot entrance over a period of up to 1 week. There 
was also evidence of cannibalism and molting among trapped 
lobsters. 

Longer-term tests over periods of 3 weeks to 1 month indi- 
cated that lost pots can and do attract lobsters. In one test, 
it was observed that of 38 live, marked lobsters left in unbaited 
traps, 22 individuals or 5 8  percent remained in the same pots 
after 4 days. One individual left one pot and entered another. 
The pots also captured 14 new, unmarked lobsters. The new 
entries were marked and left with the remaining 22 marked lob- 
sters and the pots were reset. At the end of the experiment, 26 
days after it began, only one marked lobster remained together 
with five new entries, three of which were dead. All other lob- 
sters were missing and presumed to have escaped through the 
entrance. These results contrast with those of Paul who found 
ghost fishing to be a big problem: the study data indicate that 
although ghost fishing does occur, there is also a high escape 
rate over the long term. 

REACTION TO OFFAL 

It became apparent soon after the Hawaiian fishery began 
that the vessels would begin landing a large proportion of the 
catch as frozen tails for the export market. A question arose of 
whether the offal (heads) of tailed lobsters discarded on the 
trapping grounds would affect the distribution and catch rates of 
lobsters. Declines in catch rates caused by lobster offal have 
been documented, and discarding offal on lobster grounds has been 
banned in such places as Africa and Australia (Matthews, 1962: 
Chittleborough, 1974; Hancock, 1974). 

experiments were conducted by NMFS during Townsend Gromwell 
To study the effects of offal on catches in the NWHI, field 
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cru ises  TC-81-04 and TC-82-05 (Gooding, i n  p r e p a r a t i o n ) .  I n  t h e  
f i r s t  experiment  d u r i n g  cruise  TC-81-04 a t  Mar0 Reef ,  c a t c h  r a t e s  
of  b a i t e d  p o t s  w i t h  o f f a l  t i e d  on t h e  o u t s i d e  were compared wi th  
t h o s e  of c o n t r o l s  which were b a i t e d  only .  During t h i s  experiment  
t h e  c a t c h  r a t e s  were 4.56 i n d i v i d u a l s / p o t - n i g h t  f o r  t h e  c o n t r o l  
and 0.13 i n d i v i d u a l s f p o t - n i g h t  f o r  t h e  exper imenta l  t r a p s .  A t  
Necker, t h e  c a t c h  r a t e  f o r  c o n t r o l  t r a p s  was 0.97 i n d i v i d u a l s /  
po t -n ight  and t h a t  f o r  e x p e r i m e n t a l  t r a p s  was 0.19 i n d i v i d u a l s /  
pot-  n i gh t . 

During t h e  second experiment  on c r u i s e  TC-82-05, f i v e  sta- 
t i o n s  produced c a t c h  r a t e s  from 0.08 t o  2.31 i n d i v i d u a l s / p o t -  
n i g h t  f o r  c o n t r o l s  whereas t h o s e  o b t a i n e d  from t h e  e x p e r i m e n t a l  
t r a p s  ranged from 0 . 0 0  t o  0 . 0 6  i n d i v i d u a l s / p o t - n i g h t .  Data from 
one s t a t i o n  were no'-, used i n  t h e  a n a l y s i s  due t o  e f f e c t s  produced 
by rough seds r e s u l t i n g  i n  heavy gear  l o s s e s  and zero-ca tch  
r a t e s .  

The exper iments  demonstrated t h a t  t h e  presence  of o f f a l  i n  
o r  around t h e  p o t s  s u b s t a n t i a l l y  d e c r e a s e s  c a t c h  r a t e s  f o r  2. 
m a r s i n a t L z  i n  t h e  NWHI. 

PREDATORS 

Among t h e  management measures adopted f o r  t h e  s p i n y  l o b s t e r  
f i s h e r y  i n  Hawaii is t h e  p r o h i b i t i o n  of r e t a i n i n g  b e r r i e d  female  
and s u b l e g a l - s i z e d  l o b s t e r s .  The u s u a l  p r a c t i c e  aboard  commer- 
c i a l  b o a t s  i s  t o  s o r t  o u t  t h e  b e r r i e d  female and s u b l e g a l - s i z e d  
l o b s t e r s  a s  t h e  t r a p s  a r e  r e t r i e v e d  and t o  r e t u r n  them t o  t h e  
water  a s  q u i c k l y  a s  p o s s i b l e .  A t  t h e  same time, t h e  f i shermen 
remove and d i s c a r d  t h e  o l d  b a i t  and r e p l e n i s h  t h e  c o n t a i n e r .  

What happens t o  l o b s t e r s  t h a t  have been caught  and r e l e a s e d  
i s  of c o n s i d e r a b l e  importance t o  t h e  f i s h e r y .  Gooding (1979, i n  
p r e p a r a t i o n )  n o t e d  t h a t  when b e r r i e d  and s u b l e g a l - s i z e d  l o b s t e r s  
were h a u l e d  aboard  a boa t  and l a t e r  r e l e a s e d ,  t h e y  a r e  s u b j e c t e d  
t o  c o n s i d e r a b l e  s t r e s s ,  r e s u l t i n g  p r i m a r i l y  from long  exposure t o  
a i r  and s u n l i g h t ,  rough handl ing ,  re lease over u n s u i t a b l e  o r  
u n f a m i l i a r  t e r r i t o r y ,  d i s o r i e n t a t i o n ,  and p r e d a t o r s .  

Because used b a i t  i s  d i s c a r d e d  a s  a v e s s e l  moves a l o n g  t h e  
s t r i n g  of t r a p s ,  p r e d a t o r s  a r e  e a s i l y  a t t r a c t e d  t o  t h e  s t e r n :  
t h u s ,  d i s c a r d e d  b a i t  as w e l l  as s u r f a c e - r e l e a s e d  l o b s t e r s  a r e  
both  consumed. To de te rmine  t h e  degree  of t h i s  t y p e  of p r e d a t i o n  
and t o  i d e n t i f y  t h e  p r e d a t o r s ,  t h e  Honolulu Labora tory  conducted 
f i e l d  exper iments  d u r i n g  c ru ises  TC-79-02 and TC-81-04, as  w e l l  
as d u r i n g  t h e  Easv R i d e r  c h a r t e r  c r u i s e  ER-80-01. 

Casua l  o b s e r v a t i o n s  on s e v e r a l  r e s e a r c h  cruises  and t h o s e  
made by commercial f ishermen i n d i c a t e d  t h a t  t h e r e  were a t  l e a s t  
two p r i n c i p a l  p r e d a t o r s  -- t h e  hon-ulua (Caranx iunobi-) and 
t h e  ga lapagos  s h a r k  (Carcharh inu  * s  a l a p a g e n  s ' s ) .  1 Gooding (1979) 

hon-ulua, r e e f  w h i t e t i p  s h a r k  ( T r i a e n  odon obesus)  , and gray  r ee f  
r e p o r t e d  t h a t  p r e d a t o r s  such a omilu (Caranx melampvgu s )  I 
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s h a r k  (Carc- ' n u s  a d & x , h y n c h o s )  were seen  near t h e  NMFS v e s s e l  
bu t  none showed any i n c l i n a t i o n  t o  prey  on s u r f a c e - r e l e a s e d  lob-  
s t e r s .  L i k e w i s e ,  on c ru ise  ER-80-01, p o t e n t i a l  p r e d a t o r s  such as 
hon-ulua, ga l apagos  s h a r k ,  t i g e r  sha rk  (Galeo  cerdQ 1 , and 
ono ( W a n  thocv- s o l a n d r i  ' 1  were observed  around t h e  v e s s e l  b u t  
underwater o b s e r v a t i o n s  r e v e a l e d  no p r e d a t i o n  on s u r f a c e -  
r e l e a s e d  l o b s t e r s .  

. .  

R e s u l t s  o b t a i n e d  d u r i n g  cruise  TC-81-04, however, demon- 
s t r a t e d  c o n c l u s i v e l y  t h a t  hon-ulua are v o r a c i o u s  p r e d a t o r s .  
Gooding (1982) concluded  t h a t  t h e  s t a t e  of s a t i a t i o n  i s  always a 
f a c t o r  and t h a t  t h e  number of l o b s t e r s  consumed is  d i r e c t l y  
r e l a t e d  t o  p r e d a t o r  s i z e ,  p r e d a t o r  s choo l  s i z e ,  and s i z e  of lob- 
s t e r s  r e l e a s e d .  Fur thermore ,  Gooding's o b s e r v a t i o n s  showed t h a t  
bo t tom- re l ease  of l o b s t e r s ,  even on s u b s t r a t a  t h a t  o f f e r s  good 
s h e l t e r ,  does no t  e n s u r e  h igh  s u r v i v a l  i n  t h e  p re sence  of vora- 
c i o u s  p r e d a t o r s .  The only  p r a c t i c a l  s a f e g u a r d  t o  e n s u r e  h igh  
s u r v i v a l  was t o  release l o b s t e r s  nea r  t h e  bottom i n  p r o t e c t i v e  
bags or c o n t a i n e r s  and on ly  when t h e r e  was r e a s o n a b l e  a s s u r a n c e  
t h a t  l a r g e  s c h o o l s  of p r e d a t o r s  were no t  f o l l o w i n g  t h e  b o a t .  

ECONOMIC STATUS AND POTENTIAL 

I n  e a r l y  1977, f o l l o w i n g  t h e  d i s c o v e r y  of commercial concen- 
t r a t i o n s  of s p i n y  l o b s t e r s  a t  Necker, f i v e  commercial v e s s e l s  
began f u l l - s c a l e  t r a p p i n g  o p e r a t i o n s  and by t h e  end of t h e  yea r  
had produced a c a t c h  of 31,547 kg from t h e  N W H I ,  t h e r e b y  c a t a -  
p u l t i n g  t h e  s t a t e w i d e  l a n d i n g s  of s p i n y  l o b s t e r  t o  more than  13  
times t h e  p r e v i o u s  y e a r ' s  l a n d i n g s .  T h i s  e a r l y  beg inn ing  of t h e  
f i s h e r y  was no t  w i thou t  problems. The market s t r u c t u r e  was unor- 
gan ized  and t h e  b o a t s  r e t u r n i n g  from t h e  N W H I  l o b s t e r i n g  grounds 
f a c e d  a l o c a l  market t h a t  was c h a o t i c  and unab le  t o  a b s o r b  t h e  
sudden heavy i n f l u x  of l i v e ,  whole l o b s t e r s .  Ex-vessel p r i c e s  
averaged  $6.39/kg ($2 .09 / lb )  and t h e  y e a r ' s  s t a t e w i d e  c a t c h  of 
37,659 kg was worth about $240,600 t o  t h e  f i she rmen .  

u n f a m i l i a r  w i th  t r a n s p o r t i n g  l a r g e  numbers of l i v e  l o b s t e r s  i n  
t h e i r  b a i t w e l l s  over t h e  long  d i s t a n c e  from t h e  N W H I  l o b s t e r i n g  
grounds t o  Honolulu sometimes expe r i enced  l o s s e s  of e n t i r e  l o a d s  
due t o  overcrowding and poor water c i r c u l a t i o n  i n  t h e  b a i t w e l l s .  
Those v e s s e l s  lucky  enough t o  r e t u r n  wi th  a f u l l  l i v e  l o a d  were 
f a c e d  w i t h  d e c l i n i n g  pr ices  and a t t empted  t o  m a i n t a i n  p r i c e s  by 
marke t ing  t h e i r  c a t c h e s  i n  small amounts and over a l onge r  
pe r i od . 
t h e  f i s h e r y  and by October 1977, on ly  two v e s s e l s  remained. 
These v e s s e l s  con t inued  t o  f i s h  u n t i l  October 1978 when t h e y  were 
j o i n e d  by ano the r  e n t r y  i n t o  t h e  f l e e t .  The r e s u l t  was t h a t  
l a n d i n g s  from t h e  N W H I  d e c l i n e d  t o  12,440 k g ,  a 60 p e r c e n t  
d e c r e a s e  from t h e  p r e v i o u s  y e a r .  The ex -vesse l  p r i c e ,  however, 
r o s e  t o  $6.60 kg ($3 .00 / lb )  making t h e  1978 statewide l a n d i n g s  of 
15,294 kg worth $82,100 t o  t h e  f i she rmen .  

The f i s h e r y  expe r i enced  o t h e r  "growing p a i n s .  I' C a p t a i n s  

The c h a o t i c  market f o r c e d  s e v e r a l  marg ina l  p roduce r s  o u t  of 
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Also about this time, the industry began looking for other 
outlets for their products, particularly the frozen lobster tail 
export market. This new impetus raised the hopes of the industry 
and landings again rose, reaching 45,372 kg; however, only two 
vessels participated, and presumably almost all of the catch was 
from the NWHI. At an ex-vessel price of about $7.05/kg ($3.20/ 
lb), the 1979 catch was worth $319,900. At-sea processing 
required large vessels not only with freezing capabilities but 
also with the ability to exert greater fishing pressure. 

By 1980, the fleet was composed of three vessels, and among 
them they had the potential of setting and retrieving 2,500 lob- 
ster pots per night. This resulted in a catch of 148,907 kg 
worth $1.1 million at an ex-vessel price $7.49/kg ($3.40/lb). 

for frozen lobster tails, the fishery continued to produce record 
catches. By 1981, the fleet had increased to 10 vessels, which 
caught a record 354,200 kg worth $2.7 million at an ex-vessel 
price of $7.71/kg ($3.50/lb) . 

catch, produced by six vessels, is estimated to be 83,711 kg, 
down considerably from 1981. Ex-vessel prices advanced little to 
$8.06/kg ($3.60/lb), making the 1982 catch worth an estimated 
$674,714 to the fishermen. 

Encouraged by the rising prices and continued strong demand 

Although catch records for 1982 are incomplete, the annual 

Annual estimated landings with ranges of MSY are given 
below. Using the average CL of the males and females at Necker 
and Mar0 Reef (Table 3 )  and converting these to average weight 
using the length-weight relationships (Figure 8), an average 
weight of 533 g for both sexes combined was calculated. Based on 
this average weight, the range in MSY is estimated to be 106,600 
to 231,855 kg. 

The landings in 1977-79 were far below the lower range MSY. 
In 1980 and 1982, the estimated landings fell within the range of 
MSY but in 1981, the upper limit of the WSY was exceeded by about 
122,000 kg . 
tial was as good as that of other lobstering grounds throughout 
the world. Potential production from the NWHI grounds based on 
extrapolations of initial catch rates seemed encouraging; how- 
ever, as with many new, developing fisheries, once the initial 
stock was reduced by heavy fishing and catch rates declined, 
enthusiasm subsided. By then, OUT surveys demonstrated that the 
NWHI catch rates of spiny lobster were nowhere near those of the 
major lobster fisheries of the world, for example Australia and 
South Africa. Furthermore, in the NWHI fishery, risks were 
greater as vessels had to travel 1,700 nmi round trip to fish at 
Necker and Mar0 Reef, the only two grounds with commercial con- 
centrations of spiny lobsters. 

When the fishery first began, some believed that the poten- 
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Even with the most optimistic projection, it is not likely 
that the NWHI spiny lobster stock could support more than a few 
full-time vessels. Furthermore, profitability may depend on a 
multispecies operation. Places such as Nihoa, Pearl and Hermes 
Atoll, Gardner Pinnacles, and Midway can probably be fished pro- 
fitably in combination with other types of fishing. Examples are 
bottomfishing for members of the snapper-grouper complex, troll- 
ing for coastal pelagic species such as wahoo (Acanthocybium 
-), and trapping for deepwater caridean shrimps. There 
are also several important species in the by-catches of lobster 
pots such as slipper lobsters (Scvllatldes * sauammosus and E. 
U) and frog or kona crab (Ranina ranina) which could add to a 
vessel's profitability. 

IUBAGXHBHT GUIDELINES 

Management of the spiny lobster fishery in Hawaii is 
achieved through a series of regulations which apply to two per- 
mit areas. Permit Area 1 encompasses the U.S. fishery conserva- 
tion zone (FCZ) around the NWHI or all islands and banks west of 
long. 161"OO'W. Permit Area 2 includes the main Hawaiian islands 
or those islands and banks in the archipelago east of long. 161" 
00 'W. 

Currently the management measures published in the Federal 
Register3 include the following: 

Size regulation. Whole lobsters of 77.0-mm CL or 
greater may be retained. If the CL cannot be determined, 
only lobsters with tails at least 50 mm wide may be 
retained, except for an allowance of up to 15 percent of the 
catch, by number, which may include tail widths between 45 
and 49 mm. 

Reproductive condition restrictions. Berried females 
may not be retained or stripped of eggs attached to the 
pleopods. 

Closed areas. Spiny lobster trapping is not allowed 
within 20 nmi of Laysan and within the FCZ landward of the 
10-fathom curve as depicted on National Ocean Survey charts 
19022, 19019, 19016. 

- *  4 

Gear restrcctions. Spiny lobsters may be taken only 
with lobster pots or by hand. Other gears or chemical 
agents are prohibited. Furthermore, pot entrance may mea- 
sure no more than 26.7 cm (10.5 in) at its greatest 

3Federal Register 47 (126) , June 30, 1982, contains the proposed 
rule; Federal Register 48(26), February 7, 1983, contains the 
final rule. The final rule contains no substantial changes from 
the proposed rule except minor revisions. 
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d i a g o n a l  o r  d iameter  a t  t h e  l a r g e r  end and no more than  1 6 . 5  
c m  ( 6 . 5  i n )  a t  i t s  g r e a t e s t  d i a g o n a l  o r  diameter  a t  t h e  
s m a l l e r  end. 

Permi ts .  Any U . S .  v e s s e l  t r a p p i n g  commercially i n  t h e  
NWHI management a r e a  (Permi t  Area 1) m u s t  have a permi t  
i s s u e d  Sy  t h e  d i r e c t o r ,  Southwest Region, NMFS. 

Recordkeeping and r e p o r t i n g .  The o p e r a t o r  of any ves- 
s e l  engaged i n  l o b s t e r  t r a p p i n g  o p e r a t i o n s  i n  Permi t  Area 1 
s h a l l  rnaln’:ain an a c c u r a t e  and complete logbook f u r n i s h e d  by 
NMFS, r e c o r d i n g  a l l  i n f o r m a t i o n  a s  r e q u i r e d .  

Landing requi rements .  The o p e r a t o r  of a f i s h i n g  ves- 
s e l  t h a t  h a s  f i s h e d  i n  Permit  Area 1 s h a l l  c o n t a c t  by r a d i o  
o r  o t h e r w i s e ,  an a u t h o r i z e d  o f f i c e r  a t  l e a s t  24  h o u r s  b e f o r e  
l a n d i n g  and r e p o r t  t o  t h i s  o f f i c e r  t h e  p o r t ,  d a t e ,  and time 
of unloading.  An a u t h o r i z e d  o f f i c e r  i s  d e f i n e d  as any com- 
miss ioned ,  w a r r a n t ,  o r  p e t t y  o f f i c e r  of t h e  U.S. Coast  Guard 
(USCG); a s p e c i a l  agent  of t h e  NMFS; any o f f i c e r  d e s i g n a t e d  
by t h e  heed of any f e d e r a l ,  s t a t e ,  o r  t e r r i t o r i a l  agency 
which has  e n t e r e d  i n t o  an agreement wi th  t h e  S e c r e t a r y  of 
Commerce and t h e  S e c r e t a r y  of T r a n s p o r t a t i o n  t o  e n f o r c e  t h e  
p r o v i s i o n s  of %he Magnuson F i s h e r y  Conserva t ion  and Manage- 
ment A C T ;  ?.zd any USCG p e r s o n n e l  accompanying and a c t i n g  
under t h e  l i r e c t i o n  of any USCG commissioned, w a r r a n t ,  or 
p e t t y  o f f ’  i c e r .  

Experimental  f i s h i n g .  The S e c r e t a r y  of Commerce may 
a u t h o r i z e  e x p e r i m e n t a l  f i s h i n g  f o r  sp iny  l o b s t e r  which would 
o t h e r w i s e  be p r o h i b i t e d .  A NMFS s c i e n t i f i c  observer  m u s t  be 
aboard  t h e  v e s s e l  w h i l e  t h e  v e s s e l  i s  engaged i n  such 
a c t i v i t y .  

An a d d i t i o n a l  p r o v i s i o n  of t h e  r e g u l a t i o n s  a p p l i e s  t o  pro- 
t e c t i v e  measures e s t a b l i s h e d  f o r  t h e  Hawaiian monk s e a l  (Monachus 
s c h a u i n s l a n d i )  which was d e s i g n a t e d  a d e p l e t e d  s p e c i e s  under t h e  
Marine M a m m a l  P r o t e c t i o n  a c t  and l i s t e d  as an endapgered s p e c i e s  
e f f e c t i v e  November 2 3 ,  1976 .  B r i e f l y ,  t h e s e  measures s p e c i f y  
t h a t  i n  t h e  e v e n t  t h a t  a monk s e a l  d i e s  from causes t h a t  appear  
t o  be r e l a t e d  t o  t h e  s p i n y  l o b s t e r  f i s h e r y ,  an i n v e s t i g a t i o n  w i l l  
be conducted by t h e  d i r e c t o r  of t h e  Southwest Region. I f  it i s  
de termined  t h a t  t h e  d e a t h  i s  r e l a t e d  t o  t h e  s p i n y  l o b s t e r  f i s h -  
e r y ,  emergency measures w i l l  be  i n s t i t u t e d ,  as r e q u i r e d ,  t o  pro- 
t e c t  t h e  monk s e a l  p o p u l a t i o n .  I n  a d d i t i o n  t o  t h e  r e g u l a t i o n s  
e s t a b l i s h e d  under t h e  Spiny Lobster  F i s h e r y  Management P lan ,  
t h e r e  a r e  s t a t e  laws and r u l e s  which a r e  a p p l i c a b l e  t o  f i s h i n g  
f o r  and l a n d i n g  of s p i n y  l o b s t e r s  and o t h e r  c r u s t a c e a n s .  S t a t e  
laws e s t a b l i s h  a s e a s o n a l  c l o s u r e ,  p r o h i b i t  t a k i n g  of o v i g e r o u s  
f e m a l e s ,  e s t a b l i s h  a minimum s i z e ,  and p r o h i b i t  t h e  l a n d i n g  of 
l o b s t e r s  from which t h e  c a r a p a c e  and t a i l  have been s e p a r a t e d ;  
however, t h e  s t a t e  law a l s o  p r o v i d e s  t h a t  such measures s h a l l  n o t  
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apply if the catch was made outside of state waters and the 
possession or sale has been licensed (import permit) by the 
Hawaii Department of Land and Natural Resources. 

The investigation conducted by NMFS has elucidated several 
aspects of the spiny lobster resource in the NWHI. Particularly 
striking is the fact that p. marainatus is unevenly distributed 
and the only stocks which are of commercial potential are those 
at Necker and Mar0 Reef. The survey showed that the relative 
abundance of lobsters is highest at the 55 to 73 m depth in 
localities near the lower end of the NWHI chain and at the 19 to 
54 m depth in those localities toward the northern end of the 
chain. Whereas a small female lobster from the NWHI may spawn 
just as many eggs as one in waters off Oahu, at larger sizes the 
NWHI female apparently spawns fewer eggs. The spawning season 
for NWHI populations is estimated to be all year at the lower end 
of the chain, peaking in summer. However, among the more north- 
ern localities, the spawning period is shorter and confined 
primarily to the summer months. 

Studies on growth rate showed that a male lobster from 
Necker grows at about the same rate as one in waters around Oahu. 
For the Oahu stock, males mature at 63.6-mm CL whereas the 
females mature at 58.6-mm CL. For the stock at Necker, males 
mature at 59.2-mm CL and females at 60.7-mm CL. The difference 
between localities is not significant. 

Lobsters tend to avoid baited traps in the presence of 
offal. Large schools of predators can inflict serious losses 
among surface-released berried and sublegal-sized lobsters. 

average, smaller than those found elsewhere in the chain. The 
legal to sublegal size ratio of the catch showed wide variation 
with no particular trend. The sex ratio of the stocks, however, 
showed that among the legal-sized lobsters in the catch, males 
predominated. Among sublegal-sized lobsters, however, there was 
a preponderence of females at most localities. 

The lobsters at Necker and French Frigate Shoals are, on the 

A legal-sized lobster of 77.0-mm CL weighs about 378.1 g, 
whereas a legal-sized female is heavier, weighing 402.4 g. There 
is sexual dimorphism in the growth pattern. 

The relationship between CL and tail weight predicts a 
legal-sized male would have a tail weight of 130 g and a female 
156 9. 

Discriminant analysis based on tail width correctly classi- 
fies 94.8 percent of the sublegal-sized and 85.8 percent of the 
legal-sized lobsters. The tolerance factor adopted for the fish- 
ery management plan is that no more than 15 percent of the total 
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number of t a i l s  l a n d e d  may be less t h a n  t h e  s p e c i f i e d  t a i l  wid th  
l i m i t  of 50 mm. 

S t u d i e s  on p o p u l a t i o n  dynamics provided  a range  of p o s s i b l e  
MSY of from 200,000 t o  435,000 l o b s t e r s / y e a r .  

Exper iments  on g e a r  c o m p e t i t i o n  showed t h a t  p o t  s p a c i n g s  of 
between 35 and 46 m produced t h e  h i g h e s t  c a t c h  r a t e s .  T e s t s  w i t h  
escape gaps  r e v e a l e d  t h a t  t h e  o v e r a l l  e s c a p e  ra te  of s u b l e g a l -  
s i z e d  an imals  was about  60 p e r c e n t .  S t u d i e s  on g h o s t  f i s h i n g  of 
l o s t  t r a p s  demonst ra ted  t h a t  t h e y  c o n t i n u e  t o  a t t r a c t  l o b s t e r s  
and ,  o v e r  t h e  s h o r t  term, c o n t i n u e  t o  f i s h :  however, over  t h e  
l o n g  term, l o b s t e r s  appear  t o  escape through t r a p  e n t r a n c e s .  

F i n a l l y ,  t h e  i n v e s t i g a t i o n  showed t h a t  even w i t h  t h e  most 
o p t i m i s t i c  p r o j e c t i o n s ,  it is n o t  l i k e l y  t h a t  t h e  NWHI l o b s t e r  
f i s h e r y  w i l l  expand s i g n i f i c a n t l y  over  t h e  n e x t  few y e a r s .  The 
upper l i m i t  of t h e  MSH was exceeded i n  1981. With reduced c a t c h  
ra tes  a t  t h i s  t i m e ,  it is  n o t  l i k e l y  t h a t  t h e  p r e s e n t  s c a l e  of 
p r o d u c t i o n  can s u p p o r t  more t h a n  a f e w  v e s s e l s .  The f u t u r e  of 
t h e  f i s h e r y  w i l l  depend t o  a l a r g e  e x t e n t  on t h e  o p e r a t i o n  of 
m u l t i s p e c i e s  f i s h i n g  b o a t s  t h a t  can p a r t i c i p a t e  i n  o t h e r  f i s h e r -  
i es  b e i n g  developed  i n  t h e  NWHI.  
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