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1. INTRODUCTION 

The Honolulu Labora to ry ,  Southwest F i s h e r i e s  Cen te r ,  Na t iona l  Marine F i s h e r i e s  S e r v i c e  
(NMFS), is a s s e s s i n g  t h e  s t o c k s  of sp iny  l o b s t e r ,  P a n u l i r u s  margina tus ,  a snapper ( L u t j a n i d a e )  
and grouper  (Se r ran idae )  complex of bottom f i s h e s ,  t h e  Hawaiian monk s e a l ,  Monachus 
s c h a u i n s l a n d i ,  and t h e  green  t u r t l e ,  Chelonia  e, i n  t h e  Northwestern Hawaiian I s l a n d s  
(NWHI). 

The NWHI i s  a n  a r e a  of r e e f s ,  banks and i s l a n d s  l o c a t e d  nor thwes t  of Honolulu s t re t -  
c h i n g  from Nihoa I s l a n d  1 2 5 0 n m i  no r thwes t  t o  Kure A t o l l .  
f i s h  r e s o u r c e s  suppor t  a modest f i s h e r y  i n  t h e  NWHI.  
s p e c i e s  b reed ing  on ly  i n  t h e  NWHI and t h e  green  t u r t l e  is cons ide red  a " th rea t ened"  s p e c i e s  
under  t h e  US Endangered Spec ie s  A c t .  

The sp iny  l o b s t e r  and bot tom 
The monk seal is an  "endangered" 

2 .  SPINY LOBSTER 

The sp iny  l o b s t e r  f i s h e r y  began i n  1975 when t h e  NOAA s h i p  TOWNSEND CROMWELL, a r e s e a r c h  
s h i p  a s s igned  t o  t h e  Honolulu Labora tory ,  documented good c a t c h  r a t e s  of sp iny  l o b s t e r ,  a t  
t h e  lower end of t h e  c h a i n .  I n  1975 t h e  commercial c a t c h  was 2 000 kg. Each subsequent  
y e a r  t h e  c a t c h  has  inc reased  and t h e  c u r r e n t  c a t c h  f o r  1981 is e s t i m a t e d  a t  300 000 kg 
(Ski l lman and I t o ,  1981).  
o v e r f i s h i n g  may occur  and work t o  develop  a f i s h e r y  management p l an  (FMP) was i n i t i a t e d  
by t h e  Western P a c i f i c  Regional F i she ry  Management Counci l .  
c o n t r i b u t e d  t o  t h i s  FMP by unde r t ak ing  work t o :  1) Determine t h e  d i s t r i b u t i o n  of t h e  
r e s o u r c e  throughout  t h e  NWHI c h a i n ,  and 2 )  e s t i m a t e  t h e  s u s t a i n a b l e  y i e l d  of t h e  r e source .  
The d a t a  a v a i l a b l e  f o r  t h e s e  a n a l y s e s  c o n s i s t  of sampling d a t a  c o l l e c t e d  on r e s e a r c h  c r u i s e s  
of t h e  TONWSEND CROMWELL, and some commercial c a t c h  and e f f o r t  d a t a .  

The r a p i d  development of t h i s  f i s h e r y  h a s  r a i s e d  concern  t h a t  

The Honolulu Labora tory  has  

The d a t a  c o l l e c t e d  by t h e  TOWNSEND CROMWELL r e p r e s e n t  a sys t ema t i c  sampling survey  
wi th  c a t c h  and e f f o r t  d a t a  c o l l e c t e d  from 0.10 squa res  around t h e  banks and i s l a n d s  of t h e  
NWHI. 
abundance of t h e  sp iny  l o b s t e r  s t o c k  throughout  t h e  NWHI (Uchida e t  a l . , 1 9 8 0 ) .  

Th i s  ca t ch -pe r -un i t - e f fo r t  (cpue)  d a t a  were used t o  p repa re  c h a r t s  of t h e  r e l a t i v e  

The e s t i m a t i o n  of s u s t a i n a b l e  y i e l d  f o r  t h e  r eg ion  was based on t h e  commercial c a t c h  
and e f f o r t  d a t a  b a s e .  There c u r r e n t l y  i s  no r e g u l a t i o n  t h a t  r e q u i r e s  commercial v e s s e l s  t o  
r e p o r t  t h e i r  c a t c h  and e f f o r t  and ,  hence ,  on ly  an  i n t e r m i t t e n t  c a t c h  and e f f o r t  d a t a  s e r i e s  
submi t ted  on a v o l u n t a r y  b a s i s  was a v a i l a b l e .  
t o o  s h o r t  and sporad ic  f o r  s u r p l u s  p roduc t ion  a n a l y s e s ,  a s e r i e s  of c a t c h  and e f f o r t  d a t a  
which r ep resen ted  i n t e n s i v e  t r a p p i n g  a p p l i e d  t o  a p rev ious ly  unexp lo i t ed  popu la t ion  w a s  
a v a i l a b l e  f o r  a n a l y s i s .  
p re -exp lo i t a t ion  popu la t ion  s i z e  (No)and c a t c h a b i l i t y  ( q )  could  be  ob ta ined  by computing a 
r e g r e s s i o n  of cpue on cumula t ive  c a t c h  ( L e s l i e  method, Ricker  1975, p. 150) .  

While t h e  c a t c h  and e f f o r t  t ime series were 

Based on t h i s  i n t e n s i v e  c a t c h  and e f f o r t  d a t a ,  an  e s t i m a t e  of 
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Another approach t o  estimatepre-exploitation biomass was appl ied t o  data  co l lec ted  from 
Necker Is land a t  the lower end of the chain where much of the e a r l i e r  commercial e f f o r t  was 
d i rec ted .  This approach was based on a method proposed by Allen (1966) i n  which population 
s i z e  and c a t c h a b i l i t y  a r e  estimated i n  a manner which minimizes the sum of squares between 
the a c t u a l  ca tch  and the predicted catch,  given e f f o r t .  I n  i t s  most general form, t h i s  
model assumes t h a t  the  r a t e  of na tura l  mortal i ty  is constant  while recruitement may vary 
over time. 
mor ta l i ty  and recruitement r a t e s .  We did not have any est imate  of recruitement r a t e  and 
hence modified Allen 's  model. We assumed tha t  the r a t i o  of the r a t e  of na tura l  mortal i ty  
to  the  recruitement r a t e  w a s  constant  over the two-year period f o r  which data  were ava i lab le .  
This r a t i o  together with population s i z e  and c a t c h a b i l i t y  a r e  then estimated by l e a s t  squares. 
Application of t h i s  method t o  24 months of commercial catch and e f f o r t  data  from Necker 
Is land produced est imates  of c a t c h a b i l i t y  and population s i z e  which were i n  agreement with 
the est imates  obtained from the  same s i t e  by an intensive f i sh ing  ana lys i s  (Polovina and 
Tagami, 1980). 

This most general form requi res  t h a t  the user  suppl ies  es t imates  of the na tura l  

Once pre-exploitation population s ize ,  and hence biomass, were obtained f o r  several  
a reas  where research sampling cpue data  were ava i lab le ,  a l i n e a r  regression of biomass per 
uni t  area on research sampling cpue was used t o  obtain an estimate of t o t a l  biomass f o r  the 
e n t i r e  NWHI. 
t ion  of l o b s t e r  maximum sustainable  y i e l d  (MSY) f o r  the NWHI were obtained based on Gulland's 
(1971) re la t ionship :  

Based on t h i s  t o t a l  es t imate  of pre-exploitation biomass (Bo), rough approxima- 

MSY I M B o / 2  

where M I annual instantaneous na tura l  mor ta l i ty ,  

and a method proposed by Pauly (1981): 

where 
the lobs te r  i n  the population ( i n  grams). 

i s  defined a s  the average of the weight a t  f i r s t  maturity and the maximum weight of 

To est imate  na tura l  mortal i ty  (M) f o r  Gulland's re la t ionship ,  the following re la t ion-  
ship (Beverton and Holt 1956) was used on data  obtained a t  s i tes with l i t t l e  o r  no f i sh ing:  

F+M I K ( L  - f,)/(z - Lmin) 

where E is  the mean carapace length from the trappable population, Lmin i s  the minimum 
carapace length from the trappable population, and K and L a r e  the parameters from the 
von Bertalanffy growth equation which were estimated from modal ana lys i s  of length-frequency 
data .  

While these methods produced est imates  which can only represent rough approximations, 
i t  appears t h a t  the r e s u l t s  nonetheless represent  reasonable f i r s t  approximations. The 
approach described produced estimates of annual MSY ranging from 100 000 kg t o  200 000 kg (WPRFMC, 1981). 
The y i e l d  for 1981 was 300 000 kg; however, the subs tan t ia l  decl ine i n  catch r a t e  and 
lobs te r  s i z e  suggests t h a t  t h i s  y ie ld  i s  not sustainable .  Once the FMP is  i n  force and 
commercial catch and e f f o r t  da ta  can be co l lec ted ,  i t  is an t ic ipa ted  t h a t  these est imates  
will be revised.  



- 76 - 

Two d i f f i c u l t i e s  encountered  i n  t h i s  a n a l y s i s  were t h e  a v a i l a b i l i t y  of on ly  s h o r t  and 
sporad ic  commercial c a t c h  and e f f o r t  d a t a  and t h e  d i f f i c u l t y  of o b t a i n i n g  p r e c i s e  e s t i m a t e s  
of growth parameters .  Both tagging  d a t a  and a n a l y s i s  of modes and modal p rogres s ions  of 
length-frequency d a t a  were used t o  estimate growth parameters .  
from i n s u f f i c i e n t  r e c o v e r i e s  and r e l a t i v e l y  slow appa ren t  growth f o r  t h e  an imals  recovered  
p o s s i b l y  due t o  an  e f f e c t  of t agg ing  on growth. 
l a r g e  v a r i a n c e s  i n  growth due t o  the  d i f f i c u l t y  i n  i d e n t i f y i n g  modes which was a p p a r e n t l y  
caused  by t h e  l a r g e  v a r i a n c e  i n  s i z e  among l o b s t e r s  of t h e  same c o h o r t .  

The tagging  approach s u f f e r e d  

The a n a l y s i s  of length- f requency  d a t a  showed 

'3 .  BOTTOM FISHES 

The bot tom f i s h  f i s h e r y  e x p l o i t s  a complex of s p e c i e s ,  e s p e c i a l l y  snappers  
(P r i s t i pomoides  spp . ,  E t e l i s  spp . ,  and Aprion v i r e s c e n s ) ,  bu t  i nc lud ing  a l s o  j a c k s  
(Carangidae: Caranx spp.,  Carangoides spp . ,  and S e r i o l a  d u m e r i l i )  and a grouper  (Ephinephelus 
quernus) .  The f i s h e r y  i s  conducted i n  deep (60-=offshore waters u s i n g  b a i t e d  hook-and- 
l i n e  g e a r ,  and powered mechanical l i ne -hau le r s .  

Bottom f i s h e s  have been e x p l o i t e d  around bo th  t h e  main Hawaiian I s l a n d s  and t h e  NWHI 
s i n c e  a t  least  1945. However, u n t i l  r e c e n t l y  only  one v e s s e l  r e g u l a r l y  f i s h e d  i n  t h e  NWHI. 
Recent ly  more conrmercial v e s s e l s  have begun e x p l o i t i n g  bottom f i s h  s t o c k s  in t h e  NWHS b u t  
t h e  d a t a  base  of commercial c a t c h  and e f f o r t  f o r  t h e  "HI i s  n o t  s u f f i c i e n t  t o  per form a 
s tock-product ion  a n a l y s i s .  
main Hawaiian I s l a n d s  i s  a v a i l a b l e  and a s tock-product ion  a n a l y s i s  of t h e  bottom f i s h  r e source  
around t h e  main i s l a n d s  of t h e  S t a t e  was completed u s i n g  a 20-year s e r i e s  of c a t c h  d a t a  c o l -  
l e c t e d  by t h e  H a w a i i  D iv i s ion  of Aquat ic  Resources (Ra l s ton  and Po lov ina , in  p r e s s ) .  
f i s h i n g  e f f o r t  s t a t i s t i c s  were n o t  
th rough t h e  d a t a  base  and t a l l i e d  t h e  number of fisherman-days expended each  yea r  i n  the  
f i s h e r y .  
T o t a l  Biomass Schaefer  Model (TBSM) (Pope, 1979).  C l u s t e r  a n a l y s i s  of t h e  d a t a  showed t h a t  
bottom f i s h  s p e c i e s  could  conven ien t ly  be  d iv ided  i n t o  t h r e e  somewhat d i s t i n c t  g roups  which 
appeared t o  b e  seg rega ted  on t h e  b a s i s  of dep th  and could  b e  ana lysed  by t h e  use  of TBSM. 
Using aggrega t ion  theo ry  it was demonstrated t h a t  t h e  c l u s t e r  groups provided  a more a c c u r a t e  
and b i o l o g i c a l l y  meaningful way of expres s ing  product ion  i n  a m u l t i s p e c i e s  framework. 
a n a l y s i s  a l s o  showed t h a r  t he  f i s h e r y  i s  c u r r e n t l y  c l o s e  t o  MSY. 

A l a r g e r  d a t a  base  f o r  comerc ia l  c a t c h  and e f f o r t  d a t a  around t h e  

Although 
s p e c i f i c a l l y  main ta ined ,  a computer program s o r t e d  

The s tock  was t r e a t e d  as a m u l t i s p e c i e s  f i s h e r y  and ana lysed  by a p p l i c a t i o n  of t h e  

The 

The c h i e f  l i a b i l i t y  of t h i s  s tudy  was t h a t  t h e  measure of f i s h i n g  e f f o r t  which w a s  
employed had t o  b e  de te rmined  a f t e r  t h e  f a c t .  I n t e r p r e t a t i o n  of t h e  s t a t i s t i c  used  became 
most d i f f i c u l t  as a r e s u l t .  Furthermore,  t h e  r e c r e a t i o n a l  c a t c h  of bottom f i s h  i n  H a w a i i  i s  
unrepor ted  and thus  unaccounted f o r .  Consequently,  estimates of s u r p l u s  p roduc t ion  from 
t h i s  a n a l y s i s  c a n  on ly  b e  cons ide red  as a lower bound f o r  y i e l d  p o t e n t i a l .  

A y i e l d - p e r - r e c r u i t  a n a l y s i s  of P r i s t i p o m o i 5 i  f i l amen tosus  has  a l s o  been completed.  
Th i s  i s  t h e  most impor tan t  s p e c i e s  i n  t h e  f i s h e r y  and it w a s  s t u d i e d  i n  some dep th  t o  
complement the  r e s u l t s o f  t h e  s tock-product ion  s tudy .  I n a n  i n v e s t i g a t i o n o f  thegrowthdynamics  
of t h i s  s p e c i e s ,  t h e  d e n s i t y  of d a i l y  increments  i n  s a g i t t a l  o t o l i t h s  was i n t e g r a t e d  t o  
e s t i m a t e  age (Ra l s ton  and Miyamoto i n  p r e s s ) .  The d a i l y  p e r i o d i c i t y  of t h e  increments  was 
v a l i d a t e d  by i n  v ivo  t e t r a c y c l i n e  l a b e l l i n g  of o t o l i t h s  and examination of s h i f t s  i n  f i e l d -  
sampled s ize- f requency  d i s t r i b u t i o n .  
t i c s  de r ived  from t h r  e s t ima ted  age-length d a t a .  This  key was then  appl. ied t o  length-frequency 
samples t o  e s t i m a t e  m o r t a l i t y  r a t e  u s i n g  t h e  ca tch-curve  method. 
were conducted t o  a s s e s s  t h e  l i k e l i h o o d  of s e v e r e  s i z e  b i a s  i n  t h e s e  hook-and-line samples. The 
y i e ld -pe r - r ec ru i t  c a l c u l a t i o n s  f o r  P .  f i l amen tosus  showed t h a t  eumetr ic  c o n d i t i o n s  c u r r e n t l y  
p r e v a i l  f o r  t h i s  s p e c i e s  a t  a r e l a t y v e l y  h igh  l e v e l  of y i e l d  (Ra l s ton ,  1981). This  r e s u l t  is 
cons ide red  compat ib le  w i t h  t h e  f i n d i n g  t h a t  t h e  f i s h e r y  i s  now o p e r a t i n g  c l o s e  t o  i t s  MSY. 

A n  age- length  key was genera ted  from r e g r e s s i o n  s ta t is-  

Experimental  f i s h i n g  t r i a l s  

A major d i f f i c u l t y  i n  t h e s e  s t u d i e s  w a s  t h e  l abor - in t ens ive  n a t u r e  of working wi th  
d a i l y  increments  i n  o t o l i t h s .  
t v p i c  of ongoing s tudy ,  as i s  t h e  growth of o t h e r  botcom f i s h  s p e c i e s .  Furthermore,  more 
e x t e n s i v e  length-frequency samples of t h e s e  f i s h e s  would have been d e s i r a b l e .  

I n  t h i s  r ega rd ,  t h e  growth of 1. f i l amen tosus  remains t h e  
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The results of these stockassessments have shown that the bottom fish resources of the 
main Hawaiian Island are currently being intensively exploited and yet further expansion of 
the fishery into the NWHI appears feasible on biological grounds. 
concerning the diets and fecunditiqs of selected bottom fish species are also currently 
being pursued (Uchida, Ito and Uchiyama, 1979). and these should assist in the management 
of bottom fish stocks. 

Ancillary studies 

4. HAWAIIAN MONK SEAL ANTI GREEN TURTLE 

Both the Hawaiian monk seal and the green turtle are protected under provisions of the 
US Endangered Species Act. Assessing the status of their populations for stock protection 
and rehabilitation is therefore a major goal of the Honolulu Laboratory. 

The programme for assessment of green turtles is in its second year. The long-range 
objectives are to gather information on reproductive ecology, migratory patterns, growth 
rates, mortality rates, and other life history characteristics which will lead to an under- 
standing of turtle population dynamics. 
sively. 
since 1973, but mostly to adult animals in the NWHI. 
with tagging of green turtle hatchlings using auto-transplanted tissue plugs. 
very promising, so in 1982 the Honolulu Laboratory will mark several hundred hatchlings with 
reversed scute plugs as they leave their nests at French Frigate Shoals. 

Mark-and-recapture techniques will be used exten- 
Metal flipper tags have been applied by non-NMFS biologists to over 1 100 turtles 

In 1981 NMFS scientists experimented 
Results were 

Honolulu Laboratory research on the Hawaiian monk seal is also in its second year. 
Past work has been carried on by sientists from the Department of the Interior, the 
Department of Commerce, and by researchers on contract to the Honolulu Laboratory and to the 
Marine Mammal Commission. 

Part of the 1981 programne involved the development and implemeiitation of a recovery 
plan for the monk seal population, and this included an outline of research needs for stock 
assessment and an understanding of seal population dynamics. A variety of assessment tech- 
niques might be employed, including aerial and ground counts to develop abundance indices 
and mark-and-recapture methods using natural marks, bleach marks, or tags. 

During 1982 a pilot tagging project at Lisianski Island will be undertaken to test the 

The tagged pups will also be bleach marked, as will an equal number of untagged 
suitability of plastic cattle tags applied to the hind flippers of about 15 weaned monk 
seal pups. 
pups. Data will be collected on temporal and spatial aspects of haul-out behavior, inter- 
and intra-specific interactions, and on other aspects of their early life history. If the 
effects of the tagging procedure and the presence of the tags are judged to be insignifi- 
cant, a pup-tagging programme throughout 
be proposed for 1983. 

the breeding range of the Hawaiian monk seal will 

Tags may also be applied to adult seals in future research. The tagging studies will 
produce critical information on age- and sex-specific mortality rates, age at first repro- 
duction, reproduction rates, inter-islandmovement, and population size. 
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