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ABSTRACT 

R e l a t i v e  a p p a r e n t  abundance of t h e  e i g h t  most impor t an t  
b o t t o m f i s h  species was examined f o r  t h e  major banks of 
t h e  Nor thwes tern  Hawaiian I s l a n d s .  Most noteworthy was 
t h e  dominance of P r i s t i p o m o  i d e s  f i l m e n t o s u  s a t  Necker 
bank, French F r i g a t e  S h o a l s ,  and Brooks Banks and of 
Etelis c a r b u n c u l u s  no r thwes t  of L i s i a n s k i  bank. I n  
g e n e r a l ,  c a t c h  ra tes  and mean s i z e s  i n c r e a s e d  a t  t h e  
no r thwes te rn  end of t h e  a r c h i p e l a g o .  Research  on age 
and growth, length-weight  r e l a t i o n s h i p s ,  r e p r o d u c t i v e  
b io logy ,  f e e d i n g  h a b i t s ,  and t h e  occur rence  of c igua-  
t o x i n  i n  b o t t o m f i s h e s  was a l s o  reviewed. 

age  and growth 
r e l a t i v e  a p p a r e n t  abundance 

b o t t o m f i s h e s  
species composi t ion  

IlpTRODUCT ION 

The h i s t o r y  of t h e  f i s h e r y  f o r  snappe r s ,  g roupe r ,  and j a c k s ,  
commonly r e f e r r e d  t o  as b o t t o m f i s h e s ,  i n  t h e  Northwestern 
Hawaiian I s l a n d s  ( M I )  i s  not  well documented. T h i s  f i s h e r y  has  
been i n  e x i s t e n c e  i n  t h e  NWHI a t  l ea s t  s i n c e  t h e  mid-1940s (A.B.  
Amerson, 1971)  and perhaps  as e a r l y  a s  t h e  1930s  (see paper i n  
t h i s  p roceed ings  by H a u ) .  From r e c o r d s  ma in ta ined  by t h e  Div- 
i s i o n  of Aqua t i c  Resources  ( D A R ) ,  Hawaii Department of Land and 
Natural  Resources ,  summaries of t o t a l  annua l  c a t c h ,  f i s h i n g  
e f f o r t  ( b o a t  t r i p ) ,  and ex -vesse l  v a l u e  per yea r  were p repa red  
f o r  t h e  p e r i o d  1959 th rough  1977 by Polovina  and M o f f i t t  (1980) 
( T a b l e  1). Annual c a t c h  s t a t i s t i c s  by species were a l s o  
t a b u l a t e d .  During t h i s  p e r i o d  one v e s s e l  accounted  f o r  95.5 
p e r c e n t  of t h e  c a t c h .  S t a r t i n g  i n  November 1976, a sp iny  l o b s t e r  
f i s h e r y  developed  i n  t h e  N W H I ;  i n  a d d i t i o n  t o  l o b s t e r s ,  v e s s e l s  
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in this fishery landed bottomfishes. When the jig boat albacore 
fishery expanded to the central North Pacific in 1979, some 
trolling vessels remained in Hawaii beyond the season for 
a lbacoze  and converted to bottomfishing in the NWHI. 

TABLE 1. TOTAL VALUE, WEIGHT OF CATCH, AND NUMBER OF TRIPS IN 
THE BOTTOM HANDLINE FISHERY IN THE NORTHWESTERN 
HAWAIIAN ISLANDS 

Year Dollar Value Kilograms Caught Number of Trips 

1959 
1960 
1961 
1.96 2 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

26 I 896 
45,773 
30,115 
25 , 363 
39,277 
20,118 
18,213 
13,775 
14,320 
14,812 
39,147 
50 , 206 
41,992 
62,759 
48,899 
63,873 
78,476 
95,659 

32,653 

32,164 
49,515 
34,476 
29,244 
40,730 
47,260 
25 , 154 

18,113 
33,683 
34,180 

28,050 
19,356 

22;313 
27,012 
26,730 
35,576 

10 
16 
11 
13 
18 
19 
9 
9 
6 
6 
4 
11 
17 
17 
20 
15 
14 
14 
20 

Source: Polovina and Moffitt, 1980 

In March 1977 the MagRuson Fishery Conservation and Management 
Act (FCMA) of 1976 extended federal jurisdiction over fishery 
resources from 3 to 200 nautical miles (nmi) around the islands 
in the Hawaiian Archipelago (Figure 1). The FCMA also estab- 
lished eight regional fishery management councils nationally to 
manage the resources in the fishery conservation zone (FCZ). The 
Western Pacific Regional Fishery Management Council was estab- 
lished with jurisdiction in the FCZs around Hawaii, Guam, North- 
ern Marianas, and American Samoa and is currently examining the 
fishery for bottomfishes to determine whether a fishery manage- 
ment plan (FMP) is warranted. 
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Because very  l i t t l e  was known about  t h e  b i o t i c  r e s o u r c e s  i n  
t h e  N W H I ,  a c o o p e r a t i v e  r e s e a r c h  agreement was s i g n e d  by t h e  
D i v i s i o n  of A q u a t i c  Resources:  t h e  F i s h  and W i l d l i f e  S e r v i c e  
(FWS), U . S .  Department of I n t e r i o r :  and t h e  Southwest F i s h e r i e s  
Center  Honolulu Labora tory ,  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  
(NMFS) i n  1977 t o  survey  t h e  r e s o u r c e s .  A year  a f t e r  t h e  
format ion  of t h e  c o o p e r a t i v e  t r i p a r t i t e  agreement,  a f o u r t h  
agency, t h e  U n i v e r s i t y  of Hawaii Sea Grant  Col lege  Program, 
became an a c t i v e  p a r t i c i p a n t  i n  t h e  r e s o u r c e  i n v e s t i g a t i o n s .  I n  
t h e  agreement ,  FWS was g iven  t h e  r e s p o n s i b i l i t y  t o  survey and 
a s s e s s  t h e  t e r r e s t r i a l  r e s o u r c e s  such a s  sea and l a n d  b i r d s ,  DAR 
was a s s i g n e d  t h e  assessment  of i n s h o r e  f i s h e r y  r e s o u r c e s ,  and 
NMFS was a s s i g n e d  t h e  assessment  of o f f s h o r e  f i s h e r y  r e s o u r c e s .  
Later,  NMFS a l s o  assumed t h e  r e s p o n s i b i l i t y  f o r  r e s e a r c h  on t h e  
Hawaiian monk s e a l ,  Elonachu s s c h a u i n s l a n  d i ,  and t h e  Hawaiian 
green t u r t l e ,  m e l o  nia mvdas. 

Among t h e  o f f s h o r e  f i s h e r y  r e s o u r c e s  a r e  t h e  bottomf i s h e s .  
Var ious  s t u d i e s  were conducted by NMFS t o  de te rmine  t h e i r  
d i s t r i b u t i o n  and r e l a t i v e  abundance i n  t h e  N W H I .  S t u d i e s  on age 
and growth, r e p r o d u c t i o n ,  f e e d i n g  h a b i t s ,  and t h e  o c c u r r e n c e  of 
c i g u a t o x i n  i n  b o t t o m f i s h e s  were a l s o  conducted. T h i s  paper is  a 
review of t h e  r e s u l t s  of t h e s e  s t u d i e s  conducted by t h e  Honolulu 
Labor tory  s i n c e  1976. 

SPECIES OF THE SNAPPER-GROUPER-JACK COMPLEX 

The s c i e n t i f i c  names of bottomf i s h  species commonly caught  i n  
t h e  N W H I  are l i s t e d  i n  T a b l e  2 a l o n g  w i t h  synonyms and Hawaiian 
o r  l o c a l  names which have remained i n  u s e  f o r  many decades.  The 
f i s h e s  i n  t h e  snapper-grouper- jack complex are a l s o  c a l l e d  
deepsea h a n d l i n e  f i s h e s ,  b u t  a r e  r e f e r r e d  t o  a s  bo t tomfish  i n  
t h i s  paper .  

DISTRIBUTION ARD APPARENT ABUNDANCE 

A pr imary  o b j e c t i v e  of t h e  NMFS N W H I  s t u d y  was t o  conduct  
a s s e s s m e n t s  of t h e  r e s o u r c e s  i n  t h e  a r e a .  Catch d a t a  a t  283 
h a n d l i n e  s t a t i o n s  were c o l l e c t e d  from t h e  R/V Townsen dCromwel l  
from October  1976 t o  September 1982. E f f o r t  was recorded  as 
l ine-hour  and c a t c h  as e i t h e r  t h e  number o r  weight  of f i s h .  

Bottomf i s h e s  were widely d i s t r i b u t e d  throughout  t h e  NWHI 
( T a b l e  3 ) .  To de termine  t h e i r  v e r t i c a l  d i s t r i b u t i o n ,  t r a p s ,  
t r a w l s ,  and h a n d l i n e s  were used t o  sample v a r i o u s  d e p t h s .  The 
depth  range  of  t h e  v a r i o u s  s p e c i e s  was t a b u l a t e d  f o r  each  bank 
( T a b l e  3 )  by Uchida and Uchiyama ( i n  p r e p a r a t i o n ) .  The t r u e  
depth  range  f o r  t h e s e  species is  probably wider t h a n  t h a t  
e s t i m a t e d  by t h e  c a t c h  d a t a .  
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TABLE 2 .  SCIENTIFIC NAME, SYNONYM, AND LOCAL NAME OF NORTHWESTERN 
HAWAIIAN ISLANDS BOTTOMFISHES 

Scientific Name Synonym Local Name 

Serranidae 
helw aclernu~ 

Carangidae 
C_aranaoidespLthoaramusl c. ferdau 
Caranxianoblls 
G o  L&uh.is 
G* - . .  Pseudocaranx dentex2 G o  chelllo 
s. lalandll 

AEJAnvirescens 
Eteliscarbunculus3 E. marshi 
E. G Q ~ L W U U ~  E* carbunculus 

. .  

Lutjanidae 

a .  istiDomocUs 
t o s w  E. miGLQw& 4 
* .  E. siebo1U.a 

E. zonatus5 B p o s e v W  briahami 

MerinthemacroceDhala 
Scorpaenidae 

PontinusmacrocePhalus6 

Hapuu pu u 

Ulua 
U1 ua 
Ulua 
Omil u 

Pig ulua 
Kahala 

Kahala opio 

Uku 
Ehu 

Onaga 

Opaka pa k a 
Kal ekal e 
Gindai 

Nohu 

'Misidentification corrected by F.W.  Smith-Vaniz (Randall, 1980) 
2Revised by F.W.  Smith-Vaniz, The Academy of Natural Sciences, 

3Revised by Anderson (1981) 
4Revised by Kami (1973) 
5Change proposed by W . D .  Anderson, College of Charleston, 

6Revised by Eschmeyer and Randall (1975) 

Philadelphia, PA 19103, personal communication, 1981 

Charleston, SC 29412, personal communication, 1981 
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The c a t c h  ra tes  v a r i e d  among banks (Table  4 ) .  The c a t c h  
r a t e  of hapuupuu g e n e r a l l y  i n c r e a s e d  w i t h  d i s t a n c e  away from t h e  
h igh  i s l a n d s .  For p i g  u l u a ,  t h e  c a t c h  r a t e  was h igh  around Ra i t a  
Bank, Maro bank, and Laysan bank, whereas f o r  k a h a l a ,  it was 
h igh  from Gardner P i n n a c l e s  t o  P e a r l  and Hermes A t o l l .  West of 
L i s i a n s k i  bank, t h e  r e l a t i v e  abundance of ehu i n c r e a s e d  g r e a t l y .  
Opakapaka were abundant  a t  Necker bank and French F r i g a t e  Shoa l s  
b u t  were n o t  caught  west of Nero Seamount. Although t h i s  species 
was n o t  r eco rded  a t  Midway bank, it is known t o  occur  t h e r e  (S.  
R a l s t o n ,  1983: p e r s o n a l  communication).  Fur thermore ,  opakapaka 
were caugh t  i n  l o b s t e r  p o t s  a t  bank no. 8 ,  a l t h o u g h  none were 
caugh t  on h a n d l i n e s .  The r e l a t i v e  abundance f i g u r e s  f o r  onaga, 
ka leka le ,  and g i n d a i  were t o o  low t o  a n a l y z e  by l o c a l i t y .  

S p e c i e s  composi t ion  a t  each bank i s  p r e s e n t e d  i n  Tab le  5. 
Misce l l aneous  species l i s t e d  p r e v i o u s l y  by M o f f i t t  (1980) were 
n o t  i nc luded .  A n o t i c e a b l e  f e a t u r e  of species composi t ion  i n  t h e  
N W H I  was t h e  dominance of ehu west of L i s i a n s k i  bank and opaka- 
paka a t  Necker bank, French F r i g a t e  Shoa l s ,  and Brooks Banks. 
Catches  west of L i s i a n s k i  bank were composed of 45.6 t o  86.5 
p e r c e n t  ehu ,  exc lud ing  d a t a  from Midway I s l a n d s  and K u r e  A t o l l .  
Opakapaka r e p r e s e n t e d  4 4 . 4  p e r c e n t  of t h e  c a t c h  a t  Necker bank, 
52.5 p e r c e n t  a t  French F r i g a t e  S h o a l s ,  and 40.0 p e r c e n t  a t  Brooks 
Banks. No g i n d a i  were caugh t  west of Ladd Seamount. T h i s  p a t -  
t e r n  of s p e c i e s  composi t ion  by banks was s imi la r  t o  t h a t  r e p o r t e d  
by M o f f i t t  (1980) .  

For each  species t h e  f o r k  o r  t o t a l  l e n g t h s  from a l l  banks 
were pooled  and compared by one-way a n a l y s i s  of v a r i a n c e .  Mean 
s izes  f o r  s even  s p e c i e s  a t  t h e  v a r i o u s  banks v a r i e d  s i g n i f i c a n t l y  
( T a b l e  6 ) .  I n  g e n e r a l ,  s i g n i f i c a n t  d i f f e r e n c e s  i n  f i s h  s i z e  
e x i s t e d  between banks t h a t  were h e a v i l y  f i s h e d  and t h o s e  t h a t  
were p r i s t i n e  (NMFS, unpubl i shed  d a t a ) .  Because t h e  f i s h e s  were 
l a r g e r  on t h e  n o r t h w e s t e r n  end of t h e  a r c h i p e l a g o  (except f o r  p i g  
u l u a ) ,  it was n o t  s u r p r i s i n g  t h a t  c a t c h  ra tes  (k i log rams  p e r  
l i n e - h o u r )  a l s o  i n c r e a s e d  a t  t h a t  end of t h e  NWHI  ( T a b l e  7). 

Catch and e f f o r t  d a t a  t o  estimate s u s t a i n a b l e  y i e l d  from 
p r o d u c t i o n  a n a l y s i s  were u n a v a i l a b l e  f o r  t h e  N W H I .  Annual maxi- 
mum s u s t a i n a b l e  y i e l d s  (MSY) of 111,300 kg f o r  Oahu and 288,320 
kg f o r  M a u i ,  Molokai, and Lanai  have been e s t i m a t e d  ( R a l s t o n ,  
1980; R a l s t o n  and Po lov ina ,  1982; Polovina  and M o f f i t t ,  1 9 8 0 ) .  
These o r i g i n a l  estimates have s i n c e  been r e v i s e d .  Assuming t h a t  
abundance and p o p u l a t i o n  dynamics of t h e s e  species a re  s imi la r  i n  
t h e  N W H I  and t h e  main Hawaiian i s l a n d s ,  t h e  MSY was e s t i m a t e d  f o r  
t h e s e  species i n  t h e  N W H I  (see paper  i n  t h i s  p roceed ings  by 
R a l s t o n )  . 
LIFE HISTORY STUDIES 

O t o l i t h s  were c o l l e c t e d  f o r  age and growth s t u d i e s ,  gonads 
f o r  r e p r o d u c t i v e  s t u d i e s ,  stomach c o n t e n t s  and spew samples f o r  
f e e d i n g  h a b i t  s t u d i e s ,  and v a r i o u s  t i s s u e  samples  f o r  c i g u a t o x i n  
s t u d i e s .  
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TABLE 6 .  ONE-WAY ANALYSIS OF VARIANCE COMPARING MEAN LENGTHS OF 
SEVEN S P E C I E S  OF BOTTOMFISHES 

Species 
D e g r e e s  

Freedom 
of F V a l u e  Probability 

m- ssJ=xus 18, 521 6.3347 0.0186 

E.s . .adocam dentex 10, 252 6.8400 0 .o 

kxXi5Lh LlLm.!2ui 1 3 ,  163 3.4110 0.0001 

W c a r b u n c u l u s  17, 734 6.6013 0.0 

l ! . L i s f i w  fFlamentosus 9, 450 26.6070 0.0 

E. sieboldll * .  10, 108 2.2649 0.0191 

2. zLxutAs 10, 70 2.3507 0.0186 
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Age and Growth 

Considerable effort has been expended in estimating age and 
growth of NWHI bottomfishes (Figure 2 ) .  All species were aged by 
enumerating daily increments on otoliths; two species were aged 
by counting the annuli. Evidence that increments are deposited 
daily was obtained only for the pig ulua (Uchiyama et al., in 
prepar,ation) . It is highly improbable that daily increments can 
be validated for species such as ehu, gindai, kalekale, and onaga 
that live at great depths. Thus, age and growth estimates are 
considered tentative for species in which daily increments were 
not validated. 

I I I I 1 

AGE (YEARS) 

f ilomentosus 

50 ~ 

f ilomentosus 

50 ~ 

Figure 2.  Estimated growth curves ot tne bottom- 
fishes in the Northwestern Hawaiian 
Islands 
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Von B e r t a l a n f f y  growth p a r a m e t e r s  ( L m  = 97.1 c m ,  k = 0.31, 
t o  = 0.02 y r )  and  a growth c u r v e  f o r  opakapaka ( F i g u r e  2 )  were 
de te rmined  from age  d a t a  (Uchiyama e t  a l . ,  i n  p r e p a r a t i o n ) .  
Annuli  were v a l i d a t e d  by showing t h a t  t h e y  were formed a t  t h e  
same time ( e a r l y  summer) each  y e a r .  The method was v a l i d a t e d  by 
comparing back c a l c u l a t e d  l e n g t h  a t  age  w i t h  l e n g t h  a t  age  of t h e  
von B e r t a l a n f f y  growth cu rve .  Annual m a r k s  make  i t  p o s s i b l e  t o  
age  more f i s h  i n  less time and t o  age  o l d e r  f i s h .  I t  was d i f f i -  
c u l t  t o  age  opakapaka beyond 3 y e a r s  w i t h  d a i l y  increment  coun t s .  
Age d e t e r m i n a t i o n  by enumera t ion  of d a i l y  inc remen t s  ag reed  w e l l  
w i t h  t h e  growth c u r v e  based  on a n n u l i  (Uchiyama e t  a l . ,  i n  
p r e p a r a t i o n )  . 

I n  need of a f a s t e r  way t o  age  f i s h  u s i n g  d a i l y  inc remen t s ,  
R a l s t o n  and Miyamoto ( i n  p r e s s )  a n a l y t i c a l l y  i n t e g r a t e d  o t o l i t h  
growth ra te  t o  estimate age - l eng th  r e l a t i o n s h i p s .  T h e i r  e s t i -  
mates of opakapaka age - l eng th  r e l a t i o n s h i p  s u g g e s t e d  growth a t  33 
t o  50 p e r c e n t  of t h e  e s t i m a t e d  ra te  de te rmined  by Uchiyama e t  a l .  
( i n  p r e p a r a t i o n ) .  R.L. Radtke (unpub l i shed  m a n u s c r i p t )  enumer- 
a t e d  d a i l y  inc remen t s  on opakapaka o t o l i t h s  w i t h  scann ing  elec- 
t r o n  microscopy. H i s  estimates of t h e  age- length  r e l a t i o n s h i p  
were similar t o  t h o s e  of Uchiyama e t  a l .  ( i n  p r e p a r a t i o n )  f o r  
f i s h  of 20 t o  56-cm f o r k  l e n g t h  (FL) .  H i s  age  estimates f o r  f i s h  
g r e a t e r  t h a n  60-cm FL were h i g h e r  t h a n  t h o s e  of Uchiyama e t  a l .  
( i n  p r e p a r a t i o n ) ,  b u t  lower  t h a n  t h o s e  e s t i m a t e d  by R a l s t o n  and 
Miyamoto ( i n  press) .  

P r e l i m i n a r y  von B e r t a l a n f f y  parameters ( L m  = 43.1 c m ,  
k = 1.09, to = 1.51 y r )  and a growth c u r v e  ( F i g u r e  2 )  were a l s o  
e s t i m a t e d  f o r  g i n d a i  u s i n g  a n n u a l  m a r k s  ( J . H .  Uchiyama, unpub- 
l i s h e d  d a t a ) .  However, due t o  a small sample s i z e  t h e  annual  
m a r k s  were n o t  v a l i d a t e d .  Only t h r e e  age  d e t e r m i n a t i o n s  were 
made u s i n g  d a i l y  increment  c o u n t s .  These p o i n t s  were w i t h i n  t h e  
l e n g t h  r anges  of e s t i m a t e d  y e a r  classes. 

A l l  o t h e r  species were aged by d a i l y  inc remen t s  o n l y .  Von 
B e r t a l a n f f y  parameters and growth c u r v e s  were e s t i m a t e d  f o r  ehu 
( L m  = 63.9 c m ,  k = 0.36, to  = -0.60 y r )  and k a h a l a  (L, = 149.4,  
k = 0.31, t o  = 0.04 y r )  (Uchiyama e t  a l . ,  i n  p r e p a r a t i o n )  ( F i g u r e  
2 ) .  The e s t i m a t e d  L m  of ehu (63.9 c m )  was v e r y  c l o s e  t o  t h e  s i z e  
of t h e  l a r g e s t  ehu (63.5-cm FL) caugh t  d u r i n g  t h e  su rvey  cruises .  
Ehu i n  t h e  NWHI appea red  n o t  t o  grow as l a r g e  as t h o s e  from New 
Ca ledon ia  1105 cm, 19.0 kg; (R.  Grandper r in ,  1982: p e r s o n a l  com- 
m u n i c a t i o n ) ]  and t h e  I n d i a n  Ocean ( F o r s t e r  e t  a l . ,  1 9 7 0 ) .  The 
e s t i m a t e d  L, of kaha la  (149.4 c m )  was a l s o  v e r y  c l o s e  t o  t h e  s i z e  
of t h e  l a r g e s t  k a h a l a  (149.0-cm FL) caugh t  d u r i n g  t h e  survey  
cruises. Kahala are  known t o  grow up  t o  155  c m  o f f  F l o r i d a  
(Burch, 1979) .  

Uchiyama, unpub l i shed  d a t a )  and p i g  u l u a  (Uchiyama e t  a l . ,  i n  
p r e p a r a t i o n )  because  t h e  l a r g e s t  f i s h  f o r  e i t h e r  s p e c i e s  examined 
had n o t  reached  t h e  a s y m p t o t i c  growth phase  ( F i g u r e  2 ) .  F u r t h e r -  
more, no attempt was made t o  estimate growth of onaga, k a h a l a ,  

Only l i n e a r  growth s t a n z a s  were c a l c u l a t e d  f o r  onaga ( J . H .  
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and p i g  u l u a  beyond t h e  ages  i n d i c a t e d  i n  F i g u r e  2 because t h e  
o t o l i t h s  of o l d e r  f i s h  were not  r e a d a b l e .  The nuc leus  of t h e  
s a g i t t a e  of l a r g e r  f i s h  became very  opaque a f t e r  age 2 and d i d  
n o t  a l l o w  an a c c u r a t e  enumerat ion of d a i l y  growth increments .  

Length-weight R e l a t i o n s h i p s  

P r e d i c t i v e  and f u n c t i o n a l  length-weight  r e l a t i o n s h i p s  have 
been c a l c u l a t e d  from l e n g t h s  and w e i g h t s  of hapuupuu, ehu, onaga, 
opakapaka, k a l e k a l e ,  g i n d a i ,  p i g  u l u a ,  and kahala  caught  i n  t h e  
N W H I  (see Table  4 of paper i n  t h i s  proceedings  by Uchiyama e t  
al.). For a l l  s p e c i e s  except  onaga, t h e  d a t a  were s e p a r a t e d  i n t o  
groups by sex, c ru i se ,  and l o c a t i o n  of c a p t u r e ,  and t h e  s l o p e s  of 
t h e  r e g r e s s i o n  f o r  each grouping were compared by ANCOVA. 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  s l o p e s  between sexes were found f o r  
ehu, opakapaka, k a l e k a l e ,  g i n d a i ,  p i g  u l u a ,  and kahala .  S lopes  
between sexes were no t  t e s t e d  f o r  hapuupuu. Among cruises ,  
s i g n i f i c a n t  d i f f e r e n c e s  were found f o r  hapuupuu and opakapaka. 
S i n c e  t h e s e  two s p e c i e s  a r e  t h e  most impor tan t  i n  t h e  N W H I  hand- 
l i n e  f i s h e r y ,  changes i n  s i z e  composi t ion may have caused t h e  
s l o p e s  t o  d i f f e r  over a p e r i o d  of t ime. Unusually l a r g e  o r  smal l  
opakapaka and hapuupuu caught  d u r i n g  s e v e r a l  c ru ises  could have 
caused t h e  s i g n i f i c a n t l y  d i f f e r e n t  s l o p e s  among cruises .  Among 
l o c a t i o n s ,  d i f f e r e n c e s  i n  s l o p e s  were no t  s i g n i f i c a n t ,  e x c e p t  f o r  
hapuupuu. The body of hapuupuu is s t o u t ,  compared w i t h  t h e  
e l o n g a t e d  o r  l a t e r a l l y  compressed body t y p e s  of t h e  o t h e r  bottom- 
f i s h  s p e c i e s ,  which may r e s u l t  i n  a g r e a t e r  change i n  weight  per 
u n i t  of l e n g t h .  

Reproduct ion  

S t u d i e s  on r e p r o d u c t i o n  of b o t t o m f i s h e s  have c e n t e r e d  on 
d e t e r m i n i n g  spawning s e a s o n s ,  s i z e  a t  s e x u a l  m a t u r i t y ,  and fecun- 
d i t y .  The spawning season was determined by t h e  s e a s o n a l  d i s t r i -  
b u t i o n  of mean gonadal  somatic i n d i c e s .  Kahala was found t o  
spawn a t  a low l e v e l  th roughout  t h e  y e a r ,  wi th  i n c r e a s e d  a c t i v i t y  
between February  and J u l y  and peaking i n  March and A p r i l  (see 
paper i n  t h i s  proceedings  by Kikkawa and Everson) .  Opakapaka 
spawning peaked i n  August ( r i pe  o v a r i e s  were c o l l e c t e d  from June  
through December) (see paper i n  t h i s  proceedings  by Kikkawa) . 
Ehu spawned from May through October ,  peaking from J u l y  through 
September (see paper i n  t h i s  proceedings  by Everson) .  The spawn- 
i n g  season  f o r  k a l e k a l e  was from June  through September, peaking 
i n  August and September;  whereas f o r  onaga it was e s t i m a t e d  t o  be 
i n  August and September based on o v a r i e s  c o l l e c t e d  p r i m a r i l y  i n  
t h e  summer (A.R .  Everson, 1983 :  p e r s o n a l  communication).  Ripe 
o v a r i e s  of g i n d a i  were c o l l e c t e d  i n  August, whereas t h o s e  of p i g  
u l u a  were c o l l e c t e d  i n  January  and J u l y  and t h o s e  of hapuupuu i n  
January  and February.  There appeared  t o  be a s e r i a l  s u c c e s s i o n  
of spawning peaks by s p e c i e s  groups:  hapuupuu i n  t h e  win ter  
months, c a r a n g i d s  i n  s p r i n g  and e a r l y  summer, and s n a p p e r s  i n  
l a t e  summer. 
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S i z e  a t  m a t u r i t y  has  been de termined  f o r  t h r e e  s p e c i e s .  
Gonads began t o  deve lop  when t h e  k a h a l a  reached a l e n g t h  of 7 2  
c m ,  and t h e  smallest female  w i t h  ripe o v a r i e s  was 78 c m  long  (see 
paper i n  t h i s  proceedings  by K i k k a w a  and E v e r s o n ) .  For opaka- 
paka, t h e  o v a r i e s  g e n e r a l l y  began t o  d e v e l o p  when t h e  females  
were about  42.5 c m  long.  The f e m a l e s  g e n e r a l l y  reached  spawning 
c o n d i t i o n  a t  a l e n g t h  of about  48.7 c m ,  a l t h o u g h  t h e  smallest 
female w i t h  a ripe ovary was only  38.4 c m  l o n g  (see paper i n  t h i s  
p r o c e e d i n g s  by K i k k a w a ) .  The ehu reached  s e x u a l  m a t u r i t y  a t  a 
l e n g t h  of about  29.8 c m  and spawned a t  about  31.8 c m  (see paper 
i n  t h i s  p r o c e e d i n g s  by Everson) .  I n  terms of age ,  k a h a l a  reached 
s e x u a l  m a t u r i t y  a t  about  2 .1  y e a r s  and began spawning a t  about  
2.4 y e a r s .  Opakapaka reached  s e x u a l  m a t u r i t y  a t  about  1 . 8  y e a r s  
and g e n e r a l l y  spawned a t  about  2 .2  y e a r s .  The ehu was about  1.1 
y e a r s  when it reached s e x u a l  m a t u r i t y  and spawned a t  about  1 . 2  
y e a r s .  

Fecundi ty  f o r  t h e  same t h r e e  species was e s t i m a t e d  f o l l o w i n g  
t h e  method of Van Dalsen (1977) .  The smallest examined k a h a l a  
(83.0 c m  l o n g )  y i e l d e d  about  1 . 3  m i l l i o n  e g g s  a t  one spawning and 
t h e  l a r g e s t  (118.6 c m  l o n g )  about  4.0 m i l l i o n  e g g s  (see paper i n  
t h i s  p r o c e e d i n g s  by Kikkawa and E v e r s o n ) .  The r e l a t i o n s h i p  
between t h e  number of eggs spawned and l e n g t h  was l i n e a r .  The 
smallest examined opakapaka (48.7 c m  l o n g )  y i e l d e d  about  457,090 
eggs ,  a t  one spawning and t h e  l a r g e s t  (76.3 c m  l o n g )  about  
1 ,461,875 e g g s  (see paper i n  t h i s  p r o c e e d i n g s  by K i k k a w a )  . The 
r e l a t i o n s h i p  between e g g s  spawned and l e n g t h  f o r  t h i s  species was 
c u r v i l i n e a r .  The smallest examined ehu (38.3 c m  l o n g )  y i e l d e d  
about  349,500 eggs  a t  one spawning and t h e  l a r g e s t  (50.8 c m  l o n g )  
a b o u t  1,325,600 eggs.  The r e l a t i o n s h i p  between t h e  number of 
spawned e g g s  and l e n g t h  was a l s o  c u r v i l i n e a r  (see paper i n  t h i s  
p r o c e e d i n g s  by Everson) .  A l l  t h r e e  s p e c i e s  appeared  t o  be 
p a r t i a l  spawners,  b u t  t h e  number of times a f i s h  spawned i n  a 
season  was no t  de te rmined  (see paper i n  t h i s  p r o c e e d i n g s  by 
K i k k a w a  and E v e r s o n ) .  

Feedings Habits 

k a h a l a ,  and p i g  u l u a  have been completed (see p a p e r s  i n  t h i s  
p r o c e e d i n g s  by S e k i  on hapuupuu and t r e v a l l y ;  see paper i n  t h i s  
p r o c e e d i n g s  by Humphreys and Kramer). Humpreys and Kramer found 
t h a t  t h e  k a h a l a  could be s e p a r a t e d  i n t o  two s i z e  groups on t h e  
b a s i s  of t h e i r  d i e t :  small ( < 9  kg) and l a r g e  ( > 9  k g ) .  They a l s o  
s e p a r a t e d  t h e  prey  i n t o  t h r e e  g e n e r a l  g roups :  bo t tom-assoc ia ted  
p r e y ,  water column-associated prey ,  and prey  t h a t  occupied  both 
h a b i t a t s .  For small k a h a l a  from t h e  N W H I ,  83.8 p e r c e n t  of t h e  
stomach c o n t e n t s  c o n s i s t e d  of bo t tom-assoc ia ted  p r e y ,  10.7 per-  
c e n t  of water column organisms,  and 5.5 p e r c e n t  of prey  t h a t  
occupied  both h a b i t a t s .  On t h e  o t h e r  hand, l a r g e  k a h a l a  preyed 
more h e a v i l y  on water column organisms (38.1 p e r c e n t ) ;  bottom- 
a s s o c i a t e d  organisms comprised 58 .O p e r c e n t  of t h e  prey  and 
organisms a s s o c i a t e d  w i t h  both t h e  bottom and water column 
accounted  f o r  3.9 p e r c e n t .  By volume, t h e  c o n t e n t  of small 

S t u d i e s  of stomach c o n t e n t s  and spew samples of hapuupuu, 
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k a h a l a  stomachs c o n t a i n e d  66.3 p e r c e n t  f i s h ,  31.1 p e r c e n t  cepha- 
lopods ,  and 2.6 p e r c e n t  c r u s t a c e a n s .  The c o n t e n t  of l a r g e  kaha la  
stomachs d i f f e r e d  by c o n t a i n i n g  96.2 p e r c e n t  f i s h ,  3 .1  p e r c e n t  
cephalopods,  and 0.7 p e r c e n t  c r u s t a c e a n s .  S e k i  (see p a p e r s  i n  
t h i s  proceedings  on hapuupuu and t r e v a l l y )  d e s c r i b e d  both 
hapuupuu and p i g  u lua  a s  c a r n i v o r o u s ,  o p p o r t u n i s t i c  bottom feed-  
ers .  The hapuupuu f e d  p r i m a r i l y  on f i s h  (76 .1  p e r c e n t )  and a l s o  
consrrmed some c r u s t a c e a n s  ( 1 4 . 6  p e r c e n t )  and mol luscs  (8 .3  per-  
c e n t )  (by volume).  I t  appeared  t o  p r e f e r  p a n d a l i d  shr imps which 
accounted  f o r  64.4 p e r c e n t  of t h e  food items by number but  only 
7 .2  p e r c e n t  by volume. The p i g  u l u a ' s  d i e t  was composed of 64.2 
p e r c e n t  f i s h ,  9.4 p e r c e n t  mo11uscs, 4.3 p e r c e n t  c r u s t a c e a n s ,  and 
21.2 p e r c e n t  r u b b l e  and u n i d e n t i f i e d  remains.  The stomach con- 
t e n t s  of ehu were a l s o  examined, bu t  no t  ana lyzed  and t h e  ehu h a s  
been d e s c r i b e d  as a c a r n i v o r o u s  bottom f e e d e r  (M.R. S e k i ,  1983: 
p e r s o n a l  communication).  Spew samples of opakapaka were found t o  
c o n s i s t  of f i s h ,  c r u s t a c e a n s ,  mol luscs ,  and c h o r d a t e s  (S. 
R a l s t o n ,  1983: p e r s o n a l  communications).  

Ehu, hapuupuu, k a h a l a ,  opakapaka, and p i g  u lua  a l l  had a 
number of bo t tom-assoc ia ted  d i e t  items i n  common, b u t ,  e x c e p t  f o r  
ehu, each  a l s o  had p r e f e r e n c e  f o r  a unique prey item. Hapuupuu 
a t e  a l a r g e  number of smal l  c r u s t a c e a n s  (see paper i n  t h i s  pro- 
c e e d i n g s  by S e k i  on hapuupuu).  Large kahala  had a p r e f e r e n c e  f o r  
DecaDteruh , a b e n t h o p e l a g i c  f i s h  (see paper i n  t h i s  proceedings  
by Humphreys and Kramer). Opakapaka spew samples uniquely  con- 
s i s t e d  of 42.2 percent by volume of Pvrosoma sp. (S.  R a l s t o n ,  
1983: p e r s o n a l  communication),  p e l a g i c  t u n i c a t e s  (Kami, 19731, 
and o t h e r  c h o r d a t e s .  The p i g  u l u a ' s  d i e t  c o n t a i n e d  a h igh  pro- 
p o r t i o n  of r u b b l e  (21.2 p e r c e n t  by volume) (see paper i n  t h i s  
p r o c e e d i n g s  by S e k i  on t r e v a l l y ) .  No unique p r e f e r r e d  item was 
n o t i c e d  f o r  ehu perhaps  because of t h e  smal l  number of spew 
samples a v a i l a b l e .  These f i v e  species appeared  t o  compete f o r  
food a t  l eas t  p a r t  of t h e  t i m e .  

Ciguatoxin Studies 

P r e l i m i n a r y  p r o g r e s s  r e p o r t s  on c i g u a t o x i n  i n  f i s h e s  from 
t h e  NWHI have been p u b l i s h e d  ( I t o  and Uchida, 1980; Uchida e t  
a l . ,  1979,  1 9 8 1 ) .  T o x i c i t y  l e v e l  is  b e l i e v e d  t o  be r e l a t e d  t o  
f i s h  s i z e .  I n  t h e i r  p r e l i m i n a r y  r e p o r t ,  I t o  and Uchida (1980) 
r e p o r t e d  a low b u t  s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  between 
t o x i c i t y  l e v e l  and f i s h  s i z e .  T h i s  r e l a t i o n s h i p ,  however, i s  
s t i l l  under review (B.M. I t o ,  1983: p e r s o n a l  communication).  

pared  t h e  d i e t s  of kaha la  which had h igh  radioimmunoassay c o u n t s  
i n d i c a t i n g  p o s s i b l e  p r e s e n c e  of c i g u a t o x i n  wi th  t h e  d i e t s  of non- 
t o x i c  kahala .  O v e r a l l  d i e t s  were q u i t e  s imilar .  However, d i f -  
f e r e n c e s  between d i e t s  of small kaha la  ( < 9  kg) and l a r g e  kaha la  
(.9 kg) were found. Humphreys and Kramer hypothes ized  t h a t  small 
kaha la ,  which f e e d  on b e n t h i c  organisms,  pick up c i g u a t o x i n  i n  

Humphreys and Kramer (see paper i n  t h i s  proceedings)  com- 
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t h e i r  d i e t  and t h a t  l a r g e  k a h a l a ,  which f e e d  p r i m a r i l y  on p e l a g i c  
D_eca.Dteru, c o n t a i n  accumulated t o x i n  from a n  ea r l i e r  b e n t h i c  
f e e d i n g  phase.  

t h e  o c c u r r e n c e  of c i g u a t o x i n  i n  k a h a l a  i n  r e l a t i o n  t o  t h e  repro-  
d u c t i v e  c y c l e  and found no c o r r e l a t i o n .  

K i k k a w a  and Everson (see paper i n  t h i s  p r o c e e d i n g s )  examined 

CONCLUSIONS 

The r e l a t i v e  abundance and s p e c i e s  composi t ion  of bottom- 
f i s h e s  v a r i e d  c o n s i d e r a b l y  throughout  t h e  N W H I .  Most noteworthy 
was t h e  dominance of opakapaka a t  Necker bank, French F r i g a t e  
S h o a l s ,  and Brooks Banks, and of ehu west of L i s i a n s k i  bank. 

Members of t h e  t h r e e  f a m i l i e s  of b o t t o m f i s h e s  s t u d i e d  spawn 
a t  d i f f e r e n t  times, i .e . ,  t h e  g roupe r  i n  w i n t e r ,  c a r a n g i d s  i n  
s p r i n g  and e a r l y  summer, and t h e  s n a p p e r s  i n  August. F i v e  spe- 
c ies  whose stomach c o n t e n t s  and spews were examined a l l  f e d  on a n  
a s s o r t m e n t  of bot tom-assoc ia ted  organisms,  which s u g g e s t e d  some 
d e g r e e  of compe t i t i on  f o r  p rey .  On t h e  o t h e r  hand, f o u r  s p e c i e s  
a l s o  f e d  on unique items, i n d i c a t i n g  n i c h e  s e p r a t i o n  o c c u r s  f o r  
a t  l ea s t  s e v e r a l  species. 
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