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. .  The r ep roduc t ive  b io logy  of opakapaka, gUSt iDomoides  
filamentosus, from t h e  Northwestern Hawaiian I s l a n d s  
was s t u d i e d .  Development of ova w i t h i n  t h e  p a i r e d  
o v a r i e s  was heterogeneous,  and t h e  s t a g e s  of matura- 
t i o n ,  based on t h e  development of ova i n  t h e  most 
advanced mode i n  ova diameter s ize- f requency  d i s t r i -  
b u t i o n s ,  were p o s i t i v e l y  r e l a t e d  t o  t h e  gonadal  somatic 
ind ices .  The d a t a  i n d i c a t e d  t h a t  t h e  spawning season 
f o r  opakapaka is from J u n e  through December, with 
spawning peaks i n  August. Fork l e n g t h  appeared t o  be 
t h e  b e s t  p r e d i c t o r  of f ecund i ty .  Estimates of annual  
f e c u n d i t y  ranged from 477,990 ova f o r  a 48.7-cm f i s h  t o  
1,461,875 ova f o r  a 76.3-cm f i s h .  The s p e c i e s  reaches  
sexual m a t u r i t y  a t  about 42.5 cm and spawns a t  52 cm. 
The sex r a t i o  ( d a t a  pooled by y e a r s )  showed a s i g n i f i -  
cant d e p a r t u r e  from 1:l. More males were observed i n  
January  and more females  i n  August. Females predom- 
i n a t e d  i n  t h e  samples a t  s i z e s  >70 cm. 

f e c u n d i t y  
ma tu ra t ion  snapper 
sex r a t i o  spawning 

I n  1978 a t r i p a r t i t e  coope ra t ive  agreement was s igned  by t h e  
U.S. Fish  and W i l d l i f e  S e r v i c e ,  Hawaii D iv i s ion  of Aquat ic  
Resources,  and t h e  Southwest F i s h e r i e s  Center Honolulu Labora- 
t o r y ,  Na t iona l  Marine F i s h e r i e s  Service (NMFS) t o  i n v e s t i g a t e  t h e  
marine and t e r r e s t r i a l  r e sources  i n  t h e  Northwestern Hawaiian 
I s l a n d s  ( N W H I ) .  Under t h i s  agreement,  NMFS was r e s p o n s i b l e  f o r  
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t h e  survey  and assessment  of b e n t h i c  and p e l a g i c  f i s h e r y  
r e s o u r c e s  (Uchida e t  a l . ,  1979) .  

P a r t  of t h e  Honolulu Labora to ry ' s  work inc luded  l i f e  h i s t o r y  
s t u d i e s  of commercially impor tan t  species such as opakapaka, 

filamentosus (Cuvier  and Va lenc iennes ) .  Opakapaka 
have been e x t e n s i v e l y  f i s h e d  around t h e  main Hawaiian i s l a n d s  f o r  
decades.  P r i z e d  f o r  i ts  good t a s t e  and p l e a s i n g  appearance,  
opakapaka is one of t h e  most impor tan t  bo t tomfish  i n  terms of 
landed  weight  and cash va lue .  

I n  t h i s  s tudy  t h e  spawning season ,  s i z e  a t  sexual  m a t u r i t y ,  
sex r a t i o ,  and f e c u n d i t y  of t h e  opakapaka was examined. 

There is a l i m i t e d  amount of data i n  t h e  l i t e r a t u r e  on t h e  
l i f e  h i s t o r y  and r ep roduc t ive  b io logy  of t h i s  deepwater snapper .  
Ra l s ton  (1981)  s t u d i e d  t h e  commercially caught  opakapaka i n  t h e  
Hawaiian Archipe lago  and determined t h a t  opakapaka was s e x u a l l y  
mature a t  38-cm f o r k  l e n g t h  (FL) and spawned from J u l y  t o  
November. 

MATERIALS ARD ?IBTEODS 

For a major p o r t i o n  of t h e  N W H I  r e source  assessment  program, 
t h e  NOAA s h i p  Townsend romwell was used t o  survey  t h e  bot tomfish  
resource .  The opakapaka, as w e l l  as o t h e r  bo t tomf i shes ,  were 
caught  on hand l ine  gear  u s ing  f o u r  hooks (No. 28 s i z e )  per l i n e .  
Samples were c o l l e c t e d  from most of t h e  banks and r e e f s  from 
Necker I s l a n d  t o  Northampton Seamount a t  d e p t h s  of 73 t o  220 m. 

l e n g t h  (SL)  i n  millimeters and weighed t o  t h e  n e a r e s t  1 0  g. 
Ovar i e s  from 150 f i s h  were c o l l e c t e d  and p rese rved  i n  4 percen t  
b u f f e r e d  formaldehyde-seawater s o l u t i o n .  Ovar i e s  were not  exam- 
i n e d  u n t i l  6 o r  more months had passed and sh r inkage  had s t a b i -  
l i z e d .  The developmental  s t a g e  of a l l  t h e  o v a r i e s  was determined 
by t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  ova (Table  1). 

Bcmogeneity of Ova Developrcnt 

A pair of o v a r i e s  was examined f o r  homogeneity of ova 
development. A cork borer  w i th  an i n s i d e  d iameter  of 10.026 mm 
was used t o  sample ova r i an  t issue from t h e  a n t e r i o r ,  middle,  and 
p o s t e r i o r  r e g i o n s  of both lobes .  Each of t h e  core samples 
ex tended  from t h e  o u t e r  l a y e r  of t h e  ovary t o  t h e  c e n t r a l  lumen. 
Each c o r e  sample was s e c t i o n e d  i n t o  t h r e e  e q u a l  parts, t h e  o u t e r  
e p i t h e l i a l  l a y e r ,  middle  l a y e r ,  and inne r  l a y e r  a d j a c e n t  t o  t h e  
lumen, f o r  a t o t a l  of 1 8  subsamples. From each of t h e  sub- 
samples, ova were teased from t h e  connec t ive  t i s sue  and 200 
randomly selected ova was measured. Diameters of t h e  i r r e g u l a r l y  
shaped ova were measured i n  a p e t r i  d i s h  e t ched  wi th  paral le l  
l i n e s .  An o c u l a r  micrometer was used t o  measure t h e  ova 
fo l lowing  t h e  methods of C l a r k  (1934) .  

Landed f i s h  were measured f o r  f o r k  l e n g t h  ( F L )  and s t a n d a r d  
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TABLE 1. DEVELOPMENTAL STAGES OF THE OVA 

S t a g e  D e s c r i p t i o n  
S i z e  Range 

(mm) 

Pr imordia  1 

E a r l y  
d e v e l o p i n g  

Developing 

Advanced 
d e v e l o p i n g  

E a r l y  r ipe 

Ripe 

R e s  i du a 1 

Found i n  all. t h e  o v a r i e s ;  u s u a l l y  
ovoid  and t r a n c p a r e n t .  

Ova are t r a n s p a r e n t  t o  t r a n s l u c e n t ;  
opaque y o l k l i k e  mater ia l  may be 
p r e s e n t  i n  t h e  ovum. Ova u s u a l l y  
ovoid  or wedgel ike .  

Ova a t e  c o m p l e t e l y  opaque and ovoid.  

Ova are  ovoid  and have a t r a n s l u c e n t  
margin.  The f e r t i l i z a t i o n  membrane 
h a s  formed. 

Ova a r e  Usual ly  rQLlild OK s p h e r i c a l .  
Y o l k  m a t e r i a l  is t r a n s l u c e n t  and o i l  
g l o b u l e s  may be  present .  

Ova are  t r a n s p a r e n t  and c o n t a i n  o i l  
g l o b u l e s  

Ova are degenera t . ing  a ~ d  show s i g n s  
o f de g r a da t i on e 

No measure- 
ments t a k e n  

0.15-0.39 

0.16-0.67 

0.39-0.60 

0.47-0.58 

No r i p e  ovary  
co 11 ect e d 

Source :  Adapted from Uchiyama and Shomural 1974 

Fecundity 

Estimates of f e c u n d i t y  f o r  f i v e  i n d i v i d u a l  f i s h  were 
o b t a i n e d  by t h e  g r a v i m e t r i c  method (BagenaX and Braum,  1 9 6 8 ) .  
P r e s e r v e d  o v a r i e s  were d r i e d  OF* paper towels and g e n t l y  squeezed  
t o  e x p e l  any l i q u i d  w i t h i n  t h e  lumen. An e l e c t r o n i c  b a l a n c e  was 
used  t o  weigh e a c h  p a i r  of o v a r i e s  t o  t h e  n e a r e s t  0 .1  mg. A 
middle  c o r e  sample was e x t r a c t e d  from t h e  l e f t  l o b e  and s e c t i o n e d  
i n t o  t h r e e  e q u a l  l a y e r s  and each  l aye r  W A S  weighed t o  t h e  n e a r e s t  
0 . 1  mg. 

Ova were t e a s e d  from t h e  c o n n e c t i v e  tissues and a random 
sample of 300 ova were measured t o  e s t a b l i s h  t h e  s i z e  range  of 
t h e  ova i n  t h e  most advanced node. Ova i n  t h e  most advanced mode 
were t h e n  counted .  

F e c u n d i t y  was e s t i m a t e d  from each  subsample by m u l t i p l y i n g  
t h e  number of ova i n  t h e  most advanced mode by t h e  r a t i o  of t h e  
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t o t a l  ovary weight  d iv ided  by t h e  subsample weight.  The mean of 
t h e s e  estimates was used t o  r e p r e s e n t  t h e  f e c u n d i t y  of t h e  f i s h .  

were examined by p l o t t i n g  f e c u n d i t y  estimates a g a i n s t  l e n g t h s  and 
weights .  Regression l i n e s  of t h e  form Y = a + bX (where Y = l o g  
of t h e  number of ova, X = f i s h  l e n g t h  i n  centimeters o r  weight  i n  
k i lograms)  were f i t t e d  by t h e  l eas t  s q u a r e s  method. 

R e l a t i o n s h i p s  of f e c u n d i t y  t o  f i s h  l e n g t h  and body weight  

Borogcneity of Developent 

Because t h e  frequency d i s t r i b u t i o n s  of t h e  ova d i ame te r s  
(see Table  1) from t h e  1 8  subsamples were skewed t o  t h e  r i g h t  of 
t h e  means, a K r u s k a l - W a l l i s ,  nonparametr ic  t es t  (Sokal  and Rohlf,  
1969)  was used t o  compare t h e  1 8  subsamples.  The r e su l t s  showed 
t h a t  t h e  v a r i a n c e s  among t h e  si tes were s i g n i f i c a n t l y  d i f f e r e n t  
( x 2  = 191.45, d . f .  = 17 ,  P < 0 . 0 1 ) ,  i n d i c a t i n g  t h a t  t h e  ova i n  
opakapaka o v a r i e s  developed he terogeneous ly .  

Fecundity 

Fecundi ty  estimates ranged from 478,000 f o r  a 48.7 c m  f i s h  
t o  1,462,000 for  a 76.3 c m  f i s h .  R e l a t i o n s h i p s  of t h e  l o g  
f e c u n d i t y  t o  f o r k  l e n g t h  and weight  were determined by t h e  l eas t  
squares method. The r e l a t i o n s h i p  between f e c u n d i t y  and f o r k  
l e n g t h  gave t h e  b e s t  f i t  ( r 2  = 0.90) ( F i g u r e  1). The relation- 
s h i p s  of f e c u n d i t y  t o  l e n g t h  and weight  were: 

l o g  f e c u n d i t y  = 4.74 + 0.0187 FL 
r = 0.90 and 

l o g  f e c u n d i t  = 5.43 + 0.108 w t  
ry = 0.87 

where FL is i n  c e n t i m e t e r s  and w t  i n  ki lograms.  

Spawning Seasonality 

spawning season ,  provided t h a t  i t  can  be shown t o  have a p o s i t i v e  
r e l a t i o n s h i p  w i t h  t h e  v a r i o u s  s t a g e s  of o v a r i a n  ma tu r i ty .  A test 
t o  de te rmine  t h e  r e l a t i o n s h i p  between f i s h  s i z e  and GSI i n d i c a t e d  
t h a t  f i s h  s i z e  was p o s i t i v e l y  c o r r e l a t e d  w i t h  G S I  ( r  = 0.447, 
d.f .  = 137,  P < 0.01) .  A t es t  between f i s h  s i z e  and s t a g e s  of 
m a t u r i t y  a l s o  showed p o s i t i v e  c o r r e l a t i o n  ( r  = 0.873, d.f .  = 131,  
P < 0.01) ( F i g u r e  2 ) .  I t  appeared  t h a t  as t h e  female developed 
s e x u a l l y ,  t h e  weight  of t h e  ovary no t  on ly  i n c r e a s e d  f a s t e r  t han  
t h a t  of t h e  t o t a l  body weight ,  b u t  a l s o  r o s e  and f e l l  i n  r e l a t i o n  
t o  ovary development, spawning, and redevelopment. 

The gonadal somat ic  index ( G S I )  c an  be used t o  estimate t h e  
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Figure 1 .  Relat ionship  between the l o g  of fecun- 
d i t y  and the  f i s h  length ( fork l ength)  
of opakapaka from the Northwestern 
Hawaiian Is lands  
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The spawning c y c l e  of t h e  opakapaka was d e t e r m i n e d  by p l o t -  
t i n g  t h e  GSI a g a i n s t  t h e  month of capture ( F i g u r e  3 ) .  The 
r e s u l t s  showed t h a t  spawning commenced i n  J u n e  (GSI = 3.5 per -  
c e n t )  and peaked i n  August ( G S I  = 4.1 p e r c e n t ) .  A t  t h e  conclu-  
s i o n  of t h e  spawning s e a s o n  i n  December, t h e  GSI was 3.1 p e r c e n t .  
The lowest GSI was found i n  J a n u a r y .  However, t h e  o c c u r r e n c e  of 
r i p e n i n g  o v a r i e s  d u r i n g  t h i s  p e r i o d  s u g g e s t s  a p r o t r a c t e d  spawn- 
i n g  season .  
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F i g u r e  3. Gonadal s o m a t i c  i n d e x  of 135 f e m a l e  
opakapaka by month of capture 
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Sire of Hatnrity 

t o  s e x u a l  development ,  s i z e  a t  m a t u r i t y  of t h e  opakapaka was 
d e t e r m i n e d  by t h e  p e r c e n t a g e  of change i n  mean gonad w e i g h t  a t  
e a c h  5-cm s i ze  c lass  ( F i g u r e  4 ) .  The g r e a t e s t  p e r c e n t a g e  of 
i n c r e a s e  i n  gonad w e i g h t  i s  e x p e c t e d  when a f i s h  matures. For 
t h e  opakapaka t h e  g r e a t e s t  p e r c e n t a g e  of i n c r e a s e  i n  gonad weight  
was o b s e r v e d  a t  t h e  40 t o  50-cm class.  The d a t a  i n d i c a t e  t h a t  
opakapaka mature  a t  a b o u t  42.5 cm.  The smallest mature f i s h  was 
42.7 cm. The smallest ripe f i s h  was 37.4 cm and was p r o b a b l y  a 

S i n c e  it was d e t e r m i n e d  t h a t  f i s h  s ize  was c l o s e l y  r e l a t e d  

- - 
p r e c o c i o u s  f i s h .  
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F i g u r e  4.  Ovary weight  and p e r c e n t  change i n  ovary  weight  by 
5-cm s i z e  classes (sample  s i z e  i n  p a r e n t h e s e s )  
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Sex Ratio 

Sex d a t a  were o b t a i n e d  f o r  643 opakapaka d u r i n g  t h e  4 y e a r s  
of  t h e  resource assessment  program. Because t h e  y e a r l y  s e x  
r a t io s  d i d  n o t  d e v i a t e  s i g n i f i c a n t l y  from t h e  e x p e c t e d  ( T a b l e  2 ) ,  
t h e  d a t a  f o r  1978,  1979,  1980,  and 1981 were pooled.  Females 

TABLE 2. NUMBER OF MALE AND FEMALE OPAKAPAKA COLLECTED BY MONTH 
AND YEARS, 1978 THROUGH 1981 

Year 

1978 1979 1980 1981 
Month Total d.f. X 2  

January 

February 

March 

April 

b Y  

JUne 

JUY 

August 

September 

October 

November 

December 

61 : 35 

3:8 

14 : 34 

- 
3:5 

12:lO 

- 
10 : 18 

4 : l  

38 : 34 

2:3 

I 

I 

- 
I 

10:9 

0:l 

- 
3:5 

- 
1:2 

- 
- 

4:3 

- 
- 

11:8 

4:lO 

I 

9:17 

- 
4:16 

18 : 12 

11:s 
12:12 

2:6 

2:3 

11 :19 

Q:1 

4:O 

6:11 

5:11 

22 : 21 

9:22 

- 
- 
c 

- 

63:38 

1 4  :27 

25 : 43 

18 : 19 

9:17 

26:38 

25 : 26 

2 3 : s  

23 :15 

49:39 

14 : 15 

6:9 

1 

1 

2 

2 

2 

2 

1 

2 

2 

1 

1 

1 

6.19* 

4.12* 

4.76* 

0.03 

2.46 

2.25 

0.02 

13.78 .F 

2.19 

1.14 

0.03 

0.60 

!m!AL 147:148 18:20 71:86 59:88 295 :342 

d.f. 1 1 1 1 

X 2  0.003 0.11 1.43 5.72" 

Note: 

*P 50.05 
t P  0.01 

TIE deviation of the mle to fanale r a t i o  from an expected 1:l was 
tested by Chi-square. 
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were more abundant  t h a n  males. For t h e  pooled  sample,  t h e  male 
t o  f e m a l e  r a t i o  of 1:1.18 s i g n i f i c a n t l y  d i f f e r e d  from t h e  
e x p e c t e d  1:l ( x 2  = 4.37: d . f .  = 1; P = 0.05) .  

o c c a s i o n s .  Larger numbers of  males were caught  i n  J a n u a r y  and by 
contrast  females were more numerous i n  February .  A l s o  d u r i n g  t h e  
p e a k  spawning p e r i o d  i n  August ,  f e m a l e s  were more predominant  
t h a n  males by 2.43 times. 

When s i z e  of t h e  f i s h  was c o n s i d e r e d ,  t h e  s e x  r a t i o  d e v i a t e d  
from t h e  e x p e c t e d  i n  two s i z e  groups .  Females were more numerous 
i n  t h e  30 t o  39-cm class  ( 1 . 9 2 : l )  and i n  t h e  l a r g e s t  s i z e  c lass ,  
70 t o  79  c m  ( 1 . 9 6 : l )  ( T a b l e  3 ) .  

Monthly s e x  r a t i o s  d e v i a t e d  s i g n i f i c a n t l y  from 1:l on f o u r  

TABLE 3. NUMBER OF MALE AND FEMALE OPAKAPAKA GROUPED 
I N  10-CM SIZE CATEGORIES 

Fork Length 
( c m )  Males Females n X 2  

20-29 1 5 6 2.67 

30-39 36 69 108 10.37* 

40-49 59 66 125 0.39 

50-59 86 74 160 0.90 

60-69 88 83  171  0.15 

70-79 25 49 74 7.78* 

Note: D e v i a t i o n  of t h e  s e x  r a t i o  from t h e  e x p e c t e d  
1:l was t e s t e d  by Chi-square.  

*P < 0.01 

DISCUSSION 

The d i s t r i b u t i o n  of  ova i n  v a r i o u s  s t a g e s  of  development 
t h r o u g h o u t  t h e  1 8  subsamples  i n d i c a t e d  t h a t  development of t h e  
o v a r y  i n  t h e  opakapaka was h e t e r o g e n e o u s .  O f  t h e  t o t a l  1 8  
subsamples  from 1 f i s h ,  o n l y  6 subsamples  had ova i n  t h e  advanced 
d e v e l o p i n g  s t a g e  and o n l y  2 subsamples had ova i n  t h e  ripe s t a g e .  
I n  t h e  test f o r  homogeneity of l o c a t i o n ,  d e v e l o p i n g  ova were used 
because  of t h e i r  c o n s i s t e n c y  t h r o u g h o u t  t h e  1 8  subsamples .  
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I t  a p p e a r s  l i k e l y  t h a t  opakapaka spawn more t h a n  once i n  t h e  
p r o t r a c t e d  spawning p e r i o d  of 7 months. During t h e  spawning 
season, o n l y  2 percent of t h e  f e m a l e s  of mature s i z e  had i n d i c e s  
lower t h a n  1 p e r c e n t  which o c c u r r e d  o n l y  a t  t h e  c o n c l u s i o n  of t h e  
p e r i o d .  Also ,  a l l  of t h e  s e x u a l l y  mature  f e m a l e s  d u r i n g  t h a t  
time e x h i b i t e d  e i t h e r  d e v e l o p i n g  o r  r i p e n i n g  o v a r i e s  and none was 
found i n  a s p e n t  o r  r e s t i n g  c o n d i t i o n .  From t h e  c o n t i n u o u s  
development of t h e  i n t r a o v a r i a n  ova and t h e  a b s e n c e  of r e s t i n g  
o v a r i e s  d u r i n g  t h e  spawning p e r i o d ,  it is  concluded  t h a t  t h e  
opakapaka is probably  an i n t e r m i t t e n t  spawner. 

c o n d i t i o n s  t h a t  promote r a p i d  ova development and o p t i m i z e  
development and s u r v i v a l  of t h e  s h o r t  p l a n k t o n i c  l i f e  of t h e  
l u t j a n i d  l a r v a e  ( R a n d a l l  and Brock,  1 9 6 0 ) .  

Spawning is probably  i n i t i a t e d  by t r a n s i e n t  e n v i r o n m e n t a l  

Occurrence  of ripe o v a r i e s  s u b s t a n t i a t e d  t h e  spawning p e r i o d  
i n d i c a t e d  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 GSI. More s e x u a l l y  
deve loped  f i s h  were observed  i n  October :  46 p e r c e n t  of t h e  f i s h  
had r i p e n i n g  o v a r i e s .  R a l s t o n ' s  1984. work on commerc ia l ly  c a u g h t  
opakapaka i n d i c a t e d  t h a t  t h e  f i s h  spawns from J u l y  t h r o u g h  
November. 

Although t h e  y e a r l y  sex r a t i o s  f o r  1978-81 d i d  n o t  d e v i a t e  
s i g n i f i c a n t l y  from t h e  e x p e c t e d ,  t h e  sex r a t i o  f o r  t h e  pooled  
sample d e v i a t e d  s i g n i f i c a n t l y  from I:1 i n  f a v o r  of t h e  f e m a l e s .  
K a m i  (1973)  o b s e r v e d  s i g n i f i c a n t l y  h i g h e r  c a t c h e s  of male 
opakapaka i n  Guam, whereas  R a l s t o n  (1981)  found no predominance 
of any s e x  i n  h i s  s t u d y  of 1. U $ r n & t  caught  i n  Hawaii. 

ACKNOULEDGMB~S 

I thank  D r .  James S h a k l e e  a t  t h e  Marine L a b o r a t o r y ,  CSIRO, 
Aus t ra l ia ,  and Tina  E c h e v e r s i a  a t  t h e  Southwest  F i s h e r i e s  C e n t e r ,  
T iburon  L a b o r a t o r y ,  NMFS f a r  t h e i r  r e v i e w s  and comments. I a l s o  
thank  t h e  s t a f f  a t  t h e  Southwest  F i s h e r i e s  Center  Honolulu 
L a b o r a t o r y  f o r  t h e i r  h e l p .  

REPERBNCES 

Bagenal ,  T.B., and E. Braum. 1968.  Eggs and e a r l y  l i f e  h i s t o r y .  
I n  -m f o r  A s s w e n t  of 

r o d u c t i o n  i n  F r e s h ,  ed. W.E. Ricker,  pp. 159-181. 
Oxford and Edinburgh:  B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n s .  

:aerulea) I d e t e r m i n e d  by ova d iameter  measurements.  
C l a r k ,  F . N .  1934.  M a t u r i t y  of the C a l i f o r n i a  s a r d i n e  ( U p 2  

a D e p W e n t  of F i s h  and  Game .  Fash B u l l e t i n  42. 
49 PP. 

( P i s c e s :  L u t j a n i d a e )  of  
* 9(1):97-117.  

K a m i ,  H.T. 1973. The 
Guam w i t h  n o t e s  on t h e i r  b i o l o g y .  P i c r m s u s a  

15 9 



Ralston, S.V.D. 1981. A study of the Hawaiian deepsea handline 
fishery with special reference to the population dynamics of 
opakapaka, Pristiwmoides filamentosus (Pisces: Lutjani- 
dae). Ph.D. dissertation, University of Washington, 
Seattle. 

Randall, J.E. ,  and V.E. Brock. 1960. Observations on the ecol- 
ogy of epinepheline and lutjanid fishes of the Society 
Islands, with emphasis on food habits. Transactions of the 

e6 S o w  89:9-16. 

Sokal, R.R., and F.J. Rohlf. 1969. €U'm&tometry: The Praml&&.& . .  
Practice of StatiafJLcs -. San 

Uchida, R.N., B.M. Ito, and J.H. Uchiyama. 1979. Survey of 

Francisco: W.H. Freeman and Company. 

bottom fish resource in the Northwestern Hawaiian Islands. 
Southwest Fisheries Center Administrative Report H-79-20, 
National Marine Fisheries Service, N O M ,  Honolulu. 19 pp. 

Uchiyama, J.H., and R.S. Shomura. 1974. Maturation and fecun- 
dity of swordfish, Xigl&u aladius, from Hawaiian waters. 
In -e I n t e r n a t i o n a l h  Symposium, 

uted P-, ed. R.S. Shomura and F. Williams, pp. 
142-148. U.S. Department of Commerce, N O M ,  Technical 
Report NMFS SSRF-675. 

- 1972. Part 2. Rev- and 

160 




