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ABSTRACT 

Ehu, Etelis WunculYG, o v a r i e s  were c o l l e c t e d  from 
v a r i o u s  banks throughout  t h e  Northwestern Hawaiian 
I s l a n d s  d u r i n g  1977-81. Ovar i e s  were m i c r o s c o p i c a l l y  
examined t o  de t e rmine  t h e  most advanced developmental  
s t a g e .  Mean monthly gonadal  somat i c  i n d i c e s  i n d i c a t e d  
t h a t  m a t u r a t i o n  began i n  May and spawning o c c u r r e d  from 
J u l y  t o  September. Ehu were found t o  be s e r i a l  spawn- 
ers,  i .e.,  t h e y  spawned mul t ip le  b a t c h e s  of ova d u r i n g  
t h e  season .  Most females  spawned by t h e  time t h e y  
r eached  35 t o  40-cm f o r k  l e n g t h  and o l d e r  ( > 4 5  cm) f i s h  
were found t o  remain i n  spawning c o n d i t i o n  longe r .  The 
o v e r a l l  sex r a t i o  i n  a pooled sample of 833 ehu was i n  
f a v o r  of females  by 2 : l .  Females a l s o  predominated i n  
t h e  l a r g e r  s i z e  ranges  (45 t o  65-cm f o r k  l e n g t h )  and 
d u r i n g  c e r t a i n  times of t h e  y e a r ,  i n d i c a t i n g  p o s s i b l y  
t h a t  t h e y  l i v e  longe r  or a g g r e g a t e  d u r i n g  spawning. 
Fecund i ty  of ehu 38.3 t o  50.8 cm was e s t i m a t e d  a t  
349,500 t o  1,325,600 ova. 

ehu m a t u r a t i o n  
ova spawning 
sex r a t i o  f e c u n d i t y  

IIWTRODUCT ION 

I n  1976, f o l l o w i n g  t h e  enactment of t h e  Magnuson F i s h e r y  
Conse rva t ion  and Management A c t  (FCMA),  t h e  Southwest F i s h e r i e s  
Center  Honolulu Labora to ry ,  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  c o o p e r a t i o n  wi th  t h e  U . S .  F i s h  and W i l d l i f e  S e r v i c e  
(PWS) and t h e  D i v i s i o n  of Aqua t i c  Resources  (DAR), Hawaii 
Department of Land and N a t u r a l  Resources  ( D L N R ) ,  i n i t i a t e d  a 
5-year assessment  of t h e  marine and t e r r e s t r i a l  r e s o u r c e s  i n  t h e  

128 



Northwestern Hawaiian I s l a n d s  (NWHI) . An impor tan t  g o a l  of  t h i s  
s t u d y  was t o  d e s c r i b e  t h e  d i s t r i b u t i o n  and abundance of commer- 
c i a l l y  v a l u a b l e  deepwater snapper .  Ehu o r  r e d  snapper ,  Etelis 
carbunculus Cuvier ,  was t h e  b o t t o m f i s h  s p e c i e s  most f r e q u e n t l y  
caught  ( i n  numbers) d u r i n g  t h i s  p e r i o d .  I t  ranked t h i r d  i n  t o t a l  
weight .  L i t t l e  i s  known about  r e p r o d u c t i o n  i n  Hawaiian deepwater 
s n a p p e r s  and t h e r e  h a s  been n o t h i n g  r e p o r t e d  on t h e  spawning and 
m a t u r a t i o n  of ehu. To b e t t e r  unders tand  t h e  r e c r u i t m e n t  of t h i s  
species i n t o  t h e  f i s h e r y ,  a s t u d y  was i n i t i a t e d  t o  de te rmine  t h e  
e h u ' s  spawning season ,  f e c u n d i t y ,  and o t h e r  impor tan t  a s p e c t s  of 
i t s  r e p r o d u c t i v e  p o t e n t i a l .  

The range of ehu i s  l i m i t e d  t o  t h e  Indo-western P a c i f i c ,  and 
w i t h i n  t h i s  r e g i o n  t h e  d i s t r i b u t i o n  i s  c o n s i d e r e d  d i s c o n t i n u o u s  
and i s  r e s t r i c t e d  t o  t h e  I n d i a n  Ocean, s o u t h e r n  J a p a n ,  and 
P o l y n e s i a  (Druzhin in ,  1970; Forster e t  a l . ,  1 9 7 0 ) .  Wi th in  t h e  
Hawaiian I s l a n d s  ehu is caught  on n e a r l y  e v e r y  major bank from 
t h e  i s l a n d  of Hawaii t o  Kure  A t o l l  ( F i g u r e  1) .  T h e i r  major 
h a b i t a t  i s  t h e  bottom i n  a r e a s  of deep (2QQ t o  350 m )  d r o p o f f s  
around l e d g e s ,  rock O U ~ C Y O ~ S ,  and p i n n a c l e s  ( R a l s t o n  and 
Polovina ,  1 9 8 2 ) .  During t h e  sampling p e r i o d  t h e y  were most 
abundant  i n  t h e  area nor thwes t  of E i s i i l n s k i  bank (see paper i n  
t h i s  proceedings  by Uchiyarna and Tagarni), compr is ing  45 t o  86 
p e r c e n t  of t h e  t o t a l  number of b o t t o m f i s h e s  caught .  Ehu i s  a 
very  impor tan t  food f i s h  i n  Bawaii and i s  of h igh  commercial 
v a l u e  (Uchida e t  a l . ,  1979) 

The major o b j e c t i v e s  of t h i s  s t u d y  were t o  de te rmine  t h e  
spawning season ,  s i z e  a t  f i r s t  m a t u r i t y ,  and s e x  r a t i o  of ehu and 
t o  de te rmine  any d i f f e r e n c e s  i n  t h e s e  a s p e c t s  of spawning among 
banks w i t h i n  t h e  NWHI cha in .  All of t h i s  i n f o r m a t i o n  i s  impor- 
t a n t  f o r  any f u t u r e  management of t h e  f i s h e r y .  

OD6 

F i s h  were sampled d u r i n g  c ru ises  cf t h e  N O M  s h i p  T o w n s a  
over  a 5-year p e r i o d  between 1977 and 1981. The 

m a j o r i t y  of f i s h  were caught  a t  bottom h a n d l i n e  f i s h i n g  s t a t i o n s  
a t  d e p t h s  ranging  from 280 t o  350 in from various banks w i t h i n  t h e  
NWHI th roughout  t h e  year  ( F i g u r e  1)" Hydraul ic  h a n d l i n e  g u r d i e s  
were used u s u a l l y  wi th  four Nos, 20 o r  28 books. S t r i p p e d  s q u i d  
were used as b a i t .  O f  t h e  935 ehu caught  at t h e s e  s t a t i o n s ,  273 
(33 p e r c e n t )  were males  and 553 ( 6 7  p e r c e n t )  were females ;  109 
f i s h  were n o t  sexed.  A l l  f i s h  were  weighed t o  t h e  n e a r e s t  0 .01  
kg and measured t o  t h e  n e a r e s t  0.3. c m .  About 3QQ o v a r i e s  collec- 
t e d  d u r i n g  f i s h i n g  o p e r a t i o n s  were e i t h e r  f r o z e n  o r  p r e s e r v e d  i n  
10 p e r c e n t  Formalin. Testes were n o t  saved. Ovarian samples 
were t a k e n  randomly on each cruise  and were no t  n e c e s s a r i l y  
r e p r e s e n t a t i v e  of any a r e a ,  s i z e  c lass ,  developmental  s t a g e ,  or 
time of y e a r .  

To e v a l u a t e  d i f f e r e n c e s  i n  ehu r e p r o d u c t i o n  w i t h i n  geogra- 
p h i c  l o c a t i o n s  i n  t h e  NWHI, t h e  area was d i v i d e d  i n t o  t h r e e  
d i f f e r e n t  r e g i o n s .  Region I extended from Nihoa t o  Gardner 
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P i n n a c l e s ,  r e g i o n  I1 from Raita Bank t o  L i s i a n s k i  I s l a n d ,  and 
r e g i o n  I11 from P e a r l  and Hermes A t o l l  t o  Kure A t o l l  ( M o f f i t t ,  
1980) .  

Var ious  methods have been used t o  d e f i n e  t h e  spawning season  
i n  f i s h e s .  The main c r i t e r i o n  used i n  t h e  p a s t  has  been t o  moni- 
t o r  t h e  development of t h e  ova, de t e rmined  by ovum d i a m e t e r s ,  
t h roughou t  t h e  yea r .  Each mode i n  t h e  f r equency  d i s t r i b u t i o n  of 
ovum diameters was assumed t o  r e p r e s e n t  a d i s t i n c t  deve lopmenta l  
s t a g e .  T h i s  t e c h n i q u e  was used s u c c e s s f u l l y  by C l a r k  (1934) f o r  
t h e  C a l i f o r n i a  s a r d i n e ,  Yuen (1955) f o r  b igeye  t u n a ,  and O t s u  and 
Uchida (1959) f o r  a l b a c o r e .  Another method used was t o  n o t e  t h e  
deve lopmenta l  s t a g e  by m i c r o s c o p i c a l l y  examining 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 i n d i v i d u a l  ovum. T h i s  can be accompl ished  by 
t a k i n g  a sample from an ovary  and t e a s i n g  o u t  t h e  ova (Uchiyama 
and Shomura, 1974) or by h i s t o l o g i c a l l y  examining a s e c t i o n  of 
t h e  ovary  (Cross l and ,  1 9 7 7 ) .  The gonadal  somat i c  index  (GSI)  may 
a l s o  be c a l c u l a t e d  t o  assess t h e  f l u c t u a t i o n s  i n  ovary  weight as 
a f u n c t i o n  of body weight d u r i n g  t h e  yea r  (Bagenal and Braum,  
1968; Morse, 1980: Goldberg,  1983; Love and Westphal,  1981; 
Bag l in ,  1 9 8 2 ) .  A combination of t h e s e  methods t h a t  a l lowed f o r  a 
r a p i d  assessment  of m a t u r i t y  s t a t e  and spawning f r equency  were 
used. 

Each p r e s e r v e d  pair  of o v a r i e s  was b l o t t e d  d r y  and weighed 
t o  t h e  n e a r e s t  0 . 1  g .  To de te rmine  s t a g e s  of development, a 
d o r s o v e n t r a l  sample ( comple t e ly  through t h e  ovary)  was t a k e n  a t  
t h e  p o s t e r i o r  h a l f  of t h e  l e f t  l o b e  wi th  a cork b o r e r .  The 
e n t i r e  sample was t e a s e d  apart  t o  s e p a r a t e  t h e  ova from o v a r i a n  
c o n n e c t i v e  t i s s u e .  A l l  of t h e  ova w i t h i n  t h e  sample were exa- 
mined under a compound microscope a t  40X m a g n i f i c a t i o n .  The 
p r o p o r t i o n  of ova i n  each  development s t a g e  and t h e  most advanced 
s t a g e  was noted .  Random ovum d i a m e t e r s  were measured t o  d e t e r -  
mine t h e  s i z e  range  i n  each  s t a g e ,  as well as t h e  l a r g e s t  ovum i n  
each  sample. The s t a g e  of development was c l a s s i f i e d  a c c o r d i n g  
t o  p h y s i c a l  c h a r a c t e r i s t i c s  no t  n e c e s s a r i l y  dependent on ovum 
d i a m e t e r s  (Uchiyama and Shomura, 1974) (Table 1). 

Fecund i ty  was estimated from f i v e  r ipe -appea r ing  o v a r i e s  
t h a t  were f r o z e n  a t  t h e  time of c o l l e c t i o n .  Thawed samples were 
p l a c e d  i n  modi f ied  G i l s o n ' s  s o l u t i o n  (Bagenal and Braum, 1 9 6 8 ) ,  
u n t i l  t h e  ova were f r e e d  from connec t ive  t i s sue  f o l l o w i n g  t h e  
procedure  described by K i k k a w a  and Everson (see r e p o r t  i n  t h i s  
p r o c e e d i n g s ) .  The diameter of 100 randomly selected ova was 
measured from each ovary  ( C l a r k ,  1934; Yuen, 1955) t o  de te rmine  
t h e  most advanced mode. Ova i n  t h i s  modal group were counted  t o  
o b t a i n  f e c u n d i t y  estimates s i n c e  t h e y  are  most l i k e l y  t o  be 
spawned i n  a season .  These may i n c l u d e  ova from m a t u r i t y  s t a g e s  
I11 t o  V I .  Subsamples were o b t a i n e d  u s i n g  Van D a l s e n ' s  (1977) 
v o l u m e t r i c  t e c h n i q u e ,  modi f ied  s l i g h t l y  by Kikkawa  and Everson 
(see r e p o r t  i n  t h i s  p r o c e e d i n g s ) .  The ova were p laced  i n  a 
2,000-ml beaker and i n i t i a l l y  mixed w i t h  a s t i r r i n g  rod. To 
create a coun te r f low a magnet ic  s t i r r e r  was then  swi t ched  on 
u n t i l  a homogeneous m i x t u r e  was ob ta ined .  A t  t h i s  t i m e  a 5-ml 
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TABLE 1. DESCRIPTION OF REPRODUCTIVE STAGES OF EHU BASED ON 
EXTERNAL APPEARANCE OF OVARY AND MICROSCOPIC 
EXAMINATION OF OVA 

Maturity mge External Appearance of Ovary 

I. Primordial (d iweter  0.04 t o  0.13 m) 

Oocyte8 are transparent and irregular in  &ape 
with no sign of vitillogenesis. These unnpriae 
the oocytes from which aral ler  rnmbers of ova 
mature. Individual avllll are invisible to the 
naked eye and very d i f f i cu l t  to separate from 
connective tissue. 

11. Early developing (0.10 to 0.16 m) 

Oocytes are d t r a n q a r e n t  and ovoid i n  shape. 
A chorian d r a n e  has to form around the 
ovua and yolk granules have s tar ted to be 
deposited within. E?arely discernible to  the 
naked eye. 

111. Developinq (0.26 to 0.52 mn) 

Ova are qherical in &ape and have becuue 
canpletely opeque and yellow due to yo lk  
naterial .  They are readily visible within the 
fol l ic le8 and can be -pra ted  from connective 
tissue f a i r ly  easily. 

N. Advanced developing (0.39 to 0.52 m) 

A translucent -gin bordered by a 
fe r t i l i za t ion  d r a m  is visible. O i l  
droplets are juet star t ing to form. 

V. Early r i p  (0.44 to 0.58 m) 

Oil droplets have b q n  to cluster into a 
single oil glotule. The yo lk  material 
appears translucent, and ova have beoane 
oaopletely round. 

VI. Ripe (0.5 t o  0.78 m) 

Ova have becure almost oxqle te ly  transparent. 
A single, pronounced yellow o i l  glotule has 
formed. Ovary w a l l  hae beame considerably 
thinner, oil glotule (diameter 0.13 to 0.2 m). 

VII. Residual (atretic) 

Ova have beoane shrmken, wrinkled, and 
translucent i n  a p a r a n c e .  Degeneration and 
resor@iar in progress. 

1. Irmature 

Ovaries are wall and firm in  texture and 
r ibon l ike  i n  shape. Very l ight  (whlte) i n  
color. Sex m y  be discernible by grose 
exmimtion. Individual ova are not visible. 

2. Developing 

Ovaries enlarged, elatgatedl and aliMly 
svollen in girth. I n d i v i W  ova diecrmible 
through the ovarian d r a n e .  Ova, visible  
t o  the eye, are mall, white, and granular. 
Ovary aplaars yellow &e to the peeence of 
yolk material. 

3. Ripe 

Ovary is greatly enlarged reaching its maxinun 
size  as it f i l l s  the abdaainal cavity and 
hydration t a k e s  place. Iarge r i p  ova are 
dsce rn ib l e  through the thin ovarian mwbrcnet 
ova are easily dislodged from fo l l i c l e s  and 
c o m c t i v e  tieaue. Ovary is yell- to mange 
i n  wlm. 

4. spent 

Ovary enpty, f laccid in  appearance, and dark 
gray i n  mlor - only primordial ma l e f t .  
Wary wall very t h i c k  and tcugh. Residual 
oocytes m y  be present. 
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sample was 
examined. 

1 
F = -  

2 

where 

drawn. T h i s  procedure  was r e p e a t e d  f o r  each  ovary  
Fecund i ty  estimates were o b t a i n e d  from t h e  formula  

F = f e c u n d i t y  

V = t o t a l  volume of t h e  mix tu re  i n  m i l l i l i t e r s  
N, and N, = number of ova i n  each  subsample 

RESULTS 

Seasonality of Spawning 

S t a g e s  of m a t u r i t y ,  based on 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, were compared w i t h  GSI c a l c u l a t e d  f o r  ehu c a p t u r e d  a t  
v a r i o u s  times throughout  t h e  yea r .  The G S I  i n c r e a s e d  wi th  
advancing  s t a g e  of m a t u r i t y  and was h i g h e s t  a t  s t a g e  V I  ( r ipe 
s t a g e ) .  The G S I  and s t a g e s  of m a t u r i t y  were p o s i t i v e l y  c o r r e l a -  
t e d  ( r  = 0.8562, N = 286, P < 0.01) ( F i g u r e  2 ) .  A p l o t  of t h e  
mean G S I  by month ( d a t a  f o r  a l l  y e a r s  pooled)  ( F i g u r e  3 )  showed a 
similar t r e n d  when compared w i t h  t h e  p e r c e n t a g e  f r equency  of 
m a t u r i t y  s t a g e  v e r s u s  month ( F i g u r e  4 ) .  The mean G S I  v a l u e s  were 
r e l a t i v e l y  low from J a n u a r y  t o  A p r i l  when f ema les  were e x c l u -  
s i v e l y  i n  s t a g e s  I and 11. I n  May-June, however, a s  ev idenced  by 
t h e  mean G S I  and m a t u r i t y  s t a g e s ,  matur ing  f ema les  were more 
prominent i n  t h e  samples.  The h i g h e s t  mean GSI ’ s  and t h e  most 
advanced m a t u r i t y  s t a g e s  were found i n  July-September.  The G S I  
v a l u e s  d e c r e a s e d  and t h e  number of advanced s t a g e s  d e c l i n e d  
s h a r p l y  i n  October and remained low t h e  r e s t  of t h e  yea r .  Based 
on t h e s e  r e su l t s ,  t h e  spawning season  can be d i v i d e d  i n t o  f o u r  
s e p a r a t e  phases :  r e s t i n g  phase ( Janua ry -Apr i l )  , matur ing  phase 
(May-June), spawning phase ( Ju ly -Sep tember ) ,  and postspawning or 
r e c o v e r i n g  phase (October-December). Similar r e su l t s  were 
o b t a i n e d  when monthly mean GSI’s  were compared f o r  each i n d i v i d -  
u a l  yea r  from 1977 t o  1981. 
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The p resence  of r e s i d u a l  ova (Tab le  2 )  was h i g h e s t  (37 per- 
c e n t )  i n  t h e  postspawning phase of m a t u r i t y  and l o w e s t  i n  t h e  
ma tu r ing  phase (3.4 p e r c e n t ) .  

TABLE 2 .  OCCURRENCE OF RESIDUAL OVA BY MONTH FOR EHU OVARIES 
1977-81. MATURITY STAGES I t o  V OF DEVELOPING OVA 
ARE ALSO NOTED FOR EACH OVARY. 

Month S t a g e  Number Per c e n t  

J anua ry  
February  
March 
Apr i 1 
May 
June  
J u l y  
August 
September 
October 
Nov em b e r 
December 

I 
I 
I 
I 
I 

I11 
111, I V ,  v 

I 
I 
I 

-- 

-- 

1 
5 
8 
7 
2 

3 
8 

2 
19 

2 

-- 

-- 

1.7 
8 . 5  

13.6 
11.9 

3.4 

5 .1  
13.6 

3.4 
32.2 

3.4 

-- 

-- 

Ova d i a m e t e r s  were compared w i t h  m a t u r i t y  s t a g e  f o r  f i v e  
o v a r i e s  i n  d i f f e r e n t  s t a g e s  of development. Ova s i z e  i n c r e a s e d  
w i t h  each  advancing  s t a g e  of development ( F i g u r e  5 ) .  

The resul ts  show t h a t  ehu may be m u l t i p l e  spawners and may 
release s e v e r a l  b a t c h e s  of ova d u r i n g  a season .  Evidence for 
m u l t i p l e  spawning i s  t h e  p r e s e n c e  of multiple modes i n  t h e  ova 
d i ame te r  f r equency  d i s t r i b u t i o n  ( F i g u r e  6 ) .  A d d i t i o n a l l y ,  mature 
o v a r i e s  found d u r i n g  t h e  spawning season  c o n t a i n e d  r e s i d u a l  ova 
( T a b l e  2 ) ,  and no ehu were found w i t h  o v a r i e s  t h a t  were com- 
p l e t e l y  spawned o u t  ( c o n t a i n i n g  on ly  s t a g e  I ova) u n t i l  t h e  end 
of t h e  spawning season .  

Maturation 

Two separate c r i te r ia  were e v a l u a t e d  t o  de t e rmine  t h e  rela- 
t i o n s h i p  between m a t u r i t y  and s i z e  of f i s h .  
mature f i s h  are d e f i n e d  as t h o s e  w i t h  o v a r i e s  t h a t  c o n t a i n  
deve lop ing  ( s t a g e  111) ova and have t h e  p o t e n t i a l  t o  spawn d u r i n g  
t h e  c u r r e n t  season .  I n  c o n t r a s t ,  r ipe  f i s h  are d e f i n e d  as t h o s e  
wi th  o v a r i e s  c o n t a i n i n g  ripe ( t r a n s p a r e n t  - s t a g e s  V, V I )  ova and 
are c o n s i d e r e d  imminent spawners w i t h  a t  l eas t  one b a t c h  spawned 
d u r i n g  t h e  c u r r e n t  season .  

I n  t h i s  s t u d y ,  
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Figure 5. Ova diameter frequency distribution of the most 
advanced ova for five ehu in various developmental 
stages. A l s o  shown is the size (diameter) frequency 
distribution of the oil globule in ripe ova. 1 mm = 
72.5 ocular micrometer units 
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F i g u r e  6. Ova d iameter  d i s t r i b u t i o n  i n  t h r e e  ehu o v a r i e s  used i n  
f e c u n d i t y  estimates. 1 mm = 72.5 o c u l a r  micrometer 
u n i t s  

I n  May, 12 p e r c e n t  of t h e  ehu were mature (Table  3); mature 
ehu i n c r e a s e d  t o  95 p e r c e n t  by Ju ly .  The f i s h  c a p t u r e d  from May 
t o  September ranged  from 29.7 t o  63.5-cm f o r k  l e n g t h  ( F L ) .  O f  
t h e s e ,  t h e  smallest f i s h  c o n s i d e r e d  mature was 29.8 cm.  The 
p r o p o r t i o n  of mature f i s h  i n  each 5-cm s i z e  class by month showed 
t h a t  50 p e r c e n t  were mature i n  t h e  25 t o  30-cm s i z e  class. The 
p r o p o r t i o n  i n c r e a s e d  s h a r p l y  t o  86 p e r c e n t  a t  30 t o  35 c m ,  t h e n  
remained f a i r l y  s t ab le  through t h e  rest of t h e  s i z e  classes. 
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TABLE 3. THE PERCENTAGE OF MATURE (STAGES I11 TO V I )  AND 
RIPE (STAGES V TO V I )  EHU OVARIES BY FISH S I Z E  
( F L )  FOR EACH MONTH OF THE SPAWNING SEASON 

S i z e  Class May J u n e  J u l y  Augus t  September T o t a l  

25 - 30 
N 

% M  
% R  

30 - 35 
N 

% M  
% R  

35 - 40 
N 

% M  
% R  

40 - 45 
N 

% M  
% R  

45 - 50 
N 

% M  
% R  

50 - 55 
N 

% M  
% R  

55 - 60 
N 

% M  
% R  

60 - 65 
N 

% M  
% R  

T o t a l  
N 

% M  
% R  

1 
0 
0 

-- 
-- -- 

3 
0 
0 

7 
0 
0 

12 
17 
0 

4 
0 
0 

6 
33 
0 

-- -- -- 

33 
12 
0 

-- -- -- 

1 
0 
0 

1 
0 
0 

6 
50 
0 

6 
50 
0 

9 
22 
0 

6 
17 
0 

1 
0 
0 

30 
30 
0 

1 
1 0 0  
0 

1 
1 0 0  

0 

5 
80 
0 

5 
100 
0 

4 
100 
25 

2 
1 0 0  

0 

1 
1 0 0  

0 

1 
1 0 0  
1 0 0  

22 
90 
9 

-- -- -- 

5 
1 0 0  
33 

13 
100 
23 

1 9  
9 0  
26 

21 
90 
24 

21 
1 0 0  
24 

7 
1 0 0  
43 

-- -- -- 

86 
9 8  
27 

2 
50 
0 

7 
86 
33 

22 
77 
23 

37 
68 
13 

47 
68 
19 

38 
71 
18 

26 
65 
31 

4 
75 
75 

185 
71 
20 
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Due t o  t h e  l i m i t e d  number of samples  a t  t h e  lower s i z e  classes, 
it was d i f f i c u l t  t o  de te rmine  t h e  s m a l l e s t  s i z e  a t  which ehu 
reach  s e x u a l  m a t u r i t y .  The a v a i l a b l e  d a t a  i n d i c a t e  t h a t  a t  l eas t  
some of t h e  females are mature a t  25 t o  30 cm f o r  age I (Uchiyama 
e t  a l . ,  i n  p r e p a r a t i o n )  and t h a t  t h e  m a j o r i t y  are mature by t h e  
time they  reach  35 t o  40 c m  or age  11. 

Ripeness  as an i n d i c a t i o n  of m a t u r i t y  showed a s l i g h t l y  d i f -  
f e r e n t  t r e n d  wi th  s i z e  (Tab le  3 ) .  There were no ripe f i s h  i n  t h e  
25 t o  30-cm range: t h e  smallest f i s h  wi th  r ipe o v a r i e s  was 31.8 
c m ;  however, t h e  small sample s i z e  a t  t h e  lower end of t h e  range  
may b i a s  t h e  d a t a .  The 30 t o  35-cm range showed a 33 p e r c e n t  
i n c r e a s e  i n  t h e  number of ripe f i s h .  I n  J u l y ,  9 p e r c e n t  of t h e  
ehu had r ipe -appea r ing  ova and no f i s h  < 4 5  c m  was ripe. By 
August,  small (<45 c m )  ripe f i s h  began t o  appear  and t h e  number 
of ripe t o  nonr ipe  i n c r e a s e d  t o  27 p e r c e n t .  I n  September,  86 
p e r c e n t  of a l l  f i s h  caught  were ripe, but  f i s h  < 4 5  c m  were no t  
r e p r e s e n t e d .  

Sex Ratio 

Sex r a t i o  was de termined  from a t o t a l  of 833 ehu c o l l e c t e d  
over  a 5-year pe r iod .  The o v e r a l l  r a t i o  f o r  t h e  p e r i o d  between 
1977-81 d e v i a t e d  s i g n i f i c a n t l y  from t h e  expec ted  1: 1; 557 (66.9 
p e r c e n t )  were female  and 276 (33 .1  p e r c e n t )  were male. Each 
s e p a r a t e  yea r  a l s o  showed a s i g n i f i c a n t  d e v i a t i o n  from 1:l. The 
s e x  r a t i o ,  c a l c u l a t e d  f o r  each 5-cm s i ze  c lass ,  showed t h a t  f o r  
small ehu (25 t o  30 cm), t h e  female t o  male r a t i o  was l:l, but  
among l a r g e r  ( o l d e r )  f i s h ,  t h e r e  was a g radua l  i n c r e a s e  i n  t h e  
pe rcen tage  of females .  The pe rcen tage  of females i n  t h e  45 t o  
50-cm class  was 65 p e r c e n t ,  84 p e r c e n t  i n  t h e  50 t o  55-cm class,  
and 96 p e r c e n t  i n  t h e  55 t o  60-cm class  (Tab le  4 ) .  Contingency 
tab le  a n a l y s i s  showed t h a t  s e x  r a t i o  and s i z e  are no t  independent  
(x2 P < 0.05, d . f .  = 7 ) .  An a n a l y s i s  of t h e  d i f f e r e n c e  i n  sex  
r a t i o  f o r  October and May t o  test  f o r  p o s s i b l e  v a r i a t i o n  due t o  
b e h a v i o r a l  f a c t o r s  such as spawning a g g r e g a t i o n  or  female  f e e d i n g  
dominance showed no s i g n i f i c a n t  d i f f e r e n c e  (Tab le  5). During t h e  
spawning months, however, t h e  pe rcen tage  of males i n  t h e  sample 
dropped from 4 1  p e r c e n t  i n  June  t o  18 p e r c e n t  i n  August,  r o s e  
s l i g h t l y  t o  26 p e r c e n t  i n  September,  b e f o r e  approaching  near  nor- 
mal l e v e l s  ( f o r  t h i s  popu la t ion  of ehu) of 38 p e r c e n t  i n  October.  
T h i s  s u g g e s t s  t h a t  s e x  r a t i o  and season  are a l s o  dependent 
(x2 P < 0.01) .  



TABLE 4 .  TEST TO DETERMINE THE DEPARTURE OF THE 
SEX RATIO OF EHU FROM 1:l BY 5-CM FL 
INTERVALS. (DATA POOLED OVER 5 YEARS) 

Fork Length ( c m )  N Females ( % I  X 2  

25 - 30 
30 - 35 
35 - 40 
40 - 45 
45 - 50 
50 - 55 
55 - 60 
60 - 65 

12  
48 

1 1 4  
211 
199 
16 2 

74 
10  

50.0 
45.8 
59.6 
53.6 
65.3 
84 .O 
96.0 
90.0 

0 
0.33 
4.24* 
1.07 

18.70* 
74.68* 
62.48* 

6.40* 

*P 0.05 

TABLE 5. TESTS OF THE HYPOTHESIS THAT SEX RATIO 
D I D  NOT VARY SIGNIFICANTLY WITHIN 
MONTHS OF THE YEAR FROM THAT OF THE 
ACTUAL POPULATION OF EHU ( 2  : 1) 

Cont r i b u t  io?  
Females (8) t o  T o t a l  x Month N 

J a n u a r y  33 
February  33 
Mar ch 59 
April 96 
May 57 
J u n e  176 
J u l y  50 
August 138 
September 57 
October 21 
November 96 
December 17 

60.6 
69.7 
55.9 
69.8 
6 8 . 4  
58.5 
62.0 
81.9 
73.7 
61.9 
63.5 
70.6 

0.6 
0 . 1  
3.2 
0.3 
0 
5.5 
0.6 

1 4 . 1  
1 .2  
0.3 
0.5 
0 . 1  

~ ~~ 

Note: T o t a l  x2 = 26.5OP d.f .  = 11, P < 0.01 

Fecundity 

v i d e d  t h e  b e s t  f i t  when f e c u n d i t y  (F )  was compared w i t h  f o r k  
l e n g t h  ( F L ) i n  centimeters and t o t a l  body weight  (W) i n  ki lograms.  
The r e g r e s s i o n  e q u a t i o n s  were F = 0.05413 ( F L ) 4 - 3 2  and 

A l i nea r  r e g r e s s i o n  u s i n g  n a t u r a l  l o g  t r a n s f o r m e d  d a t a  pro- 
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F i g u r e  7 .  Length- fecundi ty  r e l a t i o n s h i p  of ehu 

F = 3.412 x l o 5  (W)la3*. T h i s  i n d i c a t e d  t h a t  f e c u n d i t y  i n c r e a s e d  
as  a f u n c t i o n  of bo th  l e n g t h  ( r  = 0.991) and weight  ( r  = 0.987)  
( F i g u r e  7 ) .  Because of t h e  sample s i z e  (N = 5 ) ,  t h e  estimates of 
f e c u n d i t y  should  be c o n s i d e r e d  t e n t a t i v e ,  a l t h o u g h  t h e  correla- 
t i o n  f o r  both i n d i c a t o r s  was q u i t e  high.  The d a t a  d i d  g i v e  an 
approximat ion  of t h e  number of ova spawned by a particular s i z e  
range  of f i s h .  The e s t i m a t e d  f e c u n d i t y  ranged from 349,600 t o  
1,325,600 f o r  ehu between 38.3 and 50.8-cm FL and between 0.97 
and 2.49 kg. 

Regional Comparisons 

r e g i o n s  w i t h i n  t h e  NWHI, monthly mean GSI v e r s u s  r e g i o n  was com- 
pared.  A l l  t h r e e  r e g i o n s  showed a similar t r e n d  of low GSI i n  
January-June,  i n c r e a s i n g  i n  July-September,  t h e n  d e c r e a s i n g  i n  
October-December. The a v a i l a b l e  d a t a  d i d  n o t  show any s i g n i f i -  
c a n t  d i f f e r e n c e s  i n  monthly mean GSI among r e g i o n s .  

To test  f o r  d i f f e r e n c e s  i n  spawning season  among t h e  t h r e e  
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The s e x  r a t i o  i n  r e g i o n s  1 and 3 d i d  no t  d i f f e r  from t h a t  of 
t h e  p o p u l a t i o n  r a t i o  ( 2 : l )  whereas i n  r eg ion  2 t h e  r a t i o  was 
s l i g h t l y  skewed i n  f avor  of females  ( 2 . 8 : l ) .  

DISCUSSION 

Spawning S e a s o n a l i t y  

July-September.  T h i s  cor responds  t o  t h e  time of year  when 
envi ronmenta l  c o n d i t i o n s  such as temperature and photoper iod  are 
a t  a p e a k  i n  t h i s  area (Uchida,  1977) .  S i m i l a r  o b s e r v a t i o n s  were 
made by G r i m e s  and Huntsman (1980) on t h e  ve rmi l ion  snapper ,  
Rhomboplites -, of North and South C a r o l i n a ,  by 
Cross land  (1977) on t h e  porgy, auratus, i n  t h e  
H a u r a k i  G u l f ,  and by Ra l s ton  (1981) f o r  opakapaka, BA&i,pomoides 
-, i n  Hawaii. A l l  of t h e s e  i n v e s t i g a t o r s  found snap- 
p e r s  t o  be summer spawners.  Ehu seem t o  have a s h o r t e r ,  more 
d e f i n e d  spawning season  than  many o t h e r  snappers .  Druzhin in  
(1970) r e p o r t e d  t h a t  t h e  spawning p e r i o d  of l u t j a n i d s  may be ve ry  
p r o t r a c t e d ,  ex tend ing  over  a p e r i o d  of s e v e r a l  months. I n  con- 
t r a s t ,  ehu i n  spawning c o n d i t i o n  were found on ly  d u r i n g  a 3-month 
pe r iod .  Spawning ceased  i n  October when GSI v a l u e s  dropped and 
o v a r i e s  c o n t a i n i n g  r ipe  ova were no longe r  found. F u r t h e r  degen- 
e r a t i o n  takes p l a c e  i n  November-December as i n d i c a t e d  by a h igh  
pe rcen tage  of r e s i d u a l  ova i n  t h e  o v a r i e s  du r ing  t h i s  pe r iod .  
Goldberg (1981) found a t r e t i c  ova near  t h e  c l o s e  of t h e  spawning 
p e r i o d  when t h e  ova t h a t  f a i l e d  t o  complete  yolk  d e p o s i t i o n  
underwent r e s o r p t i o n .  

Ehu appear  t o  be se r ia l  spawners,  t h a t  is, t h e y  release 
m u l t i p l e  b a t c h e s  of ova du r ing  t h e  season .  The actual mechanism 
f o r  t h i s  t ype  of spawning v a r i e s  cons ide rab ly  among d i f f e r e n t  
s p e c i e s  and depends t o  a l a r g e  degree  on t h e  envi ronmenta l  
c o n d i t i o n s .  I n  t h e  Japanese  horsemackere l ,  Trachurus i a p o n i u ,  
a dominant egg ba tch  is spawned i n  t h e  most f a v o r a b l e  b reed ing  
p e r i o d ,  t h e n  smaller b a t c h e s  are spawned under l e s s  f a v o r a b l e  
envi ronmenta l  c o n d i t i o n s  ( C h i g i r i n s k i y ,  1970) .  Cross land  (1977) 
r e p o r t e d  similar resu l t s  i n  which s e r i a l  spawning took p l a c e  on 
an  annua l  c y c l e  where s u c c e s s i v e  b a t c h e s  of r ipe eggs  matured 
from a s tock  of deve loping  eggs.  R e s u l t s  of t h i s  s t u d y  i n d i c a t e  
t h a t  a similar p a t t e r n  o c c u r s  wi th  ehu where a developing  group 
of ova matures each yea r  from a co re  of pr imary ova and v a r i o u s  
b a t c h e s  of ova r i p e n  and are spawned each season  from t h i s  
deve loping  s tock .  F u r t h e r  ev idence  of s e r i a l  spawning i s  t h a t  
spawned-out o v a r i e s  c o n t a i n i n g  mainly p r i m o r d i a l  ova were not  
found u n t i l  t h e  end of t h e  spawning season .  T h i s  o b s e r v a t i o n  was 
a l s o  made f o r  t h e  black c roake r ,  Cheilotrema saturnurn (Goldberg,  
1981) .  I n  a d d i t i o n ,  ehu o v a r i e s  con ta ined  ova i n  v a r i o u s  s t a g e s  
of development throughout  t h e  spawning season ,  s u p p o r t i n g  t h e  
c o n t e n t i o n  of Grimes and Huntsman (1980) t h a t  t h i s  may a l s o  
i n d i c a t e  f r a c t i o n a l  spawning. 

Ehu begin  matur ing  throughout  t h e  NWHI i n  May and spawn i n  
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I t  can be concluded  t h a t  ehu o v a r i e s  deve lop  asynchronous ly  
(Wallace and Selman, 1981) th roughou t  t h e  y e a r ,  bu t  d u r i n g  t h e  
m a t u r a t i o n  phase t h e y  d e v e l o p  synchronous ly  and b a t c h e s  of ova 
r i p e n  and are spawned. The f i n a l  s t a g e ,  t h a t  is, from ripe t o  
actual spawning, o c c u r s  ve ry  r a p i d l y  (Grimes and Huntsman, 19801, 
as ev idenced  by p a u c i t y  of ripe females and t h e  complete absence  
of h y d r a t e d  o v a r i e s  i n  t h e  samples. The absence  of f i s h  wi th  
ripe o r  hydra t ed  ova may a l s o  be due t o  b e h a v i o r a l  f a c t o r s ,  i .e.,  
f i s h  f e e d  l ess  p r i o r  t o  spawning (Reshe tn ikov  and C la ro ,  1976) o r  
t h a t  running  ripe f i s h  may shed t h e i r  eggs when l i f t e d  o u t  of t h e  
water (Htun-Han, 1978) .  The l a t t e r  e x p l a n a t i o n  is ve ry  p e r t i n e n t  
t o  ehu s i n c e  t h e y  are caught  i n  deep  water and o f t e n  e x p e r i e n c e  
s e v e r e  stress from t h e  change i n  pressure as t h e y  are brought  t o  
t h e  s u r f a c e .  

I n v e s t i g a t o r s  have used v a r i o u s  c r i t e r i a  t o  de t e rmine  t h e  
minimum s i z e  of sexual m a t u r i t y .  Many f e e l  t h a t  t h e  p re sence  of 
deve lop ing  ( t y p e  111) ova i n d i c a t e s  t h a t  t h e  f i s h  i s  l i k e l y  t o  
spawn d u r i n g  t h e  c u r r e n t  season  ( C l a r k ,  1934; Cross l and ,  1977; 
DeMartini  and Foun ta in ,  1 9 8 1 ) .  For ehu, t h e  p re sence  of ripe 
( t y p e s  V and V I )  ova gave a b e t t e r  i n d i c a t i o n  of t h e  p e r c e n t a g e  
of f i s h  t h a t  w i l l  a c t u a l l y  spawn i n  any s ize  class. Ehu w i t h  
mature ( t y p e  111) o v a r i e s  began a p p e a r i n g  i n  May and were always 
found i n  g r e a t e r  p r o p o r t i o n  than  t h o s e  wi th  r ipe o v a r i e s .  These 
f i s h  have t h e  p o t e n t i a l  t o  spawn, bu t  many never r each  t h e  ripe 
s t a g e  due t o  env i ronmen ta l  c o n d i t i o n s  ( C h i g i r i n s k i y ,  1970) o r  age  
c o n s t r a i n t s  ( C l a r k ,  1934) .  The ova t h a t  d i d  no t  mature would 
cease development and be r e so rbed .  A s  w i th  o t h e r  s n a p p e r s  
(Starck and Schroede r ,  1971; Grimes and Huntsman, 1980) l a r g e r  
ehu ( ~ 4 5  cm) mature ear l ie r  i n  t h e  season  and remained i n  spawn- 
i n g  c o n d i t i o n  longe r  than  small (<45  cm) f i s h .  

of t h e  f i s h  i n  t h e  25 t o  30-cm s i z e  c lass  had mature o v a r i e s .  I n  
c o n t r a s t ,  t h e  smallest f i s h  t h a t  had ripe o v a r i e s  was 31.8 cm, 
and 33 percent i n  t h e  30 t o  35-cm s i z e  class were ripe. Because 
of t h e  s c a r c i t y  of small s i z e  classes,  due p o s s i b l y  t o  hook 
s e l e c t i v i t y  ( R a l s t o n ,  1982) o r  o t h e r  b e h a v i o r a l  f a c t o r s ,  s i z e  a t  
m a t u r i t y  cou ld  no t  be c o n f i d e n t l y  e s t i m a t e d .  The d a t a  i n d i c a t e d ,  
however, t h a t  some ehu spawn d u r i n g  t h e i r  f i r s t  yea r  a t  around 32 
cm and t h a t  t h e  m a j o r i t y  spawn a f t e r  age  I1 (39 cm) . 

There appeared  t o  be no d i f f e r e n c e s  i n  spawning season ,  
m a t u r a t i o n ,  and sex r a t i o  f o r  t h e  t h r e e  r e g i o n s  w i t h i n  t h e  s t u d y  
area. Apparent ly  t h e  change i n  t h e  environment accompanying t h e  
change i n  l a t i t u d e  from Mihoa t o  Midway I s l a n d s  is  no t  s i g n i f i -  
c a n t  enough t o  cause  any f l u c t u a t i o n  i n  the  spawning w i t h i n  t h e  
NWHI.  

The smallest mature ehu caught was 29.8 c m ,  and 50 p e r c e n t  

Sex Ratio 

c a n t l y  from t h e  expected 1:l and a l s o  by s i z e  and season .  
The s e x  r a t i o  of ehu ( a l l  samples pooled)  d e v i a t e d  s i g n i f i -  

There  

1 4 4  



was a preponderance of females  i n  n e a r l y  e v e r y  c a t e g o r y .  A devi- 
a t i o n  i n  s e x  r a t i o  among d i f f e r e n t  s i z e  classes was a l s o  found i n  
t h e  v e r m i l i o n  snapper  (Grimes and Huntsman, 1 9 8 0 ) .  Female ver-  
m i l i o n  snapper  i n c r e a s e d  t o  60 p e r c e n t  of t h e  sample a t  25 t o  
30-cm t o t a l  l e n g t h  (TL),  t o  70 p e r c e n t  a t  50 t o  55 c m ,  and t o  90 
p e r c e n t  above 55 c m ,  s u g g e s t i n g  t h a t  t h i s  anomaly r e s u l t e d  from 
d i f f e r e n t i a l  m o r t a l i t y  and l o n g e v i t y .  The d a t a  f o r  ehu show an 
even g r e a t e r  d i s p r o p o r t i o n  of fernales i n  t h e  upper s i z e  range 
( T a b l e  5 ) .  T h i s  implies g r e a t e r  male m o r t a l i t y  i n  t h e  h i g h e r  
('30 c m )  s i z e  classes. Age and growth d a t a  f o r  ehu are  v e r y  l i m -  
i t e d ;  however, female  Lutianvsr grow more r a p i d l y  and 
s u r v i v e  t o  a g r e a t e r  age than  males (Reshe tn ikov  and C l a r o ,  
1976) .  

The d a t a  f o r  t h e  sex r a t i o  of ehu over t h e  y e a r  show t h a t ,  
d u r i n g  t h e  prespawning month of June ,  t h e  r a t i o  of males 
i n c r e a s e s  t o  about  4 1  p e r c e n t  t h e n  d e c r e a s e s  t o  18 p e r c e n t  d u r i n g  
t h e  p e a k  spawning p e r i o d  i n  August ( T a b l e  4 ) .  T h i s  s u g g e s t s  
b e h a v i o r a l  changes d u r i n g  t h e  spawning season such as f e e d i n g  
response  and spawning a g g r e g a t i o n s  by females .  

Fecunditg 

Estimates of f e c u n d i t y  f o r  ehu are s l i g h t l y  h igher  t h a n  
t h o s e  f o r  t h e  v e r m i l i o n  snapper .  E s t i m a t e s  of t h e  f e c u n d i t y  of 
v e r m i l i o n  snapper  ranged from 8,168 t o  1 ,789,998 ova f o r  4 1  
females  229 t o  557-mm TL (Grimes and Huntsman, 1 9 8 0 ) .  The 
estimates f o r  ehu ranged from 349,000 t o  1,325,600 f o r  f i s h  
between 38.3 and 50 .8  c m  and a r e  based on t h e  t o t a l  number of 
eggs  t h a t  may be  spawned under i d e a l  envi ronmenta l  c o n d i t i o n s  i n  
a g iven  season. 

Because ehu i s  a m u l t i p l e  spawner, t h e  estimates may b e  less  
p r e c i s e  s i n c e  it  is d i f f i c u l t  t o  determine  the  number of spawn- 
i n g s  per y e a r  and t h e  number of eggs per spawning (Hunter and 
Goldberg,  1 9 8 0 ) .  Environmental  c o n d i t i o n s  may de termine  whether 
some o r  all. of t h e  b a t c h e s  may be  spawned ( C h i g i r i n s k i y ,  1 9 7 0 ) .  
Also,  t h e  r e l a t i o n s h i p  among t h e  number of matur ing  ova i n  an 
ovary ,  t h e  number of ova spawned, and t h e  v i a b l e  l a r v a e  produced 
a re  unknown. T h e r e f o r e ,  c o n s i d e r i n g  a l l  t h e s e  f a c t o r s ,  f e c u n d i t y  
estimates f o r  ehu r e p r e s e n t  an approximation of i ts  r e p r o d u c t i v e  
p o t e n t i a l .  
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