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ABSTRACX 

R e p r o d u c t i v e  b i o l o g y  of t h e  g r e a t e r  amber jack ,  S e r i o h  
dumerili, was i n v e s t i g a t e d  t o  d e t e r m i n e  r e l a t i o n s h i p s  
w i t h  t h e  i r r e g u l a r  o c c u r r e n c e  of c i g u a t o x i c  f i s h  i n  
Hawaiian waters. I n c i d e n c e  of t o x i c  f i s h  was indepen-  
d e n t  of ovary  m a t u r i t y  and spawning s e a s o n .  The spawn- 
i n g  s e a s o n  i s  from F e b r u a r y  t h r o u g h  J u n e  and peaks i n  
March and A p r i l .  I n c i d e n t a l  spawning o c c u r s  y e a r -  
round. Amberjack a p p e a r s  t o  be an i n t e r m i t t e n t  spawner 
w i t h  t h r e e  t o  f o u r  major spawnings i n  t h e  r e l a t i v e l y  
l o n g  p r o t r a c t e d  spawning season. S i z e  a t  f i r s t  matu- 
r i t y  was 72-cm f o r k  l e n g t h  and ripe o v a r i e s  were f i r s t  
o b s e r v e d  i n  f i s h  7 8  c m  long.  Estimates of f e c u n d i t y  
r a n g e d  from 1.3  t o  4.2 x 106 ova f o r  t h e  83.0 t o  
118.6-cm s i z e  group.  Sex r a t i o  was 1 .09: l  (males t o  
females): males predominated  among f i s h  60 t o  79 cm i n  
l e n g t h  and f e m a l e s  among f i s h  100  c m  i n  l e n g t h .  

c i g u a t e r a  
f e c u n d i t y  spawning s e a s o n  
r e p r o d u c t i o n  g r e a t e r  amberjack 

ILSTRODIJCT ION 
. .  U n t i l  May 1980,  t h e  g r e a t e r  amberjack, W i o l a  dumerlll, 

comprised a s u b s t a n t i a l  amount of t h e  h a n d l i n e  f i s h e r y  l a n d i n g s  
i n  Hawaii, r a n k i n g  t h i r d  w i t h  an  a n n u a l  a v e r a g e  c a t c h  of a b o u t  
33,107 kg (DAR, 1 9 8 0 ) .  I r r e g u l a r  o c c u r r e n c e s  of  c i g u a t e r a  
p o i s o n i n g  (Halstead, 1970)  which i m p l i c a t e d  t h e  amberjack have  
v i r t u a l l y  e l i m i n a t e d  commercial sales.  
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I n  April  1979, a 2-year program was i n i t i a t e d  by t h e  Hono- 
l u l u  Labora tory ,  Southwest F i s h e r i e s  Center ,  Na t iona l  Marine 
F i s h e r i e s  S e r v i c e  (NMFS), wi th  t h e  U n i v e r s i t y  of Hawaii School of 
Medicine, and t h e  United F i s h i n g  Agency (UFA) t o  deve lop  a prac- 
t i c a l  method t o  sc reen  commercial f i s h e s  f o r  c i g u a t e r a .  Due  t o  
i ts  h i s t o r y  of i m p l i c a t i o n  i n  c i g u a t e r a  poisoning ,  t h e  amberjack 
was employed as a test  species. 

Previous  workers (Hiyama, 1950; Watanabe, 1950; Cooper, 
1964) have hypothes ized  t h a t  c i g u a t e r a  poisoning  is d i r e c t l y  
r e l a t e d  t o  m a t u r i t y  and gonadal r i p e n e s s  of t h e  f i s h .  A prepon- 
derance  of t o x i c  f i s h  might occur  du r ing  t h e  spawning seasons .  
Banner e t  a l .  (1966) have found t h a t  e l i m i n a t i o n  of t h e  cigua-  
t o x i n  i n  Lvtianus bohar was very  slow such t h a t  a f t e r  30 months 
t h e r e  was no d e t e c t a b l e  drop  i n  t o x i c i t y  l e v e l .  They i n f e r r e d  
t h a t  t h e  i n c i d e n c e  of t o x i c i t y  would be h igher  i n  t h e  l a r g e r ,  
mature f i s h .  

Of t h e  few s t u d i e s  conducted on t h e  r ep roduc t ive  b io logy  of 
t h e  g r e a t e r  amberjack, none has  examined i t s  r e l a t i o n s h i p  wi th  
c i g u a t e r a  l e v e l s .  Burch (1979) observed  t h a t  p e a k  spawning i n  
t h e  wes te rn  A t l a n t i c  occur red  i n  March through June wi th  ev idence  
of year-round i n c i d e n t a l  spawning. Similar f e c u n d i t y  and matura- 
t i o n  s t u d i e s  of S. dorsalis o f f  C a l i f o r n i a  have demonstrated t h a t  
mu l t ip l e  spawning occur s  from J u l y  t o  October (Baxter,  1960) .  

f i s h  s t o c k  i n c l u d i n g  (1) spawning season ,  ( 2 )  f e c u n d i t y ,  (3 )  s i z e  
a t  f i r s t  m a t u r i t y ,  and ( 4 )  s e x  r a t i o  have been determined and 
compared wi th  t h e  occur rence  of c igua tox in .  

MATERIALS AND llETHODS 

I n  t h i s  s tudy ,  some aspects of r ep roduc t ion  of an e x p l o i t e d  

A t o t a l  of 5,242 amberjack gonads were c o l l e c t e d  from Apr i l  
1979 through April  1981 f o r  c i g u a t e r a  screening .  F i s h  sampled 
were caught  by commercial hand l ine  b o a t s  i n  t h e  area between t h e  
i s l a n d  of Hawaii and P e a r l  and Hermes A t o l l  i n  t h e  Northwestern 
Hawaiian I s l a n d s .  

Fork l e n g t h  (FL) , body weight ( t o  t h e  n e a r e s t  0 . 1  kg) , d a t e ,  
and l o c a t i o n  of capture, when a v a i l a b l e ,  were recorded.  Gonads 
and stomachs were removed and f r o z e n  f o r  l a b o r a t o r y  examinat ion.  
T i s s u e  samples e x t r a c t e d  from v a r i o u s  par ts  of t h e  body were col -  
lected f o r  c i g u a t o x i n  a n a l y s i s  u s ing  a radioimmunoassay t echn ique  
developed by Hokama e t  a l .  (1977) a t  t h e  John A. Burns School  of 
Medicine,  U n i v e r s i t y  of Hawaii. 

more developed o v a r i e s  were p rese rved  i n  modif ied G i l s o n ' s  f l u i d  
(Simpson, 1951)  f o r  f e c u n d i t y  estimates. Other  o v a r i e s  were pre- 
s e r v e d  i n  4 p e r c e n t  formaldehyde s o l u t i o n .  Testes were weighed 
and d i sca rded .  

Frozen gonads were weighed t o  t h e  n e a r e s t  gram and larger 
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To f a c i l i t a t e  t h e  p e n e t r a t i o n s  of t h e  G i l s o n ' s  f l u i d ,  ep i -  
the l ium of t h e  ovary was s l i t  l o n g i t u d i n a l l y  on both l o b e s  and 
i n v e r t e d ,  exposing t h e  s inuous  germina l  tissues. Da i ly  a g i t a -  
t i o n s  of samples over a 3 t o  6-week pe r iod  enhanced t h e  d i g e s t i o n  
d e t e r i o r a t i o n  of t h e  connec t ive  t i s sues  and f r e e i n g  of t h e  hard- 
ened ova. Remaining connec t ive  t i s sue  was s u f f i c i e n t l y  broken 
down so t h a t  any at . tached ova could be e a s i l y  f r eed .  Ova were 
s e p a r a t e d  from remaining t i s sue  wi th  a l - m m  mesh nylon s c r e e n ,  
t hen  c o l l e c t e d  and washed over a 0.183-mm mesh sc reen .  

Subsamples f o r  f e c u n d i t y  estimates were ob ta ined  by a 
vo lumet r i c  method (Van Dalsen,  1977) wi th  minor mod i f i ca t ions .  
I n  p l a c e  of a r e v e r s i n g  magnet ic  s t i r r e r ,  ova were i n i t i a l l y  
suspended wi th  a s t i r r i n g  rod. Then, an u n i d i r e c t i o n a l  magnet ic  
s t i r r e r  was a c t i v a t e d  t o  create a counterf low.  P r i o r  t o  t h e  
format ion  of a vo r t ex ,  two 5-m1 a l i q u o t s  were drawn wi th  a 
p i p e t t e  from t h e  lower two- th i rds  of t h e  m i x t u r e ,  and approxi -  
mately 2 t o  5 cm from t h e  wall of t h e  c o n t a i n e r .  

Estimates of f e c u n d i t y  (P) were ob ta ined  by t h e  fo l lowing  
formula : 

n 5 m l  

where 

n = number of subsamples 
N = number of ova i n  each subsample 
V = t o t a l  volume of t h e  mixture  i n  mi l l i l i t e r s  

Eight  o v a r i e s  were sampled du r ing  t h e  1988 spawning season  
f o r  f e c u n d i t y  estimates. R e l a t i o n s h i p s  of f e c u n d i t y  wi th  FL, 
body weight ( w t ) ,  and gonad weight  (gw) were compared us ing  
B a r t l e t t ' s  " three-group" method for model I1 r e g r e s s i o n  (Sokal  
and Rohl f ,  1969; R i c k e r ,  1973) .  Also from each of t h e  sub- 
samples ,  300 randomly s e l e c t e d  ova were measured and s t a g e d  under 
a microscope ( K i k k a w a ,  1980) .  Due t o  t h e  i r r e g u l a r  shape of t h e  
p re se rved  ova, diameters were measured fo l lowing  t h e  method of 
C l a r k  (1934) .  

Ear l ier  workers  have cus tomar i ly  used ova diameter f requency  
d i s t r i b u t i o n  i n  spawning s t u d i e s  ( C l a r k ,  1934; Yuen, 1955; O t s u  
and Uchida, 1959) .  Although t h i s  method p rov ides  a good estimate 
of m a t u r i t y ,  t h e  t echn ique  is q u i t e  l a b o r i o u s .  Due t o  t h e  l a r g e  
number o f  samples,  a simpler method was desirable .  Bagenal and 
Braum (1968) sugges ted  t h e  u s e  of gonad weight  as an i n d i c a t o r  of 
r e p r o d u c t i v e  cond i t ion .  Consequently a pe rcen t  r a t i o  of gonad 
weight  t o  body weight (gw/wt x l o o ) ,  termed t h e  gonadosomatic 
index  ( G S I ) ,  was employed t o  r e p r e s e n t  ma tu r i ty .  For comparat ive 
purposes ,  t h e  developmental  s t a g e  of o v a r i e s  was a l s o  determined 
on t h e  b a s i s  of t h e  most advanced ova i n  t h e  o v a r i e s .  
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RESULTS 

Developrental Stages of the Ovary 

p h y s i c a l  c h a r a c t e r i s t i c s :  immature, e a r l y  developing,  develop- 
ing ,  advanced developing,  e a r l y  ripe, r ipe,  and r e s i d u a l  (Table  
1). These s t a g e s  were similar t o  those  found by Uchiyama and 
Shomura (1974) i n  t h e  swordf i sh ,  XiDhias w, and K i k k a w a  
(1980) i n  t h e  pink snapper ,  PrlstlDomoides filamentosus. 

Ova diameter d i s t r i b u t i o n s  of ova i n  v a r i o u s  s t a g e s  of 
m a t u r i t y  are shown i n  F igu re  1. Primary or pr imord ia l  ce l l s  
occur red  i n  a l l  of t he  o v a r i e s .  These rudimentary ce l l s  were not 
mea 6 u red . 

Seven s t a g e s  of ova development could be i d e n t i f i e d  based on 

. .  

Ear ly  deve loping  ova made up t h e  "developing"  mode. They 
were cons ide red  u n l i k e l y  to be released dur ing  t h e  next  spawning. 
The " r ipen ing"  ca t egory  inc luded  ova i n  a wide developmental  
s t a g e  from "developing" t o  " e a r l y  r ipe"  (Table  1 ) .  No running 
r ipe ova were observed.  

The developmental  s t a g e  a s s igned  t o  an ovary was based on 
t h e  most advanced ova. Immature and r e c e n t l y  spen t  females  wi th  
only  p r i m o r d i a l  c e l l s  i n  t h e  o v a r i e s  were cons ide red  t o  have 
nondeveloping o v a r i e s .  Those w i t h  ova i n  t h e  "developing" mode 
(F igu re  1) were c l a s s i f i ed  as developing.  Ovar ies  were classi-  
f i e d  as " r ipen ing"  based on t h e  presence  of ova i n  "advanced 
developing"  mode which inc luded  ova i n  t h e  deve loping  t o  r i p e  
stage. 
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TABLE 1. D E S C R I P T I O N  O F  THE O V A R I E S  OF GREATER AMBERJACK AT 
VARIOUS STAGES O F  DEVELOPMENT 

Ova GSI Mean Physical Description Diameter Ovary 
m t u r i t y  Stage (+S. E. ) of the  Oocytes v m  x l o 2  Maturity 

I. Primordial 

11. Early 

111. Developing 

IV. Advanced 
developing 

v. Early 
ripe 

VI. Ripe 

VII. Resid& 

0.940 
(0.059) 

0.701 
(0.052) 

0.701 
(0.279) 

2.80 
(0.099) 

3.78 
(0.55) 

4.86 
(0  "16) 

3.80 

Oocytes prevalent in 
a l l  ovaries; oocytes 
a r e  usually avoid 
and consist  of uni- 
f om t r a n s p r e n t  
gelatinous material. 

Oocytes are semi- 
transparent t o  
translucent due t o  
the formation of 
g r a n d a r  yslk mat- 
ter. Oocytes are 
usually avoid or 
w e d g e l  i ke .  

Oocytes a r e  cam- 
pletely opque with 
yo1 k material. 

Oocytes are usually 
s@erical  with uni- 
form spque yolk 
granules and encased 
i n  a transparent 
f e r t i l i z a t i o n  mem- 
brane. 

Oocytes are usually 
s&erical. The yolk 
material is translu- 
cent; o i l  globules 
are present. 

Oocytes are usually 
aim st transparent i 
o i l  globules are 
present. 

Oocytes shaw signs 
o€ reabsorption. 
Cells are translu- 
cent and greatly 
reduced. 

-- 

2.0-5.1 

4.1-6.9 

4.6-7.4 

5.1-7.6 

-- 

4.8-7 .O 

Nondeveloping 

Developing 

Ripening 

Ripening 

Ripening 

Ripening 

Ripening 
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10 - EARLY DEVELOPING - 

15 - ADVANCED DEVELOPING - - 

to - - - 

5 -  

- 
3 - 

0 

5 -  

0 

EARLY RIPE 

DEVELOPING - 

rIlm7H-h-L- 

2 5 1  COMBINED 

2o t n 

OVA DIAMETER ( N m )  

Figure 1 .  Size-frequency d i s t r i b u t i o n  of ova at  
var ious  s t a g e s  of maturation 
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F e c u n d i t y  

r a n g e d  from 1.3 t o  4.2 x l o 6  ova. The 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  l e n g t h ,  body w e i g h t ,  and gonad w e i g h t  were l i n e a r .  B a r t l e t t ' s  
method f o r  model I1 r e s r e s s i o n  was used t o  d e s c r i b e  t h e  rela- 

I n  e i g h t  r i p e n i n g  f e m a l e s  (83.0 t o  118.6-cm FL) ,  f e c u n d i t y  

- 
t i o n s h i  p : 

DS 

F e c u n d i t y  and l e n g t h  

F e c u n d i t y  and body weight  

F e c u n d i t y  and gonad weight  

where 

F = f e c u n d i t y  x l o 6  

LL 
7 

7 

7 

Results 

F = -0.71 + 0.0025 FL 
r*  = 0.72 

F = 0.97 + 0.05 w t  
r *  = 0.82 

F = -0.24 + 0.0036 gw 
r* = 0.89 

FL = fork  l e n g t h  i n  c e n t i m e t e r s  
w t  = body weight  i n  k i l o g r a m s  
gw = gonad w e i g h t  i n  grams 
r*  = t h e  u n b i a s e d  c o r r e l a t i o n  coef f i c i e n t  ( H e n d a l l  and 

A l l  d e v e l o p i n g  and r i p e n i n g  ova i n  t h e  most advanced mode 

S t u a r t ,  196'7) 

were used t o  estimate f e c u n d i t y .  The f e c u n d i t y  was b e s t  cor-  
r e l a t e d  w i t h  gonad w e i g h t .  Gonad w e i g h t ,  t h e r e f o r e ,  was cons id-  
e r e d  t h e  b e s t  p r e d i c t o r  of f e c u n d i t y .  

Ovary maturity and ganadssomatic i n d e x  

Females t h a t  ( I )  were t o o  small t o  be s e x u a l l y  mature, ( 2 )  had 
o v a r i e s  c o n t a i n i n g  o n l y  p r i m o r d i a l  ce l l s ,  ( 3 )  had o v a r i e s  c o n t a i n -  
i n g  e a r l y  d e v e l o p i n g  o o c y t e s ,  and ( 4 )  were r e c e n t l y  s p e n t  had 
i n d i c e s  of about  1 p e r c e n t .  Females w i t h  i n d i c e s  2.0 percent were 
c o n s i d e r e d  t o  be s e x u a l l y  a c t i v e  and e x p e c t e d  t o  spawn i n  t h e  
c u r r e n t  spawning s e a s o n .  F i s h  w i t h  n e a r  r i p e  o v a r i e s  had i n d i c e s  
3 .5  p e r c e n t .  The h i g h e s t  i n d e x  f o r  a female  was 4.86 p e r c e n t .  

Spawning s e a s o n  

The s e a s o n a l  d i s t r i b u t i o n  of GSI i n d i c a t e d  t h a t  spawning 
began i n  F e b r u a r y ,  peaked i n  March and Apr i l ,  and  concluded  by 
J u l y  ( F i g u r e  2 ) .  Mean G S I  r e a c h e d  2.5 p e r c e n t  f o r  males and 3.0 
p e r c e n t  f o r  f e m a l e s  i n  February  and rose t o  5 p e r c e n t  f o r  males  
and 4 . 5  p e r c e n t  f o r  f e m a l e s  i n  March. A t  t h e  c o n c l u s i o n  of t h e  
spawning p e r i o d ,  GSI d e c l i n e d  t o  a b o u t  1.8 p e r c e n t  f o r  bo th  
sexes. The o c c u r r e n c e  of a few r ipe o v a r i e s  and low mean GSI 
l e v e l s  t h r o u g h o u t  t h e  y e a r  i n d i c a t e s  t h a t  i n c i d e n t a l  year-round 
spawning may o c c u r .  
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Figure  2 .  Mean monthly gonadosomatic index (GSI) 
f o r  t h e  greater amberjack. The v e r t i -  
ca l  l i n e s  r e p r e s e n t  k s t a n d a r d  e r r o r  of 
t h e  mean; (N) i s  sample s i z e .  

Size at maturity 

The r e l a t i o n s h i p  between body l eng th  and t h e  development of 
o v a r i e s  was determined from 1 4 4  randomly s e l e c t e d  o v a r i e s .  The 
pe rcen tage  of females  wi th  nondeveloping, deve loping ,  and r ipen-  
i n g  o v a r i e s  was p l o t t e d  by 2-cm s i z e  c l a s s e s  t o  determine s i z e  a t  
m a t u r i t y .  Females w i t h  developing o v a r i e s  were cons ide red  mature 
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and those  wi th  nondeveloping o v a r i e s ,  immature. A t  70 cm every  
female was immature; however, a t  72 cm 4 0  percen t  had reached 
m a t u r i t y .  Thus, females  were cons ide red  l i k e l y  t o  reach  m a t u r i t y  
a t  72 c m  (F igu re  3 ) .  The smallest female wi th  ripe o v a r i e s  mea- 
s u r e d  78 c m  and was e s t i m a t e d  t o  be 2.5  y e a r s  o l d  ( J . H .  Uchiyama, 
1983: p e r s o n a l  communication).  
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FORK LENGTH (cm)  

Figure  3. Percentage  of d i s t r i b u t i o n  of o v a r i e s  
i n  v a r i o u s  s t a g e s  of development by 
f i s h  s i z e  

Sex ratio 

Males predominated (1 .09: l )  i n  t h e  5,242 f i s h  sampled f o r  
t h i s  s tudy.  Sex r a t i o s  by year  were: 1979, 1 .01: l ;  1980, 
1.11:l; and 1981, 1 . 1 O : l .  The s e x  r a t i o  f o r  1980 d e v i a t e d  most 
from t h e  expected 1:l r a t i o .  Pooled by y e a r ,  t h e  sex r a t i o  
d e v i a t e d  s i g n i f i c a n t l y  from 1:l i n  March, June,  and December 
(Tab le  2 ) .  For t h e  PO-cm l e n g t h  classes, s e x  r a t i o  d e v i a t e d  from 
1:l f o r  most of t h e  s i z e  c a t e g o r i e s  (Tab le  3 ) .  Genera l ly  t h e  
males predominated i n  t h e  l a r g e r  sizes (5100 c m ) .  Among t h e  
smaller s i z e s  (560 c m ) ,  no s i g n i f i c a n t  d e v i a t i o n s  from t h e  
expec ted  were found. 
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TABLE 2. DEVIATION OF THE MALE TO FEMALE SEX RATIO FROM 1:l I N  
GREATER AMBERJACK BY MONTH AND YEAR 

Year 

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

April 29: 16 
M Y  43 : 69 
June 101: 72 
J d Y  89: 64 
August 31: 29 
September 15:28 
October 14:26 
November 23: 41 
DeCXllber 55:50 
JaIlLlary - 
February - 
mrch - 

221: 221 
121: 94 
137: 93* 
92: 111 

150: 151 
83:87 

108: 119* 
81:69 

159: 122 
128: 97 
202: 203 
265: 216 

122: 112 -- 
I 

-- 

-- 
73: 93 

129: 123 
267: 208 

372:339 2 
164 : 163 1 
238: 165 1 
181: 175 1 
181: 180 1 
98: 115 1 

122: 145 1 
104: 110 1 
214: 172 1 
201: 190 1 
331: 326 1 
532: 424 1 

1.53 
0.003 

13.22t 
0.10 
0.003 
1.36 
1.98 
0.17 
4.57 
0.31 
0.04 

12.20* 

T o t d l b  400r395 1,747:1,583 591:536 
d.f. 8 11 3 
X 2  0.03 8.08 2.68 

Note: Total a = the e x  ratio pooled ky mth for a l l  years; Totdl b = the 
eex r a t i o  for each year 

*P < 0.05 
tP < 0.01 

Incidence of cigaatoric f i s h  

had h i g h  levels  of c i g u a t o x i n .  The p e r c e n t a g e  of tox ic  males 
(13.6 percent) from t h a t  of females (14.9 percent) was not 
s i g n i f i c a n t l y  d i f f e r e n t  ( t  = 1.6934; d . f .  = 5,226;  P > 0 .05 ) .  

O f  t h e  5,227 amber jacks  t e s t e d ,  370 males and 372 f e m a l e s  
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TABLE 3. DEVIATION OF THE MALE TO FEMALE SEX RATIO 
FROM 1 . 0 9 : l  I N  GREATER AMBERJACK BY 1 O o - M M  
SIZE CATEGORIES 

Fork  Length  
(m) Male Fema 1 e n X 2  

400 
400-499 
500-599 
600-699 
700-7 99 
800-899 
900-999 

1 ,000-1 ,099  
1,100-1,199 
1 ,200-1 ,299  

1 ,300  

27 (39.7) 41  (60 .3 )  6 8  2.88 
104  (46 .0)  122  (54 .0 )  226 1.43 
202 (52 .3)  184  (47 .7)  386 0.84 
393  (57 .4)  292 (42 .6 )  685 14 .89*  
835 (58 .1 )  601 (41 .9)  1 ,436  38.13* 
815 (54 .1)  692 (45 .9 )  1 ,507  10.04* 
282 (46 .3 )  327 (53 .7)  609 3.33 

40 (24 .1)  126 (75 .9 )  166  44.55* 
7 (13 .0 )  47 (87 .0)  54 29.63* 
1 ( 4 . 4 )  22 (95 .6 )  23 19.17* 
0 (0) 6 (100)  6 -- 

Note: p e r c e n t a g e s  g i v e n  i n  p a r e n t h e s e s  

*P < 0.01  

A 2 x 3 c o n t i n g e n c y  t ab le  o f  non tox ic  and  t o x i c  f e m a l e s  
against  stages o f  o v a r y  deve lopmen t  was c o n s t r u c t e d  t o  show 
v a r i a t i o n s  i n  t h e  o c c u r r e n c e  of t o x i c  f e m a l e s  by m a t u r i t y  ( X 2 =  
9.517: d . f .  = 2; P < 0.01). A t e s t  o f  i n d e p e n d e n c e  showed t h a t  
t o x i c  female a m b e r j a c k s  were most l i k e l y  t o  h a v e  immature or 
r i p e n i n g  o v a r i e s  (x2 = 9.668; d . f .  = 2 ;  P < 0 .01)  ( T a b l e  4 ) .  

TABLE 4 .  PERCENT DISTRIBUTION OF TOXIC AND NONTOXIC 
FISH AT VARIOUS DEVELOPMENTAL STAGES 

Deve lopmen ta l  
S t a g e  Nont 0 x i  c T o x i c  

D e v e l o p i n g  
D e v e l o p i n g  
R i p e  

86.0 ( 3 , 3 5 3 )  14 .0  (544)  
84.8 (890 1 15.2  (159)  
84.4 (464)  15 .6  ( 8 6 )  

TOTAL 100.00  (4 ,707)  100.00 (789)  
~ 

Note: Sample  s i z e  is g i v e n  i n  p a r e n t h e s e s  
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No obvious t r e n d s  i n  t h e  r e l a t i o n s h i p  between t h e  seasona l  
d i s t r i b u t i o n  of t o x i c  f i s h  and spawning could  be de t ec t ed .  
During 1980, occur rence  of c i g u a t o x i c  f i s h  peaked i n  Janua ry ,  
March, June,  August, and October.  The mean pe rcen tage  was 22 
pe rcen t  of t h e  t o t a l  month 's  ca t ch .  

DISCUSSIOR 

I n  t h i s  s tudy ,  f e c u n d i t y  is de f ined  as  t h e  number of eggs i n  
t h e  female  l i k e l y  t o  be ex t ruded  a t  t h e  next  spawning (Bagenal 
and Braum, 1968) .  Ova i n  t h i s  ca t egory  were those  i n  t h e  most 
advanced mode i n  t h e  ova d iameter  f requency  d i s t r i b u t i o n .  I t  was 
u n l i k e l y  t h a t  t h e  ova i n  t h e  secondary mode would develop  enough 
t o  be r e l e a s e d  wi th  ova i n  t h e  most advanced mode. Although t h e  
developmental  ra te  of t h e  ova was not  determined and t h e  advanced 
mode inc luded  ova i n  v a r i o u s  developmental  s t a g e s  from developing  
t o  e a r l y  r ipe,  it was assumed t h a t  a t  t h e  t i m e  of spawning a l l  Of 
t h e  ova i n  t h e  most advanced mode would be ex t ruded .  Work on t h e  
jack mackerel o f f  C a l i f o r n i a  demonstrated t h e  occur rence  of two 
major spawnings,  i .e . ,  t h e  two modal groups of ova sugges ted  a 
spawning w i t h  each mode. 

The s e a s o n a l  d i s t r i b u t i o n  of G S I  d i d  not  i n d i c a t e  a second 
p e a k  spawning du r ing  t h e  r e l a t i v e l y  long  breeding  season,  which 
was e s t i m a t e d  t o  l a s t  from February t o  June ,  b u t  t h e  p o s s i b i l i t y  
of mu l t ip l e  spawning cannot  be ignored.  I t  i s  appa ren t  from t h e  
multimodal d i s t r i b u t i o n  of ova d i ame te r s  t h a t  t h e  ova i n  t h e  
secondary mode would u n l i k e l y  deve lop  enough i n  s ize  and m a t u r i t y  
t o  be r e l e a s e d  wi th  ova i n  t h e  most advanced mode. Based on t h e  
cont inuous  development of ova, it seems l i k e l y  t h a t  t h e  g r e a t e r  
amberjack i s  a mul t ip l e  spawner. Although t h e r e  are  no d a t a  t o  
de te rmine  t h e  number of spawnings per season ,  h ighe r  occur rences  
of j u v e n i l e s  ( f i s h  e 4 5  cm and wi th  s e x u a l l y  i n d i s t i n g u i s h a b l e  
undeveloped gonads) i n  May, J u l y ,  September, and October (F igu re  
4 )  cou ld  p o s s i b l y  r e f l e c t  t h r e e  or f o u r  major spawnings i n  t h e  
s p r i n g .  

During t h e  off-spawning season ,  t h e  i n f r e q u e n t  ca t ches  of 
ripe f i s h  and a few j u v e n i l e s  i n d i c a t e  t h a t  i n c i d e n t a l  spawning 
may occur .  Spawning would be c l o s e l y  a s s o c i a t e d  wi th  environ-  
mental  c o n d i t i o n s  conducive t o  l a r v a l  f i s h  s u r v i v a l  as was demon- 
s t r a t ed  f o r  t h e  Japanese  horsemackerel ,  - ja&xmUu 
( C h i g i r i n s k i y ,  1970) .  

F l o r i d a  is from March t o  June,  peaking i n  A p r i l  and May. I t  was 
i n f e r r e d  from t h e  i n f r e q u e n t  catches of ripe f i s h  t h a t  t h e  amber- 
jack e x h i b i t  low year-round spawning (Burch ,  1 9 7 9 ) .  Also,  l a r v a l  
f i s h  su rveys  i n  t h e  e a s t e r n  Gulf of Mexico and S t r a i t s  of F l o r i d a  
t e n d  t o  suppor t  t h e  g e n e r a l i z a t i o n  t h a t  year-round spawning i s  
t y p i c a l  of t h e  Seriola spp. (Dooley, 1972: Munro e t  a l . ,  1973; 
Apr i e to ,  1974; Fahay, 1975) .  

The spawning season for greater amberjack o f f  t h e  c o a s t  of 
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Figure  4 .  Percentage  of d i s t r i b u t i o n  of j u v e n i l e  
amberjack 2 45  c m  throughout  t h e  year  

The l i t e r a t u r e  on sex  r a t i o  provided  l i t t l e  a s s i s t a n c e  i n  
i n t e r p r e t i n g  t h e  s i g n i f i c a n t  v a r i a t i o n s  from a 1:l s e x  r a t i o .  
Dev ia t ions  from t h e  expec ted  r a t i o  could  be due t o  s e x u a l  d i f f e r -  
ences  i n  l o n g e v i t y ,  growth, m o r t a l i t y ,  and b e h a v i o r a l  p a t t e r n s ,  
o r  t o  sex  reversal and mig ra t ion  of one sex ou t  of t h e  sampling 
area as sugges ted  by Wenner (1972) .  Of t h e s e ,  on ly  d i f f e r e n c e s  
i n  m o r t a l i t y  and l o n g e v i t y  are suppor ted  by a v a i l a b l e  ev idence .  
The number of males i n  t h e  mids ize  classes (60  t o  90 c m )  were 
s i g n i f i c a n t l y  g r e a t e r  t han  t h e  females .  Conversely,  f i s h 2 1 0 0  c m  
were predominant ly  females .  

The occurrence  of 12.2 pe rcen t  immature and 16.9 pe rcen t  
r i p e n i n g  t o x i c  f i s h  is c o n t r a d i c t o r y  t o  t h e  h y p o t h e s i s  t h a t  
t o x i c i t y  is  r e l a t e d  t o  spawning p e r i o d  and gonad development 
(Hiyama, 1950; Watanabe, 1950) .  No s i g n i f i c a n t l y  h igher  number 
of t o x i c  r i p e n i n g  f i s h  was found. I n v e s t i g a t o r s  s t u d y i n g  t h e  
a c q u i s i t i o n  and r e t e n t i o n  of c i g u a t o x i n  i n  t h e  r e d  snapper ,  
Lutianus w, have found t h a t  t o x i c i t y  l e v e l s  remained t h e  same 
f o r  about  30 months and t h a t  e l i m i n a t i o n  of t h e  t o x i n  is very  
slow (Banner e t  a l . ,  1966) .  Due  t o  t he  p e r s i s t e n c e  of t h e  t o x i n ,  
one would expect a higher  pe rcen tage  of t o x i c  f i s h  t o  have 
reached  s e x u a l  m a t u r i t y ,  bu t  we d i d  no t  f i n d  t h i s  t o  be so. A 
p o s s i b l e  e x p l a n a t i o n  of t h i s  anomaly is t h a t  a t  v a r i o u s  s t a g e s  of 
development,  c i g u a t o x i n  could  be concen t r a t ed  i n  d i f f e r e n t  
organs.  Higher l e v e l s  of t h e  f a t  s o l u b l e  t o x i n  (Scheuer et  a l . ,  
1967) might be i n  t issues  of h igh  l i p i d  c o n c e n t r a t i o n s  such as 
t h e  g e n e r a t i v e  t issues  a t  t h e  o n s e t  of spawning. S u b s t a n t i a t i n g  
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work on s a r d i n e s ,  h e r r i n g ,  and o t h e r  c l u e p i d s  have e l u c i d a t e d  t h e  
increase of f a t s  i n  t h e  muscula ture ,  mesentery,  and v i s c e r a  pre- 
ceding  t h e  onset of spawning (Blaxter and Ho l l iday ,  1963; Channon 
and E l  Saby, 1932) .  A t  t h e  o n s e t  of spawning, f a t  r e s e r v e s  are 
channeled  t o  t h e  gonads as energy source  and n u t r i t i v e  materials 
i n  t h e  yo lk  (Shul'man, 1974) .  A c l o s e  a s s o c i a t i o n  of c i g u a t o x i n  
wi th  t h e  homologous l i p i d s  (Lasker and T h e i l a c k e r ,  1962) might be 
expec ted  and l i k e  t h e  l i p i d s ,  t o x i n  might be concen t r a t ed  i n  d i f -  
f e r e n t  o rgans  due t o  p h y s i o l o g i c a l  changes i n  t h e  f i s h .  During 
t h e  prespawning p e r i o d ,  movement of f a t  r e s e r v e s  t o  t h e  reproduc- 
t i v e  o rgans  would create a l i p i d  and c i g u a t o x i n  g r a d i e n t ,  t he reby  
i n c r e a s i n g  t h e  t o x i c i t y  l e v e l  i n  t h e  v i s c e r a .  Some c i g u a t e r a  
at tacks were thought  t o  be caused by t h e  consumption of t h e  more 
t o x i c  v i s c e r a  than  t h e  muscula ture  (Ha l s t ead  and S c h a l l ,  1958; 
Cooper, 1964; H e l f r i c h  e t  a l . ,  1968) .  I n  immature or r e s t i n g  
f i s h ,  h ighe r  c o n c e n t r a t i o n s  of t o x i n  would l i k e l y  be  i n  t h e  
musculature due t o  t h e  r i s i n g  f a t  r e s e r v e s .  Because only  t h e  
muscula ture  was t e s t e d  by radioimmunoassay, t h i s  q u e s t i o n  remains 
unreso lved .  

S U W Y  

1. Greater amberjack gonad samples were c o l l e c t e d  from t h e  
Hawaiian commercial f i s h e r y  from April  1979 through April 1981 as 
par t  of a c i g u a t e r a  r e s e a r c h  program. 

most advanced mode, ranged from 1.32 x l o 6  t o  4 . 2  x 1 0 6  f o r  f i s h  
from 83.0 t o  118.6 cm. R e l a t i o n s h i p s  of ova count  t o  gonad 
weight ,  body weight ,  and l e n g t h  were b e s t  dec r ibed  by model I1 
r e g r e s s i o n s .  Gonad weight  was t h e  b e s t  p r e d i c t o r  o f ecund i ty .  

J u l y ,  peaking  i n  March and April .  

l e v e l s  throughout  t h e  year  i n d i c a t e d  year-round i n c i d e n t a l  
spawning. 

5 .  Based on t h e  occurrence  of j u v e n i l e s  < 4 5  cm and con- 
t i n u o u s  r i p e n i n g  of t h e  ova du r ing  t h e  r e l a t i v e l y  long  spawning 
pe r iod ,  it appears t h a t  t h e  amberjack are i n t e r m i t t e n t  spawners: 
it is  possible t h a t  t h e r e  may be t h r e e  t o  f o u r  major spawning6 i n  
a s i n g l e  season.  

6 .  S i z e  a t  m a t u r i t y  was e s t i m a t e d  t o  be 72 cm. Some f u l l y  
ripe i n d i v i d u a l s  were 78 cm.  

7. The male t o  female s e x  r a t i o  of t h e  5,242 amberjack 
sampled was 1.09:1, d i f f e r i n g  s i g n i f i c a n t l y  from t h e  expec ted  1:l 
r a t i o .  Hales predominated among t h e  mids i zes  (60 t o  79 c m )  
whereas,  females predominated i n  t h e  l a r g e r  s i z e s  (2100 c m ) .  

2. Fecundi ty  estimates, based on coun t s  of a l l  ova i n  t h e  

3. Spawning season  f o r  t h e  amberjack was February through 

4 .  I n f r e q u e n t  occur rence  of ripe o v a r i e s  and low mean G S I  
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8. The i n c i d e n c e  of c i g u a t o x i c  f i s h  was n e i t h e r  r e l a t e d  t o  

9 .  There was a s l i g h t l y  h i g h e r  rate of t o x i c  f e m a l e s  i n  t h e  

spawning season  nor t o  sex.  

immature and r i p e n i n g  s t a g e s .  
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L a b o r a t o r y ,  N a t i o n a l  Marine F i s h e r i e s  S e r v i c e ,  f o r  t h e i r  h e l p  and 
e s p e c i a l l y  Wesley Hau and S a l l y  Kuba f o r  s e t t i n g  up t h e  d a t a  set. 
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