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ABSTRACT 

A s  part of t h e  Northwestern Hawaiian I s l a n d s  (NWHI)  
survey  and assessment  i n v e s t i g a t i o n ,  tissues of v a r i o u s  
nea r shore  and o f f s h o r e  f i s h  species were ana lyzed  by 
radioimmunoassay ( R I A )  t o  e v a l u a t e  t h e  d i s t r i b u t i o n  of 
c i g u a t o x i c  f i s h e s .  From 1980 through 1981, t h e  
Honolulu Labora tory  of t h e  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) sampled 43 
d i f f e r e n t  o f f s h o r e  species f o r  a t o t a l  of 1 ,831  tissue 
samples. A t o t a l  of 962 samples r e p r e s e n t i n g  76 d i f -  
f e r e n t  near sho re  species were c o l l e c t e d  by t h e  D i v i s i o n  
of Aquat ic  Resources  (DAR) of t h e  Hawaii Department of 
Land and Natural Resources  from 1980 through 1982. 
When ana lyzed  by t h e  R I A  method, 2,292 (82 percent) of 
t h e  samples from NMFS and DAR were nega t ive ,  278 (10  
p e r c e n t )  were b o r d e r l i n e ,  and 223 (8  p e r c e n t )  were 
p o s i t i v e .  The r e s u l t s  were similar t o  t h o s e  of t h e  
1977-79 su rveys  and show t h a t  commercially v a l u a b l e  
species, e s p e c i a l l y  t h o s e  i n  t h e  snapper-grouper com- 
p l e x  from v a r i o u s  NWHI l o c a t i o n s ,  had moderate t o  h igh  
f r e q u e n c i e s  of b o r d e r l i n e  and p o s i t i v e  R I A  r e s u l t s .  Of 

rhodochrous) had t h e  h i g h e s t  r e j e c t i o n  rate (pe rcen tage  
of samples wi th  R I A  b o r d e r l i n e  and p o s i t i v e  r e s u l t s ) .  
Although not  p r e v i o u s l y  implicated i n  c i g u a t e r a ,  
Eontinus mcroc- had t h e  h i g h e s t  r e j e c t i o n  rate 
among t h e  o f f s h o r e  species, fo l lowed by EDineDhelus 
~UZLXAU. Recent s t u d i e s  sugges t  t h a t  species having  
h i g h  r e j e c t i o n  rates and no t  p r e v i o u s l y  imp l i ca t ed  i n  
c i g u a t e r a  may c o n t a i n  po lye the r  compounds which are 

. .  t h e  nea r shore  species, Chelllnus unifasciatus (=  c. 
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similar i n  chemical r e a c t i v i t y  t o  c i g u a t o x i n  but  of 
lower t o x i c i t y .  

c i g u a t e r  a 
r e j e c t i o n  ra te  Northwestern Hawaiian I s l a n d s  

r a d i o  i m m  unoas say  

Ciguatera is a disease caused by t h e  i n g e s t i o n  of a v a r i e t y  
of f i s h  contaminated wi th  c igua tox in ,  a l i p i d  o r i g i n a t i n g  i n  t h e  
d i n o f l a g e l l a t e  , Gambierdiscus toxicus (Yasumoto e t  a l .  , 1977) .  
Cha rac t e r i zed  by n e u r o l o g i c a l  and g a s t r o i n t e s t i n a l  symptoms, 
c i g u a t e r a  has  been a h e a l t h  problem as well as a d e t e r r e n t  t o  
f i s h e r i e s  development and u t i l i z a t i o n  i n  t h e  ocean ic  i s l a n d s  of 
t h e  P a c i f i c .  

A s  part of t h e  Northwestern Hawaiian I s l a n d s  survey  and 
assessment  i n v e s t i g a t i o n ,  v a r i o u s  nea r shore  and o f f  sho re  species 
of f i s h  were sampled t o  determine t h e  occurrence  and d i s t r i b u t i o n  
of c i g u a t o x i c  f i s h e s .  From 1977 u n t i l  1982, commercially impor- 
t a n t  as well as o t h e r  less  v a l u a b l e  species were sampled through 
t h e  c o o p e r a t i v e  e f f o r t s  of t h e  Div i s ion  of Aquat ic  Resources  
( fo rmer ly  t h e  D i v i s i o n  of F i s h  and Game) of t h e  Hawaii Department 
of Land and Natural Resources and t h e  Honolulu Labora tory  of t h e  
Southwest F i s h e r i e s  C e n t e r r  Na t iona l  Marine F i s h e r i e s  Se rv ice .  
F i s h  tissues were t e s t e d  f o r  t h e  p re sence  of c i g u a t o x i n  by a 
radioimmunoassay procedure developed a t  t h e  U n i v e r s i t y  of Hawaii 
(Hokama e t  a l . ,  1977) .  

1977 and 1979 were r e p o r t e d  p r e v i o u s l y  ( I t o  and Uchida, 1980)  and 
i n d i c a t e d  t h a t  c i g u a t o x i c  f i s h  occur red  throughout  t h e  NWHI from 
Nihoa t o  Kure  A t o l l .  Species among t h e  snapper-grouper complex, 

I Pseudocaranxdentex ( = G o  chelllo ) I  i n c l u d i n g  Caranx ianobllls 

kasmira, and , had h igh  f r e -  
quenc ie s  of b o r d e r l i n e  and p o s i t i v e  R I A  r e s u l t s  f o r  c igua tox in .  
Among t h e  nearshore  species t e s t e d ,  Kuhlia ' and 

c i g u a t o x i c  f i s h .  

The R I A  resul ts  of nea r shore  and o f f s h o r e  su rveys  done from 
1980 u n t i l  1982 are p r e s e n t e d  i n  t h i s  report. The data are s i m i -  
l a r  t o  t h o s e  of t h e  1977-79 s u r v e y s  and show t h a t  some commer- , 

c i a l l y  v a l u a b l e  species from v a r i o u s  NWHI l o c a t i o n s  had moderate 
t o  h igh  f r e q u e n c i e s  of b o r d e r l i n e  and p o s i t i v e  R I A  r e s u l t s .  

llElEIODS 

Radioimmunoassay results of f i s h  su rveys  conducted between 

0 .  . .  
r EDineDhelus & 2 l a y u E I S E t e l i s  - I  

unifasciatus (= G. -) had h igh  f r e q u e n c i e s  of 

DAR sampled f i s h  from t h e  nea r shore  areas and NRFS concen- 
t r a t e d  on sampling o f f s h o r e  species a l though  some nea r shore  
species were sampled d u r i n g  r e f u e l i n g  and rest  s t o p s .  S h o r t l y  
a f te r  capture, each  f i s h  was weighed and measured b e f o r e  t issue 
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samples were taken. T i s s u e s  c o l l e c t e d  by DAR were ob ta ined  from 
t h e  a n t e r i o r  d o r s a l  musculature  (A) : tissues c o l l e c t e d  by NHFS 
were taken  from s i te  A as well a s  from t h e  a n t e r i o r  v e n t r a l  
abdominal musculature (B)  and t h e  p o s t e r i o r  v e n t r a l  musculature 
( E ) .  Each t i s s u e  sample was p laced  i n  a p l a s t i c  v i a l  or  bag and 
kept  f rozen  u n t i l  analyzed by t h e  R I A  method. 

The RIA procedure was c a r r i e d  out  accord ing  t o  t h e  method of 
Hokama e t  a l .  (1977) wi th  mod i f i ca t ions  desc r ibed  by Kimura e t  
a l .  (1982) .  I n  t h e  a s say ,  r e c i s e l y  weighed tissue samples were 
incubated  f o r  3 hours  with p25I - sheep  an t i - c igua tox in  an t ibody,  
washed, and then  p laced  i n  a gamma counter  t o  determine t h e  
r a d i o a c t i v e  counts  per minute per gram of tissue. Based on s tud-  
ies of f i s h  involved  i n  c l i n i c a l l y  eva lua ted  cases of c i g u a t e r a ,  
and on mouse and mongoose t o x i c i t y  tests, l e v e l s  of t o x i c i t y  were 
e s t a b l i s h e d  a s  fo l lows:  

Counts per minute per gram T o x i c i t y  l e v e l  

<350 ,000  

>399,999 
350,000 t o  399,999 

Negative 
Border l i n e  

P o s i t i v e  

For a l l  samples analyzed,  tests were conducted "b l ind ,  " 
i .e. , samples were i d e n t i f i e d  only by t h e  o r i g i n a l  numbers 
a s s igned  a t  t h e  time of c o l l e c t i o n .  Species i d e n t i f i c a t i o n  and 
l o c a t i o n  of c a p t u r e  were r evea led  by NMFS and DAR only when a l l  
samples from a survey had been analyzed. 

RESULTS 

Approximately 18  pe rcen t  of a l l  f i s h  sampled by NMFS and DAR 
showed e i t h e r  a p o s i t i v e  o r  b o r d e r l i n e  c igua tox in  l e v e l  when 
t e s t e d  by t h e  R I A  method. Of t h e  f i s h  t e s t e d ,  2,292 were nega- 
t i v e ,  278 were b o r d e r l i n e ,  and 223 were p o s i t i v e .  

From DAR surveys  of 1980 through 1982 a t o t a l  of 76 d i f f e r -  
e n t  species account ing  f o r  962 samples were tested. Of t h e s e  
samples,  873 (90 p e r c e n t )  were nega t ive ,  53 (6 p e r c e n t )  were 
b o r d e r l i n e ,  and 36 ( 4  p e r c e n t )  were p o s i t i v e .  Table  1 shows t h e  
RIA resul ts  f o r  t h e  nearshore  f i s h e s  and i n c l u d e s  only  those  
species f o r  which a t o t a l  of 10 o r  more samples were t e s t e d  over 
t h e  3-year per iod .  The s p e c i e s  having t h e  h ighes t  r e j e c t i o n  
ra te  (50 p e r c e n t )  was C. unifasciatus fol lowed by polv-. . .  ' mudim (27 p e r c e n t )  , U o i d  - 

(13 
sexfllrs (32 p e r c e n t ) ,  

(24 p e r c e n t ) ,  and Bodianus bilunulatus ichthvs f l a v l o l l n e a t u  
p e r c e n t ) .  The r e j e c t i o n  rates f o r  NWHI samples i n  Table  1 v a r i e d  
from 5 percen t  i n  t h e  summer of 1980, t o  16 pe rcen t  i n  t h e  f a l l  
of 1980, and t o  12  pe rcen t  i n  t h e  f a l l  of 1981. I n  t h e  summer of 
1982, samples from Kure A t o l l  had a 2 pe rcen t  r e j e c t i o n  rate. 

. .  . .  
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From t h e  NMFS surveys  of 1980 through 1981, a t o t a l  of 43 
d i f f e r e n t  species account ing  f o r  1 ,831  samples were t e s t e d .  Of 
t h e s e  samples,  1 ,419 (78 p e r c e n t )  were nega t ive ,  225 (12 p e r c e n t )  
were b o r d e r l i n e ,  and 187 (10  p e r c e n t )  were p o s i t i v e .  Table  2 
shows t h e  R I A  results f o r  species t h a t  had a sample s i z e  of a t  
l ea s t  1 0  d u r i n g  t h i s  per iod.  Although only 16 samples of B n t i -  
JUU m c r o c w  were ana lyzed  from 6 l o c a t i o n s ,  t h i s  species 
had a r e j e c t i o n  rate of 50 pe rcen t ,  t h e  h i g h e s t  among a l l  species 
examined. m, t h e  only  s e r r a n i d  sampled, had 
t h e  next  h i g h e s t  r e j e c t i o n  rate of 39 pe rcen t ,  based upon 308 
f i s h  from 1 9  l o c a t i o n s .  Among t h e  ca rang ids ,  -doc- dentex 
had t h e  h i g h e s t  r e j e c t i o n  rate (22 p e r c e n t ) ,  fo l lowed by aranx 

(10 p e r c e n t ) .  Among &~QWJ& (18 p e r c e n t )  and S e r i U  dumerlll 
* zonatus had a r e j e c t i o n  ra te  of 36 t h e  snappers ,  m t i D o m o w  

:ulus (22 p e r c e n t ) ,  and p. sieboldll * (10 p e r c e n t ) .  Samples col-  
l e c t e d  only  from Midway gave moderate t o  high r e j e c t i o n  rates: 
Acanthurustriosteaus (25 p e r c e n t ) ,  Selar crumenophthalmus ( 1 4  
p e r c e n t ) ,  and g. m d v i c e n s l s  * (10  p e r c e n t ) .  

i n g  t o  l o c a t i o n s  of c a p t u r e  i n d i c a t e s  t h a t  L i s i a n s k i  ( 4 4  p e r c e n t )  
and Raita Bank (43 p e r c e n t )  had t h e  h i g h e s t  ra tes  of r e j e c t i o n .  
The fo l lowing  l o c a t i o n s  a l s o  showed high ra tes  of r e j e c t i o n :  
Kure A t o l l  (33 p e r c e n t ) ,  Laysan I s l a n d  (28 p e r c e n t ) ,  P e a r l  and 
Hermes A t o l l  (27 p e r c e n t ) ,  French F r i g a t e  Shoa l s  (26 p e r c e n t ) ,  
Mar0 Reef (23 percent) ,  Necker I s l a n d  (23 p e r c e n t ) ,  Nihoa ( 2 1  
p e r c e n t ) ,  and Gardner P innac le s  (17 p e r c e n t ) .  

. .  . .  
. .  

p e r c e n t ,  fol lowed by p .  filamentosus (26 p e r c e n t ) ,  Etelis -bun - 

For t h e  NMFS surveys ,  comparison of r e j e c t i o n  rates accord-  

DISCUSSIONS ARD CORCLUSIOAS 

The resu l t s  of t h e  NMFS and DAR surveys  f o r  c i g u a t o x i c  f i s h  
du r ing  1980 through 1982 are s imilar  t o  those  ob ta ined  i n  t h e  
1977-79 su rveys  (It0 and Uchida, 1980) .  F i sh  having b o r d e r l i n e  
o r  p o s i t i v e  R I A  r e su l t s  were found among many of t h e  s p e c i e s  
examined and appeared t o  be d i s t r i b u t e d  throughout  t h e  NWHI.  The 
resu l t s  are i n  agreement wi th  those  of S y l v e s t e r  e t  a l .  (1977) 
who r e p o r t e d  t h a t  members of t h e  fami ly  Carangidae,  fol lowed by 
snappers  and groupers ,  were t h e  s p e c i e s  most l i k e l y  t o  be cigua- 
t o x i c  i n  t h e  V i r g i n  I s l a n d s .  

h igher  r e j e c t i o n  ra tes  were found i n  t h e  NMFS surveys :  22 per- 
c e n t  v s  9 pe rcen t .  A p o s s i b l e  exp lana t ion  f o r  t h e  d i f f e r e n c e  is 
t h a t  t h e  DAR r e j e c t i o n  ra tes  were based on only one t i s sue  sam- 
p l i n g  s i te  ( A )  f o r  each f i s h  whereas t h e  NMFS r e j e c t i o n  ra tes  
were based on resu l t s  from t h r e e  t i s sue  sites (A,  B, and E). No 
c o n s i s t e n t  r e l a t i o n s h i p  has  been found between t o x i c i t y  as d e t e r -  
mined by t h e  RIA method and t i s sue  sampling s i te .  Therefore ,  t h e  
h ighe r  r e j e c t i o n  rates f o r  t h e  NMFS samples may have resu l ted  
from t h e  g r e a t e r  chance of d e t e c t i n g  c igua tox in  s i n c e  t issues  
from t h r e e  si tes r a t h e r  than  one were tested.  

A comparison of t h e  d a t a  ob ta ined  by DAR and NMFS shows t h a t  
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Similar t o  t h e  r e s u l t s  of ear l ier  surveys ,  t h e  nea r shore  

&&us which h a s  been f r e q u e n t l y  imp l i ca t ed  i n  c i g u a t e r a .  Of t h e  
o f f s h o r e  species Pontlnus ' WcroceghalJas  had t h e  h i g h e s t  r e j e c t i o n  
rate. However, t h i s  species h a s  no t  been i m p l i c a t e d  i n  c i g u a t e r a  
i n  t h e  past. Another o f f s h o r e  species having a h igh  r e j e c t i o n  
ra te  was m, a member of t h e  grouper  f ami ly  
which h a s  been i m p l i c a t e d  i n  c i g u a t e r a .  

species showing t h e  h i g h e s t  r e j e c t i o n  ra te  was _Cheilinus unifas- 

R e s u l t s  of su rveys  from 1977 through 1982 i n d i c a t e  t h a t  cer- 
t a i n  species (such  as p. mcroce- and SP. 1 I 
which have not  been i m p l i c a t e d  i n  c i g u a t e r a ,  have h igh  r e j e c t i o n  
rates based on t h e  R I A .  Recent s t u d i e s  d e s c r i b i n g  t h e  e x i s t e n c e  
of compounds wi th  structures similar t o  c i g u a t o x i n  sugges ted  t h e  
p o s s i b i l i t y  t h a t  t h e  sheep  a n t i - c i g u a t o x i n  an t ibody  may a l s o  
react wi th  t h e s e  compounds. Tachibana e t  a l .  (1981) r e p o r t e d  
t h a t  two marine sponges (genus Halichondrla * ) con ta ined  okada ic  
a c i d ,  a c y t o t o x i c  po lye the r  compound having c l o s e  s t r u c t u r a l  s i m -  
i l a r i t y  t o  c igua tox in .  Murakami e t  a l .  (1982) i d e n t i f i e d  okada ic  
a c i d  as t h e  t o x i c  component i n  Prorocentrum JJ.ma, a b e n t h i c  
marine d i n o f l a g e l l a t e ,  and found c l o s e  s i m i l a r i t y  between okada ic  
a c i d  and c i g u a t o x i n  i n  terms of chromatographic  and ionophor i c  
p r o p e r t i e s ,  and oxygenated po lye the r  s t ructure .  Another marine 

m b r e v b ,  a l s o  has  a po lye the r  s t ruc ture  s imilar  t o  c i g u a t o x i n  
(Lin  e t  a l . ,  1981) .  

P re l imina ry  s t u d i e s  i n d i c a t e  t h a t  p u r i f i e d  okada ic  a c i d  and 
b r e v e t o x i n  p a r t i a l l y  i n h i b i t  t h e  b inding  of sheep  a n t i - c i g u a t o x i n  
t o  t o x i c  f i s h  tissues, a l though  a t  c o n c e n t r a t i o n s  g r e a t e r  t han  
t h o s e  r e q u i r e d  f o r  similar i n h i b i t i o n  by p u r i f i e d  c i g u a t o x i n  
(unpubl i shed  o b s e r v a t i o n s ) .  The presence  of t h e s e  c i g u a t o x i n l i k e  
compounds i n  f i s h  tissues may g i v e  p o s i t i v e  R I A  resu l t s  and y e t  
may no t  cause t o x i c  symptoms because they  are i n h e r e n t l y  l e s s  
t o x i c  than  c igua tox in .  The LDgg of h igh ly  p u r i f i e d  c i g u a t o x i n  is 
0.45 vg/kg when g iven  i n t r a p e r i t o n e a l l y  t o  mice (Tachibana,  1980) 
whereas t h e  LDgg of okada ic  a c i d  is 200 vg/kg (Murakami e t  a l . ,  
1982) and t h a t  of b r e v e t o x i n  T34 i s  between 150 and 270 vg/kg 
(Baden e t  a l . ,  1981) .  

nea r shore  and o f f s h o r e  waters of t h e  NWHI i n d i c a t e  t h a t  approx- 
imate ly  1 8  p e r c e n t  of t h e  f i s h e s  examined gave b o r d e r l i n e  or 
p o s i t i v e  results by t h e  R I A  method. Offshore  species t h a t  belong 
t o  t h e  snapper-grouper complex showed a h igh  degree  of r e j e c t i o n .  
Among nea r shore  species, G. vnifasciatus showed h igh  r e j e c t i o n  
rates. More r e c e n t  s t u d i e s  sugges t  t h a t  species wi th  h igh  rejec- 
t i o n  rates but  no t  p r e v i o u s l y  i m p l i c a t e d  i n  c i g u a t e r a  may c o n t a i n  
po lye the r  compounds similar t o  c i g u a t o x i n  but  of lower t o x i c i t y .  
Fu r the r  s t u d i e s  are needed t o  examine t h i s  p o s s i b i l i t y ,  espe- 
c i a l l y  i n  view of t h e  r e c e n t  a v a i l a b i l i t y  of t echn iques  t o  
develop  monoclonal a n t i b o d i e s  which could  be used i n s t e a d  of t h e  
p o l y c l o n a l  sheep  an t i - c igua tox in .  

t o x i n ,  b r e v e t o x i n  B, from t h e  r e d  t i d e  d i n o f l a g e l l a t e  P t v c h a a i s  - 

I n  conc lus ion ,  r e su l t s  of t h e  DAR and NMFS su rveys  of t h e  
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