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T h e  s e a  u r c h i n  h a s  b e e n  p r o p o s e d  a s  a f i e s b  s y s G e m  f o r  
toxicity bioassays (Hangstr~m and LDnning 1 9 7 3 ;  Jackim 

and Nacci 1984; Kobayashi 1971, 1973) and the effiecfi 
of various pollubants on gametes and fertilization has 
also been sbudied by several authors (Mahadevan 1986; 

Oshida 1981; Pagano e t  al. 1983). If is possible f o  
assess Che effecfis of a certain substance on L h e  
eggs, o n  t h e  sperm and o n  t h e  interaction of gametes, 
t h u s  debermining ifs e f f e c t  on  ferbilization. In 
pauLicular, Casbagna eG al. (1981) proposed sea 
urchin gametes as appropriate material for toxicity 
bioassays. 

Laboratory experiments were designed Go examine the 
effecb of a formulated ethyl parathion (F-DNTP) on the 
fertilizabion of Pseudechinus magellanicus (Philippi). 

ELhyl parathion was used as test substance because if 

is one of Che most extensively employed phosphorated 

pesticides in Argentina. For Ghe design of the experi- 

ments Lhe different echinoid spawning behavior wePe 
t, aken into consideration. Aggregation behavior is very 

common in sea urchin. IG is subject fo feeding 

responses (Vadas eG al. 1 9 8 6 )  and defiensive mechanisms 

( l ' e a r s e  a n d  Ar ' ch  1 9 6 9 )  . E c h i n o i d s  h a v e  a l s o  b e e n  
r e p o r t e d  i n  a g g r e g a t i o n s  d u r i n g  s p a w n i n g  s e a s o n s ,  t h u s  
s h o w i n g  v a r i o u s  d e g r e e s  o f  s y n c h r o n i c i t y .  A d u l L s  o f  
P s e u d e c h i n u s  m a g e l l a n i c u s  ( P h i l i p p i )  s h o w e d  a n  a g g p e g a -  
t i o n  p a t t e r n  w h e n  s a m p l e s  w e r e  c o l l e c t e d  d u r i n g  t h e  
s p a w n i n g  s e a s o n  ( S e p t e m b e r - J a n u a r y ) , a n d  a f e w  s e a t t e r e d  
i n d i v i d u a l s  w e r ' e  a i s o  r o u n d .  I n  b o t h  g r o u p e d  a n d  s c a b -  
G e r e d  i n d i v i d u a l s ,  g o n a d s  i n  v a r y i n g  s t a t e s  o f  m a t u r i t y  

S e n d  r e p r i n t  r e q u e s t s  t o  D o m i n g o  A H e r ' n ~ n d e z  a f  t h e  

a b o v e  a d d r e s s .  
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w e r e  o b s e r v e d .  

The objectives of this investigation were: a) fo 

determine whether sperm and eggs are equally sensitive 

fo F-DNTP exposure and b) fo assess the effect of the 

exposure of game™ fo F-DNTP on tl,e fertilization 

r a t e .  

MATERIALS AND METIIODS 

Adults of Pseudechinus magellanicus (Philippi) were 

collected from Beagle Channel (Tierra del Fuego, Arge_n 

tina). Gametes were obtained by intracoelomic injec- 

tions of 0.5 M KCI. Freshly spawned eggs of five 

females were pooied and rinsed ™ rimes with 

f i l t e r e d  s e a  w a t e r .  S p e r m  o f  f o u r  m a l e s  was  t r e a t e d  
likewise. The oocite pool ras quickly run through 

a seriei of dilutions in fi]tered sea water to a 

c o n c e n t r a t i o , i  o f  50-+5 e g g s / m L  a n d  this final pool was 

used for all bioassays. The egg concentration was 

checked in each pool dilution (Oshida et al. 1981). 

The  sperm p o o l  also underwent a swift dilution 

process, concentrations in e a c h  step assessed by 

N e u b a u e r  Camera counts (Castagna e t  al. 1981). A 

50: I sperm/egg ratio was selected beeause previous 
tests (Hernandez D, Lombardo R, Ferrari L, Tortorelli 

MC, Ef�8 of Pesticides on Non-target Organisms: 

Toxieity of Ethyl Parathion and Carbaryl on Early 

Development of the Sea Urchin) sbowed that i™ was the 

most suJtable For obtaining over 90�9 fertilizatJon 

withoug polyspermy. 

S p a w n i n g ,  h a n d l i n g  o f  gametes a n d  bioassays w e r e  
c a r r i e d  o u t  i n  an  a c c l i m a t i z e d  l a b o r a t o r y  (10+1  ~  

A c c l i , n a t i o n  a n d  f e r t i l i z a t i o n  w e r e  p e r f o r m e d  i n  250 mL 

g l a s s  v i a l s ;  a l l  g l a s s w a r e  was  p r e w a s h e d  w i t h  E x t r a n  
( M e r ' c k ,  G e r m a n y )  , a c i d  w a s h e d  a n d  t h e n  r i n s e d  i n  

distilled water; in all cases, filtered sea water 

(33f0o S, pll 7.4) was used. 

Fo.r series of experimenLs, di['fering in the pretreat- 

ment of gametes prior ho fertilization, were conductedJ 

A) Gametes hot exposed to F-DN�9 prior to insemina™ 

Fertilization took place in polluted media ai 

d i f f e r e n t  concentrations o f  the test substance. 

Ga,netes were suspended in filtered sea water for- i h 

prior to insemination. 

B) Eggs exposed to the toxicant prior fo fertilization 
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w i t h  u n e x p o s e d  s p e r m .  E g g s  w e r e  i n c u b a t e d  a t  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  F-DNTP f o r  1 h p r i o r  t o  i n s e m l n a ™  
w i t h  s p e r m  C h a t  h a d  b e e n  s u s p e n d e d  f o r  1 tl i n  
u n p o l l u t e d  s e a  w a t e r .  F e r t i l i z a ™  t o o k  p l a c e  a t  Che  

s a i n e  c o n c e n t r a t i o n s  o f  t o x i c a n ™  t h e  e g g s  h a d  b e e n  

e x p o s e d  f o .  
C) U n e x p o s e d  e g g s  f e r t i l i z e d  w i t h  p r e v i o u s l y  e x p o s e d  
s p e r m .  E g g s  s u s p e n d e d  f o r  1 h i n  u n p o l l u t e d  s e a  w a t e r  
w e r e  i n s e m i n a ™  w i b h  s p e r m  t h a t  h a d  b e e n  i n c u b a g e d  

foi"  1 l, a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t -he  t e s t  
s u b s t a n c e .  F e r t i l i z a t i o n  t o o k  p l a c e  a t  t h e  s a m e  

c o n c e n t r a t i o n s  t h e  s p e r m  h a d  b e e n  e x p o s e d  t o .  
D) B o t h  s p e r m  a n d  e g g s  e x p o s e d  t o  t h e  t e s t  s u b s t a n c e  
p r i o r  t o  i n s e m i n a t i o n .  B o t h  g a m e t e s  w e r e  i n c u b a t e d  f o r  
1 h a t  t h e  s a m e  c o n c e n t r a t i o n s  o f  F - D N T P ,  a n d  
� 9  t o o k  p l a c e  a t  t h e  s a m e  c o n c e n t r a t i o n s  
t h e y  h a d  b e e n  e x p o s e d  ™  

E a c h  s e r � 8  o f  e x p e r i m e n t s  was  c o n d u c t e d  b y  d u p l i c a t e  
w i t h  two  c o n t r o l s  f o r  e a c h  o n e .  Two h o u r s  a f t e r  

f e r t i l i z a t i o n ,  d e v e l o p m e n t  was  i n t e r r u p t e d  b y  a d d i n g  
2 mL o f  5% b u f f e r e d  f o r m a l i n .  F o l i d o l - F  B a y e r  ( 1 0 0  g% 
a c t i v e  p r i n c J p l e )  was  u s e d  a s  f o r m u l a t e d  e t h y l  
p a r a t h i o n .  I n  s e r i e s  A, B a n d  C t h e  f o l l o w i n g  

c o n c e n t r a t i o n s  o f  e t h y l  p a r a t h •  a c t i v e  p r i n c i p l e  
w e r e  s e l e c t e d :  8 ,  16 ,  32 a n d  64 u g / L .  F o r  s e r i e s  D, 
t h e  c o n c e n t r a t i o n s  w e r e  l o w e r e d  f o  1, 2 ,  4 a n d  8 u g / L  

i n  v i e w  o f  t h e  r e s u l t s  o f  p r e v i o u s  s c r e e n i n g  t e s t s  

w i t h  b o t h  e g g s  a n d  s p e r m  e x p o s e d  t o  t h e  t e s t  s u b s t a n c e  

p r i o r  t o  i n s e m i n a t i o n .  

A s a m p l e  o f  1 0 0 0  e g g s  o f  e a c h  c o n c e n t r a t i o n  o f  

e a c h  s e r i e s  was  e x a m i n e d  f o r  f e r t i l i z e d ,  u n f e r t i l i z e d  , 
p o l y s p e r m i c ,  a n d  a b n o r m a i  e m b r y o s .  T h e  e l e v a t e d  

f e r t i l i z a t i o n  m e m b r a n e  was  u s e d  a s  i n d i c a t o r  o f  

f e r t J l i z a t i o n .  The  n u m b e r  o f  u n f e r t i l i z e d  e g g s  w a s  
u s e d  t o  d e t e r m i n e  t h e  e f f e c t i v e  c o n c e n t r a t i o n  ECSO. 
� 9  EC50 f o r  e a c h  s e r i e s  w a s  e s t i m a t e d  b y  t h e  p r o b i t  

m e t h o d ,  i n c l u d i n g  A b b o t  ' s a d j u s t m e n t  f o r  n a t u r a l  
responsiveness and the ECSO fiducial limits by 

F i e l l e r ' s  t h e o r e m  ( F i n n e y  1 9 7 1 ) .  

III all earlier series of experiments the effects of 

gamete age on percent fertilization was examined, in 

order fo determine a suitable acclimation time of the 

gametes in the test substance solution prior fo 

fertilization. Freshly spawned e g g s  were added to 

ageing sperm suspensions at intel'vals of I, 2, 4, 8, 
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24 a n d  48 h an t i  a s s a y s  w e r e  c a r r i e d  o u t  f o r  p e r c e n C  
f e r C i l i z a g i o n .  E x p e r i m e n C s  go  e x a m i n e  e g g  l o n g e v i g y  

w e r e  Che c o n v e r s e  o f  C h o s e  d e s c r i b e d  a b o v e  f o r '  s p e r m .  

I n  boCh  c a s e s  a 5 0 : 1  s p e r m / e g g  r a t i o  w a s  s e l e c t e d .  

RESULTS AND DISCUSSION 

R e s u l t s  o f  e x p e r i m e n t s  go e x a m i n e  Che e f f e c g  o f  g a m e C e  
l o n g e v i C y  o n  Che  f e r b i l i z a C i o n  r a c e  a r e  s h o w n  i n  
F i g u r e  1 . S p e r m  l ) o g e n c y  r e m a i n e d  h i g h  ( o v e r  90Fo 
f e r g J l i z a g [ o n )  w i U h i n  Che  f i r s U  2 Il ,  a f  Cee  w h i c h  Che 
f e P ~ i l i z a C i o n  o f  f r e s h l y  s p a w n e d  e g g s  a d d e d  go  Che 
a g e i n g  s p e r , n  s u s p e n s i o n s  d e c l i n e d  s g e e p l y ,  l l o w e y e r ,  

r a g e s  o f  u p  go 15~0 wer 'e  d e g e c t e d  w i g h  2 4 - h - o l d  s p e r m .  
On Che o C h e r  h a n d ,  p e r c e n ™  f e r ™  r e m a i n e d  h i g h  

( o v e r  95fo) w h e n  f r e s h l y  s p a w n e d  s p e r m  w a s  a d d e d  go  
s u s p e n s i o n s  o f  2 - h - o l d  e g g s ,  a n d  s l o w i y  d e c l i n e d  go  

40fo f e r g i l i z a C i o n  a f C e r  48 h .  

I n  a c c o r d a n c e  w i g h  C h e s e  r e s u l C s ,  a 1-h p e r i o d  o f  
e x p o s u r e  go Che t e s t  s u b s C a n c e  w a s  c h o s e n  go e n s u r ' e  
Chai;  Che t ) r o c e s s  p r i o f  Uo f e � 9  ( s p a w n i n g ,  
h a n t l l ,  i n g  o f  g a m e g e s ,  r i n s e s ,  d i l u U i o n s ,  c o n c e n t r a C i o n  
( . ' o n L r o l s  a n d  e x p o s u r e  go  F -DNTP)  d i d  noC e x c e e d  2 h i n  
a i 1 ,  go a v o i d  i n C e r f e r ' e n c e s  i n  Lhe  a s s e s s m e n C  o f  Che 
C o x i c  e f f e c C s  o f  Che  g e s g  s u b s C a n c e  d u e  go  g a m e g e  

l o n g e v [ C y .  

I n  e x p e r i m e n C s  go  e x a m i n e  Che  e f f e c C  o f  Che  e x p o s u r e  

o f  s e a  u r c h i n  g a m e C e s  go  F-DNTP on  Che f e r C i l i z a C i o n  
r a c e ,  a l ) n o r m a l  e m b r y o s  o c c t w r e d  i n  l e s s  C h a n  0 .003~o o f  
Che C o g a l  e g g s  e x a m i n e d  a n d  n o  p o l y s p e r m i c  e g g s  w e r e  

r o u n d .  P e P c e n C  f e r g i l i z a C i o n  a v e r a g e d  90~o i n  u n p o l l u -  
Ced  s e a  waCer c o n C r o l s .  

R e s u l .  Ls o f  Che  f o u r  s e r i e s  o f  e x p e r l m e n C s ,  s h o w n  i n  
F i g u r e  2 ,  i n d i c a t e  g h a C  F-DNTP b a s  a m a r k e d  e f f e c C  o n  

Che f e r g i l i z a g i o n  r a t e  o f  P s e u d e c h i n u s  m a g e l l a n i c u s .  

Per'ceng ferCilLzaCion fe]l rapidly with increasing 

concenUraCions of Che CoxicanC in all four sePies. Even 

when gameCes were nog exposed go Che Cest subsEance 

prior go inseminagion (series A), Che fergilizaCion 

1"age was lowered by 30~o when ferCilizagion Look place 

al; 64 ug/L of F-DNTP. When gameges were exposed go 

Lhe Coxicang p r i . o r  go  inseminaCion, Che fertilizagion 

rage was drasCically reduced. A F-DNTP concenCragion 

o f  1 . 6  u g ~  l o w e r e d  by 9Of0 Che  fer'Cilizagion c a g e  w h e n  

b o C h  e g g s  a n d  s p e r m  w e r e  p r e v i o u s l y  e x p o s e d  go  Che  
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F i g u r e  1. P e r ' c e n t  f e r t i l i z a t i o n  r e s u l t i n g  f r o m  
t e s t s  o f  gameLe  l o n g e v i t y .  

toxica,,G (sePies D).  

l)J r ' ecL f i e l d  o b s e r v a t i o n s  b a v e  shown  d i f f e r e n t  
s l ) a w n i n g  b e h a v i o r s  i n  e c h i n o i d s :  s c a t L e r e d  i n d i v i d u a l s  
s i ) a w n i n g  s y n c h P o n o u s l y  o r  a s y n c h r o n o u s l y ;  no a c t i v e  
a g g r e g a L i o n ,  s c a b t e r e d  g P o u p s  s p a w n i n g ;  a g g r e g a t e d  
J n d l v i d u a l s  s p a w n i n g  s y n c h r o n o u s l y  o r  a s y n c h r o n o u s l y  
wJ~h a s h o r t  L ime l a g .  Even  i n  s l o w  m o v i n g  w a t e r s ,  
p e r c e n t  f e r b i l i z a L i o n  i s  n o t i c e a b l y  r e d u c e d  (20%) i f  
t h e  a n i m a l s  do no~ s p a w n  s y n c h P o n o u s l y  i n  c l o s e  
p r o x i m i L y  ( P e n n i n g U o n  1985) �9 Results of s e r i e s  
D suggesL that ferLilizaLion will be much impaired i n  
s c a L b e r e d  i n d i v i d u a l s  s p a w n i n g  s y n c h r o n o u s l y  o r  
a s y n c h r o n o u s l y  e v e n  i n  w a t e r s  wiLh  low c o n c e n t r a t i o n s  
o f  Lhe toxicanL. 

T a b l e  1. P a r a m e b e r s  o f  L o x i c i L y  c u r v e s  f o r '  s e r i e s  A, 
B, C and  D. 

E x p e r i m e n L  ECSO ECSO 95~o S l o p e  C o r r e l a t i o n  
(ug/L) Fiducial limits Coefficient 

A 9 2 . 2  8 1 . 5 -  1 0 6 . 6  1 . 5 1  0 . 9 6  
B 2 6 . 9  2 4 . 1  - 3 0 . 5  1 . 1 6  0 . 9 6  
C 1 3 . 5  1 2 . 9 -  14 .1  1 . 9 5  0 . 9 5  
D 0 . 9  0 . 8 -  1 . 0  2 . 0 4  0 . 9 1  
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2 .  R e s p o n s e  o f  s e a  u r c h i n  g a m e t e s  e x p o s e d  Lo 

S p e r m  w e r e  r o u n d  f o  b e  m o r e  s u s c e p t i b l e  f o  C h e  t o x i c  
e F f e c t s  o f  F-DNTP t h a n  e g g s .  T h i s  c a n  b e  c l e a r l y  s e e n  
i n  T a b J e  1.  T h e  EC50 e s t i m a t e d  f o / '  s e r i e s  C ( e x p o s e d  
s p e r m )  w a s  s i g n i f i c a n t l y  l o w e r  (50~o) t h a n  L h e  ECSO f o r  
s e r i e s  B ( e x p o s e d  e g g s ) .  

A1 L h o u g h  p r e t r e a t m e n t  o f  b o b h  g a m e t e s  y i e l d s  b i l e  
h : [ g h e s b  p e r c e n t a g e s  o f  u n f e r t i l i z e d  e g g s ,  t h e  e x p o s u r e  
o f  s p e r m  o n i y  f o  h i g h  c o n c e n t r a t i o n s  o f  F -DNTP m a y  
p r o d u c e  s i m i l a r  r e s u l t s  f o  t h o s e  o b t a i n e d  p r e t r e a t i n g  
b o t h  g a m e t e s  i n  l o w e r  c o n c e n t r a t i o n s .  I n  t h i s  r e s p e c t ,  
L h e  e f f e c t  o f  F -DNTP o n  b h e  f e r t i l i z a t i o n  r a t e  w a s  

m o r e  d o s e - d e p e n d e n t  in s p e r m  t h a n  i n  e g g s  ( t h e  

s l o p e  o f  s e r i e s  C p r o b i t  l i n e  i s  t w i c e  t h a t  o f  s e r i e s  
B, Table I). 

A c c o r d i n g l y ,  if i n d i v i d u a l s  a r e  s c a t t e r e d ,  o r  g r o u p e d  
b u t  s p a w n  a s y n c h r o n o u s l y  w i t h  a c e r L a i n  L i m e  l a g ,  t h e  
e f f e c t  o f  F -DNTP o n  f e r t i l i z a t i o n  w o u l d  b e  m o r e  
p r o n o u n c e d ,  e s p e e i a l l y  i f  s p e r m  w e r e  r e l e a s e d  b e f o r e  
t ; he  e g g s  a n d  r e m a i n e d  i n  p o l l u t e d  w a t e r  f o r  s o m e  L i m e  
p r i o r  f o  f e r t i l i z a t i o n ,  a s  s h o w n  b y  f_,he r e s u l t s  o f  
s e r i e s  B a n d  C.  

In o u t  e x p e r i m e n S s ,  p r e E r e a t m e n t  o f  b o t h  g a m e g e s  

372 



(series D) with F-DNTP resulted in an ECSO 90 rimes 

lower' than that of semies A, in which gametes were not 

p r e ™  N e v e r t h e l e s s ,  a 50~0  d e c r e a s e  i n  Ehe  

f e r t i l i z a t i o n  r a t e  o c c u r r e d  i n  o n l y  90 u g / L  F-DNTP,  
when g a m e t e s  w e r e  n o t  p r e b r e a t e d  ( s e r i e s  A) . I ™  
t h e r e f o r e  s e e m s  C h a t  l o w  c o n c e n t r a t i o n s  o f  F-DNTP may 
p r o d u c e  a h a r m s  e f f e c t  on  t h e  f e r t i l i z a t i o n  e v e n  
when  s p a w n i n g  o c c u r s  s y n c h r o n o u s l y  i n  a g g r e g a t e d  
individuals, in which case gametes would only be 

exposed fo the pollutant for a short period of rime 

prior to fertilization. 

A c k n o w l e d g m e n t s .  T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  a 
N a t i o n a l  S c i e n t i f i c  a n d  T e c h n o l o g i c a l  R e s e a r c h  C o u n c i l  
(CONI�99 g r a n b .  We w i s h  f o  t h a n k  D r .  J .  V i n u e s a  a n d  
D r .  G. T e l l  f o r  a c c e s s  t o  t h e i r  l a b o r a t o r i e s ,  L . A . D . E .  
f o r  t, r a n s p o r t a ™  a n d  Dt ' .  D. B o l t o v s k o y  a n d  D r .  A. 
Salibian f o r  t h e i r  commengs on the manuscript. 
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