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In  e a r l i e r  p a p e r s  ( B A L U J A  e t  a l . ,  1973,  1974) r e s u l t s  
w e r e  r e p o r t e d  f r o m  a n  e x t e n s i v e  s t u d y  on the  p o l l u t i o n  of a b i o t i c  
s u b s t r a t a  a n d  f a u n a  b y  p e r s i s t e n t  o r g a n o c h l o r i n e  p e s t i c i d e s  a n d  
P C B s  i n  s o m e  c o n t i n e n t a l  a n d  l i t t o r a l  n a t i o n a l  a r e a s .  T h e  c u r -  
r e n t  s t u d y  r e p o r t s  the  r e s u l t s  o b t a i n e d  f r o m  s p e c i e s  of P u r p l e  
H e r o n  ( A r d e a  p u r p u r e a )  a n d  S p o o n  D u c k  ( A n a s  c l y p e a t a )  c o l l e c t -  
ed in  the  B i o l o g i c a l  R e s e r v e  of C o t o  D o f i a n a  d u r i n g  the  p e r i o d  
1 9 7 2 - 1 9 7 4 .  T h e  f i r s t  s p e c i e s  i s  s e d e n t a r y  i n  the  R e s e r v e  a n d  th~ 
s e c o n d  i s  e i t h e r  p a r t i a l y  m i g r a t o r y  o r  v e r y  m o b i l e  due  to i t s  
s e a r c h  f o r  food  a s  a r e s u l t  of  w e a t h e r  c h a n g e s .  T h i s  B i o l o g i c a l  
R e s e r v e  i s  s i t u a t e d  n e a r  the  m o u t h  of the  G u a d a l q u i v i r  r i v e r  on 
the  r i g h t  b a n k ,  i n  the  S o u t h - W e s t  of S p a i n ,  a s  i t  s h o w n  i n  the  
a d j o i n i n g  m a p .  

T w o  m a i n  c o n s i d e r a t i o n s  w e r e  t a k e n  i n t o  a c c o u n t  i n  s e l e c t -  
i n g  the  R e s e r v e  a s  a s u b s t r a t e  f o r  s t u d y i n g :  f i r s t l y  i t s  e c o l o g -  
i c a l  s i g n i f i c a n c e  a s  o n e  of the  m o s t  i m p o r t a n t  o r n i t h o l o g i c a l  
r e s e r v e s  of E u r o p e ,  w h i c h  m u s t  be  k e p t  a w a y  f r o m  o r g a n o c h l o r i l  
p o l l u t a n t s  w h i c h ,  a s  i t  is w e l l  k n o w n ,  m a y  a f f e c t  a v i a n  p o p u l a t i o n  
by  o v e r l a p i n g  a n d  d e l e t e r i o u s  i n f l u e n c e s .  T h e  s e c o n d  p o i n t  i s  t ha  
the  R e s e r v e  i s  a n  a r e a  w h e r e  t h e r e  i s  n o  d i r e c t  i n c i d e n c e  
of  o r g a n o c h l o r i n e  p o l l u t i o n  b e c a u s e  no  c h e m i c a l s  a r e  u s e d  in  
p e s t  c o n t r o l  a c t i v i t i e s .  T h e r e f o r e ,  i t  i s  c o n s i d e r e d  a n  u n c o n t a m -  
i n a t e d  a r e a .  A n y  o c c u r r e n c e  of o r g a n o c h l o r i n e  r e s i d u e s  c a n  
o n l y  h a v e  b e e n  i m p o r t e d  t h r o u g h  m e c h a n i s m s  of t r a n s p o r t  
r e l a t e d  to c l i m a t o l o g y ,  g e o g r a p h i c  f a c t o r s  a s  w e l l  a s  b i o t i c  
f l ux  e s.  

MATERIALS AND METHODS 

Characteristics of samples, preanalytical treatment and 

residue anlysis.- The purple heron feeds mainly on fish but 

also on amphibian species and small mammals of the marsh, 

and occupies one of the higher links in the trophic chain of 

the Reserve. The spoon duck belongs to a lower trophic level 
of the same community owing to its herbivorous diet based on 

s e e d s ,  l e a v e s  a n d  b u d s  of a q u a t i c  p l a n t s .  T h e  h e r o n s  w e r e  
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c o l l e c t e d  in May 1972, S e p t e m b e r  1973 and J u l y  1974, and the 
d u c k s  in M a r c h  and S e p t e m b e r  1973. E g g s  of both  s p e c i e s  w e r e  
a l s o  c o l l e c t e d  in 1972 (heron)  and 1973 (duck) d u r i n g  the b r e e d -  
ing p e r i o d .  
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F r o m  e a c h  s p e c i m e n  s a m p l e s  of  m u s c l e ,  l i v e r ,  k idney ,  
b r a i n ,  and gonad  w e r e  ob t a ined  fo r  i nd iv idua l  a n a l y s i s .  C o l l e c t -  
ed b i r d s  and t i s s u e  s a m p l e s  w e r e  k e p t  f r o z e n  unt i l  the p r e -  
a n a l y t i c a l  t r e a t m e n t  wh ich  was  c a r r i e d  out  a c c o r d i n g  to the 
fo l lowing  s t e p s :  h o m o g e n i z a t i o n ,  e x t r a c t i o n ,  p a r t i t i o n i n g  and 
a d s o r p t i o n  c h r o m a t o g r a p h y  a l r e a d y  d e s c r i b e d  in e a r l i e r  p a p e r s  
( B A L U J A  et a l . ,  1969 a, b, c, 1970). I d e n t i f i c a t i o n  of  o r g a n o -  
c h l o r i n e  r e s i d u e s  was  m a d e  by c o n v e n t i o n a l  m e t h o d s  of  E C -  
G L C  and c h e m i c a l  d e r i v a t i z a t i o n  a l s o  d e s c r i b e d  in the r e f e -  
r e n c e s  m e n t i o n e d  above .  P a r a m e t e r s  fo r  q u a n t i t a t i o n  w e r e  as  
fo l l ows :  c o l u m n  p a c k i n g ,  m i x t u r e  of 5% D C - 2 0 0  and  7. 5 % Q F - 1  
on C h r o m o s o r b  WHP 80 -100  m e s h ;  t e m p e r a t u r e s ,  c o l u m n  2009 
C, d e t e c t o r  2.109 C, i n j e c t o r  2159 C; n i t r o g e n  f low r a t e  67 m l /  
min .  
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RESULTS AND DISCUSSION 

Data on quantitative analysis are summarized in Tables 
I, II, and Ill. From summarized data two suggestions appear 

to be obvious: first, if residue levels occur in tissues com- 

ing from two species relatively separate in the trophic chain 

of the Reserve, it is not illogical to suppose that other levels 

of organochlorine pesticides and PCB residues must not 
only be present in every component of the biological com- 

munity established there, but in the abiotic system as well: 

Second, since there is no chemical industry and/or pesticides 
for pest control in the Reserve, the pollution appears to be 

all imported at a regional level. Some probable contributions 

could be attributed, for example, to water-borne chemicals 
and migrations. However, it does not appear that migrations 

may represent an important contribution to the levels of res- 

idues found in species of such little mobility as the purple 
heron, when much lower levels occur in the much more 

mobile spoon duck, following its natural diet. 

N o n e  of  t he  i n d i v i d u a l  o r g a n o c h l o r i n e  p o l l u t a n t s  d e t e c t -  
e d ,  h o w e v e r ,  r e a c h  a c c u m u l a t i o n s  s u f f i c i e n t  to  c a u s e  a n y  
r a p i d  d e c r e a s e  in  b i r d  p o p u l a t i o n s ,  a s  i t  h a s  a l r e a d y  b e e n  
r e p o r t e d  b y  H O O R N  e t  a l .  ( 1973 ) .  B u t  a c c o r d i n g  to  O D U M  
(1972)  t h e  s i m p l e  o c c u r r e n c e  o f  c h r o n i c  l e v e l s  of  x e n o b i o t i c  
c o m p o u n d s  m a y  b e  a s o u r c e  o f  p r e s s u r e  on t h e  e n e r g e t i c  
f l u x  of  t h e  c o m m u n i t y .  I t  a p p e a r s ,  h o w e v e r ,  t h a t  e i t h e r  b e -  
c a u s e  of  t h e  r e g u l a r i t y  o f  t h e  r e s i d u e s ' a p p e a r a n c e  o r  t h e  
a c c u m u l a t i o n  t h e y  r e a c h  in  t h e  t i s s u e s ,  t h e  c o n c e n t r a t i o n  of  
p o l l u t a n t s  i n c r e a s e  in  t h i s  o r d e r :  c y c l o d i e n e s - ~  h e x a c h l o r o -  
c y c l o h e x a n e s  f D D T  g r o u p • P C B s .  T h e  e n t r a n c e  of  c y c l o d i e n e  
p e s t i c i d e  r e s i d u e s  in  t h e  b i o l o g i c a l  c o m m u n i t y  r e s u l t s  to  b e  
t h e  l o w e s t  a n d  i r r e g u l a r  b u t  t h e  h e x a c h l o r o c y c l o h e x a n e s  a r e  
s y s t e m a t i c a l y  f o u n d  in  a l l  s u b - s a m p l e s  a n d ,  a s  t h e y  a r e  l e s s  
p e r s i s t e n t ,  i t  s u g g e s t s  a c o n t i n u o u s  p r o c e s s  of  e n t r a n c e  a n -  
a l o g o u s ,  a t  l e a s t ,  to  t h e  l e v e l  o f  i t s  d i s a p p e a r a n c e .  

T h e  a c c u m u l a t i o n  o f  D D T  i s  h i g h e r  t h a n  t h e  o t h e r  p e s t -  
i c i d e  r e s i d u e s  f o u n d ,  t h e  D D E  f r a c t i o n  b e i n g  t h e  m a j o r  c o n -  
t r i b u t i n g  f a c t o r  to  t he  l e v e l  o f  c o n t a m i n a t i o n  o f  t h i s  g r o u p  of  
p o l l u t a n t s ,  m a i n l y  in  t h e  p u r p l e  h e r o n  u l t i m a t e l y  s a m p l e d .  
H o w e v e r  t h e  D D T  f o u n d  i s  m u c h  l o w e r  t h a n  t h e  l e v e l  r a n g e  
t h a t  S T I C K E L  e t  a l .  (1969)  a s s o c i a t e d  w i t h  t h e  m o r t a l i t y  of  
b i r d s ,  b u t  D D E  a c c u m u l a t i o n  i s  p a r t i c u l a r l y  h i g h  in  g o n a d s  
a n d  e v e n  in  e g g s ,  a n d  in  t h e  c a s e  of  h e r o n  e g g s ,  i s  f o u r  
t i m e s  h i g h e r  t h a n  the  0. 5 p p m  t h r e s h o l d  l i m i t ,  a t  w h i c h  
l e v e l  t h e  f i r s t  s y m p t o m s  o f  d i s f u n c t i o n s  in  t h e  p r o c e s s  o f  e g g -  
s h e l l  f o r m a t i o n  a r i s e  a n d  t h e  c o n s e q u e n t  d e p r e s s i o n  of  b i r d  
f e r t i l i t y  ( B L U S  e t  a l . ,  1972) .  
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T A B L E  III .  
M e a n  l e v e l s  and r a n g e s  ( p p m  w e t  we igh t )  of  o r g a n o c h l o r i n e  
p e s t i c i d e s  and P C B s  d e t e c t e d  in e g g s  of  p u r p l e  h e r o n  (2 s p e -  
c i m e n s )  and s p o o n  d u c k  (3 s p e c i m e n s  ) 

P u r p l e  h e r o n  Spoon  duck  
C O M P O U N D S  (May 1972) (May  1973) 

~, - H C H  O. 018 O. 004 
(0. 015-0 .  021) (0. 003 -0 .  005) 

Y - H C H  0 . 3 1 0  0 . 0 1 0  
(0. 190 -0 .  330) (0. 009 -0 .  010) 

D i e l d r i n  O. 012 O. 005 

(0. 009-0. 015) (0. 001-0, 009) 

p, p'-DDE Z. 077 0. 702 

(Z. 040-2 .  114) (0. 6 8 7 - 0 .  714) 

p, p ' - T D E  0. 086 0. 010 
(0. 084-0 .  088) (0. 005 -0 .  015) 

p, p ' - D D T  0. 018 0. 010 
(0. 012-0 .  024) (0. 003-0 .  018) 

P C B s  1 .071 0. 779 
(1. 003-1 .  139) (0. 7 4 2 - 0 .  809) 

R e g a r d i n g  P C B s  i t  i s  e v i d e n t  t ha t  they  c o n s t i t u t e  the 
m a i n  s o u r c e  of p o l l u t i o n  of  a l l  o r g a n o c h l o r i n e  r e s i d u e s  found  
( T a b l e s  I to III) .  T h i s  f a c t  h a s  b e e n  b r o a d l y  r e p o r t e d  in the  
l i t e r a t u r e  on w i l d l i f e  c o n t a m i n a t i o n .  V a r i o u s  a u t h o r s  (VOS & 
K O E M A N ,  1970, D A H L G R E N  e t  a l . ,  1972) h a v e  found  a 
p o s i t i v e  c o r r e l a t i o n  b e t w e e n  d e a t h  and  P C B  l e v e l s  in the 
b r a i n s  of  b i r d s  w h e n  r e s i d u e  r a t i o s  a r e  in the r a n g e  o f  200 -  
400 p p m .  T h i s  c o r r e l a t i o n  i s  l e s s  s t r i c t  w h e n  o t h e r  t i s s u e s  
a r e  c o n s i d e r e d  e v e n  though  s o m e  r e l a t i o n s h i p  m a y  e x i s t  a s  
in the c a s e  of  m o r t a l i t i e s  o b s e r v e d  in b i r d  p o p u l a t i o n s  
h a v i n g  b w e r  a c c u m u l a t i o n s  ( H O L D G A T E ,  1971). H o w e v e r ,  i t  
s e e m s  tha t  P C B  e f f e c t s  a r e  a n a l o g o u s  to t h o s e  p r o d u c e d  by  
D D E  on the r e p r o d u c t i v e  m e c h a n i s m s ,  b e c a u s e  e v e n  though 
they  a r e  not  i n h i b i t o r s  of  c a r b o n i c  a n h y d r a s e  t hey  c a n  h o w e -  
v e r  s t i m u l a t e  the p r o d u c t i o n  of l i v e r  h y d r o x i l a s e s  to r e d u c e  
the l e v e l s  of  c i r c u l a t i n g  e s t r o g e n s  ( R I S E B R O U G H  et  a l . ,  
1968). 

I t  s e e m s  o b v i o u s  then  to c o n s i d e r  tha t  the  s u c c e s s  of  

610 



b i r d  r e p r o d u c t i o n  m a y  d e p e n d ,  i n  one  w a y  on the  t o t a l  
q u a n t i t y  of D D E  a n d  P C B s  p r e s e n t ,  a n d  a l s o  of d i e i d r i n ,  i n  
s p i t e  of i t s  i n d i v i d u a l  low l e v e l ,  b u t  a s  P E A K A L L  s h o w e d  

(1967)  i t  p l a y s  a n  i m p o r t a n t  r o l e  i n  the  e s t r o g e n  b a l a n c e .  
F r o m  the  o b s e r v a t i o n  of the  d i s t r i b u t i o n  of  ai1 o r g a n o c h l o r i n e  
p o l l u t a n t s  i n  the  t i s s u e s  s t u d i e d ,  i t  c a n  be  s e e n  t h a t  r e s i d u e s  
a r e  m a i n i y  a c c u m u i a t e d  in  g o n a d s  a n d  a t  a l o w e r  r a t e  i n  
the  b r a i n ,  t h o u g h  the  u n e x p e c t e d l y  h i g h  v a l u e s  i n  i i v e r  m a y  
s u g g e s t  s o m e  r e c e n t  m o b i l i z a t i o n  of fa t .  A s s u m i n g  t h a t  
the  c o r r e l a t i o n s  b e t w e e n  p o i s o n i n g  a n d  o r g a n o c h l o r i n e s  r e s -  
i d u e  l e v e l s  in  t i s s u e s  a r e  m a i n l y  b a s e d  on the  a c c u m u l a t i o n  
r a t e  in  the  b r a i n ,  i t  s h o u i d  be  p o s s i b l e  to a s s u m e  t h a t  a n y  
i r r e v e r s i b l e  d e t e r i o r a t i o n  of a b i r d  p o p u l a t i o n  t h r o u g h  an  
o v e r l a p p i n g  d e p r e s s i o n  of i t s  f e r t i l i t y  i s  n o t  n e c e s s a r i I y  
a c c o m p a n i e d  by  m a s s  m o r t a l i t i e s  of i n d i v i d u a i  a d u l t s .  

T h e  i n c r e a s e s  of t o t a l  r e s i d u e s  a r e  v e r y  s i g n i f i c a n t  i n  
t he  p u r p l e  h e r o n  f r o m  the  f i r s t  to the  t h i r d  p e r i o d  of c o l l e c t -  
i n g  ( T a b i e  I) b u t  the  i n c r e a s e  i s  m u c h  s m a l l e r  i n  the  c a s e  
of d u c k s  ( T a b l e  II).  T h i s  f a c t  m a y  b e  d u e ,  a t  l e a s t  i n  p a r t ,  
to the  s h o r t e r  i n t e r v a i  b e t w e e n  the  two c o l l e c t i n g s  of d u c k s ,  
u n d e r t a k e n  d u r i n g  the  p e r i o d  of the  l o w e s t  i n c r e a s e  i n  the  
h e r o n ,  b u t  p e r h a p s  e v e n  m o r e  so by  the  p o s i t i o n  of d u c k s  
i n  the  food  c h a i n  of the  m a r s h  of the  R e s e r v e .  On the  o t h e r  
h a n d ,  the  r e s i d u e  b u i l d - u p  in  h e r o n  s p e c i e s  r e a c h e s  a 2 0 -  
fo ld  i n c r e a s e  d u r i n g  the  c o u r s e  of the  27 m o n t h s  b e t w e e n  
the  f i r s t  a n d  t h i r d  c o l l e c t i o n s .  T h i s  b i o c o n c e n t r a t i o n  f a c t o r  
a p p e a r s  u n e x p e c t e d l y  h i g h  a n d  s u g g e s t s  the  n e e d  f o r  a 
m o r e  e x t e n d e d  s t u d y  a s  e v i d e n t l y  the  g r o w i n g  s t a t e  of 
p o l i u t i o n  w i l i  a f f e c t  the  b i o i o g i c a l  b a I a n c e  of the  R e s e r v e .  
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