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GILBERTSON and REYNOLDS (i) reported the contamination of e g g s  
of  Common T e r n s  ( S t e r n a  h i r u n d o )  w i t h  o r g a n o c h l o r i n e  s u b s t a n c e s .  T h e s e  
e g g s  w e r e  c o l l e c t e d  in  1970 f rom c o l o n i e s  on  two  a r t i f i c i a l  i s l a n d s  in  Hami l ton  
H a r b o u r ,  O n t a r i o .  In  1971, t he  c h a r a c t e r i s t i c s  of t h i s  c o n t a m i n a t i o n  w e r e  
i n v e s t i g a t e d  b y  a n a l y s i s  of  e g g s  c o l l e c t e d  t h r o u g h o u t  the  b r e e d i n g  s e a s o n .  
Several of the first clutches disappeared, broke, or failed to hatch, and the 

incidence of re-laying was high. Since the islands were visited only twice 

weekly, it was not possible to obtain information on the exact date on which 

each egg was laid. However, the date of the visit on which each egg was first 

seen is known, and was used to select eggs for analysis. This calendar date 

has been converted to a season date, where day 1 represents 18 April, 1971; 

the day on which Common Terns were first seen around the islands during 

that year. The arrival of the birds at these colonies appears to have been 

synchronous and probably did not extend over more than a ten day period. 

T h i r t y - t w o  e g g s  o r  n e w l y  h a t c h e d  c h i c k s  w e r e  a n a l y s e d ,  c o r r e s p o n d i n g  
to  e g g s  l a i d  b e t w e e n  s e a s o n  d a t e s  30 a n d  90. S i m i l a r l y ,  f i ve  a d u l t  Common 
T e r n s  w e r e  c o l l e c t e d  b y  n e t t i n g  a n d  c o r r e s p o n d  to s e a s o n  d a t e s  18, 32, 32, 
48 a n d  68. T h e  m e t h o d  of  a n a l y s i s  o f r  o r g a n o c h l o r i n e  s u b s t a n c e s  w a s  o u t l i n e d  
b y  REYNOLDS (2) .  T o t a l  m e r c u r y  w a s  d e t e r m i n e d  b y  the  m e t h o d  o u t l i n e d  
b y  VERMEER (3 ) .  R e s u l t s  of t he  o r g a n o c h l o r i n e  a n a l y s e s  of  the  e g g s  a n d  c h i c k s  
a r e  e x p r e s s e d  on  a d r y - w e i g h t  b a s i s  s i n c e  t h e y  h a d  a v a r i a b l e  m o i s t u r e  c o n t e n t .  
T h o u g h  the  m o i s t u r e  c o n t e n t  i n  t h e  b r e a s t  m u s c l e  of  the  a d u l t  t e r n s  d i d  no t  
v a r y  b y  m r o e  t h a n  1.2%, t h e  r e s u l t s  a r e  e x p r e s s e d  on a d r y - m a t t e r  b a s i s  fo r  
c o n s i s t e n c y .  T h e  r e s u l t s  of  the  a n a l y s e s  fo r  m e r c u r y  a r e  e x p r e s s e d  on a w e t -  
w e i g h t  b a s i s  fo r  b o t h  t he  e g g s  a n d  c h i c k s  a n d  fo r  t h e  b r e a s t  m u s c l e  o f  t he  
a d u l t s .  T h o u g h  b o t h  e g g s  a n d  h a t c h e d  c h i c k s  h a v e  b e e n  u s e d  i n  t h i s  a n a l y s i s  
t h e  d a t a  on r e s i d u e s  a r e  c o m p a r a b l e .  COOKE (4)  f o u n d  t h a t  i n c u b a t i n g  e g g s  
of  D D T - f e d  J a p a n e s e  Q u a i l  ( C o t u r n i x  c o t u r n i x  j a p o n i c a )  d i d  n o t  a f fec t  t o t a l  
p e s t i c i d e  r e s i d u e s  in  t h e  e g g s ,  b u t  t h a t  t he  e m b r y o  m e t a b o l i z e d  DDT to DDE 
a f t e r  10 d a y s .  DDT a n d  DDD in  t h e s e  t e r n  s a m p l e s  w e r e  f r e q u e n t l y  u n d e t e c t a b l e  
o r  l e s s  t h a n  1% of  t he  DDE. T h e  p o s s i b i l i t y  t ha t  t h e r e  w a s  m e t a b o l i s m  of  d i e l d r i n  
a n d  PCB d u r i n g  i n c u b a t i o n  c a n n o t  be  e x c l u d e d ,  b u t  i t  i s  u n l i k e l y  to be  s i g n i f i c a n t .  
No c o r r e c t i o n  h a s  b e e n  m a d e  fo r  t h e  s m a l l  d e c r e a s e  i n  d r y  m a t t e r  c o n t e n t  d u r i n g  
i n c u b a t i o n .  
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R e s u t t s  a n d  D i s c u s s i o n  

1. O r g a n o c h l o r i n e  c o n t a m i n a t i o n  

(a )  E g g s  a n d  h a t c h e d  c h i c k s  

F i g u r e  1 s h o w s  t h e  DDE c o n t a m i n a t i o n  of t he  e g g s  v e r s u s  s e a s o n  
da te .  P e r f o r m i n g  an  a n a l y s i s  of v a r i a n c e ,  t h e r e  w a s  a c l o s e  r e l a t i o n s h i p  
(F1,  30 = 52 .0 ,  p< 0 . 0 1 )  b e t w e e n  the  i n c r e a s e  in  c o n t a m i n a t i o n  a n d  the  s e a s o n  

*date. T h e  f o r m  of t h e  r e g r e s s i o n  l i n e  i n d i c a t e s  t h a t  t h e  b i r d s  r e t u r n e d  f rom 
w i n t e r  m i g r a t i o n  w i t h  l e v e l s  of  DDE w h i c h  w e r e  s m a l l  in  r e l a t i o n  to the  c o n c e n t r a t i o n s  
w h i c h  a c c u m u l a t e d  d u r i n g  the  s e a s o n .  
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Figure I DDE content of Common Tern eggs versus season date 
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T a b l e  1 s h o w s  t h e  e q u a t i o n s  of  the  l e a s t  s q u a r e s  l i n e a r  
r e g r e s s i o n  l i n e ,  t h e  p r o d u c t  m o m e n t  a n d  S p e a r m a n  r a n k  c o r r e l a t i o n  c o e f f i c i e n t s  
a n d  p r o a b i l i t y  v a l u e  fo r  t h e  l a t t e r  fo r  t he  i n c r e a s e  of  DDE, h e x a c h l o r o b e n z e n e ,  
d i e l d r i n ,  a n d  PCB w i t h  s e a s o n  da t e .  HCB a n d  d i e l d r i n  i n c r e a s e d  i n  a m a n n e r  
s i m i l a r  to DDE. 

T h o u g h  the  S p e a r m a n  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  
PCB a n d  s e a s o n  d a t e  w a s  s i g n i f i c a n t  ( r  = 0. 3962, p<  0 .05 )  t he  p r o d u c t  m o m e n t  
c o r r e l a t i o n  c o e f f i c i e n t  w a s  no t  ( r  --- 0. 3411, p>  0 . 0 5 ) .  T h e r e  w a s  h o w e v e r  
a v e r y  s i g n i f i c a n t  p r o d u c t  m o m e n t  c o r r e l a t i o n  b e t w e e n  the  c o n c e n t r a t i o n  
of DDE a n d  PCB ( r  -~ 0. 7282, p<  0 . 0 1 ) .  T h e  fo rm of  t h e  d i s t r i b u t i o n  of the  
c o n c e n t r a t i o n s  i n d i c a t e d  a n o n - l i n e a r  r e l a t i o n s h i p .  T h e  c o r r e l a t i o n  c o e f f i c i e n t  
of  t h e  l o g a r i t h m i c  t r a n s f o r m a t i o n  of  t he  c o n c e n t r a t i o n s  of  DDE a n d  PCB w a s  
h i g h e r  t h a n  t h e  c o e f f i c i e n t s  on  the  u n t r a n s f o r m e d  d a t a  ( r - -  0. 8120, l og  DDE v. 
l o g  PCB; r -- 0. 7661, l og  DDE v. PCB; r -- 0. 7112, DDE v. log  P C B ) .  F i g u r e  
2 s h o w s  t h e  r e g r e s s i o n  of  l og  PCB on log  DDE a n d  95% c o n f i d e n c e  l im i t s  a n d  
i n d i c a t e s  t ha t  PCB w a s  n o t  f o u n d  in  t he  s a m e  r e l a t i v e  p r o p o r t i o n  as  DDE 
w i t h  t ime .  A p r o d u c t  m o m e n t  a n d  S p e a r m a n  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  
h a s  b e e n  c a l c u l a t e d  fo r  t h e  PCB/DDE r a t i o  v e r s u s  t ime .  T h e r e  w a s  a s i g n i f i c a n t  
l o g a r i t h m i c  p r o d u c t  m o m e n t  c o r r e l a t i o n  b e t w e e n  t h e  d e c r e a s e  in  the  l o g a r i t h m  of 
t h e  r a t i o  a n d  t h e  l o g a r i t h m  of  t he  s e a s o n  d a t e  ( r  = -0 .  8076; p <  0. 01, l og  y = 
3. 0048 - 0. 7231 log  x )  a n d  a s i g n i f i c a n t  S p e a r m a n  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  
( r  --- -0 .  8565, p <  0 . 0 1 ) .  P o o l e d  s a m p l e s  of  a l e w i v e s  ( A l o s a  p s e u d o h a r e n g u s ) ,  
s m e l t  ( O s m e r u s  m o r d a x )  a n d  s t i c k e l b a c k s  ( G a s t e r o s t e u s  a c u l e a t u s ) ,  a n a l y s e d  
i n  t he  s a m e  w a y  f rom f e e d i n g  a r e a s  of  t he  t e r n s ,  c o n t a i n e d  r e s i d u e s  of  PCB 
a n d  to t a l  DDT w i t h  a r a t i o  of  b e t w e e n  2 . 3  a n d  2 .9 .  T h e  r a t e  of  i n c r e a s e  of  
PCB w i t h  t ime ,  i n d i c a t e d  b y  the  e g g  da t a ,  w a s  2 .73  p p m / d a y  a n d  the  r a t e  
fo r  DDE i n c r e a s e  w a s  1 .60 p p m / d a y .  T h e  r a t i o  b e t w e e n  the  two r a t e s  i s  
1 .7 .  T h u s  the  r e s u l t s  i n d i c a t e  f i r s t l y ,  t h a t  t he  t e r n s  a r r i v e d  f rom m i g r a t i o n  
w i t h  a s i g n i f i c a n t  c o n t e n t  of  PCB b u t  n e g l i g i b l e  DDE a n d  t h a t  s u b s e q u e n t l y  
t h e y  b e c a m e  c o n t a m i n a t e d  at  t h e  b r e e d i n g  s i t e  w i t h  b o t h  DDE a n d  PCB, t he  
r a t i o  of PCB to DDE d e c r e a s i n g  w i t h  t ime  to a p p r o x i m a t e  t he  r a t i o  in  t he  f i s h  
in  t h e  v i c i n i t y  of  t h e  c o l o n y .  

S e c o n d l y ,  t he  d i s c r e p a n c y  b e t w e e n  the  r a t i o  of  PCB to DDE in  t h e  f i sh  a n d  
t h e  r a t e s  f o u n d  i n  t h e  e g g s  w i t h  t ime  may  i n d i c a t e  t h a t  the  b i r d s  m a y  h a v e  
m e t a b o l i s e d  PCB 's .  

(b) A d u l t  b i r d s  

T a b l e  2 s h o w s  t h e  e q u a t i o n s  of t he  l e a s t  s q u a r e s  l i n e a r  r e g r e s s i o n  
l i n e ,  t h e  p r o d u c t  m o m e n t  a n d  S p e a r m a n  r a n k  c o r r e l a t i o n  c o e f f i c i e n t s  a n d  
p r o b a b i l i t y  v a l u e  f o r  the  l a t t e r  fo r  t he  c o n t a m i n a n t s  d i e l d r i n ,  h e x a c h l o r o b e n z e n e ,  
PCB a n d  DDE in  t he  b r e a s t  m u s c l e  of  t he  a d u l t  Common T e r n s  v e r s u s  s e a s o n  
da te .  A l l  t h e s e  s u b s t a n c e s  i n c r e a s e d  s i g n i f i c a n t l y  w i t h  t i m e ,  s u p p o r l / n g  
t h e  c o n c l u s i o n  d r a w n  f rom the  r e s u l t s  of  t he  a n a l y s e s  of  t h e  e g g s  t ha t  c o n t a m i n a l / o n  
w a s  of  l o c a l  o r i f f in .  
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Figure 2 DDE and PCB in C~mon Tern eggs 

2. M e r c u r y  

T a b l e  2 s h o w s  t h a t  t h e  c o r r e l a t i o n  b e t w e e n  m e r c u r y  i n  the  e g g s  
a n d  s e a s o n  d a t e  w a s  no t  s i g n i f i c a n t  at  the  r ive  p e r c e n t  l e v e l .  H o w e v e r ,  
T a b l e  2 i n d i c a t e s  t ha t  t h e  c o n v e r s e  w a s  r o u n d  fo r  t he  c o n c e n t r a t i o n  of  m e r c u r y  
in  the  b r e a s t  m u s c l e  of t he  a d u l t s .  T h o u g h  the  S p e a r m a n  r a n k  c o r r e l a t i o n  
c o e f f i c i e n t  w a s  no t  s i g n i f i c a n t  t h i s  w a s  d u e  to two b i r d s  of  the  s m a l l  s a m p l e  
of  r i ve  b e i n g  c a u g h t  on  s e a s o n  d a t e  32 a n d  one  of  t h e s e  h a v i n g  a l o w e r  v a l u e  
t h a n  a b i r d  c a u g h t  on  s e a s o n  d a t e  18. P e r f o r m i n g  a l i n e a r  r e g r e s s i o n  on  
t h e  d a t a  t h e r e  w a s  a s i g n i f i c a t n  r e l a t i o n s h i p  (F1,  3 = 26 .76 ,  p < 0. 05) b e t w e e n  
t h e  l e v e l  of m e r c u r y  i n  t h e  b r e a s t  m u s c l e  a n d  s e a s o n  da te .  T h e s e  r e s u l t s  
a r e  c o n s i s t e n t  w i t h  t h o s e  r o u n d  w i t h  e x p e r i m e n t a l  f e e d i n g  of  m e t h y l  m e r c u r y  
d i c y a n d i a r n i d e  to p o u l t o y  ( G a l l u s  d o m e s t i c u s )  (5)  a n d  to p h e a s a n t s  ( P h a s i a n u s  
c o l c h i c u s )  (6) .  M e r c u r y  in  the  b l o o d  i s  b o u n d  to t h e  p r o t e i n  (7) .  ROMANOFF 
a n d  ROMANOFF (8)  s t a t e d  t h a t  the  p r o t e i n s  in  t h e  y o l k  a n d  a l b u m e n  o f  t h e  
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egg  a r e  d e r i v e d  f rom the  p r o t e i n s  of the  b lood  s e r u m  i n  h e n s .  T h u s  the 
l e v e l  of m e r c u r y  in  the  t e r n  eggs  w o u l d  be  e x p e c t e d  to r e m a i n  c o n s t a n t  t h r o u g h o u t  
the  s e a s o n  s i n c e  i t  is  d e r i v e d  from the  m e r c u r y  b o u n d  to the s e r u m  p r o t e i n  
w h i c h  is a s s u m e d  to be  d e p e n d e n t  u p o n  the l e ve l  i n  i e  food r a t h e r  than  
the  a m o u n t  s t o r e d  i n  the f i s s u e s .  T h e  d i s t r i b u t i o n  of the c o n c e n t r a t i o n s  
in  the eggs  i n d i c a t e d  tha t  the  m e r c u r y  l eve l s  i n  the  s e r u m  p r o t e i n  r e a c h  
an e q u i l i b r i u m  c o n c e n t r a t i o n  b e f o r e  the s t a r t  of egg l a y i n g  a n d  t h u s  re f l ec t  
the  l eve l  of m e r c u r y  c o n t a m i n a t i o n  i n  the f ish i n  the local  e n v i r o n m e n t .  
A n a l y s e s  of total  m e r c u r y  i n  the  f ish s a m p l e s  s h o w e d  that  the r e s i d u e  c o n t e n t  
v a r i e d  b e t w e e n  0 .07  a n d  0 .21  p p m  (wet  w e i g h t ) .  

C o n c l u s i o n  

T h i s  s t u d y  has  s h o w n  tha t  the  c o n c e n t r a t i o n  of o r g a n o c h l o r i n e  
s u b s t a n c e s  i n  Common T e r n s  a n d  t h e i r  eggs  can v a r y  c o n s i d e r a b l y  d u r i n g  
a s i n g l e  b r e e d i n g  s e a s o n .  S i m i l a r l y  the l e v e l s  of m e r c u r y  i n  the  b r e a s t  
m u s c l e  of a d u l t  Common T e r n s  v a r i e d  wi th  rime b u t  l e v e l s  i n  the eggs  d id  
hot  v a r y  t h r o u g h  the  b r e e d i n g  s e a s o n .  I t i s  c o n c l u d e d  tha t  the  o r g a n o c h l o r � 8  
s u b s t a n c e s  r e p o r t e d  i n  th is  p a p e r  a n d  the m e r c u r y  w e r e  m a i n l y  i n g e s t e d  
i n  the  v i c i n i t y  of the  co lony .  S t u d i e s  of r e s i d u e s  and  b r e e d i n g  s u c c e s s  of 
f i s h - e a t i n g  b i r d s ,  w h i c h  may be affected by  p o l l u t a n t s ,  s h o u l d  t ake  a c c o u n t  
of s u c h  s e a s o n a l  v a r i a t i o n  in  o r g a n o c h l o r i n e  a n d  m e r c u r y  s u b s t a n c e s  w h i c h  
o c c u r s  a m o n g s t  co lon ie s  of b i r d s  n e s t i n g  in  c o n t a m i n a t e d  e n v i r o n m e n t s .  
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