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CHAPTER 25

Contamination by PCBs and 
Organochlorine Pesticides o f  Belgian 
Birds o f  Prey, Their Eggs and Their Food, 
1969-1982

C. J o i r i s  a n d  K .  D e l b e k e

SUM M ARY

T h re e  c o m p le m e n ta ry  m e th o d s  w ere  u sed  in o rd e r  to  d esc rib e  a n d  to  u n d e rs ta n d  
th e  c o n ta m in a t io n  o f  B elgian  b ird s  o f  p rey : th e  an a ly s is  o f  u n h a tc h e d  eggs 
{n =  350), th e  an a ly s is  o f  r a p to r s  fo u n d  d e a d  (n =  189) a n d  th e  d e te rm in a tio n  o f  
c h an g es  in eggshell th ick n ess  ( n =  1432). T h e  re su lts  o b ta in e d  by th e  th ree  
m e th o d s  a re  c o h e re n t.

A s an  ex am p le , th e  c o n ta m in a t io n  b y  re s id u es  o f  th e  D D T  g ro u p  is d iscussed  
in  so m e  d e ta ils . T h e  level o f  th e  c o n ta m in a t io n  is c le a rly  species d e p e n d e n t: th e  
b ird s -e a tin g  species a re  m o re  c o n ta m in a te d  th a n  th e  m a m m a ls-e a tin g  ra p to rs .

F o r  so m e species (ow ls), a  d ifference  o f  c o n ta m in a t io n  is fo u n d  betw een  tw o 
zo n es  in B elg ium : ow ls c o m in g  fro m  th e  n o r th e rn , a g r ic u ltu ra l z o n e  a re  m ore  
c o n ta m in a te d  th a n  b ird s  o f  th e  sam e  species c o m in g  f ro m  th e  s o u th e rn , fo re s t 
zo n e . T h e ir  eggs a lso  sh o w  a h ig h e r D D T  level a n d  a  g re a te r  eggshell th in n in g .

Y ea r- to -y e a r  v a r ia tio n s  in th e  level o f  D D T  c o n ta m in a t io n  a re  a lso  d e tec ted  
fo r  th e  ow ls a n d  th e ir  eggs.

T h e  an a ly s is  o f  so m e  p rey  item s (H o u se  S p a rro w  a n d  sm all m am m als) show  
th a t  th e  m a in  fa c to r  a llo w in g  to  u n d e rs ta n d  all re su lts  lies in  th e  d ie t 
c h a ra c te r is tic s  o f  th e  ra p to r s :  th e  m o re  b ird s  th ey  ea t, th e  h ig h e r th e ir  
c o n ta m in a t io n . T h is  is v a lid  fo r  th e  d iffe ren t species, a n d  fo r  th e  d ifferences in 
c o n ta m in a t io n  n o te d  fo r a given species in  th e  n o r th e rn  a n d  so u th e rn  zo n es , as 
w ell as fro m  o n e  y ea r to  th e  o th e r .

T h e  m ain  co n c lu s io n s  a re  : firs t, th a t  i t  is v e ry  u se fu l to  u tilize  d iffe ren t m e th o d s  
in  o rd e r  to  d e te rm in e  th e  c o n ta m in a t io n  o f  b io lo g ica l m a te r ia l, a n d  seco n d , th a t
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an  in te g ra te d  s tu d y  is n eeded  in  o rd e r  to  u n d e rs ta n d  th e  levels o f  c o n ta m in a t io n  
a n d  th e ir  v a ria tio n s . T h is  s tu d y  m u s t in c lu d e  d a ta  o n  th e  p o p u la t io n  d y n am ics  o f  
th e  ra p to rs ,  a n d  m a in ly  o n  th e ir  lo ca l fe ed in g  h a b its . In  such  c o n d itio n s  o n ly  can  
b ird s  o f  p rey  be u tilized  as ‘b io in d ic a to rs ’ o f  te r re s tr ia l ecosystem s, a n d  c a n  the  
d iffe rences o f  th e ir  c o n ta m in a t io n , as a  fu n c tio n  o f  sp ace  a n d  o f  tim e , be 
u n d e rs to o d .

IN TR O D U C TIO N

In  te r re s tr ia l ecosystem s, b ird s  o f  p rey  c a n  be  c o n s id e red  as g o o d  ‘b io in d ic a to rs ’ 
(‘ta rg e ts ’) fo r  s tab le  p o llu ta n ts : th e y  a re  a t th e  to p  o f  fo o d  p y ra m id s  a n d  th u s  
hav e  h igh  levels o f  p e rs is te n t p o llu ta n ts  a c c u m u la tin g  a lo n g  th e  fo o d  w eb , su ch  as 
o rg a n o c h lo r in e  res idues. T h e y  a lso  re p re se n t a n  in te g ra tio n  o f  sm all-sca le  
v a r ia tio n s  o f  th e  c o n ta m in a t io n , b ecau se  o f  th e ir  ra n g e  a n d  o f  th e ir  life -span . I t  
m u s t be k e p t in  m in d  th a t  th e  s i tu a t io n  is c o m p le te ly  d iffe ren t in  a q u a tic  
eco sy s tem s , w h ere  th e  c a rn iv o re s  o f  th e  h ig h es t level d o  n o t  n ecessa rily  h av e  th e  
h ig h e s t c o n ta m in a t io n . F ir s t ,  b ecau se  th e  eco lo g ica l s t ru c tu re  o f  a q u a tic  
e co sy s tem s c a n n o t be re p re se n te d  as p y ra m id s  o f  b io m a ss , as th e  p ro d u c tiv ity  
( th e  r a t io  p ro d u c tio n  to  b io m a ss , o r  th e  tu rn -o v e r  tim e) o f  th e  d iffe ren t levels can  
be co m p le te ly  d iffe ren t ( f ro m  a  few  d ay s  fo r  p h y to p la n k to n  to  a  few  yea rs  fo r 
fish). S eco n d , b ecau se  th e  an im a ls  d o  n o t n ecessarily  g e t th e ir  c o n ta m in a n ts  
th ro u g h  th e ir  fo o d  o n ly : fish , fo r  in s ta n c e , c a n  be d irec tly  c o n ta m in a te d  fro m  th e  
w a te r  a n d  o n ly  p a r t ia l ly  th ro u g h  p o llu te d  food .

W h en  s ta r t in g  a  s tu d y  o n  th e  c o n ta m in a t io n  o f  B elg ian  te r re s tr ia l eco sy s tem s 
in 1969, w e w ere  severely  lim ited  in  th e  poss ib ilitie s  o f  ana ly ses a n d  in  th e  
f in an c ia l s u p p o r t ,  a n d  ch o se  b ird s  o f  p re y  as th e  b est b io lo g ica l m a te r ia l. F o r  
e th ica l re a so n s , w e d ec id e d  n o t  to  d e s tro y  an y  r a p to r ,  b u t to  u se  b io lo g ica lly  lo s t 
m a te r ia l:  u n h a tc h e d  eggs a n d  r a p to r s  fo u n d  d e a d . T h is  leads o f  c o u rse  to  
so m ew h a t b ia sed  re su lts , as th e  sam p les  in c lu d e  s te rile  eggs a n d  th o se  b ird s  
h av in g  d ied  b ecau se  o f  a  h igh  p estic ides  level. B u t th e  m ain  c a u se  o f  m o r ta l ity  in 
r a p to r s  b e in g  still o f  h u m a n  o rig in — s h o o tin g , acc id en ts  w ith  c a rs  a n d  tr a in s —  
th e  b ia s  seem s ra th e r  lim ited  a n d  a c c e p ta b le  in  th e  fra m e  o f  su c h  a s tu d y .

R ESU LTS AND D ISC U SSIO N

A  su m m a ry  o f  th e  o b ta in e d  re su lts  is p re se n te d  in  th is  sec tio n  ; as a n  e x am p le , th e  
c o n ta m in a t io n  by  re s id u es o f  th e  D D T -g ro u p  ( th a t  is m a in ly  D D E ) is u sed  in  th e  
d iscu ssio n .

T h e  c o n ta m in a t io n  o f  u n h a tc h e d  r a p to r ’s eggs is c lea rly  species d e p e n d e n t. A s 
fa r  as D D T  is c o n c e rn e d , th e  levels a re  low  in  m a m m a l-e a tin g  ra p to rs ,  a n d  h igh  
in  b ird -e a tin g  ra p to rs . W h en  th e  species a re  c lassified  as a  fu n c tio n  o f  th e ir  d ie t, 
th e  c o n ta m in a t io n  is in c re a s in g  w ith  in c re a s in g  p e rc e n ta g e  o f  b ird s  in  th e ir  fo o d  
(T a b le  25.1).
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Table 25.1 O rganochlorine pesticides and PCB contam ination o f  unhatched eggs of 
birds o f prey, collected in Belgium from  1969 to  1979 (ppm/wet weight, median 
values).1 " 3,12 The species are classified in function o f  increasing percentage birds in the 
diet

Species Diet 
% birds (ref.)

n PCB Lin. HCB H.E. Diel. Total 1 E D D T

Pernis apivorus 0 4 5 0.6 0.02 0.002 0.06 0.01 0.09 0.08
Aegolius funereus 2 4 11 1.2 0.01 0 0.01 0.01 0.05 0.04
Buteo buteo 4.5 4 17 1.8 0.03 0 0.08 0.03 0.17 0.02
Falco tinnunculus 4.5 4 23 0.3 0.02 0 0.04 0 0.06 0.04
Athene noctua 5 5 13 1.4 0.03 0 0.13 0 0.17 0.14
Tyto alba 5 6-8 171 1.8 0.01 0 0.49 0.18 0.68 0.53
Asio otus 12.5 10 2 0.7 0.10 1.11 0.12 0.30 1.62 5.36
S tr ix  aluco 13.5 9 77 0,4 0.01 0 0.04 0.01 0.06 0.12
Circus pygargus — — 6 1.4 0.01 0 0.06 1 0.01 0.08 0.10
Accipiter gentilis 92 4 5 4.5 0.03 0 0.13 0.49 0.67 1.12
Accipiter nisus 98 4 20 3.4 0.02 0 0.30 0.25 0.57 2.43

Lin., Lindane; H.E., Heptachlore epoxide; Diel., Dieldrin; Total 1, Lindane + Heptachlore 
epoxide +  Dieldrin; EDDT, DDT + DDE + DDD. 
n. Number of eggs analysed.

F o r  th e  B arn  O w l (T y to  a lb a ) a n d  th e  T aw n y  O wl (S tr ix  a luco ), a  d ifference  in 
c o n ta m in a t io n  is to  be n o te d  as a fu n c tio n  o f  th e  g e o g rap h ica l o rig in  o f  th e  
sam p le s : th e  eggs c o m in g  fro m  th e  n o r th e rn  z o n e  (i.e. n o r th  o f  th e  riv e rs  S am b re , 
M eu se  a n d  V esdre) a n d  m o re  c o n ta m in a te d  th a n  th e  eggs c o m in g  fro m  th e  
so u th e rn  z o n e  (T a b le  25.2).

Y early  v a r ia tio n s  a re  a lso  n o te d  in  th e  c o n ta m in a t io n  o f  B arn  O w l’s eggs (th e  
lim ited  a m o u n t a n d  d is tr ib u tio n  d o e s  n o t  a llow  d e te rm in a tio n  w h e th e r th e  sam e 
p h e n o m e n o n  ex is ts  fo r  o th e r  ow l species o r  n o t)  (T ab le  25.3).

The study of the contamination o f  the dead raptors leads to the same type of

Table 25.2 Geographical differences in the D D T  contam ination o f three owls.1 11-12,15 
D D T  (ppm/wet weight, m edian values)

Species Zone D iet D D T
% birds (ref.) Eggs (n) Muscle (n) Liver (n)

Tyto alba S 0 6-9 0.04 (22) 0.31 (8) 0.49 (8)
S tr ix  aluco S 2 9 0.12 (36) 0.02 (2) 0.19 (2)
Asio otus S 3 — — 0.08 (8) 0.01 (8)
Tyto alba N 10 6-9 1.14 (101) 2.52 (24) 1.69 (24)
S tr ix  aluco N 20 9 0.18 (9) 0.91 (7) 0.39 (7)
Asio otus N 30 — 3.86 (20) 9.49 (20)

S, southern zone; N, northern zone (see text). 
See legend Table 25.1.
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Table 25.3 D D T  contam ination  o f the Barn Owl (Tyto alba) 
in different years1,3,11,12,15 (ppm/wet weight, m edian values)

D ate E D D T

Eggs (n) Muscle (n) Liver («)

1972 0.03 (17) — —
1973 0.87 (21) 0.40 (3) 0.72 (3)
1974 0.11 (46) 0.24 (3) 0.17 (3)
1975 0.29 (22) 1.36 (9) 0 (9)
1976 0.95 (6) 1.21 (3) 0.93 (5)
1977 1.28 (26) 3.62 (2) 3.43 (2)
1978 1.60 (27) 0.52 (5) 0.39 (5)
1979 0.81 (5) 1.50 (11) 7.97 (9)

co n c lu s io n s : th e  D D T  level is spec ies d e p e n d e n t, a n d  th e  c o n ta m in a t io n  sh o w s a 
g en e ra l ten d en c y  to  in c rease  w ith  in c re a s in g  p e rcen tag e  o f  b ird s  in th e  d ie t (T ab le  
25 .4). F o r  th e  T aw n y  O w l, th e  B a rn  O w l and: th e  L o n g -ea red  O w l (A s io  o tus), 
a  d iffe rence  in  th e  n o r th e rn  a n d  th e  so u th e rn  b ird s  is a lso  fo u n d  (T a b le  25.2). 
A  y ea rly  v a r ia tio n  in  th e  c o n ta m in a t io n  is a lso  d e tec ted  (T ab le  25.3).

A n o th e r  m e th o d  to  be  u sed  in  o rd e r  to  fo llow  th e  se c o n d a ry  effects o f  th e  
o rg a n o c h lo r in e  p estic ides  c o n s is ts  in  m e a su rin g  th e  eggshell th ic k n e ss , eggshell 
th in n in g  b e in g  m a in ly  d u e  to  a  D D T  c o n ta m in a t io n .13 W e used  tw o  m e th o d s : 
th e  d ire c t d e te rm in a tio n  o f  th e  eggshell th ick n ess  an d  th e  d e te rm in a tio n  o f  the 
‘R a tc liffe ’s in d ex ’, defined  as th e  ra t io  be tw een  th e  p ro d u c t o f  the  o u te r

Table 25.4 O rganochlorine pesticides and PCB contam ination o f birds o f prey found 
dead between 1972 and 1982 (breast muscle and liver) (ppm/'wet weight, median

values)1,11,12,15

Species Diet 
(%  birds)

n PCB
Muscle Liver

Total
Muscle

1
Liver

D D T  
Muscle Liver

Circus aeruginosus — 1 0.33 0.29 — 0.05 — 0.04
Pernis apivorus 0 1 — 0.07 — 0.35 — 0.13
M ilvus milvus — 1 0.50 2.30 0.12 0.63 0.10 0.42
Buteo buteo 4.5 28 0.88 0,67 0.32 0.45 0.06 0.05
Falco tinnunculus 4.5 18 0.91 0.91 0.75 1.53 0.07 0.10
Athene noctua 5 31 0.43 0.76 0.76 0.64 0.38 0.15
Tyto alba 5 44 7.60 10.00 1.25 2.47 1.26 0.97
Asio otus 12.5 32 1.82 1.52 0.64 1.95 0.79 2.06
S tr ix  aluco 13.5 13 4.31 0.90 1.48 3.95 0.33 0.62
Falco columbarius 90 2 — 2.69 — 5.16 51.3 55.2
Accipiter nisus 98 18 5.17 3.84 1.21 0.81 2.31 2.15

n, Number of birds analysed; Total 1, mainly Heptachlore epoxide. See legend Table 25.1.
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m e a su re m e n ts  o f  th e  egg (b o th  in  m m ) to  th e  w eig h t o f  th e  eggshell (in  m g ) .14 T he 
re su lts  o f  b o th  m e th o d s  a re  s tro n g ly  c o rre la te d  (fo r ex am p le  see F ig u re  25.1).

T h e  o b ta in e d  re su lts  a re  c o h e re n t w ith  th e  levels o f  D D T  d e tec ted  in  th e  eggs 
a n d  in  th e  b ird s  o f  p rey : a  s tro n g  d ec rea se  o f  eggshell th ick n ess  c a n  be n o te d  fo r 
th e  b ird -e a tin g  ra p to rs  o n ly , w hile th e  species h av in g  a low er D D T  
c o n ta m in a t io n  keep  n o rm a l eggshells (T a b le  25 .5). F o r  som e species, th e

Table 25.5 Changes o f  eggshell thickness in Belgian birds o f prey, during the periods 
1950-1982. The results are expressed in function o f the pre-1950 values taken as 100 
percent.12,16

Species Diet 
(%  birds)

Period
(years)

n Percentage decrease3 
Thickness Index

Pernis apivorus 0 50-59 8 ( - 2 .9 ) ( - 4 .8 )
60-69 10 (6.2) ( - 0 .6 )
70-79 4 ( - 1 2 ) (6.4)

Buteo buteo 4.5 50-59 36 (2.5) 3.5
60-69 41 5.3 4.6
70-79 16 0 ( - 2 .4 )

Falco tinnunculus 4.5 50-59 26 8.3 ( - 1 .5 )
60-69 23 0 ( - 0 .8 )
70-79 48 0 ( - 0 .8 )

Athene noctua 5 50-59 22 9.1 (4.7)
60-69 29 9.1 6.7
70-79 13 0 ( - 2 .7 )

Tyto alba 5 50-59 20 0 ( - 3 .2 )
60-69 19 (8.7) 16.0
70-7.9 153 4.2 9.8

Asio otus 12.5 50-59 25 4.2 6.8
60-69 11 (8.7) 14.6
70-79 24 25 30.6

S tr ix  aluco 13.5 50-59 16 0 - 5 .6
60-69 25 (7.1) 0
70-79 32 0 (1.4)

Falco subbuteo 50 50-59 3 (12.5) (14.9)
60-69 12 (12.5) 18.0

Accipiter gentilis 92 50-59 15 12.8 13.8
60-69 23 10.0 14.9
70-79 7 ( - 4 .5 ) ( - 6 .7 )

Accipiter nisus 98 50-59 21 27.3 25.2
60-69 63 27.3 26.4
70-79 5 (16.7) (9.4)

Falco peregrinus 100 50-59 6 (9.1) 18.2
60-69 6 (28.6) 29.1

See legend Table 25.1.
“ The values are presented between parentheses when not significant at the 0.02 level in a Student 
T-test.
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C orrela tion  coeff. =0.916 
Index = 4 .7 3 8  t *  0 .0 6 0

2 .0 -

X 1.5 -a)-ac

0.9
0 .3500.200 0 .3 0 00 2 5 0

Thickness (mm)

Fig. 25.1 Relation between index and thickness: the example of 
the Sparrowhaw k, Accipiter nisus

d ec rea se  is p ro g ressiv e  a n d  th e  h ig h e s t th in n in g  is d e tec ted  fo r  th e  p e rio d  1960-69 
(fo r ex am p le  see F ig u re  25.2).

T h e  c o m p a r iso n  o f  eggshells c o m in g  f ro m  th e  tw o zo n es  show s a g a in  a c lea r 
g e o g ra p h ic a l d ifference  fo r  th e  B a rn  O w l a n d  th e  T a w n y  O w l: n o  d ec rea se  in  th e  
so u th e rn  zo n e , s ig n ifican t d ec rease  in  th e  n o r th e rn  z o n e  (T ab le  25.6).

A  firs t im p o r ta n t  a sp ec t to  be p o in te d  o u t is th a t  th e  re su lts  o b ta in e d  w ith  th ree  
d iffe ren t m e th o d s : c o n ta m in a t io n  o f  th e  eggs, c o n ta m in a t io n  o f  th e  r a p to r s  an d  
c h an g es  o f  eggshell th ick n ess , a re  c o h e re n t a n d  lead  to  th e  sam e  c o n c lu s io n s . T h e  
co h e re n c y  o f  th e  resu lts  can  be  q u a n ti ta t iv e ly  exp ressed  as a  series o f

T able 25.6 Geographical differences in the eggshell thinning for three ow ls12,16

Species Zone Diet n Percentage decrease
(%  birds) Thickness Index

Tyto alba S 0 21 ( - 4 .0 ) ( - 9 .8 )
S tr ix  aluco S 2 39 ( - 3 .3 ) - 9 .8
Asio otus S 3 23 4.2 ( - 6 .8 )
Tyto alba N 10 167 4.2 9.9
S tr ix  aluco N 20 37 19.0 20.2
Asio otus N 25 20 7.1 (3.6)

See legend Tables 25.3 and 25.5.
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Fig. 25.2 Evolution o f the value o f  the Ratcliffe index for the eggshell 
o f the Sparrowhaw k, Accipiter nisus. O  N orthern  zone; © southern 
zone

re la tio n sh ip s  betw een  th e  d iffe ren t p a ra m e te rs : c o n ta m in a t io n  o f  liver versus 
m uscle , eggs versus m uscle , eggshell th in n in g  as a fu n c tio n  o f  D D T  c o n ­
ta m in a t io n  o f  th e  m uscle , o f  th e  eggs a n d  o f  th e  d ie t o f  th e  ra p to rs  (F ig u res  
25.3  to  25.7). T h is  p ro v id es  a  p re c io u s  c o n firm a tio n  fo r the  v a lid ity  o f  these 
c o n c lu s io n s .

A n o th e r  p o in t  to  be  d iscu ssed  is th e  g e o g ra p h ic a l v a r ia tio n s : it  is in te re s tin g  to  
u n d e rs ta n d  w hy tw o p o p u la t io n s  o f  th e  sam e  species (ow ls), liv ing  n o t fa r  from  
each  o th e r , can  show  such  im p o r ta n t  d ifferences in th e ir  c o n ta m in a t io n . T w o  
m ain  fa c to rs  c o u ld  exp la in  th is d ifference . O n  th e  o n e  h a n d , the  n o r th e rn  reg ion  
is an  a g ric u ltu ra l an d  in d u s tr ia l o n e : it seem s log ica l to  su p p o se  th a t  the 
u tiliz a tio n  o f  p estic ides  is h igh  a n d  th a t  th e  ecosystem  is heav ily  c o n ta m in a te d ; 
th e  so u th e rn  reg io n  c o n sis ts  m a in ly  o f  fo re s ts  an d  m ead o w s: th e  use o f  
p estic ides  is p ro b a b ly  lim ited  an d  th e  c o n ta m in a t io n  o f  the  ecosystem  low . B ut 
o n  the  o th e r  h a n d , th e  d ie t o f  th e  ow ls is n o t id en tica l in b o th  reg io n s: th ey  e a t 
m o re  b ird s  in  th e  n o r th e rn  z o n e  th a n  in th e  s o u th e rn 6 -10  a n d  th is  can  also  
exp la in  a h ig h e r D D T  level in ow ls fro m  th e  n o r th e rn  zone.

In o rd e r  to  d e te rm in e  th e  re la tiv e  im p o rta n c e  o f  th o se  tw o  m ech a n ism s, a  
series o f  p rey  item s w ere ta k e n  in the  tw o reg ions an d  analysed . T h e  resu lts  show  a 
c le a r  d ifference  in th e  D D T  c o n ta m in a t io n  o f  sp a rro w s  a n d  sm all m a m m a ls , b u t 
no  sign ifican t d ifference  betw een  th e  zo n es  (T ab le  25.7). T h e  d ifferences in 
feed in g  h a b its  a re  th u s  th e  m ain  cau se  o f  th e  d iffe ren t D D T  c o n ta m in a t io n  o f  
ow ls in  th e  tw o  zones.
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Fig. 25.3 Relation between the D D T  contam ination o f liver and breastmuscle 
o f raptors found dead in Belgium (m edian values) (1, 11, 12, 15). A  N orthern 
region; V  Southern region; % both regions; BB: Buteo buteo; A N: Accipiter 
nisus; FT: Falco tinnunculus; FC: Falco colombarius; A t N : Athene noctua; AO: 
Asio otus; SA: S tr ix  aluco; TA : Tyto alba. The num ber o f the samples are 
reflected by the size o f the symbols. Asio otus (N orth) has a median liver D D T  
level o f 9.49 ¿¿gg_1 (ppm ); the Falco columbarius has a muscle and liver D D T  
contam ination o f  respectively 51.3 and 55.2 p g g ~ 1.

T h is  m ean s  th a t  p o p u la tio n s  o f  a g iven ow l species c a n  be  c o n ta m in a te d  a t 
d iffe ren t levels, even if  th ey  live in  e q u a lly  c o n ta m in a te d  ecosystem s. T h is  a lso  
im plies th a t  a n  in te g ra te d  s tu d y  is n eed ed  in  o rd e r  to  u n d e rs ta n d  a n d  c o m p a re  
v a lues o f  c o n ta m in a t io n  by  o rg a n o c h lo r in e  p estic ides  in  b ird s  o f  p rey : th e  
p o p u la t io n  d y n am ics , a n d  m a in ly  th e  d ie t c h a ra c te r is tic s  a re  to  be  k n o w n  in 
o rd e r  to  in te rp re t such  resu lts . A s th ese  feed in g  h a b its  can  show  im p o r ta n t  local 
a n d  y early  v a ria tio n s , a  d e ta iled  loca l s tu d y  is n ecessary  to g e th e r  w ith  each  s tu d y  
o f  th e  c o n ta m in a t io n .

A  th ird  a sp ec t is th e  eco lo g ica l s ta b il ity  o f  th e  res idues. A s th e  u tiliz a tio n  o f  
o rg a n o c h lo r in e  p estic ides  w as fo rb id d e n  in  o u r  reg io n s  fro m  th e  la te  six ties o n , it 
is n o rm a l to  exp ec t a  p ro g ressiv e  d ec rea se  in  th e  c o n ta m in a t io n  o f  o u r  
eco sy s tem s . B u t 10 y ears  a f te r  th e  b a n  o f, fo r in s ta n c e , D D T , its c o n c e n tra tio n
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Fig. 25.4 Relation between the D D T  contam ination of unhatched eggs 
and breastmuscle o f raptors found dead in Belgium (m edian values) (1-3 ,11 , 
12, 15). A  N orthern  region; V  Southern region; #  both  regions. BB: Buteo 
buteo, N orth  (10 birds, 6 eggs), both  regions (28, 17); A N: Acipiter nisus, 
South (6, 2), both (18, 20); FT: Falco tinnunculus (18, 23); A t N : Athene 
noctua, South (10, 7), both  (31, 13); A O : Asio otus (32, 2); SA: S tr ix  aluco, 
N orth  (7, 9), South (2, 36), both  regions (13, 77); TA: Tyto alba, N orth  
(24, 101), South (8, 22), both  (44, 17). Accipiter nisus (South) and A sio otus 
had D D T  levels in their eggs o f  respectively 10.4 and 5 A p g g ~ l (ppm).

Table 25.7 O rganochlorine pesticides o f some prey-items taken in the two zones of 
Belgium12,17 (ppm /wet weight, mean values)

Species Zone n Lin. HCB H. H.E. Diel. ID D T

House sparrow S 1973 10 0 nd nd 0.025 0.001 0.146
Passer domesticus S 1978 14 0.026 0.002 0.089 0.024 0.0003 0.013

N 1977 10 0.029 0.001 0.154 0.052 0.001 0.021
N 1978 11 0.054 0.006 0.160 0.049 0.014 0.034

Total 45 0.028 0.003 0.130 0.037 0.004 0.049
Small mammals S 1973 12 0.184 nd nd 0.073 0.008 0

S 1978 11 0.018 0.002 0.082 0.013 0.008 0.001
N 1978 10 0.070 0.002 0.170 0.108 0.113 0.001

Total 33 0.094 0,002 0.123 0.064 0.040 0.001

See legend Table 25.1; nd, not determined.
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Fig. 25.5 Relation between the eggshell thickness change and the D D T  contam ination 
of the birds’ breastmuscle. Only eggshells collected since 1970 are considered (median 
values) (1, 11, 12, 15, 16). A  N orth  region; V  Southern region; © both regions; BB: 
Buteo buteo, N o rth  (10 birds, 9 eggs), South (9, 4), bo th  (18, 16); A N: Accipiter nisus, 
South (6, 5), both (18, 5); FT : Falco tinnunculus, N orth  (9, 14), South (3, 5), both (18, 48); 
A t N : Athene noctua, South (10, 12), both (31, 13); A O : A sio otus, N orth  (18, 24); SA: 
S tr ix  aluco, South (2, 18), both  (13, 32); TA: Tyto  alba, N orth  (24, 101), South (8, 7), 
both (44, 153).

o n ly  s ta r ts  to  slow ly  d ec rease  in  n a tu re :  th is  sh o w s a  m u ch  h ig h e r s ta b il ity  th a n  is 
expec ted  fro m  th e  b io lo g ica l s ta b ility  in  in d iv id u a l a n im a ls .12,18 A n o th e r  
a rg u m e n t is to  be  fo u n d  in  th e  y early  v a r ia tio n s  o f  the  c o n ta m in a t io n : the 
re a p p e a ra n c e  o f  h ig h  levels a f te r  y ea rs  o f  low  c o n ta m in a t io n  d o es  n o t seem  to  
be  d u e  to  th e  use o f  D D T  (th e  b a n  is c o n s id e re d  as be in g  effective). T h is  m ean s  
th a t  re s id u es exc re ted  a n d  e lim in a te d  f ro m  th e  r a p to r s  a re  recycled  w ith in  th e  
eco sy s tem  a n d  re -a c c u m u la te d  a lo n g  th e  fo o d  w eb : th e  eco log ica l s ta b ility  is 
th u s  th e  m a in  p a ra m e te r  in flu en c in g  th e  d ec rease  o f  th e  D D T  c o n ta m in a t io n  in 
n a tu r a l  ecosystem s, n o t th e  b io lo g ica l s ta b il ity  as m e a su re d  in  iso la ted  an im als .
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Fig. 25.6 Relation between the shell thickness and the D D E  contam ination of 
unhatched eggs o f the Barn Owl (T yto  alba) (median values, minim um -  m aximum ; 
n =  num ber o f samples; * including 2 eggs w ith a  shell thickness o f 0.21 mm).
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Fig. 25.7 Change of eggshell thickness in the period 1950-1970 as a function o f the 
percentage of birds in the diet o f the raptors. See legend Figure 25.3. PA: Pernis apivorus; 
A G : Accipiter gentilis; F P : Falco peregrinus; FS: Falco subbuteo.


