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ABSTRACT 

Environmental p o l l u t i o n by man-made chemicals requi res r e l i a b l e 
monitor ing. In add i t ion to monitor ing networks a lready in operat ion for 
e . j . deposi t ion of heavy metals and ac ids , a r e a - i n t e g r a t i n g monitor ing 
using l i v i n g organisms i s expected to be an added and va luable means for 
imnediate as wel l as re t rospec t i ve p o l l u t i o n assessment. Hence some basic 
d e f i n i t i o n s on b i o i n d i c a t o r s and biomonitors are given, together w i th an 
example (Goshawks) as f a r as birds are concerned. 

INTRODUCTION 

P o l l u t i o n of ecosystems by man-made chemicals i s s t i l l increasing in h ighly 
i n d u s t r i a l i z e d countr ies and also in the Th i rd World. P o l l u t i o n assessment 
by monitoring i s the re fo re of paramount importance. S t a t i c monitoring a t 
f i xed points i s commonly c a r r i e d out by various networks using p a r t i c u l a r 
automated sampling systems, e . g . fo r wet p r e c i p i t a t i o n (Ref . 1 ) . However, 
networks of t h i s k ind are expensive to operate and cannot provide t rue 
a r e a - i n t e g r a t i n g data wi thout excessive costs. In a d d i t i o n to these 
systems, t h e r e f o r e ,  b i o l o g i c a l a r e a - i n t e g r a t i n g approaches to monitor ing 
are necessary, t h a t can a lso to some ex ten t r e f l e c t the eco log ica l impacts 
of p o l l u t i o n . Species useful for t h i s purpose must be r e p r e s e n t a t i v e of 
the area under  investigation,  recognised accumulators of environmental 
p o l l u t i o n (Refs. 2 and 3 ) . e . g . meta ls , and s u i t a b l e a lso for long-term 
storage with a view to re t rospec t ive ana lys is w i t h i n Environmental Specimen 
Banking. 

From t h i s viewpoint i t appears t h a t p a r t i c u l a r approaches to Biomonitoring  
may prove to be a means to f u l f i l  these requirements, since animals with 
known habi ts (and to some extent a lso p l a n t s ) are able to i n t e g r a t e 
p o l l u t i o n impacts over a d i s t i n c t area (home range) and/or over t h e i r whole 
l i f espan (or a t l e a s t an important par t of i t ) . This c o n t r i b u t i o n thus 
aims a t introducing one possible approach to (dynamic) p o l l u t i o n monitor ing 
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Fig 1. Map showing network of sampling stations in part of West Germany. 



log 

2.0 

KONTAMINATION 
pg Pb/g T S Feder 

120 
•100 

:7o ( P b : 

1.5-

7 . .9 
50 r 

* 3 J ' ^ 5 

h30 „,. • V- 17 
[15BGD] U !V*13 

y < 
15 

10 

I l V v Z IMMISSION 
8 jjg Pb/m*-d 

1 0 4 / 1 0 2 0 ^0 6 0 100 200 600 
u 1 ' — r — H — • I I », I I • I , — , — ! , • , , • 

1.0 1.5 2.0 2.5 log 
Fig 2. Pb contents in Goshawk feathers versus deposi t ion va lues. - No 15: 
d istance over 3D km in mountainous area. Not regarded for the c o r r e l a t i o n . 



for heavy metals in b i r d s , together w i th a few examples using Goshawks as 
i n t e g r a t o r s . Fur ther data can be found in Refs. 4 , 5 and 6. 

DEFINITIONS 

B io ind ica tor s are organisms or communities t h a t can be r e l a t e d s u f f i c i e n t l y 
c l o s e l y to w e l l - d e f i n e d environmental f a c t o r s to i n d i c a t e these, or even to 
be used as a q u a n t i t a t i v e t e s t for environmental change. This may be 
judged by t h e i r presence or absence and/or by t h e i r e a s i l y recognizable 
behaviour or p e c u l i a r i t i e s . 

Biomonitors are organisms t h a t take up and sometimes accumulate p a r t i c u l a r 
environmental p o l l u t a n t s , thus i n d i c a t i n g concentra t ion t rends in space 
and/or in t ime. 

INFLUENCE OF PHYSIOLOGY ANO NUTRITION 

I t i s wel l known t h a t d i f f e r e n t  i n d i v i d u a l s o f the same populat ion from the 
same l o c a l i t y a t the same time may show d i f f e r e n t  p o l l u t i o n fac tors ranging 
from 10 to 100. In a f i e l d study w i th t i t s (Parus major) and sparrows 
(Passer montanus) the young o f both species were ra ised together in the 
same nest by t h e i r parents or f o s t e r - p a r e n t s r e s p e c t i v e l y . I d e n t i c a l 
organs (stomach, l i v e r ) of se lected i n d i v i d u a l s from d i f f e r e n t  nests ra ised 
on s p e c i e s - s p e c i f i c food were found to be d i f f e r e n t l y  p o l l u t e d (Ref. 6 ) . 
This i n d i c a t e s t h a t , for p o l l u t i o n l e v e l s , the i n d i v i d u a l food chain i s of 
higher importance  than  poss ib le s p e c i e s - s p e c i f i c phys io log ica l i n t e r a c t i o n s 
w i t h the p o l l u t a n t . For the use o f organisms as biomonitors, t h e r e f o r e ,  an 
understanding of t h e i r ecology i s abso lu te ly necessary, so t h a t in 
b iomoni tor ing e c o l o g i s t s and a n a l y t i c a l chemists need to co-operate as 
c l o s e l y as possib le to achieve r e l i a b l e f i n d i n g s . 

SELECTION OF SPECIES SUITABLE FOR BIOMONITORING 

Some species are b e t t e r s u i t e d than others for ecologica l f i e l d study. 
Hence species appropr ia te for b iomoni tor ing must be c a r e f u l l y se lected on 
the basis of the fo l lowing c r i t e r i a a t l e a s t : 

Sedentary home range behaviour 
Known food composition 
S u f f i c i e n t  to le rance of p o l l u t i o n 
Uniform d i s t r i b u t i o n 
L i t t l e o s c i l l a t i o n i n populat ion 
Known accumulation mechanisms 
Legal status 
Standardizable sampling techniques 
Sex and age c h a r a c t e r i s t i c s 
Temporal and s p a t i a l i n t e g r a t i n g a b i l i t y 
S u i t a b i l i t y for experiment 
E a s i l y v e r i f i e d food chains , e t c . 

There remain only a very few v e r t e b r a t e species in Central Europe t h a t meet 
most o f these p r e r e q u i s i t e s . Among them are Goshawk ( A c c i p i t e r gent i l i s ) , 
Magpie (Pica p ica ) and Roe Qeer (Capreolus capreo lu s ) . 

RELATION BETWEEN INTAKE AND LEVELS OF POLLUTANTS 

For biomonitors a c lose and proven r e l a t i o n s h i p between the fac tor to be 
i n d i c a t e d and the r e a c t i o n of the indicator is o f p a r t i c u l a r importance. 



One example i s given here. We inves t iga ted the c o r r e l a t i o n between the wet 
deposit ion of lead and cadmium measured by a network of samplers in the 
Federal Republic of Germany (F ig . 1) and the content o f these metals in the 
feathers of female Goshawks standardized to the t h i r d pr imary. Most of 
these birds were breeding a t a d istance of less than 5 km from the sampling 
s t a t i o n s , i . e . the home ranges of t h e i r mates overlapped w i t h these 
s t a t i o n s . In t h i s study the c o r r e l a t i o n between the lead content ( / u g / g 
D.W.) in the fea thers and the wet deposi t ion ( /ug Pb/m z /day) in the 
home range of the Goshawks was quite  satisfactory  ( F i g . 2 ) , i . e . for  16 
l o c a l i t i e s the log f e a t h e r content was 0 .628 times the log deposi t ion + 
( log ) 0 .395 ; r = 0 . 9 5 . The same could be observed for cadmium. 

CONCLUSIONS 

By means of w e l l - d e f i n e d biomonitors , e . g . se lected Goshawk f e a t h e r s , i t 
appears possible to assess the p o l l u t i o n l e v e l of d i s t i n c t f r a c t i o n s of a 
landscape (Goshawk home ranges) a t moderate cost and as e f f e c t i v e l y  as i s 
achieved by automated wet deposi t ion samplers. However, b i o i n d i c a t i o n and 
biomonitor ing requ i re c a l i b r a t i o n by the r e s u l t s of e . g . wet deposi t ion and 
thus i t can be expected t h a t both approaches w i l l be i n c r e a s i n g l y used in 
fu ture environmental research programmes. 
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