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INTRODUCTION 

Pollution or any other kind of environmental damage can be detected by chemical as well as 

biological means. Assessment of environmental quality using biological methods is known as 

biomonitoring or bioindication. Although 'Bioindicator Programme of IUBS was formally 

adopted 1982 at Ottawa the history of biomonitoring dates back to 1894 when the first 

'Biological Stream monitoring System' was established by Forbes to monitor pollution in Illinois 

river. Kolkwitz and larsson (1908-9) prepared a list of 500 indicator animals mostly plankton and 

benthos and ichardson (1928) identified Tubifex and Chironomus larva as tolerant species to 

organic pollution. 

 

WHY BIOMONITORING? 

Biomonitoring has several advantages over chemical monitoring. 

1. It can detect short term intermittent changes: 

Biomonitoring can detect short term intermittent changes in environment which may be 

missed chemical sampling. Let us illustrate this point with the help of a hypothetical example. 

Suppose at sampling station water is being collected every Monday and analysed for 10 

chemicals including n to assess the water quality of a river. On Tuesday morning every fortnight 

a rubber processing factory discharges efficient containing Zn immediately upstream. By the 

next Sunday Zn will completely disappear in the down stream and the chemist will fail to detect 

it in the water sample collected on Monday. But if a biologist is also sampling then he will 

record an unexpected depression i the density and diversity of 'biotic community'. This is 

because some of the species which are sensitive to Zn will be missing, mostly killed and some 

others will have a low density. Since placement of such species will be dependant upon 

immigration and reproduction it will take several weeks to recover. 

2. It is expensive:  

A chemist may overcome this problem by installing an expensive automatic recorder which vill 

continuously monitor the quality of water. Such instruments are liable to be failure and will 



equire expensive maintenance and thus are uneconomic. In contrast biological monitoring is 

cheap, equires less costly instruments and some trained personnels only. 

3. It can detact new and unexpected changes in the environment: 

There are about 1500 or so chemical pollutants of water. This is impracticable and uneconomic 

o detect all these regularly in water. Besides, every year large number of new chemical 

compounds ire being introduced in market. INUSA alone every year over 1000 new chemical 

compounds are narketed many of these are potentially hazardous and may remain undetected 

in routine chemical analysis.  

    In the above mentioned hypothetical case, suppose, the effluent contains a toxic substance 

which is not in the list of 10 pollutants which. are monitored. Hence it will remain undertected. 

This may be a chemical which has not hitherto been considered as a pollutant. The biotic 

community will, however, respond to this new and unexpected change in environment. Which 

can be detected by a biologist. A chemist may follow him by a detailed screening for the 

pollutant. 

   There was a large scale unexpected mortality of sea birds in the Irish sea in September, 1969. 

This was a bioindication of some environmental perturbation. An analysis of the tissues of these 

birds revealed presence of a h gh concentration of polychlorinated biphenyls (PCBS) which was 

traced back to the effluents of some chemical factories which were contaminating shore water. 

Results were published by NERC in 1971. Prior to this PCB was not considered as a pollutant. 

4. Can detect a pollutant released in a very low quantity in environment: 

sometimes pollutants may be released in a very low concentration to be detected chemically by 

routine methods or to be considered as lethal or toxic. Such chemical usually get biomagnified 

as it passes through the food chain and can be detected in high concentration in the tissue of 

biota belonging to higher trophic level. For example biomagnifications of DDT.  

5. Some biomonitoring methods are very simple to perform : 

Some methods are very simple and do not require sophisticate protocols. For example a fish 

may be placed in effluent or polluted water if it dies the water is considered toxic. Similarly 

water may be collected in aquarius 1. If it shows algal bloom it is regarded as rich in organic 

wastes.  

6. Biomonitoring gives an idea about the total damage of the environment:  

Chemical monitoring can give idea about only presence or otherwise of a chemical substance 

and also its concentration in the environment. In contrast biological monitoring gives a picture 

of the total damage of the environment. 

 

TYPES OF BIOMONITORING 

Biological assessment of environmental damage/pollution can be done by  



(i) The analysis of the biological community : 

This involves study of the changes in density and diversity involving various biodiversity indices. 

(ii) The study of the behaviour of organism: 

Animals show uncoordinated and abnormal behaviour in polluted environment. They do not 

exhibit their normal behaviour. Birds do not nest in polluted environment. 

(iii) Through bioassay: 

This involves mortality studies and analysis of toxic substances in the tissue. Biological sment of 

toxicity is done with regard to LC ,LD ,TL , MATCH etc. Maximum acceptable ant concentration 

is the highest level of a toxicant that has no adverse effect on growth, duction and survival. 

All such biological monitoring are done with the help of indicator species of bioindicators. 

 

INDICATOR SPECIES 

According to Washington (1984) an indicator species is one which is sensitive to pollution. Must 

quickly respond to environmental stress i.e. it should be an impact sensitive species. For 

example Humerobates rostrolamellatus, an Oribatid mite living in the bark of pine trees, is very 

itive to the change in the concentration of SO in the air. Usually stenovalent species/taxa are er 

suited as environmental indicators as compared to euryvalent species/taxa. The underlying 

ciples is that any stress in environment (natural or man made) would result in the exclusion of 

sitive species and dominance of tolerant species. Tolerant species are, therefore also useful as 

ndicators of environmental changes. For example release of sewage at any point in a stream 

will only cause decrease in the amount of dissolved oxygen and sensitive biota like may fly 

nymph will also cause an increase in the concentration of BOD as well as of tolerant for is like 

Tubifex chironomid larvae. 

 



IMPACT SENSITIVE AND INSENSITIVE SPECIES 

In any biotic community there are some species which quickly respond to any cha environment. 

Such species are called impact sensitive species. They have narrow range of tolerance and as 

such are eliminated or killed due to any stress in environment. There are some species which 

have broad range of tolerance and are not eliminated easily due to any change in 

environmental conditions. Such species are called impact insensitive species. Thus a species can 

be classified on the basis of its tolerance limit as 'tolerant' and 'sensitive’. 

    Bell (1971) estimated the TLm for nymphs of caddisfly, stonefly, dragonfly and mayfly with 

respect to pH. He found that Caddisfly nymphs were most tolerant with a TLm of 2.45 and 

Mayfly nymphs were the least tolerant with a TLm of 5.38. 

     All animals are not equally suited for the biological assessment of the change in 

environment. Some commonly used bioindicator taxa are earthworms, soil mesofauna 

(Oribatida, Collembola, Isopoda etc.), aquatic insects (Ephimeroptera, Plecoptera, Trichoptera), 

Crustacean (Cladocrera, Copepoda), Rotifera among invertebrates and Fish &Amphibia among 

vertebrates. 

According to Jenkins (1981) usefulness of an animal as bioindicators depends on a number of 

criteria - 

(1) The organism should be sensitive to toxicant. 

(2) It must be capable of accumulating the toxic substances (for long term test)  

(3) It must be common in occurrence, readily available in good number throughout the year. 

(4) It should be easily cultured in laboratory, and (5) It should not be expensive one. 

 

TYPES OF BIOINDICATION 

Based on whether microbes, plants or animals are used as bioindicator taxa bioindication may 

be classified as microbial indication, phytoindication or zooindication. 

 

COMMON INDICES USED IN BIOMONITORING 

There are over 50 commonly used Rapid Assessment Protocols which are used to determine 

quality of environment (Resh, 1995). Thee are based on taxa richness, relative abundance, 

dominance, degree of tolerance and indices based on a & B diversity. Some commonly used 

indices are mentioned below: 

 

a) Based on tolerance or sensitiveness of taxa  

(i) Wrihgt and Ted's index (1933)  



This is based on the abundance of oligochaeta which are considered tolerant to sewage 

pollution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


