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Summary 

Bioindicators of environmental quality are widely used in ecological and 
ecotoxicological research as well as in applied environmental conservation and 
protection practice. Bioindicator research is done in several ranges to identify and 
separate the effects of man-induced stressors from the effects of natural stressors. All 
three groups of organisms--microorganisms, plants and animals can be indicators of 
environmental quality. Stress conditions and stress-induced damage can be detected by 
using bioindicators. Biological indicators have been developed to assess the impact of 
anthropogenic activities on the environment and have been applied to current 
monitoring problems. Bioindicator systems are expected to play a significant role in the 
evaluation of effects of environmental stressors. Bioindicators are subjected to establish 
causal relationships between stressors and biological response at various levels of 
biological organization. The realization of novel technical processes creates new 
molecular biomarkers which are generally used to indicate exposure of organisms to 
contaminants. 
 
Organisms selected as bioindicators should have certain characteristics. Integrated 
approaches of bioindicators are applicable in the biogeographical sciences (i.e. 
environmental planning, urban ecology). From this point of view, research work is done 
on different scale levels leading to results of different orders of magnitude. 
 
Increased research in this area could help maximize the benefits associated with using 
bioindicators as "instruments" for assessing environmental quality. The use of 
biomonitors in the field combined with analytical chemistry and laboratory toxicity tests 
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allows for a complete assessment, not only of the amount of contamination present, but 
more importantly, of the influence the toxicant is having on the organisms of concern. 
 
The results should be integrated in a model that refers to the multidimensional aspects 
of ecosystems´ response to environmental changes and to various aspects of assessing 
the effects of anthropogenic activities for the environment. 

1. Introduction 

Global climate change, reductions in biodiversity, and the potential implications of 
pesticide and toxic chemical releases have all raised public awareness of ecological 
issues in the last decade (36). Global or more local environmental changes such as 
increased atmospheric CO2 concentration (13) or N deposition (14) are also likely to 
interact with changes in biodiversity and ecosystem processes (21,22). These 
environmental changes may have profound effects on ecosystem processes such as 
productivity, soil acidification and nutrient mineralization including aquatic ecosystems 
and biogeochemical cycling driven by microbial communities. Biological indicators 
have been developed to assess the effects of anthropogenic activities for the 
environment and have been applied to current monitoring problems. Bioindicator 
systems are expected to play a significant part in the evaluation of effects of 
environmental stressors. The application of bioindicators will stimulate the overall 
development of sustainable environmental management strategies that will anticipate 
and minimize anthropogenic changes and will provide both environmental 
administrators and scientists (23) to solve potential ecological problems human action 
has caused. 

2. Levels of Bioindication 

Bioindicator research is done in several ranges at different spatial (local, regional, 
global) and temporal (short-term, long-term) scales and has been developed to identify 
and separate the effects of man-induced stressors from the effects of natural stressors in 
aquatic and terrestrial ecosystems (3;23;45;54). Bioindicators interact with 
environmental changes at different hierarchical levels (as macromolecules, cell, organ, 
organism, population, biocoenosis) and range from biomolecular/biochemical to 
population and community-level responses. The realisation of novel technical processes 
in molecular biotechnology and nanotechnology (43) creates new molecular biomarkers 
which are generally used to indicate exposure of organisms to contaminants at lower 
levels of biological organization while bioindicators are typically used to reflect effects 
of stressors on biological systems at higher levels of organization.  
 
Any unfavorable condition or substance that affects or blocks a metabolism, growth or 
development can be regarded as stress (29,45,47) . Stress can be induced by various 
natural and anthropogenic stress factors. The different kinds of natural and 
anthropogenic stress factors are listed in Table 1. We differentiate between short-term 
and long-term stress effects as well as between low-stress events (which can be partially 
compensated for by acclimation, adaptation and repair mechanisms) and strong stress or 
chronic stress events causing (which cause considerable damage that may eventually 
lead to cell and plant death). Stress is a dose-dependent matter: at low doses a stressor 
can have a opposite effect than at higher doses. When the threshold of stress-tolerance 
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or stress-resistance has been passed, a short-term high level stress can in principle 
induce the same damage as a long-term low level stress (29). 
 

I. Natural stress factors: 
• high irradiance (photoinhibiton, photooxidation), 
• heat (increased temperature), 
• low temperature (chilling), 
• sudden and late frost, 
• water shortage (desiccation problems), 
• natural mineral deficiency (e.g. nitrogen shortage), 
• long rainy periods, 
• insects, 
• viral, fungal and bacterial pathogens. 
 
II. Anthropogenic stress factors 
• herbicides, pesticides, fungicides, 
• air pollutants, e.g. (SO2, NO, NO2, NOx), 
• ozone (O3) and photochemical smog, 
• formation of highly reactive oxygen species (1O2, radicals O2

•- and OH• , 
H2O2), 

• photooxidants (e.g. peroxyacylnitrates), 
• acid rain, acid fog, acid morning dew, 
• acid pH of soil and water, 
• mineral deficiency of the soil, often induced by acid rain (shortage of the 

basic cations  K, Mg, Ca, often Mn and sometimes Zn), 
• over-supply of nitrogen (dry and wet NO3-deposits), 
• heavy metal load (lead, cadmium, etc.) 
• overproduction of NH4

+ in breeding stations (uncoupling of electron 
transport), 

• increased UV-radiation (UV-B and UV-A), 
• increased CO2 levels and global climate change. 
 

Table 1. List of Anthropogenic Stress Factors Acting on Terrestrial Vegetation (29). 

Stress conditions and stress-induced damage can be detected using bioindicators. Many 
animals have been used as bioindicators, including clams, mussels, fish, tadpoles, 
snapping turtles and earthworms (3,45). 
 
Plants exposed to environmental and anthropogenic stressors demonstrate numerous, 
easily recognizeable, visual symptoms such as lesions, changes in pigmentation, 
stunting. Survival, reproductive activity, and clonal growth are other common measures 
of plant stress. Physiological, biochemical, or genetic changes such as DNA/RNA 
synthesis, peroxidase activity, altered respiration, leaf chlorophyll content, and 
fluorescence can also demonstrate exposure to stressors. There are several methods 
currently being developed for measuring these subcellular alterations. 
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Bioindicators enable us to establish causal relationships between stressors and 
biological response at various levels of biological organization by measuring (54): 
 
• biochemical and physiological reactions 
• deviation from the norm in anatomic, morphologic, biorhythmic and behavioral 

terms 
• change of floristic and faunistic populations (composition and distribution) 
• changes in biocoenoses including their distribution 
• change in the structure and function of ecosystems including their distribution 
• change in landscape characteristics. 
 
Field biomonitors can be divided into two basic groups. The first group include the 
indigenous organisms, which are already present in the field and act as "passive" 
biomonitors. The use of native species can provide pertinent information regarding the 
spatial distribution of bioavailable pollutants. The second group of biomonitors consists 
of organisms that are either cultured in the laboratory or collected from a non-
contaminated reference site and transplanted into "stressed" environments for a known 
period of time. Using this type of system allows the exposure time to be controlled, so 
that both temporal and spatial environmental changes can be determined (35). 
 
In addition to active monitoring, which deals with test organisms exposed under 
standardized and field conditions, passive biomonitoring by bioindicators enables us to 
analyse visible or invisible damage or any deviation from a normal state. Thus by 
monitoring the change of the distribution pattern in nature it is possible to illustrate 
environmental change (3;45;54). 

 

 

Figure 1. Relation between Bioindicator Types (3;45;54). 
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Organisms selected as bioindicators should have certain characteristics. They should be 
endemic to the area of concern. The indicator organisms need to be sensitive to the 
stressor, and a statistically reliable relationship between the concentration of the 
toxicant in the organism and the concentration in the environment should be 
demonstrated. In selecting appropriate bioindicators it may be useful to employ a 
database containing information on different species exposed to various test chemicals 
under both laboratory and field conditions (9;40;50). 
 
The ecophysiological investigation of bioindicators represents basic research. Using the 
results of bioindicator research in practice, it is obvious that uncertainties exist in 
predicting effects on organisms in the field compared to their responses in controlled 
laboratories. This is also true when assessing the roles of different species in ecosystems 
and the point at which damage to individual species or populations can be considered as 
damage to the community or ecosystem.  
 
The differences in spatial and time scales between population and community changes 
and single- species effects make single-species toxicity test results a very doubtful value 
for predicting impacts at higher levels of biological organization. To understand the 
structure and functioning of ecosystems (and the relationship between the two) (27) the 
biogeographical sciences (i.e. environmental planning, urban ecology) apply integrated 
approaches to bioindicators (8). The methodical difference between the bioecological 
and biogeographical way of studying bioindicators lies primarily in the scale in which 
the work is done. In applied landscape ecology bioindicators researching into measuring 
and predicting the behavior of complex ecosystems is presently conducted in the topical 
and cortical dimension. 
 
From this point of view, research work is done on different scale levels leading to 
results of different orders of magnitude. The results should be integrated in a model that 
refers to the multidimensional aspects of ecosystems response to environmental changes 
and to various aspects of assessing the impacts of anthropogenic activities on the 
environment. 
 
See: Biocoenosis, nanotechnology, environmental stressors, anthropogenic stressors, 
"passive" biomonitors. 
 
- 
- 
- 
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