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2. GENERAL INTRODUCTION 
 

Lichen uses is the term including a wide scale of many possible utilisations of 

lichenized fungi. This part of lichenology covers different branches of science; for example 

bioindication, pharmacology and medicinal uses of secondary lichen substances, industry, 

decorative applications, various colouring techniques of fabrics or production of special 

liqueurs with added lichens (Richardson 1988b). It is possible to list many more procedures 

and techniques using lichens, nevertheless this Ph.D. thesis is focused on epiphytic lichens 

applied in environmental monitoring.  

 My dissertation deals with epiphytic lichens and their use for detection and estimation 

of relationships and processes in ecosystems mostly by applying the European Guideline for 

mapping lichen diversity as an indicator of environmental stress/quality (lichen diversity 

value, LDV method, the European Guideline) (Asta et al. 2002). This subject is introduced in 

a wider context to provide a sufficient literature background to results obtained during my 

study. An introductory paragraph about lichens in general is presented (Chapter 2.1). A brief 

contribution to the history of lichens utilisations as bioindication organisms is given as a 

connection to recent applications (Chapter 2.2). Then, the scope of research topics focusing 

on epiphytic lichens in environmental monitoring is shortly outlined (Chapter 2.3). The issue 

of recolonization of lichens in formerly polluted regions is also introduced (Chapter 2.4). 

2.1. Epiphytic lichens 

Lichens (lichenized fungi) are symbiotic associations where fungus (mycobiont) and 

algae and/or cyanobacteria (photobiont) form a biological union. Lichen-forming fungi are 

predominantly Ascomycetes; a smaller part of mycobionts is formed by Basidiomycetes.  

This symbiotic association is based on reciprocity relations – there exists a transport of 

carbohydrates from photobiont to heterotrophic mycobiont, and reciprocal transport of water 

and other liquid substances from mycobiont to photobiont. In this association, photobiont 

benefits from protection of surrounding hyphae of mycobiont. Lichens therefore can grow in 

unfavourable conditions (water stress, strong solar radiation, herbivory). Basicly, lichen 

association increases ecological aptitude of both symbiotic partners.  

Lichens occur on various substrates, including trees, naked wood, stones and rocky 

outcrops, soil, and they are found from the tropics to polar regions (Nash III. 2009). Thus, 

lichens undoubtedly represent one of the most successful forms of symbiosis in nature. They 

are found worldwide, exploiting not only all kinds of natural, usually stable, micro- and 
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macro-environments, but in many cases adapting to extreme conditions, including some 

caused by human disturbing activities (Seaward 2009). 

The epiphytic lichens colonise a wide range of substrata, including all bark types of 

trees and shrubs, naked decaying wood, from young to very old mature trees. Large part of 

epiphytic lichens belongs to obligate or strict epiphytes, occurring only on wood; 

nevertheless, many species cross this boundary, and can grow on various rocky substrata, soil, 

and also on several other anthropogenic products. 

Epiphytic lichens have been an object of researches since the beginning of lichenology 

as a serious science (cf. Acharius 1803). Development of lichenology during the nineteenth 

century brought many findings, descriptions of new species, varieties and forms, and also 

more information about lichen physiology and ecology.  

It is more than 150 years since Nylander observed the disappearance of epiphytic 

lichens in Luxembourg gardens in Paris, and connected this fact with increasing air pollution 

(Nylander 1866). The disappearance of lichens due to many aspects of human interference in 

nature has therefore led to environmental impoverishment. Lichens are considered to be 

natural sensors of the changing environment: the sensitivity of particular lichen species and 

assemblages to a very broad spectrum of environmental conditions, both natural and caused 

by humans, is widely appreciated (Seaward 2004). Lichens are therefore used increasingly not 

only to estimate the degree of (air) pollution, but also in evaluating threatened habitats, in 

environmental impact assessments, and in monitoring environmental perturbations, especially 

those resulting from chemical pollutants.  

2.2. Bioindication using lichens 

A bioindicator is an organism or group of organisms which permits practical and fast 

characterisation of the state of an ecosystem, and can show natural or artificial modifications 

of it (Blandin 1986). Biomarker is an observable or measurable change in molecular, cellular, 

physiological or behavioural level of an organism, or, to put it differently, it is a response of a 

biochemical or physiological structure or an organism to the presence of a xenobiotic 

substance (Lagadic et al. 1997).  

Lichens are extremely sensitive to environmental stress, especially to atmospheric 

pollution, eutrophication, and climate change (e.g. Richardson 1992, Nash III. 1996, Nimis et 

al. 2002). The main reasons for this sensitivity are (cf. Asta et al. 2002) as follows:  
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a) Lichens are a delicate symbiotic association existing between the fungal partner and algae 

(cyanobacteria), and these partners can only rarely exist separately;  

 

b) Lichens have no protective layers (e.g. cuticle) as vascular plants and most particles of 

pollutants or other substances can readily penetrate to the fungal and algal cells;  

 

c) The uptake of substances occurs mainly from the atmosphere;  

 

d) Lichen development is very slow in comparison to higher plants; in contrast, lichens 

dispose of great longevity;  

 

e) Lichens have an increased metabolic rate, especially when moist;  

 

f) Lichens continue to metabolize at low temperatures and are susceptible to damage during 

the winter months.  

 

Lichens respond relatively fast to changes in the environment such as to deterioration of 

air quality, but also to improvement conditions (e.g. Rose & Hawksworth 1981, Seaward & 

Letrouit-Galinou 1991, but see Ellis & Coppins 2007).  

Lichens are also sensitive to other types of environmental alteration, a well-known 

example being eutrophication (e.g. van Dobben & De Bakker 1996, Gombert et al. 2004). 

Lichens have also been used to estimate the ecological continuity of forests as they are also 

very sensitive to changes in woodland management (Rose 1974, 1976, 1992, Rose & Coppins 

2002, Nordén & Appelqvist 2001, Fritz et al. 2008).  

 

Nylander (1866), as mentioned above, was the first who published the relation between 

the epiphytic lichen and pollution. He showed the influence of air pollution on the presence of 

lichens and qualified them as “hygiomètres sensibles“(sensitive hygiometers). This negative 

relationship was further developed by Sernander during the1920s in Stockholm (Sernander 

1926). Sernander defined three zones surrounding Stockholm: lichens desert with no lichens, 

transition zone with few lichen species, and normal zone with natural lichen occurrence.  

The industrialization in the twentieth century, accompanied by strong pollution was 

conductive to the discovery and development of more sophisticated methods of bioindication 

using lichens. 
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At the end of the nineteen sixties, several more advanced and afterwards widely 

employed methods were proposed: a qualitative method of Hawksworth and Rose (1970) and 

a quantitative approach of Leblanc and DeSloover (1970). The qualitative approach is based 

on the detection of species composition, where presence of certain species is indicative of 

certain state of the environment or of the pollution levels. Hawksworth and Rose’s method 

classified about 80 epiphytic lichens to 11 zones that relate to the levels of sulphur dioxide 

pollution: zones 0 (strong pollution) to 10 (clean air). This method was widely adopted in 

many countries owing to its relative simplicity (Delzenne-Van Haluwyn 1973, Lerond 1981, 

Déruelle 1983, Belandria & Asta 1986, Richardson 1992, Liška 1997). With the progressive 

reduction in acid pollution, some authors observed certain shifts between the original scale of 

the above mentioned method, and the real concentrations of sulphur dioxide. For example, 

Richardson (1988a) and Van Dobben (1996) detected that the maximum concentrations of the 

original method were too high, and new lichen assemblages were frequently detected in 

formerly polluted areas (Seaward & Letrouit- Galinou 1991, Letrouit-Galinou et al. 1992, 

Seaward 1993). Since the sulphur dioxide concentration levels have decreased in many 

countries, whereas the levels of other pollutants (e.g. nitrogen oxides) have been increasing, 

several authors have modified the original scale (Belandria & Asta 1986, Seaward 1989, 

Svoboda 2002, 2007).  

Advantages of the qualitative approach are the simplicity of sampling design, in most 

cases using only several indicative species (not the whole spectrum of epiphytes occurred), 

and an immediate evaluation of the situation. On the other hand, the impossibility of 

quantification of measurements and definiteness of species responses in different climatic 

zones or pollution-level-areas, are the strongest negative factors. 

The quantitative approach, employing a calculation to evaluate the level of pollution or 

environmental alteration, considers several parameters affecting epiphytic lichen flora. The 

exact concentration of a certain pollutant is not a concern, the lichens serve as indicators of 

total environmental quality (Gombert 1999). The first widely known became the Index of 

Atmospheric Purity (IAP) approach (Leblanc & De Sloover 1970), which is based on several 

parameters (total number of species in station, frequency of species, etc.). Since this method is 

slightly uncertain in interpretation of some parameters, several authors have improved it, 

particularly to introduce standardisation (Herzig et al. 1987, VDI 1995, Nimis 1999). Many 

authors demonstrated that low IAP values are indicative of highly polluted areas 

(Liebendorfer et al. 1988, Gasparo et al. 1989, Herzig 1990, Herzig & Urech 1991, Nimis et 

al. 2002), traffic proximity (Stringer & Stringer 1974, Loppi & Corsini 1995, Loppi et al. 
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1996, Lackovičová & Kontrišová 1998) or contamination by toxic elements (Loppi et al. 

1992). On the other hand, relatively high IAP values have been measured near highly 

eutrophicated sites close to incinerators or other nitrogen sources, mainly due to the 

development of nitrophytes (Stringer & Stringer 1974). Herzig et al. (1987) studied the 

correlation between lichen relevés expressed as 20 differently calculated IAP indexes and 8 

atmospheric pollutants (SO2, NOX, Pb, Cd, Cu, Zn, Cl, dust). The best correlation (r2 = 0,98) 

was obtained when using formula IAP = Σ f (i.e. the sum of frequencies of species). This 

standardised method using a field grid with 10 squares was then widely used (VDI 1995, 

Nimis 1999, Gombert et al. 2004). 

 

Over the last decade new techniques, particularly the European Guideline for mapping 

lichen diversity as an indicator of environmental stress (Asta et al. 2002), have been proposed. 

The method of Asta et al. (2002) is based on the fact that the epiphytic lichen diversity is 

affected by air pollution, and also by environmental stress. The frequency of occurrence of 

species on a defined portion of a tree trunk is used as an estimate of diversity, and as a 

parameter to estimate the degree of environmental stress/quality. The application of the LDV 

method has been successfully tested in European countries (e.g. Svoboda 2002, 2007, Larsen 

et al. 2006, Pinho et al. 2004, Giordani 2006). 

More accurately, LDV is calculated by taking the frequency of all lichen species from 5 

squares 10 × 10 cm from each aspect (each cardinal point of selected phorophyte).  

LDV for a sampling unit is calculated as follows (Asta et al. 2002): the first step in 

calculating the LDV of a sampling unit (j) is to sum the frequencies of all lichen species 

found on each tree (i) within the unit. Since substantial differences in lichen growth may be 

expected on different sides of the trunks, the frequencies have to be summed up separately for 

each view. Thus, for each tree there are four Sums of Frequencies (tree i: SFiN, SFiE, SFiS, 

SFiW). Next, for each aspect the arithmetic mean of the Sums of Frequencies (MSF) for 

sampling unit j is calculated  

MSFNj = (SF1Nj+SF2Nj+SF3Nj+SF4Nj+…..+SFnNj)/n 

where: 

MSF: Mean of the sums of frequencies of all the sampled trees of unit j 

SF: Sum of frequencies of all lichen species found at one aspect of tree i 

N, E, S, W: north, east, south, west 

n: number of trees sampled in unit j. 
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The Lichen Diversity Value of a sampling unit j (LDVj) is the sum of the MSFs of each 

aspect 

LDVj = (MSFNj+MSFEj+MSFSj+MSFWj). 

 

Since its publication in 2002, this technique has been used for several purposes. As a 

standardised protocol, the European Guideline has been used for estimating pollution, 

especially the atmospheric pollution (Svoboda 2002, 2007, Larsen 2006, Giordani 2006, 

2007). Several authors employed this technique as a basis for subsequent research or as a 

standard measurement of lichen diversity. Giordani (2007) adopted the LDV technique as a 

basis for lichen diversity when studying different influences of ecological factors on lichen 

diversity. The same basis was also used by Cristofolini et al. (2008). In my thesis, the LDV 

method served as the standard for lichen diversity, both for bioindicational purposes of air 

pollution, and also for evaluating the role of environmental factors to epiphytic lichens. In 

parallel with employing the LDV, I used the information about lichen composition and I 

detected the species richness (number of species per locality).  

For more about employing the LDV and other used methods, see introductory chapters 

in my articles and Chapter 3 in the thesis.  

However, there are many other more or less used approaches to bioindication, especially 

methods on physiological basis, transplant methods, the techniques measuring contents of 

substances in lichen thallus and others. Since I did not use the physiological, biochemical and 

chemical methods since these are rather outside of my doctoral thesis topic, I shall not discuss 

them in detail. 

2.3. Epiphytic lichens and environmental monitoring 

In the last decades, epiphytic lichens have been largely used for the estimation of 

pollution, particularly atmospheric pollution (Nimis et al. 2002) because these organisms 

clearly respond to phytotoxic substances at the cellular, individual and community levels (van 

Dobben et al. 2001, Purvis et al. 2006). Many techniques, that have dominated this past 

century, were based on the observations of decreased richness of lichen communities in 

response to increased concentrations of atmospheric pollutants.  

However, evaluating the lichen cover in selected ecosystems is not important only to 

access air pollution. Recently many researchers have looked to environmental monitoring, 

especially the monitoring of human impact other than air pollution.  
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For the purpose of environmental monitoring, classic techniques, as well as new 

approaches, are employed. Loses or denudations in lichen cover are now measured also by 

using remote sensing techniques in addition to other techniques. Nordberg & Allard (2002) 

studied changes of mountainous dry-heath communities in Sweden using satellite data. Theau 

& al. (2005) employed remote sensing for a study of caribou herd activity in mapping lichen 

in northern Quebec in Canada. 

The decreased lichen cover due to human activities is often significant in areas 

dominated by lichens, especially in montane regions (Seaward 2009). Sensitive lichen-

dominated ecosystems have also been established in both hot and cold deserts, and these 

ecosystems have been similarly destroyed by human activities. For example, O´Neil (1994) 

showed that the microbial crusts composed of crusts of lichens, mosses, and cyanobacteria in 

semi-arid regions of eastern Australia contribute up to 27% of the ground cover and decrease 

reflectance. These soil crusts are also important for changing the physicochemical properties 

of soil, enhancing their stability and fertility (Belnap & Lange 2005).  

There could also be a problem since the high variability of lichen diversity makes it 

difficult to differentiate between the effects of human influences, and the effects of 

environmental variables, especially natural ecological factors including but not limited to 

precipitation levels, radiation, altitude, and temperature, and site history (Giordani 2006, 

Cristofolini et al. 2008).  

As previously mentioned, monitoring methods have been significantly improved 

partially due to the standardised protocols, data quality and comparability. On the other hand, 

the standardisation process does not imply the cessation of the search for better methods and 

models of environmental monitoring. Moreover, several questions regarding lichen 

monitoring methodologies are still open. Especially interactions between lichens (lichen 

diversity, lichen frequency), and ecological or general environmental factors are still poorly 

known. There is more evidence on interactions among these factors in urban and suburban 

areas than in more complex ecosystems in forested areas (Giordani 2007). Also in tropical 

areas the synergic effects are more complex (Saipunkaew et al. 2005). 

Nevertheless, the possible applications in forest management or conservation biology 

have led to studies in this field. Several studies (Giordani 2006, 2007, Löbel et al. 2006, 

Hedenås & Ericsson 2008, Cristofolini et al. 2008) have dealt with research of interactions of 

ecological factors and lichens. They showed the effects of forest fragmentation, forest 

continuity, precipitation amount, influence of annual average temperature to lichen diversity 

in different ways, and proposed different functional models. Many authors studied effects of 

 11



forest management to the abundance and occurrence epiphytic lichens, especially the rare 

macrolichens (cf. Rose 1992, Pykälä 2004, Nascimbene et al. 2007). They observed that 

diminution or alteration of natural biotopes or intensive managing with total tree cutting 

negatively affects the number and vitality of rare macrolichens and/or microlichens.  

Löbel and collaborators (2006) devoted their research to dispersal limitation and 

metapopulation dynamics of several epiphyte species. They studied the relative importance of 

local environmental conditions and spatial aggregation of species richness in eastern Sweden. 

Their results suggest that species groups differ in habitat requirements and dispersal abilities; 

there were indications that presence of species with different dispersal strategies is linked to 

the age of the host tree. Separate analyses of the species richness of species groups that differ 

in the degree of habitat specialisation and dispersal ability give insights into the processes 

determining community species richness. The poor species-area relationship, especially in 

lichens, may indicate species turnover rather than accumulation during the lifetime of the host 

tree. Epiphyte species extinctions may be mainly caused by deterministic processes, e.g. 

changes in habitat conditions as the host tree grows, ages and dies, rather than by stochastic 

population processes (Löbel et al. 2006). 

Ellis & Coppins (2007) examined the evidence for an “extinction debt” among epiphytic 

lichens. Using sites in Scotland, they compared epiphyte species richness in smaller-scale 

habitat units (aspen stands) to larger-scale woodland structure (extent and fragmentation) 

measured at two spatial scales (1 km2 and 4 km2), and in two timeframes, modern (1990s) and 

historic (1860-1880s). Species richness was, according to several other studies, positively 

related to woodland extent and negatively related to woodland fragmentation. Nevertheless, 

species richness was explained better by a historic woodland structure (at a 1km2 scale), 

rather than by modern woodland structure. Their results indicate a significant lag in the 

response of epiphyte species richness to habitat spatial structure. Furthermore, the effect of 

decreasing woodland extent on epiphyte richness was generally more severe for microlichens 

(comprising a greater number of rare and “specialist” species) than the more generalist 

macrolichens (Ellis & Coppins 2007). 

Also the influence of eutrophication and nitrogen fall-out has been widely studied (Van 

Herk 1999, Gombert et al. 2004, Larsen et al. 2006, 2009), and it has been shown that it has 

both synergic and antagonistic effects.  

Several ecological factors co-vary with pollution in complex environments. This 

hampers the application of biomonitoring in remote rural areas and forests, where biological 

techniques would be a valid tool, since the use of automatic gauges for measuring air 
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pollutants is more difficult. Thus, the search for less restrictive standards for lichen 

biomonitoring techniques becomes a prominent task, but the information of ecological trends 

in natural and anthropized environments cannot be disregarded (Cristofolini et al. 2008). 

Environmental interpretation can be assisted by means of lichens, based on the presence 

and/or absence of particular species and/or the nature and composition of assemblages 

indicative of one or more identifiable factors (Seaward 2009). This is the leading topic of my 

project dealing with temperate oak forests; the results are shown in Article II of the Ph.D. 

thesis. 

A different concept other than measurements of species richness (as a simple number of 

species per area) or lichen diversity transformed to any index is the analysis of species 

composition. One of the approaches studying lichen composition was Rose’s concept of the 

Index of Ecological Continuity - IEC (Rose 1974 and its latter modifications (Rose 1976, 

1992). This technique serves for the estimation of forest or landscape conditions, especially 

long-term habitat persistence. Several species, known as “old-forest indicators” for natural, 

long-persistent woodlands are used for the determination of the state of an ecosystem. 

Indicator species do not occur in standard old high forest, or mature plantations, but are 

normally only found to be in mature stands or in very old forests (Rose 1976). This approach, 

important in conservation biology, has been widely used and modified especially in Western 

Europe (e.g., Rose 1992, Uliczka & Angelstam 1999, Nitare 2005, Nordén & Appelqvist 

2001, Johansson et al. 2003). The analysis of lichen composition of central European oak 

forests dealing also with the IEC concept is presented in Article V in this dissertation.  

2.4 Lichen recolonization in formerly polluted regions 

The influence of pollution on epiphytic lichens is well-known and is sufficiently 

described for several pollutants (Hawksworh & Rose 1970, Nimis et al. 2002). Indirect 

estimations of air quality, of eutrophication, or of general impact of anthropogenic alteration 

as a whole have been widely used over time (c.f. Herzig et al. 1987, Gombert 2004, Asta et al. 

2002 and Chapter 2.2). Several long-term monitoring studies were conducted especially in 

European countries and in North America (Belandria & Asta 1986, Svoboda 2002, Liška & 

Herben 2008).  

It is widely known, that environmental pollution constantly increased during the 

twentieth century at least until the seventies (Hawksworth & Rose 1970); but industrial 

modernization and clean air legislation have led to decreases especially in sulphur emissions 

with related decreases in ground-level SO2 concentrations both in North America and Europe. 
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One of the first studies of this phenomenon was the study of lichen recolonization where the 

air became cleaner in London (Rose & Hawksworth 1981). The authors showed increasing 

growth rates and recolonization of substrates in relation to decreasing SO2 concentrations. 

Another study took place in Paris by Seaward and Letruit-Galinou (1991), and also in other 

countries (cf. Showman 1997, Loppi et al. 2003). From eastern European countries, there 

have not been many publications dealing with recolonization, probably because pollution 

levels have decreased there only recently or, in some cases, pollution remains rather strong. 

There is evidence for the reinvasion of rare species or of general lichen recolonization to 

former East Germany, especially Saxonia (Otte 2008), to the Czech Republic (Svoboda & 

Peksa 2008, Syrovátková 2009) and to Slovakia (Lackovičová et al. 2008). However, exact 

data are missing from the Czech Republic (except for the above cited article). This absence is 

partially filled out by my studies in the “Bohemian Switzerland” region, employing also the 

LDV method (Articles III, IV in the thesis). 
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3. THE PRINCIPAL OBJECTIVES OF THE DISSERTATION 
 
 

My projects had one common feature, namely the application of the European Guideline 

for mapping lichen diversity as an indicator of environmental stress (Asta et al. 2002). This 

methodology was developed as a result of cooperation between European lichenologists in an 

effort to make a standardised protocol for European screening of epiphytic lichens for various 

purposes. This doctoral study builds on previous known results and intends to the mosaic of 

knowledge regarding the function of epiphytic lichen communities in relation to human-

caused changes. There is much work to be done. The present studies are thus focused only on 

selected topics.  

The main objectives can be summarised as follows: 

 

1) To evaluate the potential of the LDV method for determination of general air pollution, and 

the possibility of applying the new methodology in the Czech Republic. 

 

2) To compare results given by the LDV method and the older qualitative method by 

Hawksworth and Rose (1970). 

 

3) To determine the principal factors influencing the epiphytic lichen distribution in Central 

European oak forests, and to elucidate possible correlations among natural and human caused 

environmental factors in a large scale study. 

 

4) To investigate the epiphytic lichen composition in central European oak forests, their 

features and possible lichenological differentiations; to determine indicative species for old 

growth forests and natural woodlands under different climatic conditions and human 

influence in the Central Europe. 

 

5) To determine the recolonization of epiphytic lichens in Northern Bohemia by employing 

the LDV method. 
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3.1 Evaluation of the European Guideline for mapping lichen diversity in the 
Czech Republic 

Lichens are extremely sensitive to environmental stress, especially to atmospheric 

pollution, and also to eutrophication, and climate change (see Chapter 2.2). Since the 1970s, 

several biomonitoring methods using lichen diversity have been described and frequently 

applied in many countries to assess pollution levels. Over the last decade, new techniques, 

particularly the European Guideline for mapping lichen diversity (LDV) as an indicator of 

environmental stress/quality (Asta et al. 2002), have been developed. The European Guideline 

method is based on the fact that the epiphytic lichen diversity is impaired by air pollution and 

environmental stress. The frequency of occurrence of species on a defined portion of a tree 

trunk is used as an estimate of diversity, and as a parameter to estimate the degree of 

environmental stress (Chapter 2.2). The application of the LDV method has been successfully 

tested in several European countries (e.g. Larsen et al. 2006, Pinho et al. 2004, Giordani 

2006), but so far it has not been tested in Central Europe where there are slightly different 

landscape types and a more continental climatic conditions than in the mentioned studies. For 

this reason, the Bohemian Karst region in Central Bohemia, a typical, rather polluted 

landscape, was chosen as a test site and a modified Hawksworth & Rose (1970) method was 

also applied to provide comparative results.  

During the project, I developed preliminary experiments learned during my stay in 

France, and a partial project from my master’s thesis. I have elaborated an experimental 

design – the selection of a typical Bohemian landscape with forested parts, urban and 

suburban areas and also an agriculturally utilised landscape where there was a sufficient 

number of suitable trees, and pollution data were available. I chose the area in the Bohemian 

Karst. I sampled squares 1 × 1 km (sampling plots), in which I selected 5 trees and took the 

LDV and Hawksworth and Rose (1970) measurements. After field work, I processed field 

data and analysed data about lichen diversity, and accuracy of the standardised protocol and 

compared the results of both methods. I prepared the cartography of pollution zones in the 

area, and selected localities with the most developed epiphytes. The mandated European 

Guideline seems to be applicable within the Czech Republic with several recommendations, 

and it strongly correlated to the Hawksworth and Rose method. Besides this, I proposed the 

LDV classes for environmental alteration for suburban areas in the Czech Republic. The 

results are summarised in Article I. 
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3.2. Determination of principal factors influencing the epiphytic lichen 
distribution in central European oak forests 

The LDV technique (see Chapter 2.2) has been mainly applied to assess and monitor 

environmental alterations especially in relation to the effects of atmospheric pollution in 

several European countries (Pinho et al. 2004, 2008, Castello & Skert 2005, Larsen et al. 

2006, Giordani 2006, 2007, Svoboda 2007, Cristofolini et al. 2008), and also to study the 

effects of climate and several other factors on the distribution of lichens (Cristofolini et al. 

2008, Giordani & Incerti 2008).  

Loppi et al. (2002) proposed an approach following the LDV technique for estimating 

the degree of “naturality” in selected ecosystems or vegetation types (“bioclimatic areas”). 

“Naturality classes” were obtained using LD values taken from standard plots in different 

localities with various degrees of natural versus disturbed (harvested, polluted, etc.) states. 

But how the term “naturality” is defined is, to some extent, a matter for debate. The term 

“natural” should be reserved for areas free from heavy human use and from significant 

pollution deposition whether from near or distant sources (Loppi et al. 2002). Any deviation 

from expected health or diversity of organisms from natural/normal status (i.e., not affected 

by human activity) could be considered as a disruption of naturality. Lichens, being extremely 

sensitive to disruptions in naturality resulting from air pollution, especially that involving SO2 

(cf. Nimis et al. 2002), or forest fragmentation (e.g. Fritz et al. 2008; Hedenås & Ericsson 

2008; Ranius et al. 2008; Moning and Müller 2009), are premium indicators of naturality. 

Other factors influencing lichen diversity are entirely natural, that is, acting independently of 

any local human influences (especially climatic parameters). However, these ecological 

factors can distinctly shift the outcomes of anthropogenic factors on LDV, or differences in 

LDV attributed to anthropogenic impacts may be due solely to natural ecological factors. For 

example, Giordani (2007) detected various lichen diversity values responding to local rainfall 

despite non-varying regional pollution levels. Unfortunately, only a few studies have followed 

the recommendations of Loppi et al. (2002) by adjusting their protocols to account for natural 

environmental variables when using LDV to measure naturality (Castello and Skert, 2005; 

Frati and Brunialti, 2006, Giordani 2007, Svoboda and Peksa 2008).  

The objective of the study was to analyse the effects of natural environmental predictors 

and human influences on lichen diversity in central European oak forests. I tested and 

assessed the degree of dependence between the variety of environmental factors and lichen 

diversity. This project on temperate oak forests consisted of a selection of sufficient number 

of oak forests of similar type from old-growths to planted forests of different age in Central 
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Europe. The experimental design covered the Czech Republic, Slovakia and Hungary. 

Selected oak forests exhibited certain features in agreement to the criteria (see methodology 

chapter in Article II). All the localities were screened by the LDV method, and epiphytic 

species richness was detected. Additionally, I measured (collected) environmental data about 

pollution (SO2, NOx, SPM), solar radiation, precipitation levels, slope inclination, tree 

species, geographical position, forest age, forest fragmentation, etc. The results were tested 

using descriptive statistics and multivariate analyses for better understanding of influences of 

variables and interactions among them. The correlations showed strong dependence of lichen 

diversity on pollution which overrides rather all the other ecological variables in polluted 

areas. Where pollution levels were weak, the lichen diversity responded better to natural 

environmental variables (forest age, continuity, fragmentation). The results are summarised in 

the Article II included in this thesis. 

3.3. Analyses of epiphytic lichen species composition in central European oak 
forests 

Oak forests or mixed deciduous forests with oak are probably the most widespread 

forest types in central European lowlands. The majority of these forest types were modified 

during ancient and medieval times. Until present days, only few of these natural or 

seminatural ecosystems have persisted in Western Europe (Rose 1974, Bates 1992), and 

almost no continual untouched forest of such type now exists in Central Europe.  

The oak tree (i.e. Quercus petraea, Q. robur, Q. cerris, Q. pubescens and their hybrids) 

is considered a principal tree for several mixed deciduous forest alliances in the Czech 

Republic (Chytrý et al. 2001), and neighbouring European countries (Slovakia, Austria, 

Germany, Hungary). Generally, oak trees are very rich in epiphytes, including epiphytic 

lichens (Hilitzer 1925, Rose 1974, Bates 1992, Svoboda et al. 2010). Unlike, for example, 

some oceanic regions of the British Isles (Rose 1992, James et al. 1977, Bates 1992), the 

major part of central European forests has been strongly affected during the Industrial 

Revolution by considerable pollution, tree cutting and other negative influences to natural 

development. Thus, many sensitive lichen alliances such as Lobarion pulmonariae have 

declined and persist only in several favourable sites, often as only partially developed 

associations (Hilitzer 1925, Liška 1996, unpublished results).  

Rose and several other authors have devoted their research to ancient woodlands and 

developed a methodology for estimating forest or landscape conditions, especially long-term 

habitat persistence (Rose 1974), and established the Index of Ecological Continuity (with later 
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modifications – Rose 1976, 1992). This approach consists of detecting of selected epiphyte 

species considered as “old-forest indicators” for natural, long-persistent woodlands. It was 

also proposed for the British Isles and similar climatic regions of Europe. The more 

continental climate of Central Europe (many indicative species described in the 

abovementioned studies prefer humid climate) therefore restrict the presence of such lichen 

communities and could distort the results. The second important difference lies in high levels 

of background pollution, which does not allow the development of such lichen assemblages 

cited in the original literature (cf. Rose 1974, 1976) concerning unpolluted woodlands. 

Sufficient literature is available about studies of epiphytes in untouched or not 

significantly affected forest communities, especially in Western European countries and 

Scandinavia (e.g. Bates 1981, 2001, Gauslaa 1985, Ranius et al. 2008). During investigations 

of central European oak forests it became apparent that only little information is available 

about lichen diversity and species preferences to environmental conditions there. 

The purpose of the study was therefore to understand the epiphytic lichen diversity in 

oak forests in Central Europe; to characterise the lichen communities of these forest types, 

and finally try to choose indicative species (Rose 1974) for these forest types. Thus I 

employed the lichen composition data from the study of oak forests (see Chapter 3.2) for 

analyses of lichen composition. These analyses were provided by univariate and multivariate 

statistical methods including cluster analysis, and the results were compared with those in the 

publications about lichen sociology and indicative species. These results are summarised in 

Article V in my thesis. 

3.4 Recolonization of epiphytic lichens in Northern Bohemia 

Industrial modernization and the implementation of clean air legislation have improved 

the air quality of former communist countries in Central and Eastern Europe. Decreases in 

sulphur dioxide emissions were recently observed in the majority of these countries 

(www.eea.europa.eu), and the recolonization of lichen species or at least partial reintroduction 

of lichen assemblages was also detected. The process of recolonization has been a topic in a 

number of articles from several European countries (e. g. Rose & Hawksworth 1981, 

Hawskworth & McManus 1989, Seaward & Letrouit-Galinou 1991, Loppi et al. 2003). 

However, there is no detail information about recolonization in Central and Eastern Europe 

with the exception of some regions such as Austria or the Bratislava agglomeration in 

Slovakia. (e.g. Wittmann & Türk 1988, Otte 2008; Lackovičová et al. 2008).  
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The North Bohemian region was until the 1990s one of the most polluted areas of 

Central Europe. Mean annual concentrations of sulphur dioxide remained rather high even at 

the end of the 1990s (Czech Hydrometeorological Institute 2000). Desulphurization of the 

main pollution sources (coal-burning power plants in North Bohemia, Eastern Germany and 

Poland) was completed by 2000. Epiphytic lichens require several years (6-10) for 

reestablishment in response to improved air quality (Showman 1990, 1997). Therefore in the 

North Bohemia region, recolonization should now be detectable. The purpose of this study is 

to describe lichen recolonization in Northern Bohemia between 2005 and 2008, and to present 

evidence of the effect of air quality improvement on lichens by employing the LDV method. 

The project is based on the monitoring of lichen diversity and species richness of wayside 

trees of one species (common ash tree – Fraxinus excelsior) in the Labské Pískovce region, 

including Bohemian Switzerland National Park. The selected area has a sufficiently dense net 

of small roads and routes with alleys of trees. For any stand, several trees were chosen and 

screened. Data from the trees were processed independently per tree (i.e. the experimental 

sampling plot was one tree). The first screening was performed in 2005 and subsequently on 

the same phorophytes in 2008. As a main result, significant augmentation of lichen diversity 

was observed and is summarised in Article IV. The additional Article III (in Czech) describes 

the detailed screening and situation in 2005. 
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8. CONCLUSIONS 
 

The European Guideline for mapping lichen diversity as an indicator of environmental 

quality was proved to be a useful standardised instrument for detection of pollution and 

environmental alteration. However, the European Guideline is rather exigent in tree selection. 

When compared with the Hawksworth and Rose method, the European Guideline gives more 

accurate results that can be easier repeated.  

 

 

The effect of environmental factors on lichen diversity in central European oak 

forests results from the power of factors and from the degree of dependence between the 

variables (environmental factors). Some correlations among human caused and natural factors 

may be very high. It may be very difficult to determinate an influence of particular factor on 

lichens (living organisms): parameter with stronger correlation with lichens could sometimes 

override the effect of other environmental parameter. According to the results, the difference 

in precipitation amount may significantly decrease the effect of air pollution in some areas. 

However, strong air pollution levels may obscure effects of altitude or/and forest age, factors 

usually regarded as determining for epiphytic lichen diversity. Although these findings are not 

so surprising, it is necessary to take the covariations between the variables into account and 

analyse more environmental factors when we evaluate the human impact on the environment 

using lichens. The results endorse the naturality approach of Loppi et al. (2002), as synergistic 

effects of ecological variables and human influence can distort the results of lichen 

biomonitoring surveys.  

 

 

Analyses of species composition on oaks gave in total 104 species of epiphytic lichens. 

The majority of the species is negatively correlated to the pollution factors; species from 

Parmelion caperatae are strongly correlated to the precipitation amount, high LDV and 

potential radiation. Cluster analysis recognized six main groups of lichens growing on oaks. 

The groups 1-3 are correlated to stands with pronounced human impact, and they are 

characterised by high affinity to acid bark. The group 4 comprises of several species favoured 

by eutrophication on oaks, partially belonging to Xanthorion alliance. Groups 5 and 6 are 

particularly correlated to the environmental variables characteristic for mature forest stands 

with long ecological continuity. The group 5 is dominated by presence of the Parmelion 
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caperatae species and lichens from related associations as the Pertusarieum amarae. Group 6, 

the most numerous group, correspond to mature oak stands with the most developed lichen 

diversity. These characteristics together suggest, that group 5 and 6 could be treated as close-

to-terminal lichen community in central European oak forests.  

The selection of indicative species must follow the predictive variables related to the 

historical landscape and stand age. Accordingly to field observations and statistical analyses, I 

suggest following lichens as indicators for old oak growths in the Central Europe: Acrocordia 

gemmata, Bacidia rubella, Calicium spp., Caloplaca lucifuga, Cetrelia olivetorum, 

Chaenotheca spp. (except from Chaenotheca ferruginea and C. chrysocephala), Chrysothrix 

candelaris, Melanelia subargentifera.  

 

 

Recolonization of epiphytic lichens in Northern Bohemia. The current study 

highlights the importance of a quantitative approach to lichen studies in identifying the 

patterns of lichen distribution and recolonization. Obtained data show the historical and recent 

evolution of the lichen diversity, and suggest the continuation of lichen recolonization in 

Central Europe. Negative influence of direct traffic and urban areas (villages with local 

pollution sources) has been traced despite the relatively low pollution levels.  
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