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Does the traffic flow affect the lichen diversity?
A case study from the novohradské hory Mts, Czech Republic
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Abstract: Diversity of epiphytic lichens growing on trees with high (European ash, Norway maple) and low 
(sycamore) bark buffer capacity against acidification was assessed along motorways with different traffic 
intensities in the Novohradské Mountains, Czech Republic, to test the effect of traffic flow on the lichen richness.
Twenty five plots were classified into four classes with low, moderate and moderate to high diversity according 
to the lichen diversity index. Lichen frequency was significantly correlated with five factors (CCA, CANOCO). 
Main factors influencing lichen diversity were climatic, microclimatic, geographical, and substrate conditions 
rather than traffic intensity. Nevertheless, the traffic flow influenced significantly and positively the richness of 
lichens growing on trunks towards roads for European ashes. Probably, bark pH increased due to vehicle-related 
compounds and supported the progress of neutrophytic and nitrophytic lichens.
The occurrence of acidophytic lichens in all plots indicated a decreased bark pH in relation to the previous acid 
regime. However, neutrophytic and nitrophytic species prevailed in these plots. Parmelia sulcata and Amandinea 
punctata were the commonest species. Therefore, the lichen community studied reflects contemporary conditions 
of eutrophication, which is indicated by an increasing number of nitrophytic lichens, rather than by acidification.

Keywords: Mapping lichen diversity, deciduous trees, air pollution, traffic intensity, epiphytic lichens, South 
Bohemia

INTRODUCTION

Epiphytic lichens have been used for mapping air pollution since 19th century (Nylander 
1866). Lichenologists plotted pollution maps showing zones distinguished according to the 
occurrence of particular lichen species indicating ambient SO2 levels. The areas with high 
SO2 concentrations, so-called “lichen deserts”, were largely devoid of epiphytic lichens 
where only toxitolerant and injured specimens were recorded.

In recent decades, air quality in most of Western Europe has improved (decreasing SO2 
levels) and recolonization of particular lichen species has occurred (van Dobben and de Bak-
ker 1996). Many acidophytic species have disappeared because of decreasing SO2 levels, for 
example Hypogymnia physodes (L.) Nyl. in The Netherlands (van Dobben et al 1983; van 
Herk 2001), Lecanora conizaeoides Nyl. ex Cromb. in England (Bates et al 2001).

Several studies are devoted to relationships between lichen richness and NOx and NH3 
pollutants (e.g., Rooda-Knape et al 1998; Gombert et al 2003; Frati et al 2006, 2007; Davies 
et al 2007). NH3, an important factor affecting epiphytic lichens (Søchting 1995), arises 
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mainly from agricultural fertilizers and cattle digestion, although transport is also a source 
of ammonia. Van Herk (2001) implied that the effect of NH3 on lichens is rather through its 
effect on bark pH, then due to its toxicity or increased availability of ammonium bark ion 
concentrations. For example, Lecanora conizaeoides is very sensitive to NH3 (Kirschbaum 
and Hanewald 1998). On the other hand, it is still poorly understood if NOx emitted by road 
traffic encourages or affects lichens negatively (van Herk 2001). Davies et al (2007) studied 
the relationship between lichen species growing on European ash and NOx concentrations 
in London, and found out the inverse dependency between lichen diversity and NOx levels. 

The primary objective of this study was to assess environmental quality using the index 
of Lichen Diversity Value (LDV) in the Novohradské hory Mts and in their foothills. An-
other aim was to assess the influence of air pollutants from motor vehicle exhausts and dust 
from transport on the lichen diversity and lichen community growing on deciduous trees 
with similar bark pH along motorways and roads. The density index was used to calculate 
the most and the least widespread lichens and investigated the variability of epiphytic lichen 
diversity in sampling plots. Lichen species were classified into ecological groups according 
to their substrate requirement. These groups were linked with the bark buffer capacity of 
European ash, Norway maple, and sycamore trees. The hypothesis was that if acidification 
is/was strong, acidophytic species should prevail in this region.

MATERIALS AND METHODS

Study area
The study area was situated in the Novohradské hory Mts and in a small, rather narrow 

part of the Novohradské Mts foothills (South Bohemia, Czech Republic), at altitudes be-
tween 490 and 910 m a.s.l. The area was ca. 35 km2 large and presented an oreophyticum 
(Central-European montane vegetation) with mean annual temperatures of 5 °C in apical 
parts and 7 °C in foothills with mean rainfall ranges between 750 and 950 m.

This area has a significant naturalistic relevance. Since 1974 it has been proclaimed as 
the Protected area of Water Accumulation, since 1999 as a Natural Park Novohradské hory 
Mts, and since 2004 also as a Special Protection Area (SPA) due to woods avifauna and 
moorland, meadow, and forest biotopes.

In the study area, there were a few medium sources of air pollution including coal- and 
oilboilers. The annual mean SO2 concentration in the region decreased during 1996 to 2007 
from 20 to 8 µg m−3 (Blažek 2008). Other sources of emissions nearby are long-distance 
transport emission, coal combustion, and traffic transport.

The annual mean NOx concentration increased between 1996 and 2007 from 20 to 26 µg m−3 
(Blažek 2008). This rise could be caused by increasing automobile intensity, combustion, 
and long-distance transport emissions. The highway in the southwestern part of the area 
is the major source of emissions of NOx and other vehicular-related pollutants due to the 
transit of about 12,000 vehicles/day. Other motorways have flows of about 309 to 2,500 ve-
hicles/day (RMD CR 2005). Data on traffic intensities were surveyed by the Road and 
Motorway Directorate of the Czech Republic. The traffic intensity of roads without traffic 
survey data was estimated for statistical analysis as 300 vehicles/day.
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Sampling design
Twenty five plots were selected in the study area. A plot represented a tree-lined avenue 

or alley growing along roads. Main, minor, and motorway roads presented in open areas 
in the Novohradské hory Mts and in their foothills were chosen. Studied trees were Euro-
pean ash (Fraxinus excelsior L.), Norway maple (Acer platanoides L.) and sycamore (Acer 
pseudoplatanus L.). The presence and number of these trees were limiting factors for selec-
tion of suitable plots. Within each plot, 3–9 trees with circumference ≥ 80 cm at 1 m above 
ground were sampled. Trees were strictly selected according to the methodology by Asta et 
al (2002). In total, 125 trees were examined. For each tree we measured distance between 
the trunk foot and the edge of the road, and girth at 1 m above ground. Trunk exposition 
towards to roads and tree species were also determined.

Lichen sampling and identification
Since May 2005 to May 2006, the epiphytic lichen vegetation was examined in sam-

pling plots. Lichen species were identified mostly in the field; only difficult species were 
collected and determined in a laboratory. We used a stereo microscope, a microscope, and 
identification keys (černohorský 1956; Purvis et al 1992; Wirth 1995a, b). The nomencla-
ture was unified according to Santesson et al (2004).

Furthermore, an index of Lichen Diversity Value (LDV) per tree was calculated accord-
ing to the methodology by Asta et al (2002). The proposed European guideline for mapping 
lichen diversity as an indicator of environmental stress is a method, which assesses envi-
ronmental quality based on epiphytic lichen diversity and abundance (Asta et al 2002). This 
method has been widely tested in Europe (e.g., Svoboda 2003; Nali et al 2007; Cristofolini 
et al 2008; Poličnik et al 2008) and can provide information on the long-term effects of air 
pollutants, eutrophication and anthropogenic factors on sensitive lichens (Asta et al 2002). 
Moreover, the authors have proposed a standardized protocol for bioindication techniques. 
Although the standardization process provides quality and comparability data, it is impor-
tant to search for better methods of environmental monitoring (Cristofolini et al 2008).

This method is based on scoring of all lichen species present in a 5-quadrant grid (50 × 
10 cm). The grid was placed towards north, south, west and east trunk side at each investi-
gated trees, at 1 m above ground. The LDV index of each sampling plot was calculated as an 
arithmetic mean of the LDV index measured for each tree. The LD values were merged into 
Lichen Diversity Classes (LDC), which were modified for Czech environment by Svoboda 
(2003). The lowest LDV index per tree was 3 and the highest was 100. Then the lowest 
LDV index of sampling plot was 21 and the highest was 77.

Svoboda (2003) used the EU method for first time in the Czech Republic. In the Novohrad-
ské Mts, the qualitative IEC method (Rose 1974) was carried out for the assessment of the 
environmental quality (Dětinský 1997, 1998). In addition, lichen diversity was examined in 
detail by Peksa et al (2004) and by Zahradníková (2007) in the Novohradské hory Mts as well.

In addition, we calculated the “Density Index” as a proportional occurrence of one par-
ticular species (number of trees with given lichen species divided by number of total investi-
gated trees). Lichen species were split in three ecological groups: nitrophytic, neutrophytic, 
and acidophytic according to James et al (1977), Wirth (1995a, b), and Svoboda (2003). 
Moreover, these groups were used to examine the bark buffer capacity of chosen tree species.
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Data analysis
The main interaction between the species and each of the environmental variables were 

investigated using Canonical Correspondence Analysis (CCA), v4.5 2002 (Wageningen, 
The Netherlands), and Permutation test (p < 0.05). Low species records were not included 
in the analysis. The ordination diagram explained the best pattern of variation in species 
data by the observed environmental variables (Jongmann et al 2002).

Normality of distribution of each group was examined by NCSS 2001 software. One-
way analysis of variance (ANOVA) was used to evaluate differences in means of “LDV” 
(LD value per given tree). We also assessed if lichen frequencies (“LF”, LD value per given 
cardinal quater of tree trunk) of total trees were correlated with trunk orientation to cardinal 
quater. Onward, a hypothesis was if LFs measured on exposed trunk sides towards the road 
differed from LFs measured on opposite ones. In the case the exposed trunk side was e.g. 
on the SE cardinal quater, we calculated the value as an arithmetic mean of LFs from S and 
E trunk side. Multiple Range Tests were applied to assess differences in means of LDV 
between groups and LFs of exposed trunk sides, and to find homogenous groups. Regres-
sion was used to evaluate the correlation between LDVs vs girths, then between LDV vs 
distances from the edge of the road, finally LDVs vs traffic densities.

RESULTS AND DISCUSSION

Assessment of environmental quality
In total, 25 plots and 125 trees were examined (Fig. 1). Values of index LDV ranged 

from 21 to 80 (Table 1). Lichen Diversity Classes (LDC) were marked out according 

Fig. 1: Sampling plots for the mapping of epiphytic lichen vegetation in the Novohradské hory Mts and 
their foothills.
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to the Svoboda’s fifth-scale (Table 2). All plots were situated in an open area, but 2 of 
them extended close to forests. Poličnik et al (2008) found out that epiphytic lichen 
mapping in open areas (EU and VDI methods) is a better method for an assessment of 
air pollution than mapping in forest sites. Therefore, results are considered as reliable 
and comparable data.

Tab. 1: Lichen Diversity Values per each sampling plot.

Sampling plot Name of sampling plot LDV
A Černé Údolí 63
B Pohoří na Šumavě 61
C Světví 49
D Nové Hrady 28
E Nové Hrady – Údolí 60
F Svébohy 45
G Horní Stropnice – Světví 42
H Horní Stropnice – Svébohy 43

CH Rychnov – Svébohy 30
I Benešov nad Černou – Rychnov 56
J Černé Údolí bridge 46
K Žofín 37
L the Žofínský prales forest 29
M Horní Stropnice 21
N Dolní Stropnice 44
O Benešov nad Černou – Kaplice 41
P the crossroad Malonty – Dluhoště 37
Q Meziříčí 69
R Rapotice 60
S Hradiště 77
T Blansko 80
U Kaplice – Dolní Dvořiště 31
V Kaplice 30
W Kaplice 2 60
X Mlýnský vrch 47

LDV – Lichen Diversity Value per plot.
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Tab. 2: Number of sampling plots according to Lichen Diversity Classes.

LDC (class) Sampling plots Number of sampling plots
1 0 0
2 CH, D, K, L, M, P, U, V 8
3 C, F, G, H, N, O, X, W 8
4 A, B, E, I, J, Q, R, S, T 9
5  0 0

LDC – Lichen Diversity Class; LDV – Lichen Diversity Values. Description of LDCs: Class 1: LDV < 20 = very 
low diversity; Class 2: LDV 20–40 = low diversity; Class 3: LDV 40–60 = moderate diversity; Class 4: 
LDV 60–80 = moderate to high diversity; Class 5: LDV > 80 = high to very high diversity.

(A) LDC 2: 6 plots were selected in lower parts of the Novohradské hory Mts along main 
motorways and nearby larger cities. Sources of SO2 and NOx pollutants were fume and 
aerosol from domestic heatings, exhaust from road transport and long-distance transport 
emission. Toxitolerant species [Scoliciosporum chlorococcum (Graewe ex Stenh.) Vězda, 
Lecanora conizaeoides, Hypogymnia physodes] grew in these plots. Other lichens were 
nitrogen resistant species [Amandinea punctata, Physcia adscendens H.Olivier, Xanthoria 
parietina (L.) Th.Fr.] and nitrophytics indicating slight eutrophication [X. candelaria (L.) 
Th.Fr.] (Dennis 1992). It signified plots were moderately eutrophicated, but the acidification 
effect prevailed there. Other plots, Žofín and the Žofínský prales, were situated in the higher 
and forested part where anthropogenic effects are minimal. The occurrence of relatively 
sensitive species [Chaenotheca chrysocephala (Turner ex Ach.) Th.Fr., Ramalina fastigiata 
(Pers.) Ach., R. farinacea (L.) Ach.] indicated quite high environmental quality. In this case, 
the lichen diversity was influenced by the lack of light (Hilitzer 1925) than by air pollution.

(B) LDC 3: Plots were mapped mainly in agricultural landscape outside of cities. Ag-
riculture and traffic were main sources of air pollutants, especially of NOx and NH3, dust 
and salt sprays. Nitrophytic species indicating the slight eutrophication [Physcia tenella 
(Scop.) DC., Physcia stellaris (L.) Nyl., Xanthoria candelaria, X. polycarpa (Hoffm.) 
Rh.Fr. ex Rieber] (Dennis 1992) predominated in lichen communities. In each plot, acido-
phytic and toxitolerant species inducing the acidification (Hypogymnia physodes, Lecanora 
conizaeoides) were also found. Rare and quite sensitive lichens [Flavoparmelia caperata 
(L.) Hale, Pleurosticta acetabulum (Neck.) Elix et Lumbsch, Ramalina pollinaria (Westr.) 
Ach., Usnea hirta (L.) Weber ex F.H. Wigg] grew very sporadically there. The occurrence 
of latter species could remain from relic lichen communities, or new mature thalli of these 
species indicated lichen recolonization following improvements in air quality.

(C) LDC 4: 3 plots were plotted in the rather natural landscape (černé Údolí, Pohoří 
na Šumavě, Rapotice) with low traffic density, minimal anthropogenic impact and limited 
sources of pollutants. Long-term acidic and nitrogen depositions could influence the envi-
ronment quality in these plots. In the plot Pohoří na Šumavě, sensitive and rare neutrophytic 
species [Ramalina fastigiata, R. fraxinea (L.) Ach., R. farinacea, Parmelia subargentifera 
Nyl., Physconia distorta (With.) J.R. Laudon] and rare acidophytic lichens [Pertusaria albe-
scens (Huds.) M.Choisy et Werner, Usnea hirta] were registered. Xanthoria fulva (Hoffm.) 
Poelt et Petutschning was found only once. Ramalina farinacea, Parmelia subargentifera, 
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Physconia distorta, Pertusaria amara (Ach.) Nyl. and Usnea spp. were also determinated 
in Rapotice. All of these plots have got a high natural status. Remaining 5 plots along mo-
torways with relatively high traffic density were also included in class 4. These plots were 
situated in the foothills where moderate anthropogenic impacts were presumed. NOx and 
NH3 emission from exhausts fumes, dust from agricultural activities and traffic transport, 
and salt sprays increased bark pH of trees. The eutrophication supported and allowed the ni-
trophytic species to dominate in lichen communities (Xanthoria candelaria, X. polycarpa). 
Also few relatively sensitive neutrophytic [Parmelina tiliacea (Hoffm.) Hale, Parmelia 
subargentifera] and acidophytic species (Usnea spp.) were found.

The conclusion is the occurrence of toxitolerant [Hypocenomyce scalaris (Ach.) 
M. Choisy, Lecanora conizaeoides, Scoliciosporum chlorococcum] and nitrophytic species 
[Candelariella reflexa (Nyl.) Lettau, Phaeophyscia orbicularis (Neck.) Moberg, Xanthoria 
candelaria] indicated certain level of air pollution in the Novohradské hory Mts and in 
their foothills. Nowadays, the acidification “regime” has been probably substituted by the 
eutrophication. Despite this, the lichenoflora was generally well developed and contained 
sensitive, rare and endangered lichen species (Chaenotheca chrysocephala, Physconia dis-
torta, Ramalina fraxinea, Usnea spp.).

To make our point, we compared results of the quantitative EU and the qualitative EIC 
method (Dětinský 1998). Dětinský (1998) marked zones of environmental quality based on 
the occurrence of particular lichen species. Both, the EU and EIC methods gave partly dif-
ferent results. Regardless, plots with high and low diversity were more or less determined 
in the same parts of study area. It is concluded qualitative and quantitative methods provide 
different and mostly incomparable data.

DATA ANALYSIS

The CCA analysis and the Unrestricted permutation test determined altitude (Eingenvalue 
0.229), distance (0.148), tree species (0.174), south aspect (0.134) and north aspect of trunk 
(0.094) as the strongest and significant contributors to the first ordination axis (Eingenvalue 
0.419) (Fig. 3). Other important factors, significant according to the Global permutation test, 
were traffic intensity (Eigenvalue 0.100) and girth (0.069). Significant interactions between 
environmental variables were tree species vs north aspect (Eingenvalue 0.656) and tree spe-
cies vs distance (0.289). Tree species are consider as bark pH and bark properties together.

Lichens associated with traffic intensity and distance were mainly nitrophytic, photophi-
lous and xerophytic species (Nimis 2003) and generally most abundant in study area. Toxi-
tolerant acidophytic lichens were also linked with traffic flow, then with traffic intensity, 
orientation to north and maple trees (Fig. 2). The unexpected correlation between vehicle 
intensity and Parmelina tiliacea was observed. Conversely, sensitive and rare species were 
linked with altitude. Neutrophytic, in general not so abundant, species displayed a relation-
ship with girth, with altitude, with north quater, and preferred European ash and Norway 
maple barks. “Nitrophytes” were associated with distance, trunk orientation to south and 
sycamore trees whose bark pH is comparatively lower than Norway maple’s. It suggests 
that their trunk barks were enriched by alkaline dust and salt sprays.
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Fig. 2: Biplot of the Canonical Correspondence Analysis (CCA), using 125 trees where Lichen Diversity 
Values (LDV) were measured. Biplot with arrows for environmental variables [traffic intensity, trunk 
girth, trunk orientation – to the south (S) / north (N), distance from the edge of the road, tree species – 
European ash, Norway maple, sycamore –, altitude] and centroids of lichen species, species with 
an extreme position are not shown [Eigenvalues: 0.419 (axis 1), 0.257 (axis 2); species-environment 
correlation: 0.779 (axis 1), 0.701 (axis 2)].

Fig. 3: Number of lichen species in ecological groups, which occurred on trunks of sycamore (Acer 
pseudoplatanus L.) in studied plots. The percentage occurrence of lichen individuals growing on 
examined trees in studied plots was 40% of nitrophytics, 45% of neutrophytics, and 15% of acidophytics. 
The figure shows only sampling plots where sycamore grow.
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Trunk orientation and lichen diversity
One-way analysis of variance identified the dissimilarity of lichen abundance on trunks 

of investigated tree species (p < 0.05; P = 0.0149; F = 4.35) and also their difference in 
bark properties and nutrient capacities. LFs of all investigated trees were not significantly 
different among the cardinal quaters of trunks (p < 0.05; P = 0.2290; F = 1.44) (data not 
shown). Furthermore, we found out LFs were not significantly different for each cardinal 
quater within groups: European ash (p < 0.05; P = 0.1335; F = 1.26), Norway maple (p < 
0.05; P = 0.2892; F = 1.02) and sycamore (p < 0.05; P = 0.3853; F = 1.89) (data not shown). 
It was concluded that lichen diversity neither hinged on each cardinal quater of trunk, nor 
on tree species. This result indicated the low or similar level of air pollution in study area. 
Poličnik et al (2008) also considered different ecological conditions and air pollution as 
factors influencing the lichen species richness. Besides, our results agreed with Svoboda 
(2003) that lichens do not grow mainly on north trunk side, and we can not determinate 
a north aspect using the most overgrown trunk side by lichens.

Distance and traffic intensity
The lichen diversity was not correlated with distance from the edge of the road and the 

trunk foot (R2 = 0.083; p < 0.05; N = 125) and with traffic intensity (R2 = 1.21; p < 0.05; 
N = 125) (Table 3).

Tab. 3: Linear regression analysis (p < 0.05) between LDVs and girths, LDVs and distancies from trunk 
foot to the edge of the road, LDVs and traffic density.

Correlation Equation R2

LDV vs G Y = 58.18 − 0.0043X 1.558
LDV vs D Y = 50.23 − 0.0048X 0.083
LDV vs TD Y = 50.78 − 0.0014X 1.210

LDV – mean Lichen Diversity Values; G – trunk girth at 1 m above the ground; D – distance between the 
trunk foot and the edge of the road; TD – traffic density; R2 – the determination coefficient in percentage.

Distances ranged from 20 cm to 8 m with a mean 196 ± 136 cm. We concluded that in-
vestigated trees grew in insufficient range of distance from the edge of the road for proving 
harmful effects of NO2 and NH3 on epiphytic lichens. There is a need to survey data again. 
For example, NO2 concentrations fall by 70% within the first 20–30 m (AQEG 2004) from 
the roadside. NO2 concentrations were positively correlated with traffic intensity and nega-
tively correlated with distance from nearest highway in The Netherlands (Rooda-Knape et 
al 1998). Likewise, NH3 concentrations decreased by 90% within the first 10 m away from 
the edge of the road (Cape et al 2004). On the contrary, Frati et al (2006) did not verify the 
clear decline of NH3 levels with distance from highway, but NO2 levels were negatively 
correlated with distance from highway according to a logarithmic function.

Lichen frequencies significantly differed only on north-east and north-northeast trunk 
sides oriented towards investigated roads (Table 4). It signifies the low effect of traffic flow 
and the important influence of climatic and microclimatic conditions on lichen richness.
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Tab. 4: Multiple comparison among lichen frequencies of exposed trunk sides at p < 0.05 (Multi range test).

Cardinal quater Count Mean ± Stand. dev. HG
N 19 57.47 ± 23.62 X
E 20 39.60 ± 20.63 X
S 9 51.44 ± 18.67 XX
W 37 51.11 ± 25.36 XX
NE 10 39.10 ± 14.90 X
NW 15 51.20 ± 25.83 XX
SW 8 48.75 ± 16.47 XX
SE 7 53.57 ± 19.11 XX

Contrast Difference +/− Limits
N–E *17.87 14.31

N–NE *18.37 17.45

2 homogenous groups are identified using columns of Xs. The table shows only significant differences 
between each pair of means. * – statistically significant difference. HG – Homogenous Groups; cardinal 
quater: side trunks exposed to the north (N), east (E), south (S), west (W), northeast (NE), northwest 
(NW), southwest (SW), southeast (SE).

The lowest values were measured on northeast (39.1 ± 14.90) and on east (39.6 ± 20.63). 
This case is probably due to the lack of humidity and lower light doses during a year. Rain-
fall prevails from west and southwest direction in the Novohradské hory Mts (Křivancová 
and Vavruška 2004). On the other hand, the highest value (57.5 ± 23.62) was on the north 
trunk sides. Windward effects occur regularly during the north air-flow since April to Sep-
tember in this region (Křivancová and Vavruška 2004). It could bring lots of rain, further 
pollutants, nutrients and alkaline dust from other places in growing season. Furthermore, 
a large city české Budějovice is situated in the north/northwest direction from the No-
vohradské hory Mts and their foothills. This town is generally an important source of air 
pollutants, which could be transported by wind to study area. Moreover, Davies et al (2007) 
confirmed a positive relationship between bark pH measured on the north aspect of the ash 
trunk and circumference size in London, U.K. But they also quoted bark pH values from 
the east orientation were the least acidic and from the north orientation the most. In this 
case, east sides were a refugium for sensitive species with higher lichen richness than north 
sides. It disagrees with our results.

There was not a significant variability between LFs on exposed and sheltered trunk sides 
(p < 0.05; P = 0.1432; F = 2.16) (data not shown). It means traffic transport, agricultural ac-
tivities, and road services affected the bark properties of studied trees only slightly and subse-
quently the lichen diversity. For example, Frati et al (2006) did not identify the effect of NO2 
and NH3 from the traffic on the lichen diversity. However, it is in disagreement with James et 
al (1977), who suggested exposed sides towards roads as the most eutrophicated part of the 
trunk. Furthermore, rare and sensitive species are absent on exposed side of trunk because of 
harmful and toxic compounds from exhaust fumes (Dennis 1992). In our case, toxitolerant 
species and most widespread species displayed correlation with traffic density (Fig. 2).
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Nevertheless, the lichen richness of European ash trees hinged on the exposed trunk 
sides in contrast to the opposite trunk sides (p < 0.05; P = 0.0202; F = 5.61) (data not 
shown). The European ash bark, in spite of the lowest bark pH, was likely more eutrophi-
cated by emissions NOx and NH3, dust and salt sprays in comparison with the sycamore 
and the Norway maple bark. Our results disagreed with Davies et al (2007) who studied 
the relationship between lichen species growing on European ash and NOx concentrations 
in London, and found out the inverse dependency between lichen diversity and NOx levels.

Bark properties
It was found that European ash and Norway maple trees have got the similar bark proper-

ties (Table 5). The groups European ash – Norway maple and sycamore – Norway maple 
were marked as homogenous groups. The significant difference was between groups Europe-
an ash – sycamore. This variance could be caused by not only dissimilar bark properties, bark 
structure and bark solidity, but also by different number of investigated trees and their ages.

Tab. 5: Multiple comparison among LDV means of groups at p < 0.05 (Multi range test).

Group Count Mean ± Stand. dev. HG
European ash 43 55.40 ± 22.71 X
Norway maple 45 50.38 ± 22.39 XX
Sycamore 37 40.89 ± 21.12 X

Contrast Difference +/− Limits
Ash – Sycamore *14.50 9.83
Ash – Norway maple 5.02 9.34
Sycamore – Norway maple −9.49 9.72

2 homogenous groups are identified using columns of Xs. The table shows differences between 
each pair of means. * – statistically significant difference. LDV – Lichen Diversity Value index; HG – 
Homogenous Groups.

Girth
Linear regression (R2 = 1.558; p < 0.05; N =125) did not show correlation between LDV 

and girth (Table 3). Girths ranged from 90 to 400 cm with a mean of 206 ± 66 cm; the mini-
mal extent of tree girths was 80 cm. Because of quite old ages trees, pioneer species could 
not grow on trunks and lichen communities are composed of a narrow scale of species. This 
fact could affect results. Here is a need to investigate younger trees. For example, a large 
girth was preferred by lichens associated with eutrophication and nutrient-rich dust, and 
a small girth was preferred by species growing on twigs (Davies et al 2007).

LICHEN DIVERSITY AND “DENSITY INDEx” 

50 epiphytic lichens are listed in Table 6 together with the “Density Index (DI)” (number 
of trees hosting the particular lichen / total number of sampled trees).

environ-1-2/10.indd   37 26.6.12   13:10



38

Tab. 6: Lichen ecological groups according to their substrate requirements and the value of “Density 
Index” (DI) of all lichens found in each sampling plot.

Acidophytic species DI Neutrophytic species DI Nitrophytic species DI
Buellia griseovirens (Turner et 
Borrer ex Sm.) Almb.

2 Amandinea punctata 
(Hoffm.) Coppins et Scheid.

64 Candelaria concolor 
(Dicks.) Stein.

10

Cladonia fimbriata (L.) Fr. 7 Evernia prunastri (L.) Ach. 35 Candelariella reflexa 
(Nyl.) Lettau

52

Hypocenomyce scalaris (Ach.) 
M.Choisy

6 Flavoparmelia caperata (L.) 
Hale

1 Candellariella 
xanthostigma (Ach.) 
Lettau

11

Hypogymnia physodes (L.) Nyl. 51 Lecania hyalina (Fr.) 
R.Sant.

1 Phaeophyscia 
orbicularis (Neck.) 
Moberg

43

Hypogymnia tubulosa (Schaer.) 
Hav

4 Lecanora argentata (Ach.) 
Malme

2 Physcia adscendens 
H.Olivier

56

Chaenotheca chrysocephala 
(Turner ex Ach.) Th. Fr.

2 Lecanora carpinea (L.) Vain 2 Physcia stellaris (L.) 
Nyl.

16

Lecanora conizaeoidas Nyl. ex 
Cromb.

7 Lecanora expallens Ach. 8 Physcia tenella (Scop.) 
DC.

44

Lepraria incana (L.) Ach. 12 Lecanora chlarotera Nyl. 39 Xanthoria candelaria 
(L.) Th.Fr.

53

Pertusaria albescens (Huds.) 
M.Choisy et Werner

4 Lecidella elaeochroma 
(Ach.) M.Choisy

1 Xanthoria fulva (Hoffm.) 
Poelt et Petutschning

1

Pertusaria amara (Ach.) Nyl. 4 Melanelia exasperatula 
(Nyl.) Essl.

13 Xanthoria parietina (L.) 
Th.Fr.

40

Phlyctis argena (Spreng.) Flot. 41 Melanelia fuliginosa (Fr. ex 
Duby) Essl. 

41 Xanthoria polycarpa 
(Hoffm.) Rh.Fr. ex 
Rieber

1

Platismatia glauca (L.) W.L.Culb. 
et C.F.Culb.

2 Parmelia saxatilis (L.) Ach. 4

Pseudevernia furfuracea (L.) 
Zopf

7 Parmelia subargentifera 
Nyl.

6

Scoliciosporum chlorococcum 
(Graewe ex Stenh.) Vězda

4 Parmelia sulcata Taylor 81

Usnea hirta (L.) Weber ex 
F.H.Wigg

5 Parmelina tiliacea (Hoffm.) 
Hale

1

Physconia distorta (With.) 
J.R.Laudon

7

Physconia enteroxantha 
(Nyl.) Poelt

23

Physconia perisidiosa 
(Erichsen) Moberg

5

Pleurosticta acetabulum 
(Neck.) Elix et Lumbsch 

4
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Acidophytic species DI Neutrophytic species DI Nitrophytic species DI
Punctelia subrudecta (Nyl.) 
Krog.

27

Ramalina farinacea (L.) Ach. 6
Ramalina fastigiata (Pers.) 
Ach.

4

Ramalina fraxinea (L.) Ach. 1
  Ramalina pollinaria (Westr.) 

Ach.
6  

The commonest lichens (DI > 60% of trees) are Parmelia sulcata with low sensitivity to 
air pollution and Amandinea punctata suggesting the increase of nitrogenic eutrophication 
(Liška 1994; Davies et al 2006).

Abundant lichens (DI 50–60%) are nitrophytic Physcia adscendens, Xanthoria can-
delaria and Candelariella reflexa, then the acidophytic and nitrogen avoiding Hypogym-
nia physodes (Gombert et al 2003). The occurrence of C. reflexa is positively correlated 
with eutrophication (Liška 1994). All of them are toxitolerant and abundant in the Czech 
Republic. 

Medium-abundant lichens (DI 40–50%) are nitrophytic with low sensitivity to air pol-
lution, for example Physcia tenella, Phaeophyscia orbicularis and Xanthoria parietina 
(James et al 1977; Seaward and Coopins 2004), followed by acidophytic Phlyctis argena 
(Spreng.) Flot. and neutrophytic Melanelia fuliginosa (Fr. ex Duby) Essl., which are quite 
tolerant to air pollution (Wirth 1995a, b).

Few-abundant lichens (DI 20–40%) are Lecanora chlarotera Nyl., Evernia prunas-
tri (L.) Ach., Punctelia subrudecta (Nyl.) Krog. and sensitive Physconia enteroxantha 
(Nyl.) Poelt. Half of the lichens recorded (15) occurred rarely, on less than on 20% of 
trees.

The lichen assemblage was prevailed by pollution tolerant and nitrogen tolerant species. 
According to values of density index, the Novohradské hory Mts were acidified in previous 
decades and some of acidophytic species remained in study area during the highest SO2 re-
gime. However, the improvement in air quality and environment has nowadays started. For 
example, Dětinský (1998) did not notice the sensitive and endangered lichen Anaptychia 
ciliaris (L.) Körb. in Pohoří na Šumavě, but we found 3 quite developed thalli of this lichen 
there. Peksa et al (2004) and Zahradníková (2007) also mentioned it.

THE LICHEN COMMUNITIES

Recorded lichen species were classified into ecological groups (Table 5) according to 
their substrate requirements: nitrophytic, neutrophytic, and acidophytic. These communi-
ties were classified according to James et al (1977), Wirth (1995a, b), and Svoboda (2003). 
The most numerous species are neutrophytic (24 species, 48%), followed by acidophytic 
(15 species, 30%) and nitrophytic (11 species, 22%).
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The main factors for lichen colonization and growth are the bark pH and the bark proper-
ties (van Herk 2001; Seaward and Coopins 2004). In general, European ash, Norway maple, 
and sycamore are neutral bark tree species, quite rich in nutrients. The bark pH ranges for 
European ash from 5 to 6.4 and for Acer spp. from 6.1 to 6.9 (du Rietz 1945). Davies et al 
(2007) registered the mean pH of ash bark as 5.13 in London, U.K. 

I assumed that acid rains and SO2 emission negatively impacted lichen communities in 
previous decades (presence of e.g. Hypocenomyce scalaris, Hypogymnia physodes, Lecano-
ra conizaeoides) and the Novohradské hory Mts were slightly acidified. For example, the 
density index of Hypogymnia physodes is 51 and it is an acidiphytic species barely tolerant 
of eutrophication (Gombert et al 2003). The number of contemporary adidophytic species 
has fallen due to decreasing SO2 concentrations (Loppi and Corsini 2003), an improvement 
in air quality and an increase in nitrogen pollution (van Herk 2001).

The lichen presence on sycamore trees was investigated in 15 plots because the syca-
more bark has got a low buffer capacity against increasing SO2 levels (Coker 1967). Neu-
trophytic and/or nitrophytic species were more frequent than “acidophytics” in 13 plots; the 
number of neutrophytic and acidophytic lichens was equal in L plot (the Žofínský prales). 
In T plot (Blansko) any lichen species was not found in the sampling grid. Therefore this 
plot was not included in analysis (Fig. 3).

The conclusion is that sycamore trunks were not strongly acidified because acidophytic 
lichens have been in minority. On the contrary, the occurrence of nitrophytic lichens Xan-
thoria parietina and Phaeophyscia orbicularis indicated a certain level of trunk eutrophica-
tion (van Herk 2001). Moreover, acidity is probably the limiting factor for growing of nitro-
phytic species (van Dobben and ter Braak 1999). This suggestion supports the theory that 

Fig. 4: Number of lichen species in ecological groups, which occurred on trunks of European ash 
(Fraxinus excelsior L.) in studied plots. The percentage occurrence of lichen individuals growing on 
examined trees in studied plots was 38% of nitrophytics, 41% of neutrophytics, and 21% of acidophytics. 
The figure shows only sampling plots where European ash grow.
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the acidification regime has been substituted by eutrophication. The next important factor 
influencing the lichen colonization and growth is also the bark structure of old sycamores. 

On the one hand, Skye (1968) reported quite high buffer capacity of European ash and 
Norway maple barks against the acidification. In the study area, the number of neutrophytic 
and/or nitrophytic species growing on European ash trees was higher than “acidophytics” 
in 16 plots; acidophytic lichens prevailed only in R plot (Fig. 4). Neutrophytic and/or nitro-
phytic species growing on Norway maple trees prevailed in 15 plots and “acidophytics” in 
M plot. The number of all ecological groups was equal in E plot (Fig. 5).

According to our results, European ash and Norway maple barks were able to success-
fully buffer the suggesting decrease of bark pH. Acidophytic species grew also in minority 
on ash bark in the protected area český kras, where SO2 levels were quite high in the last 
decades (Svoboda 2003).

CONCLUSIONS

Lichen frequencies were investigated by the EU method, slightly modified for this study 
by the author, on European ash, Norway maple and sycamore trees, and counted Lichen Di-
versity Values per tree. Twenty five plots were classified to three Lichen Diversity Classes 
according to LD values. The Class 3 with moderate diversity was most frequent.

The presence of toxitolerant species (Lecanora conizaeoides, Scoliciosporum chloro-
coccum, Hypocenomyce scalaris and nitrophytic species (Xanthoria candelaria, Cande-
lariella reflexa, Phaeophyscia orbicularis) indicated a certain level of the air pollution in 

Fig. 5: Number of lichen species in ecological groups, which occurred on trunks of Norway maple (Acer 
platanoides L.) in studied plots. The percentage occurrence of lichen individuals growing on examined 
trees in studied plots was 34% of nitrophytics, 48% of neutrophytics, and 18% of acidophytics. The 
figure shows only sampling plots where Norway maple grow.
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the Novohradské hory Mts and their foothills. The lichen flora was generally quite devel-
oped and included sensitive, rare, and endangered lichen species (e.g., Ramalina fraxinea, 
R. farinacea, Physconia enteroxantha and Usnea hirta).

Epiphytic biodiversity at the roadside was generally related to bark properties of trees, 
trunk orientation to north and to south, distance from the edge of the road, and environmen-
tal factor altitude. Lichen diversity was not associated with either the cardinal quaters of 
trunks, nor exposed trunks of all trees towards the road. The significant difference between 
lichen frequencies on exposed and on opposite trunk sides towards the road was found only 
for European ash trees. Lichen diversity was not correlated with the girth of investigated 
trees, and with the distance between the edge of the road and the trunk foot. We found that 
European ash and sycamore trees had dissimilar bark properties. The influence of traffic and 
vehicular-related pollutants on lichen diversity was not displayed significantly.

50 epiphytic lichens were divided into three ecological groups according to substrate 
requirements. Neutrophytic species prevailed in sampling plots, then acidophytic and nitro-
phytic lichens. The assemblages were dominated by pollution tolerant and nitrogen tolerant 
species. The most frequent lichens according to the lichen index were Parmelia sulcata 
and Amandinea punctata. The Novohradské hory Mts were slightly acidified in previous 
decades. Therefore, the contemporary lichen communities appear to reflect contemporary 
conditions of confined areas of eutrophication and generally less acidification.

ACKNOWLEDGEMENTS

I thank very much to Dr. Ondřej Peksa and to Dr. David Svoboda for their help with 
the lichen determination and for their comments. I also thank to Assoc. Prof. Jiří Hnilica 
for his help with statistical methods, and to Prof. Nigel Bell and Dr. Linda Davies for their 
comments.

REFERENCES

AQEG (2004) Nitrogen in the United Kingdom. A report prepared by the Air Quality Expert Group for the De-
partment of the Environment, Food and Rural Affairs; Scottish Executive; Welsh Assembly Government; and 
Department of the Environment in Northern Ireland. http://www.airquality.co.uk.

Anonymous (2005) The Road and Motorway Directorate of the Czech Republic (RMD). http://www.scitani2005
.rsd.cz.

Asta J, Erhardt W, Ferretti M, Fornasier F, Kirschbaum U, Nimis PL, Purvis O, Pirintsos S, Scheidegger C, Van 
Haluwyn C, Wirth V (2002) Mapping lichen diversity as an indicator of environmental quality. In: Nimis 
PL, Scheidegger C, Wolseley P (eds), Monitoring with Lichens – Monitoring Lichens. Dordrecht, Kluwer 
Academic, pp 273–279.

Bates JW, Roy DB, Preston CD (2001) Occurrence of epiphytic bryophytes in a “tetrad” transect across southern 
Britain. 2. Analysis and modeling of epiphyte-environmental relationships. Journal of Bryology 26: 181–197.

Blažek Z, černikovský L, Coňková M, Hůnová I, Horálek J, Krejčí B, Maznová J, Novák V, Ostatnická J, Slá-
deček J, Srněnský R (2008) II.4.2.2 Kvalita ovzduší vzhledem k imisním limitům pro ochranu ekosystémů 
a vegetace [II.4.2.2. Air quality in relation to air pollution limit values of ecosystems and vegetation protection. 
In Czech.] In: Ostatnická J (ed.), Znečištění ovzduší na území české republiky v roce 2007. český hydrome-
teorologický ústav, úsek ochrany čistoty ovzduší. http://www.chmi.cz/uoco/isko/groc/gr06cz/kap2422.html.

environ-1-2/10.indd   42 26.6.12   13:10



43

Canonical Correspondence Analysis for Windows Version 4.5 (2002). Wageningen, The Netherlands.
Cape JN, Tang YS, Van Dijk N, Love L, Sutton MA, Palmer SCF (2004) Concentrations of ammonia and nitro-

gen dioxide at roadside verges, and their contribution to nitrogen deposition. Environmental Pollution 132: 
469–478.

Coker PD (1967) The effects of sulphur dioxide on bark epiphytes. Transactions of the British Bryological Society 
5: 341–347.

Cristofolini F, Giordani P, Gottardini E, Modenesi P (2008) The response of epiphytic lichens to air pollution and 
subsets of ecological predictors: A case study from the Italian Prealps. Environmental Pollution 151: 308–317.

černohorský Z, Nádvorník J, Servít M (1956) Klíč k určování lišejníků čSR. I. díl. [Determination key of Cze-
choslovak lichens, Vol. I. In Czech.] Nakladatelství čSAV, Praha, pp 156.

Davies L, Bates JW, Bell JNB, James PW, Purvis OW (2007) Diversity and sensitivity of epiphytes to oxides of 
nitrogen in London. Environmental Pollution 142: 299–310.

Dennis HB (1992) Impact of agriculture on bryophytes and lichens. In: Bates JW, Farmer AM (eds), Bryophytes 
and Lichens in a Changing Environment. Oxford University, London, pp 259–283.

Dětinský R (1997) Zhodnocení lišejníkové flóry Novohradských hor ve vztahu k životnímu prostředí (výsledky 
za rok 1997). [Assessment of lichen flora in relation to environment quality in the Novohradské hory Mts 
(results from year 1997). In Czech.] Botanický ústav AV čR, Průhonice, pp 1–13.

Dětinský R (1998) Zhodnocení lišejníkové flóry Novohradských hor ve vztahu k životnímu prostředí II. (výsledky 
za rok 1998). [Assessment of lichen flora in relation to environment quality in the Novohradské hory Mts II 
(results from year 1998). In Czech.] Botanický ústav AV čR, Průhonice, pp 1–12.

du Rietz GE (1945) Om fattigbark – och rikbarksamhälen. Svensk Botanisk Tidskrift 39, pp 1–148.
Frati L, Caprasecca E, Santoni S, Gagii C, Guttova A, Gaudino S, Pati A, Rosamilia S, Pirintsos SA, Loppi S 

(2006) Effects of and from road traffic on epiphytic lichens. Environmental Pollution 142: 58–64.
Frati L, Santoni S, Nicolardi V, Caggi C, Brunialti G, Guttova A, Gaudino S, Pati A, Pirintsos SA, Loppi S (2007) 

Lichen biomonitoring of ammonia emission and nitrogen deposition around a pig stockfarm. Environmental 
Pollution 146: 311–316.

Gombert S, Asta J, Seaward MRD (2003) Correlation between the nitrogen concentration of two epiphytic lichens 
and the traffic density in an urban area. Environmental Pollution 123: 281–290.

Hilitzer A (1925) Etude sur la végétation épiphyte de la Bohême. Spisy Přírodovědecké fakulty Karlovy Univer-
sity, Praha, 41, pp 1–202.

James PW, Hawksworth DL, Rose F (1977) Lichen communities in the British Isles: a preliminary conspectus. In: 
Seaward MRD (ed.), Lichen Ecology. Academic Press, University of London, pp 296–413.

Jongmann RHG, ter Braak CJF, van Tongeren OFR (eds) (2002) Data Analysis in Community and Landscape 
Ecology. Cambridge University Press, U.K.

Kirschbaum U, Hanewald K (1998) Immissionsbezogene Flechtenkartierungen in hessischen Dauerbeobachtungs-
flächen. Journal of Applied Botany 72: 212–227.

Křivancová S, Vavruška V (2004) Podnebí Novohradských hor [Climate of the Novohradské hory Mts. In Czech.] 
In: Kubeš J (ed.), Krajina Novohradských hor. Fyzicko-geografické složky krajiny. University of South Bohe-
mia, české Budějovice, pp 79–93.

Liška J (1994) Bioindikace znečištění ovzduší pomocí lišejníků [Bioindication of air pollution using lichens. In 
Czech.] Příroda 1: 7–21.

Loppi S, Corsini A (2003) Diversity of epiphytic lichens and metal contents of Parmelia capareta thalli as moni-
tors of air pollution in the town Pistoia (Italy). Environmental Monitoring and Assessment 86: 289–301.

Nali C, Balducci E, Frati L, Paoli L, Loppi S, Lorenzini G (2007) Integrated biomonitoring of air quality with 
plants and lichens: A case study on ambient ozone from central Italy. Chemosphere 67: 2169–2176.

NCSS 2001 software (2001). Kaysville, Utah, U.S.A.
Nimis PL (2003) Checklist of the lichens of Italy 3.0. University of Trieste, Department of Biology. Elsevier. 

http://dbiodbs.univ.trieste.it/.
Nylander W (1866) Les lichens du Jardin du Luxembourg. Bulletin Societe Botanique de France, Paris 13: 

364–372.
Peksa O, Svoboda D, Palice Z, Dětinský R, Zahradníková M (2004) Lišejníky [Lichens. In Czech.] In: Papáček 

M (ed.), Biota Novohradských hor: modelové taxony, společenstva a biotopy. University of South Bohemia, 
české Budějovice, pp 100–104.

environ-1-2/10.indd   43 26.6.12   13:10



44

Poličnik H, Simončič P, Batič F (2008) Monitoring air quality with lichens: A comparison between mapping in 
forest sites and in open areas. Environmental Pollution 151: 395–400.

Purvis OW, Coppins BJ, Hawksworth DL, James PW, Moore DM (1992) The Lichen Flora of Great Britain and 
Ireland. Natural history museum publications in association with the British Lichen Society, London, pp 1–710.

Rooda-Knape MC, Janssen II NA, Hartog JJ, van Vliet PHN, Harssema H, Brunekreef B (1998) Air pollution from 
traffic in city districts near major motorways. Atmospheric Environment 32: 1921–1930.

Rose F (1974) The epiphytes of oak. In: Morris MG, Perring FH (eds), The British Oak, History and Natural 
History. Ed. Classey, Farington, pp 250–273.

Santesson R, Moberg R, Nordin A, Tønsberg T, Vitikainen O (2004) Lichen-forming and lichenicolous fungi of 
Fennoscandia. Museum of Evolution, Uppsala University, pp 1–389.

Seaward MRD, Coopins BJ (2004) Lichens and hypertrophication. Bibliotheca Lichenologica 67: 297–309.
Sernander R (1926) Graskör och Fiby urskog. Acta Phytogeographica Suecica 8: 1–232.
Skye E (1968) Lichens and air pollution. A study of cryptogamic epiphytes and environment in the Stockholm 

region. Acta Phytogeographica Suecica, Almqvist and Wiksells, Uppsala 52: 1–123.
Søchting U (1995) Lichens as monitors of nitrogen deposition. Cryptogamic Botany 5: 264–269.
Svoboda D (2003) Lišejníky českého krasu: Diversita lišejníků v údolí řeky Berounky v CHKO. Bioindikace 

znečištění v centrální části Krasu. (Lichens of the Czech Karst: Lichen diversity in the Berounka River valley 
in the Protected Landscape Area Czech Karst. Bioindication of environmental quality in the central part of the 
Czech Karst. In Czech.] Diploma thesis, Charles University, Prague.

van Dobben HF, de Bakker AJ (1996) Re-mapping epiphytic lichen biodiversity in The Netherlands: effects of 
decreasing SO2 and increasing NH3. Acta Botanica Neerlandica 45: 55–71.

van Dobben HF, de Wit T, van Dam D (1983) Effects of acid deposition on vegetation in The Netherlands. VDI-
Berichte 500: 225–229.

van Dobben HF, ter Braak CJF (1999) Ranking of epiphytic lichen sensitivity to air pollution using survey data: 
a comparison of indicator scales. Lichenologist 31: 27–29.

van Herk CM (2001) Bark pH an susceptibility to toxic air pollutants as independent causes of changes in epiphy-
tic lichen compositon in space and time. Lichenologist 33: 9–20.

Wirth V (1995a) Flechtenflora: Bestimmung und ökologische Kennzeichnung der Flechten Südwestdeutschlands 
und angrenzender Gebiete. Stuttgart, Eugen Ulmer Verlag, pp 1–661.

Wirth V (1995b) Die Flechten Baden-Württenbergs. Stuttgart, Eugen Ulmer Verlag, pp 1–661.
Zahradníková M (2007) Bioindikace znečištění prostředí v Novohradských horách. [Bioindication of environ-

mental quality in the Novohradské hory Mts using epiphytic lichens. In Czech.] Diploma thesis, Charles 
University, Prague.

environ-1-2/10.indd   44 26.6.12   13:10




