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Changes in stand structure due to the cessation of traditional
land use in wooded meadows impoverish epiphytic lichen
communities

Ede LEPPIK, Inga JURIADO and Jaan LIIRA

Abstract: Wooded meadows with a history of traditional land use over thousands of years support a
great diversity of various taxa. Today, however, high-species-rich communities in wooded meadows
are threatened because of the cessation of traditional management in large areas. We studied lichen
communities on 136 deciduous trees (Betula spp., Fraxinus excelsior and Quercus robur) in 12 wooded
meadows in three regions of Estonia, and assessed the effect of habitat change due to the abandonment
of traditional management on epiphytic lichen species composition, considering factors on three
spatial scales: regional, habitat and individual tree. The variation partitioning approach in partial
Canonical Correspondence Analysis (pCCA) revealed that most of the variation in species compos-
ition is described by the species of host tree and tree bark pH. Other tree level variables, foremost tree
diameter, described as much of the compositional variation as geographic location (region) or
environmental conditions in wooded meadows. Of the environmental factors studied, woodland
canopy cover is the strongest predictor of the change in epiphytic lichen species composition from the
community type of semi-open wooded meadows to species-poor communities characteristic of
secondary forest. General Linear Model (GLM) analysis of the abundance of the 35 most frequently
observed lichen species revealed that more than half of them (21) are influenced by site openness
(canopy cover and/or undergrowth density), showing that increasing canopy cover has a negative effect
on the abundance of epiphytic lichen species characteristic of traditionally managed semi-open
wooded meadows. The results emphasize that the preservation of large old deciduous trees of various
species and the maintenance of the semi-open structure of stands are vitally important for the
protection of epiphytic lichen communities in wooded meadows.

Key words: bark pH, Betula spp., canopy cover, Fraxinus excelsior, habitat degradation, light
conditions, Quercus robur, semi-natural woodland, site management, trunk diameter

Introduction Cousins & Eriksson 2001, 2002), bryophytes
(Ingerpuu et al. 1998), agarics (Kalamees
2004), ectomycorrhizal fungi (Tedersoo ez al.
2006), lichens (Leppik & Jiiriado 2008;
Jonsson er al. 2011; Thor et al. 2010) or
insects (Talvi 1995). Unfortunately, the area
of these semi-natural habitats has decreased
greatly over the last century because of the
cessation of traditional management. This
rate of loss has even accelerated since the
1940s and 1950s (Eriksson er al. 2002;
Poschlod & WallisDeVries 2002; Pykila ez al.
2005). Therefore, in present-day Estonia,
traditionally-managed wooded meadows
with scattered trees, shrubs and meadow
glades maintain only a miniscule proportion

Extensive land use of woodland over thou-
sands of years has created very specific semi-
natural semi-open biotopes in northern
Europe, the so-called wooded meadows
(Kukk & Kull 1997; Poska & Saarse 1999;
Partel ez al. 1999, 2007; Eriksson ez al. 2002).
Continuous long-term management, mostly
by cattle and sheep grazing with hay mowing
and firewood gathering, have created habi-
tats characterized by their high diversity
within different taxonomical groups, such
as vascular plants (Kull & Zobel 1991;
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(0-2%) of their former area (850 000 ha in
the 19th century) (Kukk & Sammul 2006),
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and the mosaic-structured wooded meadows
have been replaced by cultivated fields or
abandoned to brush-woods. In abandoned
wooded meadows the diversity of vascular
plants decreases rapidly (Heggstrom 1983;
Hansson & Fogelfors 2000; Pykild er al.
2005; Aavik ez al. 2008; Skornik ez al. 2008).

Although wooded meadows are listed as
endangered habitats (Paal 1998), studies
of epiphytic lichens in them are scarce
(Randlane 2004). Wooded meadows are
mostly distributed in the countries around
the Baltic Sea and particularly on the islands
(e.g. Estonia, Sweden and the southern part
of Finland) (Heeggstrom 1983; Kukk & Kull
1997). Regional, that is local, studies of
epiphytic lichen communities in wooded
meadows in each individual country are most
relevant because of locally specific tradition
of woodland management. For example, the
Scandinavian tradition includes the pollard-
ing of trees (Heeggstrom 1983; Moe &
Botnen 2000), while in Estonia this is not
common. Regionally-restricted singularities
in the species pool and its composition have
also been described as about 58% of lichen
species in wooded meadows are shared
between the meadows in Gotland, Sweden
and in Estonia (Thor er al. 2010). At present,
only a few studies have been published on the
effects of land use change on epiphytic lichen
communities in wooded meadows. In
Norway, Moe & Botnen (1997, 2000) dem-
onstrated that lichen species composition on
pollarded trees changes with changing land
use intensity. In Estonia, the cessation of the
traditional management of wooded meadows
and the successional development of these
meadows into deciduous forests has resulted
in the impoverishment of lichen communi-
ties in terms of species richness and species
composition on the woodland scale (Leppik
& Juriado 2008). In Sweden Jonsson ez al.
(2011) also showed that epiphytic lichen
species richness is higher in managed
wooded meadows than in unmanaged sites
and, in addition, lichen species richness is
dependent on the area of the wooded
meadow and its historic canopy cover.

A multitude of factors should be consid-
ered in analyzing changes in epiphytic lichen
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communities. The evaluation of the drivers
of the lichen community is complicated
because the abiotic and biotic factors act on
multiple spatial and temporal scales, and
their spatial and temporal effects are also
interrelated (Jesberger & Sheard 1973;
McCune 1993; Giordani 2006). For
instance, the formation of an epiphytic lichen
community depends on habitat history (Fritz
et al. 2008; Ranius ez al. 2008a) and stand
management (Aude & Poulsen 2000; Jiriado
et al. 2003; Friedel er al. 2006), host tree
properties (Boudreault er al. 2008; Juriado
et al. 2009a, b), lichen community succes-
sional stage and competition with other
epiphytes (Stone 1989; Ruchty er al. 2001).

Environmental factors, particularly those
related to habitat openness or shadiness,
have complex effects on lichen communities.
That is because in addition to light avail-
ability, openness alters habitat conditions in
terms of moisture, temperature and ventila-
tion (McCune & Antos 1982; Palmgqvist
& Sundberg 2000; Gauslaa er al. 2006;
Stevenson & Coxson 2007). Site illumina-
tion (light availability) can influence epi-
phytic lichens directly upon photosynthesis
and indirectly upon transpiration; tempera-
ture is affected by light and has a strong
influence on evaporation. In the case of epi-
phytic lichens, water supply is determined
not only by precipitation, but also by evapo-
ration, inundation and atmospheric humid-
ity. Higher wind speed in semi-open habitats
increases evaporation and also has a stronger
mechanical destroying effect (Barkman
1958; Nash 1996). Therefore, structurally
diverse wooded meadows, composed of
patchily scattered trees and bushes in the
landscape, offer epiphytes a habitat with a
heterogeneous environment consisting of a
mosaic of different light, moisture and wind
conditions within one meadow.

In earlier studies of epiphytic lichen com-
munities in wooded meadows, considerable
attention has been devoted to the effect of
environmental and historical factors on the
habitat-scale composition and diversity of
epiphytic lichens, while at the scale of the
individual tree trunk, the relationships of
lichen species diversity with tree species and
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TABLE 1. Location and main characteristics of the 12 studied wooded meadows of Estonia
No Management Latitude Longitude Region* Studied treest Canopy cover
status
1 open 58°27'41" 22°0'22" 1 6Qr3B2FelTc 0-30
2 overgrown 58°27'37" 21°59'51" 1 4Qr4B2Fe2Pt 0-85
3 overgrown 58°27'42" 21°59'53" 1 6Qr4B2Tc 0-65
4 open 58°14'15" 22°26'27" 1 9Qr3Fe 0-60
5 overgrown 58°14'13" 22°26'34" 1 9Qr3Fe 0-80
6 overgrown 58°35'13" 23°34'36" 2 4B4Fe2Pt2Qr 0-90
7 open 58°34'59" 23°34'15" 2 5Qr4Fe2B1Pt 0-40
8 open 58°35'9" 23°34'16" 2 6Fe5QrlB 0-45
9 overgrown 59°19'30" 26°15'28" 3 7Qr5B 0-70
10 open 59°16'53" 26°15'10" 3 12Qr 0-25
11 open 59°15'15" 26°12'16" 3 12Qr 0-25
12 overgrown 59°15'19” 26°12'20" 3 12Qr 0-80

*1 —island of Saaremaa, 2 — western part of Estonian mainland, 3 — north-eastern Estonia.
Tnumber of trees studied and tree species (Ag — Alnus glutinosa; Ai — Alnus incana; B — Betula pendula or B. pubescens;
Fe — Fraxinus excelsior; Pa — Picea abies; Ps — Pinus sylvestris; Pt — Populus tremula; Qr — Quercus robur; Tc — Tilia cordata)

trunk diameter has been studied (Leppik &
Juriado 2008; Jonsson et al. 2011; Thor ez al.
2010). In this study, we shall evaluate the
effect of environmental conditions on lichen
communities at the scale of the individual
tree trunk, with special emphasis on the tree
species, substratum properties and light con-
ditions near each sample tree. Specifically,
we intended 1) to estimate how the cessation
of traditional management and the transfor-
mation of wooded meadows into deciduous
forests influences lichen species composition
at tree-level and 2) to assess the effects of
habitat and substratum properties (e.g. trunk
diameter, bark structure and bark pH) on
individual epiphytic lichens and their
composition.

Materials and Methods

Study sites and data collection

Estonia is located in the hemi-boreal sub-zone of the
boreal forest zone — this is the transitional area between
the southern boreal forest subzone and the spruce-
hardwood subzone (Laasimer & Masing 1995). Around
50% of the country is covered by forest (Adermann
2009); conifers Picea abies (I..) H. Karst. and Pinus
sylvestris L., as well as birches Betula pendula Roth and
B. pubescens Ehrh., are the dominant tree species
(Adermann 2009). The proportion of deciduous wood-
land with temperate broad-leaved trees (e.g. Quercus
robur, Acer platanoides, Fraxinus excelsior, Ulmus glabra) is

almost insignificant in Estonia, mainly because the soil
conditions in the habitats of these tree species are suit-
able for agricultural land use (Kaar 1974; Paal 1998).
Characteristic tree species in wooded meadows of
Estonia are temperate broad-leaved trees, such as
English oak (Quercus robur 1L.) and European ash
(Fraxinus excelsior L.), with common aspen (Populus
tremula 1..); birches and black alder [Alnus glutinosa (L.)
Gaertn.] are also quite common (Kukk & Kull 1997).

The field work was performed in Estonia during the
summer of 2006. The selection of wooded meadow
fragments (study sites) was made according to the gen-
eral distribution of wooded meadows in Estonia (Kukk
& Kull 1997). We selected 12 study sites in three regions
of Estonia (variable ‘Region’), five study sites on the
island of Saaremaa (‘Region 1°), three sites in the west-
ern part of the Estonian mainland (‘Region 2’) and
four sites in north-eastern Estonia (‘Region 3°) (Fig. 1;
Table 1).

Habitat fragments were selected according to their
management history; six sites were regularly or irregu-
larly mowed and had no stand undergrowth (bushes and
young trees); six sites had not been mown or otherwise
managed for, approximately, the last 50 years and had
dense undergrowth (variable Management status ‘Over-
grown’; Table 1). Our first goal was to determine the
effect of the overgrowing of a wooded meadow by trees
and brushwood on epiphytic lichens. In order to achieve
this we: 1) estimated the percentage of canopy cover
(variable ‘Canopy cover’) for each site using orthopho-
tos (Web Map Server of Estonian Land Board 2008); 2)
estimated, in the field, the percentage of undergrowth in
the range of 10 m around each sample tree (variable
‘Undergrowth’); 3) measured light conditions using
hemispherical digital photographs taken around each
studied tree trunk in four cardinal directions with a
Nikon Coolpix 950 camera and an FC-ES8 fish-eye
lens converter. The hemispherical photographs were
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F1G. 1. Location of the study stands in three sub-regions in Estonia: Reg. 1 — Region 1 (island of Saaremaa), Reg. 2
— Region 2 (western part of Estonian mainland), Reg. 3 — Region 3 (north-eastern Estonia).

analyzed using the WinSCANOPY2001A program
(Régent Instruments Inc. 2001) to obtain an estimate of
Total Site Factor (TSF), the proportional combination
of direct and diffuse radiation. The maximum radiation
coefficient for each tree (variable ‘Max TSF’) was used
in the analyses.

We described lichen communities on 12 sample trees
at every site. Trees were selected proportionally to the
composition of the tree layer in an area of one hectare.
Epiphytic lichen communities were investigated on 89
oaks (variable ‘Oak’), 24 ashes (‘Ash’), 23 birches
(Betula pendula or B. pubescens, ‘Birch’), 5 aspens and 3
lime trees (Tilia cordata Mill.). Due to the low represen-
tation of aspen and lime trees in the studied sites,
these tree species were excluded from further analyses.
Vertically elongated sample plots (10 X 50 cm with five
unit areas of 10 X 10 cm each) were placed on trees in
four cardinal directions, with the upper margin of plots
at 1-5 m (method by Asta ez al. 2002 and Scheidegger
et al. 2002). The occurrence of lichen species in every
unit area was recorded and summed for each sample tree
(the maximum abundance score is 20 per sample tree).
This abundance measure of lichen species per tree was
used in all analyses.

To assess the effects of substratum properties on
lichen species composition and on individual lichen
species (goal 2) we recorded several tree scale para-
meters. The diameter of each sample tree (variable
‘DBH’) was measured at 1-3 m above ground, and a
bark sample was taken at the same height to measure
bark pH. Bark acidity (variable ‘Bark pH’) was
measured with a flathead electrode (Consort C532),
applying a technique suggested by Schmidt ez al. (2001)
and Kricke (2002), with slight modifications by Jiiriado
et al. (200956). The roughness of bark (variable ‘Bark
structure’) was divided into three categories: ‘Smooth’

(< 1 cm deep bark crevices), ‘Intermediate’ (1-2 cm
crevices) and ‘Deep’ (> 2 cm crevices). The occurrence
of bryophytes (variable ‘Bryophyte abundance’) was
recorded using a similar method as that used for lichens.

The lichen specimens that were difficult to identify in
the field were collected for further analyses. A stereo-
microscope, light microscope, UV light and standardized
thin-layer chromatography (Culberson & Kristinsson
1970; Culberson 1972) were used for the identification
of lichen specimens in the laboratory. The reference
material is deposited in the lichenological herbarium at
the Natural History Museum of the University of Tartu
(TU). The nomenclature of lichens follows Randlane
et al. (2008).

Statistical analyses

Spearman rank order correlations (implemented in
the program Statistica 7.1; Statsoft Inc. 2005) were
estimated among the environmental variables, and
thereafter only one variable was selected amongst
variables with overly strong correlations (correlation co-
efficient > 0-7) for further analyses. Geographical coor-
dinates were excluded, because they were strongly
correlated with the variable ‘Region’. The variable
‘Overgrown’ correlated strongly with ‘Canopy cover’
and was therefore excluded from the analyses. In all
statistical analyses the explanatory variables ‘Max TSF’
and ‘DBH’ were log-transformed to obtain the linearity
of relationships.

Prior to analyses of species composition, lichen
species registered in fewer than three unit areas (10 X 10
cm) were removed from the data in order to reduce
information noise. A non-parametric statistical method
of the Multi-Response Permutation Procedure (MRPP)
(Mielke 1984) with Euclidean distance, implemented in
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the program PC-ORD ver. 4.25 (McCune & Mefford
1999) was used to test differences in lichen species
composition among the studied tree species and study
regions.

The relationships between lichen community com-
position and the environmental parameters were more
specifically analyzed using partial Canonical Correspon-
dence Analysis (pCCA) (ter Braak 1986) in the program
CANOCO ver. 4.5 (ter Braak & Smilauer 2002). In
order to evaluate the explanatory power of different sets
of variables, we performed the variation partitioning
approach (Borcard er al. 1992) in pCCA. Variables
were grouped accordingly: G — geographical variables
(‘Region 1°, ‘Region 2’ and ‘Region 3’); E — environ-
mental variables related to site openness and light
conditions (‘Canopy cover’, ‘Max TSF’ and ‘Under-
growth’); T — tree species-specific indicator variables
(‘Ash’, ‘Birch’, ‘Oak’) and ‘Bark pH’; and O — other tree
level variables (‘Bark structure’, ‘Bryophyte abundance’
and ‘DBH’). Explanatory power was estimated in two
ways: as the main effect of a trait group without consid-
ering the explanatory effect of other trait groups, and the
‘unique’ contribution of each trait group after condition-
ing the effect of other factors. The variables had the
value of inflation factors less than four, that is far below
the suggested limit value of 20 (ter Braak & Smilauer
2002).

In the graphic presentation of the results of the
pCCA, only the most important variables were pre-
sented. The forward selection procedure with randomi-
zation tests (Monte-Carlo permutation test, 1000
unrestricted permutations) was employed to select the
statistically significant environmental variables influenc-
ing species composition, retaining the variables with a
conditional contribution below the level of P < 0-05
(‘Ash’, ‘Birch’, ‘Canopy cover’, ‘DBH’, ‘Oak’, ‘Bark
pH’, ‘Region 1°, ‘Region 2’ and ‘Region 3”). Variables
‘Bark structure’, ‘Bryophyte abundance’, ‘Max TSF’
and ‘Undergrowth’ had P > 0-05 and were left out. In
order to demonstrate specifically the influence of
environmental factors and to reduce the variation in
species data caused or explained by site geographical
location, geographical variables (‘Region 1°, ‘Region 2’
and ‘Region 3”) were treated as co-variables. Due to the
unbalanced sample design (more oaks in ‘Region 3°), it
is difficult to distinguish the effect of tree species from
the effect of the region on lichen species composition at
individual trees. By removing the effect of geographical
variables as covariates, however, the remaining vari-
ation, explained by tree species, can be seen as a unique
effect of tree species regarding unbalanced sampling.
Since the tree species-specific variables (‘Ash’, ‘Birch’,
‘Oak’ and ‘Bark pH’) also proved to be strong determi-
nants of lichen communities, we moved them to the
co-variable list with geographical variables in the second
pCCA, in order to analyze the effect of habitat openness
(variable ‘Canopy cover’) and tree level features on
species composition. Variable ‘Bark pH’ was also moved
to the co-variable list, because it has proven to be tree
species specific.

To evaluate the effect of variables specifically on
individual lichen species, we performed General Linear
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Model (GLM) with the forward stepwise selection pro-
cedure implemented in the program Statistica 7.1
(Statsoft Inc. 2005). The influence of variables ‘Region’
(levels: ‘Region 1°, ‘Region 2’ and ‘Region 3’), “Tree
species’ (‘Ash’, ‘Birch’ and ‘Oak’), ‘Bark structure’
(‘Smooth’, ‘Intermediate’ and ‘Deep’), ‘Canopy cover,’
‘DBH,’ ‘Bark pH’ and ‘Undergrowth’ on the abundance
(square-root transformed) of the 35 most frequent li-
chen species was analyzed. GLM analyses were per-
formed separately for each species. The Mallow Cp
criterion was used to find the optimal model according
to predictive power and to avoid over-parameterization
(Shao 1997). The Tukey HSD multiple comparison test
was used to determine the significant differences of
mean values between groups of categorical factors in the
analysis.

Results

Lichen species composition is
influenced most strongly by tree
species specific variables

A total of 113 lichen species was recorded
from 136 trees; oaks (z = 89) had 97 lichen
species, ashes (z = 24) 57 and birches (n =
23) 40 lichen species (Appendix 1). Accord-
ing to the MRPP test results, the species
composition of lichens is distinctive among
ash, birch and oak trees (A = 0:0667,
P < 0-0001; pairwise post-hoc comparisons
P<0-0001) and also among the regions (A =
0-0668, P < 0-0001; pairwise post-hoc com-
parisons P < 0-0001).

We performed a partial CCA in order to
estimate the amount of variation explained
by different sets of explanatory variables. The
full model explained 30-5% of the total iner-
tia (7-34 inertia units). Variance partitioning
by pCCA indicated that the largest amount
of variance in the composition of lichen com-
munities is explained by the set of tree
species-specific variables, that is tree species
and bark pH (10-3% of the variation in the
data set), followed by the set of geographical
variables (8:8%), the set of other tree level
variables (6:9%) and the set of environ-
mental variables concerning site openness
and light conditions (6-5%, Table 2). The
variance uniquely described by the set of tree
species-specific variables was 8:3% of the
variation in the data set, when the other sets
of variables were used as co-variables. The
unique variation components of other sets of
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TABLE 2. Variation partitioning in epiphytic lichen community composition in wooded meadows among four sets of explanatory
variables (split-plot design & pure main effect conditioning on other factors) using variation partitioning analysis in partial
canonical correspondence analysis (pCCA)

Unique components*

Sum of eigenvalues (TU)T

Variance explained (%)

GUEUOUT 1-953 266
G 0-646 88
GEUOUT 0-363 49
E 0-477 65
EGUOUT 0-328 4-5
(@) 0-510 69
OGUEUT 0-306 4-2
T 0-756 10-3
TIGUEUO 0-606 83

“G — geographical variables (‘Region 1°, ‘Region 2’ and ‘Region 3°); E — environmental variables concerning site
openness and light conditions (‘Canopy cover’, ‘Undergrowth’ and ‘Max TSF’); O — other tree level variables (‘Bark
structure’, ‘Bryophyte abundance’ and ‘DBH’); T — tree species-specific variables (‘Ash’, ‘Birch’, ‘Oak’ and ‘Bark
pH’); the symbol " means conditioning, i.e. variables which have been covaried out; ‘U’ refers to the union of

variable sets.

TThe sum of all canonical eigenvalues is given in inertia units (IU); the system’s total inertia is 7-343.

variables were lower and described a more or
less equal amount of variation, for example
4-2% of the total variation was described
uniquely by the set of other tree level vari-
ables (‘Bark structure’, ‘Bryophyte abun-
dance’ and ‘DBH’; Table 2).

Habitat openness and diameter of the
tree trunk determine differences in
lichen composition

As our intention was to evaluate the effect
of management intensity and tree level traits
on the lichen community, we eliminated the
effect of region by setting the geographical
variable ‘Region’ as covariate in the first
pCCA. The eigenvalues of the first three
ordination axes are 0-42, 0-26 and 0-16,
respectively. The first axis of pCCA (with
geographical variables as co-variables) is
described mainly by indicator variables of
tree species (‘Ash’, ‘Birch’, and ‘Oak’).
Dimerella pineti, Lecanora conizaeoides, Mica-
rea prasina and Placynthiella icmalea are
located at the right positive end of the first
ordination axis and grow more frequently
on birch trees (Fig. 2). The second axis is
explained by environmental factors involving
site openness, and the variable ‘Canopy
cover’ describes the denser tree canopy at the

positive end of the gradient (Fig. 2). The
variable ‘DBH’ is also correlated with the
second axis (Fig. 2). The third axis is
explained by bark pH and tree species (vari-
ables ‘Ash’ and ‘Oak’), indicating that
lichen species Acrocordia gemmata, Lecanora
rugosella, Opegrapha rufescens and O. varia
grow more frequently on ash trees with high
pH (not shown).

As tree species proved to be strong deter-
minants of lichen communities, in the second
pCCA we moved them into the co-variable
list with geographical variables, in order to
demonstrate the effect of ‘Canopy cover’
and also the effect of ‘DBH’. Variable ‘Bark
pH’ was also moved to the co-variable list,
because it was tree-species-specific. The
eigenvalue of the first ordination axis is 0-25,
and the eigenvalue of the second axis 0-17.
Most of the lichen species that have a foliose
and fruticose growth form (e.g. Evernia pru-
nastri, Hypogymmnia physodes, Parmelia sulcata,
Parmeliopsis ambigua, Physcia tenella and
Ramalina farinacea) grow in well-lit wooded
meadows with more open canopies and are
located on the lower left part of the second
pCCA ordination plot (Fig. 3). In addition
to macrolichens, a similar placement in ordi-
nation space can be observed in the case of
many microlichen species, which also prefer
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F1G. 2. Lichen species and environmental variables on the biplot of partial canonical correspondence analysis

(pCCA) of the first and second axes. The symbol ‘I’ in the titles of the axes means conditioning, i.e. variable ‘Region’

(G) has been covaried out. DBH = diameter of tree trunk at breast height; abbreviations of species names are given
in Appendix 1.

improved light conditions (e.g. Amandinea
punctata, Biatora globulosa, Candelariella xan-
thostigma and Pertusaria coccodes; Fig. 3).
Only Biatora efflorescens, B. helvola, Graphis
scripta, Lobaria pulmonaria and Micarea
prasina grow more abundantly in shady con-
ditions, that is have a positive dependence on
canopy closure and are therefore located on
the upper right part of the pCCA diagram
(Fig. 3). The diameter of a tree trunk forms
another gradient placing lichen species that
grow on bigger trees (e.g. Calicium viride,
Chrysothrix candelaris, Opegrapha varia and
Pertusaria albescens) in the lower right part of
the ordination axes (Fig. 3).

The variables ‘Bark structure’, ‘Bryophyte
abundance’, ‘Max TSF’ and ‘Undergrowth’
proved to be insignificant for general com-
position of community, according to the for-
ward selection procedure of factors in pCCA
(P> 0-05).

Effects of habitat and substratum
properties on individual epiphytic
lichen species

The results of GLLM analysis, where the
effect of the studied variables was analyzed
for the abundance of the 35 most frequent
lichen species individually, confirmed that
variables ‘Region’, ‘Canopy cover’, ‘DBH’
and “Tree species’ are the most frequently
significant drivers of lichen abundance
(Table 3). Variables such as ‘Bark structure’,
‘Bark pH’ and ‘Undergrowth’ appeared to be
significant predictors for some lichen species’
abundance. Seven lichen species are more
abundant on the island of Saaremaa (‘Region
1°), six species are more abundant in the
western part of the Estonian mainland
(‘Region 2’), and another six lichen species
prefer to grow in north-eastern Estonia
(‘Region 3’). The model’s results revealed 12
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lichen species that prefer to grow on certain
tree species: five species prefer to grow on
ash, three on birch and one on oak (Table 3).
Three lichen species prefer to grow on both
ash and oak trees. Opegrapha rufescens and
Tephromela atra are common on ash trees,
Hypogymmnia physodes and Lecanora pulicaris
grow on birch and Pertusaria amara is re-
stricted to oak. The abundances of seven
lichen species are influenced by bark pH, for
example Buellia griscovirens and Lepraria
incana are species that grow on more acidic
bark. More than half (21) of the 35 species
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analyzed are influenced by tree canopy cover
in the wooded meadow or the percentage of
undergrowth in the vicinity of the sampled
tree (Table 3). Evernia prunastri, Hypogymnia
physodes, Melanelia subaurifera, Parmelia sul-
cata and Ramalina farinacea are the macro-
lichens that prefer to grow in well-lit
conditions as well as microlichens Buellia
griseovirens, Lecanora pulicaris and Tephromela
atra. Only a few microlichens (e.g. Lepraria
incana and Chaenotheca trichialis) grow in
shady habitats where canopy cover is denser.
Local light conditions around the tree trunk
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reveal that the microlichen, Phlyctis argena, is
more common on trees enclosed with high
bush cover, whereas the macrolichens, Ever-
nia prunastri, Parmelia sulcata and Ramalina
farinacea, prefer habitats with limited under-
growth cover. The abundances of 14 lichen
species are influenced by tree diameter.
Lepraria incana and Parmelia sulcata are more
common on large-diameter trees and Buellia
griseovirens, Phlyctis argena and Tephromela
atra are common on small-diameter trees.
Eight lichen species are influenced by bark
structure, for example Lecanora pulicaris
often grows on trees with smooth bark.
Based on all of the performed GLLM analy-
ses, the variables ‘Bryophyte abundance’ and
‘Max TSF’ appeared to have an insignificant
influence on lichen abundance on trees.

Discussion

Our study demonstrates that the variation in
the epiphytic lichen species composition of
wooded meadows is determined by a com-
plex of factors, including regional, habitat
and tree level variables. In wooded meadows,
as in forest communities (Aude & Poulsen
2000; Lobel er al. 2006; Belinchén et al.
2007; Juriado er al. 2009a), the tree level
variables explained the largest fraction of
variation in the composition of epiphytic
lichen species. In accordance with an earlier
study (Leppik & Juriado 2008), we have
demonstrated that habitat management and
habitat openness are also significant drivers
of epiphytic lichen species composition in
wooded meadows. The cessation of tradi-
tional management consisting of hay mowing
and selective cutting causes changes in stand
structure and the openness of wooded
meadows, and thereafter affects lichen
species composition. We have demonstrated
that the abandonment of wooded meadows
and the overgrowing of their stands have led
to the succession of epiphytic communities
with light-demanding species toward com-
munities with impoverished composition
characteristic to secondary forests.

It has been suggested that before human
interference and the introduction of agricul-
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ture in northern Europe, the natural veg-
etation predominantly consisted of closed
forests (Laasimer 1965; Svenning 2002).
The pollen data of tree species in Europe,
however, suggests that the original vegetation
in the lowlands of Europe had more of an
open than an extensively dense stand struc-
ture (Vera 2000). Eriksson ez al. (2002) sug-
gested that traditionally managed wooded
meadows resemble pre-agricultural wooded
ecosystems in northern Europe. Today,
forests are intensively managed, mostly
mono-cultured and evenly aged with dense
canopies. These managed forests lack many
natural elements of old-growth stands such
as gaps and large-diameter old trees (Esseen
et al. 1992; Bengtsson ez al. 2000; Liira &
Sepp 2009). Therefore managed wooded
meadows could be potential refugia for
species originating from ancient semi-
opened landscapes (Rose 1992; Svenning
2002).

Microclimatic conditions in the wooded
meadow changed after the meadow’s stand
canopy became denser with brushwood.
Changes in microclimate could be the main
reason for the distinction of epiphytic lichen
communities between open and dense
canopy wooded meadows. Our results sup-
port the statement of Barkman (1958) that
most epiphytic macrolichens with a green
photobiont and with foliose and fruticose
growth form are highly dependent on good
illumination conditions. We found that the
majority of epiphytic macrolichen species
were negatively affected by increasing canopy
cover and only a few common forest micro-
lichen species, including Chaenotheca trichi-
alis, Dimerella pineti Micarea prasina and
Lepraria incana, were abundant under the
dense canopy in unmanaged wooded mead-
ows (Fig. 3, Table 3). This trend was also
demonstrated in large-scale studies at the
habitat level in wooded meadows where de-
creasing richness of epiphytic lichen species
with increasing canopy cover was detected
(Leppik & Jiriado 2008; Jonsson ez al. 2011).

However, our results contrast with the
findings by Jénsson ez al. (2011), who found
no differences in lichen species composition
in relation to land use practices in wooded
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TABLE 3. The results of the general linear model (GLM) for the influence of environmental variables on the abundance of the 35 most frequent lichen species in 12 studied wooded
meadows of Estonia

Region’ Tree species Bark structure Canopy DBH* Bark Under- Adjusted P
cover pH growth R?

Species Mx* 1 2 3 ash birch oak smooth intermediate  deep

Acrocordia gemmata + + 0-217 <0-0001
Amandinea punctata 0-067° 0-148>  0-669° - 0-235  <0-0001
Biatora globulosa 0-081° ob 0-695* - 0-200 <0-0001
B. efflorescens 0-137° 0®  0-377° + - 0-159  <0-0001
Buellia griseovivens 0-649° 5° 0-656° - - - 0-432 <0-0001
Calicium salicinum 0-338% 0-021°  0-015° ol 0-048° 0-359* 0-169 <0-0001
Candelariella xanthostigma - 0-106 <0-0001
Chaenotheca trichialis 0-333* 0-083* 0-107* + + - 0-209 <0-0001
Chrysothrix candelaris 0-293* 0-075°® 0° 0° o® 0-444* + 0-241 <0-0001
Cladonia fimbriata + 0-027 0-031
Cliostomum griffithii 0-310° 0-050° o° - + 0-169 <0-0001
Evernia prunastri 0-059® o° 1-32 - - 0-430 <0-0001
Haematomma ochroleucum 0-238% 0-163°° o° 0-037 0-031
Hypogymmnia physodes 0-254° 0-724%°  1-42 0-109¢ 2-1* 0-634° 0-3572b 12 0-358° - 0-385 <0-0001
Lecanora allophana 0-589* 0-065° 0-015° - 0-134  <0-0001
L. carpinea - 0-176 <0-0001
L. chlarotera 0-891% ob 0-401? - - - 0-233 <0-0001
L. expallens 0-311* 0-156* 0-155* + 0-118 <0-0001
L. pulicaris 0-069® 1-3% 0-357° 0-218> 2:279* 0-160° 1-7¢ 0-445° 0-069¢ - 0-427 <0-0001
L. elacochroma 0-154° 12 0-395® 1-7° o° 0-306° - 0-288 <0-0001
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TABLE 3. Continued

Region® Tree species Bark structure Canopy DBH* Bark Under- Adjusted P
cover pH growth R?

Species M* 1 2 3 ash birch oak smooth intermediate  deep

Lepraria incana + + - 0-303 <0-0001
L. lobificans 0-337* 0°>  0-068° 0% 0-264* 0-025° 0-102 0-001
Melanelia fuliginosa M 0-873% 0-095° 0-145° - 0-139 <0-0001
M. subaurifera M 0-148° 2-6* 0-597° - 0-380 <0-0001
Micarea prasina 0-330* 0-150%® o° o° 1-12 0-034° 0-282 <0-0001
Opegrapha rufescens 1-6* 0®  0-032° - 0-440 <0-0001
O. varia 0-538* 0-021° 0-101° + + 0-267 <0-0001
Parmelia sulcata M 0-329° 1-1° 3-1% - + - 0-590 <0-0001
Pertusaria amara 4-32 1-5° 0-549¢  1-4° 0-114° 2:9° 0-493 <0-0001
P. coccodes 0-243° 0-806° 0-323°°  0-673* 0 0-442° - 0-130  <0-0001
P. coronata 0-461* 0-078° o° o° 0-035° 0-584* 0-270 <0-0001
P. leucostoma 0-013® 0-418* 0-100® 0-571% o> 0-069® 0-764% 0-082° 0-064° 0-216 <0-0001
Phlyctis argena 112 0-888% 11-1* - + 0-552 <0-0001
Ramalina farinacea M 0-073° 0-303®> 1-8* - - 0-527 <0-0001
Tephromela atra 0-041° 0-761* 0-023®  0-810% o° 0-091° 0-1942® 0-252° 0-050° - - 0-392 <0-0001

The adjusted coefficient of determination (adjusted R?) and significance value (P) are presented. The species with the model’s adjR? > 0-3 are presented in bold.
Letter labels denote homogeneity groups according to the results of the Tukey HSD multiple comparison test.

“DBH - diameter of tree trunk at breast height (log-transformed), M — macrolichen (lichen with foliose or fruticose growth form).
t1 — island of Saaremaa, 2 — western part of Estonian mainland, 3 — north-eastern Estonia.
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meadows. Jonsson er al. (2011) suggested
that the homogeneity of lichen species com-
position in managed and unmanaged
wooded meadows could be caused by lichen
species that are able to persist in unmanaged
sites. Woodland management history and the
time since the cessation of management of
wooded meadows could differ in Estonia and
Sweden (Kukk & Kull 1997; Eriksson et al.
2002), and apparently the lichen species
growing on trees in open wooded meadows
have already disappeared in unmanaged
wooded meadows in Estonia. During the
field work we expected to find species con-
fined to managed wooded meadows, for
example Caloplaca chrysophthalma, C. luci-
fuga, Lecidella flavosorediata and Pertusaria
flavida (Ekman et al. 1991; Leppik & Juriado
2008), but the frequency of these species in
the wooded meadows studied proved to be
so low that we were unable to analyze their
ecology.

We have shown that light availability has
an effect on species composition and on
individual species on two scales, as two vari-
ables proved to be significant: canopy cover
estimated at stand level and the percentage of
undergrowth around each individual tree
trunk. Surprisingly, the supposedly precise
light availability estimates using hemispheri-
cal digital photographs taken under each
studied tree had remarkably lower descrip-
tive power. It has been shown in earlier
studies that in open habitats, environmental
factors have a strong interaction in their
effect: the wetting and drying cycles are
more rapid because of the higher amount of
direct sunlight amplified by the improved air
circulation, whereas in closed habitats micro-
environmental fluctuations are smoother
(Barkman 1958; McCune & Antos 1982).
Unfortunately we had no opportunity to
measure the effect of altered moisture and
temperature conditions at the site in general
and near each tree trunk, and therefore we
cannot emphasize the effect of light over the
effect of moisture in wooded meadows.

In accordance with earlier studies, we have
shown that lichen community composition is
largely determined by the identity of tree
species. In particular, the marked difference
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between the epiphytic lichen communities
on birch (Betula pendula and B. pubescens)
and those on other deciduous tree species in
the temperate region is quite well known
(Barkman 1958; Cieslinski ez al. 1996;
Lohmus 2003). The most probable causes
of such differentiation between tree species
are lichen responses to tree-species-specific
bark properties (Culberson 1955; Barkman
1958; Rose 1974; Bates & Brown 1981). For
example, Acrocordia gemmata and Opegrapha
varia are common on sub-neutral barked ash
(Juriado ez al. 2003, 20095). In our study we
frequently also found them on oak, but in
sites where the oak’s bark pH was closer to
neutral than usual. Similarly, Buellia griseo-
virens and Lepraria incana were frequent on
trunks with acidic bark, independent of tree
species. Bark roughness is another character-
istic that affects lichens. For example, we
found deep bark roughness to be important
for Calicium salicinum, Chrysothrix candelaris
and Pertusaria coronata, while smooth bark
predicts the abundance of Lecanora pulicaris
and Pertusaria leucostoma, regardless of tree
species.

Tree diameter and also bark roughness are
known to be age-dependent factors of trees
(Johansson et al. 2007; Ranius et al. 20085,
Fritz er al. 2009). The observed variation in
the composition of lichen communities along
the gradient of trunk diameter (i.e. tree age)
is in accordance with many other studies
(Hedends & Ericson 2000; Friedel er al.
2006; Fritz er al. 2009; Jiriado ez al. 2009a, b;
Jonsson ez al. 2011; Thor et al. 2010). It has
been shown that the variation of physical and
chemical properties of bark during tree age-
ing is correlated with the variation in lichen
communities (Ellis & Coppins 20075).

With regard to the tree species and tree age
specificity of epiphytic lichen communities,
the preservation of tree species diversity
and different age (diameter) groups is vital
in order to maintain the high diversity of
epiphytic lichens in wooded meadows. We
propose that the selective cutting of trees
and undergrowth, retaining a mosaic of
semi-open structure with the trees of vari-
ous tree species and age classes and some
clumps of bushes, will create heterogeneous
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microclimatic conditions for a diverse com-
munity of epiphytic lichens. The continuous
traditional management or restorations
should be performed in the first order in
regions where wooded meadows have a long
term historical background, as stand histori-
cal continuity and stand age have frequently
been shown to be major determinants for
epiphytic lichen diversity (Boudreault ez al.
2000; Juriado er al. 2003; Ellis & Coppins
2007a; Fritz er al. 2008).

In addition to checking the tree layer of the
stands, the management of wooded mead-
ows in terms of annual mowing or grazing has
been prescribed as the vitally important ac-
tions preserving the semi-open structure, and
particularly the high species diversity (Pykila
et al. 2005; Aavik er al. 2008; Jonsson et al.
2011). Grazing, however, might enrich the
epiphytic lichen community with nitrophytic
species due to fertilization of the tree trunks
by cattle (Benfield 1994; van Herk 1999;
Ruisi er al. 2005), and therefore it is sug-
gested that grazing is only beneficial for over-
all lichen diversity if it has been undertaken
with limited intensity (Rose 2001; Sanderson
& Wolseley 2001).
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Appendix 1. List of the recorded lichen species and their abundance (percentage)
on studied trees of ash, birch and oak in wooded meadows of Estonia.
Abbreviations are provided for the species that have been used in ordination analyses

Species M* Abbreviations Ash Birch® Oak?
(n = 24) (n = 23) (n = 89)
Acrocordia gemmata (Ach.) A. Massal. Acr gem 25 0 9
Amandinea punctata (Hoffm.) Coppins & Ama pun 4 0 22
Scheid.
Anaptychia ciliaris (L.) Korb. M Ana cil 0 0 6
Arthonia mediella Nyl. 4 0 3
A. radiata (Pers.) Ach. 8 0 1
A. spadicea Leight. 0 0 1
A. vinosa Leight. Art vin 13 0 3
Bacidia fraxinea Lonnr. 4 0 1
B. rubella (Hoffm.) A. Massal. 0 0 2
Bactrospora dryina (Ach.) A. Massal. 0 0 1
Biatora efflorescens (Hedl.) Rdsdnen Bia eff 4 22 16
B. globulosa (Florke) Fr. Bia glo 0 0 18
B. helvola Korb. Bia hel 4 0 3
Bilimbia sabuletorum (Schreb.) Arnold 13 0 0
Bryoria fuscescens (Gyeln.) Brodo & D. M 0 0 1
Hawksw.
Buellia arnoldii Servit 0 4 0
B. disciformis (Fr.) Mudd 4 0 2
B. griseovirens (Turner & Borrer ex Sm.) Bue gri 58 52 43
Almb.
Calicium adspersum Pers. 0 0 1
C. glaucellum Ach. 0 0 1
C. salicinum Pers. Cal sal 0 0 17
C. viride Pers. Cal vir 0 13 6
Caloplaca chrysophthalma Degel. 4 0 0
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Appendix 1. Continued

Species M* Abbreviations Ash Birch® Oakt
(n = 24) (n = 23) (n = 89)

Candelaria concolor (Dicks.) Stein M 0 0 2
Candelariella xanthostigma (Ach.) Lettau Can xan 17 0 11
Chaenotheca chrysocephala (Turner ex 0 9

Ach.) Th. Fr.
C. ferruginea (Turner & Borrer) Mig. 0 13 0
C. phaeocephala (Turner) Th. Fr. 0 0 1
C. trichialis (Ach.) Th. Fr. Cha tri 0 13 13
Chrysothrix candelaris (L..) J. R. Laundon Chr can 0 0 13
Cladonia coniocraea (Florke) Spreng. M Cla con 0 17 3
C. digitata (L.) Hoffm. M 0 4 0
C. fimbriata (L.) Fr. M Cla fim 4 17 11
Cliostomum griffithii (Sm.) Coppins Cli gri 4 0 12
Dimerella pineti (Ach.) Vézda Dim pin 4 22 0
Evernia prunastri (L..) Ach. M Eve pru 0 0 24
Fuscidea arboricola Coppins & Tensberg Fus arb 21 4 4
F. pusilla Tensberg 0 4 0
Graphis scripta (LL.) Ach. Gra scr 4 0 6
Haematomma ochroleucum (Neck.) J. R. 21 0 9

Laundon
Hypocenomyce scalaris (Ach.) M. Choisy M 0 9 0
Hypogymmnia physodes (L.) Nyl. M Hyp phy 13 57 30
H. tubulosa (Schaer.) Hav. M Hyp tub 0 0 6
Lecanora allophana Nyl. Lec all 13 0 15
L. argentata (Ach.) Malme Lec arg 13 0 4
L. carpinea (L.) Vain. Lec car 8 0 21
L. chlarotera Nyl. Lec chl 38 0 28
L. conizaeoides Nyl. ex Cromb. Lec con 0 17 1
L. expallens Ach. Lec exp 0 22 15
L. pulicaris (Pers.) Ach. Lec pul 8 52 11
L. rugosella Zahlbr. Lec rug 17 0 0
L. strobilina (Spreng.) Kieff. 0 4 1
L. subintricata (Nyl.) Th. Fr. 0 9 1
L. symmicta (Ach.) Ach. 4 4 1
Lecanora varia (Hoffm.) Ach. 0 4 1
Lecidea nylanderi (Anzi) Th. Fr. 0 4 2
Lecidella elaecochroma (Ach.) M. Choisy Lec ela 67 0 22
L. euphorea (Florke) Hertel Lec eup 4 0 9
L. flavosorediata (Vézda) Hertel & 13 0 8

Leuckert
L. subviridis Tonsberg 4 0 1
Lepraria eburnea J. R. Laundon 0 0 1
L. elobata Tensberg 0 0 1
L. incana (L.) Ach. Lep inc 0 39 16
L. jackii Tonsberg 0 9 0
L. lobificans Nyl. Lep lob 13 17 7
Lobaria pulmonaria (L.) Hoffm. M Lob pul 0 0 4
Melanelia exasperatula (Nyl.) Essl. M 4 0 1
M. fuliginosa (Fr. ex Duby) Essl. M Mel ful 33 9 10
M. subargentifera (Nyl.) Essl. M Mel sbg 4 0 3
M. subaurifera (Nyl.) Essl. M Mel sbu 33 17 33
Micarea prasina Fr. Mic pra 0 39 3
Mycoblastus fucarus (Stirt.) Zahlbr. 0 0 1
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Appendix 1. Continued

Species M* Abbreviations Ashf Birch® Oakt
(n = 24) (n = 23) (n = 89)
Naetrocymbe punctiformis (Pers.) R. C. 0 0 1
Harris
Ochrolechia androgyna (Hoffm.) Arnold Och and 0 4 7
O. arborea (Kreyer) Almb. 13 0 4
O. microstictoides Rasdnen 0 9 0
O. turneri (Sm.) Hasselrot 4 0 0
Opegrapha atra Pers. 4 0 0
O. rufescens Pers. Ope ruf 58 0 3
O. varia Pers. Ope var 21 0 18
O. vulgata Pers. 0 0 1
Parmelia sulcata Taylor M Par sul 21 30 47
Parmeliopsis ambigua (Wulfen) Nyl. M Par amb 0 22 3
Pertusaria albescens (Huds.) M. Choisy & Per alb 8 0 6
Werner
P. amara (Ach.) Nyl. Per ama 46 13 70
P. coccodes (Ach.) Nyl. Per coc 33 0 29
P. coronata (Ach.) Th. Fr. Per cor 0 0 18
P. flavida (DC.) J. R. Laundon Per fla 0 0 6
P. hemisphaerica (Florke) Erichsen 0 0 3
P. leucostoma A. Massal. Per leu 29 0 7
P. pertusa (Weigel) Tuck. Per per 21 4 17
Phlyctis agelaea (Ach.) Flot. 8 0 6
P. argena (Spreng.) Flot. Phl arg 100 48 97
Physcia adscendens (Fr.) H. Olivier M Phs ads 21 4 2
P. dubia (Hoffm.) Lettau M 0 0 1
P. tenella (Scop.) DC. M Phs ten 0 0 4
Physconia detersa (Nyl.) Poelt M 0 0 1
P. enteroxantha (Nyl.) Poelt M Phy ent 0 0 24
P. perisidiosa (Erichsen) Moberg M Phy per 0 0 4
Placynthiella icmalea (Ach.) Coppins & P. Pla icm 0 17 0
James
Platismatia glauca (L.) W. L. Culb. & C. M 0 0 2
F. Culb.
Pseudevernia furfuracea (L.) Zopf M 0 0 2
Pyrrhospora quernea (Dicks.) Korb. Pyr que 4 4 13
Ramalina farinacea (1..) Ach. M Ram far 21 0 40
R. fraxinea (L.) Ach. M 0 0 1
Rinodina efflorescens Malme 4 0 1
Ropalospora viridis (Tensberg) Teonsberg 8 0 0
Scoliciosporum chlorococcum (Stenh.) 4 4 1
Vézda
Strangospora pinicola (A. Massal.) Korb. 0 0 1
Tephromela arra (Huds.) Hafellner ex Tep arr 50 0
Kalb
Xanthoria candelaria (L.) Th. Fr. M 0 0 1
X. parietina (L.) Th. Fr. M 0 0 1
X. polycarpa (Hoffm.) Th. Fr. ex Rieber M 4 0

“macrolichen (lichen with foliose or fruticose growth form).
TAsh — Fraxinus excelsior, Birch — Betula pendula or B. pubescens and Oak — Quercus robur.
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