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Species richness of lichen functional groups in relation to land use

intensity
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Abstract: Changing land use has a major impact on lichen diversity. This study attempts to identify
patterns or trends of lichen functional groups along a land use gradient, ranging from natural forests
to open agricultural landscape. In eight countries, covering six main European biogeographic regions,
lichen vegetation was assessed according to a standardized scheme. Data on reproductive, vegetative
and ecological traits was compiled and relative species richness for all classes of all traits calculated.
Relationships between the land use gradient and relative species richness of trait classes were
analysed. Open and intensively managed landscapes harbour more fertile species while sterile species
are relatively more important in forests. This finding is also supported by analyses of different classes
of dispersal propagules. The importance of species with the principal photobiont Trebouxia s.l.
increases linearly with intensification of land use. A converse pattern is revealed by species with
Trentepohlia. Concerning substratum specialization only generalists show an effect along the land use
intensity gradient. Their relative species richness decreases from landscapes dominated by forests to
open agricultural landscape. A considerable decline in the rare lichen species richness as a result of

land intensification is predicted.
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Introduction

Several studies have shown that the influ-
ence of human activities on biodiversity is
unprecedented as natural habitats have been
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displaced by human disturbance on at least
50% of the global land surface (Hannah ez
al. 1994; Sanderson et al. 2002; Turner II
2002), and it is predicted that land use
change and habitat conversion will continue
in future (Sala er al. 2000; Tilman et al
2001). In Europe only 15.6% of the land
surface remained undisturbed (Hannah ez al.
1994), largely restricted to the most unpro-
ductive regions. Changes in land use have a
strong influence on species diversity and
species composition (Rosenzweig 1995;
Hacker & Gaines 1997; Turner ez al. 2001)
which in turn clearly depend on the pool of
species of the regions studied. Thus, study-
ing effects of environmental variables on
species composition reveals no generalizable
insights because of the limited geographical
distribution of most species. Although lichen
species have a larger distribution area than,
for example, vascular plants, lichen floras
of different biogeographic regions within
Europe show considerable differences
(Bergamini er al. 2005). Therefore, a better
strategy for understanding and predicting
effects of land use changes on lichen veg-
etation may be to study effects on the distri-
bution of functional traits rather than effects
on the distribution of species.

In comparison to better known groups
such as vascular plants (Diaz et al. 2004), we
still know very little about functional traits in
lichens and their response to various impacts
such as land use, disturbance or climate
change. There has been little effort so far to
build functional classifications of lichens or
to fit them into existing schemes (Rogers
1990; During 1992; Jahns & Ott 1997;
Wolseley 1997), mainly because relevant
information on important traits such as com-
petitive ability or relative growth rate are
not readily available. The relevance of func-
tional classifications may depend further on
environmental conditions, for example traits
sensitive to land use change or disturbance
may be quite different to those sensitive to
climate change. There may also be some
regional dependence of the importance of
some traits (Diaz er al. 2002), reducing the
usefulness of general classifications. For
example a species may be a good competitor
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in one region, but a bad one in other
regions.

In this paper we explore whether there are
patterns or trends in the relative importance
of various lichen traits along a land use
gradient. The land use gradient was repli-
cated in eight European countries and
ranged from closed natural forests to open
agricultural landscapes (A. Watt, personal
communication). Previous work (Bergamini
et al. 2005) showed that this land use gradi-
ent had significant effects on lichen species
richness and composition. We collected a
diverse range of data from various literature
resources on different ecological, vegetative
and reproductive lichen traits for which
a functional relationship to land use was
hypothesized.

Methods
Study area and sampling design

This study is part of the EU-funded project BioAssess
which aims to develop biodiversity indicators across
land use gradients in Europe. Fieldwork was performed
in eight countries and six main biogeographic regions of
Europe (Alpine, Switzerland; Atlantic, Ireland and
United Kingdom; Boreal, Finland; Continental,
France; Mediterranean, Portugal and Spain; Pannonic,
lowlands of the Danube river plain in Hungary, char-
acterized by warm and dry summers and cold winters).
In each country one study region was selected. Within
each study region six 1 km? land use units (LUUs) were
chosen, one in each of the following land use classes:
old-growth, more or less unmanaged forest (LUUIL);
managed, mainly secondary forest (LUU2); woodland
dominated landscape (LUU3); mixed-use landscape
(LUU4); pasture dominated landscape (LUUS5); farm-
land (LUU®6). In each LUU lichen vegetation was
assessed according to a complex scheme (for details see
Scheidegger ez al. 2002). In brief, we established in each
LUU a regular grid (mesh size 200 m) resulting in 16
intersections. Each intersection was the centre of a
circular sampling plot of 1 ha (56-4 m radius). Within
each sampling plot twelve randomly selected collecting
sites served as the starting point for three lichen relevés
(total area of 50 x 40 cm each), one on each of the
following substrata: rocks, bark of living trees, and
“other” (including soil, bryophytes, small pebbles, dead
wood, shrubs, and saplings ). All lichenized fungi with a
minimum size of 5 mm, except parasites were consid-
ered. When species could not be identified in the field,
specimens were collected for further identification in
the laboratory (microscopy and thin-layer chroma-
tography). Keys listed in Nimis & Martellos (2004)
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TABLE 1. Reproductive, vegetative and ecological traits recorded for each lichen species
Trait Description

Reproductive traits
1. Fertility

2. Propagules

3. Spore length and shape

4. Spore septation

Vegetative traits
5. Growth form

6. Photobiont

Ecological traits
7. Substratum specialization

8. Rarity

Two classes: 1: mostly sterile; 2: mostly fertile (regularly producing
ascospores).

Five classes of lichen propagules and their combinations: 1: symbiotic
propagules (soredia and/or isidia); 2: soredia; 3: isidia; 4: fungal propagules
(ascospores and/or conidia); 5: conidia; small thallus fragments were
considered as isidia.

Four classes (combination of two spore length and two spore shape classes):
1: short and globose to ellipsoid; 2: short and elongate; 3: long and globose
to ellipsoid; 4: long and elongate.

Definition of two spore length classes: short spores (<15 um) and long
spores (>15 pm). Two spore shape classes were defined by the ratio of
average spore length/average spore width: globose to ellipsoid spores (ratio
<2-5) and elongate spores (ratio>2-5). Shape terminology modified from
Kirk er al. (2001). Species of the class ‘mostly fertile’ from trait 1 were
considered only.

Four classes: 1: no septum; 2: 1-septate; 3: 3-septate or more; 4: muriform.
Species of the class ‘mostly fertile’ from trait 1 were considered only.

Five classes modified from Biidel & Scheidegger (1996): 1: crustose;

2: foliose-adpressed; 3: foliose ascendant; 4: fruticose-erect; 5:
fruticose-pendulous.

Three classes: 1: green algae (excluding Trentepohlia); 2: Trentepohlia;

3: Nostoc. In tripartite lichens only the green algal photobiont was considered.

Three classes: 1: specialist (restricted to one substratum); 2: intermediate
type (growing on two or three different substrata); 3: generalist (growing on
more than three substrata). Rock, soil, living trees, deadwood and bryophytes
were considered as possible substrata.

Three classes modified from Rabinowitz (1981): 1: wide distribution and high
abundance in most areas; 2: wide distribution and high abundance in some

areas, but rare in others; 3: narrow distribution, high or low abundance.
Reference area was Europe.

were used for species identification. Specimens were
deposited in the following herbaria: BM, BP, H, MAF,
DBN, LISU (abbreviations after Holmgren ez al. 1990)
and at the Federal Research Institute WSL. Field work
was carried out in 2001 and 2002. Different groups of
co-authors of this study were responsible for sampling
and determination in their country.

Species traits

We compiled data on reproductive, vegetative and
ecological traits for each of the 768 lichen species found
in the study (Table 1). A multitude of literature was
used to assemble the data. The most important data
sources were Purvis et al. (1992), Clauzade & Roux
(1985), Poelt (1969), Poelt & Vézda (1977, 1981) and
(Wirth 1995). Determinations for the trait ‘fertility’ and
the trait ‘rarity’ were based on expert opinion. See
Appendix for the complete species list with assigned
trait values for each species.

Data analysis

For each class of each trait (Table 1) relative species
richness (called ‘relative richness’ in the following for
convenience) was calculated as follows: first the species
number of all classes of a certain trait for each of the 48
LUUs were summed. Then the species numbers of each
class of that trait was divided by this sum. This provided
relative richness for that trait class in that LUU. One
LUUS6, farmland of Portugal, was excluded from all
analyses of relative richness because no lichens at all
were found in this LUU and therefore no relative
richness could be calculated. Changes in relative rich-
ness along the land use gradient for a certain trait class
reflect the changing dominance of groups of species
exhibiting that trait class. However, one has to be aware
that the changing dominance measured in that way is
always in terms of species richness and not abundance.

Analysis of variance (ANOVA) was used to study the
relationships between the land use gradient and relative
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richness of trait classes. In all the analyses, countries
were included as blocking factor. In a first series of
ANOVAs, the land use gradient was considered as a
fixed factor with six levels. If the overall effect of the
land use gradient was at least marginally significant
(P<0-1), we used Tukey’s HSD procedure for pair wise
comparisons of means of relative richness between
levels of the land use gradient. In a second series of
ANOVAs the land use gradient as an ordered factor
was considered. For these ANOVAs LUU2 (managed
forest) was omitted. We performed the same analyses as
in the first series, but now we tested for linear trends of
the land use gradient on relative richness. By this
procedure, it was possible to detect significant trends in
the data which were not detected by pair wise compari-
sons. In all ANOVAS homogeneity of variances was
checked graphically by Tukey-Anscombe plots, and
normality of the residual distribution by normal prob-
ability plots. If variances were not homogeneous and/or
residuals not normally distributed, we used the arcsine
transformation for relative richness which considerably
improved residual distributions in these cases. This is
the standard transformation used for proportions (Sokal
& Rohlf 1995). Despite this transformation, outlying
values in some analyses were problematic. To cope with
these LUUs, we constructed for each outlier a new
variable with only two values: 1 for the outlying LUU,
zero for all other LUUs. If there were problems with an
outlying LUU, we included the respective variable as an
additional covariable into the ANOVA. Transforma-
tions used and covariables included are indicated in
Table 2. All analyses revealed that LUU2 of Portugal
(Eucalyprus-forest) was very different from all other
LUUs and was therefore excluded from the analyses.

Because many univariate ANOVAS were performed,
the probability of reporting significant results just
by chance was increased. Therefore, results with P
values >0-01 should be interpreted with caution.

All analyses were carried out with R 2.3.0 (R
Development Core Team 2006).

Results

For all species groups defined on the various
trait classes we found highly significant block
(= country) effects. This remained true even
if we considered block effects as random and
not fixed, because a possible treatment
(=LUU) X block interaction would only
increase the residual mean squares and the
treatment mean squares but not the block
mean squares; i.e. F-values for blocks are
either correct or too low (Sokal & Rohlf
1995; Hulbert 2004).

For all species, we found a significant
overall effect of land use (F5;,=2-75,
P=0-034) on lichen species richness and a
significant linear trend with decreasing
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species richness along the gradient. Differ-
ences in means, however, were only signifi-
cant between extremes of land use — LUU1
and LUU6 (Bergamini et al. 2005). The
relationships between the land use gradient
and relative richness of trait classes as
revealed by analyses of variance are summa-
rized in Table 2. In the following paragraphs
we concentrate on significant effects of
land use units on relative richness of the
trait-defined groups. Where results of pair
wise comparisons were significant, figures
showing means of the land use units are
presented.

Reproductive traits

Relative richness of mostly sterile species
exhibited a clear pattern. It decreased
linearly along the gradient (Table 2). Pair
wise comparisons revealed that LUUG6
(farmland) in particular had a lower mean
(Fig. 1A). A similar pattern was revealed
looking at the different classes of symbiotic
propagules. Relative richness of species
capable of producing symbiotic propagules,
soredia only or isidia only was significantly
lower in LUU6 (farmland). Furthermore,
relative richness of these trait classes
decreased linearly from LUUI1 to LUU6
(Table 2; Fig. 1B-D).

In contrast, relative richness of fertile
species increased linearly along the land use
gradient. Pair wise comparisons revealed
that LUU6 (farmland) in particular had a
higher mean (Fig. 1E). The same pattern
was revealed by species producing fungal
propagules (Fig. 1F). Relative richness of
conidia producing species, however, was
indifferent to the gradient (Table 2).

Relative richness of species with short and
globose to ellipsoid spores increased along
the gradient (Table 2). Species with long
spores, on the other hand, were relatively
more important in forests as revealed by the
pair wise comparisons and the linear con-
trasts (Table 2, Fig. 1D & H). The number
of species with unicellular or with 1-septate
spores remained more or less constant across
the gradient (Table 2). Relative richness of
species with 2- or more septate spores
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TABLE 2. Effects of the land-use gradient on relative richness of trait classes as revealed by ANOVA
Sign of
Traits Trait class Transformationt Covariablest F Trend§ trend§
Reproductive traits
Fertility Mostly sterile —/— /- 6-46%* K KxX -
Mostly fertile —/— —/— T-58%*K KAk +
Propagules Symbiotic prop. —/asin —/- 575X*K KxK -
Soredia asin/— —/— 3-61% *x -
Isidia asin/asin —/Ire 6 2:92% kel -
Fungal prop. —/— Hun5/Hun5  8-:09***  *** +
Conidia —/asin —/— 0-49
Spore length & shape Short & glob./ellip. —/— Hun5/Hun5  3-72** *x +
Long & glob./ellip. —/— Hun6/Hun6  4-01** * -
Short & elongate —/— —/— 0-59
Long & elongate asin/asin Hun4/- 4-23%% ke —
Spore septation No septation —/— —/— 1-29
1-septate —/— —/— 1-72
3-septate or more asin/asin —/— 3-04* * -
muriform asin/asin Ire2/Ire6 1-95 *x -
Vegetative traits
Growth form Crustose —/— Hun5/Hun5 1-19
Fol.-adpressed —/— Hun5/Hun5 11-00***  *** +
Fol.-ascendant —/— Hun5/Hun5 171
Frut.-erect —/— —/— 4-10** kel -
Frut.-pend. —/asin —/— 1-42
Photobiont Green algae
(excl. Trentepohlia) asin/asin —/— 2-44%* *x +
Trentepohlia asin/asin —/— 2-86* ** —
Nostoc asin/asin Spal/Spal 1-52
Ecological traits
Substratum specialization Specialists —/— Hun5/- 216
Intermediates —/— /- 0-39
Generalists —/asin Hun6/Hun6  6-:22***  *x* -
Rarity Wide, abundant asin/asin Hun5/Hun5  7-13*** *xK +
Wide, partly rare asin/— Hun5/Hun5  6-72***  **x* -
Narrow asin/asin /- 3-01% ** -

tTransformations of relative richness and additional covariables are indicated for the ANOVAs of the first series
before the slash, and for the ANOVAs of the second series (trend analyses) after the slash; asin: arcsine.
FIre2: Ireland LUU2 Ire6: Ireland LUU6, Hun5: Hungary LUU5, Hun6: Hungary LUUG6, Spal: Spain LUUI1,

*P<0-05, **P<0-01, ***P<0-001.

§Significance and sign of trends of the second ANOVA series. Residual degrees of freedom for ANOVAs of the first
series are usually 33, and for the second series are usually 27. If a covariable is included, these values are reduced

by one.

significantly decreased along the gradient
(Table 2).

Vegetative traits

Only three classes of the trait growth form
revealed linear trends along the land use
gradient. While relative richness of foliose-
adpressed lichens increased along the

gradient, fruticose-erect species decreased in
importance from LUUI1 to LUUG6 (Table 2).
Results of pair wise comparisons between
means of relative richness of foliose-
adpressed and fruticose-erect lichens are
shown in Fig. 2A and B.

The importance of species with green
algae (excl. Trentepohlia) as the principal
photobiont increased linearly along the
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Land-use units
Fi1G. 1. Effects of land use units on relative richness of classes defined by ferzility (A & E), propagules (B, C, F & G),
spore length & shape (D & H). See Table 1 for details of classes. Mean relative richness values with the same letter
(top x-axis) are not significantly different at the P < 0-05 level as revealed by pair wise comparisons (Tukey HSD).
Lines connect means for land use units. Significance of trends is indicated by stars in the upper left corner of each
diagram (*P<0-05, **P<0-01, ***P<0-001). Note that for the calculation of trends LUU2 was omitted. Land use
unit 1: old-growth forest, 2: secondary forest, 3: mixed-use landscape, dominated by forest, 4: mixed-use landscape
with an equal share of forest and open land, 5: pasture, 6: farmland.

gradient while the importance of species
with Trentepohlia decreased linearly (Table
2; Fig. 2C & D). Contrary to expectations,
the land use units had no effects on relative
richness of species with Nostoc (Table 2).

Ecological traits

Considering substratum specialization,
only the substratum generalists showed a
significant overall effect of the land use units
on their relative richness. Moreover, only the
generalists exhibited a clear trend along the
gradient (Fig. 2E; Table 2). Interestingly,
their relative richness decreased from

forests (LUU1 and LUU2) to the open
farmland.

Overall effects of land use units on relative
richness of all three rarity classes were sig-
nificant. Widespread, abundant species
increased in importance from the old-growth
forest to the farmland while widespread,
but in some areas rare species decreased
(Table 2). While relative richness of the
former increased from around 40% to 57%,
that of the latter decreased from 53% to 39%
(Fig. 2F & G). Relative richness of narrowly
distributed species, which may be rare
or abundant in their distribution area,
also showed a linear decrease from the
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Land-use units

Fi1G. 2. Effects of land use units on relative richness of classes defined by growth form (A & B), photobiont (C & D),
substratum specialization (E) and rariry (F-H). See Table 1 and legend for Fig. 1 for further details.

old-growth forest (LUUI) to the farmland
(LUUG; Fig. 2H).

Discussion

We found significant relationships between
many of the reproductive, vegetative and
ecological traits considered and land use-
intensity. This was to some extend expected
since land use intensity has a clear effect on
lichen species composition (Bergamini ez al.
2005). Furthermore, the considered land
use gradient was rather broad ranging from
natural or semi-natural forests to intensively
used agricultural landscapes. Lack of basic
knowledge of physiological, reproductive

and ecological aspects of many lichen
species prevented the compilation of data for
many preferable traits such as growth rate,
generation length and so on. Nevertheless,
our analyses give a valuable basis for the
selection of traits for building context-
specific functional classifications.

Reproductive traits

The results show that species which
usually produce fungal propagules, were
more often found in open and more
intensively managed land use units while
forests or landscapes with a high proportion
of forest cover harboured more species with
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vegetative symbiotic propagules. Moreover,
fertile lichens with multiseptate and long
spores appeared more frequently in forested
landscapes, independently of spore shape.

There are some fundamental differences
between fungal propagules and symbiotic
propagules of lichens. Fungal propagules
are usually much smaller than symbiotic
propagules and they are self-liberating as
well as self-transporting over small distances
(excluding those of the Caliciales). After dis-
persal they have to find favourable con-
ditions for germination, and at a later stage a
compatible photobiont to establish a new
symbiotic phenotype. On the other hand,
symbiotic diaspores are usually larger than
fungal propagules, they are dispersed by
passive means only, but they disseminate
the whole lichen symbiosis (Bailey 1976;
Lawrey 1984; Tibell 1994). These differ-
ences are likely to have consequences on
dispersal and establishment. For example,
dispersal by wind is influenced by size, shape
and volume of the propagules (Tibell 1994;
Bjelland 2001). Soredia are likely to be
carried farther than isidia but not as far as
spores (Pyatt 1973). It is thus suggested that
species with small propagules are better
adapted to long distance dispersal between
suitable habitats whereas species with larger
(mostly asexual) propagules are adapted to
short-distance dispersal. This is also con-
firmed by Hedends & Ericson (2000) who
found sexually dispersed species appearing
earlier in successional forests than asexually
dispersed species. Furthermore, Walser
(2004) found evidence of very limited dis-
persal of symbiotic propagules in Lobaria
pulmonaria by means of molecular analyses.
In the non-forested land use units, where
suitable localities are more isolated, it may
thus be advantageous for lichens to exhibit a
sexual reproductive strategy with small
spores. Higher establishment capacity of
asexual compared to sexual propagules
might be advantageous within forests, where
establishment rather than dispersal might be
limiting as suggested by Hedends ez al
(2003) and Werth ez al. (2006).
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Vegetative traits

As expected, land use intensity had pro-
nounced effects on relative richness of the
different growth forms. Bergamini et al.
(2005) demonstrated that land use intensity
affected species richness and density of
crustose lichens.

Our studies revealed that with increasing
land use intensity the importance of green
algae (excl. Trentepohlia) as lichen photo-
biont increased while it decreased for
Trentepohlia. In contrast, we found no effects
of land use intensity on lichens with Nostoc
as primary photobiont. Little is known about
lichen ecology with respect to photobionts
except for cyanolichens. Several studies
describe a pronounced association of epi-
phytic cyanolichens with old growth forests
(Rose 1976; Gauslaa 1985; Kuusinen
1996; Sillett & McCune 1998; Goward &
Arsenault 2000). Moreover, cyanolichens
play an important role in calcareous rock
communities. Therefore, any effects of old-
growth forests in our study may have been
obscured by occurrences of cyanolichens
growing on calcareous rocks in any other
land use unit along the intensity gradient. In
fact, saxicolous cyanolichens were much
more evenly distributed over the different
land use units than epiphytic cyanolichens
(results not shown). Epiphytic cyanolichens
were found in only seven of the 48 land use
units and just four times in old growth
forests. Not every old-growth forest in
Europe may be a suitable habitat for cyano-
lichens. Other factors such as climatic
conditions, species composition of forest
trees, and insolation of the forest stand may
affect occurrence of cyanolichens in forest
ecosystems (Hedends & Ericson 2000).

Ecological traits

We found a linear decrease of substratum
generalists from the forested land use units
to the agricultural landscapes. There may be
a close relationship between this pattern and
the decrease of sorediate and/or isidiate
species along the same gradient. Bowler &
Rundel (1975) found some evidence that
sorediate species have broader ecological
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amplitudes than closely related species that
disperse by sexual spores only. They argued
that asexual propagules can germinate in a
broader habitat range since they do not have
to re-build the symbiosis. Additional sup-
port for this hypothesis comes from Hedenés
et al. (2003) who found that a very high
proportion of species which occur on a wide
range of trees are asexually dispersed.

Rabinowitz (1981) constructed flexible
categories of rarities taking into consider-
ation geographic range, habitat specificity
and local population size of a species. Only
species with a large geographic range, wide
habitat specificity and dominant local popu-
lations were not defined as rare. Our results
showed that widespread, abundant species
were more likely to occur with increasing
land use intensity, while relative richness of
widespread, but in some areas rare species
and species showing a narrow distribution
decreased. They predict a considerable
decline of many rare species if there is a
further intensification of already extensively
used landscapes.

Limitations

There are some limitations for the
interpretation of our results, which should
be kept in mind. First, all the relationships
we found are of a correlative nature and are
by no means a proof of a functional relation-
ship. The adaptive value of the traits studied
with respect to the land use gradient can
only be assumed. It might well be that
several of the traits studied are correlated
with other traits, for example physiological
traits such as drought tolerance, which are
directly under a selection pressure.

A second point concerns the dependence
of data points. Lichen species have been
treated as independent data points, however,
the predominance of a trait in a certain land
use unit may occur for reasons other than its
functional or adaptive value. The relative
importance of a trait may result from groups
of closely related species sharing this trait.
This might cause spurious correlations
between land use intensity and relative
importance of traits.
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Finally, we used only species presence/
absence data, i.e. abundance measures were
not considered. Therefore, importance of
traits is always measured as relative richness
of species sharing a certain trait. It does not
mean that species with a dominant trait in a
certain land use unit are also the dominant
species.
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Appendix

Species list with assigned trait values (see Table 1 for details)

Fertiliry
Propagules

Spore length & shape
Spore septation
Growth form

Photobiont
Substrate specialization

1: mostly sterile; 2: mostly fertile (producing regularly ascospores); na: not available
Symbiotic propagules (soredia and/or isidia): 0: lacking; 1: existing; na: not available
Soredia: 0: lacking; 1: existing; na: not available
Isidia: 0: lacking; 1: existing (small thallus fragments were considered as isidia); na: not available
Fungal propagules (ascospores and/or conidia): 0: lacking; 1: existing; na: not available
Comidia: 0: lacking; 1: existing; na: not available
1: short and globose to ellipsoid; 2: short and elongate; 3: long and globose to ellipsoid; 4: long and elongate;
na: not available; —: species of the class ‘mostly fertile’ from trait ‘ferrilizy’ were considered only

1: no septum; 2: 1-septate; 3: 3-septate or more; 4: muriform; na: not available; —: species of the class ‘mostly fertile’

from trait ‘fertiliry’ were considered only
1: crustose; 2: foliose-adpressed; 3: foliose ascendant; 4: fruticose-erect; 5: fruticose-pendulous

1: green algae (excl. Trentepohlia); 2: Trentepohlia; 3: Nostoc; na: not available
1: specialist (restricted to one substratum); 2: intermediate type (growing on two or three different substrata);

3: generalist (growing on more than three substrata); na: not available (rock, soil, living trees, deadwood and
bryophytes were considered as possible substrata)

Rariry 1: wide distribution and high abundance in most areas; 2: wide distribution and high abundance in some areas, but
rare in others; 3: narrow distribution, high or low abundance; na: not available
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A. heppii 2 0 0 0 1 0 1 1 1 1 1 2 A sulphurata 2 0 0 0 1 na 1 1 1 1 1 3
A. impressula 2 0 0 01 0 1 1 1 1 1 2 A veronensis 20 0 0 1 0 2 1 1 1 1 2
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Appendix. Continued
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Appendix. Continued
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