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a b s t r a c t

Several experimental studies support the effectiveness of lichen diversity as an indicator of environ-
mental change. On the contrary, the potential of functional trait values of epiphytic lichens as indicators
of environmental conditions is still poorly documented. Comparisons of lichen diversity across diverse
regions may be problematic due to high levels of floristic variation related to differences in environmen-
tal conditions (e.g. climate and substrate availability and types). Species’ functional traits may prove to
be a user-friendly tool for large-scale and long-term ecological monitoring. This paper explores the use
of functional traits of epiphytic lichen species as indicators of environmental conditions: we tested the
susceptibility of the three easily discernible functional traits (growth form, reproductive strategy, and
photobiont type) to environmental factors related to climate, human disturbance, and stand structure.
Lichen diversity and associated species traits were recorded in 14 plots within the Italian ForestBiota net-
work representing the four main forest types of Italy. For each plot, several predictors of forest structure,

climatic features, and human-related disturbances were recorded. A forward variable selection method,
based on permutations and parametric tests, was used to evaluate the response of lichen diversity and
functional traits. Of the three species traits, growth form was the most responsive and was a reliable indi-
cator for evaluating and comparing the responses of epiphytic lichens to climate, human disturbance, and
stand structure-related conditions in forest ecosystems across diverse regions. However, further research
is needed to better clarify the potential of lichen traits in bioindication.
. Introduction

In the last few decades, national and European monitoring
rogrammes have been established to assess the ecological and
conomic value of forest ecosystems and to evaluate the risks
osed by human-related factors to ecosystem function and biodi-
ersity conservation (e.g. Granke et al., 2009). The Italian National
orest Inventory consists of an ad hoc network of plots for the
ntensive monitoring of forest ecosystems (Petriccione and Pompei,
002). This monitoring program aims at detecting long-term eco-

ogical processes and at evaluating the effects of human-related
tressors. It is based on an integrated and combined evaluation of
orest structure, atmospheric deposition, crown condition, climatic

arameters, and biodiversity (Ferretti, 2002).

At the European level, some interdisciplinary monitoring pro-
rammes (e.g. the ForestBiota project, Fischer et al., 2009) have

∗ Corresponding author. Tel.: +39 0102099362; fax: +39 0102099377.
E-mail address: giordani@dipteris.unige.it (P. Giordani).

470-160X/$ – see front matter © 2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.ecolind.2011.12.006
© 2011 Elsevier Ltd. All rights reserved.

recently included diversity assessments for many organisms
strictly dependent on forest dynamics, such as epiphytic lichens
(Stofer et al., 2003; Giordani et al., 2006). The loss of lichen
diversity in response to environmental conditions is widely used
as an indicator for several complex phenomena, including air
pollution (Cislaghi and Nimis, 1997; Giordani, 2007; Rose and
Hawksworth, 1981), climate conditions (Jovan and McCune, 2004;
Geiser and Neitlich, 2007; Giordani and Incerti, 2008), and forest
structure and dynamics (Hedenås and Ericson, 2000; Johansson,
2008; Nascimbene et al., 2010).

The evaluation of observed patterns of lichen diversity in terms
of species traits is a recent, promising approach, which is, however,
in need of further research (Ellis and Coppins, 2006; Johansson et al.,
2007). Species traits (e.g. photobiont type, growth form, reproduc-
tive strategy) could be indicative of lichen community adaptation
to environmental conditions (Diaz and Cabido, 2001), therefore

providing relevant ecological information. For example, different
reproductive strategies could be responsible for species’ spatial pat-
terns in fragmented landscapes (Löbel et al., 2006), while the algal
partner and growth form may control the community structure,

dx.doi.org/10.1016/j.ecolind.2011.12.006
http://www.sciencedirect.com/science/journal/1470160X
http://www.elsevier.com/locate/ecolind
mailto:giordani@dipteris.unige.it
dx.doi.org/10.1016/j.ecolind.2011.12.006
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Fig. 1. Locations of the 14 plots included in this study. Plots belonging to different
forest types are indicated by different symbols: �, Picea abies-dominated forests
(four plots); �, Fagus sylvatica-dominated forests (three plots); •, deciduous Quercus
spp.-dominated forests (three plots); *, Quercus ilex-dominated forests (four plots).
14 P. Giordani et al. / Ecologic

hich is responsible for large-scale patterns of diversity (Ellis and
oppins, 2006, 2010; Ellis et al., 2007; Marini et al., 2011).

In general, independently of species richness and composition,
unctional traits of species are expected to directly link to envi-
onmental factors (Webb et al., 2010; Ricotta and Bacaro, 2010),
llowing comparisons among different ecosystems and across
egions. Several experimental studies support the effectiveness of
ichen diversity as an indicator of environmental change, based on
ts sensitiveness to both climatic and anthropogenic factors (Nimis
t al., 2002; Dettki and Esseen, 2003; Hauck, 2009; Mayer et al.,
009; Svoboda et al., 2010). However, the influence of environmen-
al conditions on lichen functional traits is poorly documented (e.g.
llis and Coppins, 2006; Marini et al., 2011), hindering their use in
nvironmental monitoring.

In this study, we explore the use of the functional traits of epi-
hytic lichen species as indicators of environmental conditions. In
articular, we tested the susceptibility of the three main functional
raits (growth form, reproductive strategy, and photobiont type) to
nvironmental factors related to climate, human disturbance, and
orest stand structure.

. Materials and methods

.1. Study area

Twelve 50 m × 50 m plots included in the Italian ForestBiota net-
ork (Fischer et al., 2009), plus two additional plots of the same size

f the Italian CON.ECO.FOR. network for which lichen data were
vailable (Nascimbene, 2006; Giordani et al., 2006), were included
n this study. Plots were distributed across Italy and belonged to
our forest types (Fig. 1): (1) Picea abies-dominated forests (four
lots), which were mainly restricted to the montane-subalpine
elt of the northern regions; (2) Fagus sylvatica-dominated forests
three plots), which are distributed in the montane belt and can be
ound in all Italian regions, except for Sardinia; (3) deciduous Quer-
us spp.-dominated forests (three plots), distributed across Italy
t lower altitudes than Fagus sylvatica-dominated forests; and (4)
uercus ilex-dominated evergreen forests (four plots), restricted

o the coastal ranges of the Tyrrhenian and Adriatic sides of the
eninsula and islands.

.2. Lichen survey

Epiphytic lichens were surveyed according to the sampling pro-
ocol developed by Stofer et al. (2003) based on Asta et al. (2002).
n each 50 m × 50 m plot, all trees above 50 cm circumference were
ivided into four groups based on size (two categories: diameter at
reast height, DBH ≤ 36 cm and DBH > 36 cm) and bark pH (two cat-
gories: acidic bark, i.e. trees with bark pH ≤ 6, and neutral bark, for
rees with bark pH > 6). Because our samples derived from a ran-
om selection among all trees with circumference > 50 cm, in each
lot and in each forest type more than one tree species was selected
Tables 1 and 2). For each tree species, we considered average pH
alues obtained from the ICP Forests database. For each of the four
ategories, a number of trees was then randomly selected propor-
ional to the relative occurrences of the four groups within the plot.
n each plot, a minimum of 12 trees was selected for lichen survey.
o minimize variability in the estimation of species richness within
he plot for each of the four pre-categorized groups, additional trees
ere randomly selected until there were at least three trees per
roup. On each selected tree, epiphytic lichens were sampled by
eans of four 10 cm × 50 cm grids, each placed on one of the car-

inal points (N, E, S and W) 100 cm above ground level (Asta et al.,
002). Further details of the lichen diversity assessment method
Plots were named according to the standards of the CON.ECO.FOR., ICP Forests, and
ForestBiota projects.

Modified from Petriccione and Pompei (2002).

are available in Giordani et al. (2006) and at www.forestbiota.org
(Stofer et al., 2003).

2.3. Species identification and nomenclature

Most of the lichen species were identified in the field. Specimens
of critical species were collected and identified in the laboratory on
the basis of their macro-, micromorphological and chemical fea-
tures. They were then stored in the herbaria of the Universities
of Genova (GE), Siena (SI) and Turin (HUT). Nomenclature follows
Nimis and Martellos (2008).

2.4. Environmental predictors

The descriptive statistics of 19 environmental predictors at the
selected plots are presented in Table 1. Data were collected during
periodic surveys carried out within the framework of the Italian
network of forest ecosystems (CON.ECO.FOR.) and other National
and International monitoring programmes (e.g. ICP Forests), with
different temporal intervals depending on the expected variations
of the parameters. Hereafter, the main sampling methods of three
subsets of predictors are described (climatic and geomorphologic
variables, atmospheric depositions, forest structure), although fur-
ther details are available in the references cited for each subset.

2.4.1. Climatic and geomorphologic variables
Basic information about the geographical location of the
selected plots was available in Petriccione and Pompei (2002).
Meteorological monitoring instruments have been located in the
open at each plot since 1997, and data for the observed parameters
have been acquired continuously and stored in a database.

http://www.forestbiota.org/
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Table 1
Descriptive statistics: environmental predictors and response variables (forest type mean ± SD).

Picea forests (n = 4) Fagus forests (n = 3) Deciduous Quercus sp. pl. forests (n = 3) Quercus ilex forests (n = 4)

Predictors
Climatic and geomorphologic variablesa

Latitude (range) 461,416–462,928 382,538–460,326 375,432–462,537 392,056–433,034
Longitude (range) 93,316–133,536 120,156–161,047 101,213–132,415 83,408–133,523
Elevation (m) (elev) 1381 ± 460 1233 ± 231 567 ± 370 267 ± 296
Rainfall (mm year−1) (rain) 1142 ± 316 1567 ± 306 924 ± 239 838 ± 125
Temperature (◦) (temp) 5.75 ± 1.71 8.33 ± 2.89 12.1 ± 0.81 14.9 ± 0.63

Atmospheric depositionb,c

pH 5.19 ± 0.28 5.40 ± 0.21 5.54 ± 0.19 5.58 ± 0.23
H+ (�equiv l−1) 7.50 ± 4.12 4.00 ± 1.73 2.50 ± 0.87 3.00 ± 1.15
NH4

+ (�equiv l−1) 21.0 ± 3.2 32.3 ± 16.0 73.0 ± 54.7 69.00 ± 14.3
Ca2+ (�equiv l−1) 46.5 ± 11.9 82.0 ± 37.7 144 ± 111 121 ± 41.2
Mg2+ (�equiv l−1) 22.8 ± 7.8 43.7 ± 29.0 73.7 ± 54.0 156 ± 19.1
Na+ (�equiv l−1) 18.5 ± 15.3 84.7 ± 82.9 118 ± 135 318 ± 77.3
K+ (�equiv l−1) 34.5 ± 6.9 67.3 ± 33.4 101.7 ± 67.0 114 ± 22.0
SO4

2− (�equiv l−1) 42.8 ± 18.1 63.7 ± 34.1 90.7 ± 45.1 150 ± 34.7
NO3

− (�equiv l−1) 32.0 ± 11.2 27.7 ± 6.7 49.7 ± 28.8 68.0 ± 12.3
Cl− (�equiv l−1) 17.0 ± 6.38 99.7 ± 95.1 142 ± 181 270 ± 163

Forest structurea

Mean tree age (years) (age) 125 ± 52.0 113.3 ± 5.8 50.0 ± 20.0 43.8 ± 7.5
Basal area (m2 ha−1) (Bas) 48.9 ± 6.22 40.0 ± 0.10 25.0 ± 0.0 31.6 ± 6.85
Canopy depth (Can dep) 19.3 ± 2.36 11.7 ± 2.40 6.80 ± 0.00 6.65 ± 1.46
Leaf area index (LAI) 3.73 ± 0.58 4.51 ± 0.16 2.44 ± 0.00 4.30 ± 0.75
Number of sampled tree species 6 1 7 8

Response variables
Growth form
Crustose species (CRUST) 0.40 ± 0.18 0.67 ± 0.12 0.47 ± 0.12 0.85 ± 0.06
Fruticose species (FRUT) 0.18 ± 0.15 0.07 ± 0.06 0.13 ± 0.12 0.00 ± 0.00
Foliose species, narrow lobes (FOLN) 0.28 ± 0.15 0.00 ± 0.00 0.10 ± 0.10 0.08 ± 0.05
Foliose species, broad lobes (FOLB) 0.15 ± 0.13 0.27 ± 0.06 0.23 ± 0.06 0.05 ± 0.06

Photobiont
Chlorococcoid algae (CHL) 0.98 ± 0.05 0.87 ± 0.12 1.00 ± 0.00 0.63 ± 0.15
Trentepohlia (TREN) 0.03 ± 0.05 0.10 ± 0.10 0.03 ± 0.06 0.38 ± 0.15

Reproductive strategy
Sorediate species (SOR) 0.70 ± 0.14 0.47 ± 0.15 0.60 ± 0.10 0.48 ± 0.24
Isidiate species (ISI) 0.13 ± 0.13 0.13 ± 0.06 0.00 ± 0.00 0.00 ± 0.00
Sexual reproduction (SEX) 0.15 ± 0.10 0.43 ± 0.12 0.33 ± 0.06 0.53 ± 0.24

Lichen diversity
Total number of species per FT (richness) 47 73 68 72
Average number of lichen species per tree (Avnsp) 5.9 ± 3.7 13.6 ± 7.0 10.8 ± 7.1 6.1 ± 2.6
Shannon index (H′) 2.57 ± 0.79 3.50 ± 0.36 3.17 ± 0.68 3.17 ± 0.49
Simpson index (D) 0.90 ± 0.10 0.97 ± 0.01 0.95 ± 0.02 0.95 ± 0.02

a CONECOFOR project (Cutini, 2002; Fabbio and Amorini, 2002; Petriccione et al., 2002).
b Mosello et al. (2002).
c Marchetti et al. (2002).
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.4.2. Atmospheric deposition
We based our analysis on data of volume weighted mean

oncentrations in through-fall deposition at the selected plots, col-
ected by Mosello et al. (2002) and Marchetti et al. (2002) (Table 1).
t each plot, through-fall deposition was collected with 16 evenly
istributed collectors. Precipitation samples were collected weekly
rom continuously exposed collectors consisting of a 2-l graduated
olyethylene bottle with a 19.5 cm diameter funnel. A polyethylene
et in the funnel prevented the collection of coarse debris, insects
nd leaves. The volume of water collected was 30 ml per millimetre
f precipitation. Sample volumes were measured separately, then
ooled together and an aliquot sent to the laboratory for analysis.

.4.3. Forest structure

Data on forest structure at the selected plots have been collected

uring several surveys since 1998. For the purposes of this study,
e used the dataset provided by Fabbio and Amorini (2002) and
utini (2002).
Leaf area index (LAI) data were collected systematically at 12
locations within each plot, using a LAI-2000 Plant Canopy Anal-
yser (Li-Cor, Lincoln, NE, USA). DBH of all living trees above the
thresholds of 3 and 5 cm, in coppices and high forests respec-
tively, were measured in order to calculate the basal area at plot
level. Canopy depth was calculated on randomly selected trees
as a function of tree height and height to crown base. Stand age
was estimated and past radial stem growth assessed by core sam-
pling in the upper tree storey (i.e. dominant and co-dominant
trees).

2.5. Data analysis

Lichen diversity was evaluated using the following parame-

ters: (1) species composition, (2) mean number of species per
tree (Avnsp), (3) number of species in each plot (hereafter sim-
ply “species richness”), (4) Shannon index (H′), and (5) Simpson’s
index of diversity (1 − D).
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Table 2
Tree species sampled within the forest types. Information on the total number of lichen species occurring on different tree species and on the average number of species per
tree are also reported.

Forest type tree species No. of sampled trees Tot number of lichen species per tree species Av n sp per tree ± st. dev.

Picea forests 45 47 5.9 ± 3.7
Picea abies 37 41 6.4 ± 4.3
Abies alba 3 13 5.0 ± 2.0
Larix decidua 2 10 6.0 ± 1.4
Acer pseudoplatanus 1 4 4.0
Fraxinus excelsior 1 3 3.0
Pinus cembra 1 5 5.0

Fagus forests 33 73 13.6 ± 7.0
Fagus sylvatica 33 73 13.6 ± 7.0

Deciduous Quercus sp. pl. forests 43 68 10.8 ± 7.1
Quercus cerris 19 61 15.2 ± 8.2
Quercus pubescens 12 26 8.5 ± 2.4
Quercus petraea 8 11 5.4 ± 1.6
Abies alba 1 16 16.0
Acer campestre 1 6 6.0
Carpinus betulus 1 13 13.0
Tilia platyphyllos 1 13 13.0

Quercus ilex forests 53 72 6.1 ± 2.6
Quercus ilex 43 62 6.7 ± 3.4
Quercus pubescens 3 6 2.3 ± 1.5
Arbutus unedo 2 3 2.0 ± 0.0
Acer monspessulanum 1 5 5.0
Fraxinus ornus 1 13 13.0
Malus domestica 1 2 2.0
Quercus cerris 1 1 1.0
Ulmus minor 1 1 1.0

N
c
a
c
(
b

a
(
i
a
t
f
l
o
p
p
a
s
m

t
c
m
t
n
t
t
p
g
r
t
p

Functional traits of the observed species were retrieved from
imis and Martellos (2008). We considered four growth forms:
rustose (CRUST), fruticose (FRUT), narrowly lobed foliose (FOLN),
nd broadly lobed foliose (FOLB); three types of photobiont: chloro-
occoid green algae (CHL), Trentepohlia (TREN) and cyanobacteria
CYAN); and three types of reproductive strategy: by soredia (SOR),
y isidia (ISI), and by sexual reproduction (SEX).

A forward variable selection method, based upon permutations
nd parametric tests (Blanchet et al., 2008; but see Gioria et al.
2010) for an application of the method), was used for evaluat-
ng the response of lichen communities in terms of diversity and
bundance of functional traits to environmental parameters indica-
ive of climate, atmospheric deposition, and forest structure. Classic
orward selection of ecological variables has two well-known prob-
ems: (1) an inflated rate of Type I error and (2) an overestimation
f the amount of variance explained. The forward procedure pro-
osed by Blanchet et al. (2008) and adopted here overcomes these
roblems, because the selection of predictors is done by applying
permutation of residuals under reduced models. This allows the

election of a minimal adequate (parsimonious) model, avoiding
ulticollinearity among selected predictors.
The forward selection was carried out using two stopping cri-

eria, as suggested by Blanchet et al. (2008): (1) that the adjusted
oefficient of multiple determination (R2

Adj) calculated for any sub-
odel (comprising a subset of predictors) must not exceed that of

he full model (all predictors included), and (2) that the alpha sig-
ificance level = 0.05. When forward selection identified a variable
hat caused one of these two quantities to exceed its threshold,
hat variable was rejected and the procedure stopped. The detailed
rocedure was as follows: to prevent inflation of Type I errors, a

lobal test (with all the explanatory variables used to model the
esponse variable) was carried out prior to forward selection. Once
he global test was significant and a global R2

Adj had been com-
uted, the first stopping criterion was used to avoid a nonsense
submodel, that is, one whose R2
Adj was higher than the R2

Adj of the
full model. By combining the first and the second stopping crite-
ria, the possibility of including useless variables in the model was
greatly reduced in comparison to classic forward selection; this is
certainly the biggest advantage in using this method. Moreover,
this method is more conservative than classic forward selection,
allowing the selection of a fewer and ecologically meaningful vari-
ables (for other practical applications of this method, please see:
Gioria et al., 2010, 2011; Santi et al., 2010; Chiarucci et al., 2011).
We performed 10,000 permutations. All regression analyses were
carried out with R software (R Core Development Team, 2009) and
its “packfor” package (version 0.0–7).

3. Results

3.1. Lichen diversity

One hundred and seventy-seven epiphytic lichen species were
observed in the 14 plots. The total number of species in each for-
est type (Tables 1 and 2) ranged from 47 (Picea-forest plots) to 73
(Fagus-forest plots).

In all forest types, the dominant species accounted for the high-
est number of sampled trees and hosted the highest number of
lichen species (41 on Picea trees of a total 47 species in Picea forests;
61 on Quercus cerris of 68 in deciduous Quercus spp. forests, 62 on Q.
ilex of 72 in Q. ilex forests). Only Fagus trees were sampled in Fagus
forests. In general, the non-dominant tree species contributed little
to lichen diversity.

One-way ANOVA analysis with post-hoc Tukey’s HSD test
showed non-significant differences (p > 0.05) among forest types

for all lichen diversity indices considered. The models for diver-
sity descriptors included environmental parameters indicative of
climate, atmospheric deposition and forest structure (Table 3).
In general, lichen species richness was mainly associated with
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Table 3
Parsimonious models after forward selection for response variables of species composition (multivariate), diversity and functional traits.

Lichen diversity Functional traits

Multivariate Avnsp Richness H′ D CRUST FRUT FOLN FOLB CHL TREN SOR ISI SEX

Climate and geomorphology
Longitude ns 0.289* (+) ns 0.167* (+) ns ns ns ns ns ns ns ns ns ns
Latitude 0.141** (+) ns 0.537** (−) ns ns ns ns ns ns ns ns ns ns ns
Elevation ns 0.230** (+) ns ns ns 0.069* (+) 0.398* (+) ns ns ns ns ns 0.419** (+) ns
Rainfall ns ns ns ns ns 0.301*** (+) ns 0.264** (−) ns ns ns ns ns ns
Temperature ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Atmospheric deposition
pH ns 0.365** (+) ns ns ns 0.037* (+) ns ns 0.045* (+) ns ns 0.399* (+) ns ns
H+ ns ns ns 0.464* (−) 0.558* (−) ns ns 0.560* (−) 0.377** (−) ns ns ns ns ns
NH4

+ ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Ca2+ ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Mg2+ ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Na+ ns ns ns ns ns ns ns ns ns ns ns ns ns ns
K ns ns ns ns ns ns ns ns ns ns ns ns ns ns
SO4

2− ns ns ns ns ns ns ns 0.073* (−) ns ns ns ns ns ns
NO3

− ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Cl− ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Forest type and structure
Q. ilex forestsa 0.137*** (+) ns ns ns ns 0.546** (+) ns ns 0.424** (+) 0.694*** (+) 0.728*** (+) ns ns ns
Deciduous Quercus

forestsa
ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Fagus forestsa ns ns ns ns ns 0.016* (+) ns ns ns ns ns ns ns ns
Picea forestsa ns ns ns ns ns ns ns ns ns ns ns ns ns 0.449*** (+)
Age, year ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Basal area ns ns ns ns ns 0.018* (−) ns ns ns ns ns ns ns ns
Canopy depth ns ns ns ns ns ns ns ns ns ns ns ns ns ns
LAI ns ns ns ns ns ns 0.217* (−) ns 0.079*(−) ns ns ns ns ns
Total explained

variance (R2
Adj

cumulated)

0.148 0.850 0.498 0.565 0.522 0.980 0.546 0.868 0.895 0.669 0.705 0.349 0.371 0.403

No. retained predictors 2 3 1 2 1 6 2 3 4 1 1 1 1 1

ns, not significant.
a Dummy variables derived from forest type categorization. Within cells are the R2 values for each variable. (+) and (−) symbols denote positive or negative trend, respectively.
* <0.05.

** <0.01.
*** <0.001.



4 al Indi

g
t
i

a
a
e

v
B
w
r

3

i
(
A
t
a
c
b
d
a

i
n

a
a

T
u
t
T
h

4

e
t
e
t
a
b
u
a
i

t
r
l
b
r
l
2
m
i
a
a
p
f
a

18 P. Giordani et al. / Ecologic

eographic predictors. The model for multivariate species composi-
ion, influenced both by longitude and Q. ilex forests, was not very
nformative (R2

Adj = 0.148). Of the lichen diversity indices, Avnsp

ccounted for the highest total explained variance (R2
Adj = 0.850)

nd was significantly correlated with three predictors: longitude,
levation and the pH of through-fall deposition at plot level.

Species richness was negatively correlated with latitude, with
ery high values at southern sites, regardless of forest-type.
oth Shannon and Simpson indices were associated mainly
ith decreasing H+ concentration (R2

Adj = 0.464, and R2
Adj = 0.558,

espectively).

.2. Functional traits

Models for functional traits (Table 3) also included predictors
ndicative of climate, atmospheric deposition, and forest structure
bivariate correlations among predictors are reported in Appendix
). Growth form was the most responsive trait and associated with

wo to six predictors across the three categories. Photobiont type
nd reproductive strategy were less responsive; each was asso-
iated with only one predictor. Crustose and foliose forms were
oth significantly associated with rainfall but with opposite gra-
ients, the former being generally more common, but specifically
ssociated with plots with higher precipitation.

The presence of both fruticose and isidiate species was heavily
nfluenced by elevation. The presence of fruticose lichens was also
egatively correlated with shady forests.

Both narrowly lobed and broadly lobed foliose lichens were neg-
tively affected by acidic deposition. Narrowly lobed species were
lso negatively influenced by increasing concentrations of SO4

2−.
As far as forest type was concerned, several traits (FOLB, CHL,

REN) were positively associated with Q. ilex-forest plots. In partic-
lar, this habitat was the only significant predictor associated with
he occurrence of lichens with chlorococcoid green algae and with
rentepohlia photobionts. Finally, in Picea-forest plots, we found the
ighest percentage of species with sexual reproduction.

. Discussion

Models for both lichen diversity and functional traits were
ffective in describing patterns of epiphytic lichen communi-
ies across a wide geographical and ecological range; the models
xplained a considerable amount of variation. Among species
raits, three types of growth forms (crustose, narrowly lobed
nd broad-lobed foliose) were the best candidate indicators,
eing sensitive to factors in all three categories of predictors
sed. Reproductive strategy may also be a valuable indicator,
lthough to a lesser extent, while photobiont type was scarcely
nformative.

Lichen species richness and species traits responded differently
o climate and geomorphology-related factors. While lichen species
ichness was influenced, among other factors, by longitude and
atitude, functional traits were more related to factors that may
e independent of geographic position. This suggests that species
ichness comparisons across wide geographic ranges may be prob-
ematic (Pinho et al., 2004; Giordani, 2006; Giordani and Incerti,
008), while comparisons based on the functional traits of species
ay be more consistent. Functional traits give detailed ecological
nformation about the sampling sites, with elevation and rainfall
mong the most meaningful predictors of lichen patterns (Brunialti
nd Giordani, 2003; Ellis and Coppins, 2006; Giordani, 2006). In
articular, rainfall determines whether crustose or narrowly lobed
oliose species dominate communities, the former benefiting from
bundant precipitation.
cators 18 (2012) 413–420

As for atmospheric deposition, pH and H+ concentrations were
the most influential variables in terms of both lichen diversity and
species traits. Bark acidification is known to be an important driver
of lichen patterns (Rose and Hawksworth, 1981), with both direct
effects, altering the physiology of symbiosis (Farmer et al., 1991),
and indirect effects, influencing substrate pH (Frati et al., 2008). In
particular, we found evidence that foliose lichens were negatively
affected by high H+ concentrations, whereas crustose and fruticose
lichens seem to be less sensitive to this factor. Crustose lichens are
likely to be protected to some extent by having less surface exposed
to the atmosphere, while fruticose species may be protected by less
exposure to the bark (Kershaw, 1985; Sancho and Kappen, 1989;
Tretiach and Brown, 1995; Lange and Green, 2008). Reproductive
strategy seems to be affected by pH as well, with increasing pH
favouring sorediate species. This pattern is in accordance with their
well-known tolerance to high levels of anthropogenic eutrophi-
cation (Van Herk, 1999). Increasing sulphate ion concentrations
negatively affected foliose lichens as well, confirming findings by
Hesse (2002), who observed a decrease in the cover of the lichen
Hypogymnia physodes with increasing SO42− concentrations in the
stemflow.

Forest type and light conditions had the greatest influence
on lichen patterns; the latter was among the main factors shap-
ing lichen communities (Humphrey et al., 2002; Moning et al.,
2009). While growth form was indicative of both factors, repro-
ductive strategy was, to a lesser extent, influenced by forest type
alone. Fruticose lichens were clearly separated from other growth
forms, requiring higher light availability (lower LAI). In many for-
est ecosystems, this growth form is known to be restricted to the
higher part of the canopy or to open stands, which provide well-lit
conditions (Barkman, 1958).

5. Conclusion

Lichen growth form type was the most responsive trait to fac-
tors in all the three categories of predictors. Thus, this easily
identifiable trait could be valuable for evaluating and comparing
the responses of epiphytic lichens to climate, human disturbance
and stand structure-related conditions in forest ecosystems across
diverse regions. According to Johansson et al. (2007), the use of
lichen functional traits to gather ecological information is a promis-
ing approach. However, further research is needed to better clarify
the potential of lichen traits for bioindication.

The evaluation of lichen patterns in term of species traits could
also be useful for large scale comparisons when species-based
evaluations (e.g. species richness descriptors) might be strongly
affected by uneven levels of taxonomic knowledge (Giordani et al.,
2009). Our results suggest that models describing the gradients of
functional traits (1) minimize background noise with respect to
interpretations based on species richness and composition and (2)
are probably more consistent in detecting variation associated with
the gradient of macro-environmental factors in forest ecosystems.

Acknowledgements

This study was co-financed by the European Commission
under the Forest Focus Regulation (Project ForestBiota – EC No.
2152/2003). The Autonomous Province of Bolzano-Alto Adige (For-
est Service) funded the lichen survey at ITA02, while the Regional
Park ‘Boschi di Carrega’ funded that at EMI1.

Two anonymous referees contributed relevant suggestions

which improved the clarity and the effectiveness of the manuscript.
We also thank Dr. Francesca Deperis and Prof. Pier Luigi Nimis
for their linguistic revision, which improved the clarity of the
manuscript.



P. Giordani et al. / Ecological Indi

A
p

p
en

d
ix

A
.

M
at

ri
x

o
f

co
rr

el
at

io
n

co
ef

fi
ci

en
ts

(P
ea

rs
o

n
’s

p
ro

d
u

ct
m

o
m

en
t)

fo
r

th
e

se
t

o
f

va
ri

ab
le

s
u

se
d

as
p

re
d

ic
to

rs
.

A
ge

,y
ea

r
B

as
al

ar
ea

C
a2+

C
an

op
y

d
ep

th
C

l−
El

ev
at

io
n

H
+

K
+

LA
I

La
ti

tu
d

e
Lo

n
gi

tu
d

e
M

g2+
N

a+
N

H
4

+
N

O
3

−
p

H
R

ai
n

fa
ll

SO
4

2−
Te

m
p

er
at

u
re

A
ge

,y
ea

r
1.

00
0.

81
−0

.5
0

0.
84

−0
.5

7
0.

83
0.

35
−0

.6
2

0.
06

0.
31

0.
35

−0
.6

3
−0

.6
1

−0
.7

2
−0

.7
8

−0
.4

3
0.

30
−0

.7
0

−0
.8

0
B

as
al

ar
ea

0.
81

1.
00

−0
.5

7
0.

90
−0

.5
2

0.
73

0.
66

−0
.6

3
0.

32
0.

06
0.

37
−0

.5
3

−0
.5

0
−0

.6
3

−0
.5

1
−0

.6
3

0.
34

−0
.5

5
−0

.7
9

C
a2+

−0
.5

0
−0

.5
7

1.
00

−0
.6

0
0.

83
−0

.3
4

−0
.4

7
0.

95
−0

.2
2

0.
20

−0
.8

0
0.

70
0.

69
0.

31
0.

13
0.

67
−0

.4
0

0.
70

0.
66

C
an

op
y

d
ep

th
0.

84
0.

90
−0

.6
0

1.
00

−0
.6

3
0.

78
0.

65
−0

.7
1

0.
06

0.
09

0.
49

−0
.6

8
−0

.6
5

−0
.6

9
−0

.6
3

−0
.6

7
0.

29
−0

.6
8

−0
.8

7
C

l−
−0

.5
7

−0
.5

2
0.

83
−0

.6
3

1.
00

−0
.5

2
−0

.4
6

0.
95

0.
12

0.
09

−0
.8

4
0.

95
0.

97
0.

31
0.

36
0.

63
−0

.4
6

0.
94

0.
81

El
ev

at
io

n
0.

83
0.

73
−0

.3
4

0.
78

−0
.5

2
1.

00
0.

31
−0

.5
0

0.
02

0.
22

0.
20

−0
.6

5
−0

.6
0

−0
.7

0
−0

.8
0

−0
.3

4
0.

28
−0

.7
3

−0
.8

1
H

+
0.

35
0.

66
−0

.4
7

0.
65

−0
.4

6
0.

31
1.

00
−0

.5
3

0.
11

0.
18

0.
45

−0
.4

5
−0

.4
4

−0
.3

6
−0

.1
5

−0
.9

3
0.

40
−0

.3
3

−0
.6

5
K

+
−0

.6
2

−0
.6

3
0.

95
−0

.7
1

0.
95

−0
.5

0
−0

.5
3

1.
00

−0
.0

5
0.

13
−0

.8
6

0.
87

0.
86

0.
37

0.
30

0.
71

−0
.4

7
0.

85
0.

82
LA

I
0.

06
0.

32
−0

.2
2

0.
06

0.
12

0.
02

0.
11

−0
.0

5
1.

00
−0

.0
3

−0
.0

7
0.

15
0.

21
−0

.2
0

0.
03

−0
.0

8
0.

37
0.

13
0.

01
La

ti
tu

d
e

0.
31

0.
06

0.
20

0.
09

0.
09

0.
22

0.
18

0.
13

−0
.0

3
1.

00
−0

.3
4

−0
.1

0
−0

.0
5

−0
.3

8
−0

.5
1

−0
.2

0
0.

36
−0

.0
4

−0
.1

5
Lo

n
gi

tu
d

e
0.

35
0.

37
−0

.8
0

0.
49

−0
.8

4
0.

20
0.

45
−0

.8
6

−0
.0

7
−0

.3
4

1.
00

−0
.6

8
−0

.7
2

−0
.1

9
−0

.0
7

−0
.5

7
0.

18
−0

.7
0

−0
.6

2
M

g2+
−0

.6
3

−0
.5

3
0.

70
−0

.6
8

0.
95

−0
.6

5
−0

.4
5

0.
87

0.
15

−0
.1

0
−0

.6
8

1.
00

0.
99

0.
42

0.
56

0.
62

−0
.5

7
0.

96
0.

87
N

a+
−0

.6
1

−0
.5

0
0.

69
−0

.6
5

0.
97

−0
.6

0
−0

.4
4

0.
86

0.
21

−0
.0

5
−0

.7
2

0.
99

1.
00

0.
35

0.
50

0.
59

−0
.5

2
0.

96
0.

85
N

H
4

+
−0

.7
2

−0
.6

3
0.

31
−0

.6
9

0.
31

−0
.7

0
−0

.3
6

0.
37

−0
.2

0
−0

.3
8

−0
.1

9
0.

42
0.

35
1.

00
0.

86
0.

45
−0

.2
4

0.
51

0.
63

N
O

3
−

−0
.7

8
−0

.5
1

0.
13

−0
.6

3
0.

36
−0

.8
0

−0
.1

5
0.

30
0.

03
−0

.5
1

−0
.0

7
0.

56
0.

50
0.

86
1.

00
0.

25
−0

.3
3

0.
62

0.
65

p
H

−0
.4

3
−0

.6
3

0.
67

−0
.6

7
0.

63
−0

.3
4

−0
.9

3
0.

71
−0

.0
8

−0
.2

0
−0

.5
7

0.
62

0.
59

0.
45

0.
25

1.
00

−0
.4

8
0.

50
0.

73
R

ai
n

fa
ll

0.
30

0.
34

−0
.4

0
0.

29
−0

.4
6

0.
28

0.
40

−0
.4

7
0.

37
0.

36
0.

18
−0

.5
7

−0
.5

2
−0

.2
4

−0
.3

3
−0

.4
8

1.
00

−0
.4

3
−0

.5
3

SO
4

2−
−0

.7
0

−0
.5

5
0.

70
−0

.6
8

0.
94

−0
.7

3
−0

.3
3

0.
85

0.
13

−0
.0

4
−0

.7
0

0.
96

0.
96

0.
51

0.
62

0.
50

−0
.4

3
1.

00
0.

86
Te

m
p

er
at

u
re

−0
.8

0
−0

.7
9

0.
66

−0
.8

7
0.

81
−0

.8
1

−0
.6

5
0.

82
0.

01
−0

.1
5

−0
.6

2
0.

87
0.

85
0.

63
0.

65
0.

73
−0

.5
3

0.
86

1.
00
cators 18 (2012) 413–420 419

References

Asta, J., Erhardt, W., Ferretti, M., Fornasier, F., Kirschbaum, U., Nimis, P.L., Purvis, W.,
Pirintsos, S., Scheidegger, C., Van Haluwyn, C., Wirth, V., 2002. Mapping lichen
diversity as an indicator of environmental quality. In: Nimis, P.L., Scheidegger, C.,
Wolseley, P.A. (Eds.), Monitoring with Lichens—Monitoring Lichens, 7. Kluwer
Academic Publishers, Dordrecht, The Netherlands, pp. 273–279.

Barkman, J.J., 1958. Phytosociology and Ecology of Cryptogamic Epiphytes. Van Gor-
cum, Assen, NL.

Blanchet, F.G., Legendre, P., Borcard, D., 2008. Forward selection of explanatory
variables. Ecology 89, 2623–2632.

Brunialti, G., Giordani, P., 2003. Variability of lichen diversity in a climatically het-
erogeneous area (Liguria, NW, Italy). Lichenologist 35, 55–69.

Chiarucci, A., Bacaro, G., Triantis, K.A., Fernández-Palacios, J.M., 2011. Biogeographi-
cal determinants of pteridophytes and spermatophytes on oceanic archipelagos.
Syst. Biodivers. 9, 191–201.

Cislaghi, C., Nimis, P.L., 1997. Lichens, air pollution and lung cancer. Nature 387,
463–464.

Cutini, A., 2002. Litterfall and leaf area index in the CONECOFOR permanent mon-
itoring plots. In: Mosello, R., Petriccione, B., Marchetto, A. (Eds.), Long-term
ecological research in Italian forest ecosystems. J. Limnol., vol. 61, pp. 2–68.

Dettki, H., Esseen, P.A., 2003. Modelling long-term effects of forest management on
epiphytic lichens in northern Sweden. Forest Ecol. Manag. 175, 223–238.

Diaz, S., Cabido, M., 2001. Vive la difference: plant functional diversity matters to
ecosystem processes. Trends Ecol. Evol. 16, 646–655.

Ellis, C.J., Coppins, B.J., 2006. Contrasting functional traits maintain lichen epi-
phyte diversity in response to climate and autogenic succession. J. Biogeogr.
33, 1643–1656.

Ellis, C.J., Coppins, B.J., 2010. Integrating multiple landscape-scale drivers in the
lichen epiphyte response: climatic setting, pollution regime and woodland
spatial–temporal structure. Divers. Distrib. 16, 43–52.

Ellis, C.J., Coppins, B.J., Dawson, T.P., Seaward, M.R.D., 2007. Response of British
lichens to climate change scenarios: trends and uncertainties in the projected
impact for contrasting biogeographic groups. Biol. Conserv. 140, 217–235.

Fabbio, G., Amorini, E., 2002. Contribution to growth and increment analysis on the
Italian CONECOFOR Level II Network. J. Limnol. 61, 46–54.

Farmer, A.M., Bates, J.W., Bell, J.N.B., 1991. Seasonal-variations in acidic pollutant
inputs and their effects on the chemistry of stemflow, bark and epiphyte tissues
in three oak woodlands in New Britain. New Phytol. 118, 441–451.

Ferretti, M., 2002. The Integrated and Combined (I and C) evaluation system to detect
status and trends of the CONECOFOR permanent monitoring plots. J. Limnol. 61,
106–116.

Fischer, R., Granke, O., Chirici, G., Meyer, P., Seidling, W., Stofer, S., Corona, P.,
Marchetti, M., Travaglini, D., 2009. Background, main results and conclusions
from a test phase for biodiversity assessments on intensive forest monitoring
plots in Europe. iForest 2, 67–74.

Frati, L., Brunialti, G., Loppi, S., 2008. Effects of reduced nitrogen compounds on
epiphytic lichen communities in Mediterranean Italy. Sci. Total Environ. 407,
630–637.

Geiser, L.H., Neitlich, P.N., 2007. Air pollution and climate gradients in western Ore-
gon and Washington indicated by epiphytic macrolichens. Environ. Pollut. 145,
203–218.

Giordani, P., 2006. Variables influencing the distribution of epiphytic lichens in
heterogeneous areas: a case study for Liguria, NW Italy. J. Veg. Sci. 17, 195–206.

Giordani, P., 2007. Is the diversity of epiphytic lichens a reliable indicator of air
pollution? A case study from Italy. Environ. Pollut. 146, 317–323.

Giordani, P., Incerti, G., 2008. The influence of climate on the distribution of lichens:
a case study in a borderline area (Liguria, NW Italy). Plant Ecol. 195, 257–272.

Giordani, P., Brunialti, G., Nascimbene, J., Gottardini, E., Cristofolini, F., Isocrono, D.,
Matteucci, E., Paoli, L., 2006. Aspects of biological diversity in the CONECOFOR
plots III. Epiphytic lichens. Annali Istituto Sperimentale di Selvicoltura 30, 43–50.

Giordani, P., Brunialti, G., Benesperi, R., Rizzi, G., Frati, L., Modenesi, P., 2009. Rapid
biodiversity assessment in lichen biomonitoring surveys: implications for qual-
ity assurance. J. Environ. Monitor. 11, 730–735.

Gioria, M., Bacaro, G., Feehan, J., 2010. Identifying the drivers of pond biodiversity:
the agony of model selection. Community Ecol. 11, 179–186.

Gioria, M., Bacaro, G., Feehan, J., 2011. Evaluating and interpreting cross-taxon con-
gruence: potential pitfalls and solutions. Acta Oecol. 37, 187–194.

Granke, O., Kenter, B., Kriebitzsch, W.U., Köhl, M., Köhler, R., Olschofsky, K., 2009. Bio-
diversity assessment in forests – from genetic diversity to landscape diversity.
iForest 2, 1–3. http://www.sisef.it/iforest/show.php?id=474 (online 21.01.09).

Hauck, M., 2009. Global warming and alternative causes of decline in arctic-alpine
and boreal-montane lichens in North-Western Central Europe. Global Change
Biol. 15, 2653–2661.

Hedenås, H., Ericson, L., 2000. Epiphytic macrolichens as conservation indica-
tors: successional sequence in Populus tremula stands. Biol. Conserv. 93,
43–53.

Hesse, V., 2002. Epiphytic lichen diversity and its dependence on chemical site
factors in differently elevated dieback-affected spruce stands of the Harz
Mountains. Dissertationes Botanicae, vol. 354. J. Cramer, Berlin, Stuttgart,
191 pp.
Humphrey, J.W., Davey, S., Peace, A.J., Ferris, R., Harding, K., 2002. Lichens and
bryophyte communities of planted and semi-natural forests in Britain: the influ-
ence of site type, stand structure and deadwood. Biol. Conserv. 107, 165–180.

Johansson, P., 2008. Consequences of disturbance on epiphytic lichens in boreal and
near boreal forests. Biol. Conserv. 141, 1933–1944.

http://www.sisef.it/iforest/show.php%3Fid=474


4 al Indi

J

J

K

L

L

M

M

M

M

M

N

N

20 P. Giordani et al. / Ecologic

ohansson, P., Rydin, H., Thor, G., 2007. Tree age relationships with epiphytic lichen
diversity and lichen life history traits on ash in southern Sweden. Ecoscience 14,
81–91.

ovan, S., McCune, B., 2004. Regional variation in epiphytic macrolichen communities
in northern and central California forests. Bryologist 107, 328–339.

ershaw, K.A., 1985. Physiological Ecology of Lichens. Cambridge University Press,
Cambridge.

ange, O.L., Green, T.G.A., 2008. Diel and seasonal courses of ambient car-
bon dioxide concentration and their effect on productivity of the epilithic
lichen Lecanora muralis in a temperate, suburban habitat. Lichenologist 40,
449–462.

öbel, S., Snäll, T., Rydin, H., 2006. Metapopulation processes in epiphytes inferred
from patterns of regional distribution and local abundance in fragmented forest
landscapes. J. Ecol. 94, 856–868.

archetti, M., Tait, D., Ambrosi, P., Minerbi, S., 2002. Atmospheric deposition at four
forestry sites in the Alpine Region of Trentino-South Tyrol, Italy. In: Mosello,
R., Petriccione, B., Marchetto, A. (Eds.), Long-term Ecological Research in Italian
Forest Ecosystems. J. Limnol., vol. 61, pp. 148–157.

arini, L., Nascimbene, J., Nimis, P.L., 2011. Large-scale patterns of epiphytic lichen
species richness: photobiont-dependent response to climate and forest struc-
ture. Sci. Total Environ. 409, 4381–4386.

ayer, A.L., Vihermaa, L., Nieminen, N., Luomi, A., Posch, M., 2009. Epiphytic
macrolichen community correlates with modeled air pollutants and forest con-
ditions. Ecol. Indic. 9, 992–1000.

oning, C., Werth, S., Dziock, F., Bässler, C., Bradtka, J., Hothorn, T., Müller, J., 2009.
Lichen diversity in temperate montane forests is influenced by forest structure
more than climate. Forest Ecol. Manag. 258, 745–751.

osello, R., Petriccione, B., Marchetto, A., 2002. Long-term ecological research in
Italian forest ecosystems. J. Limnol. 61, 77–92.

ascimbene, J., 2006. Indagine lichenologica nelle aree di monitoraggio

integrato IT01-Renon e IT02-Monticolo (Alto Adige). Forest Observer 2,
157–168.

ascimbene, J., Brunialti, G., Ravera, S., Frati, L., Caniglia, G., 2010. Testing Lobaria
pulmonaria (L.) Hoffm as an indicator of lichen conservation importance of Italian
forests. Ecol. Indic. 10, 353–360.
cators 18 (2012) 413–420

Nimis, P.L., Martellos, S., 2008. ITALIC – The Information System on Italian Lichens.
Version 4.0.

Nimis, P.L., Scheidegger, C., Wolseley, P.A., 2002. Monitoring with Lichens: Monitor-
ing Lichens. Kluwer Academic Published in Association with the NATO Scientific
Affairs Division, Dordrecht; London.

Petriccione, B., Pompei, E., 2002. The CONECOFOR Programme: general presentation,
aims and co-ordination. In: Mosello, R., Petriccione, B., Marchetto, A. (Eds.), Long-
term Ecological Research in Italian Forest Ecosystems. J. Limnol., vol. 61.

Pinho, P., Augusto, S.C., Branquinho, C., Bio, A., Pereira, M.J., Soares, A., Catarino, F.,
2004. Mapping lichen diversity as a first step for air quality assessment. J. Atmos.
Chem. 49, 377–389.

Ricotta, C., Bacaro, G., 2010. On plot to plot dissimilarity measures based on species
functional traits. Community Ecol. 11, 113–119.

Rose, C.I., Hawksworth, D.L., 1981. Lichen recolonization in London’s cleaner air.
Nature 289, 289–292.

Sancho, L.G., Kappen, L., 1989. Photosynthesis and water relations and the role
of anatomy in Umbilicariaceae (Lichenes) from central Spain. Oecologia 81,
473–480.

Santi, E., Mari, E., Piazzini, S., Renzi, M., Bacaro, G., Maccherini, S., 2010. Dependence
of animal diversity on plant diversity and environmental factors in farmland
ponds. Community Ecol. 11, 232–241.

Stofer, S., Catalayud, V., Ferretti, M., Fischer, R., Giordani, P., Keller, C., Stapper, N.,
Scheidegger, C., 2003. Epiphytic Lichen Monitoring within the EU/ICP Forests
Biodiversity Test-Phase on Level II Plots. www.forestbiota.org.

Svoboda, D., Peksa, O., Veselà, J., 2010. Epiphytic lichen diversity in central Euro-
pean oak forests: assessment of the effects of natural environmental factors and
human influences. Environ. Pollut. 158, 812–819.

Tretiach, M., Brown, D.H., 1995. Morphological and physiological differences
between epilithic and epiphytic populations of the lichen Parmelia pastillifera.
Ann. Bot. London 75, 627–632.
Van Herk, C.M., 1999. Mapping of ammonia pollution with epiphytic lichens in the
Netherlands. Lichenologist 31, 9–20.

Webb, C.T., Hoeting, J.A., Ames, G.M., Pyne, M.I., Poff, N.L., 2010. A structured and
dynamic framework to advance traits-based theory and prediction in ecology.
Ecol. Lett. 13, 267–283.

http://www.forestbiota.org/

	Functional traits of epiphytic lichens as potential indicators of environmental conditions in forest ecosystems
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Lichen survey
	2.3 Species identification and nomenclature
	2.4 Environmental predictors
	2.4.1 Climatic and geomorphologic variables
	2.4.2 Atmospheric deposition
	2.4.3 Forest structure

	2.5 Data analysis

	3 Results
	3.1 Lichen diversity
	3.2 Functional traits

	4 Discussion
	5 Conclusion
	Acknowledgements
	Appendix A Matrix of correlation coefficients (Pearsons product moment) for the set of variables used as predictors.
	References


