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ABSTRACT

A survey of a submediterranean
forest landscape in central Italy was
carried out to assess floristic diversity
and species ecological behaviour in re-
lation to some environmental gradients
(altitude, aspect, light intensity on the
undergrowth, soil pH, nitrogen content
and texture). Diversity indices (species
richness, Shannon-Wiener and Even-
ness) trends, calculated in relation to
environmental parameters, showed to
be mostly related to stress gradients.
The highest diversity, in fact, is linked
to the least stressful conditions. Redun-
dancy analysis (RDA) allowed to iden-
tify six species sets, related to the envi-
ronmental parameters, which were te-
sted through bioindication valuesanaly-
sis. Intensity of stress factors and their
combination select one or more groups
ofspecieswithdifferentecologicalbeha-
viour, leading to the local floristic diffe-
rentiation of plant communities. This
approach may be useful to predict flori-
stic variation of forest ecosystems as a
consequence of increasing stress levels,
such as drought stress due to climatic
changes, to the definition of plant diver-
sity conservation guidelinesand for bio-
diversity monitoring.
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RIASSUNTO

È stata effettuata una campagna di
rilievi in un paesaggio forestale subme-
diterraneo nell’Italia centrale per valu-
tare la diversità floristica ed il compor-
tamento ecologico delle specie in rela-
zione ad alcuni gradienti ambientali (al-
titudine, esposizione, intensitàdella luce
nel sottobosco, pH, contenuto di azoto e
tessitura del suolo. L’andamento degli
indici di diversità (ricchezza di specie,
Shannon-Wiener e Evenness), calcolati
in relazione ai parametri ambientali, ha
dimostrato di essere legato, per lo più, a
gradienti di stress. La diversità più ele-
vata è infatti associata alle condizioni
meno stressanti. L’analisi della ridon-

danza (RDA) ha permesso di identifica-
re sei gruppi di specie legati ai parame-
tri ambientali, che sono stati testati con
l’analisi dei valori di bioindicazione.
L’intensità dei fattori di stress e la loro
combinazione seleziona uno o più grup-
pi di specie con differente comporta-
mento ecologico, portando alla diffe-
renziazione floristica locale delle co-
munità vegetali. Questo approccio può
essere utile a predire le variazioni flori-
stiche degli ecosistemi forestali come
conseguenzadeicrescenti livellidi stress
come lo stress d’aridità dovuto ai cam-
biamenti climatici, alla definizione di
linee guida per la conservazione della
diversità vegetale e al monitoraggio
della biodiversità.

INTRODUCTION

Since the classic studies of WHIT-
TAKER(1956)and BRAY &CURTIS(1957),
plant ecologists have sought to quantify
the distribution of plant species along
complex environmental gradients. Al-
though over any large region the distri-
bution of species richness is likely to be
governed by two or more environmen-
tal gradients (MARGULES et al ., 1987;
PAUSAS, 1994; PAUSAS & CARRERAS,
1995; AUSTIN et al ., 1996; PAUSAS &
AUSTIN, 2001), species richness studies
about this issue have been mainly sin-
gle-factor studies (e.g. HUSTON, 1980;
WILSON &KEDDY, 1988). Species diver-
sity shifts in forest plant communities
have been reported by several authors
to be related to differences in environ-
mental conditions, such as nutrients le-
vel, soil reaction, soil moisture and light
intensity (e.g. FORMAN, 1995; ROSEN-
ZWEIG, 1995; BURNETT et al., 1998; NI-
CHOLS et al., 1998; NASH SUDING, 2001;
DECOCQ, 2002). These factors are, in
turn, related to topography, bedrock
geology, soil physic characteristics (soil
depth, texture and drainage), overstory
structure and land use history (HUTCHIN-
SON et al ., 1999; DECOCQ, 2000). More-
over, floristic differentiation patterns in
vegetation are usually too complex to
besimplified ineitherstrictlygeographi-
caldifferentiation or in a strictly edaphic

or local topoclimatic differentiation
(WHITTAKER, 1975; TZONEV et al., 2006).
Often these patterns are scale-depen-
dent, showing stronger edaphic effects
at finer scales and stronger geographic
distinctions on broader scales (CHYTRÝ

etal., 2002;KUžELOVÁ&CHYTRÝ, 2004).
The aim of this work was to assess

the floristic diversity and ecological
behaviour of species in relation to some
environmental gradients (altitude, as-
pect, light intensity on the undergrowth,
soil pH, nitrogen content and texture) in
a submediterranean forest landscape,
taking into account the hierarchical ap-
proach to the landscape characteriza-
tion (BLASI et al., 2000) and the phyto-
sociological placement of plant com-
munities, in order to reduce the scale-
dependent effects on floristic differen-
tiation pattern.

MATERIALS AND METHODS

STUDY AREA

The study area is a hilly and moun-
tainous territory, placed in the central-
southern part of Umbria-Marche Apen-
nines (around Camerino, Foligno and
Fabriano - central Italy), at altitudes
ranging from 150 to 2,300 m a.s.l. (co-
ordinates 43°20’-42°50’ N; 12°26’-
13°23’ E).

From a geological viewpoint, this
territory is characterized by calcareous,
marly-calcareous, marly-arenaceous
and arenaceous substrata. The most
common morphologies are represented
by reliefs with slightly steep tops and
moderately to very steep slopes, which
give rise to small flat bottomed valleys
(BISCI & DRAMIS, 1991).

The study area is located within a
submediterranean context, at the bor-
der between Temperate and Mediterra-
nean macroclimatic regions (RIVAS-
MARTÍNEZ, 2005).

The forest landscape is featured by
mixed woods, in which Quercus ilex
subsp. ilex, Quercus pubescens s.l.,
Ostrya carpinifolia, Quercus cerris,
Castanea sativa and Fagus sylvatica
subsp. sylvatica play a dominant or a



172 BENSETTITI A., BIORET F., BOULLET V., PEDROTTI F., Centenaire de la Phytosociologie

codominant role. These woods are
mainly managed as coppices with stan-
dards and cut down every 20-30 years.

EXPERIMENTAL DESIGN

To plan data collection, the study
areawasdivided intohomogeneouseco-
logical units according to the BLASI et
al. (2000) method, using the plant lan-
dscape geodatabase (G.I.S.) of Mar-
ches (CATORCI et al., 2007a; PESARESI et
al., 2007) and Umbria (ORSOMANDO &
CATORCI, 1999, 2000).

In order to reduce the number of
environmental variables, woods belon-
ging to the Upper Mesotemperate bio-
climatic belt (BIONDI et al., 1995; CA-
TORCI et al ., 2007b) were selected; the
main features of this belt are shown in
Tab. 1.

The area was further divided into
the main geologic systems (calcareous,
marly-calcareous, marly-arenaceous
and arenaceous), within each of them,
two aspect classes regarding North-fa-
cing (from NW to ESE) and South-
facing (from SE to WNW) slopes were
distinguished. In fact, because of the
transition between two macroclimatic
contexts, on Southern aspects, characte-
rized by higher temperature and insola-
tion, summer drought stress increases
and winter cold stress decreases (JACK-
SON, 1966; BONAN, 2008) compared to
the mean conditions of the Upper Me-
sotemperate belt. Within each homoge-
neous ecological unit, five sampling
plots (80 on the whole), covering 400

m2 each (20x20 m), were randomly
selected. In each of them floristic and
field data were gathered.

DATA COLLECTION

Floristic and environmental data
were collected in the period 2006-2007;
speciescovervalueswereassessedusing
Braun-Blanquet classes (BRAUN-BLAN-
QUET, 1964).

Each soil sample, collected in five
locations in each plot within a depth
ranging from 10 to 40 cm and thorou-
ghly mixed, was analysed by a soils
laboratory for pH, total nitrogen con-
tent (g/kg) and texture (sand, clay and
silt %). Furthermore some field data
(altitude and aspect) were also gathe-
red. Measurements of light intensity on
the undergrowth (¼mol m-2 s-1) were
performed in June/July, at 50 cm above
soil level, using a ceptometer.

Information about species bioin-
dication values were gathered from PI-
GNATTI (2005).

DATA ELABORATION

For statistical elaborations, spe-
cies abundances were expressed in per-
cent values using the average cover
values of Braun-Blanquet classes; en-
vironmental parameters values (aspect,
altitude, soil pH, soil total nitrogen con-
tent, soil sand %, light intensity on the
undergrowth) were expressed in clas-
ses (Tab. 2).

Species richness, Shannon-Wiener
and Evenness indices were calculated
on two matrices: relevés x species (co-
ver %) and relevés x environmental
parameters (classes).

Cluster analysis of floristic data
set was run on the matrix relevés x
species, using thecomplete linkmethod,
based on Euclidean distance, after tran-
sformation of Braun-Blanquet classes
according to VAN DER MAAREL’s (1979)
scale. Groups of relevés were classified
into syntaxa according to revision pu-
blications of Italian vegetation (BIONDI

et al., 2002, 2003; BLASI et al., 2004), as
well as local studies (CATORCI & ORSO-
MANDO, 2001; ALLEGREZZA et al., 2002;

ALLEGREZZA, 2003;CATORCI et al., 2003,
2008, 2010).

A Redundancy analysis (RDA) on
the matrix relevés x variables (floristic
units and environmental parameters)
was run to understand the amount of
total variability related to ecological
factorsaffectingspeciesdistributionand
to define ecologically homogeneous
species sets.

Ecological behaviour of the resul-
ting species sets was tested using light,
temperature, soil moisture, soil reac-
tion and soil nutrients bioindication
values.

Diversity indices were calculated
using PCORD 5.0 software (MCCUNE

& GRACE, 2002; MCCUNE & MEFFORD,
2006); cluster analysis and RDA were
performed using SYN-TAX 2000
package (PODANI, 2001).

RESULTS

PHYTOSOCIOLOGICAL PLACEMENT

The multivariate analysis (Fig. 1)
shows two main clusters: I) woodlands
of South-facing slopes, with a domi-
nance of Quercus pubescens s.l. (sub-
clusters Ia

1b
, Ia

2
and Ib) or Quercus ilex

(subcluster Ia1a), placed in Quercetalia
pubescenti-petraeae and Quercetalia
ilicis orders; II) woodlands of North-
facing slopes with a dominance ofOstr-
ya carpinifolia (subcluster IIa), Quer-
cus cerris or Castanea sativa (subclu-
ster IIb), placed in Quercetalia pube-
scenti-petraeae and Fagetalia sylvati-
caeorders. Subclusters are divided into
groups which correspond to the synta-
xonomical levels of association and
subassociation. Thesesyntaxa are shor-
tly described in Tab. 3.

SPECIES DIVERSITY

A total of 214 species was col-
lected. Species richness, Shannon-Wie-
ner and Evenness diversity indices va-
lues, related to each environmental pa-
rameter class, are reported in Tab. 4.
Thehighest richnessand Shannon-Wie-
ner index values were recorded for
North-facing slopes, altitudes ranging

Tab. 1 - Main features of the Upper Mesotemperate bioclimatic belt. Termotype and Ombrotype classification follows RIVAS-MARTÍNEZ

(2004); for the calculation of n. of months of drought stress and cold stress MITRAKOS’ indices (1980, 1982) were applied (from:ORSOMANDO

& CATORCI 2000, modified).

Tab. 2 - Scales for the environmental
parameters used in RDA.
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Fig. 1 - Dendrogram of phytosociological relevés (Ia1a - Cyclamino hederifolii-Quercetum ilicis cyclaminetosum hederifolii; Ia1bI - Cytiso
sessilifolii-Quercetum pubescentis; Ia1bII - Quercus cerris and Quercus pubescens s.l. community; Ia2 - Erico arboreae-Quercetum
pubescentis ericetosum arboreae; Ib - Peucedano cervariae-Quercetum pubescentis peucedanetosum cervariae; IIa1aIa - Aceri obtusati-
Quercetum cerridis; IIa1aIb - Scutellario columnae-Ostryetum carpinifoliae prunetosum avium; IIa 1aII - Hieracio murorum-Ostryetum
carpinifoliae hieracietosum murorum; IIa1bI - Scutellario columnae-Ostryetum carpinifoliae cytisetosum sessilifolii; IIa1bII - Scutellario
columnae-Ostryetumcarpinifoliae violetosumreichenbachianae; IIa2a -Scutellario columnae-Ostryetumcarpinifoliae fagetosumsylvaticae;
IIa2b - Carici digitatae-Ostryetum carpinifoliae; IIb1aI -Aceri obtusati-Quercetum cerridis fagetosum sylvaticae ; IIb1a2 - Carici sylvaticae-
Quercetum cerridis; IIb1b - Cephalanthero longifoliae-Quercetum cerridis; IIb2 - Cyclamino hederifolii-Castaneetum sativae).

Ia1a - Cyclamino hederifolii-Quercetum ilicis Biondi, Casavecchia et Gigante 2003 cyclaminetosum hederifolii Biondi, Casavecchia et
Gigante 2003: woodlands with a dominance of Quercus ilex subsp. ilex, growing on calcareous South-facing very steep slopes.
Ia1bI - Cytiso sessilifolii-Quercetum pubescentis Blasi, Feoli et Avena 1982: woodlands with a dominance of Quercus pubescens s.l.,
growing on calcareous detritic South-facing, moderately to very steep slopes.
Ia1bII -Quercus pubescens s.l. and Quercus cerris community (Carpinion orientalis): woodlands with adominance of Quercus pubescens
s.l. and Q. cerris, growing on marly-arenaceous South-facing, moderately to very steep slopes.
Ia2 - Erico arboreae-Quercetum pubescentis ericetosum arboreae Catorci, Ballelli, Iocchi, Paura et Vitanzi 2008: woodlands with a
dominance of Quercus pubescens s.l., growing on sandstone South-facing, moderately to very steep slopes.
Ib - Peucedano cervariae-Quercetum pubescentis (Ubaldi et al., 1984) Ubaldi 1988 peucedanetosum cervariae Allegrezza, Baldoni,
Biondi, Taffetani etZuccarello 2002: woodlands with a dominance of Quercus pubescens s.l., growing on marly-calcareous South-facing,
slightly to moderately steep slopes.
IIa1aIa - Aceri obtusati-Quercetum cerridis Ubaldi et Speranza 1982: woodlands with a dominance of Ostrya carpinifolia and Quercus
cerris, growing on marly-arenaceous North-facing, slightly to moderately steep slopes.
IIa1aIb - Scutellario columnae-Ostryetum carpinifoliae Pedrotti, Ballelli et Biondi ex Pedrotti, Ballelli, Biondi, Cortini-Pedrotti et
Orsomando 1980 prunetosum avium Allegrezza 2003: woodlands with a dominance of Ostrya carpinifolia, growing on marly-calcareous
North-facing, moderately to very steep slopes.
IIa1aII - Hieracio murorum-Ostryetum carpinifoliae Catorci, Ballelli, Iocchi, Paura et Vitanzi 2008 hieracietosum murorum Catorci,
Ballelli, Iocchi, Paura et Vitanzi 2008: woodlands with a dominance of Ostrya carpinifolia, growing on arenaceous North-facing,
moderately to very steep slopes.
IIa1bI - Scutellario columnae-Ostryetum carpinifoliae Pedrotti, Ballelli et Biondi ex Pedrotti, Ballelli, Biondi, Cortini-Pedrotti et
Orsomando 1980 cytisetosum sessilifolii Biondi, Allegrezza et Taffetani 1990: woodlands with a dominance of Ostrya carpinifolia,
growing on calcareous South-facing, moderately to very steep slopes.
IIa1bII - Scutellario columnae-Ostryetum carpinifoliae Pedrotti, Ballelli et Biondi ex Pedrotti, Ballelli, Biondi, Cortini-Pedrotti et
Orsomando 1980 violetosum reichenbachianae Allegrezza 2003: woodlands with a dominance of Ostrya carpinifolia, growing on
calcareous North-facing, moderately to very steep slopes.
IIa2a - Scutellario columnae-Ostryetum carpinifoliae Pedrotti, Ballelli et Biondi ex Pedrotti, Ballelli, Biondi, Cortini-Pedrotti et
Orsomando 1980 fagetosum sylvaticae Pedrotti, Ballelli et Biondi 1982: woodlands with a dominance of Ostrya carpinifolia and Fagus
sylvatica, growing on calcareous North-facing, moderately to very steep slopes.
IIa2b -Carici digitatae-Ostryetum carpinifoliae Catorci, Gatti et Sparvoli 2003: woodlands with a dominance Ostrya carpinifolia, growing
on calcareous North-facing slopes, with medium-high angle.
IIb1aI - Aceri obtusati-Quercetum cerridis Ubaldi et Speranza 1982 fagetosum sylvaticae Allegrezza 2003: woodlands with a dominance
of Ostrya carpinifolia and Quercus cerris, growing on calcareous North-facing, moderately to very steep slopes.
IIb1a2 - Carici sylvaticae-Quercetum cerridis Catorci et Orsomando 2001: woodlands with a dominance of Quercus cerris, growing on
calcareous North-facing, slightly steep slopes.
IIb1b - Cephalanthero longifoliae-Quercetum cerridis Scoppola et Filesi 1997: woodlands with a dominance of Quercus cerris, growing
on sandstone North-facing, slightly steep slopes.
IIb2 - Cyclamino hederifolii-Castaneetum sativae Allegrezza 2003: woodlands with a dominance of Castanea sativa , growing on
sandstone North-facing, slightly to moderately steep slopes.

Tab. 3 - Description of the forest syntaxa of the study area.
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from 800 to 1,100 m a.s.l., neutral-basic
and nitrogen-rich soils with a low sand
content, intermediate light intensities
on the undergrowth; the lowest values
were recorded for South-facing slopes,
altitudes ranging from 500 to 800 m
a.s.l., neutral/neutral-acid, nitrogen-
poor soils, with a high sand percentage,
lowlight intensitieson theundergrowth.
Evenness index shows the same trends,
except for acid soils (minimum index
value), high light intensities, interme-
diate soil nitrogen content and neutral/
neutral-acid soils (maximum index va-
lues). More in particular, the highest
species richness (45.0) is linked to the
highest soil nitrogen content (> 4 g/kg),
the lowest (19.0) to the lowest light
intensityon theundergrowth(<25¼mol
m-2 s-1). The highest Shannon-Wiener
and Evenness indices are related to the
highest altitudes (800-1,000 m a.s.l.)

and to the least soil sand percentage
(2.30-2.33 and 0.64-0.66, respectively),
the lowest to low light intensity (1.27
and 0.43, respectively).

SPECIES ECOLOGICAL BEHAVIOUR

RDA canonical axes explain
26.39% of total variance of species data
set. The first axis, explaining 32.52% of
variance of interset relation (8.58% of
total variance) is particularly related to
light intensity on the undergrowth, as-
pect and altitude; the second axis, ex-
plaining 21.95% (5.79% of total va-
riance) is primarily linked to soil pH
and secondarily to soil total nitrogen
content; the third axis, explaining
15.75% of variance of interset relation
(4.16% of total variance) is related to
soil sand percentage (Tab. 5).

In the RDA triplot (Fig. 2) two
groups of species can be distinguished:
one group, near axes origin, not particu-
larly linked to the analyzed combina-
tion of environmental features (about
53% of total species number) and
another one directly linked to one or
more of them (about 47%), which may
be divided into six sub-groups (Tab. 6).
The mean and median bioindication
values, calculated for each of these
groups (Tab. 7), are compared accor-
ding to the main gradients highlighted
by RDA. In comparison with the other
species sets, groups A and F show the
highest light and temperature bioindi-
cation values and the lowest soil moi-
sture and nutrients ones, while they
differ for soil reaction values. Groups B
and E present the same light, tempera-
ture, soil moisture and nutrients bioin-
dication values, but quite different
soil reaction values. Groups C and D
show similar light and soil reaction
values; in fact they are nearer to axis
1 than the other groups, while they
have quite different temperature mean
values.

Theecologicalbehaviourcharacte-
rization of each group and the relations
amongspeciessets,environmental stres-
ses and ecological factors are summari-
zed in Tab. 8. Species belonging to
group A are linked to high level of
dryness (high solar radiation due to
Southern exposure or draining substra-
ta) and low or medium-low nitrogen
content; those included in group F are
also linked to acid, sandy soils. Both
species of A and F groups are light-
demanding.

Species of groups B and E mainly
differ for soil pH and are both related to
medium-low light intensity on the un-
dergrowth. From an ecological
viewpoint, species belonging to group
B are linked to neutral, clayey, nitro-
gen-rich soils, while those included in
group E are related to acid, sandy-
clayey soils with intermediate nitro-
gen content. Both groups characteri-
ze plant communities of North-facing
slopes.

Species belonging to groups C and
D are both typically linked to low light
intensity on the undergrowth. From an
ecological viewpoint, species included
in group C are related to neutral and
clayey soils with high nitrogen content,
while group D includes floristic units of
subacid and sandy-clayey soils with
intermediate nitrogen content. Species
of the two groups are water-demanding
and low light intensity-tolerators. Both
groups characterize phytocoenoses of
North-facing slopes.

Tab. 4 -Richness, Shannon-Wiener and Evenness indices calculated for the environmental
parameter classes.

Tab. 5 - RDA axes summary statistics and intraset correlations for environmental parameters.
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DISCUSSION

Research findings highlight that in
the study area the most important stress
factors are soil dryness (related to as-
pect and soil texture), low nitrogen avai-
lability and acid pH. These results are in
accordance with the ones of many au-
thors (e.g. BURNETT et al., 1998; NI-
CHOLS et al., 1998; SCHAFFERS, 2002;
HÄRDTLE et al., 2003). Also light inten-
sity is important to determine the flori-
stic composition of the undergrowth, as
demonstrated also by MOORE &VANKAT

(1986), COLLINS & PICKETT (1988) and
SCHMIDT (2005).

From a floristic point of view, the

studied forest landscape is composed of
two main species groups. The first one
is made up of species whose distribu-
tion seems not to be linked to the local
scale environmental features (species
near axes origin), but, instead, to broa-
der scale factors, such as macroclimatic
conditions and biogeographic features;
the second species group distribution,
instead, is linked to local scale environ-
mental features and to one or more of
theconsideredenvironmentalconstrain-
ts. Furthermore, it is possible to state
that intense stress (drought stress on
South-facing slopes, nitrogen-poor soi-
ls with a high sand percentage or low
light intensity) lowers richness and in-

duces the dominance of one or few
species (low Shannon and Evenness
indices values). The opposite trend is
related to low stress level; as a matter of
fact, the highest richness and Shannon-
Wiener index values were recorded for
the least stressful conditions. These re-
sults are in accordance with those em-
phasizedby PAUSAS & CARRERAS (1995),
BURNETT et al. (1998) and DECOCQ

(2000).
The lowest richness was not found

in relation to acid soils, but to neutral/
neutral-acid ones, probably because of
the overlapping of other environmental
stresses (PAUSAS & AUSTIN, 2001) such
as soil dryness and low nitrogen con-

Fig. 2 - Ordination scatterogram from a Redundancy analysis on 80 objects (relevés) and 220 variables (214 species and 6 ecological
parameters). Relevés are numbered, species are labelled. Letters A-F indicate species groups reported in Tab. 6.
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tent. Richness decrease in the most light
condition corresponds to South-facing
slopes (Cytiso sessilifolii-Quercetum
pubescentis, Quercus cerris and Quer-
cus pubescens community and Erico
arboreae-Quercetumpubescentis), cha-
racterized in turn by the most intense
drought stress. Shannon-Wiener and
Evenness indices decrease in the range
50-75 ¼mol m-2 s-1, is probably related

to the management kind (high forest) of
Quercus cerris and Carpinus betulus
woods (Carici sylvaticae-Quercetum
cerridis) which tends to make tree ca-
nopy more homogeneous from a flori-
stic viewpoint. Furthermore, evenness
shows an increasing trend from high to
low stressful conditions, in accordance
with Shannon diversity and species
number, except for soil pH and total

nitrogen concentration. In fact, at the
highest nitrogen content and on neu-
tral-basic soils, evenness decreases,
unlike richness and Shannon index. It
means that the higher value of nutrient
availability in the study area probably is
not enough to determine a richness de-
crease through competitive exclusion
and thespreadofdominant species (GRI-
ME, 2001) but lead to a change in species
abundancesdistributionpattern,making
forest community species set less evenly
distributed.

Stress gradients act not only on
species diversity, but also on plant com-
munities species composition. Species
strongly related to the most stressful
environmental conditions are those of
A and F groups (Fig. 2, Tab. 6). From an
ecological viewpoint species of group
A would be considered nemoral, light-

Group A. Acer monspessulanum subsp. monspessulanum (Ace mon), Arabis turrita (Ara tur), Asparagus acutifolius (Asp acu),
Buglossoides purpurocaerulea (Bug pur), Carex flacca s.l. (Car fla), Carex halleriana (Car hal), Cyclamen repandum subsp. repandum
(Cyc rep), Cytisophyllum sessilifolium (Cyt ses), Dactylis glomerata subsp. glomerata (Dac glo), Fraxinus ornus subsp. ornus (Fra orn),
Lathyrus sylvestris (Lat syl), Quercus pubescens s.l. (Que pub), Silene italica (Sil ita), Sorbus torminalis (Sor tor), Tamus communis (Tam
com) , Teucrium chamaedrys subsp. chamaedrys (Teu cha), Viola alba subsp. dehnhardtii (Vio deh).
Group B. Ajuga reptans (Aju rep), Brachypodium sylvaticum (Bra syl), Bromus ramosus (Bro ram), Calamintha nepeta subsp. sylvatica
(Cal syl), Digitalis lutea subsp. australis (Dig aus), Euonymus europaeus (Euo eur), Euphorbia amygdaloides subsp. amygdaloides (Eup
amy) , Geranium robertianum (Ger rob), Glechoma hirsuta (Gle hir), Ilex aquifolium (Ile aqu), Lonicera xylosteum (Lon xyl), Melittis
melissophyllum subsp. melissophyllum (Mel mel), Mercurialis perennis (Mer per), Rosa canina s.l. (Ros can), Saxifraga rotundifolia (Sax
rot), Solidago virgaurea subsp. virgaurea (Sol vir) .
Group C. Campanula trachelium subsp. trachelium (Cam tra), Cardamine bulbifera (Car bul), Carex digitata (Car dig), Cephalanthera
damasonium (Cep dam), Cornus mas (Cor mas), Corylus avellana (Cor ave),Cruciata glabra subsp. glabra (Cru gla), Euonymus latifolius
(Euo lat), Euphorbia dulcis (Eup dul), Galium odoratum (Gal odo), Geum urbanum (Geu urb), Hepatica nobilis (Hep nob), Laburnum
anagyroides subsp. anagyroides (Lab ana) , Lactuca muralis (Lac mur), Lonicera caprifolium (Lon cap), Ostrya carpinifolia (Ost car),
Sanicula europaea (San eur) , Sorbus aria subsp. aria (Sor ari).
Group D. Acer opalus subsp. obtusatum (Ace obt), Acer pseudoplatanus (Ace pse), Anemone apennina subsp. apennina (Ane ape),
Cyclamen hederifolium subsp. hederifolium (Cyc hed), Festuca heterophylla (Fes het), Fragaria vesca subsp. vesca (Fra ves), Galanthus
nivalis subsp. nivalis (Gal niv) , Hedera helix subsp. helix (Hed hel), Hieracium murorum (Hie mur), Lathyrus venetus (Lat ven), Lilium
bulbiferum subsp.croceum (Lil cro), Luzula sylvatica subsp.sylvatica (Luz syl), Melica uniflora (Mel uni),Poa nemoralis (Poa nem) ,Scilla
bifolia (Sci bif), Viola reichenbachiana (Vio rei).
Group E. Anemone nemorosa (Ane nem), Aristolochia lutea (Ari lut), Arum maculatum (Aru mac), Carex sylvatica (Car syl), Carpinus
betulus (Car bet), Crataegus laevigata (Cra lae), Dactylorhiza sambucina (Dac sam), Lathyrus vernus (Lat ver), Lilium martagon (Lil
mar), Luzula forsteri (Luz for), Neottia nidus-avis (Neo nid), Platanthera chlorantha (Pla chl), Polypodium vulgare (Pol vul), Pulmonaria
apennina (Pul ape), Pyrus pyraster (Pyr pyr),Quercus cerris (Que cer),Ranunculus lanuginosus (Ran lan) ,Rosa arvensis (Ros arv), Silene
viridiflora (Sil vir), Stellaria holostea (Ste hol), Symphytum tuberosum subsp. angustifolium (Sym ang), Veronica officinalis (Ver off).
Group F. Asplenium trichomanes subsp. quadrivalens (Asp qua), Brachypodium rupestre (Bra rup), Bromus erectus subsp. erectus (Bro
ere), Clematis vitalba (Cle vit), Cytisus hirsutus subsp. polytrichus (Cyt pol), Erica arborea (Eri arb), Juniperus communis (Jun com),
Juniperus oxycedrus subsp. oxycedrus (Jun oxy), Lathyrus clymenum (Lat cly), Ptilostemon strictum (Pti str), Teucrium siculum subsp.
siculum (Teu sic) .

Tab. 6 - Groups of species highlighted by Redundancy analysis (in brackets labels used in Fig. 2 are reported).

Tab. 8 -Matrix summarizing the ecological characterization of each group highlighted by RDA (A-F) and the related environmental stresses
and ecological factors.

Tab. 7 - Mean and median of bioindication values calculated for species groups highlighted
by RDA.
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demanding species or living in forest
edgesandclearings,while thoseofgroup
F are pioneer species of open habitats,
ingressive in woods probably because
of soil deterioration or for the excessive
forest canopy openings due to forestry
activity. In fact, light-demanding oaks,
as Quercus pubescens s.l., and the rela-
ted undergrowth species, have been of-
ten favoured by past forest manage-
ment and by direct facilitation (MAN-
TEL, 1990;WALLNÖFER &HOTTER, 2008).

Species belonging to group B can
be considered edge or semipioneer flo-
ristic units. They live under the canopy
of the forest edge and are probably
favoured by the periodic wood cutting
linked to the forest management (BAR-
THA et al., 2008). Group E includes
specialist sciaphilous nemoral, aci-
dophilous and relatively soil moisture-
demanding species. This ecological
behaviour type is very different from
that of B group. The only joining point
is the same light demand, but this simi-
larity is probably due to different cau-
ses: forestry management history and
structure (group B) and light permeabi-
lity of woods canopy (group E).

Groups C and D may be conside-
red to be composed by “ancient forest
species” (HERMY et al., 1999), which
prefer cool and moist soils with inter-
mediate pH.

CONCLUSIONS

The research results allowed to
ascertain that, as stated by GRIME (1973),
also in the submediterranean forest lan-
dscape, stress level acts to define spe-
cies diversity. Moreover, results permit
to hypothesize that, in homogeneous
bioclimatic conditions, Shannon-Wie-
ner, Simpson and Evenness indices
could be used as stress indicators within
a forest landscape.

From a floristic point of view, in-
tensity and combination of stress factors
select one or more groups of species
withdifferent ecologicalbehaviour, lea-
ding to the local floristic differentiation
of plant communities. Within the pool
of species adapted to the different sets
of environmental factors, forest mana-
gement and land use history act, deter-
mining the temporal pattern of the dif-
ferent ecological behaviour type spe-
cies groups (BARTHA et al., 2008). In
fact, the ingression of edge and clearing
nitrophilous (group B) or open habitat
species (group F) in forest communi-
ties, could be interpreted as a result of
frequent coppicing and/or past soil ero-
sion. On the other hand, the prevalence

of nemoral species (groups D and E)
indicates a higher forest soil cover be-
cause of longer turnover or higher fo-
rest topsoil cover after cutting down
(HÄRDTLE et al., 2004; REIF & GÄRTNER,
2007). Moreover, it can be hypothesi-
zed that the presence of such species
also depends on land use history and in
particular on the continuity of forest
cover over the time (DECOCQ, 2003).

The results of this study represent
a useful tool for future research, aimed
to define plant diversity conservation
guidelines and biodiversity monitoring.
This approach will be useful in the futu-
re, because climatic change will cer-
tainly increase drought stress and the
possibility to predict species shifting
and floristic variation of forest ecosy-
stems would be a very important goal
for their future management. Moreo-
ver, it could be important also for plant
communities phytosociological cha-
racterization, in order to better select
the diagnostic group of species of each
syntaxon taking into account their local
meaning from an ecological point of
view.
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