
Introduction

Hilly and mountain mixed mesophilous woods dominated 
by Acer spp. and Fraxinus excelsior are considered of great sci-
entific and conservation interest in Europe and are considered 
a priority habitat by the European Union (cod. Natura 2000: 
9180, Annex I of Directive 92/ 43). According to the latest 
version of the “Interpretation Manual of European Union 
Habitats” [1,2] this habitat encompasses “Mixed forests of sec-
ondary species (Acer pseudoplatanus, Fraxinus excelsior, Ulmus 
glabra, Tilia platyphyllos, T. cordata) of coarse scree, abrupt 
rocky slopes or coarse colluvial deposits of slopes, particularly 
on calcareous, but also on siliceous, substrates” and is present 
in practically all European countries. Nonetheless, Acer spp. 
and Fraxinus excelsior woods are rare and cover small surfaces 
throughout Europe, as forest management in the past often 
directly or indirectly favoured other tree species (particularly 

Fagus sylvatica and conifers) rather than the so-called “noble 
broadleaves” (Acer spp., Fraxinus excelsior, Ulmus glabra, Tilia 
spp.) that form the characteristic dominant layer of this habitat 
[3]. Nowadays, in the mountain chains of central-southern 
Europe (i.e. the Apennines and Dinaric Alps) the most typical 
coenoses are located in relatively inaccessible sites and should 
be considered as relicts. These mixed maple and ash woods 
are capable of developing in quite diverse habitats: on steep 
slopes or ravines, on rocky or stony screes, at the bottom of 
shady steep-sided valleys, on deep colluvial soils at the foot 
of slopes, in generally mesophilous conditions but also in 
relatively thermophilous places, on humus-rich and more or 
less base-rich soils [4].

Klika [5] was the first author to highlight the phytosocio-
logical autonomy of these forests, defining the phytosociologi-
cal alliance Tilio platyphylli-Acerion pseudoplatani Klika 1955 
s.l. for these central European hilly and submontane mixed 
coenoses, characterized by specific flora and a European (from 
western to central and south-eastern) distribution.

Numerous local studies concerning the mountains of central 
Europe and the Balkan regions are available [5-18], together 
with more or less large-scale reviews [3,19-23]. Regarding 
the Italian Alps, a few studies have focused on the eastern 
part [24,25]; until a few years ago, information concerning 
Tilio-Acerion coenoses on the rest of the Italian peninsula was 
often sporadic, based on structural aspects and on limited 
relevés [26-30]. However, several studies concerning maple 
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and ash woods have been published more recently, with larger 
datasets referring to different peninsular areas [31-38]. The 
results of these studies suggest a strong phytogeographic dif-
ferentiation of Acer-Fraxinus woods from Alpine regions to the 
Apennines, especially in the southernmost areas of the latter 
range. In particular Brullo et al. [32] described a new alliance 
for mixed forests in southern Apennine areas with a Mediter-
ranean bioclimate – Tilio pseudorubrae-Ostryion carpinifoliae 
Brullo, Scelsi, Siracusa and Spampinato 1999 – which was 
subsequently divided in two sub-alliances by Ubaldi [39,40], 
and assigned to the Quercetalia pubescentis order by Biondi 
et al. [41]. The new alliance Lauro nobilis-Tilion platyphylli 
Biondi, Casavecchia and Biscotti 2008, recently described by 
Biondi et al. [41] for the Tilia and Acer woods in the southern 
Apennines, could also be considered as a geographic vi-
cariant of Tilio-Acerion. In fact, according to Košir et al. [42] 
and Biondi et al. [41] the southern limit of the Tilio-Acerion 
suballiance in the Apennine, represented by the association 
Aro lucani-Aceretum lobelii, is the Matese Massif (Campania, 
Molise). In this paper, we address the following questions 
regarding maple-ash coenoses ascribed to Tilio-Acerion, using 
a large dataset and various numerical methods: (i) Which 
types of Italian peninsular Acer-Fraxinus community can be 
distinguished from a phytosociological viewpoint, based on a 
large (114 relevés) data set? What are the possible reasons for 
these patterns? (ii) What are the floristic differences between 
the Italian peninsular Tilio-Acerion (s.l.) communities and 
the similar Alpine, central European and Balkan coenoses? 
Can these differences be used to identify phytogeographical 
gradients? (iii) Does the differentiation of the Acer-Fraxinus 
woodlands in the Apennines reflect their attribution to a single 
suballiance (Ostryo-Tilienion platyphylli) together with some 
Balkan coenoses, as reported by Košir et al. [42]?

Material and methods

This study concerned only Tilio-Acerion woods dominated 
by Acer spp. and Fraxinus excelsior sometimes with Tilia 
platyphyllos. Tilia cordata dominated coenoses are excluded, 
as their presence on the Italian peninsula is limited and they 
are considered by several authors to be more thermophilous 
and well-differentiated [3,43-45]. The study takes into consid-
eration 114 phytosociological relevés performed according to 
the Braun-Blanquet method [46] in Acer spp., Tilia platyphyl-
los and Fraxinus excelsior dominated woods on the Italian 
peninsula. The relevés, some of which were unpublished, were 
performed by different authors [31,33-38] along a geographical 
gradient of approximately 600 km in length (Tab. S1). They 
were classified numerically using TWINSPAN as divisive 
polythetic method [47] in order to characterize homogeneous 
floristic groups defined in a large-scale classification [48] and 
to avoid the problem of existing syntaxa based on a single/few 
relevés, without suitable synoptic tables. Five pseudo-species 
cut levels were selected, corresponding to 0, 2, 3, 5 and 7.

For floristic comparison of the data for the Italian peninsula 
(7 synoptic tables corresponding to the numerical classifica-
tion groups), 17 vegetation tables of Acer-Fraxinus dominated 
forests in the Alps, central and south-eastern Europe were 
selected [6,10,11,15-18,24,25,49-53]. Furthermore, 6 synoptic 
tables from unavailable literature were taken directly from 
[3]. With these data a matrix was prepared in the form of 
constancy tables, with constancy classes 1 to 5 (1 = 1 − 20%; 2 

= 21 − 40%, 3 = 41 − 60%; 4 = 61 − 80% and 5 = 81 − 100%), 
then examined using the same classification methods (matrix 
30 × 247, using only species with a frequency ≥3; the 4 cut 
levels were 0, 2, 3 and 4).

To detect the representative species in each group obtained 
by the latter classification, we used INdicator SPecies ANalysis 
(INSPAN) [54]. This method combines information on the 
species abundance and the faithfulness of occurrence of a 
species in a particular group. First, we calculated an indicator 
value for each species (the product of its relative abundance 
and relative frequency), ranging from 0 (no indication) to 
100 (perfect indication). Secondly, we tested the statistical 
significance of the highest indicator value (IVmax) for each 
species using a Monte Carlo method that randomly assigns 
each sample to groups 999 times. The null hypothesis is that 
IVmax is no larger than would be expected by chance (i.e. that 
the species has no indicator value). To test for significance, we 
set α at 0.05. We used PC-ORD software [55] to conduct all 
procedures.

A table of southern European Acer-Fraxinus dominated 
woods was subsequently constructed with the communities 
and species ordered according to the classification results, and 
showing significant indicator species for each cluster.

To characterize the role of various phytogeographical groups 
of species (chorotypes) in the communities examined, the spe-
cies were allocated to 14 groups in all synoptic tables: Alpine, 
Alpine-Apennine, Apennine, central-southern Apennine, 
Apennine-Balkan (including Dinaric Alps), Balkan (includ-
ing Dinaric Alps), Mediterranean, European-Mediterranean, 
Eurosiberian-Tethyan (including European-Tethyan), east 
European (E and S European), Eurosiberian (including Euro-
pean), Boreal, Holarctic and Cosmopolitan. The species were 
allocated to these groups based on their chorological types, in 
accordance with the phytogeographical synthesis of Takhtad-
jian et al. [56] and Takhtadjian and Cronquist [57], with some 
variation for chorotypes above the province level as reported 
by Arrigoni [58] and Foggi [59].

To identify patterns in phytogeographical variation among 
the groups of relevés identified by numerical classification, dis-
criminant analysis of the last TWINSPAN classification groups 
treated as nominal species was performed using Canonical 
Variates Analysis (CVA), with the percentage of chorotypes 
in each phytocoenosis as the environmental variables [60]. As 
there were fourteen (14) potentially relevant phytogeographi-
cal attributes, we used a forward selection procedure [61] to 
find the minimal set of statistically significant attributes that 
“explain”, in a statistical sense, the relevé groups about as well 
as the full fourteen chorotypes. To assess statistical significance 
in the forward selection procedure, we used an unrestricted 
Monte Carlo test. The significance level of the tests in the 
CVA was adjusted according to the Bonferroni method of 
correcting for multiple tests, in order to rectify type I errors 
due to the repeated statistical tests [62]. The lengths of envi-
ronmental variable arrows were adjusted to better express their 
discriminating power, using within-group standard deviation 
a as reference scale [63].

The CANOCO package (version 4.5) [60] was used for 
ordination analyses and multiple linear regression. Significance 
was tested at each step of the stepwise multiple and partial 
regression analyses and for the axes of the ordination analy-
ses, using a Monte Carlo permutation test with 999 random 
permutations.

Species nomenclature is in accordance [64-67]. 
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Results 

Classification of the Italian peninsular relevés
The TWINSPAN classification of the Italian peninsula 

relevés cutting at the third cut level (see dendrogram in Fig. 1) 
shows 7 groups, which can be interpreted as 7 vegetation types 
(Tab. S1). These types are well characterized by the presence 
or absence of the diagnostic species groups indicated by the 
numerical analysis. The floristic-ecological differences between 
these groups may be summarized as follows: GROUP 1: Ra-
vine woodlands of the Matese mountains (Molise, southern 
Apennines) on deep colluvial soils derived from carbonate 
rocks (Aro lucani-Aceretum lobelii Paura and Cutini 2006). 
GROUP 2: Acer spp., Abies alba, Fraxinus excelsior woods on 
colluvial deposits of slopes in Abruzzo and Basilicata (central 
and southern Apennines, Aceretum obtusati-pseudoplatani 
aceretosum lobelii Pirone et al. 2006 and unpublished data). 
TWINSPAN indicator species are Corylus avellana and Rubus 
hirtus. GROUP 3: Low mountain mixed woods dominated by 
Acer obtusatum, A. pseudoplatanus and Fraxinus excelsior on 
mainly siliceous rocky and colluvial in Marche, Tuscany and 
Latium (central Apennines and anti-Apennines; Ornithogalo-
Aceretum Taffetani 2000 and unpublished relevés). TWINS-
PAN indicator species are Lonicera caprifolium, Fraxinus ornus 
and Carpinus betulus. GROUP 4: Hilly and low mountain 
Acer spp., Ulmus glabra and Tilia platyphyllos mixed woods 
on substrates with the presence of large calcareous rocks or 
at the base of steep slopes where layers of detritus gather 
(Marche, central Apennines, Aceretum obtusati-pseudoplatani 
Biondi et al. 2002, Aceretum obtusati-pseudoplatani aspe-
ruletosum taurinae Allegrezza 2003; Aceri-Ulmetum Pedrotti 
1982 and unpublished data). TWINSPAN indicator species 
are Saxifraga rotundifolia, Ostrya carpinifolia and Asperula 
taurina. GROUP 5: Low mountain mixed woods dominated 
by Acer spp. and Fraxinus excelsior, mainly on basic colluvial 
and rocky soils in Marche and marginally Tuscany (central 
Apennines, Ornithogalo-Aceretum [36]; Aceretum obtusati-
pseudoplatani aconitetosum neapolitani Allegrezza 2003 and 
unpublished data). GROUP 6: Mixed sub-thermophilous 
woods in calcareous ravines with Acer obtusatum, A. campestre 
and Ostrya carpinifolia in southern Tuscany (anti-Apennines, 
Glechomo hirsutae-Aceretum obtusati Angiolini et al. 2005). 
TWINSPAN indicator species are Cornus mas and Glechoma 
hirsuta. GROUP 7: Low mountain mixed woods dominated 
by Acer spp., Fraxinus excelsior and Ostrya carpinifolia mainly 
on clay soils derived from basic Flysch substrates in Tuscany 
(central Apennines, Ornithogalo-Aceretum geranietosum no-
dosi Angiolini et al. 2005). TWINSPAN indicator species are 
Ostrya carpinifolia, Geranium nodosum, Anemone trifolia and 
Cardamine heptaphylla.

Classification of the Alpine and southern European forests
The classification according to TWINSPAN (Fig. 2) sepa-

rates two clusters at the first level. The first cluster comprises 
Alpine belt coenoses, including intra-Alpine, central European 
and peripheral eastern areas (groups A, B and C; Fig. 3). The 
second cluster comprises coenoses of the southern peri-Alpine 
belt and that of the Apennines and the Dinaric Alps (groups 
D, E and F; Fig. 3); indicator species are Ostrya carpinifolia, 
Cornus mas, Fraxinus ornus and Melica uniflora.

Group A is distributed in hilly and mountain environ-
ments along the entire Alpine belt. The dataset comprises four 

Fig. 1 TWINSPAN dendrogram of 114 relevés in Acer-Fraxinus 
forests along the Italian peninsula. Indicator species are shown using 
the first three letters of the genus and species names from Tab. S1.

Fig. 2 TWINSPAN dendrogram of 30 synoptic vegetation tables of 
Acer-Fraxinus dominated forests from the Alps, Apennines, central 
and south-eastern Europe. Indicator species names at each division 
are abbreviated to first three letters of the genus and species names 
from Tab. S2.

Fig. 3 Distribution map of forest relevés in central and southern 
Europe. The letters shown correspond to the six European groups 
shown in Fig. 2 (TWINSPAN classification).
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phytosociological tables for the Jura, Vosges, and Grigioni 
mountains. They include coenoses dominated by Acer pseu-
doplatanus with Fraxinus excelsior, Tilia platyphyllos, Ulmus 
glabra, numerous microthermic species and plants typical 
of fir and spruce woods. The indicator species according to 
TWINSPAN is Sorbus aria and, according to INSPAN, the 
group appears well-differentiated, having numerous represen-
tative species (Tab. S2). The species that were not unique to this 
cluster but markedly less frequent in the other communities 
were Adenostyles alpina, Hordelymus europaeus, Cardamine 
heptaphylla, polygonatum verticillatum, Rosa pendulina, Rubus 
saxatilis, etc. (for symmetrical indicators, see [54]). Other less 
frequent species that had their maximum indicator values in 
this group (asymmetrical indicators) were Gymnocarpium 
robertianum, Salix appendiculata, Knautia dipsacifolia, Viola 
biflora.

Group B – southern-central submontane Alpine group. 
The four tables analyzed are related to the Jura Mountains, 
Switzerland, and southern Germany. They include coenoses 
dominated by Acer pseudoplatanus, A. platanoides, Fraxinus 
excelsior and Abies alba, similarly to those of group A, but 
the species are less characterizing here. INSPAN indicates the 
presence of significant indicator species (Abies alba, Impatiens 
noli-tangere, Stachys sylvatica, Scrophularia nodosa, etc.) that 
are generally also quite frequent in other clusters (in particular 
A and C).

Group C – coenoses of the south-eastern Alpine belt, 
distributed from north-eastern Italy (Veneto and Friuli) to Slo-
venia (Hacquetio-Fraxinetum s.l.). The group includes coenoses 
with many hilly and submontane species together with numer-
ous mesophilous gorge species. The canopy is dominated by 
Fraxinus excelsior and, to a lesser extent, by Carpinus betulus, 
Ulmus glabra, and prunus avium. According to TWINSPAN 
the indicator species is Hepatica nobilis. INSPAN indicated 
that the group is floristically well-defined, with a high number 
of significant symmetrical species (e.g. Listera ovata, Cirsium 
oleraceum, Anemone ranunculoides, Chrysosplenium alterni-
folium, Dryopteris carthusiana, Deschampsia caespitosa, etc.), 
some of which are distributed in the Balkans and in central 
Europe (e.g. Hacquetia epipactis, Cardamine trifolia, Lamium 
orvala), or indicate zonal contacts (e.g. picea abies). 

Group D – mixed group of coenoses prevalently from the 
eastern peri-Alpine zone. The 7 tables analyzed refer to north-
ern (mainly north-eastern) Italy, Croatia, and Slovenia. The 
group includes coenoses of calcareous substrates dominated 
by Acer spp. and Ulmus glabra, together with Tilia platyphyllos, 
Taxus baccata, Ostrya carpinifolia and Fraxinus ornus, all mark-
edly south-eastern European; it is characterized by microther-
mic species (TWINSPAN indicator species: Daphne mezereum) 
but differentiated from the Alpine coenoses thanks to numer-
ous species of rocky/unstable substrates (Calamagrostis varia, 
Sesleria autumnalis, Lonicera xylosteum, Valeriana tripteris, 
Sorbus aria, etc.) and to some thermophilous species (Ruscus 
aculeatus, Tanacetum corymbosum, Vinca minor). INSPAN 
reveals that the group is well-defined; the indicator species 
include some from the surrounding zonal woods (i.e. Ostrya 
carpinifolia, Fraxinus ornus, Rosa arvensis) and others with a 
prevalently eastern distribution (Corydalis ochroleuca, Euony-
mus verrucosus, Sesleria autumnalis, etc.).

Group E – submontane coenoses of the Apennines (from 
central-northern to central-southern), typical of both calcare-
ous and siliceous substrates, dominated by Acer spp. The 7 
tables analyzed all refer to peninsular Italy (Liguria, Tuscany, 

Marche, Abruzzo, Molise). According to INSPAN the indicator 
species are only 29 (see Tab. S2); most of these are not exclusive 
to the group, but reach their maximum frequency and coverage 
in it. Among these, the most significant woody species are: 
Acer obtusatum, with a southern European distribution, which 
characterizes and dominates maple woods on the Italian pen-
insula; Quercus cerris, an European-Mediterranean plant that 
penetrates into the Apennine Tilio-Acerion populations with 
limited coverage, indicating its contact with the neighbouring 
zonal coenoses; Ilex aquifolium, another European-Mediter-
ranean sub-thermophilous plant present almost exclusively 
in Apennine coenoses, indicating the relict character of these 
woods. Among the herbaceous species we underline the 
presence of endemic Apennine species such as pulmonaria 
apennina, Helleborus bocconei, Lilium bulbiferum ssp. croceum, 
Digitalis micrantha, and European-Mediterranean species like 
Melica uniflora, Daphne laureola, Viola alba ssp. dehnhardtii.

Group F with two tables relating to Bosnia and Croatia. 
This group includes mixed coenoses of the central parts of 
the Dinaric Alps, dominated by Acer spp., with Tilia cordata, 
and Carpinus betulus. The indicator species according to 
TWINSPAN is Athyrium filix-femina, while INSPAN indi-
cated only 7 significant species for the group, among which 
we highlight Tilia cordata, as well as the mesothermophilous 
species Crataegus monogyna and Ajuga reptans. In terms of 
floristic composition, this group represents the transition from 
Apennine to Balkan peri-Alpine coenoses.

Discriminant analysis
The CVA results show clear phytogeographical variations 

among the communities (Fig. 4). Six of the 14 chorotypes 
defined are significantly related to the differences between 
relevé groups (European-Mediterranean, east-European, Eu-
rosiberian, Boreal and Holarctic at p = 0.001; Apennine at p = 
0.003). Twenty seven percent of the within-to-between group 
variation is captured in CVA axes 1 and 2 (axis 1: 13.9%; axis 
2: 13.1%). Four CVA axes are highly significant (p < 0.001), 
but the general pattern of phytogeographical variation among 

Fig. 4 Ordination of the relevé groups along the first two CVA axes 
in relation to the 14 phytogeographical groups of species: E-Alp 
(eastern Alpine), Alp-App (Alpine-Apennine), Apennine, CS Apen 
(central-southern Apennine), Apen-Balk (Apennine-Balkan), Balkan 
(including Dinaric Alps), Med (Mediterranean), Eur-Med (Euro-
pean-Mediterranean), Eurosib-Tet (Eurosiberian-Tethyan including 
European-Tethyan), E-Eur (eastern and southern European), Eurosib 
(Eurosiberian including European), Boreal, Holarct (Holarctic) and 
Cosmop (Cosmopolitan). Labelling of relevé groups as in Fig. 2.
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the communities is shown most clearly by the combination of 
the first and second axes (Fig. 4). CVA axis 1 is most closely 
positively correlated with European-Mediterranean (r = 0.79) 
and Apennine (r = 0.78) species, but negatively connected with 
Eurosiberian (r = −0.83), Holarctic (r = −0.77) and Boreal (r = 
−0.64) species. This axis separates the communities of Italian 
peninsular Acer-Fraxinus woods (Group E) from all the other 
groups; the extreme positions along the arrows pointing in 
the opposite direction from the European-Mediterranean and 
Apennine species are occupied by the communities poorest in 
these species (Groups A and B). The number of east-European 
species is most closely positively correlated with the second 
axis (r = 0.86) and strongly influences the ordination of com-
munities along this axis from the poorest (Groups A and B) to 
the richest (Groups C and D) in these species. Along this axis, 
Italian peninsular coenoses (Group E) occupy an intermediate 
position even though they are located on the negative side, thus 
highlighting the scarce presence of east-European components.

Discussion

For the Italian peninsula, the seven groups proposed by nu-
merical classification based on a large dataset only represented 
some of the original phytosociological syntaxa (Groups 1, 2, 
6 and 7), while the other associations were split or clustered 
(Groups 3, 4 and 5; Fig. 1). This was predictable since, as re-
corded by Knollová et al. [48], analyses based on large datasets 
identify groups of relevés that occupy larger areas than those 
identified by local datasets. In particular, it is clear that the more 
highly characterized sociological groups (e.g. by Acer lobelii, a 
central-southern Apennine species, or Geranium nodosum, a 
subacidophilous species) belong to peripheral mountain groups 
that are geographically and biogeographically isolated. On the 
contrary, relevé groups 3, 4, and 5 from the central Apennines 
are less well-defined and show floristic exchanges and overlap-
ping due to geographical-ecological continuity. This strong 
connection determines the presence of a high number of species 
(some with high cover values) in common with the woodlands 
in spatial contact with maple-ash woods, such as mixed meso-
hygrophilous broadleaved woods (e.g. Carpinus betulus, Corylus 
avellana coenoses), or thermophilous woods (e.g. Ostrya carpi-
nifolia and Fraxinus ornus stands). This floristic contiguity with 
deciduous broadleaved woodlands can be explained through 
vegetation history. According to Pott [68], in the Atlantic period 
(6000-3200 BC) broadleaved woods were composed of Ulmus 
sp., Quercus sp., Tilia sp., Fraxinus excelsior, Acer sp., and Alnus 
glutinosa. During the second half of the Atlantic, and above all 
in the subsequent Sub-Boreal period [68-71], the expansion of 
beeches began, starting from the southern refugia and conquer-
ing all areas, especially those with mixed woodlands of Abies, 
Tilia, Fraxinus and Acer (see [72]). This phenomenon could 
have determined a certain homogenization of the pre-existing 
populations, levelling out their floristic differences. This is 
likely to have happened above all in areas such as the central 
Apennines, which maintained strong functional connections 
with surrounding areas for historical and geographical reasons 
and thus developed less characterized endemic components 
than elsewhere. Within this general trend, the human effect 
favoured the local expansion of beeches in relation to the noble 
broadleaved trees, as also reported by Ubaldi [73]. In this case 
the effects of ecological closeness [74] need to be well quantified 
and analyzed in order to reveal their possible influence.

In the European context, this study confirms the results of 
the paper by Košir et al. [42] and demonstrates that Alpine, 
south-east European, and Apennine groups are autonomous. 
This strong differentiation is attributable to the endemic spe-
cies groups being better conserved in these azonal coenoses, 
with a “buffered” flora with respect to other more closely 
interconnected woodlands, to the limited effect of the human 
disturbance, which can be seen in the station characteristics 
and finally to the species from zonal woods in contact with 
maple-ash woods, which differ in function of different bio-
geographical regions.

Nevertheless, the greatest differences recorded are between 
the Alpine and surrounding European coenoses: either be-
tween northern Alpine and central European (Groups A and B) 
species, or between eastern Alpine (Group C) species and those 
of the southern chains (Groups D, E, F; Fig. 2). This strong 
differentiation of the Alpine coenoses s.l. is also suggested by 
CVA (Fig. 4), which proves that there is a substantial difference 
between Alpine maple-ash and other woods, especially Apen-
nine ones. In fact, species with very broad ranges, the history of 
which may be more closely connected with boreal woods (e.g. 
Rubus idaeus, Impatiens noli-tangere, Dryopteris carthusiana, 
Angelica sylvestris, etc.), are present almost exclusively within 
Alpine maple-ash woods. To these we must add a group of 
nemoral European-Mediterranean species which are remnants 
of the rich forest vegetation of the warm and humid periods 
of the Middle and Late Tertiary. These species are sensitive to 
climatic conditions and strictly European-Mediterranean, and 
as such absent or sporadic in Alpine maple-ash woods (e.g. 
Euonymus latifolius, Fraxinus ornus, Ostrya carpinifolia, Viola 
alba, Daphne laureola, Taxus baccata, Ilex aquifolium, Hyperi-
cum montanum, etc., see Tab. S2). The northern limits of these 
taxa exhibit a continuous gradation, but only a few extend into 
the temperate central European region [75].

Considering the Apennine coenoses, classification (Fig. 2) 
reveals a relative (although still limited) affinity between them 
and the groups less influenced by the Alpine belt in the central 
and southern parts of the Dinaric Alps. This also emerges 
from the studies of several Balkan authors [76,77] and in 
particular from [78], who propose the attribution of Apen-
nine and Dinaric Alpine maple-ash woods to the alliance 
Fraxino-Acerion Fukarek 1969, including two new suballiances 
distinguished on a floristic-ecological basis. In a later paper, 
Košir et al. [42] state that classification into the independent 
alliance proposed by Fukarek [43] is not a suitable solution, as 
they did not succeed in confirming it by numerical analyses. 
Their numerical analyses show that xerothermophilous and 
mesophilous broad-leaved ravine forests in different phyto-
geographic regions are more similar than xerothermophilous 
and mesophilous forests in a single region. Thus, Košir et 
al. [42] base their classification on ecologically as well as 
geographically differential groups. Stressing the importance 
of the dominant trees, they propose classifying the Apennine 
coenoses, together with some Balkan ones (of the southern 
Balkan to Illyrian area), into a new suballiance of Tilio-Acerion, 
named Ostryo carpinifoliae-Tilienion platyphylli. The presence 
of a single suballiance encompassing both the Apennine and 
Balkan coenoses was justified by Košir et al. [42] on a historical 
basis. In fact, the refugia of the Apennine-Illyrian vegetation 
are localized in the central and southern Apennines and in 
the southern part of the Balkan peninsula [71,72,79-81]. This 
common paleogeographical history is responsible for the high 
number of species with Apennine-Balkan distribution (i.e. 
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in Tab. S2 Acer obtusatum s.l. and Acer lobelii). However, it 
should be stressed that maple-ash woods are not the vegetation 
type within which phytogeographic relationships between the 
Apennines and Balkans are most evident. This is also indicated 
by our ordination (Fig. 4), which shows the clear autonomy 
of the Italian peninsula coenoses, caused by the consistent 
number of European-Mediterranean species and the Apennine 
endemics, together with the scarcity of east-European species. 
The results of our chorological analyses differ consistently 
from those of Košir et al. [42], as these authors consider the 
Apennine and Balkan coenoses to be very similar from a 
chorological viewpoint. This may be due either to a different 
chorological treatment ([42] followed [82,83]) or to our larger 
dataset of Italian relevés (Košir et al. [42] had a larger Euro-
pean dataset but for the Apennine they used only 36 relevés, 
not considering several papers such as: [34,37,38] and our 
unpublished data). We also observed many differences from a 
floristic viewpoint between the diagnostic species reported by 
Košir et al. [42] (see Tab. S1) and those indicated in our Tab. S2, 
as they only partially overlap; some of the diagnostic species 
in the “Apennine-Balkan” group (Ostryo-Tilienion) of Košir et 
al. [42] are lacking or scarcely present in the Apennine relevés 
(e.g. Tilia tomentosa, Ruscus hypoglossum) or belong to very 
different ecological components on the Italian peninsula (e.g. 
Ornithogalum umbellatum, Ranunculus ficaria).

Conclusions

(i) Maple-ash woods on the Italian peninsula can be sub-
divided into 7 distinct groups, based on the syntaxonomical 
analysis of a large dataset; these only partially correspond to 
the previously indicated syntaxa based on local floristic analy-
ses. Overlapping associations belong to the groups that are not 
geographically or biogeographically isolated. (ii) Among the 
woods analyzed the Alpine, Apennine and Balkan coenoses 
are floristically and phytogeographically well-differentiated 
from each other. (iii) The floristic differentiation observed 
is therefore due to the marked differences in their flora and 
reflects the phytogeographic subdivision of the Eurosiberian 
region [84], which supports the separation of the Alpine and 
Apennine-Balkan provinces and, within the latter, the Apen-
nine and Illyrian sectors. The results presented here could play 
an important role in the transfer of floristic-ecological infor-
mation to the syntaxonomic level, in order to create syntaxa (in 
particular above the association level) that can better reflect the 
chorological gradients present in the Acer-Fraxinus woods of 
the Alpine area and southern Europe. The indication emerging 
from this study is that the syntaxonomic schemes proposed by 
Košir et al. [42] on a geographic-ecological basis, which include 
the Apennine and Balkan coenoses in a single suballiance, do 
not seem to correspond very well to the differences that we 
identified on a phytogeographical and floristic basis. Alterna-
tively, emphasising the chorological and floristic differences 
that we proved to be present, we can distinguish between two 
separate suballiances, coinciding with these two sectors, within 
which we can identify various association groups based on 
ecological requirements. If we adopt this choice, our analyses 
show that the suitable diagnostic species for an Appennine 
suballiance are: Acer obtusatum, Cardamine kitaibelii, Cepha-
lanthera damasonium, Daphne laureola, Digitalis micrantha, 
Ilex aquifolium, Helleborus bocconei, pulmonaria apennina, Sa-
nicula europaea, Chaerophyllum temulum (see Tab. S1, Tab. S2). 

For this suballiance we propose the name: Acerenion obtusati-
pseudoplatani suball. nova hoc loco, holotypus: Ornithogalo 
sphaerocarpi-Aceretum pseudoplatani Taffetani 2000 [31]. The 
distribution area of this new suballiance is restricted to the 
Apennine sub-province of the Apennine-Balkan province [85]. 
The suballiance Ostryo carpinifoliae-Tilienion platyphylli Košir, 
Čarni and Di Pietro 2008 may be restricted to local habitat 
dominated by Tilia-species, especially in the north-eastern 
part of Italy and in the Balkan parts of the Apennine-Balkan 
province.

Supplementary material

The following supplementary material for this article is 
available online at https://pbsociety.org.pl/journals/index.php/
asbp/rt/suppFiles/asbp.2011.037/ 0:
1. Tab S1. Italian peninsula Acer-Fraxinus dominated cone-

noses (the groups correspond to the classification in Fig. 1).
2. Tab S2. Synoptic table with constancy classes (1 – 1-20%, 

2 – 21-40%, etc.) of central and southern European Acer-
Fraxinus dominated relevés (the groups correspond to the 
classification in Fig. 2).
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