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Abstract

The grasslands dominated by Bromus erectus and /or Brachypodium rupestre cover large areas on sandstone and
marl-clay-sandstone substrata (limestone is excluded), of the Apennines and pre-Apennines between Pistoia
and Arezzo provinces (Tuscany, Central Italy). Our investigation was focused on to 71 unpublished relevés
and 45 literature relevés from Tuscany and surrounding areas, reporting the original relevés of Astragalo
monspessulani-Brometum erecti, Centaureo bracteatae-Brometum erecti and Ononido masquillerii-Brometum erecti.
The relevés were submitted to exploratory multivariate analysis, allowing to detect nine distinct groups.
Their consistence was verified by mean of NMDS against Ellenberg/Pignatti indicator values, and CCA
constrained against chorotypes and growth forms. Diagnostic species of the definitive groups resulting from
the analysis were chosen according to species fidelity, based on the ¢ coefficient of association. The analysis
splits the data set in two main subclusters; the first one (A) includes few relevés of low altitude, thermophil-
ous conenoses, interpreted as a transition between the submediterranean aspects of Festuco-Brometea class
and other Mediterranean herbaceous and shrubby classes; the second subcluster (B) includes most of the
data set and can be clearly subdivided in pioneering, mesoxerophilous communities (B1 and B2a groups)
and mesophilous communities (B2b group). The relevés of clusters Bl and B2a are referred to Coronillo
minimae-Astragaletum monspessulanii association and to three other groups: Plantago argentea-Carex caryophyl-
lea communities, Tragopogon samaritani-Bromus erectus communities, Festuco trachyphyllae-Brometum erecti ass.
nova. The mesophilous group (B2b) includes the original Centaureo bracteatae-Brometum erecti and Ononido
masquillerii-Brometum erecti relevés, together with a slightly differentiated community; due to the non-rele-
vant differences between these grassland types from floristic, ecological and chorological perspectives, we
propose herewith to treat them as three subassociations of Centaureo bracteatae-Brometum erecti (typicum,
ononidetosum masquillerii and linetosum cathartici). Post-cultural grasslands in human-disturbed areas were
also detected. All these communities can be attributed to Polygalo mediterraneae-Bromenion erecti suballiance
(Bromion alliance), even if a clear subdivision between the mesoxerophilous pioneer aspects and the more
mesophilous and evolved ones can be noted.

Keywords: Bromion erecti, Ellenberg Indicator Values, grasslands, multivariate analysis, Northern Apen-
nines, phytosociology, syntaxonomy.

Izvlecek

Travi$ca v katerih prevladujeta vrsti Bromus erectus in/ali Brachypodium rupestre pokrivajo velike povrSine na
podlagi iz pe$¢enjaka in laporasto-glinastega pescenjaka (apnenec je izkljucen) na Apeninih in obmodju pred
njimi med provincama Pistoia in Arezzo (Toskana, srednja Italija). Nasa raziskava je bila osredoto¢ena na
71 neobjavljenih in 45 objavljenih vegetacijskih popisov iz Toskane in sosednjih obmodij. Originalni popisi
opisujejo asociacije Astragalo monspessulani-Brometum erecti, Centaureo bracteatae-Brometum erecti in Ononido
masquillerii-Brometum erecti. Popise smo obdelali z multivariatno analizo s katero smo zaznali 9 skupin. Kon-
sistenstnost skupin smo preverili s povpre¢jem NMDS proti Ellenberg/Pignatti indikatorskim vrednostim

! Department of Biology, Laboratory of Botany, University of Florence, Via La Pira 4, 1-50121 Florence, Italy.
E-mail: bruno.foggi@unifi.it (corresponding author), lastruccilorenzo73@gmail.com, matizgen@gmail.com,
daniele.viciani@unif.it

19



HacqQuETia 13/1 2014, 19-55

in CCA proti horotipom in rastnim oblikam. Diagnosti¢ne vrste posameznih skupin smo dolo¢ili z nave-
zanostjo vrst, ki temelji na ¢ koeficientu asociacije. Z analizo smo podatkovni niz razdelili na dva klastra;
prvi (A) vkljucuje nekaj popisov termofilne cenoze z nizje nadmorske visine, ki jih opisemo kot prehod
med submediteranskim aspektom razreda Festuco-Brometea in drugih mediteranskih zeli§¢nih in grmi§¢nih
razredov; drugi klaster (B) pa vkljucuje vecino podatkovnega niza in ga lahko ¢lenimo na pionirske, mezo-
kserofilne (skupini Bl in B2a) in mezofilne zdruzbe (skupina B2b). Popise klastrov Bl in B2a uvr§¢amo v
asociacijo Coronillo minimae-Astragaletum monspessulanii in tri druge skupine: zdruzba Plantago argentea-Carex
caryophyllea, zdruzba Tragopogon samaritani-Bromus erectus in Festuco trachyphyllae-Brometum erecti ass. nova.
Mezofilna skupina (B2b) vkljucuje popise asociacij Centaureo bracteatae-Brometum erecti in Ononido masquil-
lerii-Brometum erecti, skupaj z delno spremenjeno zdruzbo. Zaradi majhnih razlik v floristicnem, ekoloskem
in horoloskem pogledu med temi travis¢nimi tipi predlagamo, da jih obravnavamo kot tri subasociacije Cen-
taureo bracteatae-Brometum erecti (typicum, ononidetosum masquillerii in linetosum cathartici). Opisali smo tudi
nekaj negospodarjenih travi§¢ na motenih rasti$c¢ih. Vse zdruzbe lahko uvrstimo v podzvezo Polygalo medi-
terraneae-Bromenion erecti (podzveza Bromion), Ceprav je opazna delitev med mezokserofilnim pionirskim in
mezofilnim in bolj razvitim aspektom.

Kljuéne besede: Bromion erecti, Ellenbergove indikatorske vrednosti, travi§¢a, multivariatna analiza, severni

Apenini, fitosociologija, sintaksonomija.

1. INTRODUCTION

European dry grasslands belonging to Festuco-
Brometea class are considered by the European
Community as seminatural habitats of high con-
servation value, listed in Annex I of the Habitat
Directive (92/43 EEC, with Natura2000 codes
6210, 62A0): their presence and conservation are
generally related to human management (Bion-
di 2005). In the last two decades several papers
were devoted to the syntaxonomical problems
of these communities in Europe (see Royer 1991;
Mucina & Kolbek 1993, Dengler et al. 2003, 2006,
Dengler 2004, Chytry et al. 2007, Mucina et al.
2009, Terzi 2011), including Italy, with particu-
lar concern on the peninsular regions (Biondi et
al. 1995, 2005, Di Pietro 2011, Biondi & Galdenzi
2012). Based on the afore mentioned literature
data about Italy, some considerations raised: i)
much of the information on this vegetation type
consists in local contributions mainly focused on
the limestone substrata of central and southern
Apennines; ii) very few studies have been carried
out in the north-western Apennines (e.g. Castelli
1995, Zanotti et al. 1995, 1998, Castelli et al. 2001,
Barcella & Assini 2013).

In past and recent revisions of Apennine Fes-
tuco-Brometea grasslands, whose references are
quoted above, contributions from Tuscany were
poorly represented. Indeed published vegeta-
tion relevés attributed to this class in the Tuscan
region are usually dispersed in extensive veg-
etation surveys of restricted areas and invariably
analyzed apart without comparing all the avail-
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able data and without the aim to define general
floristic-ecological trends. Moreover, most of the
available data refer to dry grasslands on calcar-
eous and ultramafic substrata (Arrigoni et al.
1983, 1997, Arrigoni & Bartolini 1997, Casini &
De Dominicis 1999, Viciani et al. 2002a, Arrigo-
ni 2003, Angiolini et al. 2003, 2009, Lastrucci et
al. 2009, Viciani & Gabellini 2013, etc.), where-
as information about sandstone and marl-clay-
sandstone substrata is scarce, and addressed to
restricted areas in eastern Tuscany (Biondi et al.
1985, 1988, De Dominicis et al. 2002, Viciani et
al. 2002b, 2004, Viciani & Gabellini 2006). In two
of the above quoted papers, two new associations
were described: Coronillo minimae—Astragaletum
monspessulani (Biondi et al. 1985) and Ononido
masquillerii-Brometum erecti (Biondi et al. 1988).
Recently, several field research promoted by Lo-
cal Administrations were carried out, mainly in
order to improve the knowledge on habitats of
conservation concern (e.g. Foggi & Venturi 2009),
allowing to collect several new dry grassland veg-
etation relevés.

In order to implement the phytosociological
knowledge on the Festuco-Brometea grasslands
growing on non-calcareous substrata, we focus
on the following questions:

1) is the diversity of Tuscan vegetation types on
sandstone and marl-clay-sandstone substrata
already known?

is the traditional classification of the Festuco-
Brometea class at the level of orders, alliances
and suballiances adequate to describe these
vegetation types?

2)
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2. MATERIAL AND METHODS

2.1 DATA SOURCES AND VEGETATION
SAMPLING

A total of 71 original phytosociological relevés
were performed with Braun-Blanquet (1932, 1964)
method also in accordance to the pragmatic rules
given by Dengler et al. (2005, 2008). The general
position of all the relevés used for the analysis has
been reported on Figure 1. These relevés are de-
posited in an Access data-base of the Laboratory
of Botany the Department of Biology, University
of Florence and are at disposition under request.
All data exclusively concern grasslands located
on sandstone or marl-clay-sandstone substrata,
according to the geological map by Carmignani
& Lazzarotto (2004). Original relevés have been
performed in 2007-2010 spring and summer pe-
riods, in a strictly homogeneity of physiognomy
and physiography according to Géhu (1988). We
only sampled grasslands where the dominance
of grass species (Poaceae) and other herbs was
clear and where only a little visible effect of suc-
cession was observed. The 45 published relevés
included the original tables of some associations,
described in Tuscany or in the surrounding areas
and/or reported in vegetation studies for Tuscan
areas. The references of the published relevés we

used and a list of the original relevés with their
geographical coordinates are reported in Ap-
pendix 1. Some literature relevés were excluded
because of their high shrub cover values (no rel-
evé with more than 25% shrub cover value was
considered).

Vascular plant nomenclature was unified fol-
lowing Conti et al. (2005, 2007) with very few
exceptions due to more recent nomenclatural
changes.

The attribution to syntaxonomic ranks higher
than association level and the selection of diag-
nostic species were determined by comparison
with specific literature (Oberdorfer 1978, Biondi
et al. 1995, 2005, Rivas-Martinez et al. 2002, Den-
gler et al. 2003, Chytry 2007, Mucina et al. 2009,
Biondi & Galdenzi 2012), besides some other
sources quoted specifically in the text.

The syntaxonomic nomenclature follows the
International Code of Phytosociological Nomen-
clature (Weber et al. 2000).

2.2 VEGETATION CLASSIFICATION

All 116 relevés (Table 1) were submitted to clas-
sification (cluster analysis) and ordination (PCoA
and NMDS) with statistical software (package
Syntax V, Podani 2002; PAST, Hammer et al.

Figure 1: Map of the study area and
sites of the relevés. Abbreviations:
AT - Artimino; SP - Alta Svizze-
ra Pesciatina; VS - Vallesanta; AL
- Alpe della Luna; SC - Scalette;
DG - Monte Dogana; GZ - Monte
Ginezzo; PO - Alpe di Poti; MV -
Monteverde; MN - Monte Nero;
SS - Sasso di Simone; AC - Alpe
di Catenaia; FC - National Park of
Casentino Forests.

Slika 1: Zemljevid proucevane-
ga obmodja in lokacije popisov.
Okrajsave: AT - Artimino; SP -

Alta Svizzera Pesciatina; VS — Val- =) .
lesanta; AL - Alpe della Luna; SC =

- Scalette; DG - Monte Dogana; = A

GZ - Monte Ginezzo; PO - Alpe ‘“,)

di Poti; MV — Monteverde; MN — ’;}/) ;

Monte Nero; SS — Sasso di Simone;
AC - Alpe di Catenaia; FC - Naci-
onalni park Casentino.

O,
¢
Z Apennines

TUSCANY

21



HacqQuETia 13/1 2014, 19-55

2001). For cluster analysis we used UPGMA al-
gorithm with Bray-Curtis as distance measure;
for NMDS we used a Bray-Curtis distance too.
Diagnostic species of the main vegetation units,
obtained by the numerical classification, were
identified using the phi-coefficient of associa-
tion (Chytry et al. 2002), performed by software
JUICE 7 (Tichy 2002). According to Chytry
(2007), species with phi > 0.50 were considered as
highly diagnostic, and species with phi > 0.25 as
diagnostic. The species whose concentration ac-
cording to Fisher’s exact test was not significant
at p<0.01 were disregarded. Furthermore, for the
already described syntaxa, we reported the species
considered as characteristic/differential by the au-
thors of that syntaxon only if they proved to have a
relevant phi-coefficient in our relevés. The relevés
in Table 1 are arranged according to these proce-
dures. Finally, some relevés were re-arranged ac-
cording to our personal knowledge of the species
and of the ecological situation of the sites.

We calculated un-weighted Ellenberg/Pign-
atti Ecological Indicator Value mean (EIV) for
temperature, nutrients, moisture, soil reaction
and continentality (Ellenberg et al. 2001, Pignatti
2005) and chorotypes (Arrigoni 1983, Takhtajan
1986). Furthermore we calculated weighted prin-
cipal growth forms (Arrigoni 1996).

In addition, constrained ordinations of the
hypothesized groups were performed through
canonical correspondence analysis (CCA) ac-
cording to the distribution of species and growth
forms. Its effect on the ordination pattern was
tested using the Monte Carlo test with 9999 ran-
dom permutations. The ecological requirements
(indirectly calculated by mean of EIV) were plot-
ted against the unconstrained NMDS ordination
of the relevés.

3. RESULTS

The cluster analysis performed on the data set of
116 relevés (Figure 2) shows two principal sub-
clusters (A and B). The subcluster A encompasses
a small group of relevés made at low altitudes in
the central part of the study area. They are floris-
tically well-distinguished for a relevant cover of
Mediterranean suffrutices and scrubs (Dorycnium
hirsutum, Cistus monspeliensis, Teucrium capitatum)
that are found in the class Rosmarinetea (Rivas-
Martinez et al. 1991) and for the presence of ther-
mophilous herbaceous species like Bothriochloa
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ischaemum, Melica ciliata, Galactites tomentosa, etc.

The second subcluster (B) can be further di-
vided in two main groups: the smaller one (B1)
includes relevés from the Pistoia province char-
acterized by mesoxerophilous species as Plantago
argentea and Koeleria lobata; the second larger
group (B2) is further divided in two principal
subgroups. B2a encompasses Coronillo mini-
mae-Astragaletum monspessulani original relevés
(B2al) and other pioneer floristically differenti-
ated communities related to scarcely evolved soils
confined on mountain areas of northern-central
(B2a2) and eastern Tuscany (B2a3).

The B2b subcluster can be referred to grass-
lands on more evolved and mesophilous soils and
encompasses several distinguishable subgroups:
mesophilous communities located in eastern Ap-
ennines (B2bl), Centaureo bracteatae-Brometum
erecti original relevés and some other Tuscan rel-
evés (B2b2), Ononido masquillerii-Brometum erecti
association present only on Sasso di Simone and
Simoncello Mt. (B2b3), finally a group of similar
conenoses more strongly characterized by ruder-
al and human managed meadow species (B2b4).

The groups distinguished by cluster analysis
have been tested against the Ellenberg/Pignatti
Ecological Indicator values (EIV), the choro-
types and the growth forms (Figures 3, 4, 5). The
EIV NMDS (Figure 3) shows that groups B2bl,
B2b2 and B2b3 appears positively related to nu-
trient (N), water availability (U) and soil reac-
tion (R); others (B1 and B2a3) to temperature
(T) and light (L) and negatively related to mois-
ture (U). B2al and B2a2 groups appears to be
more oligotrophic, while A results clearly sepa-
rated from all the others groups and seems to be
strictly related to T. Group A is well distinguished
also in the chorological CCA (Figure 4), because
of its floristic composition very rich in Mediter-
ranean species. Bl and B2a3 have a relevant por-
tion of Mediterranean and Euro-Mediterranean
elements, while the more mesophilous groups re-
sulted to be characterized by European and Eur-
asiatic chorotypes. Some discriminating features
can be illustrated also by the growth form CCA
(Figure 5), as some groups are positively related
to the presence of graminoid and non-graminoid
annual herbs (B1 and B2a3), others to a relevant
portion of suffrutices (B2al, B2a2), others to non-
graminoid perennial herbs (B2b1, B2b2, B2b3).

In the synoptic table (Table 2) the fidelity phi-
coefficient (Chytry et al. 2002, Tichy 2002) of the
diagnostic species was also reported.
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Figure 2: Dendrogram of phytosociological relevés. Group A - Bothriochloa ischaemum-Melica ciliata comm.(BM); group B1
— Plantago argentea-Carex caryophyllea comm. (PL); group B2al — Coronillo minimae-Astragaletum monspessulani (CA); group
B2a2 - Tragopogon samaritani-Bromus erectus comm. (TB); group B2a3 — Festuco trachyphyllae-Brometum erecti (FB); group
B2bl - Centaureo bracteatae-Brometum erecti linetosum cathartici (CBL); group B2b2 - Centaureo bracteatae-Brometum erecti
typicum (CBT); group B2b3 - Centaureo bracteatae-Brometum erecti ononidetosum masquillierii (CBO); group B2b4 - Cicho-
rium intybus-Bromus erectus post-cultural comm. (PC).

Slika 2: Dendrogram fitocenoloskih popisov. Skupina A - zdruzba Bothriochloa ischaemum-Melica ciliata(BM); skupina B1
- zdruzba Plantago argentea-Carex caryophyllea (PL); skupina B2al — Coronillo minimae-Astragaletum monspessulani (CA);
skupina B2a2 - zdruzba Tragopogon samaritani-Bromus erectus (TB); group B2a3 - Festuco trachyphyllae-Brometum erecti (FB);
skupina B2b1 - Centaureo bracteatae-Brometum erecti linetosum cathartici (CBL); skupina B2b2 - Centaureo bracteatae-Brome-
tum erecti typicum (CBT); skupina B2b3 - Centaureo bracteatae-Brometum erecti ononidetosum masquillierii (CBO); skupina
B2b4 - zdruzba Cichorium intybus-Bromus erectus (PC).

4. DISCUSSION clay-sandstone substrata. Several grass species

(above mentioned) are co-dominant and many

4.1 GroOuP A — BOTHRIOCHLOA ISCHAEMUM-  herbs (Galactites tomentosa, Crupina vulgaris) and
MELICA CILIATA COMMUNITIES suffrutices belonging to Mediterranean vegeta-
(TaBLE 1, REL. 1-4) tion are present (Teucrium capitatum, Micromer-

ia graeca, Dorycnium hirsutum, etc.). The strong

Diagnostic species: Brachypodium rupestre, Bro- dominance of Mediterranean elements is evi-
mus erectus, Bothriochloa ischaemum, Melica ciliata, — denced by CCA of the chorotypes (Figure 4); the
Avena barbata, Centaurea deusta, Galactites tomen- ~EIV NMDS (Figure 3) highlights the termophil-
tosus, Onobrys caput-galli. ous and xerophilous character of these conenoses.
These communities are termophilous grass- Presence of some species as Bothriochloa ischae-
lands located at very low-altitudes (70-145m  mum, Micromeria graeca, Teucrium capitatum,
a.s.].) near Montalbano hills (Prato Province) on etc., once attributed to Xerobromion and recently
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Figure 3: NMDS scattergram of the nine commu-
- nities with the environmental variables as vectors
5 R plotted on the bi-dimensional space determined by
the first and second axes. T — Temperature, L - Light,
N - Nitrogen, C - Continentality, U - Moisture,
R - Soil reaction.

Slika 3: Graf NMDS z devetimi zdruzbami in okolj-
skimi spremenljivkami kot vektorji prikazanimi v
O dvodimenzionalnem prostoru dolo¢enem s prvo in
drugo osjo. T - temperatura, L — svetloba, N - hra-
On = nila, C - kontinentalnost, U - vlaga, R - reakcija tal.

Figure 4: CCA scattergram of the nine communities with the chorological com-
ponent as vectors plotted on the bi-dimensional space determined by the first and
second axes. C — Cosmopolitan, O — Holarthic, EA - Euroasiatic, ES - Eurosibiric,
E - European, A — Apennine, EM - European-Mediterranean, M - Mediterranean.

+
7

Slika 4: Graf CCA z devetimi zdruzbami in horoloskimi elementi kot vektorji
prikazanimi v dvodimenzionalnem prostoru dolo¢enem s prvo in drugo osjo.
C - kozmopolitski, O - holarkti¢ni, EA - euroazijski, ES - eurosibirski, E — evrop-
ski, A — apeninski, EM - evropsko-mediteranski, M — mediteranski.

Axis 1
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Figure 5: CCA scattergram of the nine communities with the growth forms as vectors plotted on the bi-dimensional space de-
termined by the first and second axes. W — Trees, WB — Scrubs, WS - Suffrutex, WF - Frutex and Lianes, HP — Perennial Herbs,

HA - Annual Herbs, GP — Perennial Grasses, GA — Annual Gras

ses, PT — Pteridophytes.

Slika 5: Graf CCA z devetimi zdruzbami in rastnimi oblikami kot vektorji prikazanimi v dvodimenzionalnem prostoru doloce-
nem s prvo in drugo osjo. W - drevesa, WB — grmi, WS - pritli¢ni grmi, WF - grmi in ovijalke, HP - trajna zeli$¢a, HA - eno-

letna zelis¢a, GP - trajne trave, GA - enoletne trave, PT - prapro

re-attributed to Rosmarinetea (Biondi et al. 2005),
as well as the ecological features, suggest to inter-
pret these communities as a transition between
the submediterranean aspects of Festuco-Brometea
class and other Mediterranean herbaceous and
shrubby classes, particularly Rosmarinetea offici-
nalis. For these reasons they are not included in
the final syntaxonomical scheme.

4.2 GRrouP Bl — PLANTAGO ARGENTEA-
CAREX CARYOPHYLLEA COMMUNITIES
(TaBLE 1, REL. 5-9)

Diagnostic species: Plantago argentea, Koeleria
lobata, Aira caryophyllea, Centaurea arrigonii, Poa
bulbosa, Hypochaeris radicata, Cerastium pumilum,
Medicago minima, Bromus rubens.
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ti.

This vegetation type has been recorded exclu-
sively in Pistoia Apennines at altitudes around
1000 m a.s.l., on marly-clay-sandstone substrata.
As shown by the NMDS of EIV (Figure 3), he-
liophilous, oligotrophic and xerophilous species
are found to be dominant of these open pioneer
grasslands growing on thin soils. The communi-
ty is dominated by Bromus erectus and Carex car-
yophyllea, with other species belonging to more
mesoxerophilous syntaxa of the Festuco-Brometea
(Plantago argentea, Koeleria lobata, Centaurea arri-
gonii, etc.) and differentiated by annual pioneer
graminoid and non-graminoid species (Aira caryo-
phyllea, Poa bulbosa, Cerastium pumilum, Medicago
minima, etc.) as shown by the growth form CCA
(GA and HA in Figure 5). The relevant portion
of Euro-Mediterranean chorotypes (Figure 4)
confirms the slightly thermophilous character of
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the community. From a syndynamic perspective,
these grasslands tend to be invaded by Funiperus
communis stands; the mature forest stage is not
clear and is probably linked to mesophilous-sub-
acidophilous Quercus cerris woods (Gennai 2011).

4.3 Group B2al1 — CORONILLO MINIMAE-
ASTRAGALETUM MONSPESSULANI BIONDI
& BALLELLI IN BionDI1, BALLELLI &
Principr 1985 (TaBLE 1, REL. 10-30)

Diagnostic species: Coronilla minima, Astragalus
monspessulanus, Linum tenuifolium, Leontodon rosa-
ni, Fumana procumbens. (In the original description
of the association Centaurea jacea subsp. gaudinii
was considered a characteristic species, but after-
wards it was included in the differential species of
Polygalo mediterraneae-Bromenion erecti suballiance
by Biondi et al. 2005; Fumana procumbens was add-
ed as diagnostic species by Biondi et al. 2005)
This syntaxon was firstly described for east-
ern Tuscan Apennines (Alpe della Luna, Badia
Tedalda) and some other localities at the bounda-
ries with Marche, Umbria and Emilia-Romagna
regions (Biondi et al., 1985). The field survey
extends the presence of this association also in
the Casentino Valley (Valle Santa). The associa-
tion refers to pioneer vegetation with Astragalus
monspessulanus, Coronilla minima, Centaurea am-
bigua, Fumana procumbens, Linum tenuifolim etc.;
it grows on scarcely evolved soils, subjected to a
certain degree of erosion, on arenaceous or, more
often, marl-clay-sandstone substrata. The asso-
ciation was originally assigned to Xerobromion
alliance due the high presence of xerophilous
species (Biondi et al. 1985, 1986) but in the most
recent revision of Apennine grasslands belong-
ing to Brometalia erecti order (Biondi et al. 2005)
the association was attributed to the Bromion
erecti alliance, representing its pioneer aspect.
The EIV NMDS (Figure 3) evidences the xero-
heliophilous and oligotrophic character of these
communities and the growth form CCA (Fig-
ure 5) shows a relevant presence of suffrutices
(WS). The community appears to be chorologi-
cally characterized by Apennine elements (Fig-
ure 4). With the soil evolution, the association
tends to evolve towards more mesophilous and
nitrophilous grasslands such as Centaureo bractea-
tae-Brometum erecti (Biondi et al., 1986, Viciani et
al. 2002b). From a syndynamical perspective, in
Tuscan sites the mature forest vegetation consists

26

mainly of mixed subacidophilous Quercus cerris
wood (Cephalanthero longifoliae-Querco cerridis sig-
metum and Melico uniflorae-Querco cerridis sigme-
tum, see De Dominicis et al. 2010). In some locali-
ties of the study area (Alpe della Luna: rel. 25 and
26) an impoverished aspect of the subassociation
seslerietosum italicae Zanotti, Ubaldi & Puppi 1995
was found (Viciani et al. 2002b). The subassocia-
tion, described for the Emilia-Romagna sector
of the Apennines (Zanotti et al. 1995) in lower
aridity conditions with respect to the typical as-
sociation (see Biondi et al. 1985), is differentiated
by species such as Sesleria italica, Campanula me-
dium, Festuca robustifolia (maybe confused with
other Festuca species) and Euphorbia cyparissias.

4.4 Group B2a2 — TracorPoGoN
SAMARITANI-BROMUS ERECTUS
COMMUNITIES (TABLE 1, REL. 31-36)

Diagnostic species: Tragopogon samaritani, Teucri-
um montanum, Arenaria serpyllifolia, Crepis statici-
Jolia, Silene vulgaris, Thymus pulegioides.

This vegetation type can be found on oligo-
trophic soils derived from sandstone substrata, in
the northern-central part of the study area (Prato
Apennines), at altitudes around 1100 m a.s.l. It
consists in open, meso-subacidophilous grass-
lands dominated by Festuca inops, Bromus erectus,
etc. The soil is shallow and not well developed,
rich in debris, as clearly evidenced by the pres-
ence of some specialized species (Anthyllis vulner-
aria, Sedum sexangulare, Astragalus monspessulanus,
Teucrium montanus, Acinos alpinus, Arenaria serpyl-
lifolia, etc.). These grasslands are similar to Cor-
onillo minimae-Astragaletum monspessulani, as they
are markedly pioneer and present numerous xero-
philous species; they could be interpreted as a vi-
cariant of Coronillo-Astragaletum on marl-deficient
soils. The ecological affinity between these two
communities is also highlighted by either EIV
NMDS (Figure 3) and growth form CCA (Figure
5) where they show similar positions and trends.
The two vegetation types seem to be chorological-
ly quite different (Figure 4) since in Tragopogon sa-
maritani-Bromus erectus communities the Apennine
elements are less important and several chorologi-
cal components (Eurosiberian, Mediterranean
and Euro-Mediterranean) are more or less equally
represented. Furthermore Coronillo-Astragaletum
presents a slightly higher suffrutex cover (WS in
Figure 5). Syndynamically, these grasslands tend
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to evolve towards acidophilous shrublands of the
class Cytisetea scopario-striati (Angiolini et al. 2007)
as indicated by a relevant presence of Cytisus sco-
parius in the relevés, and subsequently towards
meso-acidophilous mixed Quercus spp. dominated
woods (Physospermo cornubiensis-Querco petraeae
sigmetum) (cfr. De Dominicis et al. 2010).

4.5 Group B2a3 — FESTUCO TRACHYPHYLLAE-
BROMETUM ERECTI ASS. NOVA HOC LOCO
(TaABLE 1, REL. 37-62; TYPUS REL. n. 49)

Diagnostic species: Festuca stricta subsp. trachyphyl-
la, Sedum rupestre subsp. rupestre, Aira elegantissima.

Grasslands on scarcely evolved arenaceous
soils, often with the presence of outcroppings
rocks were recognized at altitudes ranging from
700 to 1040 m a.s.l. in the mountain of south-
eastern Tuscan Apennines (Poti Alp, Dogana Mt.,
Ginezzo Mt. and Catenaia Alp). These communi-
ties are characterized by the dominance of Bromus
erectus invariably accompanied by Festuca stricta
subsp. trachyphylla and by numerous xerophil-
ous species of the Festuco-Brometea class (e.g. Fes-
tuca inops, Galium lucidum subsp. lucidum, Allium
spherocephalon). This vegetation type appears dif-
ferentiated by two groups of transgressive species
testifying the spatial and dynamical contacts with
other vegetation types occurring in the study ar-
eas: first group is represented by small succulent
suffrutices included in the class Sedo-Scleranthetea
such as Sedum rupestre subsp. rupestre, S. sexan-
gulare, and perennial herbs like Rumex acetosella;
second group consists of annual subacidophil-
ous, xerophilous and oligotrophic species of
the Tuberarictea guttatae class such as Aira elegan-
tissima, Linum tryginum, Cerastium brachypetalum,
Briza maxima etc. This vegetation type is here
described with the proposal of a new association
named Festuco trachyphyllae-Brometum erecti ass.
nova hoc loco. The relatively oligotrophic, thermo-
philous, heliophilous, xerophilous and subacido-
philous character of the association is highlighted
by the EIV NMDS (Figure 3). According with
the ecology of this vegetation type, the chorotype
CCA (Figure 4) shows high relevance of Mediter-
ranean and Euro-Mediterranean elements. The
growth form CCA (Figure 5) evidences occur-
rence of annual species in the association. From
the vegetation dynamics perspective, in condition
of more-evolved soils, these meadows tend to be
invaded by woody species such as Erica scoparia,
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E. arborea, Calluna vulgaris, Juniperus communis
or 7. oxycedrus, either forming a mosaic pattern
with these shrubs or evolving towards acidophil-
ous vegetation of the class Cytisetea scopario-stria-
tae (see Angiolini et al., 2007). The mature forest
steps could be referred to the acidophilous Thy-
rrenian Q. cerris series (Erico arboreae-Querco cer-
ridis sigmetum and Cephalanthero longifoliae Querco
cerridis sigmetum (see De Dominicis et al. 2010).

4.6 MESOPHILOUS GRASSLANDS OF THE
CENTAUREO BRACTEATAE-BROMETUM
ERECTI (S.L.) ASSOCIATION

The B2b1, B2b2 and B2b3 groups refer to meso-
philous grasslands on evolved soils; these groups
include mainly published relevés of Centaureo
bracteatae-Brometum  erecti  association (B2b2),
published and unpublished relevés of Ononido
masquillerii-Brometum erecti from Sasso di Simone
(B2b3), and a slightly separated group of literature
and original relevés from several localities of east-
ern Tuscan Apennines (B2b1). These three groups
show several floristic affinities such as the presence
of Centaurea jacea subsp. gaudinii (= C. bracteata),
Dorycnium herbaceum and many other mesophilous
species of Bromion/Brometalia syntaxa (see Table
1). These communities appear also ecologically
and chorologically quite similar: they are posi-
tively related with N and U axis (Figure 3), and
mostly characterized by Eurasiatic (s.1.) and Euro-
pean chorotypes (Figure 4). Similar trends are also
shown by growth form C