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The endemic vascular flora of Peloritani Mountains (NE Sicily): Plant
functional traits and phytogeographical relationships in the most
isolated and fragmentary micro-plate of the Alpine orogeny

S. SCIANDRELLO!, R. GUARINO?, P. MINISSALE!, & G. SPAMPINATO?

' Department of Biological, Geological and Environmental Sciences, University of Catania, Via A. Longo 19, 1-95125
Catania, Italy; 2Botanical Unit, Department of STEBICEF, University of Palermo, Via Archirafi 38, 90123 Palermo, Italy
and > Department of STAFA, University of Reggio Calabria, Loc. Feo di Vito, I-89100 Reggio Calabria, Italy

Abstract

This study is aimed at (1) producing a complete and updated inventory of the endemic vascular flora of Peloritani Mountains,
(2) defining the geographical limits of Peloritani, regarded here as a biogeographical district and (3) highlighting possible
paleogeographic connections with other Mediterranean lands. The heterogeneity analysis of the endemic flora was performed
by means of contingency tables, through the y 2 test. The endemic flora of this area consists of 129 specific and infraspecific
taxa, of which 15 are restricted to the Peloritani Mountains. The analysis of habitats revealed that endemic taxa are most
abundant on cliffs, rangelands, woods and garrigues. A large number of surveyed zaxa are endemic to central-southern Italy
and Sicily, while the number of endemic zaxa in common with Calabria, Etna and Aeolian Islands turned out to be rather low,
in spite of the geographical proximity. The endemic flora of Peloritani allows to emphasize palacogeographical relationships
not only with the neighbouring Mediterranean territories, but also with currently remote ones, such as southern Spain,
Sardinia and Corsica. The phytogeographical framework substantiates the hypothesis that the Peloritani floristic district
coincides with the limit given to Peloritani Mountains by structural geologists.

Keywords: Endemic flora, Calabrian-Peloritani Orogen, Mediterranean Region, Erucastrum virgatum, Petagnaea

gussonel, paleogeography

Introduction

Sicily is widely recognized as one of the main
biodiversity hot-spots in the Mediterranean basin
(Heywood 1995; Médail & Quézel 1997, 1999;
Myers et al. 2000; Thompson et al. 2005; Médail &
Diadema 2009; Raimondo & Spadaro 2012). In NE
Sicily, the Peloritani Mountains represent an
important, albeit neglected, centre of speciation
and plants refuge. The rich flora of this territory
includes rare and highly localized palaco-endemites,
such as Colymbada tauromentana, Brassica raimondoi
and Limonium sibthorpianum, testifying the long and
complex paleogeographic history of this area (Arena
et al. 1975; Gramuglio et al. 1985; Brullo et al. 1995;
Spampinato et al. 2008; Sciandrello & D’Agostino
2014; Sciandrello et al. 2013a). Recently, for this
reason, the area at issue has been identified by Blasi

et al. (2010) as one important plant area (IPA),
essential for the conservation of plant biodiversity,
indicated as “Monti Peloritani e Rupi di Taormina
(SIC24)”. In recent times, many taxonomic investi-
gations have been carried out in the Peloritani area
(Brullo 1980; Brullo & Spampinato 1988; Brullo
et al. 1997, 2009a; Cristaudo et al. 2009; Cataldo
et al. 2012; Sciandrello et al. 2013a), but an update
on the floristic knowledge of the whole area is still
missing, being Nicotra (1878-1879) the last
contributor who published a flora on such territory.
In more recent years, accurate floristic lists were
provided by Guarino (1997) and by Picone and
Crisafulli (2006), although these contributions were
not aimed at providing a complete check-list of the
flora of Peloritani Mountains. Additional works
including floristic contributions on smaller, but
significant, areas of Peloritani were published
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(Gramuglio et al. 1959, 1978; Minissale et al. 2007),
while Picone et al. (2003) focused on the most
endangered species of the area at issue.

This study aims at (1) producing a complete and
updated inventory of the vascular endemic flora of
the Peloritani Mountains, in the light of the most
recent taxonomic novelties mentioned above; (2)
comparing the endemic flora of Peloritani with that
of Sicily and Hyblaean district; (3) better defining the
geographical limits of Peloritani, regarded here as a
biogeographical district and (4) highlighting possible
paleogeographic connections with other Mediterra-
nean lands. Besides, a complete and updated
inventory of the endemic flora occurring in the
Peloritani territory is provided, with the hope that
this should be a starting point for further researches
and conservation projects on the flora of Peloritani.

Material and methods
Study area

According to Brullo et al. (1995), the Peloritani
district belongs to the NE Sicilian biogeographical
subsector, together with Mt. Etna and the main
elevations of the island, aligned along the so-called
Sicilian Apennine, ranging along the NE-coast of
Sicily, from the Strait of Messina up to the valley of
the Torto River. In particular, Peloritani Mountains
are divided from the Etnean district by the Alcantara
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River and from the Nebrodian one by the two
streams named Timeto and Roccella, the latter being
a tributary of Alcantara (Picone et al. 2003). This
phytogeographical delimitation of Peloritani Moun-
tains is essentially based on geographical criteria, but
it is here esteemed more appropriate to delimit the
district on the basis of the geological units which are
part of Calabria-Peloritani Orogen (Angi et al.
2010). This delimitation is notably supported by
the occurrence and distribution pattern of some
significant floristic elements that will be mentioned
and commented later in the text. So, the area of the
present study included the portion of Sicily located
north of the tectonic line of Taormina, which from
this locality stretches across the mountains up to the
Tyrrhenian Sea just to the south of Capo d’Orlando
(Figure 1). This setting agrees with the ecological
classification of Italy ecoregions (Blasi & Frondoni
2011), where Peloritani Mountains are a section of
the Calabria-Peloritani Arc Province, thereby recog-
nizing a higher affinity of this territory to the Calabria
rather than to the same Sicily.

The geological history of Peloritani Mountains
dates back to the Alpine Orogen (Figure 2). In
particular, together with the Aspromonte, Serre and
Sila Massif (Calabria), they represent a patch of the
Alpine orogeny located in the central part of the
Mediterranean basin: the so-called Calabrian-Pelor-
itani Arc (Cirrincione et al. 2012). The Alpine range
exposed in the western Mediterranean area was

NESS
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Figure 1. Phytogeographic subdivision of the Eusicilian sector according to Brullo et al. (1995, modified). The Peloritani territory is
indicated in grey. CSS, central sub-sector; SSS, southern sub-sector; WSS, West sub-sector; NESS, north-east sub-sector; HD, Hyblaean
district; CPD, Camarino-pachinense district; AD, Agrigento district; CD, Catania district; ED, Etna district; PD, Peloritani district; ND,
Nebrodi district; MD, Madonie district; DPD, Drepano-Panormitano district.
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Figure 2. (A) Schematic profile of Peloritani Mountains. (B) Simplified geological map of Peloritani Mountains and Aspromonte Massif,
where upper and lower complexes outcrop (from Cirrincione et al. 2012).

dismembered by subsequent tectonic movements
and by the widening of the Tyrrhenian Basin,
developed from Miocene to present times (Scandone
1980). The current structure of the Calabrian-
Peloritani Orogen (CPO) consist of a nappe-pile
edifice, involving distinct tectonic slices of meta-
morphic basement rocks characterized by different
litho-types and distinct tectonic metamorphic evol-
utions, plus some Mesozoic-Coenozoic sedimentary
sequences (Cirrincione et al. 1999; Appel et al. 2011;
Fiannacca et al. 2013).

The complex geological and tectonic history is
reflected by the rugged morphology of Peloritani,
counting several mounts, hills and deep valleys, in
spite of the relatively low altitudes. The main
elevations are Montagna Grande (1374 m), Rocca
Novara (1340 m), Pizzo di Verna (1287 m), Monte
Poverello (1279 m) and Monte Scuderi (1253 m).

According to the bioclimatic classification
proposed by Rivas-Martinez (1993, 2004), Pelor-
itani are characterized by a Mediterranean pluvi-
seasonal oceanic bioclimate, with thermotypes
ranging from the low thermomediterranean to the
supra-Mediterranean and ombrotypes from the
semiarid to the lower humid (Brullo et al. 1996;
Bazan et al. 2006).

The physiognomic diversity determines a remark-
able variety of habitat, with an extraordinary richness
in flora and vegetation (Guarino 1997). However,
strong anthropogenic alterations caused in the last
century a continuous and unrestrained fragmenta-
tion of natural habitats and impoverishment of the

biodiversity (Guarino 1998; Sciandrello et al.
2013b).

Data sources and processing, nomenclature,
abbreviations

This paper is based on literature data and herbarium
investigation in Catania (CAT), Naples (NAP) and
Palermo (PAL), integrated by several field obser-
vations carried out in the last two decades. As for the
literature data, all reports dealing with the Peloritani
district were considered (Nicotra 1878—-1879; Brullo
1980; Brullo & Spampinato 1988; Brullo et al. 1997,
2009a; Guarino 1997; Brullo & Guarino 2001; De
Leonardis et al. 2003; Foggi et al. 2007; Cristaudo
et al. 2009; Cataldo et al. 2012; Sciandrello et al.
2013a), as well as the main floristic contributions
regarding the whole island (Gussone 1843-1845;
Lojacono Pojero 1888—-1909; Lopriore 1900; Greu-
ter et al. 1984—-89; Giardina et al. 2007) or Italy
(Fiori 1925-1929; Pignatti 1982; Conti et al. 2005).

Taxonomic nomenclature follows Giardina et al.
(2007), Raimondo and Spadaro (2009) and recent
monographic studies on critical genera, such as
Dianthus (Bacchetta et al. 2010), Limonium (Brullo
1980), Koeleria (Brullo et al. 2009b) and Ophrys
(Delforge 2005).

For each taxon, life form, chorology, habitat,
current protection and IUCN status are reported in
Table I. Life forms follow the Raunkiaer system,
adopted by Pignatti (1982). For the chorological
classification of the endemics, the following groups
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and relative acronyms are adopted: “Endemic to
Sicily” (SE), “Endemic to Peloritani” (PE), “Endemic
to Sicily and Sardinia” (SSE), “Endemic to Sicily and
Calabria” (SCE), “Endemic to Peloritani and Aeolian
Islands” (PAE), “Endemic to Peloritani and Calabria”
(PCE), “Endemic to Sicily, Calabria and Sardinia”
(SCSE), “Endemic to Southern Italy and Sicily”
(SISE), “Endemic to Southern Italy, Sicily and
Sardinia” (SISSE), “Endemic to Central and Southern
Italy and Sicily” (CSISE), “Endemic to Central
and Southern Italy, Sicily and Sardinia” (CSISSE),
“Sub-Endemic” (SBE).

The habitat of the considered species was defined
on the basis of literature data and personal
observations.

Pollination mode and seed dispersal strategy were
determined as either biotic (B) or abiotic (A) on the
basis of published reports (Heywood 1978; Faegri &
Van der Pijl 1979; Van der Pijl 1982; Murray 1986)
and unpublished databases for the flora of Italy
(Pacini & Nepi, in prep.).

The following seed-dispersal strategies were
considered (Vittoz & Engler 2007):

e exozoochory (Ex): dispersal of seeds by being
carried on the body of animals;
myrmecochory (My): seed dispersal by ants;

e autochory (Au): active dispersal, including ballis-
tochory and blastochory;

e semachory/ombrochory/barochory (Sb): with no
evident morphological adaptations for seed
dispersal: seeds simply fall from the mother-
plant or are dispersed by swaying movements of
the infructescence (semachory) or by rain drops
hitting the capsules (ombrochory);

e anemochory: seed dispersal by wind because of
small diaspore size (As), by means of pappi/
hairs (Ap), by means of wings (Aw).

As far as polichory is concerned, only the most
evident adaptation for dispersal has been considered.

The reproductive mode was determined with the
aid of floras (Pignatti 1982) and field observations.
Taxa have been classified either as hermaphrodites
(H), monoecius (M) and dioecious (D), omitting
other categories such as gynodioecy, because the
available information is incomplete.

The conservation status of threatened taxa was
assessed according to IUCN criteria (Conti et al.
1992, 1997; Pignatti et al. 2001; TUCN 2005, 2008;
Scoppola & Spampinato 2005). Protected raxa are
quoted according to CITES (1973) and Habitat
Directive 92/43 (EEC 1992).

The heterogeneity analysis was performed by
means of contingency tables, through the chi-square
tests. Data were processed with the Microsoft Excel
Spreadsheet. Unless otherwise indicated, statistical

significance is assumed by p-values lower than 5%.
Spearman rank correlation coefficients were used to
show possible relationships between floristic richness
and endemism. A p-value of <0.05 was taken as
indicating a statistically significant difference or
correlation.

Results

The endemic flora of Peloritani consists of 129
specific and infraspecific taxa, including 71 species,
57 subspecies and 1 variety (Table I), ascribed to 28
families and 87 genera. The most represented
families are Asteraceae (23%), Brassicaceae (9%),
Caryophyllaceae (8%), Apiaceae and Poaceae (both
6%). The most represented genera are Dianthus
(5 taxa), Centaurea (5 taxa) and Limonium (4 taxa).
Of the surveyed endemic raxa, 42 are included in the
TUCN Regional Red List (Conti et al. 1997), while 6
species of Orchidaceae are protected by the CITES
and 4 by the EU 92/43 Habitat Directive.

The most represented life forms in the endemic
flora of Peloritani are hemicryptophytes (56%),
chamaephytes (22%) and geophytes (14%), followed
by therophytes (5%), phanerophytes (2%) and
nanophanerophytes (1%) (Table II). Most of the
surveyed taxa are found in natural or seminatural-
habitats, mainly cliffs, rangelands, woods and
garrigue. In total, 15 raxa (Figure 3) are exclusive
to the Peloritani district, of which more than 50 per
cent are hemicryptophytes, mainly related to cliffs.
Most raxa (44) are Sicilian endemics (SE), while a
large number of zaxa are CSISE (21) or SISE (also
21). Surprisingly low is the number of SCE (4), PCE
(2) and PAE (2). The analysis of habitats (Figure 4)
shows that the endemics predominantly occur in
cliffs (24 raxa), pastures (also 24), woods (19),
garigues (12) and dry grasslands (12).

The life form spectrum of the Peloritani endemic
flora has been compared with that of the endemic
flora of the Hyblean district, whose altitudinal range
and surface area are most similar, in spite of the

Table II. Life forms of the Peloritani endemics and Hyblaean
endemic flora.

Hyblaean Peloritani Sicilian flora

endemics endemics (Rossello 2003)
Life form N % N % N %
G 30 28.6 18 14 72 15
Ch 28 26.7 28 22 126 27
H 25 23.8 73 56 163 35
T 17 16.2 6 5 67 14
P/NP 4 3.8 4 3 37 8
He/Hy 1 1.0 0 0 4 1

105 129 469




Downloaded by [T&F Internal Users], [Susan Cullen] at 11:33 27 May 2014

The endemic vascular flora of Peloritani Mountains 9

PCE; 2; 2%

PAE; 2;1%
CSISSE; 1;1%

SBE; 4; 3%
SCE; 4, 3%
SISSE; 4; 3%
SSE; 5; 4%
SCSE; 6; 5%

Figure 3. Chorologic spectrum of the endemic flora of the Peloritani territory (see text for acronyms).

profoundly different geomorphology (Brullo et al.
2011). The chi-square analysis reveals a significant
difference between the two territories (x> = 30,63),
mainly due to the higher percentage of hemicrypto-
phytes for Peloritani region (Table II). The compari-
son with the endemic species of the whole Sicily
(Rossello 2003) shows, as well, significant differences
(x> = 25.58).

As concerns the seed dispersal strategy, short
distance strategies (Au, Sb, My) are by far the largest
group (54%). Accordingly, most of the endemic
species do not present evident adaptations to
promote seed dispersion. Although plants may take
advantage of secondary mechanisms for this purpose
(polichory), their disseminative potential tends to be
limited. Nevertheless, the rate of wind-dispersed
species is also considerable (42%), even if many of
these adaptations are not very efficient: genera such
as Erysimum, Laserpitium, Linaria, Bonannia, Biscu-
tella have seeds/fruits with rudimentary wings. The

same holds true for the pappi of Bellis, Tolpis and of
some Centaurea species. In any case, the significant
incidence of anemochory might suggest that, in
general, when explaining the richness in endemic
species of Peloritani, habitat peculiarities are a much
more important factor than the isolation of populations
due to limited dispersal attitudes. This is particularly
true for the species linked to rangelands, where
anemochory tends to prevail. Indeed, along the ridge
of Peloritani, where the endemic-rich rangelands
occur, the rocky outcrops and, consequently, the
edaphic conditions have no equals all over Sicily.

The biotic seed dispersal is mostly due to ants
(6%). There are few exozoochores (4%) and no
endozoochores. The lack of endozoochory is
probably due to a common evolutionary trend in
the Mediterranean Region towards the achievement
of dry-fruited and dry-seeded dispersal strategy, as a
response to the Mediterranean summer drought and
to the common exigency of the Mediterranean plants

| mCliffs
W Coastal cliffs
M Coastal dunes
W Dry grassland
W Garigue
HGravels
M Pastures
M Riparian woods

M Scrubs

0% 10% 20% 30% 40% 50% 60%

70% 80% 90%  100%

M Synantropic places

Figure 4. Ecological spectrum and habitat of the endemic flora of the Peloritani territory.
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to form durable soil seed banks (Aronne & Wilcock
1994; Guarino et al. 2006).

The rate of dioecious, monoecious, hermaphro-
ditic species varies dramatically from one flora to
another (see, for instance, Bawa 1980; Kay & Stevens
1986; Oliveira 1996). It strongly depends on the
floristic lineages and is relatively independent from
local selective pressure (Renner & Ricklefs 1995).
Hermaphroditism is the general reproductive mode
in the Peloritani endemics, since only two of them
(Quercus) are monoecious and only one (Salix) is
dioecious. Such small numbers do not allow to draft
any general conclusion on this issue.

Discussion
Degree of endemism

According to Guarino (1997), the flora of Peloritani
consists of 1220 specific and infra-specific zaxa. In the
current survey, 129 of this taxa are considered
endemic, corresponding to 10.5% of whole flora. In
the Sicilian flora, the endemic taxa (including
neighbouring islets) amount to 414, upon the whole
of 3235 taxa (Giardina et al. 2007; Raimondo &
Spadaro 2009), with a percentage corresponding to
12.8%. The percentage of endemic zaxa in Peloritani
flora is therefore comparable to that of the Sicilian flora
and of other Mediterranean districts, where the
percentage of endemism is around 10-12% (Table
IIT). The percentage of endemics confirms the floristic
originality of the Mediterranean lands, where the
isolation, a complex geological history and a remark-
able habitat diversity play a major role in the speciation
processes and, at the same time, act as biogeographical
refugia (Médail & Verlaque 1997).

Table III. Endemic taxa in some Mediterranean lands.

The statistical analysis of Table III, using the
Spearman correlation coefficient, allows to highlight
other peculiarities of Mediterranean insular floras
sensu laru. This is especially the correlation between
species richness of a territory and its endemic species
(r=10.85; p < 0.05). There is also a highly signifi-
cant correlation between the species richness and
exclusive endemism (r = 0.92; p < 0.05) (Figure 5).
Previously, also Kallimanis et al. (2010), examining
the flora of more than 200 islands, have highlighted
for Aegean archipelago that the number of endemic
species is highly correlated with the floristic richness.
Probably a large pool of species facilitates the
emergence of endemics more, or in the same way,
than habitat diversity or territorial extension. As it
can be seen from Table III, Peloritani Mountains
have a fair number of exclusive endemic species.
They are: Adenocarpus commutatus, Anthemis cretica
subsp. messanensis, Asperula peloritana, Bellis perennis
var. peloritana, Brassica raimondoi, Centaurea todarot
subsp. seguenzae, Colymbada tauromenitana, Festuca
humifusa, Festuca morisiana subsp. sicula, Limonium
Jonicum, Limonium sibthorpianum, Limonium tauro-
menitanum, Plantago peloritana, Serapias francavillae,
Thapsia garganica subsp. messanensis. Most of them
are found in rocky habitat and often closely linked to
a specific stratigraphic unit. This is the case of
Colymbada tauromenitana, Brassica raimondoi and
Limonium ionicum, living on the limestones of the
Longi unit, outcropping in the area of Taormina;
Adenocarpus  commutatus,  Anthemis  cretica
subsp. messanensis, Centaurea todaroi subsp. seguenzae
linked to the metamorphic rocks of the Aspromonte-
Peloritani Unit; Limonium sibthorpianum on sedi-
mentary rocks of Ali Unit.

No. of Restricted
Plant  No. of Endemism restricted endemics Surface Altitudinal

Region species endemics (%) endemics (%) (km?) range Authors

Andalusia 3680 553 15.2 178 4.9 87598 0-3482 Melendo et al. (2003)

Balearic Islands 1500 180 12 144 9.6 4992  0-1432 Meédail and Verlaque (1997)

Sardinia 2522 282 11.1 151 6.0 24090 0-1834 Bocchieri (1995) and Conti et al.
(2005)

Sulcis (SW Sardinia) 1235 93 7.5 18 1.4 2130 0-1113 Bacchetta (2006)

Aspromonte 1295* 121 9,7 28 2.2 1650 0-1956 Brullo et al. (2001)

Sicily 3235% 414 12.8 294 9.1 25700 0-3323 Giardina et al. (2007), Rai-
mondo and Spadaro (2009)

Hyblaean district 1527* 105 6.9 20 1.3 4730 0-986 Brullo et al. (1998), Giardina
et al. (2007), and Brullo et al.
(2011)

Peloritani district 1220* 129 10.5 15 1.5 1827 0-1350 Guarino (1997) and (this study)

N Cpyrenaica 1406* 159 11.3 74 5.3 37350 0-865 Brullo and Guglielmo (2001)

Maltese Islands 1000* 23 2.3 13 1.3 312 0-258 Weber and Kendzior (2006) and
Lanfranco (1995)

Cyprus 1620 171 10.6 158 9.8 9251  0-1952  Alziar (1995)

Note: *subspecies included.
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Figure 5. Correlation between species richness, total endemism and restricted endemism.

Two taxa are “Peloritani and Calabria Endemic”:
Linaria multicaulis subsp. messanensis and Trifolium
uniflorum subsp. savianum, to these could be added
Erucastrum  virgatum and  Viola  aethnensis
subsp. messanensis whose distribution extends only
with few locations also in Basilicata. Among the
endemics with limited distribution, there are also
Dianthus rupicola subsp. aeolicus and Limonium
minutiflorum, both widely distributed in the Aeolian
Islands, with a single outpost in the Peloritani flora,
at Capo Milazzo.

The dominance of Asteraceae and Brassicaceae in
the Peloritani district agrees with the results of Pérez-
Garcia (2012) regarding Mediterranean flora, par-
ticularly the endemic flora growing in the Rif and the
Betic Ranges.

The commonest life form in the Peloritani
endemics are hemicryptophytes, mostly found not
only on cliffs, but also in seminatural habitat, such as
rangelands, originated by slight anthropic disturb-
ance, while the richness of chamaephytes is related to
the abundance of cliffs. The low percentage of
nanophanerophytes and phanerophytes can be
related to the slow speciation rate of such life
forms, due to their longevity and to the limited
elevation of Peloritani that does not favour speciation
processes (Brullo et al. 2011). The low incidence of
endemic therophytes is in accordance with their very
effective dispersal strategies (Pignatti, 1979). More-
over, the incidence of therophytes tends to be lower
in highly selective habitats and at higher elevations,
where endemic taxa are most frequent.

Comparing endemic flora

The flora of Peloritani is characterized by the
highest number of endemic hemicryptophytes, while
endemic therophytes and phanerophytes are better
represented in the rest of Sicily. This fact could be

explained by the prevalence, in the Peloritani
district, of metamorphic and schistose substrata,
that, due to their high friability and instability,
create suitable conditions for the hemicryptophytic
life form.

As already noticed, most of the Peloritani
endemics (hemicryptophytes and chamaephytes)
are found in rangelands and rocky habitats. These
stressing habitats favour both speciation that the
conservation of endemic species, as already observed
for other Mediterranean areas (Goémez-Campo
1985; Médail & Verlaque 1997; Soriano et al.
2012). Also Georghiou and Delipetrou (2010)
highlight the predominance of chamaephytes and
hemicryptophytes in endemic flora of Greece,
arguing that these life forms are connected to their
habitat, adaptive strategies and related speciation
processes. Moreover, the dominance of hemicrypto-
phytes was also confirmed in the endemic flora of
Corsica (Verlaque et al. 2001).

Another peculiarity of the endemic flora of
Peloritani is the insect pollination, regarding 88%
of taxa. Many pollinators are quite precise in their
flower-visiting habits (Mitchell et al. 2009) and it is
likely that a certain percentage of the endemic flora is
the result of species-specific pollination strategy that
progressively segregated new characters. This pro-
cess is well known for the genus Ophrys (Paulus &
Gack 1990), but it might be true for some other
genera such as Anthyllis sect. vulneraria, Dianthus,
Galium, Micromeria and others.

All over the Mediterranean region, human
activities played an important role in the spreading
of plant species, endemics included, mainly those
living in semi-natural habitats such as pastures,
garrigues, dry grasslands and synanthropic places.
The spreading of these habitats in Sicily in the last
millennia is well supported by palinological data
(Sadori & Narcisi 2001; Noti et al. 2009).
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Geographical limits

The endemic flora largely contributes to define the
extent and significance of the Peloritani District,
highlighting the connection between geology and
palaeogeography. In particular, the distribution
range of some endemic species reveals, at the same
time, the extent of the Peloritani District and of
the structural unit of the Calabrian Peloritani Arc.
This is particularly true for Viola aethnensis
subsp. messanensis, Hyoseris taurina and Erucastrum
virgatum. Especially, the last species is a good marker
of the geological and phytogeographical limit
westwards, which, along the coast, is found well
beyond Capo d’Orlando, and, in inland areas,
stretches up to the villages of Mirto and Roccella
Valdemone, right along the structural edge of the
Calabrian-Peloritani Arc (Giardina et al. 2007).

Paleogeographic connections

From the phytogeographical viewpoint, the Peloritani
endemic flora allows to emphasize palacogeographical
relationships not only with neighbouring Mediterra-
nean territories, but also with currently remote ones.
Once again, the case of Erucastrum wvirgatum is of
particular importance. Most species of this genus have a
west Mediterranean or central south-west European
distribution and many of them are steno-endemics
(Gomez-Campo 1982, 1983, 1984), confined to the
territories belonging to the Alpine orogeny as outlined
by Von Raumer et al. (2003) and Cirrincione et al.
(2012) (Figure 6). For example, Erucastrum rifanum
(Emberger & Maire) Gomez-Campo is from Morocco
in the Rif; E. palustre (Pirona) Vis is a narrow endemics
of NE Italy. In the case of E. virgatum, there is a wide and
surprising disjunction with E. virgatum subsp. virgatum,
endemic to Peloritani and Calabria, and the other

subspecies: in fact, E. virgatum subsp. baeticum, E.
virgatum subsp. pseudosinapis and E. virgatum
subsp. brachycarpum are endemic to south and east
Spain, mainly in the Betic Mountains (Goémez-Campo
1983). To explain such disjunction, Goémez-Campo
(1983) postulates a possible effect of the Quaternary
glaciations that would have reduced a wider distribution
area. But if we consider the common geological history
of the Betic Cordillera and Calabrian Peloritani Arc,
both belonging to Alpine orogeny, it might be possible
that the current distribution of Erucastrum virgatum still
reflects the movement of microplates. In particular,
from 35 to 16 Ma, the Iberian margin rifted and the
Corsica—Sardinia—Calabro—Peloritani block migrated
counterclockwise with the Apenninic section of the
trench consuming ocean floor and leaving in its wake the
newly formed Liguro—Provencal Basin (Gueguen et al.
1998; Faccenna et al. 2001; Goes et al. 2004). By
15 Ma, subduction and trench migration had stalled
along the whole margin, as the western end of the trench
collided with Africa’s margin. In this second phase of
roll-back, the Calabrian—Peloritani block rifted from
the Corsica—Sardinian block and migrated rapidly, at a
rate of up to 6—8 cm per year, to its present position
between Sicily and Apulia (Speranza et al. 2002, 2003),
while the Tyrrhenian basin opened in the back-arc
(Faccenna et al. 2004). All these movements have
occurred in an epoch when the genus Erucastrum could
already be differentiated with a single areal of E.
virgatum. This hypothesis is supported by recent
research on the age of the Brassicaceae. Based on
phylogenetic trees derived from molecular investi-
gations, calibrated on four well-dated fossils, Beilstein
et al. (2010) says the majority of Brassicaceae radiated in
the mid- to late Eocene from 43.4 to 33.3 Mya. For the
tribe of Brassiceae to which the genus Erucastrum
belongs (Bailey et al. 2006), Beilstein et al. (2010)
estimate an age of about 22.5 million years.

Alboran Sea

AFRICA MAGHREBIDES
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Pre-Alpine bas t
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Alpine belt sometimes reworking
pre-Alpine basement

Figure 6. Geological sketch map of Alpine and pre-Alpine ranges in the West-Mediterranean area (after Von Raumer et al. 2003, from

Cirrincione et al. 2012).
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The case of Festuca morisiana is also relevant: the
nominal subsp. is endemic to Gennargentu Massif
(Central-Eastern Sardinia), while the subsp. sicula is
exclusively found in the Peloritani Mountains They
are schizoendemics originated in two areas nowadays
remarkably isolated, but with ancient tectonic
connections as above said.

The paleo-geographical links of Peloritani and in
particular their detachment from the Sardinian-
Corsican plate, described above, are highlighted also
by some non-endemic species, whose current
distribution retains somehow a paleogeographic
memory. Particularly relevant is the case of two
Cistaceae, a family, like the Brassicaceae, of ancient
origin (Guzman & Vargas 2009), having fruits and
seeds with little chance for long-distance dispersion.
They are Cistus crispus L. and Tuberaria lignosa
(Sweet) Samp. The first is currently distributed
(Greuter et al. 1984) in Algeria, south of France,
Iberian peninsula, Morocco, Tunisia, doubtly in
Corsica and, in Sicily, exclusively in the Peloritani
Mountains; the second occurs in Algeria, Morocco,
Tunisia Balearic Islands, Corsica, Sardinia Southern
France, Iberian peninsula, Italian peninsula but only
in Liguria, Tuscany, Calabria and south of Apulia; in
Sicily, again, only in the Peloritani Mountains. In
both cases, the discontinuity in the distribution along
the Italian peninsula underlines the origin of the
Calabrian-Peloritani Arc in the Mediterranean
context. The distribution of Woodwardia radicans is
also interesting: this relic fern of the Mediterranean
Tertiary flora is currently occurring in Macaronesia,
Portugal, Spain, Algeria, Corsica, Crete, Sicily only
in Peloritani, Italian Peninsula only in Calabria and
Campania (Pichi Sermolli 1979; Pignatti 1982;
Greuter et al. 1984). This is one more case where it
is possible to recognize the western phytogeography-
cal connection of the Calabrian-Peloritani arc and
Sardinia-Corsica microplate. Similarly, the Peloritani
Mountains and W-Sardinia are the only two places in
Italy where autochthonous populations of Pinus pinea
can be found. In particular, the northern end of
Peloritani Mountains is the most eastern outpost of
the distribution range of such species, whose native
status is testified by Pliocenic fossil cones (Zodda
1902). The same holds true for Cyzisus scoparius (L..)
Link, a West-Mediterranean-Atlantic species that in
Italy is native along the Tyrrhenian coasts of the
Peninsula, Sardinia and Peloritani.

In spite of the western Mediterranean gravitation
of some ancient elements of the Peloritani flora,
many other species testify connections with the
eastern Mediterranean, because of the current
position of this area, right in the centre of the
Mediterranean basin. For instance, the following
taxa are, in Sicily, limited to the Peloritani district,
whereas their distribution range stretches north-
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wards and eastwards into the mainland, along the
Italian and, in some cases, the Balkanic peninsula:
Anthemis chia L., Anthemis tomentosa L., Arctium
nemorosum Lej. et Court., Aristolochia lutea Desf.,
Artemisia variabilis Ten., Bellis margaritifolia Huter,
Cardamine chelidonia L., Carduus cephalanthus Viv.,
Coeloglossum viride (L..) Hartm., Conringia orientalis
(L.) Dumort., Echinops spinosissimum Turra, Epilo-
bium dodonaei Vill., Fritillaria messanensis Rafin.,
Galanthus reginae-olgae Orphanides subsp. corcyrensis
(G. Beck) Kamari, Hypochoeris pinnatifida (Ten.)
Cyr., Senecio gibbosus (Guss.) DC., Silene tenuiflora
Guss., Tilia platyphyllos Scop., Tolpis grandiflora Ten.

As for the endemic taxa, the Eastern connections
are testified by Trifolium uniflorum subsp. savianum,
vicariant of Trifolium uniflorum subsp. uniflorum of
Greece, Crete and the Aegean Islands (Brullo et al.
2000); Anthemis peregrina subsp. peregrina, vicariant
of Anthemis peregrina subsp. heracleotica (Boiss. &
Heldr.) Georgiou from Greece (Georgiou 1997). It
must be noted that the land connections with
Calabria were interrupted with the opening of the
Strait of Messina, started just 0.5 Mya (Monaco &
Tortorici 2000; Catalano and De Guidi 2003; Goes
et al. 2004) and never re-established, not even during
the glaciations (Lambeck et al. 2004).

Last but not least, the vicariance between
endemic zaxa of Peloritani and the rest of Sicily are
a further proof of the peculiarity of such district that,
forming the long and narrow northern end of the
island, may act as bottleneck, reducing the inter-
populational gene flow. This can explain the origin of
Centaurea todarot subsp. seguenzae; Thapsia garganica
subsp. messanensis; Linaria multicaulis var. messanen-
sisy Bellis perennis var. peloritana, etc.

The phytogeographical framework so far devel-
oped substantiates the hypothesis that the Peloritani
floristic district coincides with the Peloritani Moun-
tains as defined by structural geologists (Lentini et al.
1994) rather than in the common geographical sense,
therefore including some areas and endemic species
which were traditionally ascribed to the Nebrodi
Mountains. This is the case of Peragnaea gussonei
(Spreng.) Rauschert: a palaecoendemic relic of the
Tertiary flora, so far considered endemic to the
Nebrodi Mountains, which is actually straddling
the boundary between the two mountain ranges.
This species borders mountain streams or rivulets
that do not dry out in summer, in the shade of
beechwoods (Gianguzzi et al. 2004). It is a perennial,
rhizomatous plant, usually reproducing asexually,
through stolons. At present, the species is distributed
in a restricted area of Northern Sicily, on both sides
of the contact between the “Calabrid” and the
“Maghrebid” geostratigraphic units, respectively,
forming the Peloritani and Nebrodi Mountains. All
known populations are distributed within a radius of
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a few tens of kilometres (De Castro et al. 2009,
2013). The largest number of locations is actually
found right along the structural edge of Peloritani
(Figure 7, suppl.).

Molecular calibration performed by Kadereit et al.
(2008) demonstrated that the tribe of Saniculoideae, to
which P gussonei belongs, is the most ancient of
Apiaceae, existing by more than 50 Mya. The node of
P gussonei can be dated to 23.4—15.1 Mya. Due to its
ancient origin, this species might have its origin on one
of the two previously mentioned geostratigraphic
units and, when these units come into contact along
with the displacement of the Calabrian Peloritani Arc,
some populations might have been able to reach
suitable sites on the other unit.

Different circumstances led to hypothesize that
P gussoner might have in the Peloritani District its
primary locations: (1) in the old world, most of the
genera of the tribe of Saniculoidee have a Central
European distribution (Kadereit et al. 2008), there-
fore, it is likely that P gussonei has greater
“phylogeographic affinity” for the Calabrid, rather
than for the Maghrebid Unit; (2) the Calabrid Unit
hosts, as well, another archaic Apiacea: Lereschia
thomasii (Ten.) Boiss., whose ecological behaviour is
quite similar to that of P gussonei, even if the two
species belong to different tribes; (3) nearly all the
known populations of P gussoner are found on, or in
close proximity to, the metamorphic outcrops of the
San Marco d’Alunzio Unit, a part of the Hercynian
basement which is forming the western boundary of
the Calabrian Peloritani Arc (Lentini et al. 2000;
Catalano 2010). This might be the reason why the
species has such a limited and relict distribution
range, even if habitats suitable for its ecological
requirements can be found all along the beechwoods
of Northern Sicily, up to the metaquartzitic outcrops
of Madonie Mountains.

Conclusions

The inventory of the vascular endemic flora of the
Peloritani Mountains commented in this paper high-
lighted the floristic interest of this area and its unique
role in the phytogeographic context of Sicily. The
distribution range of some palacoendemites suggest
that the limit of the Peloritani Mountains, regarded
here as a biogeographical district, should be extended
westward, in order to include some parts traditionally
ascribed to the Nebrodi Mountains The proposed
limits, based on floristic evidences, strengthen the new
insights on the structural limits of the Calabria-
Peloritani Orogen provided by Angi et al. (2010).
The endemic flora of Peloritani Mountains has a
remarkable floristic autonomy that supports the
geologic foreignness of this area from the rest of Sicily
and highlights paleogeographic connections with

other Mediterranean lands. Further research is worth
to be done on the molecular phylogeny of the species
mentioned earlier, in order to obtain a more precise
and focussed phylogeographic reconstruction of the
Peloritani flora.

We hope that our findings will convince adminis-
trators and stakeholders to adopt suitable conservation
measures to ensure the survival of the flora of Peloritani
that, like many other Sicilian areas and vegetation units
(Guarino et al. 2008; Brullo et al. 2013; Minissale &
Sciandrello 2013), suffers of ever-increasing anthropic
assaults in the name of profitability, that often is
prioritized even in the management of the many newly
established protected areas all over the Italian territory
(Guarino & Pignatti 2010; Guarino et al. 2011).
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