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Abstract

Knowledge of the processes by which plants colonize old structures is a key element for nature-based design both in urban and sub-
urban contexts. This paper analyses the natural vegetation on walls and in other microhabitats of the roadway structures of Monte
Pellegrino (606 m a.s.l.) near Palermo (Sicily), built in the first half of the 1900s. The historical road has particular construction and
architectural features, and its characteristics have been maintained to this day. The route, approximately 16 kilometers long, is well
integrated within a site of high naturalistic value which has been designated as a Special Area of Conservation (ITA020014) of the Na-
tura 2000 network, and it is also a regional natural reserve. The survey was carried out on different homogeneous ecological contexts
based on different microhabitats (masonry retaining walls, masonry guardwalls, road margins, and rock cut slopes) which are diver-
sified according to other environmental factors (building materials, inclination, height, and exposure). The phytosociological and
statistical analysis has led to the description of six new associations (Crepido bursifoliae-Parietarietum judaicae ass. nov., Athamanto
siculae-Parietarietum judaicae ass. nov., Helichryso panormitani-Hypochaeridetum laevigatae ass. nov., Diantho siculi-Helichrysetum
panormitani Gianguzzi ass. nov., Olopto miliacei-Pennisetetum setacei Gianguzzi ass. nov., Teucrio flavi-Rhoetum coriariae Gianguzzi
ass. nov.) and one sub-association (Rhamno alaterni-Euphorbietum dendroidis Géhu & Biondi 1997 artemisietosum arborescentis sub-
ass. nov.). Other chasmophytic formations (Centranthetum rubri Oberd. 1969, Antirrhinetum siculi Bartolo & Brullo 1986) were
reported for the first time in this area.
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Introduction Although road systems may differ according to their
g Y y g

age, construction methods, and types of building mate-

Road systems have accompanied humans since their ear- ~ rials, all these different systems form specific ecosystems

liest civilizations, profoundly affecting ecosystems and ~ due to the great variety of habitats they provide (walls,
masonry parapets, road margins, cut slopes). Plants col-

onize these different habitats, driven by ecological gra-

. dients that define specific “microgeoseries” (sensu Ri-
tats for flora and plant communities, as well as for fauna ) )
vas-Martinez 2002) for each environmental context.

(Hobbs et al. 2006; Lososovi et al. 2010; Bontoux et al. Before the use of concrete as a building material, road
2019). This is particularly relevant in suburban and rural  ;54tes made use of mortared masonry walls or dry-laid
areas where road systems are the primary artificial ele-  walls as retaining structures. These were built by special-
ments that shape their landscapes (Forman 2002). ized craftsmen who selected and shaped the rocks at the

landscape characteristics in many parts of the world.
In addition, they also provide new anthropogenic habi-

Copyright Lorenzo Gianguzzi & Giuseppe Bazan. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


mailto:giuseppe.bazan@unipa.it
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

72 Lorenzo Gianguzzi & Giuseppe Bazan: Vegetation of the road system of Monte Pellegrino

work site, and surfaces were paved with cobblestones in-
stead of asphalt. In Italy, as well as in various other areas of
the Mediterranean, these types of road layouts are wide-
spread today, although most of them have been modified
by adding asphalt on top of the cobblestone layer. These
kinds of roadways persist mainly in mountainous areas
or in places with steep and rugged terrain where they re-
sist exposure to severe weather conditions as well as the
normal wear and tear that occurs over time. Overall, the
architectural beauty of these works stands out, as does,
in particular, the building effectiveness of the stone ma-
sonry walls which bridge differences in height by creating
steep hairpin bends on mountainsides. These structures
characterize mountain landscapes like that of the Stelvio
Pass’s hairpin bends (Pedrana 2011), but they also feature
in the tight curves of Monte Pellegrino, near Palermo (the
study area of this paper), their presence a testimony to the
endurance of human workmanship.

The old structures of road systems offer considerable
new spaces for plant colonization and are covered by plant
communities which are micromorphologically diversified
in relation to their floristic and physiognomic aspects (in-
clination, exposition, height of surfaces).

A number of botanical and ecological studies of subur-
ban road systems have focused on the role of road margins
primarily as corridors for the diffusion of allochthonous
species that use these communication routes as expansion
corridors (Kowarick 2003; Kalwij et al. 2008; McDougall
et al. 2018; Pasta et al. 2010). On the contrary, other au-
thors have considered road margins as refuge habitat for
native plants in highly disturbed landscapes such as urban
areas or near industrial or intensive agricultural systems
(Forman and Alexander 1998; Rentch et al. 2005; Arenas
et al. 2017; Lazaro-Lobo and Ervin 2019). With regard to
the walls involved in these roadways, sensu lato, research
on vegetation has especially highlighted the role of plants
as biodeteriogens of artifacts of cultural interest (Caneva
et al. 1992, 1995; Caneva and Ceschin 2009; Ceschin et al.
2006, 2016; Li et al. 2016). Plant communities growing on
ancient walls have been analyzed both from an ecologi-
cal-conservation point of view — as a refuge habitat for spe-
cialized flora (Segal, 1969; Meral et al. 2018; Huang et al.
2019) - as well as in phytosociological terms, through the
characterization of specific syntaxa (Hruska 1987; Brullo
and Guarino 1998, 2002; Gamper and Bacchetta 2001).
Road cut slopes have also been the subject of specific stud-
ies that have analyzed colonization processes and similar-
ities with natural rock communities (Bochet et al. 2009).

The aim of this work is the phytosociological investiga-
tion of vegetation on walls and in other microhabitats of
the road system of Monte Pellegrino (the mountain tow-
ering above the city of Palermo) and the interpretation of
species composition patterns of plant communities along
the roadway structures. The road system can be consid-
ered “historical”; in fact, it was inaugurated in 1924. Its
route, approximately 16 kilometers long, climbs along
the slopes of the mountain with hairpin bends and short
straightaways, and it is well integrated within an area of

particular naturalistic value which has been designated as
a Special Area of Conservation (ITA020014) of the Natu-
ra 2000 network and is a regional natural reserve.

The study also addresses the issue of bio-ecological and
phytocoenotic stability established in the road system that
has been triggered by the slow colonization process with-
in the different microhabitats (masonry retaining walls,
masonry guardwalls, road margins, and rock cut slopes)
and which are diversified according to other environmen-
tal factors (building materials, inclination, height, and
exposure).

There are not many other studies in the Mediterranean
area about plants growing on all components of a road
system. Therefore, the data collected are suitable for two
practical applications: (I) knowledge of so-called biode-
teriogens that can be of use for the conservation of road
artefacts; (II) potential use of the plants of the investigated
communities for the sustainable design of environmen-
tal redevelopment interventions or mitigation measures
(e.g., for excavations, rock cuts, cut slopes, fill slopes,
walls, etc.).

Materials and methods

Study area

The road system under investigation climbs up Monte
Pellegrino (606 m a.s.l.), a well-known limestone moun-
tain that rises to the northwest of Palermo in the northern
coastal belt of Sicily (Hutchinson 1959). It has an elongat-
ed shape, with its major axes oriented from southeast to
northwest, toward the Palermo plain. The topography is
characterized by steep slopes and subvertical cliffs associ-
ated with subhorizontal planes (Fig. 1).

In terms of the geological setting, the study area is part
of the Apennine-Maghrebian chain (Grasso, 2001). The
lithostratigraphy is characterized by different formations
described by Basilone (2018) within the Panormide car-
bonate platform successions (Upper Triassic to Lower
Miocene), in particular, the following outcrops: a) the Pel-
legrino Formation (along the western side), that consists
of massive rudistid boundstones and floatsones alternat-
ing with blackish laminated mudstone, stromatolitic and
loferitic packstone, and bioclastic packstone; b) the Capo
Gallo limestone formation (on the central part), that
consists of well-stratified grey limestone (wackestone/
packstone) alternating with blackish oolitic grainstone; c)
the Piano Battaglia limestone formation (along the east-
ern and southern sides) that consists of massive grey reef
limestones, calcareous breccias, and oolite grainstone; the
Cozzo di Lupo formation that consists of Spongid reef
limestones alternating with calcareous breccias and cal-
carenites (grainstone-packstone); d) scree and debris flow
mainly concentrated along the sides of mountains (Basi-
lone 2018).
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In terms of climate, the study published by Duro et al.
(1996) shows an average annual daytime temperature of
18.1 °C, while the average annual maximum tempera-
ture is 22.5 °C, and the average annual minimum tem-
perature is 13.7 °C. The coldest month of the year is Jan-
uary (monthly mean minimum = 7.8 °C, monthly mean
maximum = 15.7 °C), and the warmest month is August
(monthly mean minimum = 20.8 °C, monthly mean max-
imum = 29.9 °C). Mean annual precipitation data (mm)
on the Palermo plain, measured at different weather sta-
tions, show 679.4 mm (Istituto Castelnuovo), 643.7 mm
(Servizio Idrografico) and 584.1 mm (Osservatorio As-
tronomico), corresponding to, respectively, 78, 73, and 71
rain days (Gianguzzi et al. 2013, 2015a).

Bioclimatic indices of the area, calculated according to
Rivas-Martinez et al. (2011), allowed the definition of dif-
ferent thermotypes and ombrotypes in relation to land el-
evation as follows: a) Upper Thermomediterranean Lower
Dry; b) Upper Thermomediterranean Upper Dry; ¢) Up-
per Thermomediterranean Lower Subhumid; d) Lower
Mesomediterranean Lower Subhumid (Bazan et al. 2015;
Gianguzzi et al. 2015b).

On the northern slopes, the local bioclimate tends
to be Thermo-Mesomediterranean, from sub-humid to
humid, due to the high cliffs shaped like a north-facing
theater. Here, the vegetation consists of Rhamno alater-
ni-Querco ilicis pistacio terebinthi sigmetosum. In this
vegetation series, the mature formation is a wood dom-
inated by Quercus ilex and characterized by the presence
of thermophilous deciduous broadleaves such as Pistacia
terebinthus and Rhus coriaria. The seral stages are more
frequently represented by maquis, dominated by the
above-mentioned deciduous broadleaves and by perenni-

Via Pietro Bonanno

Via Monte Ercta

Via Giovanni Cascini

Road to the antennas

Figure 1. Location of the Monte Pellegrino road system.

al dry grasslands o Helictotricho-Ampelodesmetum mauri-
tanici (Gianguzzi et al. 1996).

On the western and southwestern sides of Monte Pel-
legrino, contrasting microclimatic conditions, created by
different slope aspects and steepness, result in a tendency
towards the Thermomediterranean lower dry (also verg-
ing on the Inframediterranean). Climatophilous vegeta-
tion can be referred to the oleaster series (Ruto chalepen-
sis-Oleo sylvestris sigmetum), whose head of series is the
Olea europaea var. sylvestris xerophilous wood (Gianguzzi
and Bazan 2019, 2020; Gianguzzi et al. 2020). The succes-
sional stages of the series are represented by Euphorbia
dendroides garrigue (Rhamno-Euphorbietum dendroidis
s.l.) and xerophilous Hyparrhenia hirta grassland (Hypar-
rhenietum hirto-pubescentis s.1.) which, in recent years,
tends to be replaced by the alien invasive grassland Pen-
nisetum setaceum (Penniseto setacei-Hyparrenietum hir-
tae), probably due to climate warming (Pasta et al. 2010).
Communities dominated by therophytes (e.g. Thero-Sede-
tum caerulei, Stipellula capensis micro-communities, etc.)
also belong to the same vegetation series.

On the eastern sides, the bioclimate is Thermomedi-
terranean and ranges from upper dry to lower subhumid
(north-east). Climatophilous vegetation is represented
by a more xerophilous holm oak series (Rhamno alat-
erni-Querco ilicis pistacio lentisci sigmetosum) in which
Hyparrhenia hirta grassland (Hyparrenietum hirtae s.l.) is
the most significant and widespread degradation aspect.

The three climatophilous series come into contact with
the microgeosigmeta of the inland cliff communities of
the alliance Dianthion rupicolae (Asplenietea trichoma-
nis), such as Scabioso creticae-Centaureetum ucriae (Gian-
guzzi et al. 1996).
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Monte Pellegrino’s vegetation mosaic hosts a rich flora,
counting 741 infrageneric taxa (Raimondo et al. 1996),
which includes some rupicolous endemic species and
taxa of biogeographic interest, such as: Iberis semperflo-
rens, Glandora rosmarinifolia, Centaurea panormitana,
Helichrysum panormitanum, Seseli bocconei, Micromeria
fruticulosa and Brassica rupestris.

Archaeological evidence in the Allaura caves (on
the northern slopes of the mountain) dates the human
presence in the area back to the Upper Paleolithic peri-
od (Mannino et al. 2011), testifying to a thousand-year-
old exploitation of Monte Pellegrinos natural resources.
Despite the historical land-use of the territory, the area
has maintained a high level of biodiversity as a result of a
long-term interaction between humans and nature, as has
also been pointed out for other areas of Sicily (Guarino
and Pasta 2017; Bazan et al. 2019, 2020; Musarella et al.
2018; Todaro et al. 2020).

However, due to its proximity to the city of Palermo,
the protected area has been affected by anthropic distur-
bances, such as recurring fires, a prevalence (in terms of
biomass) of exotic species over native ones, and waste
dumping that afflicts even the most inaccessible areas,
which damage the site’s natural heritage.

Historical notes on the road system

The road system of Monte Pellegrino is located within
the administrative area of the City of Palermo and, con-
sequently, the roads are named following the toponyms
of the urban streets. It is divided in four parts (Fig. 1), as
follows: 1) via Pietro Bonanno, located on the southwest-
ern side, connects the city of Palermo to the Sanctuary of
Santa Rosalia; 2) via Monte Ercta (also called “Panorami-
ca’), on the northwestern side, connects the Sanctuary of
Santa Rosalia to the Mondello area; 3) via Giordano Cas-
cini is the road between the Sanctuary and the panoramic
lookout on the northeastern slope of the mountain; 4) a
(nameless) service road that climbs from the Sanctuary
to the antennas (578 m a.s.l.) on the top of the mountain.

The first two stretches of the road system, with a total
length of 16 km, are the historical part of the road system.
Via Pietro Bonanno is 9 km long and was named after the
mayor who promoted its construction. It was designed at
the end of the 19t century by the engineer Giuseppe Da-
miani Almeyda, who started construction in 1903 (Fund-
ard 1974; Barbera 2008), though it proceeded extremely
slowly. After Almeyda’s death in 1911, management was
assigned to the engineer Carlo De Stefani who completed
the work in 1924 (Bonanno 2002).

Due to the rugged morphology of the area, it was nec-
essary to carry out large excavations in order to adapt the
rocky terrain to the planned road layout. To level the road
cross section, it was necessary to cut the rock and raise the
lower part of the slopes using substantial masonry retain-
ing walls along the entire route.

The second part of the road - via Monte Ercta — was
built from Gabriele Ascione’s design. The excavation works
began in 1949, and the construction work was initiated in
July 1952, lasting five years. The road was made following
the same construction methods as the first part. However,
being on the northwestern part of the mountain where the
slopes are steeper, it was necessary to build even higher re-
taining walls, especially in the tight curves above Mondello.

At the same time, the area was reforested with non-na-
tive species, especially conifers from the genus Pinus (P
halepensis, P. pinea, etc.) and Cupressus (C. sempervirens,
C. arizonica, etc.), as well as broad-leaved trees of the
genus Eucalyptus (E. camaldulensis, E. globulus, E. gom-
phocephala, etc.) and other species (Robinia pseudacacia,
Ailanthus altissima, etc.).

In some cases, reforestation influenced the vegetation
colonizing the base of the retaining walls by creating
shady conditions. In the period between 1927 and 1933,
other exotic species were also introduced into the area,
such as Agave americana, A. sisalana, Opuntia ficus-indi-
ca, and O. maxima, which spontaneously spread between
the escarpments and the reforested parts, sometimes
forming hedges along the road margins, especially on the
xeric slopes facing south/southwest, such as near Castello
Utveggio.

Habitats of the roadway structures

The ecological conditions of the anthropogenic mi-
cro-habitats created by the construction of the road sys-
tem reflect the adaptive specialization of the species and
plant communities that have settled in them. The studied
plant communities were distributed in relation to the fol-
lowing drivers: a) topographical characteristics of the sur-
faces (horizontal on the road margins, more or less verti-
cal on the walls and rock walls); b) nature of the substrate
(stone walls with mortar, asphalt, rocky outcroppings),
which generally presents soil poverty, alkaline pH (given
the nature of the lithic materials), a lack of nutrients, poor
humidity; ¢) various climatic stresses (e.g., daily and an-
nual temperature ranges, etc.).

Figure 2 shows a cross-section of the roadway on Mon-
te Pellegrino with the different habitats within which the
vegetation surveys were carried out. Specifically, these
were masonry retaining walls, downhill-side road mar-
gins (parapets/guardwalls), uphill-side road margins, ar-
tificial rock cuts. For each of the habitats presented in the
figure, the main structural and ecological characteristics
are defined below; also in relation to the eco-morpholog-
ical and physiological characteristics of the species and
coenoses located there.

1) Retaining walls — These continuously delimit the
downbhill side of the entire road route, with a height rang-
ing from a few meters up to about 20 m (along the hairpin
bends near Mondello). They are made of stone blocks ce-
mented with mortar, built with a (a) base plinth, (b) slop-
ing face, (c) and vertical face. Here lithophilous species,
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whose roots penetrate the cracks and cavities between the
stone blocks, have different settling difficulties, depend-
ing on the topographical location (Lisci and Pacini 1993a,
1993b). Cavities at ground level in the base plinth allow
the establishment of numerous species, facilitated by the
rainwater that flows down the walls, favoring the accumu-
lation of nutrients and moisture needed by plants. Cavi-
ties on the sloping faces of the walls also facilitate the ger-
mination of seeds thanks to the rainwater that runs down
the walls. Cavities on the vertical faces, instead, present
greater settling difficulties — in particular on the higher
parts and on homogeneous material — given the lower
availability of water and nutrients.

2) Masonry guardwalls (downhill side of the road) - Here
vegetation finds space in two different types of cavities in
which accumulations of soil and humidity are generated.
They are respectively located: a) on the upper surface of
the guardwalls, following the crumbling of the materials
due to the weather; b) at the base of the guardwall, at the
interface between two types of construction materials
(both inside and outside the road surface) which gener-
ates a certain water availability in the interstices.

3) Road margins (uphill side) — This habitat is located
beyond the rainwater collection canals which have more
nitrophilic and cooler ecological characteristics than the
previous habitat. In fact, vegetation finds more favorable

Figure 2. Cross-section of the habitat of the Monte Pellegrino
road system: 1) retaining wall (a — base plinth; b - sloping face;
¢ - vertical face); 2) downhill-side road margin (masonry guard-
walls or parapets); 3) uphill-side road margin; 4) rock cut slopes,
5) natural slope.

conditions here as there is more shade as well as a greater
supply of nutrients and humidity thanks to the rainwater
that flows down the slopes and walls above.

4) Rock cut slopes — These delimit the uphill part of the
road margins and were created by excavating the lime-
stone substrate. They are up to about 15 meters high (on
some curves on the Mondello side), giving space to typi-
cally rocky communities that develop along the rock walls,
according to ecological gradients that can be attributed to
purely natural environments. In the upper part, they are
true chasmophytic communities dominated by species
of the Asplenietea trichomanis class, replaced towards the
base of the walls by elements attributable to the Parietari-
etea judaicae class.

5) Natural slopes — This habitat, completely unrelated to
the road profile, is colonized by phytocenotic vegetation
linked to the different vegetation series that characterize
the Monte Pellegrino promontory (Gianguzzi et al. 1996),
not examined in this work.

Vegetation sampling and data analysis

The vegetation was studied according to the phytosocio-
logical method (Braun-Blanquet 1964), as later modified
by other authors (e.g., Rivas-Martinez 2005; Biondi 2011;
Guarino et al. 2018). Species identifications were made us-
ing Pignatti (1982) and Pignatti et al. (2017-2018). Taxo-
nomic nomenclature follows “Flora d'Ttalia” (Pignatti et al.
2017-2018), with the exception of Pennisetum setaceum,
which follows the online database “The Plant List” (2013).
The life forms and chorotypes follow Pignatti (1982).

The syntaxonomical nomenclature follows the “Interna-
tional Code of Phytosociological Nomenclature” (Theuril-
lat et al. 2020). For the definition of the syntaxa, the “Vege-
tation Prodrome of Italy” (Biondi et al. 2014) was followed
(see the specific interactive site: http://www.prodromo-veg-
etazione-italia.org/), with reference to the Vegetation Pro-
drome of Europe (Mucina et al. 2016) for the classes Cym-
balario-Parietarietea diffusae, Stipo-Trachynietea distachyae
and the order Elytrigio repentis-Dittrichietalia viscosae.

The survey, carried out between 2016 and 2019, was
based on stratified random sampling. The study area was
divided into different homogeneous ecological contexts
based on both construction typology (masonry retaining
wall, guardwall, uphill-side road margin, artificial rock cut
slope) and exposition (north, west/southwest), and ran-
dom sampling was conducted within each of these habi-
tats (Michalcovd et al. 2011). Plot size was determined as
minimum area (sensu Braun-Blanquet 1964) and ranged
between 5 and 50 m? in the different vegetation types.
The number of relevés was defined on the basis of the mi-
cro-habitat's surface area. In the case of some groupments
with a very small range on homogeneous surfaces, only
2-4 relevés were done.

To evaluate the distribution pattern of the habitats
studied in terms of their specific composition, we used de-
trended correspondence analysis (DCA; Hill and Gauch
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1980) using the RStudio (Version 1.1.463) free software
and some functions of the vegan package (Oksanen 2015).
The choice of this ordination method was confirmed by the
measure of the so-called turnover (or SD units) of DCA,
which corresponds to the length of its first ordination axes.
Moreover, turnover represents a measure of a community’s
beta diversity. According to Lep$ and Smilauer (2003), it is
preferable to use a unimodal method like DCA for values
of turnover units greater than 3.7.

Similarity among different phytocoenoses was evaluat-
ed using the “Jaccard Index” (Jaccard 1908). Nestedness
was calculated as the average co-occurrence of species, the
‘@ component of the “Jaccard Index” (Tsakalos et al. 2018).

The life form analysis of the data in the phytosociolog-
ical table was made by establishing: the percentage distri-
bution of presence in the species list (flora); the percent-
age distribution of presence in the relevés (frequency),
the percentage distribution of the coverage value in the
relevés (cover).

Results

Communities on masonry retaining walls

Cl:  CYMBALARIO-PARIETARIETEA
Oberd. 1969
Perennial vegetation with hemicryptophytes, nitrophi-
lous and synanthropic, chasmo-comophytic, found on
rocky walls and cliffs.

Ord.: TORTULO-CYMBALARIETALIA Segal 1969
Chasmo-nitrophilous and thermophilous vegetation of
built-up areas of the Mediterranean and Atlantic, mild
winter to subcontinental regions of temperate Europe,
the Middle East, and North Africa.

All.: GALIO VALANTIAE-PARIETARION JUDAICAE
Rivas-Mart. ex O. de Bolos 1967
Thermomediterranean chasmophytic vegetation of
limestone walls of the Iberian Peninsula and the west-
ern Tyrrhenian archipelago.

DIFFUSAE

1) CREPIDO BURSIFOLIAE-PARIETARIETUM JUDAI-

CAE ass. nov.

Phytosociological data: Table 1.

Holotypus: Rel. 6, Table 1.

Diagnostic species: Parietaria judaica (dom.), Mercu-
rialis annua, Oxalis pes-caprae, Crepis bursifolia, Erigeron
bonariensis.

Floristic-syntaxonomical notes: Based on the inter-
pretation of various authors (Bartolo and Brullo 1986;
Brullo and Guarino 2002), similar characteristics of wall
vegetation have been attributed to the Oxalido cornicula-
tae-Parietarietum judaicae association (Br.-Bl. 1952) Se-
gal 1969 [= Parietarietum judaicae (Arénes 1928) Oberd.
1977]. This syntaxon has been indicated for different
areas of the Mediterranean region (Braun-Blanquet and

Tiixen). 1952; de Bolds 1967; Rivas-Martinez 1960, 1969;
Horvati¢ 1963; Bartolo and Brullo 1986; Oberdorfer 1977;
Brullo and Guarino 1998, 2002; Brullo et al. 2020) as cor-
responding to the concept of “phytocoenon” In fact, Ox-
alis corniculata — one of the species that gives the name
to the association - is a plant linked to trampled environ-
ments (Brullo and Guarino 2002). Therefore, we think
that Oxalido corniculatae-Parietarietum judaicae should
be subdivided into multiple geographic synvariants (“rac-
es géographiques”) with more limited distribution. This is
the case for the two associations proposed here in which,
in their typical combinations, high-frequency local differ-
ential species were identified, though transgressive from
the contiguous phytocoenoses.

Description: It is a hemicryptophytic, sciophilous-ni-
trophilous, paucispecific formation clearly dominated by
Parietaria judaica, located on the lower part of walls. It
tends to form a more or less continuous and lush belt of
vegetation 40-60 (80) cm tall, that normally has coverage
between 75-100% with a minimum area of 6-8 m”. The
phytocoenosis is subjected to high levels of eutrophication
that occurs in wall cracks and interstices between materi-
als (rocks, mortar, concrete, soil, etc.) of different chem-
ical composition. Here, small accumulations of well-hu-
midified and nitrified soil are created from the flow of
rainwater on the wall, as well as from the contributions of
internal circulation within the wall. Other associated spe-
cies can be frequent but with low coverage values, some of
which have their vegetative optimum in the winter-spring
period (e.g., Oxalis pes-caprae) while others have it in the
spring-summer period (es. Erigeron bonariensis, Crepis
bursifolia, Mercurialis annua, etc.). In particular, Oxalis
pes-caprae, a South-African species in expansion in the
Mediterranean area, is an element of the Stellarietea me-
diae class; Mercurialis annua is a paleotemperate species,
typical of manured fields and belonging to the Stellarietea
mediae class; Erigeron bonariensis is native to tropical
America and has almost become a cosmopolite species
belonging to the Chenopodion (Sisymbrietalia, Stellarietea
mediae) alliance; Crepis bursifolia is an endemic Italian
species that is rather widespread in the Tyrrhenian area,
typical of pavements, trampled environments, and road
margins, and is also an element of the Trisetario-Crepi-
detum bursifoliae association (Polygono-Poetea annuae).

Syndynamism: This phytocoenosis plays a pioneering
role at the base of masonry and rock walls and takes part in
the shady-mesic geosigmetum (north-northwestern-fac-
ing slope) of the road system in question (Fig. 3A). It is
rarer on the southern part of Monte Pellegrino where it is
located on the north-facing walls of via Bonanno (Fig. 4A).

The association is in contact with: (a) the vegetation
of horizontal surfaces, such as trampled areas (cl. Poly-
gono-Poetea annuae), flower beds, cultivated areas (cl.
Stellarietea mediae), as well as serial aspects of the slope
vegetation of Rhamno-Querco ilicis sigmetum; (b) vege-
tation on the tops of walls, dominated by Parietaria juda-
ica (Athamanto siculae-Parietarietum judaicae ass. nov.),
Hypochaeris laevigata (Helichryso panormitanae-Hypo-
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Table 1. Crepido bursifoliae-Parietarietum judaicae ass. nov.

Relevé (n°) 1 2 3 4 5 6* 7 8 9 10 11 12
Altitude (m) 20 20 20 25 30 50 80 330 340 420 425 430
Slope (°) 5 3 5 5 5 2 2 5 4 2 5 5
Aspect N N NE E E N NE W NW NW NW NW
Area (m?) 8 6 6 5 4 8 6 10 5 8 8 6

Total cover (%) 100 90 100 100 100 90 100 85 95 100 100 100 qg
Average height (cm) 50 50 45 45 45 40 50 40 50 45 45 50 2
Species per relevé 8 9 8 7 6 12 14 8 9 13 11 9 &

Characteristic and differential species of association
Parietaria judaica L.
Mercurialis annua L.
Crepis bursifolia L.
Erigeron bonariensis L.
Oxalis pes caprae L.

Char. of the alliance
Antirrhinum siculum Mill.
Hyoscyamus albus L.
Reichardia picroides (L.) Roth

Char. of the order and class
Sonchus tenerrimus L.
Umbilicus horizontalis (Guss.) DC.
Ceterach officinarum Willd.
Cymbalaria muralis G.Gaertn., B.Mey. et Scherb.
Sedum dasyphyllum L. subsp. dasyphyllum

Other species
Piptatherum miliaceum (L.) Coss.
Poa annua L.
Hordeum murinum subsp. leporinum (Link) Arcang.
Dactylis glomerata L.
Briza maxima L.
Lagurus ovatus L. subsp. ovatus
Hirschfeldia incana (L.) Lagr.-Foss. subsp. incana
Polycarpon tetraphyllum (L.) L.
Campanula erinus L.
Solanum villosum Mill.
Scrophularia peregrina L.
Polygonum aviculare L.
Boerhavia repens L.
Sisymbrium officinale (L.) Scop.
Dysphania ambrosioides (L.) Mosyakin et Clemants
Cynodon dactylon (L.) Pers.
Ailanthus altissima (Mill.) Swingle
Allium subhirsutum L.
Avena barbata Pott ex Link
Polypodium cambricum L.
Vicia villosa subsp. varia (Host) Corb.
Lolium perenne L.
Clinopodium nepeta (L.) Kuntze
Acanthus mollis L. subsp. mollis
Bromus sterilis L.

5 4 5 5 5 5 5 4 5 5 5 5 12
+ + + + 1 7

1 + + + . + + . + + + 9
+ + + + 1 + . + 7

+ + + 1 + 5

+ 1 1 + + + 1 1 1 9
+ 2 1 . 3

+ + 2

2 + + 2 + + + + + 10
+ + + + + 5

. + + 2
+ . 1
+ 1

1 + 1 3
1 1 + . 3

1 + + 3

+ + + 3

+ + . + 3

+ + + 3

+ + 2
+ 1 2

+ + 2

1 1 2

1 . 1
+ 1

+ . 1

2 1

1 . 1

1 . 1

+ 1

1 1

+ . 1

1 1

+ 1

+ 1

+ . 1

+ 1

+ 1

chaeridetum laevigatae ass. nov.), and Lomelosia cretica
(Scabioso-Centauretum ucriae).

Synchorology: The association, quite common in the
study area, probably has a wider distribution in Sicily and
the Tyrrhenian area.

2) ATHAMANTO SICULAE-PARIETARIETUM JUDAI-
CAE ass. nov.
Phytosociological data: Table 2.
Holotypus: Rel. 3, Table 2.

Diagnostic species: Parietaria judaica (dom.), Atha-
manta sicula, Antirrhinum siculum, Campanula erinus.

Description: It is a hemicryptophytic, sciophilous-ni-
trophilous, paucispecific formation, clearly dominated
by Parietaria judaica, typical of cool and shady upper
parts of walls (Fig. 3B). The association prefers the parts
of walls with less eutrophication which mainly benefit
from humidity and humus generated by percolation in-
side the embankment. Very few other species of Parieta-
rietea (Ceterach officinarum, Antirrhinum siculum, etc.)
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Table 2. Athamanto siculae-Parietarietum judaicae ass. nov.

Relevé (n°)
Altitude (m)

150 170 410 410 417 420

Slope (°) 95 95 95 70 70 80
Aspect SE E N N N N
Area (m?) 8 6 6 10 8 10
Total cover (%) 60 65 70 70 70 80 qg
Average height (cm) 30 35 40 45 40 40 2
Species per relevé 11 14 9 10 8 8 >
Characteristic and differential species of association
Parietaria judaica L. 3 3 3 3 3 2 6
Athamanta sicula L. 1 + 5
Campanula erinus L. 2 1 1 + + + 6
Char. of the alliance
Antirrhinum siculum Mill. 1 + . +
Hyoseris radiata L. 1 1 + + + 5
Char. of the order and class
Sonchus tenerrimus L. + + 1 + 4
Umbilicus horizontalis (Guss.) DC. + + 1 + + 5
Hypochaeris laevigata (L.) Ces., Pass. et Gibelli . + 1 + 1 4
Ceterach officinarum Willd. + 1 . + + 4
Cymbalaria muralis G.Gaertn., B.Mey. et Scherb. + 1
Other species
Lagurus ovatus L. subsp. ovatus + . + + 3
Pinus halepensis Mill. + + 2
Trachynia distachya (L.) Link + + 2
Pennisetum setaceum (Forssk.) Chiov. + + 2
Asphodelus ramosus L. subsp. ramosus + . 1
Allium subhirsutum L. 1 1
Musci 1 1 1 2 1 5

are associated, except for Athamanta sicula (an endemic
chasmophyte of the class Asplenietea trichomanis) and
Campanula erinus (a therophyte species of the alliance
Valantio-Galion muralis, order Geranio-Cardaminetalia),
all with very sporadic presence. The elements of trampled
areas, ruderal areas, and road margins (classes Polygo-
no-Poetea annuae, Stellarietea mediae and alliance Bro-
mo-Oryzopsion) that characterize the vegetation develop-
ing at the bases of walls (described above), are missing.

Syndynamism: The association plays a pioneer role in
the colonization of walls and takes part in the shady-me-
sic geosigmetum of the Monte Pellegrino road system
where it is north-facing.

It establishes the following contacts: a) Crepido bursi-
foliae-Parietarietum judaicae ass. nov. (lower parts of the
walls); b) Diantho siculae-Helichrysetum panormitani ass.
nov. (exposed parts of older, higher walls).

Synchorology: The phytocoenosis is frequent in the
study area and probably has a wider distribution in Sicily
and the Tyrrhenian area.

3) HELICHRYSO PANORMITANAE-HYPOCHAERIDE-
TUM LAEVIGATAE ass. nov.
Phytosociological data: Table 3.
Holotypus: Rel. 3, Table 3.
Diagnostic species: Hypochaeris laevigata (dom.), Heli-
chrysum panormitanum, Antirrhinum siculum.

Description: It is a chamaephytic-hemicryptophytic,
sciophilous-nitrophilous formation dominated by Hypo-
chaeris laevigata and associated, among other species, with
the endemic Helichrysum panormitanum and Antirrhinum
siculum, which are differentials of the phytocoenosis (Fig.
3C). In its typical aspect, the association is widespread
mainly in the first 4-6 meters of rock and masonry walls,
in cool and shaded areas of north-facing surfaces.

Syndynamism: The association plays a pioneer role in
the colonization of walls and takes part in the shady-me-
sic geosigmetum of the road system. It establishes catenal
contacts with the following coenoses: a) Athamanto sicu-
lae-Parietarietum judaicae ass. nov. (middle part of walls);
b) Centranthetum rubri (less exposed vertical parts of
walls); ¢) Diantho siculae-Helichrysetum panormitani ass.
nov. (exposed parts of old higher walls).

Synchorology: The association was observed along the
northern slope of Monte Pellegrino, but presumably it is
present in other similar contexts of the mountains of the
Palermo area.

4) CENTRANTHETUM RUBRI Oberd. 1969
Phytosociological data: Table 4.
Lectotypus: Rel. 16, Table 1, Oberdorfer (1969).
Diagnostic species: Centranthus ruber (dom.).
Description: It is a chasmo-nitrophilous heliophilous
coenosis dominated by Centranthus ruber and located in
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Table 3. Helichryso panormitanae-Hypochaeridetum laevigatae ass. nov.

Relevé (n°)
Altitude (m)

90 95 100 90 130 135

Slope (°) 90 90 90 90 90 90
Aspect N N/NE N N N/NW N
Area (m?) 10 20 8 20 10 20
Total cover (%) 30 40 35 30 30 30 8
Average height (cm) 30 30 35 20 30 35 2
Species per relevé 19 22 16 13 19 17 >
Characteristic and differential species of association
Hypochaeris laevigata (L.) Ces., Pass. et Gibelli 3 3 3 2 2 3 6
Helichrysum panormitanum Guss. subsp. panormitanum 1 1 5
Antirrhinum siculum Mill. + + 4
Char. of the alliance, order and class
Parietaria judaica L. 2 1 1 1 1 1 6
Centranthus ruber (L.) DC. + 1 + 1 + + 6
Umbilicus horizontalis (Guss.) DC. 1 + + . + + 5
Anogramma leptophylla (L.) Link + + + + . + 5
Ceterach officinarum Willd. + + + 3
Hyoseris radiata L. + . + 2
Reichardia picroides (L.) Roth + 1
Transgressive species of the class Asplenietea trichomanis
Polypodium cambricum L. 1 1 . + + 1 5
Dianthus rupicola Biv. 1 1 1 3
Iberis semperflorens L. 1 . + 1 3
Cymbalaria pubescens (C.Presl) Cufod. . 1 . 1 2
Athamanta sicula L. 1 1
Transgr. of the class Quercetea ilicis 0
Allium subhirsutum L. 1 1 1 + 1 5
Pistacia terebinthus L. subsp. terebinthus + 1 1 3
Rhamnus alaternus L. subsp. alaternus 1 1 1 3
Prasium majus L. 1 . + 1 3
Artemisia arborescens L. + + . 2
Arisarum vulgare O.Targ.Tozz. + . 1 2
Ampelodesmos mauritanicus (Poir.) T.Durand et Schinz 1 . . 1 2
Selaginella denticulata (L.) Spring 1 + 2
Euphorbia dendroides L. 1 1
Other species
Campanula erinus L. 1 + 1 1 1 5
Theligonum cynocrambe L. 1 1 1 + + + 6
Mercurialis annua L. 1 + + 3
Carlina sicula Ten. + 1 2
Galium murale (L.) AllL 1 1 2
Oxalis pes caprae L. 1 1 2
Hypochaeris achyrophorus L. . + + 2
Valantia muralis L. 1 . 1
Geranium lucidum L. + 1
Stellaria neglecta Weihe subsp. neglecta + . 1
Micromeria fruticulosa (Bertol.) Sili¢ (Bertol.) Guinea + 1

the upper parts of less exposed walls and other masonry
structures. The association prefers cooler habitats where it
benefits from a certain amount of edaphic humidity due
to water percolation inside the embankment.
Syndynamism: In the local area, this phytocoeno-
sis belongs to the shady-mesic geosigmetum of the
north-facing slope of the promontory located, in partic-
ular, on the more sheltered walls of the hairpin bends
of Contrada Allaura. The association establishes cat-
enal contacts with the following coenoses: a) Helichry-
so panormitanae-Hypochaeridetum laevigatae ass. nov.

(near the base of old walls shaded by tree foliage); b) Di-
antho siculae-Helichrysetum panormitani ass. nov. (ex-
posed upper parts of old walls, above 6-8 m); c) group-
ment with Rhamnus alaternus and Pistacia terebinthus
(upper parts of walls at 4-6 m).

Synchorology: The association is spread across the
Mediterranean area in the thermomediterranean and
lower mesomediterranean bioclimatic belts, and is pres-
ent in Sicily to some extent (Brullo and Guarino 2002). It
is not frequent in the study areas, where it is only located
on the northern slopes.
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Table 4. Centranthetum rubri Oberd. 1969.

Relevé (n°)

Altitude (m) 90 95 90 95
Slope (°) 90 90 90 90
Aspect N N/NE N N/NE
Area (m?) 20 20 20 20
Total cover (%) 50 45 50 45 qg
Average height (cm) 40 45 40 45 2
Species per relevé 12 10 14 2 A
Guide species
Centranthus ruber (L.) DC. 3 3 3 3 5
Char. of the class Parietarietea judaicae
Hypochaeris laevigata (L.) Ces., Pass. et Gibelli 1 2 1 1 4
Parietaria judaica L. 1 + 1 1 4
Ceterach officinarum Willd. + + + + 4
Antirrhinum siculum Mill. 1 . 1 + 3
Umbilicus horizontalis (Guss.) DC. + + + 3
Transgr. of the class Asplenietea trichomanis
Dianthus rupicola Biv. 1 + 3
Helichrysum panormitanum Guss. 1 2
Other species
Campanula erinus L. 1 + 1 + 4
Galium murale (L.) All. 2 1 2 2 4
Allium subhirsutum L. 1 1 + 1 4
Hypochaeris achyrophorus L. + + + 3
Euphorbia dendroides L. 1 1 2
Arisarum vulgare O.Targ.Tozz. + + 2
Selaginella denticulata (L.) Spring + + 2

5) ANTIRRHINETUM SICULI Bartolo & Brullo 1986
Phytosociological data: Table 5.
Holotypus: Rel. 2, Table 3, Bartolo & Brullo (1986).
Diagnostic species: Antirrhinum siculum (dom.).
Description: It is a chasmo-nitrophilous paucispecif-
ic formation with an open structure, heliophilous and
thermo-xerophilous, dominated by Antirrhinum siculum
(Fig. 4B), an endemic species of Sicily and southern Italy,
adapted to growing on masonry structures. The phyto-
coenosis mainly colonizes the upper parts of xeric stone,
where it is located in poorly humified cracks.
Syndynamism: The phytocoenosis belongs to the more
xeric geosigmetum of the study areas, where it is found
mostly on the southern and western slopes. It comes into
catenal contact with the following associations: a) Olopto
miliacei-Pennisetetum setacei ass. nov. (both at the base of
the walls and on the upper parts, in particular on guard-
walls); b) Capparidetum rupestris (in the upper parts of
some walls); Rhamno alaterni-Euphorbietum dendroidis
Géhu and Biondi 1997 artemisietosum arborescentis sub-
ass. nov. (guardwalls of sunny and sheltered walls).
Synchorology: The association is endemic in the south-
ern parts of the Italian Peninsula (Brullo et al. 2001; Brul-
lo and Guarino 2002), Sicily (Bartolo and Brullo 1986;
Gianguzzi 2007), and Malta (Brullo et al. 2020).

All.: ARTEMISIO ARBORESCENTIS-CAPPARIDION SPI-
NOSAE Biondi, Blasi et Galdenzi in Biondi et al. 2014

Thermomediterranean chasmophytic vegetation of
limestone walls of the Apennine Peninsula, Corsica,
Sardinia, Sicily, and Malta.

6) CAPPARIDETUM RUPESTRIS O. Bolos et Molinier

1958

Lectotypus: Rel. 1, Table18, Bolos & Molinier (1958).

Phytosociological data: Table 6.

Diagnostic species: Capparis spinosa (dom.).

Description: It is a chasmo-nitrophilous paucispecific
formation with an open structure, heliophilous and xe-
rophilous, dominated by large bushes of Capparis spinosa,
typical of calcareous rocks and masonry walls (Fig. 4C).
The phytocoenosis occupies the upper parts of old ma-
sonry walls and rock walls where it is located in sunny
and xeric positions which are more or less sheltered and
nitrified. In the road system investigated, it has mostly
colonized the artificial rock slopes created by cutting into
the limestone, in particular in the upper parts, over 4-5 m
high on south-facing aspects.

Syndynamism: The phytocoenosis is a mature, perma-
nent vegetation that grows on the most xeric geosigme-
tum of walls, located mostly on the southern slopes of the
promontory. Here, it establishes catenal contacts with the
following coenoses: a) Olopto miliacei-Pennisetetum seta-
cei ass. nov. (both at the base of the walls and on the upper
parts, in particular on the guardwalls); b) Antirrhinetum
siculi (on the upper parts of some walls); ¢) Rhamno alat-
erni-Euphorbietum dendroidis Géhu & Biondi 1997 arte-



Plant Sociology 57(2) 2020, 71-103 81
Table 5. Antirrhinetum siculi Bartolo & Brullo 1986.
Relevé (n°) 1 2 3 4 5
Altitude (m) 570 550 350 330 550
Slope (°) 90 90 90 90 90
Aspect S SW S w SW
Area (m?) 5 5 5 5
Total cover (%) 45 50 50 50 45 g
Average height (cm) 20 20 20 20 20 2
Species per relevé 18 14 15 12 15 &
Guide species
Antirrhinum siculum Mill. 3 2 3 2 2 5
Char. of the alliance, order and class
Umbilicus horizontalis (Guss.) DC. 1 1 1 5
Ceterach officinarum Willd. 1 1 1 + 4
Transgr. of the class Tuberarietea guttatae
Misopates orontium (L.) Raf. + + + 1 + 5
Carduus pycnocephalus L. 1 + 1 1 + 5
Hypochaeris achyrophorus L. 1 + 1 + + 5
Avena barbata Pott ex Link 1 + 1 + 4
Anisantha fasciculata (C.Presl) Nevski + + + . + 4
Campanula erinus L. 1 1 1 1 4
Lagurus ovatus L. subsp. ovatus + + + 3
Char. of the alliance, order and class
Phagnalon saxatile (L.) Cass. + 2 1 1 2 5
Pennisetum setaceum (Forssk.) Chiov. 1 1 + 1 1 5
Sonchus tenerrimus L. 1 1 + + 1 5
Theligonum cynocrambe L. + + 1 + + 5
Trifolium stellatum L. 1 1 1 3
Mercurialis annua L. 1 1 2
Echium parviflorum Moench + + . 2
Euphorbia dendroides L. . 1 1 2
Asparagus albus L. + 1

misietosum arborescentis subass. nov. (on sunny and shel-
tered guardwalls).

Synchorology: The association, described by De Bolos
and Molinier (1958), is widespread in the Mediterranean
area (Brullo and Guarino 2002) and, as reported by sever-
al authors, specifically in Sicily (Bartolo and Brullo 1986;
Brullo et al. 1993; Gianguzzi 2007) and on the islands
of Lampedusa (Bartolo et al. 1990) and Pantelleria (Gi-
anguzzi 1999). In the study areas, it is frequently found
along the roads on the slope of Contrada Arenella (Gi-
anguzzi et al. 1996).

Cl.: ASPLENIETEA TRICHOMANIS (Br.-Bl. in Meier et
Br.-Bl. 1934) Oberd. 1977
Chasmophytic vegetation of crevices, rocky ledges and
faces of rocky cliffs and walls of Europe, North Africa,
the Middle East, Arctic archipelagos and Greenland.

Ord.: ASPLENIETALIA GLANDULOSI Br.-BL. in Meier &
Br.-Bl. 1934
Thermo-mesomediterranean chasmophytic vegetation
of sunny calcareous rock faces and crevices of the west-
ern Mediterranean.

All.: DIANTHION RUPICOLAE Brullo & Marceno 1979
Siculo-Calabrian Tyrrhenian coasts and the islands of
Malta.

7) DIANTHO SICULAE-HELICHRYSETUM PANORMI-

TANI Gianguzzi ass. nov.

Phytosociological data: Table 7.

Holotypus: Rel. 5, Table 7.

Diagnostic species: Helichrysum panormitanum subsp.
panormitanum (dom.), Dianthus rupicola, Micromeria
fruticulosa, Antirrhinum siculum.

Floristic-syntaxonomical notes: Helichrysum panor-
mitanum Guss. subsp. panormitanum (= H. rupestre
(Raf.) DC. var. panormitanum (Guss.) Lojac.) is an en-
demic chasmophyte of the coastal capes to the west of
Palermo, from Mt. Pellegrino to Castellammare del Golfo
(Iamonico et al. 2016), which is linked to rupicolous en-
vironments in which it is considered an element of the
Dianthion rupicolae alliance. The phytocoenosis in ques-
tion is framed in the latter alliance, given the general
physiognomy of vegetation clearly influenced by rupico-
lous species of the class Asplenietea. This is evident, above
all, on the oldest walls which provide high and exposed
cliff-like habitats.

Description: 1t is a chasmophilous, paucispecific, he-
liophilous, and mesophilous formation dominated by He-
lichrysum panormitanum subsp. panormitanum, typical of
the highest parts of old walls, above 4-6 m. The associa-
tion is located in sunny and xeric places which are not



82 Lorenzo Gianguzzi & Giuseppe Bazan: Vegetation of the road system of Monte Pellegrino

Table 6. Capparidetum rupestris O. Bolds et Molinier 1958.

Relevé (n°) 1 2 3 4 5 6

Altitude (m) 90 92 150 180 6 6

Slope (°) 85 85 90 90 90 90

Aspect E E E E N NE

Area (m?) 8 10 15 15 15 15

Total cover (%) 60 55 60 50 40 30 3

Average height (cm) 60 50 70 65 60 60 2

Species per relevé 11 11 13 13 8 10 &

Characteristic and differentials species of association
Capparis spinosa L. 3 3 3 3 2 2 6

Char. of the class Parietarietea judaicae
Antirrhinum siculum Mill. 1 1 + 1 + 5
Hyoseris radiata L. + + + . + + 5
Parietaria judaica L. 1 1 + + + 5
Umbilicus horizontalis (Guss.) DC. + + . + 3
Sonchus tenerrimus L. . + + + 3
Ceterach officinarum Willd. + + 2
Hyoscyamus albus L. . 1 1 2
Reichardia picroides (L.) Roth . + 1
Ficus carica L. + 1

Transgr. of the class Asplenietea trichomanis
Helichrysum panormitanum Guss. 2 1 1 1 4
Dianthus rupicola Biv. 1 2 1 1 4
Seseli bocconei Guss. . + 1 2
Phagnalon saxatile (L.) Cass. + 1 2

Other species
Pennisetum setaceum (Forssk.) Chiov. 1 1 . + + 4
Micromeria fruticulosa (Bertol.) Sili¢ 1 + 1 . 3
Campanula erinus L. 1 . + 2
Sachys major (L.) Bartolucci et Peruzzi 1 + 2
Galium cinereum All. + 1 2
Euphorbia dendroides L. 1 + . 2
Symphyotrichum squamatum (Spreng.) G.L.Nesom . + + 2
Valantia muralis L. + 1
Lomelosia cretica (L.) Greuter et Burdet 1 1
Pinus halepensis Mill. + . 1
Fumaria capreolata L. subsp. capreolata + 1

well nitrified, mainly on the north-facing walls and rare-
ly on natural or artificial rocky cliffs. Species of the class
Parietarietea judaicae (Ceterach officinarum, Parietaria
judaica, Antirrhinum siculum, Capparis spinosa), with low
coverage values, as well as several elements of the class
Asplenietea trichomanis (Dianthus rupicola, Lomelosia
cretica, Matthiola incana subsp. rupestris, Seseli bocconei,
etc.) are associated with it. The community forms dense
vegetation belts due to thick patches of the dominant spe-
cies covering the cracks between the stone blocks.

Syndynamism: The association is well represented in
the shady-mesic geosigmetum of the road stretches lo-
cated in the north/northwest-facing slopes of the prom-
ontory. It establishes contacts with the following phyto-
coenoses: a) Helichryso panormitanae-Hypochaeridetum
laevigatae ass. nov. (at the base of walls shaded by the
crowns of trees); b) Centranthetum rubri (at the base of
sunny walls); ¢) Rhamnus alaternus and Pistacia terebin-
thus groupment (upper parts of the highest walls).

Synchorology: The phytocoenosis is spread along the
entire road system of Monte Pellegrino, especially on the
highest and most exposed stretches of the northern and
western sides (via Monte Ercta).

Communities of rock cut slopes

8) SCABIOSO CRETICAE-CENTAURETUM UCRIAE
Brullo et Marceno 1979 subass. TYPICUM
Phytosociological data: Table 8.

Holotypus: Rel. p. 139, in Brullo et Marceno (1979).
Diagnostic species: Lomelosia cretica (dom.), Helichry-
sum panormitanum, Euphorbia bivonae subsp. bivonae,

Centaurea panormitana (= C. ucriae Lacaita), Convolvulus

cneorum, Dianthus rupicola, Seseli bocconei, Silene frutico-

sa, Iberis semperflorens.
Description: It is a chasmophilous, heliophilous, and
mesophilous formation, widespread on the upper parts of
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Table 7. Diantho rupicolae-Helichrysetum panormitani Gianguzzi ass. nov.

Relevé (n°)

Altitude (m)

Slope (°)

Aspect

Area (m?)

Total cover (%)
Average height (cm)
Species per relevé

1

2

3

4

5*

6

7

150 110 150 160 186 190 160

90
N
20
55
50
20

90
N
20
55
50
17

90
N
20
50
35
15

85
N
15
55
40
15

85

NW NW

20
60
40
17

85

15
60
45
17

90
E
15
50
45
19

8
170
90

E
15
50
40
14

9
150
90

E
15
55
55
17

10
180
90
E
15
60
60
14

11
330
85
w
20
65
50
12

12
330
90
w
12
60
40
12

13
300
85
SW
20
60
40
16

14
300
85
SW
30
60
40
19

15
270
85
w
20
50
50
17

Presence

Characteristic and differentials species of association

Helichrysum panormitanum Guss.
Dianthus rupicola Biv.

Micromeria fruticulosa (Bertol.) Sili¢
Antirrhinum siculum Mill.

Char. of the alliance Dianthion rupicolae and class Asplenietea trichomanis

Lomelosia cretica (L.) Greuter et Burdet
Galium cinereum All.

Seseli bocconei Guss.

Phagnalon saxatile (L.) Cass.

Hypochaeris laevigata (L.) Ces., Pass. et Gibelli
Iberis semperflorens L.

Centaurea panormitana Lojac.

Matthiola incana (L.) W.T.Aiton subsp. rupestris

Silene fruticosa L.

Athamanta sicula L.

Ballota hispanica (L.) Benth.

Teucrium flavum L. subsp. flavum
Brassica rupestris Raf.

Sedum dasyphyllum L. subsp. dasyphyllum
Coronilla valentina L.

Convolvulus cneorum L.

Char. of the class Parietarietea judaicae
Capparis spinosa L.
Pennisetum setaceum (Forssk.) Chiov.
Parietaria judaica L.
Sedum sediforme (Jacq.) Pau
Hyoseris radiata L.
Ceterach officinarum Willd.
Sonchus tenerrimus L.
Centranthus ruber (L.) DC.
Umbilicus horizontalis (Guss.) DC.

Transgr. of the class Quercetea ilicis

Ampelodesmos mauritanicus (Poir.) T.Durand et Schinz

Euphorbia dendroides L.

Prasium majus L.

Rhamnus alaternus L. subsp. alaternus
Artemisia arborescens L.

Pinus halepensis Mill.

Emerus major Mill.

Cytisus infestus (C.Presl) Guss.
Asparagus acutifolius L.

Pistacia terebinthus L.

Euphorbia bivonae Steud. subsp. bivonae
Asparagus albus L.

Other species
Campanula erinus L.
Bituminaria bituminosa (L.) C.H.Stirt.
Prospero autumnale (L.) Speta
Valantia muralis L.
Reseda alba L.
Reichardia picroides (L.) Roth
Mercurialis annua L.
Allium subhirsutum L.
Avena barbata Pott ex Link
Anthyllis maura Beck
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Table 7. Continuation.

Relevé (n°) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Altitude (m) 150 110 150 160 186 190 160 170 150 180 330 330 300 300 270
Slope (°) 90 90 9 85 85 85 90 9 90 90 85 90 85 85 85
Aspect N N N NNWNwW E E E E W W SWSW W
Area (m?) 20 20 20 15 20 15 15 15 15 15 20 12 20 30 20
Total cover (%) 55 55 50 55 60 60 50 50 55 60 65 60 60 60 50 3
Average height (cm) 50 50 35 40 40 45 45 40 55 60 50 40 40 40 50 %
Species per relevé 20 17 15 15 17 17 19 14 17 14 12 12 16 19 17 &
Dittrichia viscosa (L.) Greuter subsp. viscosa + o+ . 2
Asphodelus ramosus L. subsp. ramosus + .+ 2
Theligonum cynocrambe L. + . 1
Lobularia maritima (L.) Desv. + . 1
Echium plantagineum L. + . 1
Charybdis maritima (L.) Speta + 1
Trachynia distachya (L.) Link. + 1

cliffs and rocky cut slopes, more or less shaded, dominat-
ed by Lomelosia cretica.

Syndynamism: Pioneer vegetation that plays an
edaphoclimatic role in the colonization processes of fresh
and humid artificial rocky cut slopes and natural cliffs. In
fact, on slopes shaped by the excavation of limestone that
have been left undisturbed, the chasmophytic association
appears naturally restored. It is in catenal contact with the
following associations: a) Helichryso panormitanae-Hypo-
chaeridetum laevigatae ass. nov. (at the base of shady and
nitrified walls); b) Olopto miliacei-Pennisetetum setacei
ass. nov. (at the base of sunny and xeric walls); grasslands
associated with Penniseteto setacei-Hyparrhenietum hirtae
and aspects of the Ruto-Oleo sylvestris sigmetum located
on the slopes above the road system (Fig. 4D).

Synchorology: This phytocoenosis is frequent on the
cliffs and cut slopes of Monte Pellegrino. It is also wide-
spread in the mountains of Palermo and Trapani areas
(up to 900 m a.s.l.) and has been reported for small and
isolated locations in the Nebrodi Mountains at Rocche del
Crasto (Brullo and Marceno 1979).

Communities of masonry guardwalls

CL.: STIPO-TRACHYNIETEA DISTACHYAE S. Brullo in
S. Brullo et al. 2001
Mediterranean calciphilous annual and ephemeroid
swards and grasslands

Ord.: BRACHYPODIETALIA DISTACHY]I Rivas-Mart. 1978
Western Mediterranean ephemeral winter pastures on
shallow sandy and loamy soils over limestone, dolo-
mite, and gypsum.

All.: HYPOCHOERIDION ACHYROPHORI Biondi &
Guerra 2008
Annual community, xerophytic, pioneer, basiphilous, of
the European Central Mediterranean area in the ther-
momediterranean and mesotemperate bioclimatic belts.
It is part of the Trachynion distachyae alliance of the
western Mediterranean, and reaches its western distri-
bution limit in the Mediterranean area around Provence.

9) Groupment with STIPELLULA CAPENSIS

Phytosociological data: Table 9.

Diagnostic species: Stipellula capensis (dom.).

Description: Therophytic heliophilous and xerophi-
lous formation, with spring phenology, growing in the soil
accumulated on the tops of old guardwalls on the road
margin (parapets) due to deterioration caused by weath-
ering events. The phytocoenosis is physiognomically
dominated by Stipellula capensis, which is associated with
other ephemeral species.

Syndynamism: Pioneer vegetation mainly related to
the more xeric geosigmetum of the road system. It is in
catenal contact with ruderal and wall formations, such as
the Olopto miliacei-Pennisetetum setacei ass. nov.

Synchorology: Stipellula capensis vegetation is quite
widespread in Sicily (Brullo et al. 2000; Gianguzzi and La
Mantia 2008), although it has been little investigated from
a phytosociological point of view.

Communities of road margins

Cl.: ARTEMISIETEA VULGARIS Lohmeyer et al. in Tx.
Ex von Rochow1951
Perennial (sub)xerophilous ruderal vegetation of the
temperate and submediterranean regions of Europe.

Ord.: ELYTRIGIO REPENTIS-DITTRICHIETALIA VI-
SCOSAE Mucina in Mucina et al. 2016
Anthropogenic sub-ruderal and ruderal grasslands
and herblands of submediterranean and Mediterra-
nean Southern Europe.

All.: BROMO-ORYZOPSION MILIACEAE O. Bolos 1970
Thermomediterranean sub-ruderal perennial grass-
lands on disturbed road margins of the Mediterranean.

10) OLOPTO MILIACEI-PENNISETETUM SETACEI
Gianguzzi ass. nov.
Phytosociological data: Table 21 in Gianguzzi et al.
1996.
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Figure 3. Shady-mesic slopes of the road system: A view of via Monte Ercta; B Athamanto-Parietarietum judaicae; C Helichryso-Hy-
pochaeridetum laevigatae; D vegetation of the Olopto-Pennisetetum setacei (road margins) and Diantho-Helichrysetum panormitanae
(walls); E vegetation of the Teucrio flavi-Rhoetum coriariae; F woody plants at the base of masonry guardwalls.
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Figure 4. Xerophilous slopes of the road system: A view of via Bonanno; B Antirrhinetum siculi; C Capparidetum rupestris; D

aspects of the series Ruto-Oleo sylvestris sigmetum; E Olopto-Pennisetetum setacei (road margins) and Penniseto setacei-Hyparrheni-
etum (slope); F vegetation of the Rhamno-Euphorbietum dendroidis subass. artemisietosum arborescentis.
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Table 8. Scabioso creticae-Centauretum ucriae Brullo et Marceno 1979 subass. typicum.

Relevé (n°) 1 2 3 4 5 6 7
Altitude (m) 47 165 170 180 250 330 330
Slope (°) 88 8 9 90 90 8 90
Aspect NW N NW NW NW W W
Area (m”) 20 40 30 40 20 30 20
Total cover (%) 60 60 50 55 55 65 60 3
Herbaceous cover (%) 25 25 25 25 25 25 25 %
Average height (cm) 24 21 20 20 29 28 23 &
Characteristic and differential species of association
Lomelosia cretica (L.) Greuter et Burdet 3 3 3 3 3 3 3 7
Helichrysum panormitanum Guss. 2 2 2 1 2 + + 7
Euphorbia bivonae Steud. subsp. bivonae 1 . 1 3
Centaurea panormitana Lojac. 1 1 . 2
Convolvulus cneorum L. + 1
Char. of the alliance Dianthion rupicolae and class Asplenietea trichomanis
Dianthus rupicola Biv. 1 1 1 + 2 1 1 7
Seseli bocconei Guss. 1 + . . + + . 4
Phagnalon saxatile (L.) Cass. + . 1 1 1 1 1 6
Iberis semperflorens L. + + 1 + 1 5
Matthiola incana (L.) W.T.Aiton subsp. rupestris 1 + 1 + 1 5
Coronilla valentina L. 1 1 1 1 . 4
Brassica rupestris Raf. 1 1 1 1 . . 4
Ballota hispanica (L.) Benth + . . . 1 1 + 4
Hypochaeris laevigata (L.) Ces., Pass. et Gibelli . 1 1 1 . + 4
Sedum dasyphyllum L. subsp. dasyphyllum + . 1 + 3
Silene fruticosa L. . 1 1 1 3
Glandora rosmarinifolia (Ten.) D.C.Thomas + . 1
Teucrium flavum L. subsp. flavum 1 1
Transgr. of the class Parietarietea
Ceterach officinarum Willd. . 1 + 1 1 1 5
Antirrhinum siculum Mill. . + 1 + + . . 4
Hyoseris radiata L. + . . 1 + 3
Sedum sediforme (Jacq.) Pau 1 1 1 . 3
Umbilicus horizontalis (Guss.) DC. . + 1 1 3
Parietaria judaica L. + 1 2
Capparis spinosa L. 1 . 1
Reichardia picroides (L.) Roth + 1
Transgr. of the class Quercetea ilicis
Euphorbia dendroides L. 1 1 1 . 1 + 5
Prasium majus L. . + 1 2 2 4
Asparagus acutifolius L. + . . . 1 3
Ampelodesmos mauritanicus (Poir.) T.Durand et Schinz . 1 1 1 3
Allium subhirsutum L. + + . . 2
Rhamnus alaternus L. subsp. alaternus 1 1 2
Asparagus albus L. . + + 2
Melica minuta L. + . 1
Cytisus infestus (C.Presl) Guss. + . 1
Artemisia arborescens L. + 1
Other species
Galium cinereum All. 1 1 + + 1 . 5
Micromeria fruticulosa (Bertol.) Sili¢ 2 1 1 1 . 1 5
Bituminaria bituminosa (L.) C.H.Stirt. 1 . . + . 1 1 4
Allium polyanthum Schult. et Schult.f. 1 1 + + . . 4
Campanula erinus L. . + + 1 3
Asphodelus ramosus L. subsp. ramosus + . 1 2
Prospero autumnale (L.) Speta + . . + 2
Elaeoselinum asclepium (L.) Bertol. 1 + . . 2
Calendula suffruticosa Vahl subsp. fulgida (Raf.) Guadagno 1 1 2
Echium parviflorum Moench 1 + 2
Hirschfeldia incana (L.) Lagr.-Foss. subsp. incana + + 2
Dactylis glomerata L. . + + 2
Narcissus tazetta L. + 1
Charybdis maritima (L.) Speta + 1
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Table 8. Continuation.

Relevé (n°) 1 2 3 4 5 6 7

Altitude (m) 47 165 170 180 250 330 330

Slope (°) 88 8 90 9 90 8 90

Aspect NW N NW NW NW W W

Area (m?) 20 40 30 40 20 30 20

Total cover (%) 60 60 50 55 55 65 60 3

Herbaceous cover (%) 25 25 25 25 25 25 25 §

Average height (cm) 24 21 20 20 29 28 23 &
Jacobaea delphiniifolia (Vahl) Pelser et Veldkamp . . . + . 1
Theligonum cynocrambe L. + 1
Veronica persica Poir. + 1
Valantia muralis L. + 1
Smyrnium olusatrum L. + . 1
Lathyrus clymenum L. 1 1
Avena barbata Pott ex Link 1 1
Convolvulus elegantissimus Mill. 1 1
Reseda alba L. + 1
Ferula communis L. + 1
Carlina sicula Ten. + 1

Table 9. Groupment with Stipellula capensis.

Relevé (n°) 1 2 3 4

Altitude (m) 150 180 300 350

Slope (°) 1 5 8 10

Aspect N N SE SE

Area (m?) 1 1 1 1

Total cover (%) 75 85 85 90 3

Average height (cm) 8 8 8 10 2

Species per relevé 21 20 18 23 =y

Dominant species
Stipellula capensis (Thunb.) Roser et H.R.Hamasha 4 4 3 5 4

Char. of the alliance
Trachynia distachya (L.) Link 2 2 2 1 4
Euphorbia exigua L. + + 1 + 4
Trisetaria aurea (Ten.) Pignatti + 2 . + 3
Sagina apetala Ard. . . + 1 2

Char. of the order and class
Anisantha fasciculata (C.Presl) Nevski 2 1 2 2 4
Silene colorata Poir. 2 + 1 1 4
Trifolium campestre Schreb. 1 1 + 1 4
Trifolium scabrum L. 1 + 2 2 4
Catapodium hemipoa (Delile ex Spreng.) M.Lainz 2 1 + 1 4
Plantago afra L. + + + + 4
Hypochaeris achyrophorus L. + + 2 + 4
Arenaria leptoclados (Rchb.) Guss. + + . 1 3
Bellis annua L. + + + 3
Crupina crupinastrum (Moris) Vis. . . + + 2

Other species
Lotus ornithopodioides L. 1 + 1 2 4
Geranium molle L. 1 + 1 + 4
Lagurus ovatus L. subsp. ovatus + 1 . 1 3
Hyoseris radiata L. + . 1 1 3
Misopates orontium (L.) Raf. . + 1 1 3
Polypodium cambricum L. 1 + 2
Pennisetum setaceum (Forssk.) Chiov. + 1 2
Lotus edulis L. + + . 2
Trifolium suffocatum L. + + + 2
Asphodelus ramosus L. subsp. ramosus . 1 . . 1
Carduus pycnocephalus L. . . . + 1
Umbilicus horizontalis (Guss.) DC. . . . + 1
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Synonym: Penniseto setacei-Hyparrhenietum hirtae
var. with Oryzopsis miliacea (L.) Asch. & Schweinf (in
Gianguzzi et al. 1996).

Holotypus: Rel. 1, Table 21, in Gianguzzi et al. (1996,
p. 104).

Diagnostic species: Pennisetum setaceum (dom.), OI-
optum miliaceum (= Oryzopsis miliacea), Lobularia ma-
ritima, Foeniculum vulgare subsp. piperitum, Sixalis atro-
purpurea subsp. maritima.

Floristic-syntaxonomical notes: Pennisetum setaceum,
native of the Middle East and the Arabian Peninsula, has
now become thermo-cosmopolite (EPPO 2020) and an in-
vasive alien species that is widespread in the Mediterranean
area (D’Amico and Gianguzzi 2006; Pasta et al. 2010). In Sic-
ily, the first record of Pennisetum setaceum referred precise-
ly to Monte Pellegrino (Pignatti-Wikus 1963), followed by
numerous others that highlighted a constant increase in its
distribution across the region (Gianguzzi et al. 1996; DAm-
ico and Gianguzzi 2006). On the carbonate outcrops of the
study area, nowadays it forms large and stabilized grasslands
(Fig. 4E) related to the Penniseto setacei-Hyparrhenietum
hirtae association (Gianguzzi et al. 1996) — of the Hypar-
rhenion hirtae alliance, order Cymbopogono-Brachypodieta-
lia ramosi, class Lygeo-Stipetea that belongs to the oleaster
series (Gianguzzi and Bazan 2019, 2020; Gianguzzi et al.
2020). Over time, it has replaced the vegetation with Hypar-
rhenia hirta, mostly in the thermomediterranean bioclimat-
ic belt (Gianguzzi et al. 1996). In fact, Pennisetum setaceum
is a strongly competitive species and creates a linear aspect
of vegetation along the road margins, previously ascribed to
a variant with Oloptum miliaceum (sub Oryzopsis miliacea;
Gianguzzi et al. 1996) of the above-mentioned association.
However, this second case consists of a nitrophilous-ruderal
coenosis ascribable to the Bromo-Oryzopsion miliaceae alli-
ance. As highlighted by Mucina et al. (2016), "... the position
of this alliance is contentious. Rivas-Martinez et al. (1999)
placed this alliance in the Agropyretalia repentis and only
three years later Rivas-Martinez (2002) re-classified this
unit within the Carthametalia lanati. Biondi et al. (2001)
gave preference to the Brachypodio ramosi-Dactylidetalia.
In any case, these conflicting opinions have been obvious-
ly motivated by the transitional character of the unit that
straddles the border between pseudosteppes and ruderal
grass-rich vegetation". On this basis, the description of the
new syntaxon in question is deemed appropriate (art. 24b,
code of phytosociological nomenclature).

Description: It is a hemicryptophytic, thermo-xeroph-
ilous and paucispecific formation, whose physiognomy is
dominated by Pennisetum setaceum which forms a contin-
uous vegetation belt located along the road margins in the
more xeric and sunny parts (Figs 3D, 4E). Compared to
Penniseto setacei-Hyparrhenietum hirtae — related to rocky
limestone slopes - the phytocoenosis in question is differ-
ent in its poorer floristic composition and the frequency
of the above-mentioned ruderal species that are indicated
among the typical characteristics (Gianguzzi et al. 1996).

Syndynamism: The association belongs to the more
xeric geosigmetum of the road system. In the absence of

maintenance works, it tends to colonize the edges of walls
that act as parapets, where it is located both inside and out-
side the road surface, and sometimes also on top. The as-
sociation is in catenal contact with the following coenoses:
a) Trachynia distachya groupment (therophytic grassland
located in the soil accumulations among the clumps); b)
Capparidetum rupestris (chasmo-nitrophilous vegetation
of the upper parts of sunny and sheltered walls); ¢) Rham-
no alaterni-Euphorbietum dendroidis Géhu & Biondi 1997
artemisietosum arborescentis subass. nov. (guardwalls of
sunny and sheltered parts of the road system).

Synchorology: The phytocoenosis is widespread in
the study area, especially along the most xeric parts of
the southern and western slopes of the promontory. It is
booming in Sicily, mostly along the roads and railways of
the coastal belt and, in some cases, in the interior (Gian-
guzzi et al. 1996, D’Amico and Gianguzzi 2006). This is due
to the peculiarity of the seeds (high quantity and high ger-
minability), the anemophilous dissemination (spread over
long distances), the biological characteristics of the plant
(thick clumps resistant to fires that take space and light
from other herbaceous plants) and, in addition - probably
- climatic changes.

Cl.: QUERCETEA ILICIS Br.-Bl. in Br.-Bl., Roussine &
Negre 1952
Thermo-mesomediterranean pine and oak forests and
associated Mediterranean maquis.

Ord.: PISTACIO LENTISCI-RHAMNETALIA ALATERNI
Rivas-Martinez 1975
Thermo-mesomediterranean low-growth matorral,
maquis, and garrigue of the Mediterranean Basin.

All.: OLEO SYLVESTRIS-CERATONION SILIQUAE Br.-
Bl. ex Guinochet et Drouineau 1944
Thermomediterranean calcicolous maquis of the Ligu-
ro-Tyrrhenian seaboards.

11) RHAMNO ALATERNI-EUPHORBIETUM DEN-
DROIDIS Géhu & Biondi 1997 ARTEMISIETOSUM
ARBORESCENTIS subass. nov.

Phytosociological data: Table 10.

Holotypus: Rel. 5, Table 10.

Diagnostic species: Euphorbia dendroides (dom.), Arte-
misia arborescens, Pennisetum setaceum.

Syntaxonomic notes: The scrub vegetation with Eu-
phorbia dendroides of Sicily is referred to the association
Rhamno alaterni-Euphorbietum dendroidis Géhu & Biondi
1997 (= Oleo-Lentiscetum euphorbietosum Molinier 1954;
Oleo-Euphorbietum dendroidis Trinajstic 1974; Oleo-Eu-
phorbietum dendroidis Trinajstic 1975), divided into the
following subassociations, to be considered as geographic
vicariants: a) subass. typicum; b) subass. phlomidetosum
fruticosae (Brullo & Marceno 1985) Gianguzzi et al. 2016
(with Phlomis fruticosa L.), on gypsic substrates of the hin-
terland of Sicily; ¢) euphorbietosum bivonae (Gianguzzi,
Ilardi & Raimondo 1996) Gianguzzi et al. 2016 (with Eu-
phorbia bivonae), on limestone-dolomitic rocks of Paler-
mo area, Trapani area and near Sciacca; d) rhamnetosum



90 Lorenzo Gianguzzi & Giuseppe Bazan: Vegetation of the road system of Monte Pellegrino

Table 10. Rhamno alaterni-Euphorbietum dendroidis Géhu & Biondi 1997 subass. artemisietosum arborescentis subass. nov.

Relevé (n°) 1 2 3 4 5% 6

Altitude (m) 300 310 320 350 350 380

Slope (°) 5 5 5 5 5 5

Aspect SwW w w SW SW SW

Area (m®) 40 60 60 50 50 50

Total cover (%) 100 100 100 90 80 90 3

Average height (cm) 40 40 50 50 50 50 g

Species per relevé 9 11 10 12 9 11 A

Characteristic and differential species of the association and subass.
Euphorbia dendroides L. 3 3 2 3 2 6
Artemisia arborescens L. 3 3 4 3 6
Pennisetum setaceum (Forssk.) Chiov. 3 3 3 2 3

Char. of the alliance, order and class
Rhamnus alaternus L. subsp. alaternus 1 2 2 2 1 6
Pistacia terebinthus L. 1 1 1 5
Asparagus albus L. 2 1 1 4
Euphorbia bivonae Steud. subsp. bivonae 1 + . 2
Olea europaea L. var. sylvestris (Mill.) Lehr. 1 + 3
Asparagus acutifolius L. + 2

Other species
Bituminaria bituminosa (L.) C.H.Stirt. 3 2 2 + 4
Phagnalon saxatile (L.) Cass. . 1 1 1 4
Carlina sicula Ten. 1 1 + 3
Clinopodium nepeta (L.) Kuntze + 1 1 4
Lomelosia cretica (L.) Greuter et Burdet + . + 2
Reseda alba L. . 1 . 1 2
Spartium junceum L. 1 1
Ailanthus altissima (Mill.) Swingle 1 . 1
Silene fruticosa L. 2 1

oleoidis (Brullo & Marceno 1985) Gianguzzi et al. 2016
[with Rhamnus lycioides L. subsp. oleoides (L.) Jahand and
Maire], on calcareous, marly and calcarenitic substrates of
Trapani and Agrigento are and Egadi Islands (Gianguzzi
et al. 2006); e) celtidetosum aetnensis (Brullo & Marceno
1985) Gianguzzi et al. 2016 [Celtis tournefortii Lam. sub-
sp. aetnensis (Tornab.) Raimondo & Schicchi], on calcare-
ous debris cones of the Sicani Mountains (Gianguzzi et al.
2014a, 2014b). A further xero-nitrophilic vicariant was de-
tected in the study area and diversified by the frequency of
Artemisia arborescens, proposed as a new subassociation.

Description: Thermo-xerophilous, heliophilous, and
nitrophilous, paucispecific maquis formations, clearly
dominated by Euphorbia dendroides, associated with Ar-
temisia arborescens and Pennisetum setaceum, with high
cover values. The phytocoenosis is typical of warm, sunny,
and xeric slopes on carbonate substrata and tends gener-
ally to colonize anthropogenic habitats. In particular, it is
spread on old walls and ruins.

Syndynamism: In the road system in question, the
phytocoenosis takes part in the more xeric geosigmetum,
related to the road margins of the southern and western
slopes of the promontory (Fig. 4F). It forms nitrophi-
lous-xerophilous maquis vegetation located on the upper
parts of guardwalls, sometimes covering them. The as-

sociation is catenal with the following: a) Olopto milia-
cei-Pennisetetum setacei ass. nov. (road margin vegetation
of Pennisetum setaceum); b) Antirrhinetum siculi (on not
very high walls); c) Capparidetum rupestris (upper parts
of sunny and sheltered walls).

Synchorology: The phytocoenosis was mainly detect-
ed along the more xeric parts of the road system on the
southern and western sides of the promontory.

12) TEUCRIO FLAVI-RHOETUM CORIARIAE Gianguz-
zi ass. nov.

Phytosociological data: Table 11.

Synonym: Groupment with Rhus coriaria (in Gi-
anguzzi et al. 1996); Clematido cirrhosae-Rubetum ulmi-
folii subass. rhoetosum coriariae Gianguzzi & La Mantia
2008 (in Gianguzzi and La Mantia 2008).

Holotypus: Rel. 2, Table 11.

Diagnostic species: Rhus coriaria (dom.), Teucrium
flavum subsp. flavum, Bituminaria bituminosa.

Floristic-syntaxonomical notes: Rhus coriaria is a spe-
cies with a southern range (Pignatti 1982; Pignatti et al.
2017) that is widespread from the Canary Islands to the
Middle East (Davis 1967; Tutin et al. 1968; Kurucu et al.
1993; Bloshenko and Letchamo 1995). It is quite com-
mon in Italy, as well as in Sicily, as a residue of ancient
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Table 11. Teucrio flavi-Rhoetum coriariae Gianguzzi ass. nov.

Relevé (n°)

Altitude (m)

Slope (°)

Aspect

Area (m?)

Total cover (%)
Shrubby cover (%)
Herbaceous cover (%)
Average height (cm)
Species per relevé

145

100
100
70
35

28

2)(‘
140

100
100
75
30
2.8
25

150

120
30
NE
100
70
70
25
1.8
11

180
25
NE

80
75
30
1.6
12

100
35

100
95
70
35
1.5

30

80
70
50
1.2
14

30

80
70
50
60
1.3
15

150
15

100
90
85
70
2.8
23

10

20

95
90
65
2.2
25

11
95
25

80
90
85
70
2.0

12
90
30

50
85
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Presence

Characteristic and differential species of the association

Rhus coriaria L.
Teucrium flavum L. subsp. flavum
Bituminaria bituminosa (L.) C.H.Stirt.

Char. of the alliance Oleo-Ceratonion
Euphorbia dendroides L.

Olea europaea L. var. sylvestris (Mill.) Lehr.

Teucrium fruticans L.

Char. of the order Pistacio lentisci-Rhamnetalia alaterni and class Quercetea ilicis

Rubia peregrina L.
Asparagus acutifolius L.

Rhamnus alaternus L. subsp. alaternus
Ampelodesmos mauritanicus (Poir.) T.Durand et Schinz

Clematis cirrhosa L.
Allium subhirsutum L.
Hedera helix L.
Arisarum vulgare O.Targ.Tozz.
Fraxinus ornus L.
Pistacia terebinthus L.
Smilax aspera L.

Ruta chalepensis L.
Euphorbia characias L.
Rosa sempervirens L.
Prasium majus L.
Phillyrea latifolia L.
Quercus ilex L.

Ruscus aculeatus L.
Lonicera implexa Aiton
Pistacia lentiscus L.
Anagyris foetida L.
Osyris alba L.

Emerus major Mill.

Transgr. of the class Crataego-Prunetea

Rubus ulmifolius Schott
Crataegus monogyna Jacq.
Rosa canina L.

Prunus spinosa L.

Other species
Vicia villosa subsp. varia (Host) Corb.
Oxalis pes caprae L.
Acanthus mollis L. subsp. mollis

Brachypodium retusum (Pers.) P.Beauv.

Clinopodium nepeta (L.) Kuntze
Ferula communis L.

Carlina sicula Ten.

Scrophularia canina L.

Galium cinereum Al

+
1
+

3

1
1
3

N

o= = N

2

—_ = =

S

+ o+ o+ =

+ o+ =

+ - 4+ + +

+ 4+ o+ o+

=+ + = +

12

10

L NS S O O R S Y I AN 2 B« W« ) W) W) WO BN e R SR

12

—

W W s 1 L1 Y 0 O



92 Lorenzo Gianguzzi & Giuseppe Bazan: Vegetation of the road system of Monte Pellegrino

Table 11. Continuation.

Relevé (n°)

Altitude (m)

Slope (°)

Aspect

Area (m?)

Total cover (%)
Shrubby cover (%)
Herbaceous cover (%)
Average height (cm)
Species per relevé

145 140 150 120 180 100 8 8 150 90 95 90

100 100 50 100 50 100 80 80 100 80 80 50
100 100 70 70 80 95 8 70 90 95 90 85
70 75 70 70 75 70 70 50 8 90 85 80

Seseli bocconei Guss.

Phagnalon saxatile (L.) Cass.

Ranunculus millefoliatus Vahl

Daucus carota L.

Briza maxima L.

Charybdis maritima (L.) Speta

Smyrnium olusatrum L.

Oloptum miliaceum (L.) R.ser et H.R.Hamasha
Asphodelus ramosus L. subsp. ramosus
Dactylis glomerata L.

35 30 30 25 30 3 50 60 70 65 70 50 Y
3 28 15 18 16 15 12 13 28 22 20 22 g
26 25 19 11 12 19 14 15 23 25 19 25 &
+ + 2

+ + 2

+ 2

+ + 2

+ 2

. + + 2
1 1
1 1
+ 1

+ 1

crops for the extraction of tannins. In the interior of It-
aly, it is widespread in the thermo-mesomediterranean
belt where it forms frutescent formations, more or less
dense, tendentially monospecific, related to arid slopes,
screes, hedges, and abandoned structures (Gianguzzi
and La Mantia 2008). From a phytosociological point of
view, it is little studied and not well known. Some shrubby
aspects, spread across the coastal slopes of Palermo and
Trapani areas, have been attributed to the order Prune-
talia spinosae Tx. 1952 (Gianguzzi et al. 1996; Gianguzzi
and La Mantia 2008). A specific association (Cercido si-
liquastri-Rhoetum coriariae Biondi, Allegrezza & Guitian
1988) was described for the central Apennines (Biondi et
al. 1988) and ascribed to the same order of the class Cra-
taego-Prunetea Tx. 1962 (Cytision sessilifolii Biondi 1988).
The association in question - according to other authors
(Varol et al. 2006; Karaer et al. 2010; Donmez et al. 2015)
who have recognized the structural role of Rhus coriaria
in the xeric shrubby vegetation of Anatolian Peninsula -
has been linked to the order Pistacio-Rhamnetalia alaterni
of the class Quercetea ilicis.

Description: It is a shrubby, paucispecific, xerophilous,
heliophilous formation, sometimes shady, dominated by
Rhus coriaria, which is associated with other elements
of the Oleo-Ceratonion alliance (Euphorbia dendroides,
Olea europaea var. sylvestris, and Teucrium fruticans) and
other sporadic species of the order Pistacio-Rhamnetalia
alaterni. On this basis, it is here proposed as a new asso-
ciation belonging to these syntaxa. The coenosis is relat-
ed to rocky slopes with poor soil, screes, and outcrops of
carbonate nature (limestone, dolomite, marl, etc.). In the
study area, it extends to the road margins and road cut
slopes (Fig. 3E).

Syndynamism: The phytocoenosis covers the detritic
slopes of the reliefs of carbonate nature. It is a secondary

aspect of the holm oak series of Rhamno alaterni-Querco
ilicis pistacio terebinthi sigmetosum (Brullo and Marceno
1985; Gianguzzi et al. 1996; Brullo et al. 2008).

Along the road system of Monte Pellegrino, it belongs
to the shady-mesic geosigmetum related to the slopes
above the roads. Here, it comes in catenal contact with
the following coenoses: a) Helictotricho convoluti-Am-
pelodesmetum mauritanici Minissale 1994 (Ampelodesmos
mauritanicus grassland); b) Rhamno alaterni-Quercetum
ilicis Brullo and Marceno 1985 subass. pistacietosum ter-
ebinthi Gianguzzi et al. 1996 (chasmo-nitrophilous vege-
tation of the upper parts of walls in sunny locations, shel-
tered from cold winds).

Synchorology: This vegetation is frequent on the
northern and western sides of Monte Pellegrino, in the
Allaura area (Gianguzzi et al. 1996). Other similar aspects
are widespread along the northern slopes of the moun-
tains of Palermo area, up to Monte Cofano in the province
of Trapani (Gianguzzi and La Mantia 2008).

13) Groupment with RHAMNUS ALATERNUS and

PISTACIA TEREBINTHUS

Phytosociological data: Table 12.

Diagnostic species: Rhamnus alaternus (dom.), Pista-
cia terebinthus.

Description: It is a maquis or scrub formation domi-
nated by Rhamnus alaternus and Pistacia terebinthus, as-
sociated with other species of the order Pistacio-Rhamne-
talia alaterni. This vegetation is linked to the upper parts
of old walls (5-10 m high) located on the cool and shady
slopes of Contrada Allaura, whose toponym refers to the
presence of Laurus nobilis, a species quite widespread in
Sicily (Marino et al. 2014). Thanks to the lack of mainte-
nance work, it tends to colonize the downhill-side of the
roads. It creates a border 2-3 meters high, which in some
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cases overhangs the same walls that act as guardwalls. In
fact, the roots of woody plants penetrate through the base
of the walls into the fill slopes and road bed (Fig. 3F).

Syndynamism: It belongs to the shady-mesic geosig-
metum of the road system linked to the northern face
of Monte Pellegrino. It is in catenal contact with the fol-
lowing coenoses: a) Helichryso panormitanae-Hypochae-
ridetum laevigatae ass. nov. (on lower shady walls); b)
Centranthetum rubri (on stretches of cool and sheltered
walls); ¢) Diantho siculae-Helichrysetum panormitani ass.
nov. (on the upper parts of the highest walls).

Synchorology: The vegetation was identified on the
northern slopes of Monte Pellegrino, where it forms veg-
etation strips linked to the upper parts of old retaining
walls. Although the phytocoenosis is not very abundant in
the area, it has an important documentary value.

Overall considerations on the results

The resulting dataset is composed of 185 taxa divided
into 95 samples (relevés). The mean value of the floris-
tic richness is 30 taxa for the retaining wall communities.
The most species-rich of the wall communities are the
Diantho rupicolae-Helichrysetum panormitani (58 taxa),
Crepido bursifoliae-Parietarietum judaicae (38 taxa), and
Helichryso panormitanae-Hypochaeridetum laevigatae (36
taxa). These are followed by Capparidetum rupestris, An-
tirrhinetum siculi, Athamanto siculae-Parietarietum judai-
cae, and Centranthetum rubri, with 25, 19, 16, and 15 taxa,
respectively.

The Stipellula capensis guardwall groupment includes
28 taxa. In the road margins, the richest communities are
the Rhamno alaterni-Euphorbietum dendroidis (52 taxa)
and Olopto miliacei-Pennisetetum setacei (49 taxa), while
the Rhamno alaterni-Euphorbietum dendroidis and the
groupment with Rhamnus alaternus and Pistacia terebin-
thus have 22 and 18 taxa, respectively. The overall mean
value for the road margin communities is 35 taxa. The
Scabioso creticae-Centaureetum ucriae of the road cut
slopes is the phytocoenosis with the highest species rich-
ness (61 taxa), comparable only to Diantho rupicolae-He-
lichrysetum panormitani.

Species nestedness (the average co-occurrence of spe-
cies, Table 13) is 8.3 among all the communities of the
road system, 8.6 among the retaining wall species, and 10
among the road margin species.

The “Jaccard similarity Index” (Table 14) shows a clear
differentiation among phytocoenoses (mean value =
0.15). The mean index values of the vegetation is 0.23 for
wall vegetation and 0.19 for road margin vegetation. High
values of nestedness (45) and Jaccard’s Index (0.61) are
observed for Diantho rupicolae-Helichrysetum panormi-
tani and Scabioso creticae-Centauretum ucriae.

The results obtained from detrended correspondence
analysis show a clear distribution of communities. The
ordination plot (Fig. 5) shows 95 plots grouped in 13
clusters which are quite distinct from floristic and eco-
logical points of view. The compositional turn-over (the
measure of beta diversity; Whittaker 1960) across relevés
is 6.51. The wall vegetation plots (phytocoenoses 1-7) are
spread over the right part of the ordination diagram. The

DCA2

-3

DCA1

Figure 5. DCA ordination of the community of Monte Pellegrino road system. Legend: 1. Crepido-Parietarietums; 2. Athamanto-Parieta-

rietum; 3. Helichryso-Hypochaeridetum; 4. Centranthetums 5. Antirrhinetum; 6. Capparidetum; 7. Diantho Helichrysetum; 8. Scabioso-Cen-
tauretums; 9. Gr. Stipellula; 10. Olopto-Pennisetetum 11. Rhamno-Euphorbietums; 12. Teucrio-Rhoetums; 13. Gr. Rhamnus and Pistacia.
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Table 12. Groupment with Rhamnus alaternus and Pistacia terebinthus.

Relevé (n°)

Altitude (m)

Slope (°)

Aspect

Area (m?)

Total cover (%)
Average height (cm)

Species per relevé

80 120
90 90

40 30

100 100
40 40
13 17

Presence

Guide species
Rhamnus alaternus L. subsp. alaternus

Pistacia terebinthus L.

Char. of the alliance, order and class
Euphorbia dendroides L.
Asparagus acutifolius L.
Teucrium flavum L. subsp. flavum
Artemisia arborescens L.
Ampelodesmos mauritanicus (Poir.) T.Durand et Schinz
Allium subhirsutum L.
Rubia peregrina L.
Smilax aspera L.
Fraxinus ornus L.
Emerus major Mill.

Other species
Acanthus mollis L. subsp. mollis
Phagnalon saxatile (L.) Cass.
Eucalyptus camaldulensis Dehnh.
Pennisetum setaceum (Forssk.) Chiov.
Bituminaria bituminosa (L.) C.H.Stirt.
Carlina sicula Ten.
Reseda alba L.
Galium cinereum All.
Oloptum miliaceum (L.) Roser et H.R.Hamasha
Centranthus ruber (L.) DC.
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cluster Diantho rupicolae-Helichrysetum panormitani (7)
overlaps with the cluster of Scabioso creticae-Centauretum
ucriae (8) of the road cut slopes. The road margin veg-
etation (from 10 to 13) is placed on the left part of the
diagram, while the guardwall vegetation is on the oppo-
site extreme (9). The distribution of communities in the
ordination diagram shows an ecological gradient in term
of environmental nitrophilia along the second axis.

From a structural point of view, the life form analysis
(Table 15) shows the dominance of Hemicryptophytes in
the communities linked to the shaded parts of the walls
(Crepido-Parietarietum, Athamanto-Parietarietum, He-
lichryso-Hypochaeridetum) and the vegetation of the
road margins (Olopto-Pennisetetum and groupment with
Rhamnus and Pistacia). Chamaephytes are dominant in
the communities on exposed parts of the walls (Centran-
thetum, Antirrhinetum and Diantho-Helichrysetum) and
the vegetation of road cut slopes (Scabioso-Centauretum).
Nanophanerophytes are dominant in Capparidetum and
Teucrio-Rhoetum, while phanerophytes are dominant in
Rhamno-Euphorbietum. The guardwall groupment with
Stipellula is physiognomized by therophytes.

Discussion

The phytocoenoses detected along the Monte Pellegri-
no road system are the result of a process of sponteaneous
plant colonization on man-made infrastructure, built in a
context of particular naturalistic value. These communi-
ties have gradually evolved in an almost undisturbed way,
as maintenance has been limited to the sporadic removal
or cutting of vegetation only at the road margins and the
edges of drainage ditches. The masonry works and rock
walls delimiting the uphill and downbhill sides of the entire
road system have been completely unmaintained.

The rock walls created from the excavation of the lime-
stone substrate, have also been subjected to a slow colo-
nization process by chasmophytic species, typical of nat-
ural rock faces, which are also very common in the area.
Disturbances of these areas have been limited to the plac-
ing of metal mesh in a few sections to stabilize the slope.
However, this did not preclude the settlement of rupico-
lous associations, such as Scabioso creticae-Centauretum
ucriae (shady-mesic slopes) and Capparidetum rupestris
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Table 13. Shared species (‘@ component of the “Jaccard Index”) among communities of the road system.
A value C-Pa A-Pa H-Hy Cen Ant Cap D-He S-Ce g-St O-Pe R-Eu T-Rh
A-Pa 9
H-Hy 10 9
Cen 6 7 15
Ant 8 7 8 6
Cap 8 9 12 8 8
D-He 11 14 24 11 12 20
S-Ce 11 9 21 10 10 17 45
g-St 3 6 4 2 7 3 5 3
O-Pe 11 2 5 0 5 4 11 10 1
R-Eu 2 1 5 1 4 4 13 12 1 7
T-Rh 8 3 9 3 2 5 16 17 1 10 9
g-Rh 3 2 8 3 3 4 15 12 1 7 10 17
Table 14. “Jaccard similarity Index” among communities of the road system.
Jaccard C-Pa A-Pa H-Hy Cen Ant Cap D-He S-Ce g-St O-Pe R-Eu T-Rh
A-Pa 0.20
H-Hy 0.16 021
Cen 0.13 0.29 0.43
Ant 0.16 0.25 0.17 0.21
Cap 0.15 0.28 0.25 0.25 0.22
D-He 0.13 0.23 0.35 0.18 0.18 0.32
S-Ce 0.13 0.13 0.28 0.15 0.14 0.25 0.61
g-St 0.05 0.16 0.07 0.05 0.18 0.06 0.06 0.04
O-Pe 0.15 0.03 0.06 0.00 0.08 0.06 0.12 0.10 0.01
R-Eu 0.04 0.03 0.10 0.03 0.12 0.10 0.21 0.18 0.02 0.12
T-Rh 0.10 0.05 0.12 0.05 0.03 0.07 0.17 0.18 0.01 0.11 0.15
g-Rh 0.05 0.06 0.16 0.09 0.08 0.09 0.23 0.17 0.02 0.11 0.33 0.30

Table 15. Life form of the communities of the road system (C-Pa: Crepido-Parietarietum; A-Pa: Athamanto-Parietarietum; H-Hy:
Helichryso-Hypochaeridetum; Cen: Centranthetum; Ant: Antirrhinetum; Cap: Capparidetum; D-He: Diantho-Helichrysetum; S-Ce:
Scabioso-Centauretum; 9. F-St: gr. Stipellula; O-Pe: Olopto-Pennisetetum; R-Eu: Rhamno-Euphorbietum; T-Rh: Teucrio-Rhoetum;
g-Rh: Gr. Rhamnus and Pistacia).

Flora C-Pa A-Pa H-Hy Cen Ant Cap D-He S-Ce g-St O-Pe R-Eu T-Rh g-Rh
CH 7.9 6.3 25.7 333 10.5 28.0 29.3 29.5 0.0 42 16.7 9.6 13.6
G 10.5 18.8 11.4 20.0 53 4.0 8.6 11.5 7.4 83 0.0 9.6 4.5
H 28.9 313 229 20.0 15.8 20.0 224 24.6 11.1 47.9 222 26.9 27.3
NP 2.6 0.0 5.7 6.7 10.5 8.0 13.8 11.5 0.0 2.1 27.8 19.2 22.7
P 2.6 6.3 5.7 0.0 0.0 8.0 6.9 33 0.0 2.1 27.8 26.9 13.6
T 474 37.5 28.6 20.0 57.9 32.0 19.0 19.7 81.5 354 5.6 7.7 18.2

Freq. C-Pa A-Pa H-Hy Cen Ant Cap D-He S-Ce 2-St O-Pe T-Rh R-Eu g-Rh
CH 9.6 7.3 27.4 29.2 13.5 31.8 444 424 0.0 1.9 11.3 9.4 16.7
G 10.5 12.7 13.2 18.8 6.8 4.5 4.1 9.1 2.4 7.8 0.0 9.8 33
H 32.5 38.2 24.5 25.0 18.9 21.2 23.7 21.8 6.1 60.2 27.4 23.0 233
NP 1.8 0.0 2.8 42 4.1 12.1 8.7 11.5 0.0 1.5 323 19.6 233
P 0.9 3.6 5.7 0.0 0.0 3.0 33 1.8 0.0 2.4 25.8 27.7 16.7
T 447 38.2 26.4 229 56.8 27.3 15.8 13.3 91.5 26.2 32 10.6 16.7

Cover C-Pa A-Pa H-Hy Cen Ant Cap D-He S-Ce 2-St O-Pe T-Rh R-Eu g-Rh
CH 0.6 1.0 7.5 74.9 75.7 13.6 87.4 86.7 0.0 0.2 1.7 6.9 0.0
G 0.6 1.6 3.6 2.4 2.1 0.7 0.8 2.0 0.3 10.4 0.0 9.7 244
H 91.8 88.5 79.7 7.4 5.7 3.6 5.7 5.1 0.7 85.0 34.6 9.7 66.5
NP 0.1 0.0 0.7 0.7 1.2 77.3 2.1 2.8 0.0 0.2 57.8 9.0 0.2
P 0.0 0.4 1.7 0.0 0.0 0.4 0.8 0.5 0.0 0.3 5.7 57.6 0.5
T 6.7 8.4 6.8 14.6 15.3 44 3.2 3.0 99.0 3.9 0.2 7.2 8.3
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Figure 6. Schematic transect of the xeric geosigmetum of the
Monte Pellegrino road system (via Pietro Bonanno, on the slopes
of Arenella before the hairpin bend overlooking Palermo, 120 m
a.s.l.): 1) grassland vegetation with Pennisetum setaceum (Pen-
niseto setacei-Hyparrhenietum hirtae); 2) thermo-chasmophytic
wall vegetation with Capparis spinosa (Capparidetum rupestris);
3) road margin hemicryptophytic, nitrophilous vegetation with
Pennisetum setaceum (Olopto miliacei-Pennisetetum setacei ass.
nov.); 4) chasmophytic cliff vegetation with Lomelosia cretica
(Scabioso-Centauretum ucriae); 5) artificial forest plantations
with Eucalyptus camaldulensis and Pinus halepensis.

(xeric slopes), both previously noted in this area (Brullo
and Marceno 1979; Gianguzzi et al. 1996).

The syndynamic diversification of the road system is
primarily related to the main habitats characterizing the
individual stretches of road, such as retaining walls, road
embankments and rocky walls, masonry guardwalls and
road margins.

Indeed, it can be observed that, under conditions of
microtopographic homogeneity in a road section (e.g.,
along the straightaways), the phytocoenoses tend to
maintain their homogeneity. On the contrary, as certain
ecological factors vary (slope, exposure of the individu-
al stretch of road, altitude, available shade, nitrophilia,
availability or lack of nutrients, etc.), the arrangement of
the coenoses tends instead to vary with substitutions or
interpenetrations.

Overall, depending on the microclimatic diversifica-
tion of the Monte Pellegrino promontory where the road-
way under investigation was built, it is possible to distin-
guish two different microgeoseries of the road system:
respectively a xerophilous and a shady-mesic one.

The xerophilous microgeoseries can be found along
the stretches of the southern and western slopes, start-
ing from the foot of the mountain, the so-called “falde
di Monte Pellegrino” The most representative features

/

e R R
-

Figure 7. Schematic transect of the xeric geosigmetum of the
Monte Pellegrino road system (upper part of via Monte Ercta,
near the tunnel on the slopes above the Favorita park of Pal-
ermo, 310 m a.s.l): 1) grassland vegetation with Pennisetum
setaceum (Penniseto setacei-Hyparrhenietum hirtae); 2) cha-
maephytic wall vegetation dominated by Antirrhinum siculum
(Antirrhinetum siculi); 3) hemichryptophytic nitrophilous veg-
etation of the road margins with Pennisetum setaceum (Olopto
miliacei-Pennisetetum setacei ass. nov.); 4) nitro-xerophilous
vegetation with Euphorbia dendroides and Artemisia arborescens
(Rhamno-Euphorbietum artemisietosum arborescentis subass.
nov.); 5) chasmo-nitrophilous, sciaphilous vegetation with Pa-
rietaria judaica (Crepido bursifoliae-Parietarietum judaicae ass.
nov.); 6) chasmophytic coenosis with Lomelosia cretica (Scabio-
so-Centauretum ucriae); 7) vegetation with Olea europaea var.
sylvestris (Ruto chalepensis-Oleetum sylvestris); 8) artificial for-
est plantation with Eucalyptus camaldulensis; 9) artificial forest
plantation with Pinus halepensis.
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of this microgeoseries are schematized in Fig. 6 and Fig.
7. The relevant area falls within the range of the xeroph-
ilous series of Ruto chalepensis-Oleo sylvestris sigmetum
(Gianguzzi and Bazan 2019, 2020; Gianguzzi et al. 2020),
consisting of an oleaster formation (Ruto-Oleetum sylves-
tris), secondary aspects of Euphorbia dendroides maquis
(Rhamno-Euphorbietum dendroidis euphorbietosum bi-
vonae), Pennisetum setaceum grassland (Penniseto seta-
cei-Hyparrhenietum hirtae) and therophitic grasslands of
the class Stipo-Trachynietea distachyae (Fig. 3e).

The shady-mesic microgeoseries of the road system is,
instead, found on the northern slope of the promontory;
its exemplary characteristics are schematized in Fig. 8 and
Fig. 9. It falls within the context of the Rhamno alater-
ni-Querco ilicis pistacietosum terebinthi sigmetosum series

Figure 8. Schematic transect of the shady-mesic geosigmetum
of the Monte Pellegrino road system (via Monte Ercta, descend-
ing toward Mondello, at the first harpin bend in the slopes above
Contrada Allaura, 240 m a.s.l.): 1) grassland with Ampelodesmos
mauritanicus (Helictotricho-Ampelodesmetum mauritanici); 2)
chasmo-nitrophilous, heliophilous coenosis of lower and cooler
walls with Centranthus ruber (Centranthetum rubri); 3) chasmo-
phytic, heliophilous vegetation of higher old and cool walls with
Helichrysum panormitanum subsp. panormitanum (Diantho sic-
ulae-Helichrysetum panormitani ass. nov.); 4) chasmophytic co-
enosis with Lomelosia cretica (Scabioso-Centauretum ucriae); 5)
artificial forest plantation with Pinus halepensis.
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Figure 9. Schematic transect of the shady-mesic geosigmetum
of the Monte Pellegrino road system (via Monte Ercta, at the last
harpin bend on the slopes above Contrada Allaura, descending
toward Mondello, 120 m a.s.l.): 1) chasmo-nitrophilous with Pa-
rietaria judaica (Crepido bursifoliae-Parietarietum judaicae ass.
nov.); 2) cemicryptophytic-camaephytic, sciaphilous vegetation
on old walls with Hypochaeris laevigata (Helichryso panormita-
nae-Hypochaeridetum laevigatae ass. nov.); 3) nitrophilous ma-
quis of old walls (Rhamnus alaternus and Pistacia terebinthus
groupment); 4) secondary maquis of detritic slopes (Teucrio
flavi-Rhoetum coriariae Gianguzzi ass. nov.); 5) artificial forest
plantation with Eucalyptus camaldulensis; 6) artificial forest
plantation with Pinus halepensis.

(Gianguzzi et al. 1996; Brullo et al. 2008), which is made
up of holm oak woods (Rhamno alaterni-Querco ilicis
subass. pistacietosum terebinthi), Rhus coriaria shrubland
(Teucrio flavi-Rhoetum coriaria Gianguzzi ass. nov.), Am-
pelodesmos mauritanicus grassland (Helictotricho-Am-
pelodesmetum mauritanici), and therophitic grasslands of
the class Stipo-Trachynietea distachyae.

Among the new associations described, two of them
concern communities dominated by Parietaria judaica
(Crepido bursifoliae-Parietarietum ass. nov. and Atha-
manto siculae-Parietarietum ass. nov.), related to different
areas of the masonry structures. Here, in fact, the wide-
spread presence of the aforementioned vital and invasive
dominant species tends to impose similar physiognomies
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on different ecological contexts, making it difficult to
concretely identify phytocoenoses. However, those which
are settled at the base tend to have a floristic composition
rich in synanthropic and ruderal elements of the classes
Stellarietea, Lygeo-Stipetea (Bromo-Oryzopsion) and Poly-
gono-Poetea annuae, differently from the slightly higher
parts of the walls. There, in fact, the Parietaria vegetation
reveals a total absence of such elements and is, instead,
enriched with other, rather rare chasmophytic species of
the class Asplenietea trichomanis (e.g., Athamanta sicula),
allowing a clear diversification of the coenoses.

Generally, plant communities growing on these kinds
of walls normally form anthropogenic coenoses charac-
terized by nitrophilic and nutrient needy plants as they are
subjected to the crumbling of their underlying materials
(rocks and mortar) which allow for the fertilization and
humidification of the surfaces. The wall plants thus tend
to form relatively unstable formations in the long term,
also due to anthropic disturbances (cleaning, restoration,
reconstruction, etc.) which benefit neophytes and species
arriving via anthropochory dissemination (Bartolo and
Brullo 1986; Brullo and Guarino 1998, 2002).

Along the old walls of the Monte Pellegrino road sys-
tem, conversely, the absence of these human disturbances
has led, over time, to the establishment of communities that
are partly unique, as in the case of Helichryso panormita-
nae-Hypochaeridetum laevigatae ass. nov. and Diantho sic-
ulae-Helichrysetum panormitani Gianguzzi ass. nov., both
dominated by Asteraceae with anemophilous distribution.
These are two peculiar, endemic coenoses of this local area.

Among the vegetation aspects of the road margins,
Olopto miliacei-Pennisetetum setacei Gianguzzi ass. nov.
stands out. This is a nitrophilic-ruderal coenosis of the
Bromo-Oryzopsion miliaceae alliance, dominated by Pen-
nisetum setaceum, a rapidly expanding invasive exotic
along the coastal roads of Sicily, linked to the more xeric
bioclimatic zone. On the road embankments of the north-
ern slope, it is substituted by vegetation dominated by
Ampelodesmos mauritanicus (Helictotricho convoluti-Am-
pelodesmetum mauritanici), presenting prairie aspects
linked to the holm oak series (Rhamno alaterni-Querco
ilicis sigmetum). The shrubby phytocoenoses linked to
the less disturbed road margins are: Rhamno alaterni-Eu-
phorbietum dendroidis artemisietosum arborescentis sub-
ss. nov., Teucrio flavi-Rhoetum coriariae Gianguzzi ass.
nov., and a maquis dominated by Rhamnus alaternus and
Pistacia terebinthus, while the chasmophytic associations
tied to rupicolous habitat are Capparidetum rupestris and
Scabioso creticae-Centauretum ucriae.

The phytosociological analysis of the various an-
thropogenic habitats (masonry retaining wall, masonry
guardwall, road margins, rock cut slope) has shown that
these communities, though autonomous, have floristic
relationships and affinities both with the natural phytoco-
enoses of Monte Pellegrino, external to the road system,
and with the phytocoenoses of the other habitats that are
part of the road system. The latter, in fact, develop in con-
tact with each other within the habitat sequence.

Among the natural phytocoenoses, there are mainly
rupicolous communities, grassland and Mediterranean
maquis formations, which are quite extended throughout
the promontory. They constitute the source habitats of the
main species which, in turn, play an important pioneer
role in the gradual colonization process of the artificial
micro-habitats characterizing the road system. These are
closely related phytocoenoses, which differ according to
variations of ecological gradient within the sequence in
the respective geosigmeta.

Concluding considerations

The phytosociological study of the vegetation connected
to the Monte Pellegrino road system allowed us to differ-
entiate 10 associations, 1 sub-association and 2 group-
ment, in turn ascribed to 5 different classes of vegetation.
These plant communities settled down through a slow col-
onization process that lasted about a century, distributed
across the artificial microhabitats of the route according to
the topography and the microclimatic factors of the sites.
Recent anthropogenic factors (direct and indirect) are of
limited significance, restricted to sporadic cleaning of the
road margins and slopes. There was no maintenance of the
retaining walls, where chasmophytic vegetation was able
to settle and evolve undisturbed. It should also be noted
that the disturbance of the wall vegetation by fires was al-
most nonexistent given their low frequency in the area.
On this basis, peculiar and endemic phytocoenoses could
also develop, such as Helichryso panormitanae-Hypochae-
ridetum laevigatae ass. nov. and Diantho siculae-Helichry-
setum panormitani Gianguzzi ass. nov.

The different phytocoenoses detected reflect the high
number of microhabitats present in the road system un-
der investigation, which are differentiated according to
the slopes and the altitude of this suburban road. Some
of these communities have been described as new asso-
ciations or sub-associations, while other chasmophytic
formations (e.g., Centranthetum rubri and Antirrhinetum
siculi) were not reported for this area in a previous contri-
bution on vegetation (Gianguzzi et al. 1996).

The chasmophytic vegetation includes some phytoco-
enoses whose microtopographic location is closely linked
to the different conditions present along the profile of the
walls and rock faces. In fact, the species that grow towards
the base are normally more numerous than those that are
typical of the upper parts of the walls, where survival is
more difficult. This is due, above all, to a lack of suitable
hollows — which are also poor in soil, moisture, and useful
nutrients — in addition to more direct wind exposure and
a higher temperature range (daily and annual). This obvi-
ously made the initial establishment, as well as the growth
and development of plants, more difficult. Additionally,
the dispersion of seeds - regardless of the diffusion vector,
biotic (animals, insects, etc.) or abiotic (wind, water, etc.)
- as well as germination tend to decrease in almost direct
proportion to distance from the ground.
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In the floristic settlement of the coenoses there are sev-
eral exotic and alien species (e.g., Boerhavia repens, Pennis-
etum setaceum, Oxalis pes-caprae, etc.), some of which are
even dominant and characteristic of specific plant commu-
nities (Penniseto setacei-Hyparrhenietum hirto-pubescentis,
Gianguzzi et al. 1996 and Olopto miliacei-Pennisetetum se-
tacei Gianguzzi ass. nov.). This is in addition to other spe-
cies and communities which have already been reported
for the promontory, such as Ricinus communis, Ailanthus
altissima, Opuntia stricta, O. dillenii, Agave americana, A.
sisalana, Nicotiana glauca, Arundo donax, Vachellia kar-
roo, Parkinsonia aculeata, Asparagus asparagoides, etc.
(Gianguzzi et al. 1996). In this sense, road networks act as
corridors for the diffusion of alien species as evidenced by
the presence of these non-native invasive plants.

It can therefore be said that the Monte Pellegrino
promontory acts as a refuge site in both floristic and coe-
nological terms, in particular on the more xeric (southern
and western) slopes. Some of these elements are even in
the process of expansion, having found important ecolog-
ical spaces, and not only on Monte Pellegrino; this is the
case of Pennisetum setaceum which, in addition to being
invasive to grassland (with the association Penniseto se-
tacei-Hyparrhenietum hirtae, which is also increasing on
neighboring hills, such as Monte Gallo, Monte Palmeto,
Monte Pecoraro, etc.), also tends to expand along the road
margins of the most xeric areas of Sicily.

In conclusion, the Monte Pellegrino promontory, de-
spite some current threats, retains floristic and phytoco-
enotic distinctiveness and good coenological diversity
which is partly of anthropogenic nature. On the basis of
these considerations, it can be confirmed that suburban
and rural road systems created with traditional tech-
niques can sometimes take on important roles as reser-
voirs of biodiversity.

Syntaxonomic scheme

Phytosociological and statistical analyses of the vegeta-
tion allowed us to organize the phytocoenoses listed in
the following syntaxonomic scheme.

CYMBALARIO-PARIETARIETEA DIFFUSAE Oberd.
1969

TORTULO-CYMBALARIETALIA Segal 1969

Galio valantiae-Parietarion judaicae Rivas-Mart. ex O.
de Bolos 1967

Crepido bursifoliae-Parietarietum judaicae ass. nov.
Athamanto siculae-Parietarietum judaicae ass. nov.
Helichryso  panormitanae-Hypochaeridetum laevigatae
ass. Nov.

Centranthetum rubri Oberd. 1969

Antirrhinetum siculi Bartolo & Brullo 1986

Artemisio arborescentis-Capparidion spinosae Biondi,
Blasi et Galdenzi in Biondi et al. 2014

Capparidetum rupestris O. Bolos & Molinier 1958

ASPLENIETEA TRICHOMANIS (Br.-Bl. in Mei. & Br.-
BL 1934) Ober. 1977

ASPLENIETALIA GLANDULOSI Br.-Bl. & Meier in Mei-
er & Br.-Bl. 1934

Dianthion rupicolae Brullo & Marceno 1979

Diantho siculae-Helichrysetum panormitani Gianguzzi
ass. nov.

Scabioso creticae-Centauretum ucriae Brullo & Marceno 1979

STIPO-TRACHYNIETEA DISTACHYAE S. Brullo in S.
Brullo et al. 2001

BRACHYPODIETALIA DISTACHYAE Rivas-Martinez 1978
Hypochoeridion achyrophori Biondi & Guerra 2008
Groupment with Stipellula capensis

ARTEMISIETEA VULGARIS Lohmeyer et al. in Tx. Ex
von Rochow 1951

ELYTRIGIO REPENTIS-DITTRICHIETALIA VISCOSAE
Mucina in Mucina et al. 2016

Bromo-Oryzopsion miliaceae O. Bolos 1970

Olopto miliacei-Pennisetetum setacei Gianguzzi ass. nov.

QUERCETEA ILICIS Br.-BL in Br.-Bl., Roussine & Négre
1952

PISTACIO LENTISCI-RHAMNETALIA ALATERNI Ri-
vas-Martinez 1975

Oleo sylvestris-Ceratonion siliquae Br.-Bl. ex Guinochet
& Drouineau 1944

Rhamno alaterni-Euphorbietum dendroidis Géhu & Bion-
di 1997

artemisietosum arborescentis subass. nov.

Teucrio flavi-Rhoetum coriariae Gianguzzi ass. nov.
Groupment with Rhamnus alaternus and Pistacia terebinthus

Funding

Financial supports from “Fondo di Finanziamento della
Ricerca di Ateneo (FFR2019)”.

Competing interests

The authors have declared that they have no competing
interests.

Acknowledgements

The authors would like to thank the anonymous reviewers
for their helpful readings and suggestions that improved
the overall quality of the text.



100 Lorenzo Gianguzzi & Giuseppe Bazan: Vegetation of the road system of Monte Pellegrino

Bibliography

Arenas JM, Escudero A, Mola I, Casado MA (2017) Roadsides: an op-
portunity for biodiversity conservation. Applied vegetation science,
20(4), 527-537. https://doi.org/10.1111/avsc.12328

Barbera P (2008) Giuseppe Damiani Almeyda, artista architetto ingeg-
nere, Promolibri Edizioni, Palermo.

Bartolo G, Brullo S (1986) La classe Parietarietea judaicae in Sicilia. Ar-
chivio Botanico E Biogeografico Italiano 62(1-2): 31-50.

Bartolo G, Brullo S, Minissale P, Spampinato G (1990) Flora e vegetazi-
one dell'isola di Lampedusa. Bollettino dell'accademia Gioenia di
Scienze Naturali in Catania s. 4, 21(334): 119-255.

Basilone L (2018). Lithostratigraphy of Sicily (pp. 1-349). Heidelberg:
Springer.

Bazan G, Castrorao Barba A, Rotolo A, Marino P (2019). Geobotanical
approach to detect land-use change of a Mediterranean landscape:
a case study in Central-Western Sicily. GeoJournal 84(3): 795-811.
https://doi.org/10.1007/s10708-018-9892-1

Bazan G, Marino P, Guarino R, Domina G, Schicchi R (2015) Bio-
climatology and vegetation series in Sicily: a geostatistical ap-
proach. Annales Botanici Fennici 52(1-2): 1-18). https://doi.
org/10.5735/085.052.0202

Bazan G, Speciale C, Castrorao Barba A, Cambria S, Micciche R, Marino
P (2020) Historical Suitability and Sustainability of Sicani Mountains
Landscape (Western Sicily): An Integrated Approach of Phytoso-
ciology and Archaeobotany. Sustainability 12(8): 3201. https://doi.
org/10.3390/su12083201

Biondi E (2011). Phytosociology today: Methodological and conceptual
evolution. Plant Biosystems 145(1): 19-29. https://doi.org/10.1080/1
1263504.2011.602748

Biondi E, Allegrezza M, Guitian ] (1988) Mantelli di vegetazione del
piano collinare dell'Appennino centrale. Documents phytoso-
ciologiques n.s. 11: 479-490.

Biondi E, Blasi C, Allegrezza M, Anzellotti I, Azzella MM, Carli E, Casa-
vecchia S, Copiz R, Del Vico E, Facioni L, Galdenzi D (2014) Plant
communities of Italy: the vegetation prodrome. Plant Biosystems
148(4): 728-814. https://doi.org/10.1080/11263504.2014.948527

Biondi E, Filigheddu R, Farris E (2001) Il paesaggio vegetale della Nurra
(Sardegna nord-occidentale). Fitosociologia 38(2): 3-105.

Bloshenko EK, Letchamo W (1995) Characterization of natural distribu-
tion and some biological traits of Sumach (Rhus coriaria) in central
Asia. International Symposium on Medicinal and Aromatic Plants
426: 113-122.

Bochet E, Tormo J, Garcia-Fayos P (2010) Native species for road-
slope revegetation: selection, validation, and cost effectiveness.
Restoration ecology 18(5): 656-663. https://doi.org/10.1111/j.1526-
100X.2008.00496.x

Bonanno L (ed.) (2002) Le vie di accesso al monte Pellegrino
nell'iconografia storica e nello sviluppo urbanistico della citta di Pal-
ermo. Libreria Dante editrice, Palermo.

Bonthoux S, Voisin L, Bouché-Pillon S, Chollet S (2019) More than
weeds: Spontaneous vegetation in streets as a neglected element of
urban biodiversity. Landscape and urban planning 185: 163-172.
https://doi.org/10.1016/j.Jandurbplan.2019.02.009

Braun-Blanquet J, Tiixen R (1952) Irische Pflanzengesellschaften. Veroff.
Geobot. Inst. riibel Ziirich 25: 224-415.

Braun-Blanquet J (1964) Pflanzensoziologie. Wien-New York: Springer
Verlag.

Brullo S, Brullo C, Cambria S, Giusso del Galdo G (2020) Chasmo-ni-
trophilousvegetation. In: The vegetation of the Maltese Islands. Spring-
er International Publishing. https://10.1007/978-3-030-34525-9

Brullo S, Furnari F, Scelsi F (1993) Considerazioni fitosociologiche sulla
vegetazione di Cava d'Ispica (Sicilia meridionale). Bollettino dell'Ac-
cademia Gioenia di Scienze Naturali in Catania 26(341): 49-83

Brullo S, Gianguzzi L, La Mantia A. & Siracusa G (2008) La classe Quer-
cetea ilicis in Sicilia. Bollettino dell'’Accademia Gioenia di Scienze
Naturali in Catania 41(369): 1-77.

Brullo S, Guarino R (1998) Syntaxonomy of the Parietarietea judai-
cae class in Europe. Annali di Botanica 56: 109-146. https://doi.
org/10.4462/annbotrm-9039

Brullo S, Guarino R (2002) La classe Parietarietea judaicae Oberd. 1977
in Italia. Fitosociologia 39(1) suppl. 2: 5-27

Brullo S, Guarino R, Ronsisvalle G (2000) La vegetazione del litorale di
Manfria, presso Gela (Sicilia), area soggetta a vincolo archeologico.
Archivio Geobotanico 4: 91-107.

Brullo S, Marcend C (1985) Contributo alla conoscenza della classe
Quercetea ilicis in Sicilia. Notiziario della Societa italiana di Fitoso-
ciologia 19(1): 183-229.

Brullo S, Marceno C. 1979: Dianthion rupicolae nouvelle alliance
sud-tyrrhenienne des Asplenietalia glandulosi. Documents phytoso-
ciologiques ser.2 4: 131-146.

Caneva G, Ceschin S (2009) Ecology of Biodeterioration. In: Caneva G,
Nugari MP, Salvadori O (Eds.) Plant biology for cultural heritage:
biodeterioration and conservation. Getty Publications.

Caneva G, De Marco G, Dinelli A, Vinci M (1992) The wall vegetation of
the roman archeological areas. Science and Technology for Cultural
Heritage 1: 217-226. https://doi.org/10.1080/11263504.2014.990536

Caneva G, Dinelli A, De Marco G, Vinci M, (1995) Le classi Parietari-
etea diffusae (Rivas- Martinez 1964) Oberd.1977 e Adiantetea Br.-BI.
1947 nelle aree archeologiche romane. Fitosociologia 29: 165-179.

Ceschin S, Bartoli F, Salerno G, Zuccarello V, Caneva G (2016) Natural
habitats of typical plants growing on ruins of Roman archaeological
sites (Rome, Italy). Plant Biosystem 150(5): 866-875. https://doi.org/
10.1080/11263504.2014.990536

Ceschin S, Cutini M, Caneva G, (2006) Contributo alla conoscenza della
vegetazione ruderale: delle aree archeologiche romane. Fitosociolo-
gia 43(1):97-139.

D’Amico A, Gianguzzi L (2006) Note ecologiche e distributive su Poace-
ae di interesse fitogeografico in Sicilia. Naturalista Siciliano 30: 59-74.

Davis PH (ed.) (1967) Flora of Turkey and the East Aegean Islands, 2.
Edinburgh Universty Press, Edinburgh.

De Bolos O (1967) Comunidades vegetales de las comarcas proximas al
litoral situadas entre los rios Llobregat y Segura. Memorias de la Real
Academia de Ciencias y Artes de Barcelona 38 (1).

De Bolos O, Molinier R (1958) Recherches phytosociologiques dans I'ile
de Majorque. Collectanea Botanica 5(3): 699-863.

Donmez Sahin M, Sanda MA (2015) Vegetation of Ulubey canyon (Usak,
Turkey). Applied ecology and environmental research 13(3): 627-637.

Duro A, Piccione V, Scalia C, Zampino D (1996) Precipitazioni e tem-
perature medie mensili in Sicilia relative al sessantennio 1926-1985.
5th Workshop Prog. Strat. C.N.R. Clima, Amb. Terr. Mezzogiorno.
CNR 1, pp. 17-109.

EPPO (2020) European and Mediterranean Plant Protection Organi-
zation  https://www.eppo.int/ACTIVITIES/invasive_alien_plants/

iap_lists [accessed on 05 July 2020).


https://doi.org/10.1111/avsc.12328
https://doi.org/10.1007/s10708-018-9892-1
https://doi.org/10.5735/085.052.0202
https://doi.org/10.5735/085.052.0202
https://doi.org/10.3390/su12083201
https://doi.org/10.3390/su12083201
https://doi.org/10.1080/11263504.2011.602748
https://doi.org/10.1080/11263504.2011.602748
https://doi.org/10.1080/11263504.2014.948527
https://doi.org/10.1111/j.1526-100X.2008.00496.x
https://doi.org/10.1111/j.1526-100X.2008.00496.x
https://doi.org/10.1016/j.landurbplan.2019.02.009
https://10.1007/978-3-030-34525-9
https://doi.org/10.4462/annbotrm-9039
https://doi.org/10.4462/annbotrm-9039
https://doi.org/10.1080/11263504.2014.990536
https://doi.org/10.1080/11263504.2014.990536
https://doi.org/10.1080/11263504.2014.990536
https://www.eppo.int/ACTIVITIES/invasive_alien_plants/iap_lists
https://www.eppo.int/ACTIVITIES/invasive_alien_plants/iap_lists

Plant Sociology 57(2) 2020, 71-103

101

Forman RTT (Ed.) (2002) Road Ecology: Science and Solutions. Island
Press, Washington.

Forman RTT, Alexander LE (1998) Roads and their major ecological
effects. Annual Review of Ecology, Evolution, and Systematics 29:
207-231.

Fundaro AM (1974) Palermo 1860/1880: Una analisi urbana attraverso
progetti ed architetture di Giuseppe Damiani Almeyda. Palermo.
Gamper U, Bacchetta G (2001) La vegetazione dei muri di Venezia (NE

Italia). Fitosociologia 38(2): 83-96.

Gianguzzi L (1999) Vegetazione e bioclimatologia dell'isola di Pantelle-
ria (Canale di Sicilia). Braun-Blanquetia 22: 1-70.

Gianguzzi L (2007) Flora e vegetazione dei Nebrodi. Itinerari didattici.
Regione Siciliana, Assessorato Agricoltura e Foreste, Servizi allo Svi-
luppo. S. Agata di Militello (ME), pp. 232.

Gianguzzi L, Bagella S, Bazan G, Caria MC, Cerabolini BEL, Dalla Vec-
chia A, Rivieccio G, Bolpagni R (2020). New national and regional
Annex I Habitat records: from# 13 to# 15. Plant Sociology, 57(1):
65-74. https://10.7338/pls2019562/09

Gianguzzi L, Bazan G (2019) The Olea europaea L. var. sylvestris (Mill.)
Lehr. forests in the Mediterranean area. Plant Sociology 56(2): 3-34.
https://10.7338/pls2019562/01

Gianguzzi L, Bazan G (2020) A phytosociological analysis of the Olea
europaea L. var. sylvestris (Mill.) Lehr. forests in Sicily. Plant Biosyste-
ms 154(5): 705-725. https://doi.org/10.1080/11263504.2019.1681532

Gianguzzi L, Cusimano D, Cuttonaro P, Gianguzzi G, Romano S (2014a)
Distribution, ecology and conservation survey on the Celtis tournefortii
subsp. aetnensis (Celtidaceae-Cannabaceae) populations in Sicily. Web-
bia 69(2): 325-334. https://doi.org/10.1080/00837792.2014.971586

Gianguzzi L, Cusimano D, Cuttonaro P, Romano S, (2016) Contribution
to the phytosociological characterization of the forest vegetation of
the Sicani Mountains (inland of the nort-western Sicily). Plant so-
ciology 53 (1):5-42. https://doi.org/10.7338/pls2016531/02

Gianguzzi L, Cusimano D, Ilardi V, Romano S (2015b) Phytosociologi-
cal analysis of the Genista sp. pl. garrigues of the Cisto-Lavanduletea
and Rosmarinetea officinalis classes in the South-Tyrrhenian area
(Mediterranean Region). Plant Biosystems 149(3): 574-588. https://
doi.org/10.1080/11263504.2014.1000425

Gianguzzi L, Cusimano D, Romano S (2014b) Phytosociological char-
acterization of the Celtis tournefortii subsp. aetnensis microwoods
in Sicily. Plant sociology 51 (2): https://doi.org/17-28. 10.7338/
pls2014512/02.

Gianguzzi L, Cusimano D., Ilardi V, Romano S (2013) Distribution, ecol-
ogy, vegetation and conservation survey on the relictual population
of Carex panormitana Guss. (Cyperaceae) in Sicily (Italy). Webbia 68
(2):159-175. https://doi.org/10.1080/00837792.2013.853364

Gianguzzi L, Ilardi, V, Raimondo FM (1996) La vegetazione del prom-
ontorio di Monte Pellegrino (Palermo). Quaderni di Botanica Ambi-
entale e Applicata 4(1993): 79-137.

Gianguzzi L, La Mantia A (2008) Contributo alla conoscenza della veg-
etazione e del paesaggio vegetale della Riserva naturale" Monte Co-
fano"(Sicilia occidentale). Fitosociologia 45(1) suppl.1: 3-55.

Gianguzzi L, Papini F, Cusimano D (2015a) Phytosociological survey
vegetation map of Sicily (Mediterranean region). Journal of Maps
12(5): 845-851. https://doi.org/10.1080/17445647.2015.1094969

Gianguzzi L, Scuderi L, Pasta S (2006) La flora vascolare dell’isola di Ma-
rettimo (Arcipelago delle Egadi, Sicilia occidentale): aggiornamento
e analisi fitogeografica. Webbia 61(2): 359-402.

Grasso M (2001). The Apenninic-Maghrebian orogen in southern Italy,
Sicily and adjacent areas. In Anatomy of an orogen: the Apennines
and adjacent Mediterranean basins. Springer, Dordrecht pp. 255-
286. https://doi.org/10.1007/978-94-015-9829-3_16

Guarino R, Pasta S (2017) Botanical excursions in central and western
Sicily. Field Guide for the 60th TAVS Symposium Palermo, 20-24
June 2017. 604 pp. — Palermo University Press. (free download at:
https://www.unipapress.it/it/book/the-60th-iavs-annual-sympo-
sium--botanical-excursions-in-central-and-western-sicily_16/).

Guarino R, Willner W, Pignatti S, Attorre F, Loidi ] (2018) Spatio-tempo-
ral variations in the application of the Braun-Blanquet approach in
Europe. Phytocoenologia 48 (2): 239-250. https://doi.org/ 10.1127/
phyto/2017/0181

Hill MO, Gauch HG (1980). Detrended correspondence analysis: an im-
proved ordination technique. In Classification and ordination (pp.
47-58). Springer, Dordrecht.

Hobbs RJ, Arico S, Aronson J, Baron JS, Bridgewater P, Cramer VA, Ep-
stein PR, Ewel JJ Klink CA, Lugo AE, Norton D (2006). Novel eco-
systems: theoretical and management aspects of the new ecological
world order. Global Ecology and Biogeography 15: 1-7. https://doi.
org/10.1111/j.1466-822X.2006.00212.x

Horvatic S (1963) Vegetacijska karta otoka Paga s opcim pregledom veg-
etacijskih jedinica hrvatskog primorja. Acta Biologica 4: 1-187.

Hruska K (1987) Syntaxonomical study of Italian wall vegetation. Veg-
etatio 73(1):13-20.

Huang L, Qian S, Li T, Jim CY, Jin C, Zhao L, Lin D, Shang K, Yang Y
(2019) Masonry walls as sieve of urban plant assemblages and refugia
of native species in Chongqing, China. Landscape and Urban Plan-
ning 191, 103620. https://doi.org/10.1016/j.landurbplan.2019.103620

Hutchinson GE (1959) Homage to Santa Rosalia or why are there so
many kinds of animals?. The American Naturalist, 93(870): 145-159.
https://doi.org/10.1086/282070

Tamonico D, Guarino R, Ilardi V, Pignatti S (2016) A revision of He-
lichrysum panormitanum sl (Asteraceae) in the Italian and Maltese
floras. Phytotaxa, 286(3). 207-210. http://dx.doi.org/10.11646/phy-
totaxa.286.3.10

Jaccard P. (1908). Nouvelles recherches sur la distribution florale. Bulle-
tin de la Société Vaudoise des Sciences Naturelles 44: 223-270.

Kalwij JM, Milton SJ, McGeoch MA (2008) Road verges as invasion cor-
ridors? A spatial hierarchical test in an arid ecosystem. Landscape
Ecology 23: 439-451. https://doi.org/10.1007/s10980-008-9201-3

Karaer F Kilinc M, Korkmaz H, Guray Kutbay H, Yalcin E, Bilgin A
(2010) Phytosociological and ecological structure of Mediterranean
enclaves along the stream valleys in inner parts of Black Sea region.
Journal of Environmental Biology 31(1): 33-50.

Kowarik I (2003) Human agency in biological invasions: secondary re-
leases foster naturalisation and population expansion of alien plant
species. Biological Invasions 5: 293-312. https://doi.org/10.1023/B:B-
INV.0000005574.15074.66

Kurucu S, Koyuncu M, Giiveng,A, Baser KHC, Ozek T. (1993) The essen-
tial oils of Rhus coriaria L. (Sumac). Journal of Essential Oil Research
5(5), 481-486. https://doi.org/10.1080/10412905.1993.9698267

Lazaro-Lobo A, Ervin GN (2019) A global examination on the differen-
tial impacts of roadsides on native vs. exotic and weedy plant species.
Global Ecology and Conservation €00555. https://doi.org/10.1016/j.
gecco0.2019.e00555

Leps J, Smilauer P (2003) Multivariate analysis of ecological data using
CANOCO. Cambridge university press.


https://10.7338/pls2019562/09
https://10.7338/pls2019562/01
https://doi.org/10.1080/11263504.2019.1681532
https://doi.org/10.1080/00837792.2014.971586
https://doi.org/10.7338/pls2016531/02
https://doi.org/10.1080/11263504.2014.1000425
https://doi.org/10.1080/11263504.2014.1000425
https://doi.org/17-28
https://doi.org/10.1080/00837792.2013.853364
https://doi.org/10.1080/17445647.2015.1094969
https://doi.org/10.1007/978-94-015-9829-3_16
https://www.unipapress.it/it/book/the-60th-iavs-annual-symposium--botanical-excursions-in-central-and-western-sicily_16/
https://www.unipapress.it/it/book/the-60th-iavs-annual-symposium--botanical-excursions-in-central-and-western-sicily_16/
https://doi.org/
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1016/j.landurbplan.2019.103620
https://doi.org/10.1086/282070
http://dx.doi.org/10.11646/phytotaxa.286.3.10
http://dx.doi.org/10.11646/phytotaxa.286.3.10
https://doi.org/10.1007/s10980-008-9201-3
https://doi.org/10.1023/B:BINV.0000005574.15074.66
https://doi.org/10.1023/B:BINV.0000005574.15074.66
https://doi.org/10.1080/10412905.1993.9698267
https://doi.org/10.1016/j.gecco.2019.e00555
https://doi.org/10.1016/j.gecco.2019.e00555

102 Lorenzo Gianguzzi & Giuseppe Bazan: Vegetation of the road system of Monte Pellegrino

Li X, Yin X, Wang Y (2016) Diversity and ecology of vascular plants
established on the extant world-longest ancient city wall of Nan-
jing, China. Urban forestry & urban greening 18: 41-52. https://doi.
org/10.1016/j.ufug.2016.05.007

Lisci M, Pacini E (1993a) Plant growing on the walls of Italian towns 1.
Sites and distribution. Phyton 33(1): 15-26.

Lisci M, Pacini E (1993b) Plant growing on the walls of Italian towns
2. Reproductive ecology. Giornale Botanico Italiano 127: 10531078.

Lososova Z, Lanikova D (2010). Differences in trait compositions
between rocky natural and artificial habitats. Journal of Vege-
tation Science 21(3): 520-530. https://doi.org/10.1111/j.1654-
1103.2009.01160.x

Mannino MA, Di Salvo R, Schimmenti V, Di Patti C, Incarbona A, Sineo
L, Richards MP (2011) Upper Palaeolithic hunter-gatherer subsis-
tence in Mediterranean coastal environments: an isotopic study of
the diets of the earliest directly-dated humans from Sicily. Journal of
Archaeological Science 38(11): 3094-3100. https://doi.org/10.1016/j.
jas.2011.07.009

Marino P, Castiglia C, Bazan G, Domina G, Guarino R (2014) Tertiary
relict laurophyll vegetation in the Madonie mountains (Sicily). Acta
Botanica Gallica 161(1): 47-61. https://doi.org/10.1080/12538078.2
013.870047

McDougall KL, Lembrechts J, Rew L], Haider S, Cavieres LA, Kueffer C
et al. (2018) Running off the road: roadside non-native plants invad-
ing mountain vegetation. Biological invasions, 20(12): 3461-3473.
https://doi.org/10.1007/s10530-018-1787-z

Meral A, Basaran N, Yal¢inalp E, Dogan E, Ak MK, Eroglu E (2018)
A Comparative Approach to Artificial and Natural Green Walls
According to Ecological Sustainability. Sustainability 10(6): 1995.
https://10.3390/su10061995

Michalcova D, Lvoncik S, Chytry M, Hajek O (2011) Bias in vegeta-
tion databases? A comparison of stratified-random and preferential
sampling. Journal of Vegetation Science 22(2): 281-291. https://doi.
org/10.1111/j.1654-1103.2010.01249.x

Mucina L, Biiltmann H, Dierflen K, Theurillat P, Raus T, Carni A et al.
(2016) Vegetation of Europe: hierarchical floristic classification system
of vascular plant, bryophyte, lichen, and algal communities. Applied
Vegetation Science 19: 3-264. https://doi.org/10.1111/avsc.12257

Musarella CM, Mendoza-Ferndndez AJ, Mota JF, Alessandrini A, Bac-
chetta G, Brullo S, et al. (2018) Checklist of the gypsophilous vas-
cular flora in Italy. PhytoKeys 103: 61-82. https://doi.org/10.3897/
phytokeys.103.25690

Oberdorfer E (1977) Siddeutsche Pflanzengesellschafte, 1. Gustav
Fischer, Stuttgart.

Oksanen J (2015) Multivariate analysis of ecological communities in R:
vegan tutorial. R Doc 43:11-12.

Pasta S, Badalamenti E, La Mantia T (2010) Tempi e modi di un’'invasi-
one incontrastata: Pennisetum setaceum (Forssk.) Chiov. (Poaceae)
in Sicilia. Naturalista Siciliano, 34(3-4): 487-525.

Pedrana C (Ed.) (2011) Carlo Donegani: una vita da seguire. Tipografia
Bettini Sondrio.

Pignatti S, Guarino R, La Rosa M (2017-2018) Flora d'Italia. Vol. 1-3:
Bologna: Edagricole-New Business Media.

Pignatti S (1982) Flora d'Ttalia. Bologna: Edagricole.

Pignatti-Wikus E (1963) Contribuzione alla flora siciliana. Pubblicazi-
oni Istituto di Botanica Universita di Trieste 14(5): 13-14.

Raimondo FM, Gianguzzi L, Di Martino C (1996) La flora vascolare del
promontorio di Monte Pellegrino (Palermo). Quaderni di Botanica
Ambientale e Applicata 4 (1993): 13-34.

Rentch JS, Fortney RH, Stephenson SL, Adams HS, Grafton WN, Ander-
son JT (2005) Vegetation-site relationships of roadside plant com-
munities in West Virginia, USA. Journal of Applied Ecology 42(1):
129-138. https://doi.org/10.1111/j.1365-2664.2004.00993.x

Rivas-Martinez S (1960) Roca, clima y comunidades rupicolas. Anales
de la Real Academia Nacional de Farmacia 2: 153-168.

Rivas-Martinez S (1969) Vegetatio Hispaniae. Notula I. Publicaciones
del Instituto de Biologia Aplicada 46: 5-34.

Rivas-Martinez S, Sdenz D, Costa M (1999) North American boreal and
Western temperate forest vegetation: (Syntaxonomical synopsis of
the potential natural plant communities of North America, II). Itin-
era geobotanica 12: 5-316.

Rivas-Martinez S, Sdenz SR, Penas A (2011) Worldwide bioclimat-
ic classification system. Global Geobotany 1: 1-634. https://doi.
org/10.5616/gg110001.

Rivas-Martinez S (2005) Notions on dynamic-catenal phytosociology
as a basis of landscape science. Plant Biosystems 139(2): 135-144.
https://doi.org/10.1080/11263500500193790

Rivas-Martinez S (2002) Phytosociologic, bioclimatic and biogeograph-
ic terms, notions and units. https://www.globalbioclimatics.org [ac-
cessed Oct. 23 2020]

Segal S (1969). Ecological notes on wall vegetation. Springer, Dordrecht.
https://doi.org/10.1007/978-94-017-6232-8

The Plant List (2013) http://www.theplantlist.org/ [accessed Jul. 28 2020].

Theurillat JP, Willner W, Fernandez-Gonzélez F, Biiltmann H, Carni A,
Gigante D, Mucina L, Weber H (2020), International Code of Phyto-
sociological Nomenclature. 4th edition. Applied Vegetation Scienze.
https://doi.org/.1111/avsc.12491

Todaro P, Barbera G, Castrorao Barba A, Bazan G (2020). Qanats and
historical irrigated landscapes in Palermo’s suburban area (Sicily).
European Journal of Post-Classical Archaeologies 10: 335-370.

Tsakalos L, Renton, M, Dobrowolsk MP, Feoli E, Macintyre PD,
Veneklaas EJ, Mucina L (2018) Community patterns and environ-
mental drivers in hyper-diverse kwongan scrub vegetation of West-
ern Australia. Applied Vegetation Science, 21(4): 694-722. https://
doi.org/10.1111/avsc.12399

Tutin TG, Heywood H, Burges NA, Moore DM, Valentine DH, Walters
SM, Webb DA (1968) Flora Europaea, vol. 2-5. Cambridge Univer-
sity Press.

Varol O, Ketenoglu O, Bingél U, Geven F, & Giiney K (2006) A phytoso-
ciological study on the coniferous forests of Baskonug Mts, Anti-Tau-
rus, Turkey. Acta Botanica Hungarica 48(1-2), 195-211. https://doi.
org/10.1556/ABot.48.2006.1-2.18

Whittaker RH (1960) Vegetation of the Siskiyou Mountains, Oregon and
California. Ecological Monographs, 30:280.338.

Appendix - Location and dates of
relevés

Table 1 - Crepido bursifoliae-Parietarietum judaicae:
Rels. 1-4, Palermo (14.5.2016); Rels. 5-7, via Bonanno
(foot of M. Pellegrino): base of masonry and rock walls
on the sea side (12.6.2016); Rels. 8-9, via Monte Ercta near
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the second tunnel, under the rock wall (10.5.2016); Rels.
10-12, Grotta di St. Rosalia square, at the base of a wall
(10.6.2016).

Table 2 - Athamanto siculae-Parietarietum judaicae:
Rels. 1-2, via Bonanno, retaining wall near the Utveggio
castle (10.6.2019); Rels. 3-6, Wall in the square in front the
St. Rosalia Sanctuary (10.6.2019).

Table 3 - Helichryso panormitanae-Hypochaeridetum
laevigatae: Rels. 1-3, Walls above the hairpin bend of Con-
trada Allaura (10.5.2019); Rel. 4, Wall above Cda Allaura
(10.5.2019); 5-6, Wall in the slope above Mondello.

Table 4 — Centranthetum rubri: Rels. 1-4, Walls above
the Contrada Allaura (21.4.2016);

Table 5 - Antirrhinetum siculi: Rels. 1-2, Road to the
antennas (18.5.2016); 3-4, via M. Ercta (21.5.2017); 5,
Road to the antennas (21.5.2017).

Table 6 — Capparidetum rupestris: Rels. 1-2, Wall above
the Contrada Arenella (18.5.2016); Rels. 3-4, Wall be-
fore the last hairpin bend above the Contrada Arenella
(18.5.2016); 5-6, Wall of Contrada Arenella (by Gianguzzi
et al. 1993).

Table 7 - Diantho rupicolae-Helichrysetum panor-
mitani: Ril. Rels. 1-15, Hight walls of via Monte Erc-
ta, between the Contrada Allaura and the Sanctuary
(10.6.2016).

Table 8 - Scabioso creticae-Centauretum ucriae Brullo
et Marceno 1979 subass. typicum: Rel. 1, Mountain-side
wall near the first hairpin bend before the Favorita
(21.4.2016); Rel. 2, Mountain-side wall at the first hair-

pin bend above Mondello; Rels. 3-4, Mountain-side wall
before the last tunnel (4.5.2016); Rels. 5-7, Mountain-side
wall, shortly before the Santuary (4.5.2016).

Table 9 - Groupment with Stipellula capensis: Rels.
1-2, Old walls (parapets) along via Bonanno, above the
Arenella side (10.5.2018); Rels. 3-4, parapets along the old
road to the Sanctuary (10.6.2019)

Table 10 - Rhamno alaterni-Euphorbietum dendroidis
Géhu & Biondi 1997 subass. artemisietosum arborescenti:
Rels. 1-2, via Bonanno (12.6.2016); Rels. 3-6, via Monte
Ercta (12.6.2016).

Table 11 - Teucrio flavi-Rhoetum coriariae: Rels. 1-2,
Detritic slopes along the road to Monte Pellegrino at Con-
trada Allaura near the first tunnel (10.6.2016); Rels. 3-6,
clearing of Allaura woodland (25.6.1995; by Gianguzzi
et al. 1996, Tab. 7); Rels. 7-8, Monte Cofano Natural Re-
serve, at Contrada Frassino (15.02.2001; by Gianguzzi
and La Mantia, 2008); 9-11: Villagrazia di Carini, under
the cliffs of Montagna Longa (15.05.2001; by Gianguzzi
and La Mantia, 2008 ); 12, Monte Pellegrino, in the clear-
ing of Allaura woodland (25.06.1995; by Gianguzzi and
La Mantia, 2008).

Table 12 - Groupment with Rhamnus alaternus e
Pistacia terebinthus: Rels. 1-2, via Monte Ercta, along the
wall of Contrada Allaura (12.6.2016).
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