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ABSTRACT

The researches within this PhD thesis focus on the problem of non-
native plants in the Tuscan Archipelago, particularly investigating distributions,
invasiveness, impacts on diversity of alien plants and management options for
the invasive alien plants. The PhD thesis is here presented as a collection of the
resulting contributions, including poster presented at international conferences
and papers published or in preparation. The investigations on the distributions
and invasive status of alien species in the Tuscan Archipelago led to the
preparation of a checklist of the alien flora of the Tuscan Archipelago. The
ecological traits of plant invasions in the Tuscan Archipelago were explored
towards the research on potential impacts due to invasive species on the Island
of Elba. These studies allowed us to detect the impacts on plant richness and
diversity, soil chemical properties and soil microbial communities of Acacia
dealbata and impacts on plant communities of Acacia pychantha. Finally,
regarding management aspects, the work dealt with the evaluation of the risk of
invasion through two different approaches. The invasiveness of alien species in
the Tuscan Archipelago was assessed by use of risk assessment procedures. We
assessed the risk of invasion related to 212 alien plants in Tuscan Archipelago
testing two different procedures of Weed Risk Assessment. The risk of invasion
by alien species on habitats worthy of conservation was investigated adopting
Species Distribution Models. The potential distributions of six harmful invasive
plants in Mediterranean Ecosystems were merged with the density of habitat
win the Island of Elba to obtain a MAP of Risk of invasion. Thanks to the
exploration of these topics we highlighted different aspects of the biology of
invasions in this representative Mediterranean island ecosystem. We provided
both theoretical contributions to the issues on the impacts of invasive species
and technical tools for conservation, such as monitoring of the current
distributions and evaluation and prioritization of risk of invasion.



1. INTRODUCTION

Biological invasions

Since the publications in 1958 of Elton’s work The ecology of invasions
by animals and plants (Elton 1958) the study of biological invasion has gained
an increasing importance in the global scientific and nature conservation
framework. In deed in the last few decades, a plethora of studies has focused on
several aspects of this topic, ranging from theoretical and ecological features to
the management options. This exploration includes the continuous research of a
unified terminology background, the depiction of the ecological processes
related to species introduction and spreading, the practical search through
impacts and threats related to species invasion and the actions that have to be
undertaken to mitigate the potential impacts of biological invasion on
biodiversity and human activities. Nowadays invasive alien species and impacts
related to biological invasions are considered one of the major threats to
biodiversity worldwide (CBD decision V1/23, 2014).

Even though, or probably due to this global interest in this framework
still some confusion is present among the correct definitions. A quite good
agreement can be found for the alien definition. According to Richardson et al.
(2011) alien species, often referred also as exotic, introduced, non-indigenous,
or non-native species, are those species moved by human activities beyond the
limits of their native geographic range into an area in which they do not
naturally occur. The movement allows the species to overcome fundamental
biogeographic barriers to their natural dispersal. This definition is quite
coherent with those adopted by the World Conservation Union (IUCN)

“a species, subspecies, or lower taxon occurring outside of its
natural range (past or present) and dispersal potential (i.e. outside
the range it occupies naturally or could not occupy without direct
or indirect introduction or care by humans) and includes any part,
gametes or propagule of such species that might survive and
subsequently reproduce”

And Convention on Biological Diversity (CBD)

“A species, subspecies or lower taxon, introduced outside its
natural past or present distribution; includes any part, gametes,
seeds, eggs, or propagules of such species that might survive and
subsequently reproduce.”



The focal point, generally agreed in the above definitions of “alien
species” is the human related movement, associated to both unintentional or
intentional introduction, that allows the species to overcome geographical
barriers (Richardson et al. 2000; PySek et al. 2004; Blackburn et al. 2011;
Blackburn et al. 2014). Regrettably, the same agreement cannot be found on the
individuation of “invasive alien species”. According Richardson et al. (2011),
and several other previous works (see again Richardson et al. 2000; Pysek et al.
2004) the status of invasive regards mainly the capability of an alien species to
produce self-replacing population and produce reproductive offspring, leading
to a conspicuous spread in space in the introduced range. As precisely stated
this definition explicitly excludes any connotation of impact and is based
exclusively on ecological and biographical criteria. On the other hand, it has to
be noted that impacts are widely considered as an important part of the
definition of “invasive species”, as done in the definitions adopted by IUCN,
where an invasive alien species is defined as

“an alien species which becomes established in natural or semi-
natural ecosystems or habitat, is an agent of change, and threatens
native biological diversity.”

Or by CBD:

“an alien species whose introduction and/or spread threaten
biological diversity”

Impacts are indeed a quite important topic in invasion biology, and an
essential component in the management of biological invasion. It is, of course,
important to acknowledge that many non-native species introduced outside their
natural territories do not represent a threat in the new range (Williamson 1997)
and that generally invasive and problematic species do represent a narrow
subset of alien species. Furthermore many introduced species are an important
resource for local and national economies (van der Weijden et al. 2007).
Nevertheless, impacts related to IAS represent nowadays a focal challenge for
policy and managements purposes.

Particularly focusing on plants, the impact of invasive (or more
generally, alien) plants on invaded ecosystem can be various and have been
largely studied with several approaches (Pysek et al. 2012; Jeschke et al. 2014).
Alien species produce an impact since they determine any changes in the
ecosystem in which they have been introduced. Impacts represent generally the



description or quantification of how an alien species affects the physical,
chemical and biological environment (Richardson et al. 2011). Alien species
can have detrimental effects on various elements of the invaded area, generating
ecological and socioeconomic impacts. Incidentally, it should be probably noted
here that all these compartment should be ideally summarized in the term
ecosystem.

Ecological impacts on native species, communities and ecosystems
have been largely studied for many invasive alien plants. IAS are often related
to decrease in species richness and diversity, and to the reduction of
distinctiveness of local biologic communities. According to Vila et al. (2014) it
has been globally demonstrate that at a local scale non-native plants can cause a
decrease in plant and animal species richness, also resulting in a series of
cascade effect with detrimental effect on the invaded ecosystems. Impacts on
species and ecosystems include also genetic variation via hybridization with
native population (Vila et al. 2000). Many invasive alien species can alter the
functionality of invaded ecosystems, leading to changes in the communities
structure and species assemblages. For instance, N-fixing plants can drive a
process of nitrification affecting several compartments of the ecosystem, going
from soil chemical properties to soil microbial, understory plant and lichens
communities. Impacts of alien species can also lead to the biotic
homogenization of invaded ecosystem, defined as the increase in biological
similarity between communities through time (Mc-Kinney & Lockwood 1999,
Olden & Poff 2004). The process of biotic homogenization can affect
biodiversity at several levels: taxonomical, genetical or functional (Olden &
Rooney 2006), and across different geographical scales and time frames
(Ricotta et al. 2012; Campos et al. 2013).

Biological invasion also cause important economic impacts, related to
direct and indirect financial costs. Direct costs are linked primarily to nature
conservation, agriculture, fisheries and forestry as main economic sectors
affected by IAS. A crude estimation of total known monetary cost of alien
species in Europe is close to €10 billion per year (Hulme et al. 2009). Kettunen
et al. (2009), in the technical support to EU strategy on IAS assessed the total
documented monetary impacts of IAS in Europe to a total of €12.5 billion per
year, summing €9.6 billion resulting from the damage caused by IAS and €2.8
billion related to the control of IAS. Across control costs, those related to
terrestrial 1AS (e.g. vertebrates, plants and invertebrates) form a major part of
this estimate. While across documented costs those related to terrestrial plant
amount to about €3.7 billion. The estimation of total costs of IAS in Europe



arise to €20 billion per year, which as the authors themselves acknowledge still
represent an underestimation of real costs.

Concluding this short summary of impacts related to biological invasion
it should be noted, as it has been frequently pointed out, that ecological and
socio/economic dimension of the problem of invasive species are actually
connected at different levels. The ecological changes that lead to a lower
resilience of ecosystems to invasion and related impacts are highly correlated to
the growth of transport, trades and market globalization that enhance the high
movement of species across geographical barriers. Another essential link is
represented by the loss of functionality and productivity by invaded ecosystem
that are subsequently related to depletion in the ecosystem services and
economic losses.

Plant invasion in Mediterranean islands ecosystems

It is generally agreed that effect of biological invasion are going to be
more dramatic on insular ecosystem (Hulme 2004) and that islands are more
threatened by plant invasion than mainland. Islands host peculiar biomes,
usually poor and disharmonious in species and rich of endemics (Whittaker
1998; Whittaker and Fernandez-Palacios 2007), species on islands have low
vagility and usually form small populations which existence is susceptible at
various level from IAS (Berglund et al. 2009). Furthermore insular ecosystems
host often more alien species compared to mainland (Lonsdale 1999), and their
biomes appear more disturbed and dominated by alien species (D’Antonio &
Dudley 1994). Pysek et al. (2012) underlined an important role of insularity and
Mediterranean biome as drivers of impacts of IAS on native richness. For
example Vila et al. (2014), in a meta-analysis on the literature on impacts of
alien plant, showed that the impact on animal richness, mainly arthropods, is
generally stronger on islands. On the other hand it is noteworthy that impacts of
invasive alien plants on native plant richness appeared not significantly greater
in island that in mainland (Vila et al. 2011, 2014). However it has been
suggested that ecological impacts of plant invasions on islands can be more
related to changes in species assemblages, and in replacement of endemic
species than in a net decrease in the number of species (Vila et al. 2014).

Mediterranean basin, with its complex system of archipelagos, islands
and islets, represent an important area of species diversity. It is usually reported
that Mediterranean basin vascular flora amount at about 24000-25000 species,
accounting for 10% of world plant richness, with at least 13000 endemics
(Brundu 2013). This has led to recognition of the Mediterranean basin as one of



the 34 Global Biodiversity Hotspots (Mittermeier et al. 2004). On
Mediterranean islands, the rates of endemism often exceed 10%, and sometimes
20%, of local flora (Medail and Quezel 1999). Furthermore, this endemism is
characterized by an extremely high rate of narrow endemism, reaching the 60%
of the total. Island represent indeed a quite important trait in the Mediterranean
basin. Although a comprehensive assessment of the real amount of island for
the Mediterranean basin is extremely difficult, a total of 10000-15000 islands
appear a reasonable estimate for this number (Brundu 2013).

According to the future scenario proposed by Sala et al. (2000),
Mediterranean ecosystems may be prone to an increase in the invasion rates.
Especially Mediterranean islands are particularly vulnerable to biological
invasion due to their peculiar biomes (Hulme et al. 2007). Furthermore the
effects of plant invasions in Mediterranean islands appear enhanced as the result
of changes in important driving factors, e.g. disturbance regimens, land use and
climate (Pretto et al. 2010, 2012). Indeed in insular ecosystems, even more than
in mainland, human related factors play an essential role in the raising of risk
related to biological invasion. In the last decades Mediterranean islands were
generally interested by deep changes in their socio-economic status, with the
transition from an economy based primarily on agriculture and livestock
farming to one based essentially on mass tourism (Delancé et al. 1996). This
leaded to the one hand to a massive increase in alien species introduction and on
the other hand to an increase in urbanization and disturbance that lower the
resilience of this ecosystems to invasion, with the creation of dramatic synergies
related to human activity.

Concluding this paragraph, as stated in the CBD report (CBD decision
V1/23 2014),

“invasive alien species represent one of the primary threats to
biodiversity, especially in geographically and evolutionarily
isolated ecosystems, such as small island developing States, and
that risks may be increasing due to increased global trade,
transport, tourism and climate change.”

Thus, the study of biological invasion (in our specific case of plant
invasion) is a central pillar for future needs of nature conservation on islands.



A particular need for developing basic knowledge, impact information
and risk assessment on islands ecosystems.

In spite of a certain interest in the study of invasions in Mediterranean
ecosystems (see Gaertner et al., 2009 and reference therein) and the general
recognition of plant invasion as a major threat in these ecosystems (Underwood
et al., 2009; CBD decision VI1/23, 2014), information on plant invasion in
Mediterranean island ecosystems are still lacunose and discontinue, especially
on Protected Areas in Mediterranean Islands (Brundu, 2013). These information
gaps regards several issues, going from the lack of a precise knowledge of the
presence of alien plants to the understanding of the ecological impacts related to
plant invasion. In addition, there is an urgent need of the definition of priority
and the adoption of specific strategies and policies (Brundu 2013).

Within this framework, aim of this work is to provide a comprehensive
study of plant invasion in the Tuscan Archipelago. This three years research is
conceived to represent a contribute on the knowledge on this subject,
encompassing several important topics. We mainly aimed to

i) develop a solid and comprehensive basic knowledge on the alien
flora of the Tuscan Archipelago, indicating distributions and invasion statuses
of the alien plants across the island of the Archipelago;

ii) investigate the ecological consequences of the process of invasion
studying, as a particularly significant example, the effects on the ecosystems of
two highly invasive species such as Acacia dealbata and Acacia pycnantha;

iii) apply the theoretical and ecological knowledge aiming to assess
the risk of invasion for the alien species present in the Tuscan Archipelago and
to asses which habitat are more at risk and where.

We presented this thesis as a collection of all the contribution we
produced according the aim of understand the invasion process in an
archipelago and its consequences on the local biota. This collection includes,
after a brief introduction on the main sections, some minor contribution, such as
paper in ltalian for national journals and poster presented at international
congresses, and five main contributions, already published, submitted or in
preparation for international journals. We followed an ideal route, starting from
the improvement of our knowledge and comprehension of the phenomenon in
the Tuscan Archipelago, to finally develop risk analysis and risk management
procedures throughout an optimization of management options. So firstly, we
produced an updated checklist of the alien flora of the Tuscan Archipelago (Sec
3.3). Regarding ecological impacts, we produced two main contributions. A
first paper investigate the impacts of A. dealbata on soils chemical properties,



soil microbial communities and understory plant communities (Sec 4.2). A
second work regards impacts of A. pychantha on understory plant communities
(Sec 4.3). Finally aiming to assess the risk of invasion, we analyze the problem
firstly by testing two risk assessment procedures on the alien species of the
Tuscan Archipelago (Sec 5.3). Thus, we used habitat suitability models to
assess potential presence of six particularly harmful IAS and verify where these
species could invade valuable habitats (Sec 5.4).
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2. AREA OF STUDY: THE TUSCAN ARCHIPELAGO

The researches object of this PhD thesis focus on the Tuscan
Archipelago territories. The Tuscan Archipelago (Fig 2.1) is located in the
central Mediterranean Sea, west of Tuscany (Italy) and east of Corse. It extends
through a sub-triangular area, with extremes between 42°13'42" N (Giannutri)
and 43°26'54" N (Gorgona) and 9°43'18' E (Capraia) and 11°11'00" E
(Giannutri).

It consists of seven main islands: Gorgona, Capraia, Elba, Pianosa,
Montecristo, Giglio and Giannutri (from North to South) plus several minor
islands and islets, large parts of which are included in the Tuscan Archipelago
National Park (TANP). The area under protection by TANP include also 567

Km? of sea.

GORGONA

———

CAFHALA

ELES |

PIANDSA

MONTECRISTO L
GIGLID

GIANNUTRI

Figure 2.1 Geographical overview of the Tuscan Archipelago.
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The islands of the Archipelago account for a total surface of around 300
square kilometers. The Island of Elba, the largest island of TANP, has a surface
of 224 Km?, while the others islands are quite smaller, with surfaces ranging
from 20 to 2 Km? (Table 2.1). Resident population is mainly restricted to the
islands of Elba (around 33000 inhabitants) and Giglio (with approximately 1500
inhabitants), while the other islands host from some hundreds to few units of
people. Montecristo is the less populated island with only two residents.

A recent review of geological, geomorphological and climatic traits of
the Tuscan Archipelago can be found on D'Orefice and Foresi (2009). The quite
different geologic substrata that can be found among the islands highlight the
complex geologic history that characterized its formation. The Island of
Gorgona is formed by metamorphic rocks. Capraia is a volcanic Island.
Montecristo is entirely granitic, as is almost the entire Island of Giglio. Pianosa
consists of sedimentary rocks and shell formations, while Giannutri is formed
entirely by dolomitic-limestone sediments, which have much in common with
the nearby Apennine Chain. The Island of Elba is highly heterogeneous, with a
prevalence of granites in the western part and of metamorphic rocks on the
eastern part of the Island (D'Orefice and Foresi 2009).

In Table 2.1 are summarized the most important geographical
information.

Island Surface Altitude Substrate Number of spontaneous Pop
(Ha) (m) plants
Capraia 19.3 447 trachytes 600 (Foggi & al. 2001, 410
unpubl.)
t?;zﬂlteesé 1250 (Fossi Innamorati
Elba 2244 1018 | YIS, 1983 1989, 1991, 1994, 33000
imestone, )
. 1997; unpubl.)
metamorphic
Giannutri 24 g3 limestone/pan 350 (Baldini 2001; 15
china unpubl.)
Giglio 215 498 granites/limes 700 (Baldini 1998; 1500
tome unpubl.)
Gorgona 23 255 metamorphic 500 (Rizzotto 2011, 150
unpubl.)
i : 400 (Paoli & Romagnoli
Montecristo 10.4 645 granites 1976: unpubl.) 2
Pianosa 10.3 27 limestone/pan 550 (Baldini 2000; 10

china unpubl.)

Table 2.1 Geographical information on the seven main islands of the Tuscan
Archipelago. Resident population is approximated after ISTAT 2011 data. Numbers of
spontaneous flora are approximated according to recent unpublished data.
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The islands differs among them greatly also regarding geomorphology.
The Elba Island is quite heterogeneous, with rocky cliffs on eastern part,
lowlands in the central part and the massif of Mount Capanne, reaching the
height of 1018 meters above sea level, in the western part. Capraia, Montecristo,
Giglio and Gorgona, still not reaching the altitude of M. Capanne, are
characterized by generally acclive rocky cliffs and slopes (see Table 2.1 for
altitudes). Finally Pianosa and Giannutri are entirely flat islands (D'Orefice and
Foresi, 2009).

The climate of Tuscan Archipelago belong to typical Mediterranean
climate, with the colder semester interested by western precipitation and the
warmest month dominated by a dry and stable climate due to the anticyclones of
Azores and Sahara. The temperature are generally high, with annual mean
temperature ranging from 16.9°C for Pianosa to 13.8°C on Mount Calamita,
while the lowest temperatures are registered on the top of Mount Capanne. The
mean temperatures of the coldest month (January) range from 6°C (Elba) to
10°C (Pianosa). Mean temperatures of warmest month range between 22°C and
26°C. Precipitation regimes are a crucial factor in shaping the climate features
of the Archipelago. As characteristic of Mediterranean and sub-Mediterranean
climates precipitation are scarce and concentrated on autumn or winter.
Precipitation in spring arise to 25% of the total and summer present a quite low
minimum, even less than 10% of total annual precipitation (Aringoldi et al.,
2009). This determine the classic summer drought that characterize
Mediterranean climates and constraint Mediterranean biomes. According
Thornthwaite & Mather (1957) classification the net prevalence of
evapotranspiration on precipitation indicate the presence of sub-humid (C2),
subarid (D) and arid (E) climates. Thus especially in the summer the availability
of water in the soil is very poor.

The Archipelago hosts an extraordinary biota, although less rich than on
the adjacent continental mass, particularly rich in endemic species, mainly in
plants and invertebrates.

The most representative endemic animal species can be found among
gastropod mollusks (Oxychilus sp. pl.) and insects. Other important species can
be found among amphibian (Hyla sarda and Discoglossus sardus) and reptiles,
with several endemic lizards (i.e. three endemic subspecies of Podarcis
muralis). The land mammals are those typical to the Mediterranean
environment. The pine marten (Martes martes), rare anywhere else, has a strong
presence and is an agile inhabitant of the woods of Elba. However a strong
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presence of introduced mammals can be found across the islands, such us
introduced mouflons (Ovis aries), feral goats (Capra hircus), central European
wild boars (Sus scrofa) and European hares (Lepus europaeus). The presence of
birds is particularly enriched by the occurrence of migratory species. The
Tuscan Islands are indeed an important migratory bridge between Mid-Northern
Europe and the African continent. Furthermore, the islands of the Archipelago
represent important nesting sites for several rare and threatened marine birds.
The flora and the vegetation of the Tuscan Archipelago reflect the
Mediterranean context of the islands. Arrigoni et al. (2003) reviewed the main
floristic traits of the Archipelago. According to this work, the Flora of the whole
Tuscan Archipelago consists of circa 1300 taxa. Land surface area clearly
influence floristic diversity of the islands, with species/area ratio expressed by a
typically logarithmic curve,with a lower increase in floristic diversity as area
increases in size (Arrigoni et al., 2003). Analyzing the chorology of the Tuscan
Archipelago flora, there is a prevalence of Mediterranean and Tethydic
elements, with a large presence of Euro-Mediterranean and Euro-Tethydic
species, thus revealing a northern Mediterranean floristic combination (Euro-
Mediterranean).The flora of the Archipelago appear highly influenced by the
Tuscan flora, with a low penetration of Corso-Sardinian elements. However,
analyzing the floristic endemism of these islands, a strong component of Corso-
Sardinian endemism can be found across the western island, suggesting that the
Archipelago represent a connection between Tuscan and Corso-Sardinian
endemism. The Tuscan Archipelago account for 16 narrow endemics (Foggi et
al. 2014), 17 endemics belonging to the Corso-Sardinian Dominion and 3
endemics belonging to the Tyrrhenian Dominion (Arrigoni et al. 2003). The
endemic plant species can be found on Table 2.2, while the systematic position
of Saxifraga granulata var. brevicaulis Sommier, cited in Arrigoni et al. (2003),
but not treated in Foggi et al. (2014) need further investigations (Ferretti et al.
2014). Nowadays the floristic endemism of the Tuscan Archipelago appear
directly and/or indirectly threatened by several factor generally highly related to
human presence, such as tourism and agriculture and invasive species of plants
and animals (Foggi et al. 2014). Between the threats indirectly associated with
human activities the main consist in the loss of habitats surface due to
abandonment of non-agricultural activities and change in vegetation dynamics.
Human presence involves also impact related to density of infrastructures,
tourism and recreational activities and gathering of rare species. The main
threats due to alien species are those directly affecting habitats and/or species as
competitors or predators. One of the major threats is represented by the over
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predation by feral or wild ungulates, such us feral goats (Foggi et al. 2014).
Across the Invasive plants the main threats are represented by Ailanthus
altissimus, Carpobrothus sp. pl., Acacia sp. pl. and Opuntia sp. pl.

Tuscan Archipelago narrow endemics

Biscutella pichiana Raffaelli subsp. Ilvensis Raffaelli

Centaurea aethaliae (Sommier) Bég.

Centaurea dissecta Ten. var. ilvensis Sommier

Centaurea gymnocarpa Moris et De Not.

Crocus ilvensis Peruzzi & Carta

Festuca gamisansii Kerguélen subsp. aethaliaeSignorini et Foggi
Limonium doriae (Somm.) Pign.

Limonium gorgonae Pign.

Limonium ilvae Pign.

Limonium planesiae Pign.

Limonium sommierianum (Fiori) Arrigoni

Linaria capraria Moris et De Not.

Mentha requienii Benth. subsp. bistaminata Mannocci et Falconcini
Romulea insularis Somm.

Silene capraria Sommier

Viola corsica Nyman subsp. ilvensis (W.Becker) Merxm.

Endemics belonging to the Corso-Sardinian Dominion
Arum pictum L. fil.

Borago pygmaea (DC.) Chater et W. Greuter

Carduus fasciculiflorus Viv.

Carex micro carpa Bertol. ex Moris

Festuca arundinacea Schreber subsp. corsica (Hack.) Kerguélen
Galium caprarium Natali

Hypericum hircinum L.

Limonium contortirameum (Mabille) Erben

Mentha suaveolens Ehrh. subsp. insularis (Req.) Greuter
Pancratium illyricum L.

Scrophularia trifoliata L.

Soleirolia soleirolii (Req.) Dandy

Stachys corsica Pers.

Stachys glutinosa L.

Trisetaria burnoufii (Req. exParl.) Banfi et Soldano
Urtica atrovirens Req. exLoisel.

Verbascum conocarpum Moris

Endemics belonging to the Tyrrhenian Dominion

Helichrysum litoreum Guss.

Ophrys exaltata Ten. subsp. tyrrhena (Golz et Reinh.) Del Prete

Silene badaroi Breistr.
Table 2.2 Endemic species of the Tuscan Archipelago, divided between narrow
endemics (16), endemics belonging to the Corso-Sardinian Dominion (17) and
endemics belonging to the Tyrrhenian Dominion (3).
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The vegetation of the Tuscan Archipelago reflects the high level of
human influence that characterized these ecosystems in the last centuries.
Human influence caused the almost total vanishing of the original forest
vegetation and the development of cultivated and urbanized areas on the islands
(Arrigoni et al. 2003). Nowadays true woodlands can be only found on the
islands of Elba, Giannutri and, really poorly represented, on Gorgona. Elba still
host quite good extension of holm oak (Quercus ilex) forests and old chestnut
(Castanea sativa) plantation, the latter on the slopes of the Monte Capanne
(Foggi et al. 2006). Few extension of holm oak forest can also be found on
Giglio and Gorgona. However, the dominant vegetation formation in the whole
Archipelago is represented by the typical Mediterranean macchia, in all his
stages of degradation. Thus going from the closest formation dominated by
ericaceae such us Erica sp. pl. and Arbutus unedo, to low macchia and garrigue
formations. Finally also perennial and temporal grassland are well represented,
even thou the latter are mainly found scattered in mosaic formations with open
macchia formations.

The complex mosaic of vegetation types that can be found on the
islands determine a great habitat diversity. This lead to presence in the Tuscan
Archipelago of a great number of habitat of conservationist value, as well
described by the great occurrence of Natura2000 habitat. Only in the Island of
Elba 27 different Natura2000 habitats have been listed (Viciani et al., in press).
Four of these are habitats of priority interest: the coastal dunes with Juniperus
spp. (cod. 2250%); the Mediterranean temporary ponds (cod. 3170%); the
pseudo-steppe with grasses and annuals of the Thero-Brachypodietea (cod.
6220*). Many of these habitats are represented also in the smallest islands,
which often host a quite heterogeneous habitat mosaic. The alluvial forests with
Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion
albae) (cod. 91E0%*) are instead found only in Elba.

As common in Mediterranean basin landscapes and ecosystems, human
influence represented, and still does, an essential factor in the biological
evolution of the islands of the Tuscan Archipelago. The human influence on the
natural environment has started around 6,000 years b.p. and has become
massive since the Roman times (2,400 years b.p.). The islands, especially Elba,
were largely exploited for mineral extraction, particularly iron, since times of
ancient Greek and Roman colonization. These activities on the islands also lead
to an ancient overexploitation of the woodlands of the islands, determining the
disappearance of original forest vegetation. During recent history, the human
activities on the islands were mainly related, as well as mining, to a subsistence
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economic model, mainly driven by agriculture and livestock farming,
principally of goats and sheep (Repetti 1833-1840).

However, in the last century, like many other Mediterranean islands
(Delanoe et al. 1996), the Tuscan Archipelago islands have undergone a deep
change of their landscape and land-uses, from agro-forestry to tourism
activities. This led firstly to a decline in resident population, and in the
abandonment of traditional agricultural practices and land uses, and secondarily
to a shift in the land use, with a massive emergence of touristic recreational
facilities and in the increase of human seasonal fluxes.

These socio-economic changes play a key role in the themes addressed
within this work. Indeed changes in the disturbance regimes, in the land-use,
and climate are driving factors in determining plant invasions (Lonsdale 1999;
Mooney and Hobbs 2000). Moreover these factors are expected to be much
powerful in the islands. In spite it represents a valuable economic source for
local population, mass tourism raise many sustainability issues (Brundu, 2013).
Particularly to biological invasion this shift has changed human impact on the
insular biota: plants are not introduced for alimentary reasons such as in the
Neolithic (about 5.500 b.p.) but as ornaments (Hulme 2004). It is noteworthy
that almost half of all plant introductions to Mediterranean islands are related to
gardens and landscaping associated with tourist developments and housing and
gardens estate. It therefore follows that this is likely to be a major source of
naturalised species (Brundu 2013 and references therein).
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3. DEVELOPING BASIC KNOWLEDGE

The importance of national and regional checklists for understanding
invasion was demonstrated by a wide series of studies carried out thanks to the
data provided by such catalogues (Pysek et al. 2012). Currently updated
Checklists of alien plants of specific areas are considered valuable tools to
provide standardized information for such areas, and to evaluate the changes
that occur in the invasive status over time, allowing the invasion to be
monitored at a local scale (PySek et al. 2012). For example European catalogues
provided essential data used to analyze invasion patterns at the continental level,
including cross-taxonomic evaluation of determinants of regional levels of
invasion, distribution of alien species in habitats, assessment of ecological and
economic impacts of alien species in Europe and risk-assessment for plants
based on habitat mapping (PySek et al. 2012 and references therein).

The importance of basic knowledge on biological invasion it is also
underlined in the CBD strategic goals for 2020 on biological invasion. These
state that by 2020, invasive alien species and pathways should be identified and
prioritized, priority species controlled or eradicated, and measures should be put
in place to manage pathways to prevent their introduction and establishment. It
is striking that the production of updated checklists of alien species introduced
on a territory and the identification of pathways and distributions underlie the
adoption and prioritization of efficient management actions.

The phenomenon of biological invasions and of introductions of alien
species in the Tuscan Archipelago is not new in the floristic researches on the
Archipelago. Occasionally, the presence of alien plants was recorded since the
earlier contribution on the flora of the Tuscan archipelago (starting from around
mid-1850s) towards the most recent, as the floristic lists of Montecristo (Paoli
and Romagnoli 1976) and Elba Island (Fossi Innamorati 1983, 1989, 1991,
1994, 1997), the contributions by Baldini (1998, 2000, 2001) for Giglio,
Pianosa and Giannutri and by Foggi et al. (2001) for Capraia and the islets’
floras (Baldini 1990, 1991; Foggi et al. 2009). Furthermore, especially in the
last few years several single contributions with records of single or few species
were produced for the Tuscan Archipelago.

Since 1990s the Tuscan Archipelago National Park started several
project aimed to the management of some well-known invasive species. They
were mostly developed within the EU LIFE program. The project LIFE - Natura
B4-3200/97/271 "Capraia and the smaller islands of Tuscany: conservation of
biodiversity" focused on the eradication of black rat (Rattus rattus) on several
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islets of the Archipelago and of alien plants, Ailanthus altissimus and
Carpobrotus sp. pl. from Capraia. Later project LIFEO4NAT/IT/000172
"Tuscan Islands: new actions for sea birds and habitats” again was focused on
the eradication of black rat from the island of Giannutri and the islet of La
Scola, as well as the control of the feral cat (Felix catus) population and other
problematic invasive, but native, plant species (i.e Pinus halepensis), on
Pianosa. The eradication of black rat and Ailanthus altssima on Montecristo was
also the aim of LIFEO8 NAT/IT/000353 “Montecristo island 2010: eradication
of invasive alien flora and fauna and protection of species and habitat in the
Tuscan archipelago”. This project was focused also on the eradication of
invasive alien species on Pianosa (i.e Ailanthus altissimus; Carpobrotus sp. pl.;
Acacia sp. pl. and Senecio angulatus). Furthermore, a LIFE project (LIFE13-
NAT_IT_000471) has recently started focusing habitat restorations and on the
eradication of several plant species in Montecristo and Giannutri, as well as on
eradication of black rat on Pianosa.

In spite of this attention to the matter since the last years it was
completely lacking a comprehensive approach to the problem, particularly to
alien plants. Indeed the records of alien plant available in the literature regarded
mainly few well known species, occasionally found during the field
explorations aimed to the depiction of native flora. Furthermore it was
completely lacking any distributive or ecological investigation on the
phenomenon, resulting in a massive lack of such kind of information. Also the
actions undertaken by TANP were mainly focused on an essential, but still
restricted, pool of invasive plants.

Arrigoni and Viegi (2011) published a booklets on the alien plants of
Tuscany, unfortunately this paper reported old data, without a precise
geographic information and with a classification of the “invasive status” not
properly in accordance with the standard nomenclature.

Finally starting from 2011, within the CoREM framework
(Cooperazione delle Reti Ecologiche nel Mediterraneo - Cooperation of
Ecological Networks in the Mediterranean), TANP began a significant
comprehensive project aimed to an in-deep investigation of the issues of
biological invasion. The project was dedicated to the production of checklists of
the alien biota introduced in the TANP territories and in the definition of black
list of particularly invasive species.

Given the high importance of basic knowledge and the implications that
it can have on efficient control of the phenomenon, with this PhD thesis, and
within TANP CoREM project, we started a research project devoted to updating
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the current knowledge of the alien flora of the Tuscan Archipelago. The project
led to the publication of some minor contributions and finally to the production
of the “check list of alien flora of the Tuscan Archipelago”.

The work aimed not only to record the presence of alien species across
the island of Tuscan Archipelago, but an essential aim was to assess the
invasive behavior of these species. Toward these aim we decide to assess the
“invasive status” of the species according to the terminology introduced by
Richardson et al (2000) and Pysek et al. (2004). The concepts and terms
definition introduced by the authors offer the possibility to characterize, with
fair precision, species' residence and invasion status, aiming to allow a better
understanding between taxonomists and ecologists and more detailed
comparative analyses of alien floras of various regions of the world (Pysek et al.
2004).

According to this terminology, we distinguished the species between:

Casual alien plants - Alien plants that may flourish and even
reproduce occasionally outside cultivation in an area, but that
eventually die out because they do not form self-replacing
populations, and rely on repeated introductions for their
persistence.

Naturalized plants - Alien plants that sustain self-replacing
populations for at least 10 years without direct intervention by
people (or in spite of human intervention) by recruitment from
seed or ramets (tillers, tubers, bulbs, fragments, etc.) capable of
independent growth.

Invasive plants - Invasive plants are a subset of naturalized plants
(Fig. 2) that produce reproductive offspring, often in very large
numbers, at considerable distances from the parent plants, and thus
have the potential to spread over a large area.

The collection of the data required to the development of the checklist
embraced two main phases. The first phases regarded the gathering of all
literature available on alien plant in Tuscan Archipelago, thus including all the
works cited above on the floras of the Tuscan Archipelago up to the several
single records produced more recently. All this information was stored in a
DataBase, which allowed to query the information collected, highlighting
eventual lacking of information and allowing to concentrate the investigations
on the less known taxa or areas of TANP. Subsequently to the gathering of all
the literature, started a massive field exploratory phase. This work aimed both to
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improve the collection of presence data, especially for islands or species less
known, and to evaluate the “invasion status” of the species across the islands.
Thus, we visited all the islands of the Archipelago several time, in different
periods of the year, aiming to cover the time variability in the phenology of the
species. This collection of data was an essential part of the activities undertaken
in the years 2012-2013, and led to the production of several minor contributions
mainly reporting new records of alien species (see sections 3.1-2).

Throughout 2013 and early 2014 we started an essential phase of
synthesis of the data collected. This work passed through the cross-checking of
a huge number of herbarium specimens of alien species stored in the herbarium
of Florence. On the one hand, this work aimed to confirm the suitability of
oldest records, but it also allowed us to enhance our general knowledge on these
species and to evaluate their presence in the Tuscan Archipelago across time.

We encountered and faced several issues, mainly regarding the unclear
taxonomic position of certain species, misused names and wrong identification
found across literature. The two problems were actually often linked, because
difficulties in correct identifications in past often led to use of wrong or invalid
names or to the misinterpretation of the species identity. These issues regarded
mainly the groups of Australian Acacias, Amaranthus sp pl. and Erigeron sp. pl.

Finally one last phase of the production of the checklist, regarded the
collection of general information on the species, such as residence time,
biological form, the introduction pathway, and the study of variation of these
traits among time, aiming to identify important trends in the evolution of plant
invasions in the Tuscan Archipelago.

The results of this researches, consisting in the updated checklist of
alien plant of the Tuscan Archipelago and in the evaluation of its main traits
were finally published in 2014 (Section 3.3).
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3.1 Contribution to the knowledge of the alien flora of Tuscan Archipelago,

Italy.

] Alti Soc. it. Sei. nat. Museo civ. Stor. nat. Milano, 154 (1): 3-24, Settembre 2013 |
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Contributo alla conoscenza della flora esotica
dell’ Arcipelago Toscano, Italia

Riassunto - Vengono segnalate nuove specie esotiche spontancizzate in Arcipelago Toscano, Per
ogni faxorr =ono riponati lo status di nateralizzazione, sia per ciascuna isola che per witto 1" Arcipelago, e
dati relativi alla distribuzione locale. Delle 40 specie elencate, 23 risultano nuove per il territorio dell” Ar-
cipelago Toscano, tra le quali 10 nuove per IMintera Toscana; le restanti sono nuove per una o pid isole,

Parole chiave: Arcipelago Toscano, flora esotica, Mediterranco, status.

Abstract - Contribution to the knowledge of the alien flora of Tuscan Archipelago, Italy,

A list of new alien species in Tuscan Archipelago is presented. For each savern local distribution
and status of naturalization are specified. 23 of 40 species were not previously recorded for Tuscan
Archipelago, 10 of these are new to Tuscan flora. The remaining ones are new to different islands,

Keywords: Tuscan Archipelago, alien flora, Mediterranean, status.

Introduzione

Il presente lavoro costituisce un primo contributo per la compilazione di una Chec-
klist aggiornata delle piante aliene spontaneizzate in Arcipelago Toscano. Viene pre-
sentata una serie di nuove segnalazioni per le singole isole o per 'intero Arcipelago,
aleune delle quali risultano nuove per |'intero territorio regionale della Toscana,

Materiali e metodi

Le presenti segnalazioni sono il risultato di erborizzazioni e indagini sul campo
condotie sulle isole dell” Arcipelago Toscano (Fig. 1) nel 2008 e tra il 2011 e il
2012. Sono state effettuate osservazioni corredate dalla raccolta di dati geografici
{coordinate delle stazioni rilevate mediante un GPS), fotografie e, quando possi-

* Dipartimento di Biologia Evoluzionistica dell’Universitd degli Studi di Firenze, Laboratorio
di Biologia Vegenale, Via G. La Pira 4, 50121 Firenze, ltaly; e-mail: lorenzo.lazrarof@unifi.it
giulioferrettii@unifi.it; lastruccilorenzo7 3@ gmail.com; bruno. foggif@unifi.i

** Sezione di Botanica, Museo di Storia Naterale di Milano, Corso Venezia 55, 200121 Milano, ltaly;
e-mail: gabriele.galassofcomune.milano.it
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bile, campioni di erbario. Questi ultimi sono conservati presso I'Erbario Centrale di
Firenze (FI) ¢ presso I'Erbario del Musco di Storia Naturale di Milano (MSNM).
Lanomenclatura utilizzata segue Banfi er al. (2009) e Celesti-Grapow er al. (2010),
tranne alcuni casi opportunamente specificati. Le specie sono riportate in ordine alfa-
betico e, laddove necessario, sono indicati i principali sinonimi. Per ogni entita sono
fornite le informazioni su presenza, distribuzione e status di naturalizzazione nelle
singole isole; per la valutazione di quest’ultimo sono state adottate le definizioni di
Richardson et al. (2000) e Pysek et al, (2004): casuale, naturalizzato, invasivo. In
parentesi quadra ¢ indicato lo status in Arcipelago (considerando il valore pil alto tra
quelli delle singole isole, secondo I'ordine invasivo > naturalizzato > casuale); segue
I'elenco alfabetico delle isole sulle quali la specie ¢ stata rinvenuta allo stato spon-
taneo, ciascuna con il grado di naturalizzazione presentato su di essa dalla specie in
questione. | dati sulla presenza in Toscana sono stati desunti da Celesti-Grapow ef al.
(2009, 2010) ¢ Arrigoni & Viegi (2011). Viene utilizzata la seguente simbologia:
! = prima segnalazione per la Toscana,
* = prima segnalazione per I' Arcipelago Toscano,
isola in grassetto = prima segnalazione per I'isola,
CAS = casuale,
NAT = naturalizzata,
INV = invasiva,
NR = specie non ritrovata, presumibilmente estinta localmente.
Laddove siano stati raccolti campioni si cita la dicitura del cartellino d’erbario, nel
seguente ordine: localita; data di raccolta; raccoglitore/i; coordinate cartografiche nel
sistema di riferimento UTM (WGS84) ed erbario in cui ¢ stato depositato il saggio.
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Fig. | - Inquadramento geografico dell’ Arcipelago Toscano. / Geographical overview of Tuscan Archi-
pelago.
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Risultati e discussione
Si segnalano 40 specie, delle quali 23 mai rinvenute in Arcipelago Toscano; tra
queste ultime 10 risultano nuove per la Toscana,

Acacia dealbata Link (Fabaceae)
(= Racosperma dealbatum (Link) Pedley)
[INV] - Elba: INV; Giglio: NAT

Si conferma la presenza di questa specie all’lsola d’Elba (Hofmann et al.,
1998) e si evidenzia la sua invasivitd: numerosi sono infatti i nuclei spontaneiz-
zati, derivati da individui coltivati, diffusi sia in giardini e aree urbanizzate sia in
ambiti naturali. Particolarmente rilevanti i casi di Monte Perone, Monte Calamita
e Rio nell’Elba, dove sono presenti dense formazioni monospecifiche in rapida
espansione. Per I"isola del Giglio si tratta della prima segnalazione; qui sono stati
riscontrati alcuni nuclei spontaneizzati in espansione, anch’essi derivati da indivi-
dui coltivati (tra Giglio Castello e Campese, loc. Villaggio Grotte; in prossimita di
Giglio Castello; Giglio Porto, strada per Arenella).

Exsiceara: 1sola d’Elba, Marciana Marina, loc. Bagno (SP 25); 19.06.2008; . Galasso; UTM:
32T 599431.4738753 (MSNM). Isela d’Elba, Campo nell’Elba, tra San Piero in Campo ¢ Sant’[lario
in Campo (via dell” Accolta); 22.06.2008; & Galexso; UTM: 32T 5984734 (MSNM), lsola d'Elba,
tra Monte Calamita ¢ Monte Le Torricelle (Capoliveri); 28.09.2002; G, Fervei & C, Giuliani; UTM;
32T 6145924731737 (FI).

! Acacia melanoxylon R.Br. (Fabaceae)
(= Racosperma melanoxylon (R.Br.) Mart. = Racosperma melanoxylon (R.Br.)
Pedley, comb. superfl.)
[MAT] - Capraia: CAS; Elba: NAT

Prima segnalazione per la Toscana. In FI é depositato un campione raccolio da
Chiarugi nel 1956 nei pressi di Castiglioncello (Rosignano Marittimo, LI), erronea-
mente riferito a questa specie e attualmente in corso di studio. A. melanoxylon é stata
rinvenuta all’lsola d’Elba in evidente stato di spontaneizzazione in due o tre stazioni
ben localizzate, in localita Margidore (la pit considerevole, con penetrazione nella
pineta limitrofa), salendo a San Martino vicino alla Villa di Napoleone e presso
Villa Damiani. Una piccola stazione & stata rinvenuta anche all’lsola di Capraia, in
un'area incolta nei pressi della chiesa del paese.

Exsiceata: Capraia lsola, zona incolta nei pressi della chiesa; 06.05.2011; B. Fopgi, L. Lastrucci
& R, Calamassiy, UTM: 32T 5685804766453 (FI). Isola d’Elba, loc. Picchiare, Villa Damiani (Por-
toferraio); 17.02.2012; &, Ferrend & L. Lazzaro; UTM: 32T 609439.4738390 (F1). 1sola d’Elba, loc.
Margidore, cospicua rinnovazione in pineta bordo strada (Capoliveri); 17.02.2012; &, Ferverd & L.
Lazzaro; UTM: 32T 6082594735705 (FI).

Acacia pyenantha Benth. (Fabaceae)
(= Racosperma pyenanthum (Benth.) Pedley)
[INV] - Elba: INV; Pianosa: NAT

Prima segnalazione per I'Elba, dove si ritrova in dense formazioni monospeci-
fiche in espansione nei pressi del Monte Torricelle. Conferma per Pianosa (Baldini,
2000}, dove & stato avviato un progetto di eradicazione,

Exsiceara; Isola d’Elba, Monte Le Torricelle, pendici a est (Capoliveri); 28,09.2002; G, Ferrert
& O Giwdiani; UTM: 32T 6158124731697 (FI). lsola di Pianosa, nei pressi di Poggio alla Quercia;
15.04.2010; 5. Ferreni & B. Foggi, UTM: 32T 589716.4714255 (FI).
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* Acacia saligna (Labill.) H.L.Wendl. (Fabaceae)
(= Mimosa saligna Labill. = Racosperma salignum (Labill.) Pedley)
[NAT] - Pianosa: NAT

Prima segnalazione per I'Arcipelago Toscano, ove abbiamo osservato alcuni
individui naturalizzati sull’Isola di Pianosa. In Toscana ¢ indicata come naturaliz-
zata da Celesti-Grapow er al. (2009, 2010). Analogamente ad A. pycnantha, & stato
avviato un intervento di eradicazione.

Exsiccata: 1sola di Pianosa, tra la Torretta S. Marco e Punta Libeccio; 03.03.1999; R.M. Baldini &
L. Vivona (F1! sub Acacia pycnantha). Isola di Pianosa, nei pressi di Poggio alla Quercia; 15.04.2010;
G. Ferretti & B. Foggi; UTM: 32T 589721.4714258 (FI). Isola di Pianosa, nei pressi di Punta del
Segnale; 15.04.2010; G. Ferretti & B. Foggi; UTM: 32T 587683.4713853 (FI).

Aeonium arboreum (1..) Webb & Berthel. (Crassulaceae)
(= Sempervivum arboreum L.)
[NAT] - Capraia: NAT; Elba: CAS; Giannutri: CAS; Giglio: NAT; Gorgona:
CAS; Pianosa: NAT

Prima segnalazione per I'Isola d’Elba, Capraia e Giannutri; conferma per Giglio
(Baldini, 1998), Gorgona (Arrigoni & Viegi, 2011) e Pianosa (Baldini, 2000). Questa
specie presenta la maggiore diffusione a Pianosa, dove si rinviene piuttosto comune-
mente nelle zone antropizzate, su buona parte dei muri a secco che recingono alcune
aree del paese e in corrispondenza della Torre di Babele. Nel resto dell’ Arcipelago
manifesta minore vigoria, pur essendo abbastanza diffusa a Capraia e al Giglio; su
quest’ultima isola mostra evidenti segni di rinnovazione, riproducendosi per seme
nelle tasche terrose della scogliera tra Giglio Porto e Le Cannelle.

Anredera cordifolia (Ten.) Steenis (Basellaceae)
(= Boussingaultia cordifolia Ten.)
[NAT] - Capraia: NAT; Elba: NAT; Giglio: NAT; Gorgona: NAT; Pianosa: NAT
Specie gia segnalata all’Isola del Giglio (Baldini, 1998), Gorgona (Rizzotto,
2011) e Capraia (Arrigoni & Viegi, 2011). Si aggiungono qui le prime segnalazioni
per Elba (Pomonte, Capoliveri) e Pianosa (Porcile, Sembolello, il Giudice). La
specie ¢ solitamente legata agli ambienti antropici, dove si espande con notevole
vigoria addossandosi alle infrastrutture e alla vegetazione naturale.
Exsiccata: 1sola d’Elba, Pomonte, parte bassa del paese, su rudere abbandonato; 28.09.2012; G.
Ferretti & C. Giuliani; UTM: 32T 591877.4733458 (FI). Isola di Pianosa, nei pressi del Giudice;
28.09.2012; L. Lazzaro & B. Foggi; UTM: 32T 589240.4714489 (FI).

Asclepias fruticosa L. (Apocynaceae)
(= Gomphocarpus fruticosus (L.) W.T.Aiton)
[NAT] - Elba: CAS; Giglio: NAT
Prima segnalazione per I'Isola d’Elba, dove sinora ¢ stata ritrovata un’unica sta-
zione con diversi individui spontaneizzati nei pressi di Porto Azzurro, sulla strada
per il Monserrato. La pianta ¢ stata segnalata all’Isola del Giglio da Baldini (1998).
Exsiccata: Isola d’Elba, Porto Azzurro, strada per il Monserrato; 18.02.2012; G. Ferrerti & L.
Lazzaro; UTM: 32T 614600,4737060 (F1).

Austrocylindropuntia subulata (Muehlenpf.) Backeb. (Crassulaceae) (Fig. 2)

(= Pereskia subulata Muehlenpf. = Opuntia subulata (Muchlenpf.) Engelm. =
Cylindropuntia subulata (Muehlenpf.) F.M.Knuth)
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~

Fig. 2 - Isola di Pianosa: Austrocylindropuntia subularta in prossimitd dell’abitato. / Pianosa Island;
Austrocylindropuntia subulata near the village (Foto / Photo B. Foggi)

[NAT] - Capraia: NAT; Elba: NAT: Giannutri: CAS; Giglio: CAS: Montecristo:
CAS: Pianosa: NAT

Prima segnalazione per Capraia (al Faro), Giannutri (area residenziale), Monte-
cristo (nei pressi della Villa Reale) e Pianosa (in Paese, zona Teglia); conferma dei
dati di Guiggi (2008) per Elba e Giglio. Si tratta di una pianta con elevata capacita
propagativa, per cui in prossimita degli individui coltivati si registra quasi sempre
la sua spontaneizzazione (Arrigoni & Viegi, 2011).

! Callitropsis glabra (Sudw.) D.P.Little (Cupressaceae)
(= Cupressus glabra Sudw. = Cupressus arizonica Greene subsp. glabra (Sudw.)
A.E.Murray = Hesperocyparis glabra (Sudw.) Bartel = Neocupressus arizonica
(Greene) de Laub. var. glabra (Sudw.) de Laub. = Cupressus arizonica auct., non
Greene)
[NAT] - Elba: NAT

Prima segnalazione per la Toscana. Specie ampiamente utilizzata a scopo orna-
mentale e per alberature, finora mai trovata allo stato spontaneo anche a causa della
confusione con la congenere C. arizonica, rispetto alla quale merita autonomia a
rango specifico (Little, 2006). Si ricorda che i cipressi del nuovo mondo sono stati
separati su base filogenetica da quelli del vecchio mondo. Rispetto alle trattazioni di
Adams ef al. (2009), de Laubenfels (2009) ¢ de Laubenfels er af. (2012), che sepa-
rano ulteriormente i cipressi del nuovo mondo (Hesperocyparis Bartel & R.A.Price
= Neocupressus de Laub., nom. illeg.) da Callitropsis nootkatensis (D.Don) Oerst.
(sempre nordamericana), noi preferiamo seguire Little (2006), che li mantiene uniti
sotto il genere Callitropsis Oerst., poiché esistono ben tre ibridi a vario grado di
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fertilita tra i due presunti generi; a parte rimane Xanthocyparis vietnamensis Farjon
& T.H.Nguyén del sudest asiatico.

Vengono qui segnalati alcuni nuclei in evidente stato di naturalizzazione
all’Isola d’Elba, tra il Monte Le Torricelle e il Monte Calamita, dove probabilmente
C. glabra & stata introdotta coi rimboschimenti degli anni *50-"70 del secolo scorso
(Gatteschi & Arretini, 1989, sub Cupressus arizonica). La specie € presente come
culta anche in altre isole, ma non abbiamo riscontrato altri casi di spontaneizza-
zione.

Exsiccata: 1sola d’Elba, tra M. Le Torricelle ¢ M. Calamita (Capoliveri); 17.02.2012; G. Ferretti
& L. Lazzaro; UTM: 32T 6151064731677 (F1).

* Campsis radicans (L.) Burcau (Bignoniaceac)
(= Bignonia radicans L. = Campsis radicans (L.) Seem., comb. superfl. = Tecoma
radicans (L.) Juss.)
[NAT] - Giglio: NAT

Ampiamente utilizzata come rampicante ornamentale, ¢ presumibilmente col-
tivata da molto tempo in quasi tutte le isole dell’ Arcipelago, ma non ¢ mai stata
rinvenuta spontaneizzata. Si segnalano qui alcuni nuclei naturalizzati sull’Isola del
Giglio, presso Giglio Campese e Giglio Porto; uno, in particolare, ¢ stato rinvenuto
poco sopra Giglio Porto, al margine della strada per Castello, a notevole distanza
dai centri abitati ¢ quindi completamente affrancato dagli individui coltivati. In
Toscana ¢ indicata da Arrigoni & Viegi (2011) come occasionale nella Macchia
lucchese.

Exsiccata: 1sola del Giglio, poco sopra Giglio Porto, al margine della strada per Giglio Castello;
15.07.2011; G. Ferrenti & B. Foggi, UTM: 32 T 656836.4692398 (FI).

Carpobrotus acinaciformis (1..) L.Bolus (Aizoaceae) (Figg. 3-4)
(= Mesembryanthemum acinaciforme L.)
[INV] - Capraia: INV; Elba: INV; Giannutri: INV; Giglio: INV; Gorgona: INV;
Montecristo: CAS: Pianosa: INV

Prima segnalazione per I'Isola di Gorgona, in localita Torre Nuova, conferma
nelle altre isole (Baldini 1998, 2000, 2001; Foggi ef al., 2001; Fossi Innamorati,
1983). La stazione di Villa Reale di Montecristo, citata da Paoli & Romagnoli
(1976) e non piu rinvenuta negli ultimi anni, ¢ stata confermata dalla nostra inda-
gine che ha permesso di individuare alcune plantule di un anno sui muri a secco di
Cala Maestra. Il recente intervento di derattizzazione dell’isola e il controllo della
pressione del carico pascolivo da parte delle capre potrebbe averne favorito la rin-
novazione da seme, finora ostacolata da tali presenze.

Carpobrotus edulis (L.) N.E.Br. (Aizoaceae) (Figg. 3-5)
(= Mesembryanthemum edule L.)
[INV] - Elba: NAT; Giannutri: INV; Giglio: INV

Specie spesso confusa o inclusa in C. acinaciformis e quindi probabilmente
sottostimata nei precedenti lavori. In accordo con Hartmann (2001) manteniamo
separate le due entita e segnaliamo la presenza di alcune popolazioni di C. edulis a
Giannutri (in prossimita del vecchio aeroporto; al Faro, presso lo scoglio dei Grot-
toni) e al Giglio (Giglio Porto, scogliere a nord; spiaggia di Cannelle; Campese,
scogliere nei pressi della Torre). Citata genericamente per I’Elba da Arrigoni &
Viegi (2011).
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Fig. 3 - 1sola di Gorgona: fiori di Carpobrotus acinaciformis ¢ foglie di C. edulis nelle vicinanze del
porto. / Gorgona Island: flowers of Carpobrotus acinaciformis and leaves of C. edulis near the heaven.
(Foto / Photo G. Ferretti).

Fig. 4 - Isola di Giannutri: Carpobrotuy acinaciformis ¢ C. eduliy presso Punta San Francesco. / Gian-
nutri Island: Carpobrotus acinaciformis and C. edulis at Punta San Francesco. (Foto / Photo G. Fer-
retti).
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Fig. 5 - Isola di Giannutri: Carpobrotus edulis sulle scogliere presso Cala Spalmatoio. / Giannutri
Istand: Carpobrotus edulis on the rocky shore at Cala Spalmatoio. (Foto / Photo G. Ferretti).

* Cortaderia selloana (Schult. & Schult.f.) Asch. & Graebn. (Poaceae)
(= Arundo selloana Schult. & Schult.f)
[INV] - Elba: INV
Prima segnalazione per I’ Arcipelago. Si tratta di una specie ampiamente utiliz-
zata a scopo ornamentale che ha dimostrato un forte carattere invasivo in altre aree
mediterranee (Domeénech & Vila, 2007). Allo stato spontaneo ¢ diffusa in numerose
localita dell’Elba; di particolare rilievo un nucleo molto esteso nei pressi di Porto-
ferraio, dove diverse decine di individui hanno colonizzato un’area incolta soggetta
a ristagno idrico. Citata per la Toscana continentale da Arrigoni & Viegi (2011).
Exsiccata: 1sola d'Elba, Portoferraio, in periferia, lungo ln SP 24, area incolta soggetta a ristagno
idrico; 28.09.2012; G. Ferretti & C. Ghuliani; UTM: 32T 606866.4739561 (F1).

! Cotyledon orbiculata .. (Crassulaceae)
[CAS] - Capraia: CAS; Elba: CAS; Giannutri: CAS; Giglio: CAS; Pianesa:
CAS

Questa specie, mai segnalata allo stato spontaneo in Toscana, & ampiamente
utilizzata a scopo ormamentale in Arcipelago Toscano, dove risulta spontaneizzata
sulle seguenti isole: Capraia, pendice lungo la strada tra il porto ¢ il paese; Elba, S.
Andrea, sulle scogliere; Giannutri, paese, sopra al campo sportivo; Giglio, lungo
la strada per |'Arenella; Pianosa, La Centrale. Al momento le giovani piante si
mantengono nelle vicinanze dei nuclei di origine ¢ non si sono mai osservate signi-
ficative presenze in contesti naturali. Tuttavia, trattandosi di specie con elevata
capacita propagativa, la situazione € da tenere sotto osservazione.

Exsiccata: Isola di Pianosa, in paese: 03.07.2011; B. Foggi, UTM: 32T 590133.4715530 (FI).
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! Crassula lycopodioides Lam. (Crassulaceae)
[CAS] - Elba: CAS; Giannutri: CAS; Giglio: CAS

Prima segnalazione per la Toscana. Osservata per la prima volta spontaneiz-
zata in Arcipelago Toscano nel 2012, sempre in situazioni antropizzate, ma con
massiccia produzione di propaguli affrancati dagli individui coltivati. La si riporta
per I'lsola d*Elba (Pomonte, nei pressi dell’Hotel Corallo), Giannutri (in paese) ¢
Giglio (Giglio Porto, presso la fontana di Via del Castello).

Exsiveata: [sola d”Elba, Pomonte, nei pressi dell"Hotel Corallo (Marciana); 30.05.2012; G, Fer-
retii & L. Lazzaro; UTM: 32T 658051 4691494 (F1). Isola di Giannutri, in paese, nei pressi dei gene-
ratori; 22.00.2012; & Fervend & L. Lazzave; UTM: 32T 6732494680131 (FI).

Cupressus sempervirens L. (Cupressaceae)
[NAT] - Capraia: CAS; Elba: NAT; Giglio: NAT; Gorgona: CAS; Pianosa: NAT
Prima segnalazione per 1'lsola di Pianosa, dove & presente una popolazione in
evidente stato di naturalizzazione lungo la strada a nordest del Cardon, verso il
cimitero dei carcerati. Si conferma nelle altre isole: coltivata a Giannutri e Mon-
tecristo, spontaneizzata altrove (Baldini, 1998, 2001; Foggi e al, 2001; Fossi
Innamorati, 1983; Paoli & Romagnoli, 1976; Rizzotto, 2011; Arrigoni & Viegi,
2011).
Exsiceara: 1sola di Pianosa, strada a nord del Cardon; 28.09.2012; B. Fogef & L. Lazzaro; UTM:
32T 58T60E.4T15095 (FI).

! Datura wrigthii Regel (Solanaceae)
(= Datura inoxia auct. p.p., non Mill.)
[CAS] - Giannutri: CAS

Prima segnalazione per la Toscana, anche se probabilmente vanno riferite
a questa specie quasi tutte (se non tutte) le precedenti segnalazioni di D. inoxia
{Lambinon, 2006; Verloove, 2008; Verloove ef al., 2010; Banfi & Galasso, 2010).
In FI, ad esempio, & stato cosi rideterminato un campione proveniente dall” Argen-
tario. In Arcipelago Toscano la segnaliamo spontaneizzata a Giannutri {Cala Spal-
matoio e presso i generatori elettrici). Infine riteniamo importante segnalare la sua
coltivazione al Giglio (Giglio Campese), in quanto specie potenzialmente invasiva
e, analogamente alle altre entita del genere Darura, molto pericolosa per la salute
se utilizzata in modo improprio (Banfi er af., 2012).

Exxiceata: 1sola di Giannutri, sopra all’eliporto, all’interno dell’area con i generatori elettrici;
16.07.20011; . Ferrerti & B, Foggi, UTM: 32T 6735894680158 (F1). Monte Argentario (GR), Porto
5. Stefano, ex proprictd Jacovacei, bordi della strada; 03.07.1994; R Baldini (FI! sub Datwra
inoxia),

! Drosanthemum floribundum (Haw.) Schwantes (Aizoaceae)
(= Mesembryanthemum floribundum Haw.)
[CAS] - Elba: CAS; Giglio: CAS

Prima segnalazione per la Toscana. In Arcipelago & presente all’Elba ( Pomonte,
parte alta del paese) e al Giglio (Giglio Campese). Si tratta comunque di stazioni
sporadiche, molto vincolate alla presenza di individui coltivati.

Exsiveaia: [sola d°Elba, Pomonte, parte alta del paese, margine stradale; 28.09.2012; . Ferreni &
C. Griwdigeni; UTM: 32T 5919094733595 (F1). Isola del Giglio, Giglio Campese, ai margini della Torre
del Campese; 15.07.2011: G. Ferretti & B. Foggi; UTM: 32T 6548794692443 (F1).
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* Dysphania ambrosioides (L.) Mosyakin & Clemants (Chenopodiaceae)
(= Chenopodium ambrosioides L. = Chenopodium suffruticosum Willd.)
[MAT] - Elba: NAT

Prima segnalazione per I'Arcipelago Toscano, dove é& stata rilevata all’lsola
d’Elba in localitad Seccheto, S. Andrea e San Mamiliano presso Marina di Campo.
Sulle coste mediterranee si trovano spesso esemplari con base legnosa, a volte indi-
cati come Chenopodium suffruticosum, che tuttavia rientrano nell"ampia variabilita
della specie (Clemants & Mosyakin, 2003},

Exsigeata:; 1sola d”Elba, Campao nell’ Elba, Seccheto, spiaggia; 20.06.2008; G, Galasso; UTM: 32T
SO6345.4732194 (MSNM),

* Ipomeea indica | Burm. ) Merr. (Convolvulaceae)
(= Convedvulus indicus L.)
[MAT] - Elba: NAT
Prima segnalazione per |"Arcipelago Toscano, dove ¢ molto utilizzata come
pianta ornamentale; I’abbiamo osservata naturalizzata all’lsola d’Elba, a nordest di
Porto Azzurro. Citata per la Toscana da Celesti-Grapow ef al. (2009, 2010).
Exsiceata: 1sola d"Elba, Porto Azzurro, via Provinciale est (SP 26); 19.06.2008; . Galasso; UTM:
FIT H14T04.4TI6534 (MSNM),

! Kalanchod = houghtonii D.B. Ward (Crassulaceae)

(= Bryvophyilum =houghtonii (D.B.Ward) PLForst. = Kalancho# daigremontiana
auct., non Raym.-Hamet & H_Perrier = Kalanchod daigremontiana Raym_-Hamet
& H.Perrier = Kalanchod delagoensis Eckl. & Zeyh.)

[MAT] - Elba: CAS; Giannutri: NAT; Pianosa: NAT

Ibrido originatosi in serra a partire da specie (allopatriche) malgascie, descritto
di recente (Ward, 2006) ma gia conosciuto da prima come pianta esotica invasiva,
spesso confuso con K. daigremontiana. La pianta pud essere distinta agevolmente
in base alla forma della base della lamina e alla tipologia della dentatura {Shaw,
2008; Ward, 2008); il colore dei fiori & invece variabile, andando dal rosso scuro
citato nel protologo (Ward, 2006) fino al salmone (Hannan-Jones & Playford,
2002},

Questi ritrovamenti costituiscono la seconda segnalazione per I"ltalia (Podda er
al., 2012) e la prima per la Toscana, ma & sicuramente pill diffuso in quanto prima
non veniva distinto da K. daigremontiana. Ad esempio, il dato relativo a K. daigre-
mantiana citato per la Toscana da Celesti-Grapow et al. (2009, 2010) & da riferire a
questo ibrido in quanto deriva dal campione di Rio nell’Elba. Nella maggior parte
dei casi (Elba, Rio Marina; Giannutri, in paese; Pianosa, in paese) le popolazioni
rinvenute sono ampie e rilevanti, anche se al momento restano circoscritte alle aree
antropizzate. Largamente naturalizzato in Australia (Hannan-Jones & Playford,
2002; Hosking er al., 2003), Caraibi e Florida (Ward, 2006, 2008), si diffonde prin-
cipalmente (se non esclusivamente) per via vegetativa. Nell’ Arcipelago le nuove
piante non sembrano in grado di distanziarsi molto dai nuclei di origine, anche se a
Giannutri iniziano a collocarsi sempre pit spesso ai margini della macchia mediter-
ranea. [l maggior rischio per le nuove colonizzazioni risiede nell’abbandono degli
scarti di pulizia dei giardini.

Exsiceata: 1sola d"Elba, Rio nell”Elba, Circonvallazione Provinciale (SP 33), a est del centro abi-
tato; 18,06,2008; 6. Galasso; UTM: 32T 6146484740061 (MSNM). Isola di Giannutri, nei pressi di
Cala Spalmatoio, margini stradali; 16,07.2011; &, Ferrenti & B, Foggi; UTM: 32T 6735854680221

36



CONTRIBUTO ALLA COROSCENZA DELLA FLORA ESOTICA DELL ARCIPELAGO TOSCARD, ITALIA 13

(F1). Isola di Pianosa, terrapieno del muretto della strada per il porto; 28.09.2012; 8. Fogei & L.
Lazzaro; UTM: 32T 590180.47 15666 (F1).

* Lantana camara L. (Verbenaceae)
[NAT] - Giannutri: CAS; Giglio: NAT

Mai segnalata spontaneizzata in Arcipelago, seppure comunemente coltivata in
buona parte di esso. Si osservano sporadiche spontaneizzazioni nell’area residen-
ziale di Giannutri e nei principali centri abitati del Giglio; in particolare la specie
mostra una decisa tendenza alla naturalizzazione in una piccola area presso Giglio
Porto. In Toscana & stata segnalata da Arrigoni & Viegi (2011).

Exsiveata: [sola del Giglio, poco sopra Giglio Porto, lungo la strada per Le Cannelle, in parcheggio
privato: 03.07.2012; &. Ferretti & L. Lazzaro; UTM: 32T 6584374691138 (FI).

* Ligustram fucidum W.T.Aiton {Oleaceae)
[NAT] - Elba: NAT

Prima segnalazione per ' Arcipelago. Si tratta di una pianta molto utilizzata
per la realizzazione di siepi, che pud essere rinvenuta occasionalmente sponta-
neizzata. Se ne segnala la presenza nei pressi di Porto Azzurro e a Bagno, all’lsola
d’Elba.

Exsiceata: 1sola d'Elba, Porto Azzurro, Localith Sassi Turchini (SP 26), Casa Rosario; 18.06.2008;
. Crarfassog UTM: 32T 6153114736816 (MSNM).

Mesembryanthemum cordifolinm 1.1, (Aizoaceae)
(= Aptenia cordifolia (L.£) Schwantes)
[INV] - Elba: NAT; Giannutri: INV; Giglio: NAT, Gorgona: NAT; Pianosa: NAT
Se ne conferma la naturalizzazione sulle scogliere di Gorgona (Rizzotto, 2011)
e si segnala per la prima volta la sua comparsa sulle isole Elba, Giannutri, Giglio
e Pianosa. In particolare, si evidenziano le situazioni del Giglio, ove la pianta é
diffusa nei pressi di Campese, e di Giannutri; su quest’ultima isola, oltre ad essere
abbondantemente presente nell’area residenziale, la specie ha formato una cospi-
cua popolazione a Punta Secca, che si estende per alcuni metri quadrati sugli scogli
in prossimita del mare.
Exsiceaia: 1sola d°Elba, Rio Marina, Monte Fico, versante orientale, via Calabaroccia-Ponicciolo;
18.06.2008; G, Gealassoy UTM: 32T 6164740 (MSNM). Isola d"Elba, all’ingresso di Rio nell’Elba;
28.09.2012; &, Ferrentf & C, Glulfani; UTM: 32T 6146114741382 (FI).

* Mirabilis jalapa L. (Nyctaginaceae)
[MAT] - Elba: NAT; Giglio: NAT; Pianosa: NAT

Prima segnalazione per 1" Arcipelago, dove risulta molto diffusa lungo i mar-
gini stradali e nei pressi delle aree urbane. AllI’Elba é estremamente comune nei
centri abitati e nelle loro vicinanze, cosi come al Giglio, dove la segnaliamo a
Giglio Castello e Giglio Campese, e a Pianosa, dove & stata rinvenuta nei pressi del
Giudice, del Sembolello e del Porcile. In Toscana € segnalata da Arrigoni & Viegi
(2011),

Exsiceata: I1sola d’Elba, Rio nell’Elba, Circonvallazione Provinciale (SP 33), a est del centro
abitato; 18062008, . Galasso; UTM: 32T 6146484740961 (MSNM). [sola d*Elba, Rio Marina,
via Calabaroccia-Porticciolo, il Porticeiolo; 19.06.2008; & Galasse; UTM: 32T 6169064740074
(MSMNM). [sola d"Elba, Pomonte, parte bassa del paese, vicine a rudere abbandonato; 28.09.2012; (.
Fervend & C. Ginliani, UTM: 32T 591877.4733458 (FI).
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! Myoporum insulare R.Br. (Scrophulariaceae)
[CAS] - Elba: CAS; Giannutri: CAS

Prima segnalazione per la Toscana. La specie, identificata tramite le chiavi di
Chinnock (2007), ¢ stata rinvenuta all'Isola d'Elba (Patresi) ¢ all'lsola di Giannutri
(Cala Spalmatoio). In entrambi i casi si tratta di introduzioni effettuate a fini coltu-
rali, che occasionalmente mostrano tendenza alla spontaneizzazione. Cio € partico-
larmente evidente a Giannutri, ove alcuni individui si sono stabiliti sulle scogliere
in prossimita del mare,

Riportiamo inoltre la presenza di Myvoporum laetum G.Forst. sull’Isola di Mon-
tecristo, dove era stata segnalata da Paoli & Romagnoli (1976, sub M. punctulatum
Schitdl.). Trattandosi di un solo individuo, evidentemente coltivato, non riteniamo
pero opportuno inserirla nella lista delle specie spontaneizzate.

Exsiccata: (Mvoporum insulare) Isola d"Elba, Patresi, margine stradale lungo la SP 25, in pros-
simita del paese (Marciana); 28.05.2012; G. Ferretti & B. Foggi; UTM: 32T 591478.4738406 (F1),
Isola di Giannutri, Cala Spalmatoio, sugli scogli presso il porto; 16.07.2011; G. Ferretti & B. Fogyi,
UTM: 32T 673607.4680150 (FI). (Myoporun lactum) 1sola di Montecristo, Cala Maestra, nei pressi
dell’abitato: 14.05.2011: G. Ferrenri: UTM: 32T 606826.4687667 (F1).

Opuntia monacantha Haw. (Cactaceae) (Figg. 6-7)
[NAT] - Capraia: NR: Elba: NAT; Giannutri: NAT; Montecristo: NAT; Pianosa: CAS
Si confermano le informazioni di Guiggi (2008) relative sia alla presenza
sull’Isola d’Elba sia al mancato ritrovamento della stazione di Capraia (exsiccata
sine data et legit in TO). Risultano nuove invece le segnalazioni per le isole di
Giannutri, Montecristo ¢ Pianosa. Si tratta di pochi esemplari spontaneizzati nei
pressi delle aree abitate, dove le piante coltivate generano nuovi individui che ten-
dono a mantenersi nelle loro vicinanze.

Fig. 6 - Isola d"Elba: Opuntia monacantha lungo la strada per il Monserrato, / Elba Island; Opuntia
monacantha along the road 1o Monserrato. (Foto / Photo L. Lazzaro).
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Fig. 7 - Isola di Pianosa: Opuntia monacantha nei pressi dell’abitato. / Pianosa Island: Opuntia mona-
cantha near the village, (Foto / Photo G, Rizzo),

Opuntia stricta (Haw,) Haw. (Cactaceae) (Figg. 8-9)
(= Cactus strictus Haw.)
[INV] - Capraia: INV; Giglio: INV; Pianosa: NR

I campione raccolto da Sommier nel 1901 presso il Cardon di Pianosa, conser-
vato in FI e attribuito a O. ficus-indica (L.) Mill. & stato rideterminato da Guiggi
(2008) come O. stricta. Tuttavia questa segnalazione non risulta confermata dalle
recenti indagini svolte sull’isola. La specie ¢ stata invece confermata a Capraia,
dove era gia stata riportata da Guiggi (2008) e dove risulta estremamente abbon-
dante nelle garighe e sulle scogliere in vicinanza del porto e del paese. Infine al
Giglio, qui riportata per la prima volta, risulta ben rappresentata sia lungo il margine
della strada per Capel Rosso che nei pressi delle Cannelle; in quest’ultima localita
mostra tutta la sua capacita invasiva occupando ampie superfici sia nelle garighe che
su rupi e scogliere.

Oxalis articulata Savigny (Oxalidaceae)
(= Oxalis violacea auct., non L.)
[NAT] - Capraia: NAT; Elba: NAT; Giglio: NAT; Gorgona: CAS; Montecristo:
NAT: Pianosa: NAT

Se ne conferma la presenza sulle isole di Capraia (Foggi er al., 2001), Giglio
(Baldini, 1998) e Gorgona (Rizzotto, 2011). Risultano invece nuove le segnala-
zioni per Elba, Pianosa ¢ Montecristo, dove O. articulata ¢ abbastanza ben rap-
presentata in vicinanza dei centri abitati. Oltre ai campioni citati, all'Elba risulta
presente in numerose localita tra cui Acquaviva, Marciana Marina, Marina di
Campo, Poggio e Pomonte, mentre a Pianosa € stata osservata presso la Cala dei
Turchi e La Centrale. A Montecristo € piuttosto comune nei pressi dell’area abi-
tativa, dove sfugge alla coltivazione ¢ si naturalizza anche sulle sponde del Rio

39



l(, LAZZARO L, FERRETTIGL GALASSO G LASTRUCCIL. & FOGG B

Fig. 8 - Isola del Giglio: Opuntia stricta su rupi ¢ in gariga nei pressi della frazione Le Cannelle. /
Giglio Island: Opuntia stricta on rocks and in garigue near the village Le Cannelle. (Foto / Photo L,
Lazzaro).

Fig. 9 - Isola del Giglio: Opuntia stricta su rupi ¢ in gariga a Le Cannelle. / Giglio Island: Opuntia
stricta on rocks and in garigue at Le Cannelle. (Foto / Photo L. Lazzaro).
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di Cala Maestra. Va precisato che, nell’ambito dell’ Arcipelago Toscano, la specie
¢ stata raccolta per la prima volta sull’Isola di Montecristo da Fabbri, Contardo ¢
Bavazzano nel 1965 e successivamente segnalata da Paoli & Romagnoli (1976),
i quali tuttavia I"avevano erroneamente attribuita a O. vielacea. Una recente revi-
sione del materiale conservato in FI da parte di Adriano Stinca ha corretto la pre-
cedente determinazione; O. violacea risulta pertanto entita da eliminare dalla flora
dell’ Arcipelago Toscano.

Exsiccata: 1sola d'Elba, Capoliveri, via Capo ai Pini (SP 30), Casa Riccio; 18.06.2008; G. Galasso,
UTM: 32T 609069.4735497 (MSNM). Isola d'Elba, Portoferraio, via Valle di Lazzaro (SP 24), tra Car-
pani ¢ Campitelle; 19.06.2008; G. Galasso; UTM: 32T 606609.4739223 (MSNM). Isola di Montecri-
sto, presso I'abitato; 06,05.2012; G. Ferretri; UTM: 32T 606742.4687622 (FI).

* Oxalis debilis Kunth (Oxalidaceae)
(= Oxalis corvmbosa DC. = O. debilis Kunth subsp. corymbosa (DC.) O.Bolos &
Vigo = O. debilis Kunth var. corymbosa (DC.) Lourteig)
[NAT] - Elba: NAT

Prima segnalazione per I'Arcipelago Toscano, ove ¢ stata ritrovata all'Elba,
negli acciottolati del centro storico di San Piero in Campo. Per la sinonimia con
O. corymbosa si veda Banfi & Galasso (2012). In Toscana ¢ stata riportata per il
viareggino da Arrigoni & Viegi (2011).

Exsiceata: 1sola d"Elba, Campo nell’Elba, San Piero in Campo, piazza della chiesa; 22.06.2008; &
Galasxo, UTM: 32T 599126.4733946 (MSNM),

Oxalis dillenii Jacq. (Oxalidaceae)
[NAT] - Elba: NAT; Giannutri: NAT

Prima segnalazione per I'lsola d’Elba, dove ¢ stata rinvenuta a Sant’llario in
Campo e presso San Piero in Campo; citata per Giannutri da Baldini (2001). Specie
comune, a volte confusa con Oxalis stricta L. (= O. fontana Bunge) (Galasso,
2009), spesso naturalizzata in ambiente antropico; segnalata in Toscana da Conti
et al. (2007).

Exsiccata: 1sola d’Elba, Campo nell’Elba, via della Costa (SP 25), C. Vecchia; 20.06,2008; G.
Galayso; UTM: 327 5929584732293 (MSNM). Isola d'Elba, Campo nell”Elba, Sant’lario in Campo,
nucleo storico; 22,06.2008; G. Galasso; UTM: 32T 5993.47353 (MSNM).

* Oxalis latifolia Kunth (Oxalidaceae) (Figg. 10-11)
[NAT] - Elba: NAT; Giglio: NAT

Prima segnalazione per I'Arcipelago, dove se ne rileva la presenza all’isola
d’Elba, presso Pomonte e Marina di Campo, e al Giglio, presso Campese. La specie
¢ stata rinvenuta sia all’interno di aiuole stradali che in vasi e giardini. Anche se
al momento appare localizzata, la rapidita con cui Q. latifolia sta occupando nuovi
spazi nella Toscana continentale (Arrigoni & Viegi, 2011; Pierini, 2011) suggerisce
una sua probabile espansione anche in Arcipelago.

Paraserianthes lophantha (Willd.) 1.C Nielsen (Fabaceae)
(= Acacia lophantha Willd. = Albizia lophantha (Willd.) Benth.)
[NAT] - Capraia: NAT; Elba: NAT

Prima segnalazione per I'isola di Capraia, dove il nucleo principale ¢ costituito
da diversi individui, abbondantemente fruttificanti, che hanno colonizzato un’area
abbandonata dislocata nei pressi del Faro. Ai margini del paese sono state osservate
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Fig. 10 - Isola del Giglio: Oxalis latifolia nelle aivole stradali di Giglio Campese. / Giglio Island:
Oxalis latifolia in the road lawns of Giglio Campese. (Foto / Photo L. Lazzaro),

Fig. 11 - Isola del Giglio: Oxalis latifolia nelle aivole stradali di Giglio Campese. / Giglio Island:
Oxalis latifolia in the road lawns of Giglio Campese. (Foto / Photo L. Lazzaro),
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altre piccole stazioni, costituite da uno o pochi individui sviluppatisi tra le macerie o
negli incolti. Anche per Capraia si conferma lo status di naturalizzata gia assegnato
per I'Isola d’Elba, dove la specie € stata segnalata per la prima volta in Toscana (Fran-
gini et al., 2010). Riteniamo opportuno in questa sede citare un’ulteriore stazione per
I’Elba, lungo la strada che da Capoliveri conduce al Monte Calamita, particolarmente
interessante in quanto posta a notevole distanza da centri abitati e strade.

Exsiccara: 1sola di Capraia, in un’area abbandonata al limite del paese, non distante dal Faro;
06.05.2011; L. Lastrucei, B. Foggi & R. Calamassi; UTM: 32T 568666.4766697 (FI); Isola di Capraia,
Capraia Isola, incolto presso la Torre del Porto; 06.2011: B. Foggi. L. Lastrucei & R. Calamassi; UTM:
32T 0568.4766 (MSNM).

* Parthenocissus quinquefolia (1..) Planch. (Vitaceae)
(= Hedera quinquefolia 1. = Vitis inserta A.Kem. = Parthenocissus inserta
(A.Kern.) Fritsch)
[INV] - Elba: INV:; Giannutri: INV; Giglio: INV; Pianosa: NAT

Prima segnalazione per I’ Arcipelago Toscano, dove ¢ sicuramente presente da
lungo tempo come pianta coltivata a scopo ornamentale. In questa sede se ne con-
ferma I'elevata invasivita e la si indica come pianta spontaneizzata estremamente
abbondante in corrispondenza di buona parte dei centri abitati di Elba, Giannu-
tri, Giglio e Pianosa, dove tende a stabilirsi anche al margine dei boschi, pene-
trando talora al loro interno. La ricca produzione di frutti carnosi, abbondantemente
mangiati ¢ dispersi dagli uccelli, la rende una delle specie invasive con maggiori
capacita di diffusione. Segnaliamo anche i suoi potenziali danni alle infrastrut-
ture, particolarmente evidenti quando la pianta si addossa ai manufatti, ricoprendoli
completamente. In Toscana ¢ citata da Arrigoni & Viegi (2011).

Exsiceata: Isola d'Elba, Portoferraio, in periferia, lungo la SP 24; 28.09.2012; G. Ferretti & C
Gindiani; UTM: 32T 606856.4739598 (FI). Isola di Pianosa, pacse, nei pressi della casa dell’ Agro-
nomo; 28,09.2012; B. Fogei & L. Lazzaro; UTM: 32T 590067.4715544 (FI),

* Passiflora caerulea L. (Passifloraceac)
[NAT] - Elba: NAT

Prima segnalazione per I' Arcipelago Toscano; coltivata con una certa frequenza,
riesce a spontaneizzare con discreta facilita. Generalmente tende a mantenersi nelle
vicinanze delle piante madri, ma sempre pil spesso se ne rileva la presenza in
situazioni svincolate dal contesto antropico. All'lsola d’Elba sono stati accertati
individui spontanei in localita Seccione, a Punta della Crocetta presso Marciana
Marina ¢ lungo la strada tra Porto Azzurro e il Monserrato. In Toscana ¢ indicata da
Arrigoni & Viegi (2011).

Exsiccata: 1sola d'Elba, Porto Azzurro, strada per il Monserrato; 28.09.2012; G. Ferretti & C
Ginliani; UTM: 32T 614665.4736977 (F1).

* Pittosporum tobira (Thunb.) W.T.Aiton (Pittosporaceae)
(= Euonymus tobira Thunb.)
[NAT] - Capraia: CAS; Elba: NAT: Giannutri: CAS; Giglio: CAS
Prima segnalazione per I'Arcipelago Toscano. Comunemente coltivata per la
realizzazione di siepi, tende a spontaneizzare sia in vicinanza dei centri abitati sia
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in ambiti pit naturali, quali macchie, garighe e boschi radi. All’Elba presenta nume-
rose stazioni sparse su tutto il territorio, con individui giovani riscontrabili anche
all’interno della macchia mediterranea; pit sporadica la sua presenza a Capraia (tra
il Porto e il Paese), Giglio (Campese) e Giannutri (Cala Spalmatoio). In Toscana é
segnalata da Arrigoni & Viegi (2011).

! Tetragonia refragoneides (Pall.) Kuntze ( Aizoaceae)
(= Demidovia tetragonoides Pall. = Terragonia expansa Murray, nom. illeg.)
[CAS] - Giannutri: CAS

Prima segnalazione per la Toscana. In FI sono stati rinvenuti due campioni
d’erbario, mai citati in letteratura, provenienti da Viareggio e da Marina di Pisa.
Pur essendo nota e coltivata a scopo alimentare gia nei primi anni del ‘900, non ¢
mai stata segnalata spontaneizzata. In Arcipelago 'abbiamo rinvenuta sull’lsola di
Giannutri, presso Cala Maestra.

Exsiceata: 1sola di Giannutri, presso il vecchio porto romano di Cala Maestra, nella spianata
a ciotoli; 21.06.2012; &, Ferreti & L. Lazzare, UTM: 32T 6729164680121 (FI). Viareggio, in
hortis colitus; 20.09.1913; &, Gesmef (F1!). Marina di Pisa: arena di spiaggia alla foce dell” Amo;
18.08.1925; M. Savelli (F11).

Tropaeofum majus L. ( Tropacolaceae)
[CAS] - Capraia: CAS; Elba: CAS

Prima segnalazione per I'lsola d'Elba, recentemente segnalata per 1'lsola di
Capraia da Lastrueci ef al. (2012); coltivata per ornamento, occasionalmente la si
pud rinvenire spontaneizzata. Gia citata per la Toscana da Celesti-Grapow et al.
(2009, 2010) e Arrigoni & Viegi (2011).

Exsiceata: Isola d’Elba, Rio Marina, via Calabaroccia-Porticeiolo, il Porticeiolo; 18.06.2008; G.
Galasse; UTM: 32T 6169064740074 (MSNM),

! Vachellia karroo (Hayne) Banfi & Galasso (Fabaceae)
(= Acacia karroo Hayne)
[CAS] - Elba: CAS

Prima segnalazione per la Toscana, all’lsola d’Elba, dove & stata trovata una
piccola stazione in localita Campitelle (Portoferraio), costituita da alcuni individui
nati da seme sul terrapieno di un muro a secco.

Exsiceata: 1sola d"Elba, loc, Campitelle, strada SP 24 per Marciana presso il bivio per San Martino
(Portoferraio); 17.02.20012; . Ferrerd & L. Lazzare; UTM; 32T 6058354738909 (FI).

Ziziphus jujuba Mill. (Rhamnaceae)
(= Rhamnus zizyphus L. = Ziziphus zizyphus (L) H.Karst., nom. rej.)
[NAT] - Elba: NAT; Pianosa: NAT

La specie ¢ naturalizzata a Pianosa dove & presente una cospicua popolazione al
Pollaio. Nel territorio elbano era stata segnalata da Thi¢baut De Berneaud (1808),
non confermata da Fossi Innamorati { 1994) e riportata da Arrigoni & Viegi (2011);
recentemente ne abbiamo rinvenuto numerosi individui naturalizzati su una rupe
a bordo strada al di sotto dell’abitato di San Pietro in Campo. 5i ricorda che di
recente il nome Z. jujuba & stato conservato rispetto a Z. zizyphus (Paclt, 1999;
Brummitt, 2000; Kirkbride er al., 2006; Brummitt, 2009),

Exsiceate; 15ola di Pianosa, viottolo interno del Pollaio; 29.09.2012; L. Loazzaro & B, Fogei, UTM:
32T 589424 4715281 (F1).
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Conclusioni

Il presente contributo costituisce un ulteriore passo in avanti verso la compila-
zione di un lavoro organico sulla spontaneizzazione delle specie esotiche in Arci-
pelago Toscano. Le piccole isole spesso ospitano comunita vegetali che si sono
evolute in un ambiente sottoposto a basse spinte competitive, per cui risultano par-
ticolarmente sensibili alle invasioni biologiche (Pretto ef al, 2010), giungendo a
ospitare una maggior proporzione di specie aliene rispetio all’entroterra (PySek &
Richardson, 2006). E questo il caso dell’Arcipelago Toscano, dove il numeroso
contingente esotico esercita il suo impatto su superfici limitate e spesso di alto
valore conservazionistico,

La maggior parte delle specie qui riportate sono state introdotte come piante
ornamentali e successivamente si sono spontaneizzate in aree marginali non curate
dall’uomo. Risulta difficile risalire al periodo della loro prima introduzione in
Arcipelago, anche se, verosimilmente, alcune potrebbero essere presenti da lungo
tempo, pur se mai segnalate allo stato spontaneo. Molte specie alloctone neces-
sitano di un lungo periodo di adattamento alle nuove condizioni ecologiche ed &
logico supporre che, superato questo lag fime, alcune fra le numerose introdu-
zioni recenti potranno costituire un serio problema (Pretto ef al.. 2010). Le con-
tinue introduzioni di esotiche aumentano le potenziali sorgenti di neo-diffusione
dei propaguli (propagwle pressure), aumentando notevolmente la probabilita di
eventi invasivi o di naturalizzazioni (Pretto et al,, 2012); oltretutto molte specie
ornamentali vengono immesse sul mercato in seguito a un processo di selezione
che le rende maggiormente adattabili al nuovo ambiente (Lambdon ef al., 2008;
Pretto ef al., 2012) e questo pud aumentare ulteriormente le possibilita di sponta-
neizzazione. Tutti questi fattori evidenziano quanto sia importante mantenere alto
il grado di attenzione nel monitoraggio continuo delle spontaneizzazioni, anche
in ambienti molto antropizzati e anche per specie ornamentali molto conosciute,
ma il pit delle volte sottovalutate dal punto di vista del loro potenziale impatto
ambientale.
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3.2 Second contribution to the knowledge of the alien flora of Tuscan
Archipelago, Italy.

I At Soc, it Sei, nat, Museo civ. Stor, nat, Milano, 154 (1) 115-130, Dicembre 2013 ]

Giulio Ferretti, Lorenzo Lazzaro, Claudia Giuliani & Bruno Foggi

Secondo contributo alla conoscenza della flora esotica
dell’ Arcipelago Toscano, Italia

Riassunto - 5i presenta qui un secondo contributo per la realizeazione di una Checkfist della flom
esotica dell’ Arcipelago Toscano. Per ogni tavon sono riportati lo sraie di notumlizszasione, sia per
cigscuna isola che per 'intero Arcipelago, ¢ i dati relativi alla distribuzione locale. Delle 31 specic
elencate, 18 risultano nuove per il territorio dell” Arcipelago Toscano, tra le quali 4 nuove per 1Minter
Toscana; le restanti sono nuove per una o pii isole,

Parole chinve: Arcipelago Toscano, flora esotica, Mediterranen, stius.

Abstract - Second comtribution 1o the knowledge of the alien flora of the Tuscan Archipelago,
Ttaly,

A second update 1o the realization of the Check list of the alien flor in the Tuscan Archipelago is
presented. For each favon the local distribution and the noturalization status are specified. 18 of the 31
species listed herewith were not previously recorded for the Tuscan Archipelago, and 4 of these are
new to Tuscan Nora. The remaining omes are new to different istands.

Keywords: alien florm, Mediterranesn, status, Tuscan Archipelago.

Introduzione

Il presente lavoro si colloca nell’ambito del progetto di realizeazione di una
Checklist delle piante esotiche presenti allo stato spontaneo nell’ Arcipelago
Toscano (Fig. 1). Un primo contributo sull’argomento € stato recentemente pubbli-
cato da Lazzaro er al. (2013). Si presentano qui ulteriori aggiornamenti consistenti
in una serie di nuove segnalazioni per le singole isole o per I'intero Arcipelago,
alcune delle quali risultano inedite per la Toscana. A queste si aggiungono alcune
conferme per specie segnalate precedentemente al 1950 e prima d’ora non ricon-
fermate, Tutte queste informazioni incrementano le conoscenze floristiche sul con-
tingente esotico presente in Toscana.

Dipartimento di Biologia dell'Universitd di Firenze, Laboratorio di Biologia Vegetale, Via G. La Pira
4, 50121 Firenze, Ialy: giulio ferretti@unifiing lorenzo lazrro@unifiig claudiagivliomicumnifi.i;
bruno, foggiidunifi.it
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Materiali e metodi

Le note floristiche di seguito riportate derivano da osservazioni effettuate in
campagna nel corso degli anni 2012-2013. Le localita di rinvenimento sono state
georeferenziate tramite GPS e, salvo rare eccezioni, si ¢ sempre proceduto al pre-
lievo di materiale da erbario. Gli exsiccata sono stati depositati presso I"Erbario del
Museo di Storia Naturale di Milano (MSNM),

La nomenclatura utilizzata segue Banfi & Galasso (2010) ¢ Celesti-Grapow e/
al. (2010), salvo diversa indicazione. Le specie sono riportate in ordine alfabetico
e, laddove necessario, sono indicati il basionimo e i principali sinonimi. Per ogni
entita sono fornite le informazioni su presenza, distribuzione e status di naturaliz-
zazione nelle singole isole; per la valutazione di quest’ultimo sono state adottate
le definizioni di Richardson er al. (2000) ¢ PySek er al. (2004): casuale, natura-
lizzato, invasivo. In particolare la corretta attribuzione degli status si ¢ basata su
informazioni inedite raccolte dagli autori nell'ultimo decennio, dati bibliografici
pregressi ¢ infine osservazioni effettuate direttamente sulle popolazioni individuate
nell’area di studio. Anteposto al binomio specifico ed in parentesi quadra ¢ indi-
cato lo starus in Arcipelago (considerando lo stadio piu avanzato del processo di
invasione tra quelli delle singole isole, secondo I'ordine invasivo > naturalizzato >

TOSCANA
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Fig. 1 - Inquadramento geografico dell’ Arcipelago Toscano. / Geographical overview of Tuscan Archi-
pelago.
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casuale); segue I'elenco alfabetico delle isole sulle quali la specie € stata rinvenuta
allo stato spontaneo, ciascuna con il grado di naturalizzazione presentato su di essa
dalla specie in questione, Si evidenziano anche segnalazioni precedenti al 1950 ¢
mai riconfermate. [ dau sulla presenza in Toscana sono desunti da Viegi & Cela
Renzoni (1981), Conti er ef. (2005, 2007), Celesti-Grapow ef al. (2009, 2010),
Arrigoni & Viegi (2011), oltre che da specifiche pubblicazioni riguardanti i singoli
territori insulari, evidenziate di volta in volia.

Mel testo viene utilizzata la seguente simbologia:

! = prima segnalazione per la Toscana,

* = prima segnalazione per I" Arcipelago Toscano,

isola in grassetto = prima segnalazione per 1'isola,

isola in corsivo = conferma di segnalazione antica (precedente al 1950,

CAS = casuale,

MNAT = naturalizzata,

INV = invasiva,

MR = specie non ritrovata dopo il 1950, presumibilmente estinta localmente,

Laddove siano stati raccolti campioni si cita la dicitura del cartellino d'erbario,
nel seguenie ordine: localitd; data di raccolta; raccoglitore/i; coordinate cartografi-
che nel sistema di riferimento UTM (WGS84) ed erbario in cui & stato depositato
il saggio. 1l termine observata si riferisce invece a quelle segnalazion prive di un
campione d’erbario per le quali si forniscono comungue dati stazionali completi.

Risultati e discussione

Amaranthes albus L. (Amaranthaceae)

[NAT] - Capraia: NAT; Elba: NAT; Giglio: NR; Gorgona: NAT; Montecristo: NR;
Pianosa: NR

Specie segnalata fino ai primi del “900 su buona parte del territorio dell” Arcipe-
lago Toscano: Capraia, Elba, Giglio, Montecristo e Pianosa (Requien, 1852; Som-
mier, 1903, 1909). Non era pi0 stata rinvenuta su nessuna delle isole con la sola
eccezione di Gorgona, dove & siata segnalata da Rizzouo (2011), Recenti ritrova-
menti nei pressi di Marina di Campo ne confermano la presenza per 'lsola d'Elba,
mentre sull*lsola di Capraia sono stati trovati abbondanti popolamenti nell area del
Piano di 8. Stefano.

Exsiceate: 1sola d"Elba, Marina di Campo, area incolta alls periferia del paese: 11.10.2012; G.
Ferrenti & C. Giuliani; UTM: 32T 6011054734238 (MSNM), Isola di Capraia, loc, Piano di Santo
Stefann, all'interno del vigneto e ai margini di questo; 12.9.2013; G. Ferretti & L, Lazzaro; UTM: 32T
SOTS44.4T65055 (MESNM)

* Amaranthus candatus L. ( Amaranthaceae)
[CAS] - Elba: CAS

Specie segnalata, prima del 1950, nelle province di Pistoia e Firenze (Viegi &
Cela Renzoni, 1981). Di recente confermata per il Monte Pisano (Pierini ef al.,
2009) dove & nota dalla fine degli anni 80 (Del Prete er al., 1991); nell® Arcipelago
non era mai stata rinvenuta. Viene qui segnalata la sua presenza nell’abitato di
Pomonte dove casualmenie sfugge alla coltivazione come pianta da ornamento,
insediandosi lungo i margini stradali.

Fesiceata: Isola d'Elba, Pomonte, margine stradale del paese; 11.1020012; & Ferretti & C. Gin-
figmd, UTM: 32T 5919544733485 (MSNM).
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Awntirrhinum majus L. subsp. majus (Plantaginaceae)
[MNAT] - Elba: NAT; Giglio: NAT; Pianosa: NAT
Entita piuttosto comune nella Toscana continentale, gia segnalata in arcipelago
sulle isole di Pianosa ( Baldini, 2000) ed Elba (Sommier, 1903; Rinaldi, 2002). Se ne
¢ da poco accertata la presenza anche sull’isola del Giglio dove Antirehinum majus
subsp. mafuy & naturalizzata su aleuni muri a secco nei dintorni di Giglio Castello.
Exsiceate; Tsola del Giglio, Giglio Castello, uscendo dal paese in direzione di Capel Rosso;
03.07.2002; G Ferveni & Lo Lozzaro; UTM: 32T 6565554091900 (MSNM]. Isola d"Elba, Marina di
Campo, loc. Pozzalmorn, in prossimita di un fosso; 1L 102002; G, Ferverti & O Civdiani; UTM: 32T
BOMIS5ATI2908 (MSNML

Broussonetia papyrifera (L.) Vent. (Moraceae)

(= Morus papyrifera L)

[MAT] - Capraia: CAS; Pianosa: NAT

Specie gia nota in arcipelago per I'isola di Capraia, dove era stata segnalata per la
prima volta da Sommier (1898) ¢ confermata da Foggi er al. (2001), come specie
casuale ai bordi stradali. A Pianosa se ne € riscontrata la presenza di alcuni indivi-
dui, naturalizzati, in un’area ruderale nei pressi dell"atiuale ristorante.

Exvsiceatea: sola di Pianosa, pagse, area ruderale nel retro del nistorante; 09,10.2012; &, Ferreti & 1L
Lezzare, UITM: 32T 589957 4715618 (MSNM),

* Canna indica L. (Cannaceae)
[CAS] - Elba: CAS

Specie segnalata recentemente in Toscana lungo il litorale nord-occidentale
(Marchetti, 2011). Se ne evidenzia la presenza all’lsola d’Elba, in due stazioni: la
prima tra Rio Marina e Rio Elba, lungo un fosso adiacente alla strada, I"altra tra
Marciana Marina ¢ Poggio, nei pressi della localitd Timonan,

Exsiceata: 1sola d'Elba, sirada tra Rio Marina ¢ Rio Elba, nel fosso a bordo strada; 10000.2012; &
Ferremti & C. Gillant; UTM: 32T 6015534.4740924 (MSNM).

Cibwervane: [soln d"Elba, tran Marciana Marina ¢ Poggio, loc. Timomain; 11L10.2012; G Ferveni &
C. Gimliani; UTM: 32T 597304.4738512.

! Catharanthus rosens (L.) G. Don { Apocynacae)
(= Finca rosea L.)
[NAT] - Elba: NAT

Entita gid segnalata sul territorio nazionale per la sola Calabria (Celesti-Grapow
et al., 2010). In Toscana, pur essendo largamente coltivata, non era mai stata evi-
denziata in situazioni di spontancizzazione. All'lsola d”Elba, nell’interno del paese
di Pomonte, Catharanthns roseus ¢ riuscita ad affermarsi andando a costituire pic-
coli, ma numerosi nuclei naturalizzati, posti ai margini di strade o sentieri, nel
selciato stradale o sui muri in pietra,

Exxiccans: [sola d'Elbi, Pomonte, in paese;, 1L10.20012: &, Ferrerti & C Gisdliami, UTM: 32T
SU1954 4733485 (MSNM).

* Chamaesyce humifusa (\Willd. ex Schltr) Prokh. ( Euphorbiaceae)
(= Euphorbia fumifisa Willd. ex Schitr,)
[NAT] - Elba: NAT
Fesiceata: Isola d'Elba, Pomonte, aivole ¢ marciapiedi nella piazza della chiesa; 11.10.2002; ¢
Ferremti & C. Giwliani; UTM: 32T 591776.4733518 (MSNM).
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Chamaesyee macwlata (L.) Small {Euphorbiaceae)
(= Euphorbia maculata 1)
[NAT] - Capraia: NAT; Elba: NAT, Planosa; NAT

Segnalata a Capraia sulla base di un exsiceanan di Bavazzano del 1969 (Viegi &
Cela Renzoni, 1981). Se ne segnala la presenza anche all’lsola d’Elba, a Pomonte,
e all'isola di Pianosa, dove & stata rinvenuta in varie aree a carattere ruderale, quali
Il Giudice, 11 Panificio e nei pressi dell’atiuale ristorante.

Exsiccarn: 1sola d"Elba, Pomonte, aiuole ¢ marciapiedi nella piazza della chiesa; 11.10.2002; ¢
Ferretti o C. Ginliani; UTM: 32T 59177647335 18 (MSNM). Pianosa, presso [l Giudice; 08.10,2002;
G, Ferverti & L Lazzare; UTM: 32T 5890724714496 (MSNM),

Observata: Planosa, presso il Panificio; 08.10.2012; & Ferrerti & L Lazmave; UTM: 32T
SEOE00.4T 1361 1. Pianosa, arca ruderale nel retro dell"anuale ristorante; 08, 10.2012; &, Ferretti & L.
Lezziare; UITM: 32T 389957 4715618,

Chamaesyee prostrata (Aiton) Smal. ( Euphorbiaceae)
(= Euphorbia prostrata Aiton)
[NAT] - Giannutri: NAT; Giglio: NAT

Gia segnalata solo per I'lsola di Giannutri (Baldini, 2000}, ne & ora accertata la
presenza anche all’lsola del Giglio, al Campese.

Exvieeate: lsola del Giglio, Campese, nei pressi del campo sportive; 03,07.2012; G, Ferrerti & £,
Lozzaro; UTM: 32T 6548084691 891 (MSNM )L

Citrallus lanatus (Thunb.) Matsum. & Nakai (Cucurbitaceae) (Fig. 2)
(= Momaordica famara Thunb, = Cirrulfus vidgaris Schrad.)
[CAS] - Effa: CAS; Giannutri: CAS; Gorgona: CAS
Entita gia segnalata per I'Elba da Thiébaut De Berneaud (1808, sub Cucranis angu-
ria) nella piana di Porto Azrurmo ¢ niportata come coltivata da Fossi Innamorati ( 1994);
¢ ttora coltivata nell’isola dove occasionalmente si spontaneizza. Un’antica segnala-
zione di Arcangeli (1888, sub Cirrulfus vadgaris Schrd.) per Gorgona, non confermata
da Rizzotto (2011), viene qui convalidata. La pianta ¢ stata ritrovata allo stato spontaneo
vicino alla piccola spiaggia di Gorgona Scalo, Se ne segnala, infine, la presenza casuale
anche sull'lsola di Giannutri, dove ¢ stata osservata sugli scogli di Cala Spalmatoio,
Crhaervare: 1sola d'Elba, ol margine stradale della Via Provinciale Crvest, vicino al bivio per Capo-
Fiveri; 1110020012 & Ferretti & C. Gindiend; UTM: 32T 6119654735126 Isola di Giannutri, scogli di
Cala Spalmatoio: 22.06.20012; & Ferretti & L. Lazzarey UTM: 32T 67360546801 50. Isola di Gorgona,
Giorgona Scalo presso la spinggia vicino al poro; 08,11.2002; . Ferretti, C Ginfiond & £ Loazzavo;
LITM: 32T 3733604809113,

* Cucurbita maxima Duchesne (Cucurbitaceas)
[CAS] - Elba: CAS; Gorgona: CAS

Occasionalmente spontaneizzata in varie localiti della Toscana continentale,
come ad esempio nelle campagne di Pistoia, Prato e Lucca (GF, osservazione per-
sonale), ma non ancora segnalata nell”Arcipelago. E stata rinvenuta di recente
all'lsola d'Elba, nel paese di Pomonte, ¢ a Gorgona, nei pressi dell’area atwual-
mente destinata a discarica di rifiuti.

Exsiccata: 1sola d”Elba, Pomonte, al margine della strada che scende al mare; 111020012 &, Fer-
retti 8 C. Gladiomi;, UTM; 32T 591650, 47334609 (MSNM),

Chservana: Isola di Gorgona, area della discarica; 08.11.2002; G. Ferromi, O Giwlioni & L. Laz-
zarg; LITM: 32T 572534 4809137,
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Fig. 2 - Isola di Gorgona: Citrulluy lanatus presso la spiaggia vicino al porto (Foto G. Ferretti), / Gor-
gona Island: Citrulluy lanatus at the beach ¢lose to the harbor (Photo G. Ferretti).

* Cyperus involucratus Rottb. (Cyperaceac)

[NAT] - Elba: NAT

Exxiccata: 1sola d'Elba, periferia di Portoferraio, lungo un fosso al margine della SP 24; 04.02.2013;
L. Lazzaro: UTM: 32T 606989.4739951 (MSNM).

* Datura ferox 1., (Solanaceae)
[CAS] - Pianosa: CAS

La presenza di questa specie in Toscana ¢ documentata da un vecechio reperto
raccolto nel 1891 a Pisa (Viegi & Cela Renzoni, 1981). In seguito non ¢ pit stata
segnalata nella regione tanto che Celesti-Grapow (2010) e Arrigoni & Viegi (2011)
la considerano assente.

E stata ritrovata a Pianosa in due stazioni, la prima all’interno di un’area rude-
rale nel retro dellattuale ristorante e |"altra presso il vecchio Panificio.

Exsiceata: |sola di Pianosa, paese, area ruderale nel retro del ristorante; 09.10.2012; G. Ferretti &
L. Lazzaro; UTM: 327 5899574715618 (MSNM),

Ohservata: 1sola di Pianosa, paese, presso il veechio Panificio; 10.10.2012; L. Lazzaro; UTM: 32T
589701.4715617.
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Datura stramonium L. subsp. stramoninm (Solanaceae)
[NAT] - Capraia: NAT; Elba: NAT; Giglio: NR; Gorgona: NAT; Montecrisio: NR;
Pianosa: NAT

Segnalata a Capraia, sull’isolotto della Peraiola dove secondo Foggi et af.
(2001) & giunta dalla fine degli anni "90 a seguito della presenza dei gabbiani.
Evidenziata all'Isola d’Elba gia dalla seconda meta dell’ottocento e raccolia pia di
recente, presso Mola, da Fossi Innamorati nel 1975 (Fossi Innamorati, 1989; exs in
FI). Confermata a Gorgona da Rizzotto (2011) e invece non pill rinvenuta a Giglio
e Montecristo,

Si riporta qui il suo primo ritrovamento sull’lsola di Pianosa dove & stata indivi-
duata in numerose aree con popolamenti naturalizzati ¢ in fase di espansione.

Exsiccata: 1=ola di Pianosa, prezso il Giudice; 08.10.2012; & Ferretti & L Lazzova, UTM: 32T
SRMFSATI4475 (MSNM).

Cdhaervare: 1soln di Pianosa, presso il Porcile, negli ex coltivi attomo alla casa; 08.10.2012; ¢
Ferretti & L. Lazzaro; UTM: 32T S89248. 4713879, [sola di Pianosa, presso il Pollaio; 08.10.2002;
G Fervetti & L. Lazzaro, UTM; 32T 5895004715347, 1sola di Pranosa, nei presst dell acquedotio;
08 10.2002; & Forremti & L Lozzare; UTM: 32T 588684.4714954, 1sola di Pianosa, nei dintorm del
Faro; D8, 10.2012; G, Ferretti & L Lazzaro, UTM: 32T 5899614715398, [sola di Pianosi, paese, area
ruderale nel retro del ristorante: 09.10.2012; G. Ferrettl & L. Lazzaro: UTM: 32T 389957.4715618.

* Eleusine indica (L.) Gaertn. subsp. indica ( Poaceae)
(= Cymosurus indicus L.)
[MNAT] - Pianosa: NAT

Entitd estremamente frequente nella Toscana continentale, di cui non era mai
stata evidenziata la presenza in arcipelago. E stata rinvenuta a Pianosa, presso il
Pollaio, all’interno di un piccolo orto abbandonato,

Fxviceata: 1sola di Pionosa, presso 11 Pollsio, in orto abbandonoto; 08 10.2002; & Ferretti & L.
Lazzare; UTM: 32T 5895004715347 (MSNM ).

* Erigeron sumatrensis Retz. { Asteraceae)

(= Conyza sumatrensts (Retz.) E. Walker = C. albida Spreng. = C. nandinii Bonnet
— O floribtnda auct. non Kunth)

[MAT] - Elba: NAT; Giannutri: NAT; Giglio: NAT; Gorgona: NAT; Pianosa:
NAT, Montecristo: NAT

La presenza di tale specie non era finora stata evidenziata su nessuna delle
isole dell’ Arcipelago Toscano. Recenti indagini di campagna, nonché la revisione
del materiale d’erbario conservato in F1, hanno permesso invece di attestarne una
certa diffusione su aleune delle maggiori isole (Elba, Giglio, Gorgona). La specie &
sempre legata a contesti antropici dove appare ben affermata ¢ talora in espansione.
La sua mancata documentazione & probabilmente da imputare al recente arrivo in
Arcipelago Toscano. La revisione del materiale in FI ha permesso di constatare
"assenza di exsiceata precedenti il 1960, In seguito i primi ritrovamenti sono stati
spesso confusi con le due entita affini (£ honariensis L. ed E. canadensis L.). Le
tre specie infatti convivono, anche su superfict molto circoscritte, in buona parte
della Toscana continentale,

Exsiccate: Tsola d"Elba, Cavo, lungo le strade del paese; 10102012 G, Ferretti & © Gladians;
LUTM: 32T 6158824746234 (MSNM). [sola d'Elba, Fosso Mandriola; 29.08,1973; T Fossi fnna-
movati; (FI! sub Comyzo conmdemiis). 1sola d'Elba, Nella macchin dietro il villaggio di 5. Michele di
Bagnaia; 03.09.1972; T Fossi fonomarari; (FI! sub Comvza canmdensis), [sola del Giglio, lungo In
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strada per I'Arenella; 03.07.2012; G. Ferretti & L. Lazzare; UTM: 32T 657233.4692494 (MSNM).
Isola di Gorgona, nei pressi del “Vigneto™, in loc. Il Campone; 08.11.2012; G. Ferretti, C. Ginliani &
L. Lazzaro; UTM: 32T 572995.4809250 (MSNM), Isola di Pianosa, presso il Porcile; 08.102012; G
Ferretti & L. Lazzaro; UTM: 32T 589202.4713868 (MSNM),

! Erythrostemon gilliesii (Wall. ex Hook.) Klotzsch (Fabaceae) (Figg. 3-4)
(= Poinciana gilliesii Hook. = Caesalpinia gilliesii (Hook.) D. Dietr.)
[CAS] - Elba: CAS

In Celesti-Grapow er al. (2010) ¢ ritenuta naturalizzata in Sicilia ¢ casuale in
Sardegna. Finora nota in Toscana solamente allo stato coltivato. Ne ¢ stata accertata
la sua spontaneizzazione, anche se del tutto casuale, all'lsola d*Elba. E presente nel
paese di Pomonte all'interno di un vecchio giardino abbandonato.

Observata: 1sola d’Elba, Pomonte, spontanea all’interno di un giardino abbandonato; 11.10.2012;
G. Ferretti & C. Giuliani; UTM: 32T 591874.4733476.

* Fallopia baldschuanica (Regel) Holub (Polygonaceae)
(= Polygonum baldschuanicum Regel)
[NAT] - Elba: NAT

Specie abbastanza frequente nella Toscana continentale, ma non ancora segna-
lata per I'Arcipelago Toscano. E stata ritrovata con una certa frequenza all’lsola
d’Elba, sia nei pressi dell’abitato di Poggio che lungo la strada tra Poggio ¢ Mar-
ciana Marina.

Exsiccata: 1sola d"Elba, strada tra Marciana Marina ¢ Poggio, loc. Timonaia; 11.10.2012; G. Fer-
rettt & C. Gindéani; UTM: 32T 597262.4738627 (MSNM),

Fig. 3 - Isola d'Elba: Ervthrostemon gilliesii nell’abitato di Pomonte, spontanea all'interno di un giar-
dino abbandonato (Foto G. Ferretti), / Elba Island: Ervthrostemon gilliesif at the village of Pomonte,
growing in a abandoned backyard (Photo G. Ferretti).
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Fig. 4 - Isola d'Elba: Ervthrostemon gilliesii, particolare della pianta nell’abitato di Pomonte (Foto
G. Ferretti). / Elba Island: Erythrostemon gilliesii detail of the plant at Pomonte village (Photo G.
Ferretti).

* Gleditsia triacanthos |.. (Fabaceae)
[CAS] - Elba: CAS

Segnalata in numerose localitd toscane, ma non ancora rinvenuta sulle isole
dell’arcipelago. E stata ritrovata con presenza occasionale all’Isola d’Elba, lungo
la strada per il Volterraio, nei pressi della localita Schiopparello.

Exsiccata: 1sola d'Elba, strada per il Volterraio, loc. Schiopparello, margine stradale; 10.10.2012;
G. Ferrenti & C. Giuliani; UTM: 32T 611383.4739449 (MSNM).

Helianthus tuberosus L. (Asteraceae)
[NAT] - Elba: NAT; Gorgona: CAS

La prima e unica segnalazione di questa specie nell’ Arcipelago Toscano si rife-
risce all'lsola di Gorgona, dove la pianta ¢ nota dagli anni "90 (Gori, 1993; Riz-
zotto, 2011).

E stata di recente rinvenuta all’Isola d'Elba, dove risulta ben affermata in nume-
rose stazioni distribuite su tutto il territorio: Campitelle, Zanca, Porto Azzurro, Por-
toferraio, Patresi, Marina di Campo.

Exsiceata: Isola d'Elba, lungo la SP “Ancllo occidentale™, presso il bivio per Zanca.; 11.10.2012;
G. Ferretti & C. Ginliani; UTM: 32T 592610.4739106 (MSNM),
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Mirabilis jalapa L. (Nyciaginaceae)
[MAT] - Elba: NAT; Giglio: NAT: Gorgona: NAT; Pianosa: NAT
Specie segnalata di recente nell’arcipelago sulle isole di Pianosa, Giglio ed Elba
{ Lazzaro ef al., 2013). Da poco rinvenuta naturalizzata anche a Gorgona Scalo.
Exsiceana: 1sola di Gorgona, Gorgona Scalo, nei pressi del porto; 08.11.2012; & Ferverti, C, Gru-
Hanl & L. Lazzaro; UTM: 32T 5734154800192 (MSNM),

! Nothescordum gracile { Aiton) Steamn ( Allaceae)
(= Allinm gracile Aiton = A. fragrans Venl. — Nothoseordum inodorum auct. plur.,
non (Aiton) Nicholson)
[CAS] - Pianosa: CAS

Entita dal trattamento nomenclaturale a lungo dibattuto ma chiarito nel lavoro
di Stearn (1986) a cui qui ci si riferisce. Gia nota per diverse regioni italiane:
Liguria {Schiappacasse & Peccenini, 2009), Lazio ¢ Campania (Celesti-Grapow
ef al., 2010, sub N. borbenicem Kunth), Sicilia (Raimondo er af., 2010), Sar-
degna (Bacchetia ef af., 2009). In Toscana la sua presenza non era finora stata
rilevata.

Exsiceat: 1sola di Pinosa, presso 11 Pollaio, in oro abbandonato; 08.10.2012; G Ferrerti & £
Lerzzaro; UTM: 32T 5895004715347 (MSNM).

! Oxalis bowiei Herb. ex Lindl. (Oxalidaceae)
(= Owalis purpurata Jacq. var, bowiei (Herb, ex Lindl.) Sond.)
[NAT] - Elba: NAT

Prima segnalazione per la Toscana, dove & stata rinvenuta all’lsola d’Elba, nei
pressi di Mola.

Entita probabilmente introdotta a scopo omamentale in giardini privati e
quindi diffusa, in condizioni di chiara spontaneizzazione, negli incolti e sulla
scarpata a lato della Via Provinciale Ovest. Ad oggi risulta assente dal territo-
rio nazionale, sebbene nota in Campanmia nella prima meta del 1900, ma non
ritrovata successivamente. ). howiel risulta sistematicamente affine a O, purpu-
rata ampiamente segnalata in ltalia da Celesti-Grapow er al. (2010) (LOM, LIG,
TOS, LAZ, ABR, SIC) e dalla quale si distingue per alcuni caratteri riguardanti
la grandezza del bulbo e delle foglie (Muioz Garmendia & Navarro, 2013), il
colore ¢ la dimensione dei fiori (Jacquin, 1798; Sonder, 1859-60). Seguendo il
trattamento di Flora Iberica (Mufioz Garmendia & Navarro, 2013) Oxalis bowiei
viene qui riconosciuta come favon indipendente da ©. purprrara. Dai campioni
d’erbario conservati in FI, @. hawiei risulta introdotta in Toscana gia a fine *800
come specie coltivata, sia presso il giardino di acelimatazione della Casa Bianca
di Porto Ercole che nell’Orto Botanico di Firenze (dove & tutt’ora in coltiva-
zione). Un exsiceatum in FI ne testimonia la coltivazione anche in Liguria (presso
Varazze) fin dai primi del *900. C'¢ inoltre da evidenziare che la segnalazione
di Baldini (1995) di O. prrpurara per | Argentario € da riferire a O. articwlara
Savigny (exsiceatum in Fl, revidit A. Stinca), mentre quella di Selvi (2010) per la
maremma grossetana & priva di campione di riferimento ¢ necessita di conferma
(Selvi in verbis). La nostra segnalazione deve quindi essere considerata la prima
per la Toscana e la conferma della sua presenza allo stato spontaneo per il terri-
torio nazionale.

Exsiccang: |sola d"Elba, Portoazzwrro, loc. Mola, campi e margine stradale. 10.10.2002; . Fer-
retti & O Ciwdienr; UTM: 32T 613262.4735076 (MSNM).
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* Paspalum dilatatum Poir. (Poaceae)
[NAT] - Elba: NAT; Giglio: NAT

Specie estremamente diffiisa in tutta la Toscana continentale, ma ancora non segnalata
nell"arcipelago. E stata rinvenuta all’lsola d'Elba, in popolazioni naturalizzate nei pressi
di Cavo, di Ortano ¢ di Mola e all’lsola del Giglio, lungo | margini stradali di Campese.

Exsiccata: 1solad’Elba, Orano, margine stradale; 10,000,200 2; G Ferretti & C Ganllani; UITM: 32T
6168574738903 (MSNM). Isoln del Giglio, Campese, al margine delle strade del paese; 03.07,2002;
G Fervetti & L Lazzare, UTM: 32T 6548394692167 (MSNM),

Ohservarr: lsola d'Elba, presso Cave; 100102002 & Ferreni & O Ginfiann, UTM: 32T
BIST07. 4746016, 1soly o Elba, presso Mola; 04.02.2003; L Lazzaro; UTM: 32T 6134594735282,

Paspalum distichum L. (Poaceae)
(=Paspalum paspalodes (Michx.) Scribn.)
[NAT] - Capraia: NAT; Elba: NAT; Giglio: NAT; Gorgona: NAT

La presenza di questa entitd era gid stata evidenziata nell’arcipelago sulle isole
di Capraia (Montelucei, 1976, sub £ digitaria Poir.), Elba (Fossi Innamorati, 1991)
e Giglio {Baldini, 1998),

Se ne segnala qui la presenza anche sull’lsola di Gorgona dove la specie & stata
rinvenuta nei pressi del porto di Gorgona Scalo ¢ in localita 1l Campone, nell’area
del Vigneto.

Exsiccata: 1sola di Gorgona, loc. || Campone nei pressi del Vigneto, lungo un canale o bordo
stracka; 08.11.2002: . Ferrertd, C Ginliond & L Lazzaroy UTM: 32T 5732204809227 (MSNML

Senecio angulatus L, . (Asteraceae) (Fig. 5)
[INV] - Capraia: INV; Elba: INV, Giannutri: INV; Giglio: INV; Gorgona: NAT;
Pianosa: INV

Specie assai diffusa su tutte le isole dell’arcipelago ¢on 'unica eccezione di
Montecristo. Recenti indagini ne hanno aceertato la presenza anche a Gorgona
dove finora non era stata individuata ( Rizzoto, 2011). La specie ¢ coltivata e spesso
naturalizzata in diverse stazioni nei pressi del porto e nella parte alia del paese,
poco sopra alla Torre Nuova,

Observata: Isola di Gorgona, parte alta del paese, vicing alla Torre Nuova, vin Torre Orologio;
081012012 G, Ferreni, C Ginliani & L. Lazzaro; UTM: 32T 5734164809248,

* Setaria parviflora (Poir.) Kerguélen (Poaceae)
(= Cenchrus parvifiorns Poir. = Setaria genicuwlara P. Beauv.)
[NAT] - Elha: NAT

Specie gia segnalata in diverse zone della Toscana continentale, ma finora mai
rinvenuta sul territorio insulare,

Exsiceara: 1sola d'Elba, presso Ortano mare, margin stradali; 08,11.2012; G, Fervetti & C. Gin-
feands UTM: 32T 616857 ATIRM03 (MSMNM),

* Selanum lycopersicum L. (Solanaceae) (Fig. 6)
[CAS] - Elba: CAS; Giannutri: CAS; Giglio: CAS; Gorgona: CAS

La presenza di questa specie non era mai stata rilevata nell*ambito dell” Arcipe-
lago Toscano. Se ne evidenzia qui la diffusione in varie isole dove piante di pomo-
doro, occasionalmente sfuggite alla coltivazione, sono state rinvenute in numerose
locality: Isola d"Elba ( Pomonte, Porto Azzurro, loc. Schiopparello), Giannutri (Cala
Spalmatoio), Giglio (Le Cannelle), Gorgona (porto di Gorgona Scalo).
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Fig. § - Isola di Gorgona: Senecio angulatus nel parte alta del paese (Foto L. Lazzaro), / Gorgona
Island: Senecio angulatus at the upper town (Photo L, Lazzaro),

Observata: Isola d'Elba, Pomonte, parte alta del paese; G. Ferremi & C. Gindiani; UTM: 327
591953.4733524. Isola d’Elba, Porto Azzurro, lungo la strada per il Monserrato; G, Ferretti & C
Giudiani; UTM: 32T 614357.4737267. Isola d"Elba, localita Schiopparello, al margine della strada; G
Ferretti & C. Giuliani; UTM: 32T 611290.4738946. Isola di Giannutri, Cala Spalmatoio, scogli vicini
all'attracco delle navi; G, Ferrenti & L. Lazzaro; UTM: 32T 673604.4680149. Isola del Giglio, Le Can-
nelle, area ruderale in vicinanza della spiaggia; G. Ferretti & L Lazzaro; UTM: 32T 658054,4690492
Gorgona, Gorgona Scalo, nei pressi della spiaggia vicino al porto; G. Ferretti, C. Ginliani & L., Laz-
zaro; UTM: 32T 573361.4809115.

Sorghum halepense (L..) Pers. (Poaceae)
(= Holcus halepense L..)
[NAT] - Capraia: NAT; Elba: NAT; Giannutri: CAS; Montecristo: NR; Pianosa:
NAT

Specie segnalata in buona parte delle isole dell’arcipelago, talvolta con docu-
mentazioni abbastanza recenti, in altri casi attraverso vecchi dati non pii ricon-
fermati. Attestazioni di presenza posteriori al 1950 sono quelle relative ad Elba
(exsiccarum del 1972 in Fossi Innamorati, 1991) e Giannutri (Baldini, 2001). A
Montecristo, dopo le citazioni di Caruel (1864) ¢ Sommier (1903), la specie non
¢ pin stata ritrovata. A Capraia invece dove, dopo la segnalazione di Moris & De
Notaris (1839) e il campione d’erbario del 1847 citato in Viegi & Cela Renzoni
(1981), la sua presenza non era stata confermata da Foggi ef al. (2001), si ¢ rin-
venuta con una certa frequenza nelle aree ruderali del porto e del paese. Sorghum
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Fig. 6 - Isola del Giglio: Solanum lycopersicum in area ruderale nei pressi della localita Le Cannelle
(Foto L. Lazzaro). / Giglio Island: Solanum lycopersicunt in a ruderal area near Le cannelle (Photo L.
Lazzaro).

halepense era stato segnalato anche per I'lsola di Pianosa, attraverso citazioni
bibliografiche di inizio secolo, sempre riferite ad un reperto di Sommier del 1901.
Recenti indagini ne hanno confermato la sua presenza sull’isola lungo la strada
sterrata tra il Pollaio e il Giudice.

Exsiceata: 1sola di Capraia, aree ruderali nei pressi del porto; 12.92013; G, Fervetti & L. Lazzaro;
U'TM: 32T 567961.4766598 (MSNM), Isola di Pianosa, strade tra il frutteto ¢ il Giudice; 08.10.2012;
L. Lazzaro; UTM: 32T 589683.4714976 (MSNM).

* Tradescantia fluminensis Vell. (Commelinaceace)
(=Tradescantia albifiora Kunth)
[NAT] - Elba: NAT

Specie gia nota in diverse localita della Toscana continentale, in particolare
nella Regione Apuana ¢ lungo il versante tirrenico, tra Marina di Carrara e il
Monte Pisano (Marchetti, 2011; Peruzzi & Pierini, 2007), ma non ancora segna-
lata per I'Arcipelago. Il recente ritrovamento, tra Procchio e Marciana Marina,
¢ situato lungo la via delle Mimose in corrispondenza di alcuni cassonetti della
spazzatura. Si presume che la spontaneizzazione della pianta abbia preso ori-
gine da materiale di potatura rilasciato a bordo strada che si & poi propagato
sulle sponde del Fosso Alberelli, dove adesso ricopre alcune decine di metri
quadrati,

Exsiccata: 1sola d'Elba, tra Procchio ¢ Marciana Marina, lungo la via delle Mimose, sponde del
Fosso Alberelliz 11.6.2013; G. Ferretti & B. Foggi: UTM: 32T 6002954737875 (MSNM).
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Zantedeschia acthiopica (L.) Spreng. {Araceae)
(= Calla aethiopica L.)
[INV] - Capraia: INV; Elba: CAS
La sua presenza in arcipelago & stata messa in luce dal recente lavoro di Lastrucei
ef al, (2012} nel quale si segnala la presenza a Capraia di un popolamento a com-
portamento invasivo nell’ambito di cenosi naturali. Qui se ne evidenzia la sponta-
neizzazione anche all'lsola d'Elba dove, nel paese di Pomonte, la specie si ritrova
occasionalmente in vicinanza di un’area di scarico dei resti di ripulitura dei giardini.
Exxigeara; Isola d'Elba, Pomonte, parte alta del paese; area di scarico residui potaturs; 11.10,2012;
G. Ferrerti & C Ginliani; UTM: 32T 521910.47335%6 (MSNM).

Conclusioni

Il presente lavoro fornisce un ulieriore contributo alla conoscenza della flora eso-
tica della Toscana e dell” Arcipelago Toscano. In esso vengono segnalate 31 specie,
delle quali 4 sono risultate inedite per la regione. 18 sono le entitd rinvenute per la
prima volta nell’arcipelago che, aggiunte alle 23 specie evidenziate nel recente con-
tributo di Lazzaro er af. (2013), porta a 41 il numero di piante esotiche la cui presenza
non era linora stata evidenziata su nessuna delle maggiori isole toscane.

Un cosi rapido e consistente incremento del contingente alloctono pud avere
diverse chiavi di lettura. Sicuramente il crescente interesse che da qualche anno
viene posto nella ricerca delle specie esotiche, ha portato alla luce presenze finora
mai evidenziate per il semplice motivo di non appartenere alla flora autoctona di
guesto territorio ¢ per questo trascurate dai Morist. Daltra parte, molte delle specie
qui segnalate appartengono con altrettanta certesza a quel gruppo di piante che solo
negli ultimi anni & comparso in maniera pid o meno stabile sul territorio toscano e
che costituiscono quindi vere e proprie novitd per la flora insulare.

Rispetto al precedente contributo (Lazzaro er al, 2013), costituito in prevalenza
da segnalazioni allo stato spontaneo di specie coltivate per oramento, si & qui appor-
tato un cospicuo aggiornamento sulle conoscenze anche di entita la cui introduzione
sulle isole indagate & accidentale (es. Amaranthus albus, Chamaesyee sp. pl., Darura
Jerox, Datura stramonivm, Elewsine indica, Paspalum dilatanm, Setaria parviffora,
Sewghenm halepense), Sitratta verosimilmente di specie da pill o meno tempo presenti
in Arcipelago la cui presenza & legata agli ambienti antropizzati e ruderali,

Da sottolineare aleune presenze puntiformi o piuttosto circoseritte, al momento
facilmente eradicabili (es. Delairea odorata, Oxvalis bowiel, Broussonetia papyri-
Jera). L'intervento su queste entiti garantirebbe un successo sicuro con costi esigui.
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Biological myvasions ropresent one of the major theeats o bisdiversity. Their impact s considered 10 be even higher in
e psland ecosystems, especially in Meditermanean ones, which bost @ very high diversity, Morcover sowadays the global
changes and the local changes in the socso-economic drivens of these island enbanced human impact on ihe nsalar biot,
also lending 10 an incresse m alien species ingroductions and in & shifl in the introdsction pathways. In this fremewark,
checklists af alien spocics. represent a valasble ol for tor ihe han | al @ locul seale. Abm of this paper
I8 1 provide sn wpdated Checklis of the alien fom of the Tuscan Archipelago, also reponing some impariang fnforma-
tion soch year of fing and mome recent record and invusion status for each skl Intense field sarveys were made w
werify the presence of the reporied spocies and detoct the presence of new amivals. The Checklist inchudes o sotal of 14]
tuza belonging 1o 101 peoer i 49 famifies. 31 taxa are comshdenad Invasive, 62 natiralized and 4% casial, Most of the
spewies wene intnoduced fior omamental purpose, pcconding s socio-gconomical chamges which nowadays soe the 1urism

& |be main cconomac driver i the Archipelago,

Keywords: alien flom; conservation; mlands; invasions; Meditarmnean: Tuscan Anchipelago

Introductisn

Since the 1990s, the problems caused by invasive alien
species have receved considerable attention (see Hulme
et al. 2003) although the issue of biof legical Fmvasions
has o long history, siarting from De Candolle’s (1855)
and Darwim’s (1859) first observations,

The Meditcrrancan basin with more than 12,000
islands and slets (Brundu 2013), hosts one of the largest
groups of wlands in the world (Montmollin de and
Stralim 2005), The high plamt diversity of ihis arca is
well-known, with about 25,000 native species and o high
percentage of endernic species (50-59%: Greater 1990,
Medail and Quézel 1999), This has led 1o recognition of
the Mediterranean as one of the 34 Global Biodiversity
Hotspats (Mitlermeier f al. 2004} ond s archipelagos
could be considered as a “natural lnaboratory” for cvolu-
tionary studies (Thompson 19599),

According to the future scenario proposed by Sala
et al, (2000), Mediermnesn coosystems will be prone 1o
an increase in the invasion rotes, especially the ilands
{Hulme et wl. 2007 ), as the result of changes in important
driving factors, ep. disturhance regimens, land use and
climate (Pretio et al. 2000, 2002)

Since the 1%0s, the socio-economic sintus of the
Meditermnean tslands has changed with & shift from
an ‘ager-saltus-sylva’ meta-siable equilibrium o o new
model bised on mass wurism (Delancd et al. %),
This has enhanced beman impact on the insular biota:
plants are not imroduced for food supply, as in the
Neolithic (abowt 35300 ec) bt as omaments (Hulme
2004),

As ststed in the Convention on Biological Bliversity
decision VIR2Z3 (CBD 2004) the problem of alien inva-
stve spocies is currenily recognized ns o focal poim for
conservation, Strategic Goals for 2020 are thast: by 2020,
invasive alien species and puthways are idemtified and
priontized, prionty species are controlled or ermdicated,
il mensures are pul in place W manage pathways o
prevend their introduction and establishment,

Acconding to this general goal, in recent years we
started a peoject devoled to updating  the current
knowledge of the alien florn of the Tuscan Archipelago
{Lastrucel of al 2012; Loezaro et al 2013a; Ferreiti
et al, 2013, Currently updated Checklists of alien plants
of specific aneas are considersd valuable 1ools b provide
standardized information for such areas, and o ovaluate
the changes that occur in the invasive status over lime,
allowing the invasion o be monitred ot & local seale
(Pylek et ul. 2002)

The aim of this paper & 10 present a comprehensive
o updated Checklist of the alien Nora of the Tuscan
Archipelago (Morth Tywhenian Sea), which provides as
muech information as possible on the distibution and
invasive status of the alien species for cach Blind and
for ithe while Archipelago.

Material and Methods
Stwdy area

The Tuscan Archipelago includes seven main islands:
Elba, Giglio, Capraia, Montecristo, Pianosa, Giannutri
pndd Gorgorn anel several iskets less than 10ha in size

*Cormesponding ssbor. Emadl: loreneo lazeatodumiil.i
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{Figure 1) According to Arrigoni et al. (2003) it repre-
sents one of the most interesting areas in the Tymhenian
Sen from the naturalistic and amhropobogical perspective.
The main geographical information on the Tuscan Archi-
pelago i reported in Table 1, Despite the lack of recent
comprehensive works on the flom of the Tuscan Archi-
pelago, the analysis of literature and the exploitation of
recent data allow the o ol g flora of
the Toscan Archipelago in about 1400 taxa. OF these,
1.2% nre stricily endemie, mostly related to Cymo-Sandi-
nian elements, suggesting that the Tuscan Archipelago
represents i big-goographical bridge between the Aonistic
Cymo-Sardinion dominion and the lalion peninsula. The
landscape of the Tuscan Archipelngo is dominated by o
typical  Meditermnenn  sclerophylbous-evergreen  fonest
and by its degradation stages (high and low matorrals,
gamigues and discontinuous. ephememl grasslands). The
human  influence on the notuml  environment  staned
around 4000 nc and has become massive sinee Roman
times (ifth century ve). The strong human presence has
deeply impacted the Archipelago’s landscape and floa,
mainly leading to forest degradation. In the past this was
mamnly due to agncobluml activities, whereas m the last
century, like many oher Meditermanean islands, the
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Figure 1. Gieographical oversiew of the Tuscan Archipelago.
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Tuscan Archipelago cconomy shifted towands bourism
nctivities, with deep changes of its landscape.

Dt sources and terminology

The nim of the work 15 w0 provide a checklist of the alien
flora of the Tuscan Archipelogo, considering all the spe-
cies recorded ool beast one of the seven islands after
1950 g5 casual, naturalized or imvasive. Therefore, eryp-
togenic species and those that were only culfivated were
mid mcluded. Data collection started with an accuraie
sereening of all the available literature for the Tuscan
Archipelago, The screening included all the Noras, from
the earfier ones (starting from  around  mad-1830s)
wwands the most recent, such as the flomstic lisis of
Muoniecristo (Paoli and Romagnoli 1976) and Elba lstand
(Fossi Innamorati 1983, 1989, 1991, 1994, 1997), the
contributions by Baldimi (1998, 2000, 2001} for Giglio,
Pianosa and Cilannutn and by Foggi et al. (2001} for
Coprais, ond the litersture on invasive olien plants in
Tuscany (Viegi and Celn renzoni 1981 Amigoni and
Viegi 2001). The islets” flora (Baldini 1990, 1991; Fogg
el al. 2009) and all the recem singhe contnbutions and
reports were nlse ncluded.
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Tabde 1. CGeographical information on the seven main islands of the Tuscan Archipelago,

Surince  Aliude Population
Ixland {Hah im] Substmbe Number of spontancous plamis {approa) {appeo, )
Capris 193§ 447 puchiles M (Foggi ot al. 2001 umpubl) 10
Elba 124.409 1018 gronits, irachies. limsstone, 1250 {Fossi Inmamoratl 1983, 1989, 1901, 33,000

metamorphic 1, 1547, umpubil, )

Crianrmuin ELL) 93 hmestone/panchina 330 (Haldini 201; unpabl.j 15
Griglio 2154 498 gramits Timesiome T (Ehalidni 1998, anpabl) 15040
b 16 255 melamorphic SO0 (Hizeotin 200 1; unpubl ) (5211
Mumigerisin 1043 43 proniis A0ih (Faoh and Romagnoll 1976, unpishl ) z
Panu=a 1024 27 Himesione/ panchina S50 (Healdsni MHA; mpabl.) 1]

Hoirs: [Data on semeber of spomsaneous plant specees ane appmaimased acoonding 0 recem anpublished dam

All of these sources were critically reviewed with the
aim 10 exclude the reconds of only-culiivated species and
o retrieve the precise dale (year) of the records. Ar this
stage nlso, the records relating to wrong wentifications
were taken into sccount but solved by checking the her-
harium specimens.

The literature review nsults were integroted with
fickd surveys in all the seven main istands, aiming to
update the oldest reports. The islands were surveyed
mare than once in different period in the years 20011-
20M3 o verify the presence and persistence of the alken
species, o detect new specics and 1o assess the invasion
status {zoe below )

MNomenclature follows Celesti-Grapow et al. (2009)
add Banfi and Calasso (20100 and has been farther
cross-checked wsing oneline dambases (The Plant List
2003, WOSP 2003; Tropicos 2014). These databases,
wpether with gpeeifie 1 e Heerst were also
used to clanfy many of the incongreences in nomencla-
ture found in lierature. The nomes of the families of
Angmsperms are after Angiosperm Phylogeny Group 101
(APG 2009). We followed Blackbum et al (2011),
Celesti-Grapow ot al. (2009, 20(0a, 2010b) and Pybck
el ul, (2004a) for the definftion of the alien stans of the
plant species, considering non-native {ond hence “alien’)
thise species which due w intentional or uninientional
human  volvement were able to overcome the geo-
graphical barriers und be retrieved in the wild in the Tus-
can Archipelago. For the frveesdon stams ierminology we
followed the above-mentioned authors in the definition
of casual, naturalized and invasive species, We conssd-
ered a8 mor refrieved (NR) the species that were reporied
in the literature but most retrieved in the wild afler 1950,

The species were abso divided adopting 1he widely
used distinction (Pydek ot al. 2004b) for residence time,
e between archacophyies (ininoduced in Europe befone
the discovery of Amenca in 1492, usually rounded o
1500), and neophytes (introduced after that date). We
Tolbowed Celesti-Grapow et al. (2009; 2010a; 2010} and
the Internture fo assess the residence statas,

Information conceming the Rounkiers life forms
(Raunkiacr 1934) was obtwined from Pignat {1982),
Cullen et al, (198620000, from on-line datnbases such as
JSTOR (200062014) and from field observations. The
information about the mtrodoction pathway was collected

by checking the lnerature and on-line databases; we fol-
low o simplified classification, distinguishing between
voluniary imtroduction {specifiying the main introduction
purpose, g forestry, omamental or agriculture) and
sccudental introduction (unintentional |

Hesults
List o Rexxay

A checklist of the alien Aora of the Tuscan Archipelago
is presented hereafler a5 o list of taxa ordered alphabeti-
cally and with the family name indicated in parentheses.
The ivasion status for the whole Tuscan Archipelago is
given considering the highest score within the single
islands. For each island in which the species is presend,
the yvears of the first and of the most recent records ane
given dogether with literiture reference or information
source, Le. “obs’, referming o recent field observation
wig *exs’ referring o specimens deposited in the berbar.
ium of Florenee (F1j or Wien University (WUL The
islands are indicated by the following abbrevintions:
CAP=Coprala; ELB= Elba; GIA = Gianntri;  GIG =
Giighio; GOR = Gorgona; MON = Monteeristo; PIA =
Pianosa, whereas the complele name s given for the
islets, The following motstions ane wsed when necessary:
[1] the species has been recemly eradicated from the
island; |*] the spocies is the rget of an emdication pro-
gramme on te island.

In Appendix | more information on cach species is
provided: invasion status for cach Bland and for the
whole Archipelago, species life-form, native rmnge and
mtroduction pathway.

Abwiflon theophrasti Medik, (Malvaceae) - CAS
COR: 2011 (Rizotto 2011}

Acucia deatbata Link (Fabaceae) - INV

ELB: 1998 (Hofmann el al, 1998) - 2002 (Lazsano ef al.
2013a)

GilG: 2013 (Lazzaro o al. 2013a)

Islets - Is. Porio Ercole: 1988 (Babdin 1991)

Acacla melenoxgrlen B Br. (Fobaceae) - NAT
CAP: 2001 (Loczaro et al. 2003a)
ELB: 2012 {Luerara et al. 200 3a)
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Avacla provincialis A. Camus (Fabaceae) - CAS
{= A. meissnerii Lehm.)

ELB; 2002 {exs F1)

GEG: 2012 fexs Fl - enl)

Islets = 1s. Porio Ercole: 1988 (Baldini 1991)

Avacla pyenanifa Benth, {Fabaeeas) — INV

ELB: 2012 {Lazearo ¢t al. 200 3a)

PMA [#]: 1971 (Baldini 20000 — 2003 (Lazraro et ol
200 3a)

Acacin safigma (Labill.) HL. Wendl, (Fabaceac) ~ CAS
ELB: 2012 {exs FI)

GlLA: 2012 (obs — cull)

PIA [+1: 2013 {Lazzam et al, 2013a)

Avowiom grborewm (L) Webb & Herhel (Crassula-
ceagh — NAT

CAP: 2003 {Lazearo et al. 200 3a)

ELB: 2003 {Lazzaro @ al. 201 3a)

GilA: 2013 {Lagraro of al. 200 3a)

GIAL 2003 {Lazesm ef al. 201 3a)

GHG: 19 (Baldmi 1998) < 2003 {Lagenno ot al, 200 3a)
COR: 2002 {obs) — 2013 (Lasearo o al 200 3a)

PLA: 1974 (Baldini 2000) — 2013 (Lazaro et al. 2013a)

Aeonium  fawerthli Salm-Dyek ex Webh &  Benh,
{Crossulaceac) - CAS

GlGs: 2001 (exs Fl)

PiA: 2012 (exs FT)

Agave americana L. (Aspamgsceas) - [NV

CAP: 1898 (Sommier 189K) - 2001 (Foggi et al. 2001)
ELB: 1860 (Carwel |1860-1864) — 2013 {obs)

GlA; 19949 {Baldini 2001 ~ 20013 (obs)

GG 190 (Sommier 1900B) — 2002 (obs)

GOR: 1844 [Savi 1844) — 2011 (Rizrotto 2011}

MIOMN: 1864 (Caroel 1864) - 2013 (obs)

PIA: 18R3 (Baldini 20040 ~ 2013 {obs)

Islets — Palmadola: 1998 (Foggl et al, 2009)

Aftarthus alrivdma (ML) Swingle (Simarubacese) - [NV
(= A. plondulosa Dest)

CAP[*]: 1970 (Fogi et al, 2000) - 2003 (obs)

ELB: 106 {Fossi Innamorati 1983) - 2013 (obs)

GAOR: 1593 [Rizeotio 2001) — 2012 (obs)

MON[*]: 1808 (Paoli & Romagnoli 1976) - 2013 (obs)
PLAL* | 1909 (Balding 2000) - 2013 (obs)

Alee arborescens Mill, (Xanthomhoeacese) - CAS

CAPF: 2003 {obs — candi)

ELB: 2011 {ohs)

GlA: 2001 (obs ~ cult)

GlG: 2012 {obs — cull)

CROR: 2002 (obs — culr)

MON: 1974 (Pasli & Romagnoll 1976) - 2013
(obs — cilt)

PlA: 2001 (obs — enl)
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Amaranthuy albus L. (Amamnihaceas) - NAT

CAP: IB47 (Requien 1852) - 2003 (Fervetti et al. 2013)
ELB: 1871 (Caruel 1ET1)= 2012 (Femari et al. 2013)
GlG: 1894 [Balding [998) — 1903 (Sommier |903)
GOR: 2001 (Rizzotio 2001)

MON: 1860 (Caruel 1860 | Hod)
1903 )

PIA: 1901 {Baldind 2000 — 1909 (Semmier ')

1903 (Sommier

Amaranthus Mitoides 5. Watson {Amamnthaceae) - CAS
ELB: 2009 {lamonico and Forbiciont 2001
PLA: 2003 (exs FI)

Amuranthuy  bfinem L subsp. bbiees (Amasaniha-
ceae) - CAS

{= . fividhar L)

CAP: 1598 (Sommicr 1895)

ELB: 1871 (Carel 1871)

GOR: 2011 (Rizeotto 2011 )

Amaramthuy condates L, (Amaranhacess) - CAS
ELB: 2002 (Ferreati et al, 2003)

Amaranthus deflexus L (Amamnthaceae) — INV

(= A. preanes Balb,)

CAP: 1839 (Moris pnd Dhe Motaris 1839) - 2003 {exs FIj
ELB: 1870 (Fossi Innamorati 19583) = 2002 {exs F1)
GIG: 1894 (Baklini 1998) - 2012 {exs F1)

GOR: 1888 (Arcangeli 1888) — 20011 (Rizoto 2001)
MON: IR0 (Carsel 1860-1K64) — 1901 (Sonmier
L 2]

PEA: 1900 (Baldmi 2000) - 2002 (exs FI)

Amaranthus graveizans L. (Amamnthacess) - NAT

(= A sihveareis Vills =4 praevizany L, subsp. silvesisis
(Will.) Brenan)

ELB: 1870 (Fossi Innamorati 1983} ~ 2002 {exs FT)
GIG: 1894 (Balding 1998) — 1903 {Somwmier 1903)
GIOR: 2001 (Rizzotto 2001

DI 14902 ~ 150 (Pooli & Romagmoli 1976)

Amaranthus hybridus L, { Amaranthaceas) - CAS
(= A. painfies Bemol; — A, criemiue auet., non L.}
CAP: 2013 {exs FIj

ELB: 1900 - 1947 (Fossi Innumorati 1983)

GOR: 1993 (Rizotio 2001)

Amuronthuy retraffenes L, (Amamnthaceas) - INY
CAP: 1898 (Sommicr 1898) — 2003 {exs FI)

ELB: 1839 (Viegi & Cela Renzoni 1981) 2002
{exs FI)

GilA: 2000 [Balding 2001 )

GlG: 1897 (Balding 1998) — 2012 {exs FI)

GOR: 2001 (Rizeoto 2001)

MON: 1860 (Caruel 1860-1864) - 1903 (Sommicr
(£ 12 1]

PLA: 1901 (Baldima 2000) - 2002 {exs FI)

Islets - Formica Burono: 2009 (Lo Cascio and Pasia
201y



Awnredera cordifolia (Ten.) Sieenis (Basellaceae) - INV
(= Bowssinganitia condifolia Ten.)

CAPF 1974 (Pedullh & Garbard 2002) - 2000 {obs)
ELB: 3012 {Lazearo et al. 201 3a)

GIG: 1996 (Baldini 1998)

GOR: 2001 (Rizeotto 2011)

PlA: 2002 (Lakearo et al. 200 3a)

Awsirehimumr mafus L subsp. sy (Plantaginoceac) -
NAT

ELB: 1903 (Sommuer 1903) - 2012 (Ferrett ¢t al, 2013}
GIG: 2013 (Ferretti ef al. 2013)

PLA: 1901 (Baldini 20000 - 1998 (Baldini 2000}

Artemivia verlofimrum Lamotie {Asteraceae) ~ NAT
ELB: 198] (Fossi Innamorti 1989)

Arunde donax L. (Poaceac) - [NV

(= Pheagmites australis (Cav,) Steud,)

CAP: 1839 (Moris & De Notaris PR35 — 2003 (obs)
ELB: 1871 {Carscl 1871) = 2013 (obs)

GlA: IRST (Sommier 1897) - 2000 (Raldini 2001 )

GIG: 1894 (Baldini 1998) — 2012 (obs)

CROR: 1844 (Savi 1544) = 2011 (Rizeotio 2001)

MON: 1864 (Caruel 18364) - 1902 (Paoki & Romagnoli
1976)

PlA: 1901 (Sommier 19015 — 2012 (ohs)

Islets — Formica Grande: 1898 (Sommier [903) - 1989
{Baldini 19%0)

Asclepias fruticosa L. (Apocynacese) - NAT
(= Comphocerpuy fruticesus (L) W.T. Alton)
ELB: 2012 {Lazzaro et al. 201 3a)

GEG: 1997 (Baldimi 199%)

Asparaguy faleatus | [ Asparagacese) -~ CAS
ELB: 201 (Forbicioni & Frangini fonhcoming)

a cplindrapunth . {Muchlenpf} Backeb.
{Cacinceas) — NAT

CAP: 2003 {Lazenmo et ol 200 3a)

ELB: 2002 {Cuiggs 2008) - 2003 (Larzaro o al 2013a)
GlA: 2013 {Lazraro et ol 201 3a)

GIG: 2000 (Guiggh 2008) — 2013 (Lazzaro et al. 201 3a)

MON: 2003 (Lazznro e al. 2003a)

P1A: 2003 (Larraro et al. 2013a)

Avena byzawtina K. Koch (Poaceac) - CAS
GOR: 2001 {Rizooto 2001)

Avema sative L, sl (Poacess] ~ CAS

GilGr: 100 {Sommier 1900b) — 1996 (Balbding 1908)
GAOR: 2001 Rizzotte 2001 - ewlr)

PIA: 1910 (Sommier 19100 - 1948 {Baldimi 2000)

Hidens pilosus L. (Asternceac) — NAT
ELB: 2011 (Piermi & Perues 2012)
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Bidens pilosns L. {Asieraceas) - NAT
ELB: 2001 {Pierini and Peruza 2002)

Brassica mapus L. subsp. napuy (Brssicoceae) - CAS
ELB: 1867 (Fossi Innmomti 1983 )

GOR: 1888 (Arcangell 18RS) — 2011 (Rieeotio 2001)
PLA: 1893 (Bolzon 18930 — 1999 (Baldini 2000)

Bravsica oleracen L, {Brosicacene) - CAS

CAP: 1839 (Motis and De Notaris 1839) — 1970 (Fogg:
cf al. 2001}

ELB: 1860 (Caruel 1560 1844)

GOR: 1844 (Savi 1844) — 2001 (Rueeotno 2001)

Broussonetio papyrifera (L) Venl (Moroceae) - NAT
CAP: 1898 (Sommier 1898} = 2001 {Foggi et al. 2001)
PLA: 20012 {Ferretti ct al. 2003)

Callirropsis  glebra (Sudw) DP Linde  (Copressa-
cene) — NAT

ELB: 2002 (Lazzaro et al. 200 3a)

GilA: 2002 (obs - culf)

GIG: 2002 (obs — culr)

Campsiy radicans (L) Bureau (Bignoniaceas) — NAT
GlA: 2002 (obs ~ eulf)

GG 2001 (Lazearo ¢t al, M0 3a)

MOM: 2013 {ohs)

Curnia Inafca L (Cannaceac) - CAS
ELB: 2002 (Ferretth et al. 2003)
GlA: 2002 (obs — calf)

Carpobratus  acinaciformis (L)} L. Bolus  {Adsoa-
ceae) — INW

CAP[*]: 208 (Foggi ef al. 2001} - 2013 (Lazzaro el al.
201 3a)

ELB: IBR2 (Fossi Innamorati 1983) — 2003 (Lazzar
ct nl. 201 3a)

GilA: 2000 (Balding 2001 § — 2013 {Lazearo et al, 201 3a)
GIG: 18% (Sommier 1884b) - 2013 (Lazzaro e al
21 3a)

GOR: 2003 { Lawaro et al, 200 3)

MON: 1964 (Paoll & Romagnoli [976) — 2003 (Larram
et al. 200 3n)

PIA [t] 1883 (Baldini 2000) -
2013a)

Isbets — Palmuiola — Cerboli: 1998 (Foggi et al. 2009)

Carpubratas edulis (L) NE. Br, (Aizoacese) - INV
ELEB: 2000 {obs)

GlA: 2003 (Lazzam of al 2003a)

GlG: 2003 (Lazearo ¢ al, 200 3a)

2013 (Lozzro et al.

Casunrring equfsenfolia L. (Casuarmacess) - NAT
PLA: 1999 (Baldimi 2000) - 2002 {ohs)

Curtfrirranthues rosens (L) G, Don {Apocynaceac) — NAT
ELB: 2002 {Ferretti et ul. 2013)
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Cenclruy lomglvems MC. Johnst. (Posceas) - CAS
{= Penmiseimm villosm Fresen,)

ELB: 2012 (Forbiciond et al. forthcoming)

Chamaespee hwmdfisa (Willd, ex Schhir) Prokh (Eu-
phorbiaceac) - NAT
ELH: 2012 (Ferretti o al. 2013)

Chanmaegpece aucnfete (L) Small
cene ~ INV

(=Eupharbia thymifolia auct, non Burm.)
CAP: 1898 (Sommier 189K) - 2013 {obs)
ELB: 2012 {Ferreti i al. 2013)

P1A: 2002 {Ferretti et al. 2003)

Chamaesyee  prosirata (Adton)  Small  (Euphorbia-
cene) — NAT

GilA: 200 { Baldimi 2000 )

GG 2012 (Ferreni et al. 201 3)

Chasmanthe aethiopica (1) N.E Br. (Indaceaeh - NAT
(= Anthalyza gethiopios L)

CAPF: I50E (Béguit 1901) - 2002 (Lastrucci et al,
2002

ELB: 1) {Sommicr 1900a) — 2012 {obs)

Citrallux lanaiuy {Thunb,) Matsum, & Nakai (Cucurbits-
cenc) — CAS

(= Clitrallies wilgaris Schrad.: - Cucumds amginla sl
non L)

ELB: 1808 (Thithaut The Bemeawd 18085) - 2012
(Ferretti cf al. 2003)

GiA: 2012 (Ferrett 1 al. 2013)

GOR: 1888 {Arcangeli 1888) - 2012 (Ferreiti et al.
23

Cortaderin selfoana (Schult. & Schult ) Asch. &
Cirmchn, (Poaceac) - INV

CAPR: 2000 (obs — eadi)

ELB: 2012 {Lazzarm et al. 201 32)

GOR: 2002 (obs - culty

Coteneaster corfacens Franch, (Rosaceac) ~ NAT
ELB: 2008 {Galasso et al, 2001)

Cotvleden orbicnlota | (Crassulacens) - CAS
CAP! 2003 { Lazenso et al. 200 3a)
ELB: 2013 {Lazwaro ef al. 200 3a)
GlA: 2013 {Lazzano ¢t al, 200 3a)
GG 2013 (Lagraro et al, 200 3a)
PI1A: 2001 (Lararo et al. 200 3a)

Crussicha Iycopodioides Lam. [(Crassulaceac) — CAS
ELB: 2012 {Lazraro ef al. 201 3a)
GilA: 2012 {Lagraro ef al. 200 3a)
GG 2013 {Lagraro ef al. 200 3a)

Crataegus azaroflus L. (Rosaceae) - NAT
CAP; 1898 (Sommier [89%) - 2013 jobs)

Curenrbing mvaviane Duchesne (Cucurbitaceas) - CAS
ELB: 2012 (Femetti et al. 2013)
CAOR: 2012 (Ferresti et al. 20013)

{Euphorbin-
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Cupressis semipervieeny L. (Cupressacese) — NAT

CAP: IB9R (Sommier 1898) - 20013 (Larmro of al
20] 3a)

ELB: 1962 (Foss Innamora 19K3) - 2003 {Lazearo
et al. 201 3n)

GilA: 2000 {Balding 2801 ; cudf)

GIG: 199 (Badding 1998) — 201 3 {Larzaro et al. 201 3a)
GOR: 1888 (Arcangeli |R88) — 20013 (Lavzaro et al.
201 3a)

MON: 1957 (Fabbr 1963) - 2003 (obs)

PLA: 2002 (Lawearo ot al. 200 3a)

Crscutn epifimm Weibe (Convolvulaceac) - CAS
CAP: 1989 (Manmocei & Borsott 1989}

ELB: 1863 (Fossi Innamorati 1959}

GOR: 1902 (Sommier 1902)

Cyperns invofucrains Rotth, (Cyperscese) - NAT
ELB: 2013 (Ferretti et al. 20013)

Datwra ferax L, (Solanpceac) - NAT
FLA: 2002 (Ferreti et al. 2013)

Datwra  stramoninm L. subsp. strasresinm (Solans-
ceac) — NAT

CAP: 1999 (Fogg: et nl, 20001) - 2003 {obs)

ELB; 1870 (Fossi Innamorati 1989)
GIG: 1894 (Baldin 1%08)

GOR: 1993 (Riotio 2001)

MON:  IBO0 (Caruel 1860 | H64)
[RLIET]

PFlA: 2002 {Femetti et ol. 20013)

Datwra wrightil Regel (Sclansceac) — NAT
CAP: 2013 jobs)

GilA: 2001 (Lazzaro ¢4 al. 201 3a)

GlG: 2003 (Lazearo et al. 200138 — cule)

Delairea odorata Lem. [ Asterucene) — NAT
(= Sewecio mikanioides Walp.)
ELB: 2000 {Frangini and Carta 2001

Delospermn conperd  (Hook. 1) Lo Bolis  {Adzoas-
cene) ~ CAS

CAP: 2001 (Foggk et al, 2001)

GG 2002 (obs - culr)

PEA: 20011 {obs ~ culr)

Dresamthenim foribuodum (Haw ) Schwanies (A izoa-
cene) - NAT

ELB: 2002 (Lagzaro et al, 200 3a)

GlG: 2001 {Larearo ef al. 201 3a)

Dysphania  ambrodeides (L) Mosyakin & Clemants
(Amaranthaceae) — INW

CAP: 2013 [ohs)

ELH: 2008 (Loeenro et al, 200 3a)

Dysphanla  mulifide (L) Mosyakin & Clemanis
(Amarmnthacenc) - NAT

(= Chenopodiunr multifidin L, - Chenapodivm beirgs
avct., non L)

GilG: 1900 (Sommier Rl - 1% (Balding 1995)

1903 (Sommier



Eleusine indica (L) Gacrin. subsp. indica (Pos-
ceac) - NAT
PIA: 2012 (Ferretti et al. 2013)

Erigeron bonariensis L. (Asteraceac) - INV

(= E. linifolius Willd.; = Comyza bonariensis (L.) Cron-
quist; = C ambigua DC.)

CAP; 1839 (Mons & De Notans 1839) - 2013 (exs FI)
ELB: 1900 (Fossi Innamorati 1989) - 2013 (exs FI)
GIA: 1886 (Baldini 2001) - 2012 (obs)

GIG: 1894 (Baldini 1998) - 2011 (obs)

GOR: 1888 (Arcangeli 1888) - 2011 (Rizzotto 2011)
MON: 1864 (Caruel 1864) - 2013 (exs FI)

PIA: 1901 (Sommier 1901) - 1999 (Baldini 2000)

Islets ~ Formica Burano: 2009 (Lo Cascio and Pasty
2010)

Erigeron canadensis | (Asteraceae) — NAT

(= Comyza canadenyis (L.) Cronquist)

CAP: 1839 (Moris & De Notaris 1839) ~ 2001 (Foggi
et al. 2001)

ELB: 1893 (Bolzon 1893a)

GIA: 1882 (Baldimi 2001)

GIG: 1894 (Baldini 1998)

GOR: 1888 (Arcangeli 1888)

MON: 1864 (Carucl 1864)

PIA: 1901 (Sommier 1901)

Erigeron Karvinskianus DC. (Asternceae) - INV
ELB: 1986 (Fossi Innamorati 1989) - 2013 (exs FI)

Erigeron sumatrensis Retz, (Asteracenc) -~ INV
CAP: 2013 (obs)

ELB: 1972 - 2012 (Ferretti et al. 2013)

GIA: 2013 (Ferretts et al. 2013)

GIG: 2012 (Ferretti et al. 2013)

GOR: 2012 (Ferretti ef al. 2013)

MON: 2013 (Ferretti et al, 2013)

PIA: 2012 (Ferretti et al, 2013)

Erysimum cheiri (L)) Crantz (Brassicaceac) - NAT

(& Cheirantiues cheiri 1..)

CAP: 1898 (Sommier 189K) ~ 2001 (Foggs et al. 2001)
ELB: 1871 (Caruel 1871) — 1972 (Fossi Innamorati
1983)

GIG: 1900 (Sommier 1900b) — 1997 (Baldini 1998)
GOR: 1844 (Savi 1844) - 2011 (Rizzono 2011)

PIA: 1892 (Bolzon 1892) - 1998 (Baldini 2000)

Erythrostemon gilliesii (Wall. ex Hook.) Klotzsch (Faba-
ceac) - CAS
ELB: 2012 (Ferretti et al. 2013)

Eucalyptus camaldulensis Dehnh, (Myrtaceae) -~ NAT
CAP; 2013 (obs)

ELB: 1964 (Fossi Innamorati 1983) — 2013 (obs)
GIA: 2013 (exs F1 - culr)

GIG: 1996 (Baldini 1998) - 2012 (obs)

PIA: 1999 (Baldini 2000) - 2012 (obs)
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Eucalyptus globulus Labill. (Myraceac) - NAT

CAP: 1989 (Foggi et al, 2001) - 2013 (obs ~ cult)

ELB; 1891 (Fossi Innamorati 1983) ~ 2013 (exs
Fl - eulr)

GIG: 1996 (Baldini 1998) — 2012 {obs - culr)

MON: 1957 (Fabbr 1963) ~ 2013 (exs FI)

Fallopia  baldschuanica  (Regel) Holub  (Polygona-
ceac) - NAT
ELB: 2012 (Ferretti ¢t al, 2013)

Freesia alba (G.L. Mey.) Gumbl. (Iridaceac) - CAS
CAP: 2012 (Peruzzi & Gestri 2013)

Gazania linearis (Thumb.) Druce (Asteraceae) - CAS
ELB: 2012 (Peruzzi et al. 2013)

Gleditsia triacanthos 1. (Fabaceac) - CAS
ELB: 2012 (Ferretti ot al. 2013)

Helianthus annuus 1. (Asteraceac) - CAS
PIA: 1998 (Baldini 2000)

Helianthus tuberosus L. (Asteraceae) - NAT
ELB: 2012 (Ferretti ¢t al. 2013)
GOR: 1993 (Rizzotto 2011)

Ipomoea indica (Burm.) Merr. (Convolvulaceae) — NAT
ELB: 2008 (Lazzaro et al. 2013a)

Iris germanica L. (Indaccac) ~ NAT

CAP: 1839 (Moris & D¢ Notaris 1839) - 2012 (Peruzz
and Gestri 2013)

ELB: 1882 (Fossi Innamorati 1991) ~ 2013 (obs)

GIA: 1897 (Sommier 1897) — 2013 (obs)

GIG: 1900 (Sommier 1900b) ~ 2013 (obs)

GOR: 1993 (Rzzotto 2011)

MON: 2012 (obs)

PIA: 1892 (Bokzon 1892) - 2013 (obs)

Kalancho@ * houghtonii D.B, Ward (Crassulaceae) - NAT
ELB: 2008 (Lazzaro et al. 201 3a)
GIA: 2011 (Lazzaro et al. 2013a)
PIA: 2012 (Lazzaro et al. 2013a)

Lantana camara L. (Verbenaceae) - NAT
CAP: 2013 (obs - culr)

GIA: 2013 (Lazzaro et al. 2013a)

GIG: 2012 (Lazzaro et al. 2013a)

Lepidium didymum L. (Brassicaceae) ~ NAT
ELB: 2012 (Ferretti & Foggi 2013)
MON: 2011 (Carta et al. 2012)

Ligustrum lucidum W.T. Avton (Oleaceae) ~ NAT
ELB: 2008 (Lazzaro et al. 2013a)

Lonicera japonica Thunb. (Capnfolinceac) -~ NAT
ELB: 2012 (Ferretti & Foggi 2013)

Lupinus albus | subsp. albus (Fabaceac) - CAS
ELB: 1893 (Bolzon 1893a)

GIG: 1900 (Sommicr 1900b)

PIA: 1902 (Baldimi 2000) ~ 1998 (Baldini 2000)
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Melia azedierach L. (Meliaceae) - CAS
CAP; 2013 (obs FI)

Mesembryanthemum  cordijfollum L. [ (Alzoscens) -
INV

ELB: 2008 {Luneearo et al. 2013a)

GlA: 2003 (Lagzaro ef ol. 200 3a)

GG 2013 {Lazzar ¢t al, 2003a)

CYOR: 1900 (Mopgi el al. 1990) - 2013 (Larearo o al.
200 3a)

PIA: 2003 (Lazzaro et al. 2013a)

Mirabilix jafapa L. (Nyctagimaceag) - [NV

CAPR: 2003 jobs)

ELB: 2008 {Luzzaro of al. 201 3a)

GIG: 2003 {Lazamm et al. 200 3a)

GOR: 1993 (Rusotte 2001) = 2013 (Lagearo et al,
2013a)

PlA: 2003 (Loezaro et al. 2013a)

Morus alba L. (Mormceae) - CAS

CAP; 1970 = 2000 (Foggi et al. 2001)

ELB: 10y — 1974 {Fosai Innamorats 1983)

GOR: 1993 [Rizeotto 2001 — enlr)

MON: 1902 (Pooli & Romogooli 1976) - 2013
{obs - culr)

PlA: 1836 (Sommicr |HFH

Myoporum fnsulare B, Br. (Scrophulansceas) - CAS
ELB: 2012 {Lnzzaro et al. 2013a)
GlA: 2011 (Lozzoro cf al. 200 30)

Nieotlona glewes Grabam (Solanaceac) - INV
CAP: 1976 (Montelucci 1976) ~ 2013 {exs Flj

Nothoscardum  gracile  (Aion)  Steam [ Amaryllida-
ceng) — CAS
PLA: 2002 (Ferrettl et al. 2011)

Opunita dilfenii (Ker-Gawl) How, (Caciaceas) - NAT
GG 2003 (Guiggs 2008) - 2012 (obs)

Opaeniia ficws-imadica (L) Mill. (Cactaceac) - TNV

(= Cyrumeia inermis auct, pon (DC) DC ~ € wlganiy
mct, non Mill.)

CAP: 1898 (Sommier 1898) ~ 2013 (obs)

ELB: 1891 (Fossi Innamorsti 19831 - 2013 (obs)

GilA: 1999 (Baldini 2001) — 20013 (obs)

GIG: 18%4 {Sommier 1894a) — 2003 (obs)

GOR: 18BB (Arcangeli 1888) = 2001 (Rizzomwo 2001}
MON [**]: 1864 (Coruel 1864) — 1974 (Pacl &
Romagnali 1976)

PLA: 1901 {Sommier 1901 ) - 2012 {obs)

lslets — Palmadola: 1998 (Foggi et al. 2009)

[**]: Alhough the species & reparted in 1974, nowadays
it appears to be sbsent from the island. The cited repont
is probably referred to O, monacantha,

Opuntia lencotricha DC, (Cactacens) — NAT
ELB: 3013 (Larrar of al. 2003k)
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Opuintin svnacantha (Willd) How, {Caciaccas) — NAT
(= €8 wpraxima g, non Mill.)

CAP; s.d. (Guiggy 2008 - culr) = 2003 (obs ~ ey
ELB: 1349 (Guiggl 2008) — 2003 (Lazzaro ct al, 201 3a)
GIA: 2003 (Lozzaro e al. 2013a)

MON; 2003 {Lazzaro et ol 2013a)

PLA: 2003 {Lawmso ot al. 200 3a)

Opuntia phaeacantha Engelm. (Cactceae) - INY
GillA: 2007 {Cuiggs 2000}

Opuirtln stricta (How.) Haw, (Cactoceae) - INV

(= & faermis (DC) DT - O vaslgariz anct., non Mill.)
CAP: 1839 (Morix and De Notoris T839) - 2013 {Lazram
et al. 201 3a)

GIG: 2003 {Lazearo et al. 2013a)

PLA: 1901 (Guiggi 2005}

Osteospermum ecklonis (DC.) Mol {Asteraceac) — CAS
CAP: 2013 (obs)

ELB: 2012 {obs)

GilA: 2002 (obs — culr)

GlG: 2002 [obs — ewlf)

Oxalis articalats Savigny (Oxalidaceae) - NAT

CAP: 2001 (Fogg et ol 2001)

ELB: 2008 (Loeraro et al, 200 3a)

GIG: 1996 (Halding 19F8) — 3013 {Lazraro ot al. 201 3a)
GOR: 1993 (Rizzotto 2001} - 2013 {Loesaro et al
200 3a)

MON: 1965 - 2002 (Lazmno et al, 2013a)

PIA; 2003 (Lazearo et al. 201 3a)

(hediv bevoled Herb, ox Lindl, (Oxalidnceac) - NAT
ELB: 20112 (Ferretti e al. 2013)

Ceadiy debifly Kunth (Oxalidaceac) - NAT
ELB: 2008 [Lozzaro et al. 200 3a)

Cvadis aillewdi Inc. (Oxnlidacese) - NAT
ELB: 2008 (Lagearo et al. 200 3a)
GilA: 2000 (Balding 2000 ) — 2012 (obs)

Orxcalis forlfolia Kunth (Oxalidacese) - NAT
ELB: 2013 (Lazzaro ef al. 201 3a)
GG 2003 (Lacenm &t al, 2003a)

Oxalis pesscaprae | (Craluaceas) - INY

CAP: 1995 (exs FI) - 2002 (Penusa and Gestri 2003)
ELB: 1955 {exs WL - 2012 {obs)

GilA: 1999 (Balding 2001 — 20012 {obs)

GIG: 1996 (Halding 19y — 2012 (obs)

GOR: 1987 (exs F1) = 20011 (Rizeono 2001)

MON: 1957 (Fabbn 1963) — 2013 (obs)

PLA: 1974 (Sabato 1977) - 2002 [obs)

Paraverfonthes  lophaoatha  (WILL) L Nielsen
(Fobaceas) ~ NAT
CAP: 2011 {Lazenro et al. 200 3a)

ELB: 2000 (Frangini e al. 2010)



Parthenocissus  quinguefolia (L)
ceac) - NAT

ELB: 2012 (Lazzaro et al. 2013a)
GIA: 2013 (Lazzaro ¢t al. 2013a)
GIG: 2013 (Lazzaro et al. 2013a)
PIA: 2012 (Lazzaro et al. 2013a)

Paspalum dilatatum Poir. (Poaceac) ~ NAT
ELB: 2012 (Ferretti et al. 2013)
GIG: 2012 (Ferretti et al. 2013)

distichum 1. (Poaccac) - NAT
CAP: 1976 (Montelucci 1976) - 2013 (obs)
ELB: 1947 (Fossi Innamorati 1991) ~ 2013 (Ferretti ot al,
2013)
GIG: 1996 (Baldmi 1998)
GOR: 2012 (Ferretti et al, 2013)

Passiflora caernlea | (Passifloracene) - NAT
CAP; 2013 (obs — cult)
ELB: 2012 (Lazzaro et al. 2013a)

Pelargonium zonale (L) L'Hér (Geraniaceae) - CAS
CAP; 2013 (obs)
ELB: 2012 (obs)
GIA: 2013 (obs)
GIG: 2011 (obs)
PIA: 2012 (obs)

Phacelia tanacetifolia Benth. (Boraginaceae) — CAS
GOR: 2011 (Rizzotto 2011)

Phoenix canariensis Chabaud (Arccaceac) - CAS
ELB: 1981 (Fossi Innamorati 1991) - 2012 (obs)
GIA: 2012 (obs ~ enlr)
GIG: 2012 (obs ~ cuir)

Phyvolacca americana L. (Phytolaccaceae) - INV
ELB: 1870 (Fossi Innamorati 1983) — 2012 (obs)
GIG: 1900 (Sommier 1900b) -~ 1996 (Baldini 1998)
GOR: 1993 (Rizzotto 2011)

MON: 1964 (Paoli & Romagnoli 1976) - 2013 (obs)

Pinus camariensis C. Sm, (Pinaceac) - NAT

ELB: 1950 (Gatteschi & Arretini  1990) - 2012
(exs FI)

GIG: 2012 (obs ~ enlt)

Pisum sativam | subsp. sativam (Fabaceae) - CAS
(= P, arvense L.)

CAP; 1839 (Mons and De Notaris 1839)

ELB: 2012 (obs ~ culty

GIG: 1897 — 1996 (Baldini 1998)

PIA: 1901 (Sommier 1901) < 1998 (Baldini 2000)

Pitosporum  tobira (Thunb.) W.T. Aiton (Pittospora-
ceae) — NAT

CAP: 2013 (Lazzo et al. 2013)

ELB: 2013 (Lazzaro et al. 2013a)

GIA: 2013 (Lazzaro et al. 2013a)

GIG: 2013 (Lazzaro ct al. 2013a)

Planch,  (Vit-
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Prunus armeniaca |.. (Rosaceae) - CAS

CAP: 2012 (obs - culf)

ELB; 1898 (Fossi lnnamorati 1983) - 2012 (obs)
GIG: 1900 (Sommicr 1900b) - 2012 (obs — enlt)
MON: 2012 (obs ~ cult)

PIA: 2013 (obs)

Prunus cerasus L. (Rosaceac) - CAS

CAP: 1896 (Viegi & Cela Renzoni 1981) - 2001 (Foggi
ct al. 2001)

ELB: 1898 (Fossi Innamorati 1983) - 2011 (obs)

GIG: 1894 - 1996 (Baldini 1998)

PIA: 1909 (Sommier 1909) — 1998 (Baldini 2000)

Prunus domestica L. 5.]. (Rosaccae) — NAT

CAP: 1839 (Moris & De Notris 1839) — 2013 (obs)
ELB: 1900 (Fossi Innamorati 1983)

GIG: 1894 (Viegl & Cela Renzoni 1981) - 2012 (obs)

Robinia psendoacacia |.. (Fabacesc) — INV

CAP: 1970 (Foggi et al. 2001) - 2001 (Foggi ct al
2001)

ELB: 1903 (Sommier 1903) - 2013 (obs)

GIG: 1996 (Baldini 1998) — 2012 (obs)

GOR: 1899 (Sommier 1899) — 2011 (Rizzotto 2011)
MON: 2012 (obs ~ cult)

PIA: 1909 (Sommier 1909) - 2013 (obs)

Senecio angulatus | 1 (Asteracene) - INV

(= 8 mikanioides wuct., non Walp.)

CAP: 1970 (Foggi et al. 2001) ~ 2013 (Ferretti et al.
2013)

ELB: 1971 (Fossi Innamorati 1989) - 2013 (Ferretti et al.
2013)

GIA: 1999 (Baldini 2001) — 2013 (Ferretti et al. 2013)
GIG: 1996 (Baldini 1998) — 2013 (Lazzaro et al. 2013a)
GOR: 2012 (Ferretti ¢t al, 2013)

PIA: 1998 (Baldini 2000) - 2013 (Ferretti et al, 2013}

Setaria parviffora (Poir) Kerguélen (Poaceac) ~ NAT
ELB: 2012 (Ferretti et al. 2013)

Solanum lycopersicum 1. (Solunaceae) - CAS

CAP: 1839 (Moris & De Notaris 1839) - 2013 (obs)
ELB: 2013 (Ferretth et al, 2013)

GIA: 2013 (Ferretti et al, 2013)

GIG: 1900 (Sommier 1900b) ~ 2013 (Ferretti et al.
2013)

GOR: 1844 (Savi 1844) - 2013 (Ferretti et al. 2013)
MON: 2011 (obs ~ culr)

PIA: 2013 (obs)

Sorghum bicolor (L.) Moench (Poaccae) - CAS
CAP: 1976 (Monteluccr 1976 - culr)
GOR: 2011 (Rizzono 2011)

Sorghum halepense (L) Pers. (Poaceae) - INV

CAP: 1839 (Moris & De Notanis 1839) — 2013 (Ferrett:
ct al. 2013)
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ELB: 183% (Fossi Innamorsti 1991) - 2003 (obs)
GlA: 2000 {Baldim 2001)

MOM: 1860 (Caruel 1B80-1864)
19013)

Pla: 1901 (Sommier 1901 ) - 2013 (Femeiti et ol 2013)

Symphyowrichum  squamanm  (Spreng.) Gl Nesom
{Asterncene) ~ INV

(= Auter squrmraius (Speeng. ) Hicron,)

CAP: 2013 {obs)

ELB: 1964 (Fossi Innamorti 198%) - 2012 {obs)

Gila: 2012 (obs)

GOR: 1993 (Rizeotto 2011) - 2012 {obs)

PIA: 1990 (Baldini 200 ~ 2013 {ohs)

1903 {Sommicr

Tamarix parviflors DO, (Tamancaceae) - CAS

ELB: 1972 (Fossi Innamorati 1983 - 1981 (Fossi
Innamorat 19E3)

GIG: 1996 — 2009 {Gargano et al. 2009 — cull)

Tanacetum  parthemive (1)
cenc) — CAS

ELB: 1898 (Fossi Innamorati 1984)
GG 1894 — 19596 (Baldm 199%)

Tetragonia  fetragonsides
cene) — CAS
AlA: 2002 | Lawrano et al. 2003a)

Sch.  Bip,  (Astem-

(Pallas)  Kuntee  {Aieoo-

Triticum aestivaan L. (Poacenc) - CAS

(= Triticum wulgare Vill)

ELB: 1900 {Fossi Innamorati 1991) - 2012 {obs)

MON: 1965 (Paoli & Romogooli 1976) — 2001
{exs FI)

PLIA: 1990 (Baldini 204KF)

Tropacolum mafes L. {Tropacolsceac) - CAS
CAP: 2002 (Lastrucei et al. 2002)

ELB: 2008 {Laxrar ef al. 201 3a)

GlA: 2012 jobs — enli)

Vachellie Karrow  (Hoyme) Hanfi & Galasso  (Faba-
cene) — CAS
ELB: 2002 {Lazzar et al. 201 3a)

Veromica persica Poir, (Plamaginoceas) - TNV

CAP: 1970 (Foggi et al. 20001) ~ 1989 {Mannocei and
Harsotii 1989

ELB: 1M1 {Fossi Innamorati 1989) - 2002 {obs)

GOR: 1993 (Rizeotio 2001 )

Vitis riparfa Michx. = Vins rupestris Scheele (Vi-
ceag) = INV

CAP: 2002 (Lastrocei et al. 2012)

ELB: 2012 (obs)

GlA: 2012 fobs. ~ et}

GIG: 2012 (obs)

GAOR: 2002 fobs — ewlr)

PIA: 2012 (obs = culry

XNowthivm oriemale L. subsp. falicam (Moretti) Greuser
{Asternceas) - NAT
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(= X. strumarrfien subsp. (alicas (Moreiti) D Live)
CAP: 1989 (Mannocei & Borsotti 1989) - 2013 (obs)
ELB: 1870 (Fessi Innamaorati 1989) - 2002 {exs FI)
GlG: 1895 - 1996 (Baldini 1998)

PLA: 2003 (exs FT)

Namthinm spinosum L. (Asienoeae) - NMAT

ELB: 1900 ~ 1972 (Fosai Innamorsti 1989)

GIG: 1897 (Sommicr 1Rk}

GOR: 1993 (Rereotio 2001) - 2002 (exs FI)
MON: 1RG4 (Caruel 18648) - 1903 (Sommier 1903)

Yiecea alvifolfo L. (Asparagaceac) — CAS

CAP: 1598 (Sommier 1898 ~ eali ~ 2013 obs — culr)
ELB: 2012 {obs)

GlA: 2002 (obs — cult)

GlG: 2002 {obs - culr)

MON: 1974 (Paoli & Romagnoli 1976 2013
obs — cnlt}

Zantedeschia aethiopiea (L) Spreng. (Amacese) - INV
CAP: 2012 (Lastrucci et ol. 2012)
ELB: 2002 [Ferretti et al, 2013)

Zisiphus fujuba Mill. (Rhamnaceas) - NAT
ELB: 1808 (Thicbamt De Bemneaud 1808) - 2013
(Lazzaro ef al. 201 3a)

PLA: 2002 (Laaro et al. 2003q)

Towenamy and life forms

The checkhst of the alien flora of the Tuscan Archipel-
ago consists of 141 maa, incloding the hybrid Ml sipa-
rin Michx, = Fitis rupestris Scheele, which includes all
the hybrids wsad for agricubural purposes, According 1o
our estimation of 1400 taxa represemting the lodal sponts-
neous flora of the Tuscan Archipelago, olicn faxa
account for 0% of the total Aora. The number of alien
taxa and thelr percentage on the tofal flomm for csch
island and for the emtire Archipelago are reponied in
Figune 2.

Three taxa were gymmosperms (Calliropais globea,
Cuprgsans sempervireis and Plny canarfensiz), while
all the other 138 were angiosperms, We listed 101 gen-
era in 49 families, The genera containing mos! laxa were
Amaranthus (eight taxa), Qpuendfer (six toxok Oaliy (i
tasa), Acacia (five taxa) and Erigeron (four taxa) with
all the sahers contaming from thaee 1o one laxa per gen-
eri The most represented family was the Asternceae (16
laxa), followed by Poacease (12 taxn), Fobaceae (12 mxa),
Amaranthaceas (10 taxa), Coctocene (seven taxa), Oxo-
lidaceae and Adroaceac (six tnxa), Nine families con-
tained only two taxa and 26 familics were present with
only one taxon, Most of the species were trees and
shrubs (44 species) and annual herbs (42 species)
(Figure 3) amnd the distributions of the three mvasion
stnfuses were similar across the different life forms,
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Figure 2. MNumber of alien taxa, and their ol the

total spostancous flom, for each island and for the ahole Tias-
can Archipelagn.

Tnvavion siefus

Thimy-one inxn were assessed as invasive in the Archi-
pelago (two anchacophyics and 29 neophytes), 62 a5 nat-
urnlired (seven archacophytes and 55 neophyies) and 48
as casual (15 archocophyies and 33 neophytes)h (Figure 45
Elta Island and Capraia hosted the highest numbers of
invasive taxn (24 and 19 mxn, respectively), while
Mumbecrisso hosied only one invasive spocies. dilanihuy
aliixstoruy, which s the lrget of an eradication pro-
grumme (Table 2. Wih regard to the nesidence time,
117 (83%) were neophyies and the remaining 24 (17%)
were archacophytes.

Nutive ravge amd infreduction pathwy

As 1o the native range (Appendhx | Figure 5), most of
the alien plants of the Tuscan Archipelago (61, represent-
ing ihe 43% of the faxa) came fom the Americas,
mainky from Sowth America (23) and MNorth America
(21), Thiry-one taxa (22%) were native to Africa,
mastly o South Africa (1R), and 20 (14%) came from

I_._IJ_,I._LL -
S S /

Figure J.  Distribstion of the alien taxn of the Tuscan Arcki-
pelago scconling 1o Raunkiaer's 1ife forms (Rasnkiaer 1034),
clissified acconding te their mvasion stahss.
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Figure 4. Mumber of allon tava of the Tuscan Archipelago
scoording 1o thesr invasion siaiss (INV = mvasive, NAT = natu-
mlizod, CAS = easual), classifiml accondmp to the reildencs
time | ARC = archasophyies, NEO = neophytes )

Table 2. Mumber af waa for invasion sstus

ARC Cap ER (ns Glg Gor Mom Pia sl
L) nom M4 9 13 4 1 11 0
wAT B IR 4 11 25 19 9 0 5
CAS = 19 Mo 123 n T 16 1
TOT 141 S 14 32 50 40 0T 4% &
CULT n 4 12 12 5 L] 1 0
R o 2 9 ] fr d L] 4 0

Soan: (INY = mvasive, NAT = neiumliced, CAS = caal, CULT =y
caltivaed and NR = sl reimeved dn oohe delend afber 1950, siue s

given metonling to Pydel ot sl J00ka) foi the whske Anchipeligo, e
weven main idands mad e the iskets (ARC = whols Archipelago, Cap
= Cupanini, Elh = Elha, Gim = Gilanmen, Gig = Ciglio, Gar = Corgona,
Mon = Meniecratn, Pa = Famsa, s = i)

Asia, 11 (8%} from the Meditermnean, 11 (8%) from
Australia amd six (4%) from Eumsia.

Most of the txa (71%) were volumanly mtroduced,
mainly us omamental species (48%), but also as forestry

Figure 5. Perceitage of the alien tina of the Tascan Anchipel-
ago sccording o the nabive mnge
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Figure 6. Percentage of the alien taxa of the Tiscan Archipel
ago accandmp o iroduction patlways.

and omamental spocies (13%), agriculture (T*6) and both
agricultural and omamental purposes (3%), Only 2% of
the taxa were introduced unintentionally into the Archi-

pelago {Appendix 15 Figure 6).

Dscussion

According to the present inventory, the alien fom of
the Tuscan Archipelago consistis of 141 alien taxa, This
number s particularly high if compared to the 64 spe-
cies listed in Wicgi and Celn Reneoni {1981), Moreover,
omly 30 ol those &4 species wene confirmed by our
wirk, whereas 14 have not been retnieved since 1950,
and MY gre cryplogenic or only-cultivaled  species,
Therefore we are reporting an increase of 111 species in
the last 30 years. However, sccording to the year of the
record, 64 species had already been recorded before
1981; so the actual increase of specics should be
reduced to 77 species, of which 67 (representing almost
half of the species listed herewith) have been reported
since 20040,

These data refleet, on the one hand, the inerease in
the inderest in snd the invenony cffons on alien species,
andl, on the other hand, the deep socio-ceonomic changes
in the Tuscan Archipelago since the 1960x. In this frume-
work, it is notewonhy that most of the specics estab-
lished i the last decades had been introduced as
omamentals (53 of the 77 species retrieved after 1981)
while only six fout 0 totl of 200 had been introdisced
for agriculiural purmposes. The number of alien species
introduced for agriculture or forestry is proporionally
higher m the species miroduced before the 1980k, and
could be even higher considering the net retrieved spe-
cies. This evidence is consistent with the geneml change
that invalved the Mediermnean islands i the last doc-
ades, with a transition from an coonomy based lorgely

76

on agriculiural exploitation 10 one based on tourism
development (Papayonnis & Soroeou 2008), so determin-
ing a shift in the land use and in the inlmoduction path-
ways of alien species.

According 1o Moody (2000], the number of pon-
native taxs on islnds i relsied fo their sive; mdeed the
largest islonds of the Tuscan Archipelago (Efba, Giglio
and Capraia) host the highest number of alien plants
(104, 50 amd 56, respectively): these islands nlso have
the highest human population densitics, proving that
eman nfuence on the islands i the major determinant
for alien species abumdance, This faet = confimmed by
the case of Moneerisio, currently on uninhabited ixland,
which hosts the bwest number of alien species, despile
bemng medivmesized, These data gre consistent wath the
findings by Pretio ef al. (20012) on small Mediterrancan
islands, and in other studies (soc Heatwole and Walker
198%; McMaster 2005; Kueller ot al. 2010} which high-
light the imponance of human pressure on the rchness
of non-native flosa on ilands,

The alien flom of the Tuscan Archipelago is charac-
terized by o high taxonomic diversity, Most families
counted very few species, with only Asteracene and
Poacene being well-represented. This reflects the non-
natural origin of the flom, comprising species from dif-
feremt home-ranges, which did not have the time to
evolve mio a naturl assemblage.

In the Tuscan Archipelago n change in the imnoduc-
tion pathways from sgriculium] o omamental purposes
was detected as a consequence of the recent socio-goo-
normic vanation from a historical lend-use based on
ngriculbiure, livestock ond forest exploitation © o model
hased on tounsm, keading o o huge merease i the num-
ber of alien taxa. Many other siudies are needed w
understand the models of armval, stabilization and modi-
fication of the local ecosystems. As siated i the CBD
report (CBD decision V123 2004),

invasive alien species epresent one of the  primary
threats 10 biodiversity, oapecially in peographically and
eviduitonanly isolaed ccorysicma, such as emall bland
developing Stabes, and that risks may be increasing due
o mencased ghobal trdde, transport, toarism and climaie
change.

Furthermomn: Mediterranenn ecosystems can be seriously
endangered by biological invasion (Underwood e al.
2009, especially where their impacts threaten endemic
species (Fopei 20605} Henoe, strong enforcement of laws
and regulations and an intensive education and outreach
effont are needed to prevent funher introductions of inva-
sive plants in the sland biota,

If the local land managers are not oble W drive the
changes occurming i society, mmival and establishment of
alien plants, such ps omamental species, will lead o
such changes in Inndscopes of these islonds that they will
o longer be recognizasble from any other island scatiered
in the seas of the world.
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Appendix 1. Checklist of the spontaneous alien planis
of the Tuscan Archipelago. additional information,
For each alien taxa are given the Raunkiaers life form
(Ph = phancrophytes, ' =nano-phancrophiyees, Ch= chamase-

phytes.  H=hemyeryprophytes, G = goophytes,  Th=thero-
phytes), the introduction pathway, the native mnge (N = norh;

{Arch = archacophytes,  Meo = neophytes) and  the  invasion
status (INY = invasive, NAT = naturalired, CAS = casual, cult =
only cultivabed and nr = not retrieved on the sland afler 1950)
for the whale Archipelago, the seven main Blands and for the
islets (ARC = whaole Archipelago, Cap = Capraia, Elb = Elba,
Gia = Giamnutri, Gig = Giglio, Gor = Gosgona, Moen = Mon-
tecriste, Pia = Panosa, 15l = sles).

C=ceniral; S=south; T=tropical), the residence tme
Invasion staius
Life  Imtrodwection  Native R,
Tanen form  pathway Ramge Time ARC Cap Elb Gia Gig Gor Mos Fa  Isl
Abwilor thewphrastt Th Unintemtional — Asia Amch  CAS CAS
Medik,
Acacie deathala Link  Ph Faresiry, Australia MNea  INV INY MNAT
Cimamintal
Acocin melosoylon Fh Omamental — Australia Neo  MAT  CAS  NAT
R. Br.
Agacie provincialis Fh Omamenial Ausiralin Moo CAS CAS cult CAS
A Camus
Acacia pyeamaiha Fh Foresiry, Australia Nea  INV INY
Benth. Omamental
Acacie sligns Fh Omamental Australin Neo  CAS CAS  culi
{Labill.) HLL.
Wendl,
Avomium arbareiom nf*  Omamental  Adica MNeo  MAT CAS CAS CAS NAT CAS NAT
(L) Webb &
Berthel,
Avanium havorthil nl* Cimamiental Afnca MNea  CAS CAS CAS
Saim-Diyek ex
Wbk & Benh.
Agwve gmertcang L, Ph Omamental WO America Meo [NV DNV TNV INV TNV NAT NAT INV NAT
Avtanthis altlssima Ph Faoresiry, Asia Mea  INV  INV [NV INY DNV INV
(ML) Swingle Cimamiental
Alwe arborescens nl*  Omamental Alinca MNeo  CAS  cull CAS cull  cult  cub cult  cult
il
Ampranthus albes L. Th Unintentional N America Neo  WAT  NAT NAT nr NAT or nr
A. teas el Th Ll ponal N Amenca MNea  CAS CAS CAS
5. Watson
Amrramtus bt ™ Uninpentional N America MNeo CAS  ar nr CAS
L.
Amrra curwad) Th 5 America Neo  CAS CAS
L.
Ammramthus deffexus H Unineentbonal 5 America Moo DNV INY NV MY MNAT nr MNAT NAT
L.
Amrramius Th  Unintentional T Africa - T Neo  NAT NAT nr CAS CAS
L. Asia
Amimranttus kybridiee Th Unantenibonal MO Amwerca Moo CAS CAS nr CAS
L.
Amrramilus Th  Unintenibonal 8 America Moo INV DNV [NV MAT INV  NAT aor I
Fetrafles L.
Anredera cordifolia G Cimamintal 5 America Nea  INV NAT NAT NAT MNAT NV
(Ten.) Sueenis
Antirchimum mafus L. Ch  Omamental — Medilerranean Arch  NAT NAT NAT NAT
subsp, majus
Artemivia verlotiorum  H Undntenitional  Asia MNea  NAT NAT
Lamatte
Arvensides dowary L. G Aprsculture Eurasia Arh  INV O INV I[NV NAT INYV  NAT aor NV NAT
Ascleplas fraricosa L. Ph Agricalure Afiica Nen  MAT CAS NAT
Asparagus faleatus G Omamental 5 Africa Neo  CAS CAS
L.
Austrocytindropuntic Ch Oirnamental 5 America Moo MNAT MNAT NAT CAS Cas CAS NAT
sutwlvesin
{Cmnrinmed)
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Tnvasion status
Life  Introduction  Native Hes.
Tanen form  pathway Range Time ARC Cap Elb Gk Gig  Gor Mon Fa sl
(Muchlenpl )
Backeh.
Avena hyzanting K. Th Agriculbane Meditermanean Arch CAS CAS
Kach
Avena sotivr Los ), Th Agriculnare Mediserrancan  Arch  CAS CAS  cuh CAS
Bidens pilosus L, Th  Unintentional  C5 America  Neo  NAT NAT
Brxssica napus L. H Agriculbane Meditermanean Arch CAS nr CAS CAS
subsp. mapus
Brossica oferaces L. Ch Agriculnare Mediserrancan Arch  CAS  CAS CAS
Broussoneria Fh  Omanmenial  Asin Meo  NAT CAS AT
papyrifera (L.}
Weml
Buddiea daviai nf Omamenial  Asia Men  WAT NAT
Franch.
Callirrapsis glabre Fh Faresiry, NC America MNeo  NAT MNAT cult cult
(Sudw.j D.F. Lol Omanwental
Coampriis radivamns Fh Omamental N America Men  WAT cult  NAT CAS
(L) Busreau
Cowma dndior L, L] Dmanmsenial S America Meo CAS CAS cult
Carpolrohis Th Omanwental 5 Adrica Meo  INV O INY DNV DMWY INY DNV CAS MAT
acineciformis (L.}
L. Baohas
Carpolrons edirlis h Cimansenial S Africa Meo TNV NV INV INY
(L) N.E. Br.
Cansirariog Fh Omamental  Austrakia Meo  NAT NAT
equizetifalia L.
Catharantbus rosens Th Oimamsental Africa Moo NAT MAT
(b G, Do
Cemchres longisetus Th Omamental Adrica Men  CAS CAS
ML Johnst
Chamaesyce Th  Unintetional  Asia MNeo  NAT NAT
oamfiesar (Willd,
ex Schlir.) Prokh
Chamaesyee Th Unimtentional N Amenca Meo  INV O INY  INV 1MW
mraciarg {L.)
Small
Chamaesyoe Th Unimtentional N America Meos MWAT MNAT MNAT
prasiradn (Adlon)
Small
Chasmanthe G Omanenial 5 Africa Meo  NAT  NAT CAS
aethiapica (L.}
M.E. Br
Clrralfur fancars Th  Apgriculiane Adrica Arch  Cas CAS Cas CAS
(Thunh, ) Matsam
& Makai
Cortaderia selloana H Oimamsental 5 Amenica Mea  INV ol INV cult
(Schull & Schule
1) Asch, &
Crrachan,
Colomearler nl* Oimamental Aszia Moo MAT MAT
corincens Franch.
Condadon orfeuloe o Omamenial — Adrica Meo CAS CAS CAS CaS CAS CAS
L.
Crassula Ch Omamental 5 Africa Men CAS CAS CAS CAS
Iveepodioides
Lam.
Cratecgus azanvlus Ph Agriculiare,  Meditermnean Arch - NAT - NAT
L. Oimamsental
Cracurbifa s Th Agriculiane 5 America Men CAS CAS CAS
[Duichesne
{Cantinmed)
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Appendin 1. (Crerfnued).

Invasion status
Life  Imtrodwction  Native R,
Tanen form  pathway Ramge Time ARC Cap Elbh Gia  Gig Gor Mos Fia s
Crpresius Fh Foresiry, Medilerranean Arch NAT  CAS NAT cull MAT CAS CAS NAT
semypervinens L, Omamen
Crscirta epilisnum Th Llndntemisonal  Asia Arch CAS CAS nr nr
Weihe
Cyperus imvlicrames H Ormamental Alinca Moo NAT NAT
Rodib,
Dartura ferox L Th  Unintentional  Asia Meo  MAT MAT
Datura i Th Lind ponal W America MNeo NAT NAT NAT nr NAT mor NAT
L. suhsp.
Stramonium
Datara weighii Th  Omamental N America  Neo NAT  NAT CAS  cult
Begel
Delmirea odovata Ch Omamental 5 Afnca MNeo NAT MWAT
Lem.
Delwsperma cooperi  H Omamental 5 Africa Neo  CAS  CAS cul cull
(Hook, £ L, Bolus
Diroaanihemeom Ch Oimamenial 5 Admca Moo MWAT CAS MAT
Moribundum
(Haw.} Schwanics
Divspharin Th  Unintentional 5 America Meo NV INV NAT
ambrosiotdes (L.)
Mosyakin &
Clemants.
Dyaphario multifde H Unintenitional 5 America Moo MAT NAT
(L) Mesyakin &
Clemands
Elewesime indica (L.} Th Uninbentional T Africa - T Moo NAT NAT
Giaertn. subsp. Asia
L
Ertgerown howariensis  Th Unintentional €5 America Meo  INV O INW O INY OINV NV O INY NAT INWV NAT
L.
Erigeron canadensi Th Lina onal W Amenca Moo NAT NAT nr nr nr nr nr nr
L.
Ertgenon H Omamental N America Neo  INV INY
karvirskipas DO,
Erigeron is Th Lina ponal W america Meo INV INW [NV NAT INV NAT NAT INV
Rtz
Erysimuwm cheirf (L) Ch  Omamental  Medilerranean Arch NAT  NAT  NAT NAT MAT AT
Crantz
Eryrlrasiemon Fh Oimamenial 5 America Moo CAS CAS
gitliewii (Wall. ex
Hook.) Klotzsch
Eucalypros Fh Foresiry, Australia Neo  MAT CAS NAT culit  NAT NAT
comarldinleniis Cimamental
Dehinh.
Eucalyptus glvbufus Fh Forestry, Australia Moo NAT  cult  cull cul NAT
Lahill. Omamental
Fallopix Fh Omamenal  Asia Meo  MAT MNAT
bhaldschuaniog
{Regel) Holub
Freesia atha (G.L. G Omamental 5 Alrca Mea  CAS  Cas
Mey.) Guambl,
Crazania Nnearis H Omamental 5 Africa Meo  CAS CAS
[ Thumb.) Diruce
{ileatitvia triccamthos Fh Omamental N Amerca Moo CAS CAS
L.
Helianthus ammes L. Th Agricualoure N america Meo  CAS CAS
Hellanthis ncberosus G Apgriculture, N america Moo  MNAT MNAT CAS
L. Cimamiental
Ipameova indica G Omamental 5 America Moo NAT NAT
(Burem.) Mer,
o rinmed)
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Appendix 1. {Comimued).
Invasion status
Life  Intraduction Mative Hies.
Tanen form  pathway Range Time ARC Cap Elb Gk Gig  Gor Mon Fa sl
Trin germanica L, G Omamenial  Eurasia Arch NAT  MNAT MAT NAT NAT CAS CAS NAT
Kalonchod = n Oimansenial Africa Moo NAT CAS NAT MNAT
hewghtamii
B Ward
Lanrana comm L. Fh Omamental OS5 America  Neo NAT  qul CAS  NAT
Leplaium digyeun Th Unintentional ™M America Men MAT MNAT MAT
L.
Ligmeeiram fucivum Fh Omamental  Asia Mew  MWAT NAT
W.T. Aison
Lowicera fapaonica Fh Omamenial  Asin Mem  NAT NAT
Thurh.
Lupinus afbuy L Th Agriculiane Meditermanean Arch  CAS nr nr CAS
subsp, albus
Melia azedarach L., Fh Omamenital Asin Mew  CAS  CAS
Mesembryanthemum  Ch Oimamsental 5 Affrica Meos  INW MAT 1INV MNAT NAT NAT
codifidium L. [
Mirahilis folapa L. G Omamental 5 America MNeo  INV DNV INV NAT MNAT I
Marus altsa L. Fh  Agriculiare,  Asin Arch CAS  CAS CAS cult  cult  mr
Oimamsental
Myvoponm insulare Fh Omanwental Australia Men CAS CAS CAS
K. Br
Nicorana glawer nf Omamenial 5 America Mew [NV [NV
Crrabam
Nottasoordim 0 Oimamsental C America Mes  CAS CAS
gracile (Adwon)
Steam
Oprarta ailferdl (Ker=  nP Oimansenial S America Moo NAT NAT
Gawl.} Haw,
Opentia fiews-imdice  Ph Agncultare, O Américs Meo  INV O INV O INV O INW NV MAT NAT
(b ML Oimamsental
Cpweatia feweodricha Fh Oimamsental C America Moo NAT MNAT
.
mondcaatha  Ph Omamenital 5 America Mew  NAT qult  MAT NAT NAT CAS
(Willd.) Haw.
Chralia phavaceatka Ph Oimamsental MO America Moo NV NV
Engelm.
Cpunrta stricta P Omameninl  C America Meow DNV TNV NV nr
{Haw,) Haw,
Cstenspermim HTPh  Omamsental 5 Africa Mes CAS CAS CAS cult  cult
eckfoniz (DC.)
Marl,
Ovalis arficaleia 0 Oimamsental 5 America Mes  NAT NAT NAT NAT CAS NAT NAT
Savigny
Chalis bowiei Heeb, G Omamsental 5 Adrica Mew  WAT NAT
ex Lindl,
Ovalis debitic Kunth G Unintentional 5 America Moo NAT MAT
Ovalis dillenii Jacg. H Unimtentional N Amenca Moo NAT MAT NAT
Chalis fariflic Kumh G Unimientional  C5 America Neo  NAT NAT NAT
Chalis pes-caprae L. G Omamenital 5 Africa Meo DNV DNV DNV INW INY MAT NAT  INV
Paraseriariies Fh Dimansenial Ausstralia Meo  NAT MNAT NAT
topharwiha (Wilkd.)
L. Miclsen
Parthemocizeus Fh Omamenial N America Mem  WAT NAT NAT NAT NAT
suirgrasfolia (L.}
Plamch.
Paspalum dilaienom H Unimientional 5 America Mew  MWAT NAT NAT
Puir.
Pagpalum disticham G Unimtentional 5 America Mem  NAT  NAT MNAT NAT MNAT
L.
Pasziffora caerlea Fh Oimamsental 5 Amenca Mes  NAT cult NAT
L.
{Cantinmed)
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Appendin 1, (Coarined).

Imvasion status
Life  Imtroduection  Mative R,
Taxon form  pathway Range Time ARC Cap Elb  Gia  Gig  Ger Mo Pia
Pelargonium zonale Ch Omamental 5 Afnica Meo CAS CAS CAS CAS CAS CAS
{L.1 L'Hér
Phacelia fenecelifodic Th Omamental MNC America  Neo  CAS CAS
Bemth.
Phoenix canariensis~ Th Omamental Canary Meo CAS CAS cult  cult
Chabaisd Islands
Pitedacca H Omarmemal N America Nea DNV INV NAT NAT MNAT
antericmmr L.
Pirus canariensis C. Ph Farestry, Canary Moo MAT NAT cult
COrnarnental Islands
Pisum soviveent L. Th  Apnicubiune Eurasia Arch CAS e cubi CAS CAS
subsp, sativum
Pitrsparus pbira Ph Omamental Asia Moo MAT CAS NAT CAS CAS
(Thunb,) W.T.
Aiton
FPrunws armendoca L. Ph Agricubiure Asia Arch  CAS cult CAS cult cult  CAS
FPronus cerasus L. Ph Agmcubture FEurnsia Arch  CAS  CAS CAS CAS CAS
Prenus domestica L. Ph Apgriculiure Eurnsia Arch  MNAT MNAT nr CAS
%L
Rohiriz Ph Farestry, M America Meo  INV DNV NV NV INY cult  INW
prendoacacir L. Omamental
Senecte aaguiems L. H Omamental 5 Alnca Meo NV DNV INV [NV DNV NAT WY
I
Sefarta parviffora H Unintentional 5 America Moo MAT NAT
(Pair) Kerguélen
m Th  Agncubtune C Amerca Meo  CAS CAS CAS CAS CAS CaS cull  Cas
Ivwapersicum L.
Sovghar bicefor (L) Th  Apricubure Alfiica Arch  CAS  cult CAS
Moench
Sorgirum halepense Y] Unintentional  Medilerranean Arch 1INV NAT I[NV NAT nr MNAT
(L.} Pers.
Symphvdrichnm Th Unintentional 5 Amenca Meo  INV DNV [NV NAT MNAT WY
BT
{Spreng.) GL.
Mesom
Tamarix parviffonn P Omamental Medilerranean Moo CAS CAS cult
D
Taracerwm H Crnarnental Eurasia Arch  CAS nr CAS
parrthentun (L)
Sch, Bip.
Tetragonia Th  Apricubiure Australia Men  CAS CAS
werragamaidis
{Pallas) Kuntee
Tritkcum acstiviem L. Th Agriculture Asia Arch CAS CAS CAS CAS
Trapareolem mafus L. Th Dimamendal S Amenca Moo CAS CAS CAS cult
Fachellio karrog Ph Omamental 5 Afnica Meo CAS CAS
{Hayne) Banfi &
Caalasso
Fervaice persica Th Unintentional  Asia Meo  INV MNAT INV MNAT
Pair,
Vs riparia Miche, = Th Apgrcultune N America Moo  INV  MNAT INV cull  NAT cult cult
Fitis rupesiris
Sechecle
Xawrkiwm oviemiale . Th Uninsentional W America Moo MAT  MAT NAT HAT CAS
L. subsp. italicum
(Muorett) Greuser
Xarerkivw spisosurn Th Uninsentional 5 America Moo MAT NAT nr NAT or
L.
Yueear aloffolir L. Ph Cmamendal MC Americn MNeo CAS cult CAS cult  cult cult
Lantedeschio G Cimamenial 5 Africa Meo INV  INV  CAS
acthioptea (L.)
Spreng.
Fiziptus jigiha M. Ph Apgricultune Asia Arch  NAT NAT MNAT
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4. IMPACTS ON THE ECOSYSTEM

The evaluation of impacts of IAS on biodiversity is a main goal of
invasion biology. Indeed quantitative information on impacts exerted by alien
plant are very important to fully understand biological invasions. Moreover,
quantitative assessment of alien plant impacts are essential in the management
of biological invasions, being indispensable to prioritize the resources against
the most problematic species and restoration efforts towards the worst-affected
ecosystem processes (Hulme et al., 2013). They are in fact a central pillar in
most Risk Assessment procedures, allowing for prioritizing alien species
according to their impact (Essl et al., 2011). Thus, further research on the
impacts of alien species on native biodiversity is needed to both achieve a better
understanding of this phenomenon and to acquire more data for Risk
Assessments (Essl et al., 2011).

Hulme et al. (2013) emphasized the need of unbiased researches on
impacts, identifying gaps resulting from taxonomic, biogeographic, and life-
form biases and from the lack of comprehensive approaches, investigating
impacts larger sets of response variables as well as the consequences upon
ecosystem services. On the one hand, the authors highlighted that most of the
researches focused on few well-studied species, while data on poorly study
species are essential. On the other hand most of the impact studies examine one,
or few variables, often not integrated, while more comprehensive approaches
relating the effects of alien plants to more responses, also focusing to the less
studied, such as impacts on soil biota or ecosystem stocks. Moreover, studies on
impacts should be more strongly linked to invasive plant functional traits and
their relationship with ecosystem processes.

These biases are also reflected in the problems faced by land managers
when assessing the potential or actual risks posed by invasive alien plant
species on Mediterranean Islands (Brundu, 2013) Particularly when facing
species that are scarcely studied or which complex of impacts are poorly
understood or investigate specifically on islands.

In our area of study, an evaluation of quantitative assessment of impacts
exerted by invasive species was still lacking, also for well-known species. Thus,
aiming to better understand the ecological consequences of invasion in Tuscan
Archipelago, we investigate, as an example, the effect on biodiversity of two
alien species. We produced two contribution focused on the impacts of two
Australian Acacias species: Acacia dealbata Link and Acacia pycnantha Benth,
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which were offering the opportunity to assess quite complex and effective
changes in the invaded ecosystems.

Generally, Australian acacias are a group of globally introduced species
including at least 23 well known or emerging invaders in many part of the
world, especially in Mediterranean ecosystems, where lead to a wide range of
ecological and socio-economic impacts (Lorenzo et al., 2010; Le Maitre et al.
2011). Acacia's spread and dominance can lead to diversity loss, alteration of
functional diversity and simplification of invaded habitats. The severe impacts
of acacias are related to some key traits such as the high growth rate and
biomass accumulation, the production of a large and persistent seed bank, the
capacity to establish associations with nitrogen-fixing bacteria (Le Maitre et al.
2011), and the release of allelopathic compounds (Lorenzo et al. 2010).
Particularly to our studied species, the former, A. dealbata, is a well-studied
species, whose effect on biodiversity and nutrient cycles have been largely
studied, but still never in an island ecosystem (Fuentes-Ramirez and Pauchard
2010; Gonzalez-Mufioz et al. 2012; Lorenzo et al. 2012). Moreover, to describe
the effect of this species we adopted a comprehensive approach, assessing its
effects on plant communities as well as on soil chemical properties and soil
microbial communities (i.e bacterial and fungal). The second species, A.
pycnhantha, is instead a known invader, but whose impacts have benne scarcely
studied, and for which quantitative information on ecological impacts are still
lacking.

In Tuscan Archipelago, and particularly on the Island of Elba,
Australian acacias were sporadically introduced in pine tree plantation
(Gatteschi and Arretini, 1990). Particularly, in the area of study of these two
contribution, located in the South-East of the Island of Elba (Figure 4.1), both
the two species were largely used. In 1998, a large fire affected the area,
destroying entirely the pine tree plantation and the local vegetation. As a result,
the two acacias species, which as most of the acacia are facilitate by fire, spread
across the area, replacing the native sclerouphyllous scrubland that would have
colonized the area. Nowadays these two acacias form several dense
monospecific stands, rising to around 30 hectares of total surface, quite well
observable and different from surrounding native shrubland (Fig 4.1)

Given the spotty spatial distribution of the invasion, to investigate the
effects of these two species on the ecosystem, we adopted a hierarchical
sampling of the communities. The sampling was conducted in spring 2013 with
similar sampling method for the two species. In case of A. dealbata we sampled
and analyzed understory vegetation; soil chemical properties and soil microbial
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communities, while in case of A. pycnantha only understory plant communities
were taken into account.

JAcacia spp. pure stands near
ICapotiveri (SW of Isola d'Elba)
B Acaca Caeliata are wanTy
[7] Acaca pycranta cum stance

Figure 4.1 Area of study of the two contribution on the ecological impacts of Acacia
dealbata and A. pycnantha. In the map, the invaded patches are marked with different
color according to the species.

For each species, we selected three patches, and in each of these, we
selected two transects going from invaded to non-invaded vegetation,
throughout a transitional invasion stage. Finally along the transect several
subplot were sampled per invasion status. The invasion statuses were defined as
follow: (1) ‘invaded’ with the vegetation dominated by A. dealbata, (2) ‘non-
invaded’, consisting of contiguous native understory communities without any
A. dealbata individuals, and (3) ‘transition’ where an intermediate degree of
invasion was detected.

The data coming from the sampling were analyzed adopting univariate
and multivariate statistics, studying the variation of several responses across the
three statuses of invasion. Particularly in both the analyses we took in
consideration the hierarchical structure of the data. In case of univariate
analyses we used the framework of multilevel Generalized Linear Mixed
Models (GLMM). Adopting this kind of analysis, with the specification of
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random factor (i.e. highest hierarchical levels such as “patch” and “transect™)
allowed us to study variation in subplot disregarding from the results from local
variability leading to more general conclusions (Bolker et al., 2009). Also in the
multivariate analyses the hierarchical structure of the data was taken into
account, using the “transect” as a covariate in the analyses and constraining the
permutation used in these analyses to run according to the hierarchical structure
of the dataset.

These work led in the beginning to the production of a poster in the
EMAPI 2013 congress (12th Reunion on ecology and management of alien
plant invasions; Pirendpolis, Goias, Brazil; 22-26 September 2013), illustrating
the preliminary data coming from the case of A. dealbata (Section 4.1). Finally
two main contribution were realized, one regarding impacts of A. dealbata
published in 2014 (Section 4.2); and a second regarding impacts of A
pycnantha, resubmitted after major revision requested (Section 4.3).
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4.1. How invasive silver wattle is changing the soil chemical pattern and
above- and below-ground diversity in the Island of Elba (Italy)?
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4.2 Soil and plant changing after invasion: The case of Acacia dealbata in a
Mediterranean ecosystem

Scemer of the Toud Enviromment 497498 (2014) @) a8

c Ttn avadnble at S
Science of the Total Environment @
ELSEVIER journal homepage: www wisevinr . com/locate/saitotuny

Soil and plant changing after invasion: The case of Acacia dealbata in a O“"“"
Mediterranean ecosystem

Lorenzo Lazzaro**, Claudh Giuliani*', Arturo Fabiani ™%, Alessandro Elio Agnelli ™, Roberta Pastorelli
Alessandra Lagomarsino ™, Renato Benesperi %, Roberto Calamassi *', Bruno Foggi W

e of By, , vl G L Pire £ 150121 Plwese, Moy
am-nnm:w-mcmamnrmmmmwmvm-wumnn rury

HICHLIGHTS

* We analyzed the impacts of A desitato invasion on 2 Mediterracean ecosystem,
* We amalyzed mnpacts on solls, sofl bacterial, fungal and plant communities.
* Addification, nitrification and a slight increase in € were detected for sods

*A itioral shift was & d for bacterial and fungal
* Lower richoess and [y I shift wero d d for wnde phant
ARTICLE INFO ARSTRACT
Arvaie oy Acocio dealber Liok [Fabaceae) is ooe of the most invaive spoecies in the Meditorrancan econywern of Europe,
Recetend 17 Agril 2004 Africa and America, where it bay been proved 10 exert strong effects on 10il aad plant communities. ko Raly
Rrceiend in revised form 6 Aupat 2014 AmmmmmhmmlmmehmMmmdm
s 0t The present study was addressed 6o evaluate the mguacts e sl chemical prep
2o wnderstory plant communithes and to assess the rel. H _!.‘- W Altes the invason

Fibior: Ouarteste schensieder dammmm-«nm

2 Towands these aims, 2 sl and vegs d in E1ha Mand where A, dealbers o svading rhe
pesd nnmmmmmuwdmmmmmmnwmm
o g mmwmummmm
Sod! herrasry and ] (e hacserial and &n
Sedl racritucts uM)mwmmmthmtﬁm&dﬂm
Dadermory plascy Tower pH values than both the no0-irmvided and transitional coes. High diflerences were deticted for boh the sotal
Ecouymern lapicts N and the morganic fraction (NH] and NO; ) contrets, which showed the rarking: invaded » tramitionad » noo-

Itvaded sedls, TOC and TN ratio showed respectively bagher and dower values in invaded thas in nos-lnvaded
souls, Total plant covers, spocses Tichness and dversity 1 both the non-dmvaded and transitional subysiots were higher
than those i the invaded ones. The contribution of the PRI was different among the
here iovanion statuses, with 4 strong ecrease going from native to transitional and vaded subglots. All these
MMMAMMMJWdIMMWMﬂWM
thes 10 30d ded ploet e g strmng chanpes in the Jocal eoosystern groceises.

© 2014 Elsevier RV, All nghts teserved.

mm Tel = 10065 757172
ot " Il.uu-ld-nmlu(c-‘-xm 2 (A Fabnars ) X (AL Agwi )
vobwsta pan LaLY RiAL Ll L 1uberm. At (R Calamannt |
Suna, R Yogp )
e+ M 0NS ITSTITL
' T 0005 240100
¥ Yot + 0085 2400220
* el o« 055 2400062
¥ Yok« 055 2400082
* Yol + M9 05527700
T el « W 055217000

Mg e douoeg 10016 f schreov 200408014
QOIS SG5T.C 2014 Exevier BV A rights reserved.

91



o0 L Lazswve et ol ¢ SCencr of the Tutd Erveironenesst 847458 (2004) 81 -

L Introduction

Impacts related (o mvasive alien plants have been recognized as ane
of the major threats to blodiversity { CBD decision V123, 2014) and have
been deeply ivestigated In the last decades {Hulme et al. 2013),
However, these stdies are often focused on one single or few response
variables, while moee composite appeoaches, assessing the effects of in-
vasive plants on several response varables, are needed (Hulme et al,
:mu) Inpamtﬂn mvuﬂuﬂommmmuuwlhwam

central Medaterranean Sea), Native vegetation in the study area & a typ-
ial Mediterranean vegetation comstituted by mixed stands with
Queercus ihex and Erkca arbored, A. deaibata was introduced In the area
in the second half of the 19005, occasionally used in pine tree planta-
thons (Gatteschi and Arretini, 1990). Nowadays, after a fire in the late
905 several pure stands of A dealbara, ranging from about 1000 square
meters to 5 ha of srface, can be detected in the study area, invading
the surrounding native vegetation, The study area results homogencous
for the climate (thermo-Mediterranean

aground p are urgently d
nmwmmmmzmmad.wm

Indeed, invasive plants could alter the quality or quantity of the re-
soarces available to soil microorganisms, inducing changes in richness
and abundance of particular members of the microbial community
with 2 sub | of the jent pool and dynamics
(hu-md.m Kao-Kniffin and Balser, 2008), potentially affecting

of native plant species.
hm&thrMMMmmmmd
the most important plant invaders on 4 global scale (Richardson and
Rejminek, 2011), have great influence on pitrogen (N) and carbon
(€) dynamics, being able to successfully establish and grow even in
resource-limited ecosysteny [Fank and Vitousek, 2007).

Within this group, Acocie deatbats Link (silver wattle) is a versatile
and highly adaptive tree species which has spread all aver the woed
and currently covers a considerable area in the Atlantic dimates and
Mediterranean regions of Southern Europe, from North-western [berlan
Peninsula to Maly (Sheppartd et 4k, 2006), causing huge ecological con«
cems. In Italy, A dealbara was reported as Invasive in the Mediterranean
areas of Liguria (Celest-Crapow et al, 2009) and Tuscany | Elba Island,
Natianal Park of the Tisscan Archipelago, Lazzaro et al. 2014), with po-
tential severe conservation in ssch bmp hotspot of
mumtmmml.mx

The spreading of this transformes spectes (Richardson et al, 2000)
has recently received great attention! serious commurity level impacts
of A denlbata 4 have been ds d in Nocth Spain

for the grological sub
on parental matersad mainly composed of metamorphic rock: white
schists; Costantini et al, 2012).

22 Sompling design

Three patch ded by A dealbata were surveyed and for each
mhmm&m‘umsddlmlwdmduhnko(mmd
three different degrees of imvasion: (1) nvaded” with the vegetation
dominated by A dealbota, (2] ‘non-imvaded’, g of
mmMmmmw«mWA deaibara Individuals,
and (3) transition’ where an intermediate degree of invasion was de-
tected. For each macroplot, two ransects 2 meter wide were tandomly
sefected (at least 20 m apast ), going from the invaded, to the transition
and the non-mvaded Soil sampling and vegetation surveys
were carried out in middle May 2013,

2.3 Soil sampling and analysts

Soul sampling was carmied out in only one of the two transects of cach
macroplot. The soil samples were collected in three sampling posnts per
each imvasion status oa each transect. In each sampling point. four cores
were collected with a hand auger (5 cm inside diameter) from the
20 cm deep top layer of bulk sodl after removing surface residues.
The four cotes were then pooled together and stored at — 20 °C for

and Chile. It enhances nutrient mineralizatson and decomposition
rates | Castro-Déez et al. 2012), modifies the soll microblal commmnizies
structure (Locenzo et al, 2010a), decreases diversity and nichness of -
vertebeate communities (Coetzee et al. 2007), and reduces und Y

hysico-chemical and microblologacal analysis. A total of 27 samples
for the soil anmalyses resulted from the sampling design (three
macroglot x one tramsect = three invasion status x three sampling

plant richness and diversity (Lorenzo et al, 2012; Foentes-Ramirez
and Fauchard, 2010; Gomzdlez-Muiaz of al, 2012)

MR

points),
Soil physical and chemical properties of topsoll were determined
according fo the anahtical approved by the Nagional Ob-

servatory for Pedology and Soll Quality (Mipaal, 2000), The soll has a
Joamn texture (A7 sand, 19% chry, 25% fine silt. 10% coarse silt), without
aammmmmpﬂmmm In water with

ocosystems,

sary also in Maly in order to determine this invash
displaces nathve commmnities and reduces local beodversity.
mmaumnwmmmdnﬁwuum
ent compartments of a typical Medit
habalﬂ-d.mmmmalmmuwmks(umnm

2ol mb | and und y plant ities ). Accord-
Mnhanedm)ndnqmu)m&mmmy
and quantitatively impact the invaded ecosy 7 (i) Do i
effects affect a wide ¢t of econystem compartments? (iif) Are these
Impacts somehow related. Le. which relationship derived directly or
m-«wn«umomuamnmamm
different biotic and abiotic lyzed? T
Mmamphzdwﬂmwmmphmm

munities was conducted across a gradi lon spanaing from
Mhmm.ﬂlmﬂmﬂddw

2. Methods

2.1, Study area

The study ook place in areas of ecological nterest in the Sowth-
eastern part of Elba tskand (central ialy), the Lirgest of the seven main
Islands of the Tuscan Archipelago (Tuscan Archipelago Natonal Park,
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ratio 1:2.5 Total organic € (TOC) and total N (TN) contents
in the bulk soil were measured by dry combustion on a Thermo Flash
2000 CN soll analyzer. To this aim, 20 10 40 mg of soil was weighed
into Ag-foll capsules, Soil was carbonate free: consequently, 4 pre-

treatment with HC was unnecessary.
no,-uuwm.-'cmmmnmmmmmwm
100 mi of 2 M KC1 solution for 1 h. Soil lyzed with

mnmsmommwmm(mm)rwmm
NH-N concentration.

2.4, DNA extruction and denaturing grodient gel electropharess (DGGE)

DNA was extracted using the FastDNA® SPIN Kit for Soil (MP Bio-

dicals) following the f. s i ctions, The d
DNA was visualized on an agarose gel (1% wivol) and DNA yields
were estimated by comparison 1o bactersophage A DNA dilutions (200,
100, 50 ng ) using the Chemidoc Apparatus (Biorad ).

For DGGE analysis, the extracted DNA was amplified using bacterial
165 rDINA (GCOSSI-UNI 1401 1; Felske and Akkermans, 1998) and fusgal
185 rDNA (EF390-CCFR1; Vaimio and Hantula, 2000) specific primers.

reactions were carnied out in a MJ Research PTC-200™
1hermocycler (Biorad) in a 25-pl mixture containing 2 ng of DNA
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1.5 munol | ' of MgO),. 200 pmol | of each deoxymucheotide triphos-
phate (ENTP) (Promega Corporation), 10 pmol of each primer (TIR
MolBiol), 1x reaction bufler (Polymed ), and 1 U of PolyTaq polymerase
(Polymed), under reaction conditions of 94 *C for 4 min followed by
35 cycles of denaturation at 95 °C for 45 s, annealing (at 55 °C or
48 °C for hacteria and fungl, respectively ) for 45 5. extension at 72 °C
foe 45 5, and final extension at 72 °C for 7 min. Three independent PCR
ampiifications were performed for each primes set and each soll sample
and the triphicate amplification products were pooled to minimize the
effect of PCR blases. Amplicon ysedds were estimated by comparison
of amplified DNA to Low DNA mass ladder (Invitrogen) using the
Chemidoc Apparatus. DGGE profiles were abtained loading 500 ng of
anvl&um onto a 08 polyacrylamide gel (acrylamidebis 3750,
E h di (ranging from 50 to 65%
of from 42 to 52% for mmmw&mn.wmm-n-
od with an 100% denaturing solution containing 40% formamide
(Ewrocione) and 7 M Urea (Eurocione ), The gels were run foe 17 b n
I1X TAE buffer at constant voltage (80 V) and temperature (60 °C),
using the Ingery phort)-2 System (Ingeny International BV). At the
end, gels were stained with SYBRECOLD (Molecular Probes) diluted
1:1000 in 1X TAE and the gel images digitalized using the Chemidoc
Apparatus.

25, Seils statheical anadysis

The soll physical and chemical propertses of the 27 soil samples were
studied tsing GLMMs (generic linear mixed models) using “invasion
status” like explanatory variable with flxed effect and the variable “tran-
sect” as factor with random effect. If the main factor was signsficant a
Tuley test was wsed to investagate the didlerences between the three
levels of “wvasion status™, A log transformation was adopted for the
TOC, TN, C/N ratio, NHy, NO,. In addition, to assess the changes in soil
properties of the samples across the invasion status a Principal Compo-
nent Analysis (PCA) was performed again using the tramsects a8 a covar-
Late to get rid of partial variation due 1o this grouping fctoe.

Evaliation of band migration distance and inteasity within each lane
of the DGGEs was perf d wing Gel Compare 1l software v 4.6
(Applied Maths ). The number of bands (species rictness) and thelr rel-
ative abundance (Shannon index. H') were used as a proxy of richness
and diversity of soil microbial uities 25 described by Pastorelli
et al, (2011), Bands with a minimum area below 15 were excluded
from the calculations. Differences I richness and Shannon index were
studied using CLMMs (with “transect” as & random effect factor). A hi-
erarchacal chuster analysis based an pasition and presence;/absence of
bands in the different profiles was performed using Dice coefficient
and the unweighted pair group method ising arithmetic average
(UPGMA) algorithm. The banding patterns of DGGEs, extracted as quan-
titative band matching tables, were further amalyzed in a multivanate

ined ordi such as Redundancy Analyvis (RDA) to study
how the soil chemical properties and the invasion status affected the
band compaosition in the samples. An interactive forward stepwise
selection of signaficant terms, based on adjusted Povalues for false dis-
covery rate (FOR s described by Bergamning and Hochberg 1995) was
used to choose the right serms and again transect was used as a covar-
Compare [} while RDA analysis using Canoco S for Windows (vers. 5.03).

26 Plant commmenities sampling

Understory plants were sampied on both transects of each
plot. Along each four 0.5 side meters quadrate subplots
were sampled for each different bvasion status, where the understory
vegetation was sampbed. Only berts, and young shrubs and trees {for
these two excluding individuals taller than 30 ¢m) were indluded. In
each subgpiot, all plant indinviduals were recorded [ due to the difficulties
of determining the real number of individuals of Brochypodium retusum,

for n > 25 number was estimated . The total plant cover () was also es-
timated as the area covered by all vascular plant species in the quadrate
subplot, determined by dividing the quadrate into 100 5 = 5 om cells
ummmammAdem(m

plot « two « three | status « four quad
plots) were sampled.
27, Planst conmmmummitles statistical analysts

The analyses were performed using generic linear mixed models
(GLMMs) adopting restricted maximum likelihood method (REML).
Speckes nichness, species diversity, expressed by Shannon index H'
[Shannon and Weaver, 1944) and total plant cover of the 72 quadrate
subplots were used as response varlables aiming to investigate how un-
derstory plant commanities could be affected by A dealbata levasion,
The same analysis was used to study the contribution of the guild of
nicrophilous species (expressed as percentage on total mimber of spe-
oes and relative abundance) defined by the Ellenbeng’s ecological indi-
cator value for eutrophication (Ellenberg. 2009; Pignatti et al,, 2005)
abave 5. A log transformation was adopted in the case of species rich-
mwblemamumfommcnmmhumlphmwm
data and p age and b of ni species
(dmw dize the ressduals ). The “i smuwamdn
explanatory variable with fixed effect. The varlabdes “macroplot™ and
“transect” were used as random effect factors, considering “transect™
being nested in “macroplot”. If the main factor was significant Tukey
test was used to investigate the differences between the three levels
o!'uwnoammf.

P how the position of subplots was affect-
od by different “Invasion status” 3 comparison between a partial-
Cormrespondence Analysis (CA) and a partial-Canosiical Cmm
dences Analysis (CCA) was perf d. The variable * cr was
uuduamvnwrwmmupumlmumwmmlm
factoe, nndlnmc(um Invmnsum of the subplots was used
& exp The explalned by unconstraned axis
15 comp mme plained variation by constrained axis 1o check
the efficiency of constrained axis. For the CCA the significance of all
constrained axes was tested with a permutation test based on the hier-
archical structure of the data, with freely exchangeable permutations
run inside each transect.

In the ordisations, A. deallety was excluded from comptation while
it bs part of the definttion of the different invasion ssatus. A log transfor
mation was applied to the abundances of species and while the resulk of
this kind of anabysis is usually alfected by the presence of rare species
these were down-weighted in the computations,

The GLMMs for both plaat and soils analysis were carmied out using
the alme package (Pinheiro et al. 2013), and the Tukey tests were
carried out exploiting the mufrcomp package (Hothom et a1, 2008) for
R software version 3.02 (R Core Team, 2013).

The ordination analyses for bath plant and soils analysis were

using Canoco 5 for Windows (vers. 503, Ter Braak and
uer, 2012},

3. Results

Accarding to GEMMs results, pHL TN, NI and NO, resulted to be
significantly different among the three invasion status (' < 0,05,
Table 1) whereas marginal significant differences were detected
for TOC and C/N ratio (' < 0.10, Tadle 1), The invaded solls had
Jower pH values than both the non-invaded and transitional anes,
High differences were detected for both the total N and the inorgansc
fractions (NHJ and NO; ) contents, which showed the ranking:
invaded > transitional > non-invaded soil samples (Table 1), TOC and
ON ratio showed respectively higher and lower values in invaded
than non-bivaded solls,
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The fiest two axes of the partial-I'CA (Fig 1) of soll chemical
Mezﬂdm7&dmhlvmm(“nmwlm
wamullwmmxmmnmmmﬂwa
wood correlation b the soll prop and the
mnm(mummmnwmmmm
pH negatively d with the
mammmmuawwudmmﬁimonm
status of invasion,

165-DOGE banding pattermns showed
for both species richaess and diversity (P < 0.10, Table. 1), whereas no

skgnificant differences were detected in 185-DGGE banding pa
{Table, 1). For both 165 and 185 DGGE fingerprints, cluster analysis ren-
dered two different main clasters for the invaded and di
samples within which DGGE profiles from transitional areas are
scattered (Ag 5-1. Supplemental matertals). Furthermore for both 165
and 185 DGGE fingerprints partial-RDA results highlighted that the
composition of soil bacterial and fungal communities were highly af-
fected by the invasion status (P 001 ), while they appear to be affected
by diverse sedl chemical properties (Table 2, The stepwise selection of
aphmmvanaﬂnhmhl'lemwmby
165-DGGE. allowed ion status (& g

theee dummy varlables) and mcm mno.whkhmmmw

highly affect the band compositian of the soll bacterial communities
(Fig. 2 and Table 2). The explanatary variables accounted for 34.1% of
partial variation (Partal varation = 4911171} In the case of 185-
DGGE the forward selection allowed to include in the partial-RDA
again the invasion status, the ON ratio and the NO, content (Fig. 3
and Table 2). The expl y vartables d for 33.7% of partial
varlation (I'V = 4160.366).

A total of 58 plant species were detected. 14 of these were commen
to all the theee invasion status, whereas 3, 11 and 14 were exclusive o
Intvaded. transition and non-invaded subplots, . Two species
were detected i bath the levaded and the transition subglors, and 14 in
both the transition and the non-invaded ones, No species were shared
between the invaded and non-invaded subplots (Table S-1, Supplemen-
tal materials ).

mmmwwwmanmwmm
diversaty, total plant cover and
ﬂ&])WMWaMmMMMMUm
tional subplots than in the invaded ones, Also diversity was higher in
the non-mvaded subplots compared 1o the invaded ones, whereas tran-
sationad subplots had slightly higher diversity values than non-invaded
subplots. The nan-invaded subplots had bagher total plant covers than
invaded subplocs. The bution of the hilous species was
significantly different among the three invasion status, with a stroag
Increase going from native to transitional and invaded ones.

According to the global permutation test on constrained axes of
the partial-CCA the subplot species composition was significantly af-
fected by the invasion status (Pseudo F = 2.8, 1 = 0,0002), The
constramed axes of partial-CCA accounted for £.1X of the partial varia-
thon (PV = 3.5744), aus | accounted for 5.6% of togal varlance, whereas

Resuing For the CLMA

toguod (0-20 con) Mowr (n = 4

e
status,
% to this in-
o~
=
differences <
<
o o———
a .
8 el !
o
a
[+
°,
1.0 Partial PCA Axs 1 10
uxmmumddmummmu-u
ganic cuton, TN »

mm-—u-muwm-m

uzdmnmmﬂsmnmwmmmm
{Fig. 4). The ined axes of the partial-CA
Mﬂlwmdﬂ&woﬂumﬂnﬂmnunlumem
variation (effickency of constrained axes was A9.6% foe flrst axis and
25.3% for the second axis ), The partial-CA fiest two axes accounted for
21 2% of total variance [ 11.3% explained by first ands and 9.9% explaned
by second axis, see Table 5-2 and Fig. S-2, Supplemental materials),
Therefore the invasion status highly influenced the specses composition
of subplots even though the high natse affecting the plant communities.

A Discussion

The aim of the study was to assess how A dealbato lnvasion is chang-
ing above- and belowground blotic and ablotic components of the na-
tive ecosystem. We found that A dealbata highly affected almost all
the response variables we analyzed. thus impacting both abiotic and
biotic compartments of the native ecosysterm and acting through differ-
ent ecologikal processes. Sibver wattle invasion directly impacted soil
properties through a general improvemnent in soil N availability, a higher
Nuter layer accumulation leading to marginally higher TOC, and soil
acidification. In a wide variety of habitats, invasive plant species are
shown to be able 1o exert strong effects on sodl ecosystem functioning
and dynamics, altering the spatial distribution of nutrients, and oor

howe, Ertries

o okl highhight slgnicant statistical ddfernies P« mmmn.mmwmnr wm—nmm-mm
Indicate muargnully signifom (Terences & 1« 010 according 3 e Pust-boc test (TOC, total orgamic carbon: TN, totdl niropen ).

Variable treeaded Trasaiton P irvated i ane g Poxsber
" 505 =00 SEG L 01h SHsOnn 2 n A 00e1s
0 gk ") A% =00 RI=198 DA £ V772 2 n 32900 00562
™igh ") AR s 0¢ 51 £ 007 Az olta 2 n “n 0.000%
N ratio 1077 = 038 {4) 12X) = 0.2 (ab) 1187 =071 (b) 2 n 200 00%s
N, (g g ') 1525 2 22« K18 LT7 0 110 2 08l 2 n FIASS 000y
MO, (g iy ') AM 100 215 £ 0 b 0« 000 s 2 n 24088 «.oeo)
XS b 1078 = 0 () 1222 4 076 (ab) nmseruy 2 P2 i 00801
KR ichoen 2z om 172 10w (PR 2 2 om 05
XS Shaanan 254 £ 004 L) 106 & 00 () 108 & 000 (W) 2 2 ix oo
KRS Shaanan 241 + 00w A 2 0% 241 2 00 2 2 o0 a0Mm
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P Povilars based on perssutation test: P aly] w Pvalees sifjeted foe Glse dis-
covery care following Benjamini and Hochberg (1995) Statss | = invaded)
Statud T = pmansitiendl; Status N4 = ton invaded

results are consistent with other studies on Invasive Ny-fixing tree
species (A, dealbata, May and Attiwill 2003; Losenzo et al. 20108;
Gonzdbez-Mufoz et al, 2012; Acacka spp., Witkowsid, 1991 Stock
et al, 1995 Robinig Rice et al, 2004; Myrice faya,
Vitousek and Walker, 1989; Alnus spp. Vogel and Gower, 1998). Many
authors have also recorded changes in quantity or guality of litter com-
postion registering a higher N content and a bower C/N and lignin-N ra-
tios in leaf litter of invasive Np-fixing stands than in litter from the
dommnant isative tree (Corbin and D'Antonso, 2004; Marchante et al,
2008), Moreover, frequent invaders have faster growth rates than na-
tive species (Ehrenfeld, 2003) and the massive detritus production
and differences in licterfall under A dealhata canopy are possible expla-
nations for the greater accumutation of sod N and C. Sod derived from

transition patches showed Mwmucmumw
tween those of invaded and d areas, 1§ the hy-
pothesis that alteration of soil environment is & result of A dealbata
Inwvasion.

Soil acdification was frequently reported under leguménous species,
a8 either direct of indirect effects of N, fixation, such s nigrification. NOy
leaching and general imbalances in the C and N cycles (Tang et al,
1969). In our study, acidification caused by A dealbata changed soil
mmmmawwwmwmmum
Tive effects such as a decrease in phasphorus, calcium and magnesium
avallabilicy, as well as aluminksm toxioty.

As highlighted by RDAs om both soll b

e

Partial RDA Axis 2

< - e
-1.0

gl i bacterial 185 1ENA Bursds dis
Mmmmmmumw ON ram
2 NO, comert of yoi sccording 3 the Sorwand selection of explinatony varisbley

(Mt variance explannd by constramed axe 117%] 30 best Atting Sands are stowen In-
waben staten: | = ivaded. T o tasstonad, $4 = non-isvaded.

Partial RDA Axis 1 10

Sated

fungal ities. Novel ch s released by A. deaibata through
mumovlullfxnunuymmlmuuwltdmu
of resdent microblal comenusities by the abundance of partic-

changing

ular members (Van der Putten and van der Putten, 2010). Moreover, al-
Ielopathic compounds released by A dealbare were found to be

for changes in the soil microblal communities (Lorenzo
et al, 2013), Invasion of symbiotic Ny-fixing species into ecosystems
in which such species are uncommon or absent may also affect the
Abundance and activity of no-symbiotic N-fixiog bacveris (Ehrenfeld,
2003).

A strong effect was also exerted on plant communities. Richoess,
diversity and total plant cover all showed lower values in the in-
vaded than In pon-invaded subplots, with transition generally in
the middie. These results are consistent to other similar cases of

A and fungal
ties, a direct effect of invading plant o microbial communities’ compo-
sition can be hypothesized, as already shown by Si et al. (2013) on

study (Fuentes-Ramirez and Pauchard, 2010; Gonzilez-Mufoz
et al, 2012; Larenzo et al, 2012), where A dealbata was found to
cause a decrease b total cover (Lorenzo et al. 2012], species richness
and diversity. The multiple impaces of this invasive species appear to
be related to different causes,

The structure of native vegetation can be deeply modified after
A. dealbatu invasion (Gonzdlez Muiloz et al, 2012), determining varia-
tan in the photosynthetically active radiation (PAR) arriving on the
ground (Lorenzo et Al 2012), Jeading to enhanced light and space com-
petition (Jger et al, 2009), thus determining an effect on the understo-
1y plant community, A dealbata invasion in £ lslind strongly altered
the structure of the native shrubland. An important role could also be
puyrd by allclopathic compounds and leaf leachates released by

06 Patial RDAAxis2 06

.0 Partial RDA Axis 1 1.0

Fig 2 i Dsed on 165 1ONA basds G-
Ducn obeatert With partial RDW anatyus onestrained by “srvasion statis” and O ratve
20cTeThing 10 the farwand seternon of explanasary varabies (106l variance explaised try
MTaTEned axes JOT). 30 best frting tands aee shown. rvacen s | = naded,
T masmionat, N4 =

ihata, although their effect could depend on soll conditions,
Amwmwmnmymmmummm
and seedling emergence of the native plants and to Increase the germil-
nation rate of its own seeds (Lorenzo et al. 2010¢.2010d) but subse-
quently they were proved to exert 2 detrimental effect on the
permination and growth of A deatbata plints on native soils, elucidating
wmmawmmmmd-«h(ww
Rodriguez-Echeverria, 2012), M 1§ to the findings of
Gonzilez-Mubor et al. (mIZ).AMnMamdl’eaMm
the seed bunk.
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Finally, an emportant plant-soil feedhack can be hypothesized, with
A deafat taking advantepe of the modification that the species deter-
mine on woil's Mimmmlmaﬂm“
foumd to have better perfi ance in i 4 tham in B o
snsils, mainly dumm modillcation of sl microbsla commuinities
[Rodriguer-Echeverra ot al. 2013),

O the ather hand, a series of indirect links coudd alwo be bypathe-
siredl. Misch of the alteranon 1o soil environment may be due 1o the al-
tered imicrodial communities that subsequently modily mutrient pool
and Auxes | Ehsendeld, 2003; jordan et al. 2008; Kas-Kniffin and Baker,
2008, Accoading o Lovenzo 1 al. [ 3015], soil microbial communities
rury play an active role in the changes in sol mitriend fises. Comveraely,
mmmmummmmﬂm“mn
ol micretial and aboweground ry plang ¢

LAPGMA results supported the hypathesis that charges induced by
warthe invasson on sodl natrient availabilicy play an impartant role in
shaping the compositian of both bactesial and fungal communities,
ROW analysis provides Fantber evidenoe, sliowsng that a number of mi-
crablal “sequence type” | phivlotype sccording to Muyzer of al. 19655
are: mone aburdant or even exchesive within a panticular invasion stahes
[ vaded, nom-mvaded or ieanaitional ], whereas 2 namber of species re-
suied equally ditribated aoras the samples [Table 5-3. Supgplomenzal
malerials], Sodl harbors 3 massive richness of micmbial species
[ Torwvik and Bvreds, 2002) and soil type, pH and nstrient stano are
the main devers controllimg compasition and diversity ol soil macrobial
commuanities (Girvan ot al, 200%; Fierer and Jckson, 2006; Pastorelli
et al. 2013, Several recent works demonsiraced ihat thee sofl mécrobial
commumnity i composed by a relativelyf small number of predominant

m*:‘ ‘Eﬁnl-rl-
Crfor
it e
it s sy Oraw
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g
E
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Fi 20, = 00007 ). The NI mut Piotng, peces ane shessen, Isscasion mann. | = mwsdel;
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taka while a plethora of microbial species is present in low number,
the s called “rare Eiosphere™ [ Elshabed et al, 2008 ) The domsnant mi-
crobial groups play am active role i soil fenctions {Felsdoe et al, 1997,
while the rare species (™seeds™) remain in a reversible state of domuan-
y or reduced metabolic sctivity Lain to be trigped ingo activity by any
chamges i soll nuirssonal sttes amd envirenmental conditioas
| Epstin, 2005 Lenecn and jones, 200 1 ). This might explain that no sig-
nificant or only marginal varations were observed fod richiess and di-
wersity index of fungal and bacterlsd oomamunity, respectively,

Moreover, RDA resulis highlighted e strang influence of ©N ratio
aped Nk sonl condent on the distritnation thaosgh the invasion gradiens
of hacterial and Rungal species.

G et al. (2000) Indicared that the ON ratio of decomposable sub-
strates can be 2 major driver for the shift in the soil bacterial community,
Abboigh sppaorted by margina diferences. our resulls agree with
theme finelinggs a5 woe found that baceerial richness and diversity were
higher at higher C/™ ratio | non-invaded area) than at bower C/N ratio
{invaded area). These resisits may rellect a selection mechanbsm linked
R rganic matber gquality and substrabe decmposalndity, which may
have favared microbial species more adapted o utilize avadlable
subviiraies, with 4 shilt in microbial composition comemunities and a
consequent decline in bacterial diversiny,

Besides N ratin, fungal compasition was signéficamily alected by
MOy availability, according to the pesubts of Balser and Festane
{200 ), which found MO, more than i to be dominantly relsted to
rmiicrobial comiminity comgosition. A selection toveards fursgal species
invodved in nimification processes (Schemel et al. 1984 Hart et al.
19487) or MOy assimilation (Merick and Edwards, 1995 Marhl,
1997 muy be hypothesized, without charges either in lungal diversity
of i richaness,

The increase in M content i reflected also im the changes in species
composition and in the decrease in richness and diversity of the plans
e b brvsedded subiplocs, e o be increased competion, As highlight-
ed by CCA resudis, plant community composition severely changed
alomg the invasion gradient. The shill in species composition foand in
our sandy appears to be mainly driven by the higher contribation of
the guilld ol nitrophdious plants i terms ol both relative species amber
arl abundance in the invaded stands, This i a typical scenario for a
“iransfoarmer”, 45 have been aloeady highlighted for B psewdoacdia for
bath vasrular plint (Benesperi et al. 2002) and epiphytic lichen com-
mumities [Mascimibene et al. 2012), The lnkage between mitrophibous
species and soil N content is sl reflected in the way they change Jcross
the ivashon status degree. 1 R, bath segnilicanily increase from son-
invaded to invaded areas, highlighting that the process of nigrification
i operating already a1 the transitianal invasion status. This should nos
e surprising whiere such changes ane operating in a relative nueriens
poor enviranment as the native mainral.

The link between plant communities and soil microblal comamini-
ties appears unclear. It has been hypothesized that the greater plant
richmess foand in noa-imeaded vegetation stould kead to a greater soil
Erictic richrsess | Belnap et al, J005) through the positive inderaction in-
woving limer quality and rhizosplsere effec [Behlen, 2006). Wheneas 4
higher plant richevess was found oo be nelaved to a higher ichness of uey-
eral groups m soil microbial ¢ aties in non-invadierd companed o
envaded stands |Belnap ef al, 2005 on sites invaded by Bromiin
tecinrm ], in owr case. this relatenshsp appeared 10 be manginally true
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undy fer richness and deversiny of banerial commamities | both higher in
non-invaded soill tamples, even il onhy manginally), while it was not
found for Tangal communities. Thus, It ks not completely clear how
plamt richness on invaded aneas can inflsence soil comamunity perfor-
ramices n tevms of richiness and deveriity and which kind of feedback
processes coukl cocus, Maneaver, die to high redisndancy of microbial
fanetion im soil it has nor been desonstraed char chasges in specific
soil microbial groups endermine the putrient cycling and the sustain-
ahility of the sod ecoaystems itvell. On the ather hand, Rodrigues-
Echeverria et al. [ 201 ) hypothesized that chunges in soil microbiota in-
duced by A drsfore could determine a negative flen on the growth
and perfiormance of native species.

Acconding to our nesults, A deafbare highly impacted both the abiotic
ani biotic compartments of the local ecosystem and s ecolagical
precesses, g 5 proposes a funcioning ramework ypothesizing
the main relationships between the compariments we ioak into
consideration, and representing the direct s indirect linkages with
A ileafbaro levason tn the specific situation we analyred. lmpacts vary
across the evasion gradieni: however, 2 low degree al invasion induces
Fentberr charges in thee sod properties and in the composition of vasoular
plant commmunities. Additional studies are needed towards 2 complete
understanding of the processes imvolved in thee changes, especially
un the mole of microbial communities in the modification of the soil
properties and on Eheir relationship wish plint ¢ ities. However,
while afeen the mpacts related 1o alien plants are conssdered 1o be
strongly condest-gependent ard unpredictable (Hulms et al, 3013},
ounr results are consistent with many other cases of stady in both disec-
tion and magnitude of the recorded imgucts, thus confirming the ellec-
trvemess of A denlbiat 4 nvader and Iransfammer acros & wide variety
of habstaty and regions of the workd,
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ABSTRACT

Invasion of ecosystems by alien species results as one of the major threats to
biodiversity. Among the alien plant species, the ones belonging to the family
Fabaceae s.l. represent some of the most dangerous and well known global
invaders. In the Mediterranean ecosystems many Australian acacias were found
to establish and rapidly spread often determining severe impacts on the
understory vegetation. In the present work, we report the case study of Acacia
pychantha invasion in a typical Mediterranean matorral (Elba Island, central
Mediterranean Sea, Italy). We conducted a survey on understory plant
communities across an invasion gradient from non-invaded to transitional and
invaded areas, aiming to quantify the impacts on the understory assemblage and
to investigate the ecological processes involved in the changes in species
composition.

The understory plant community was highly affected also starting from the
intermediate stage of invasion. Species richness, diversity and total cover were
all lower in the invaded than in the non-invaded plots, with transition generally
in the middle. In addition, plant community composition severely changed
along the invasion gradient. The species set we recorded showed a nested
structure, with the composition of species in the invaded plots representing a
subset of the others. According to our findings A. pycnantha exerted detrimental
impacts on the native vegetation mainly determining a severe species loss in the
understory assemblage and leading to an impoverishment of the invaded
ecosystems.

KEYWORDS

Australian acacias; native understory plants; species richness; impacts on
ecosystem; ecological processes
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INTRODUCTION

Impacts related to invasive alien plants have been recognised as one of the
major threats to biodiversity (CBD decision VI1/23 2014). Invasive alien plants
can affect plant community structure and composition (Daehler and Strong
1994; Hejda and Pysek 2006; Gaertner et al. 2009; Nascimbene and Marini
2010) leading to an alteration of soils and vegetation properties (Vila et al.
2006). They can cause a decrease in native plant and animal species richness
and diversity (PySek et al. 2012; Vila et al, 2014), especially at a local scale
(Vila et al. 2011), leading to local species loss (Powell et al. 2011). Impacts of
invasive alien plant can be also reflected in changes in soil microbial
communities (Marchante et al. 2008), and ecosystem processes such as nutrient
and water cycling (Vitousek et al. 1987; Ehrenfeld 2003; Yelenik et al. 2007;
Marchante et al. 2008). Impacts on species and ecosystems include also genetic
variation via hybridization with native populations (Vila 2000). Alien species
can also lead to the biotic homogenization of invaded ecosystem, defined as the
increase in biological similarity between communities through time (Mc-
Kinney & Lockwood 1999, Olden & Poff 2004). Moreover nitrogen-fixing
species could determine the facilitation of nitrophilous species due to nitrogen
enrichment in soils (Le Maitre et al. 2011) and leading to a shift in species
composition of invaded ecosystem towards more nitrophilous assemblages [i.e.
Robinia pseudacacia for both vascular plant (Benesperi et al. 2012) and
epiphytic lichen communities (Nascimbene et al. 2012)].

Australian acacias (Fabaceae, Mimosoideae) are a group of globally introduced
species including at least 23 well known or emerging invaders in many parts of
the world, especially in Mediterranean ecosystems, leading to a wide range of
ecological and socio-economic impacts (Lorenzo et al. 2010; Le Maitre et al.
2011; Fuentes-Ramirez and Pauchard 2010; Gonzélez-Mufioz et al. 2012;
Lorenzo et al. 2012). Originary of Southern Australia and elected as national
plant (Carruthers et al. 2011), Acacia pycnantha is nowadays distributed out of
its native range in Europe and South Africa (Richardson and Rejméanek 2011).
Gasso et al. (2010) and Wilson et al. (2011) reported this species as potentially
invasive and it is often mentioned as a problematic invader for South Africa
(Hoffmann et al. 2002; Nel et al. 2004; Carruthers et al. 2011). Although being
listed as casual in Italy (Celesti-Grapow et al. 2009), the species was recently
reported as naturalized in Sardinia (Podda et al. 2012) and as invasive in
Tuscany (Lazzaro et al. 2014a).
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Although this species is a widely known invader, no quantitative information
can be retrieved on its impacts. Indeed studies on impacts by invasive
Australian acacias are mainly focused on a relatively small group of deeply
investigated species (e.g. Acacia dealbata, A. longifolia). In addition,
investigations on the invasion by less studied species are urgently demanded
(Hulme et al., 2013), representing a valuable source of information to lay the
basis for any generalization on the scenario of biological invasions.

Aiming to produce a valuable contribution to the knowledge of the effects of
this poorly studied species, we analysed the presence of impacts by A.
pycnantha invasion in the Elba Island (Central Italy), specifically evaluating
species richness, diversity and composition of the understory vegetation. We
focused on the following main questions: (i) Does A. pycnantha qualitatively
and quantitatively impact the understory plant communities? (ii) Which
ecological processes are involved in the alteration in species composition?
Towards these aims, we conducted a sampling of understory plant communities
across a gradient of invasion going from invaded to transitional and non-
invaded vegetation.

METHODS

Study area

The present study was carried out in the South-East of Elba Island, the largest of
the seven main islands of the Tuscan Archipelago, Central Mediterranean Sea
(Tuscan Archipelago National Park, Central Italy). The study area includes an
area of about 1 square kilometer, with elevation ranging from 250 m up to 300
m above sea level invaded by A. pycnantha. Native vegetation in the study area
is a typical Mediterranean vegetation constituted by a matorral dominated by
Erica arborea and Calicotome villosa, representing the degradation of the
native Quercus ilex forest. A. pycnantha was introduced in the area, with A.
dealbata, in the second half of 20th century generally mixed with Pinus spp.,
Quercus ilex and Fraxinus ornus (Gatteschi and Arretini 1990). In 1998 a fire
completely displaced the pine plantation determining the spread of A.
pycnantha. Nowadays several pure invaded stands ranging from about 1000
square meters up to 5 hectares of surface are present in the area of study. The
study area is homogeneous for the climate (thermomediterranean climate: Foggi
et al. 2006) and for the geological substratum (classified as Eutric Cambisols
developed on parental material mainly composed of metamorphic rock: white
schists; Costantini et al. 2012).
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Sampling design

The sampling of plant communities took part in May 2013, adopting a sampling
method with a hierarchical structure. We selected three patches invaded by A.
pycnantha (macroplots) for the vegetation survey. In each macroplot we defined
three levels of invasion (hereafter referred as “invasion status”) according to the
gradient of invasion of the native communities: (1) ‘invaded vegetation’,
dominated by A. pycnantha, (2) ‘non-invaded vegetation’, consisting of
contiguous mature communities with a predominant native understory without
any A. pycnantha individuals, and (3) ‘transition vegetation’, between the
invaded and non-invaded vegetation, consisting of both small wattle trees and
native shrubs.

Along the invasion gradient we performed a sampling of the understory plant
communities. For each macroplot we randomly selected two transects 2 m wide
(at least 20 m apart), going from the invaded, through the transitional up to the
non-invaded vegetation. Within each transect we sampled the understory
vegetation in four 0.5 m side quadrate plots randomly selected for each invasion
status, including only herbs, and immature shrubs and trees lower than 30 cm.
In each quadrat we recorded the species abundance as the number of individuals
for each species (for the species Brachypodium distachyon, B. ramosum and
Bromus madritensis the number of individuals were only estimated when
greater than 25, due to difficulties in determining the real number in this case).
We also recorded the total plant cover (%), estimated as the area covered by the
all vascular plant species in the quadrate, determined by dividing the quadrate
into 100 5 x 5 cm cells and adding the number of occupied cells. A total of 72
plots (3 macroplots x 2 transects x 3 invasion status X 4 quadrate plots) were
sampled.

Data analysis

We analyzed plots species richness, species diversity, expressed by Shannon
index H’ (Shannon and Weaver 1949), and total plant cover aiming to
investigate how understory plant communities were affected by A. pycnantha
invasion.

Given the hierarchical structure of the data we performed the analyses adopting
the framework of Generalized Linear Mixed Models (GLMMs) to get rid of the
variation deriving from the macroplot and the transect of origin of the plots. We
run the GLMM s adopting Restricted Maximum Likelihood Method (REML). A
logarithmic scale transformation was adopted in the case of species richness,
while an arcsine transformation was used for total plant cover data (aiming to
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normalize the residuals). We used the “invasion status” of the plots as
explanatory variable with fixed effect. The variables "Macroplot” and
"Transect” were used as random effect factors, considering the variable
"Transect" nested in "Macroplot”. If the main factor was significant, we used a
Tukey test to investigate the differences between the three levels of invasion.

To test how the invasion status was affecting the composition of the plots we
performed a partial-Canonical Correspondences Analysis (CCA) using the
species abundances. The variable "Transect" was used as a covariate to get rid
of partial variation due to this grouping factor and the "Invasion Status" of the
plots was used as explanatory variable. The significance of all the CCA
constrained axes was tested with a permutation test based on the hierarchical
structure of the data (with 4999 permutations), with freely exchangeable
permutations run inside each transect. A logarithmic transformation was applied
to the species abundances and while the result of this kind of analysis is usually
affected by the presence of rare species these were down-weighted in the
computations. Particularly, following default option in Canoco 5, rare species
are those whose relative frequency of nonzero values is below 20% of the
frequency of the most frequent one, in this case the relative weight of the
species was decreased proportionally to their frequency.

Finally, we studied the degree of nestedness of the dataset aiming to highlight
the fact that composition of invaded plot represents a subset of non-invaded and
transitional ones. According to this aim, we used the nestedness metric based on
overlap and decreasing fill (NODF, Almeida-Neto et al. 2008). NODF allows
to combine two independent nestedness metrics which quantify (1) whether
depauperate assemblages constitute subsets of progressively richer ones
(NODFsite) and (2) whether less frequent species are found in subsets of the
sites where the most widespread occur (NODFspecies) (Ulrich et al. 2009).
According to our aim, we partial NODF statistics with different meanings.
Particularly we studied the NODFsite statistic, which express the degree to
which species poorer sites form compositional subset of species richer sites. We
evaluated the statistical significance of nestedness in our dataset comparing the
results with a fixed-fixed null model as recommended by Ulrich et al. (2009).
Thus our dataset is compared to null model which maintains both the number of
species in the plots and the frequencies of the single species.

The GLMMs were carried out using the nlme package (Pinheiro et al. 2014),
and the postHOC tests were carried out exploiting the multcomp package
(Hothorn et al. 2013) for R software version 3.1.0 (R Core Team 2014). The
nestedness analyses (NODFsite and null model comparison) were performed
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using the vegan package vers. 2.0-10 (Oksanen et al. 2013) for R software. The
ordination analysis were performed using Canoco 5 for Windows (vers. 5.03,
Ter Braak and Smilauer 2012)

RESULTS

We detected a total of 57 plant species (19 in the invaded, 36 in the transitional
and 44 in the non-invaded plots). 11 of these were common to all the three
statuses of invasion, whereas 5 were exclusive of the invaded quadrates, 7 of the
transition ones and 14 of the non-invaded. 1 species was detected in both the
invaded and the transitional subplots, 17 in both the transitional and the non-
invaded subplots, and 2 species were shared exclusively between the invaded
and the non-invaded plots (Appendix 1).

According to GLMMs results we found significant differences for all the
variables analyzed (Table 1). Species richness decreased significantly going
from the non-invaded throughout the transitional, up to the invaded plots (Fig.
1a). Diversity was higher in the non-invaded plots than in the invaded ones with
the transitional plots being similar to the non-invaded ones (Fig. 1b). Total plant
cover was higher in the non-invaded plots than in the invaded ones (Fig. 1c).

model numDF denDF  F-value p-value
Species Richness  Invasion status 2 64 49.61149 <.0001
Diversity (H") Invasion status 2 64 21.77655 <.0001
Total Plant Cover  Invasion status 2 64 35.43509 <.0001

Table 1 Anova table for GLMMs performed to compare plot level species richness,
Diversity (H") and Total Plant Cover by invasion status. numDF = numerator degree of
freedom; denDF = denominator (residual) degree of freedom.

According to the global permutation test on constrained axes of the partial CCA
the invasion status significantly affected the plot species composition (Pseudo F
=2.5, P=0.0002). The constrained axes of CCA (Fig. 2) accounted for 7.3% of
the partial variation (explained variation axis 1 = 4.44%; axis 2 = 2.86%, partial
variation = 5.7). According to these results, invasion status appeared lying on
the first axis, as confirmed by the intermediate position of the transitional status
in comparison to the non-invaded and invaded statuses. Furthermore, as the
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CCA is based on double data standardization, it is noteworthy that relative
species proportions are different under different invasion statuses.
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Fig. 1 Box plot diagrams for Species Richness (A), Shannon Diversity H' (B) and Total
Plant Cover (C) of plots grouped by invasion status. Bold line: median, rhombus: mean,
box: interquartile range, whiskers: typical range, points: outliers. Different letters
indicate significance differences between means at P = 0.05 level according to the
PostHOC test. (Invasion Status: | =Invaded; T= Transitional; N-I = Non-invaded)
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Fig. 2 Plant species distribution obtained with partial-CCA analysis using “invasion
status” as a explanatory variable (Total variance explained by two constrained axes
7.3%, axis 1 = 4.44%, axis 2 = 2.86%, partial variation = 5.74626; Pseudo F = 2.5, P =
0.0002). Invasion Status: | =Invaded; T= Transitional; N-1 = Non-invaded. Species short
names are jittered to facilitate the reading of the figure. Variable "invasion status"
appear lying on the firs axis, with transitional invasion status between non-invaded and
invaded.
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Composition of species in the plot compared to null model had a significantly
higher degree of nestedness than 95% of null models (NODFsite = 27.756;
Pvalue = 0.027 after 999 simulations). Moreover the plots were automatically
ordered with the non-invaded and transitional plots on the top of the matrix and
the invaded ones on the bottom, according to the number of species they hosted,
and highlighting the fact that the invaded plots represent a subset of the others

(Fig. 3).

x| -
| -:'h- -
d 1_-I
= |nvaded Transitional = Non-invaded

Fig. 3 Nestedness analysis plot: Species—site matrix for 57 species (columns) recorded
in 72 plots (rows). Species presences are marked with a full square. Plots (indicated by
numbers 1-72 and Invasion Status: | =Invaded; T= Transitional; N-I = Non-invaded.)
are ranked by species richness and species are ranked by frequency. The squares
marking the species presences are coloured according to the invasion status of the
referring plot: red for Invaded plots, orange for Transitional ones and green for Non-
invaded ones

DISCUSSION

The aim of the study was to assess the effects of A. pycnantha invasion on
species richness and composition of the understory plant communities.
According to our findings, the understory plant community was highly affected
also starting from the intermediate stage of invasion. Species richness, diversity
and total cover were all lower in the invaded than in the non-invaded plots, with
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transition generally in the middle. Moreover plant community composition
severely changed along the invasion gradient.

In South African fynbos, where A. pycnantha is reported as invasive (van
Wilgen et al. 2011), invasion by Australian acacias is leading to a change in
community structure, to an alteration of both nutrient and water cycling, and to
a reduction in native plant richness (Richardson and Kluge 2008).
Unfortunately, given the lack of quantitative information of the impacts exerted
by this species, especially in Europe and in the Mediterranean region, it was not
possible to compare our data to other cases of study. However, our findings on
the impacts of A. pycnhantha on the native plant communities are consistent with
other cases of invasion by leguminous trees such as the congeneric A. dealbata.
This species led to a decrease in species richness, diversity and in total plant
cover of the understory vegetation and to a strong influence in the species
composition of the communities (Gonzéalez-Mufoz et al. 2012; Lorenzo et al.
2012; Lazzaro et al., 2014b). This is also consistent with the findings of Vila et
al. (2014), which highlighted that closely related non-native species exert
similar impacts on native communities. The severe impacts of acacias are
related to some key traits such as the high growth rate and biomass
accumulation, the production of a large and persistent seed bank, the capacity to
establish associations with nitrogen-fixing bacteria (Le Maitre et al. 2011), and
the release of allelopathic compounds (Lorenzo et al. 2010).

In our case CCA results underlined changes in the plot species composition at
different invasion statuses. Furthermore, many species were associated to the
non-invaded and the transitional plots whereas few species are associated to the
invaded ones. Thus the main driver of differentiation appeared to be the decline
in species number going from the native to the invaded vegetation. Moreover,
the nestedness analysis highlighted that the invaded plot species composition
represented mostly a subset of the non-invaded and the transitional plots, with
very few species entering in the invaded sites to replace the lost ones. Therefore
the exclusion of most of the species appeared to be the main ecological process
acting already at the transitional stages and completely developed at the invaded
stages. This process is probably mainly driven by the nitrification process and
the subsequent changes in the litter layer. Acacia's species as nitrogen-fixing
plants are known to greatly improve soil nitrogen concentration (Yelenik et al.
2004; Lorenzo et al. 2010), thus influencing plant species composition and
richness. The increase in nitrogen supply is recognized as one of the main
threats to natural vegetation (Hicks et al. 2011) and is likely to strongly
influence species richness and species assemblage of understory plant
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communities. Species loss is frequently reported following nitrification of soils
(Clark et al. 2007), mainly due to resource-based competition (Honsova et al.
2007; Kirkham et al. 2008). On the other hand, as found for other invasive alien
legume species (Robinia pseudoacacia, Benesperi et al. 2012; Nascimbene et al.
2012), invasion by nitrogen-fixing trees could determine a shift in the species
composition in favor of nitrophilous species. Nevertheless in our case such
trend was not recorded, as also highlighted by the high number of common
species between the invaded and the transitional or the non-invaded plots.
Actually only 5 species are exclusive of the invaded stands, thus representing a
low level of replacement.

The high amount of litter accumulation could play a determinant role in the
species selection, acting as a source of organic nitrogen and also leading to
accumulation of allelochemical compounds in the soils. Indeed, phytotoxic and
allelopathic capacities have been reported for many wattle species (Lorenzo et
al. 2010).

Many of the species vanished from the invaded status are represented by the
saplings of typical Mediterranean shrubs, such as Erica arborea, Cistus
monspeliensis, Cytisus villosus, Cistus salviifolius and Pistacia lentiscus, whose
abundance gradually decrease from the non-invaded to the transitional plots.
This trend underlines the changes in the native vegetation structure, and the loss
of renovation of the typical dominant species. Furthermore, the gradual
disappearance of many typical Mediterranean herbaceous species, (such as
Bromus madritensis, Hypochaeris achyrophorus, Senecio lividus and Galium
divaricatum) witnesses the impoverishment in the understory herbaceous strata,
finally leading to the low-cover understory community that characterize the
invaded sites.

In addition, it is noteworthy the presence of an alien species as Erigeron
sumatrensis, which was only found in a single invaded plot, underlining the risk
of “invasional meltdown process” (Simberloff and Holle 1999), further
enhanced by the high invisibility of invaded and impoverished sites. A.
pycnantha may play an essential role in the permeability of invaded habitats to
the ingression of other alien species, such as E. sumatrensis, simplifying the
ecological community and lowering the resilience of the ecosystem.

Our results document the strong impacts related to the invasion by A.
pycnantha, highlighting the presence of severe species loss in the transitional
and the invaded sites, with invaded understory communities being a
impoverished subset of the native ones. Changes are gradual and the
impoverishment of species from the native communities started already in the
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transition plots, causing a lack of renovation of the native shrubland and to the
complete displacement of native communities with a new one, low diverse and
poor, largely dominated by the invasive species. These results highlights that
immediate action is needed to protect and maintain the diversity of native plant
communities. Further studies are needed to better understand the ecological
processes acting during the invasion and the potential effect of litter layer and
allelopathy related to this invasive species.
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Appendix 1 Plant species sampled in the three invasion statuses ordered alphabetically.
Total species occurrences and relative abundance per Invasion Status expressed as
percentage of the total individuals found are shown. The abbreviation adopted in the
CCA diagram is given. Nomenclature follows the online databases Euro+Med (2006-
2014) (Euro+Med PlantBase - the information resource for Euro-Mediterranean plant
diversity: http://ww2.bgbm.org/EuroPlusMed/ [accessed 2014 May 7]) and The Plant
List. (version 1.1: http://www.theplantlist.org/. [accessed 2014 May 7]).

Abbreviation
adopted in  Species

the CCA  occurenc Transitio  Non-

Species diagram es Invaded n Invaded
Acacia pycnantha Benth. A_pyc 29 45 55 0
Anagallis arvensis L. A_arv 21 14 48 38
Arisarum vulgare O.Targ.Tozz. A_wul 29 41 24 34
Asparagus acutifolius L. A _acu 11 0 64 36
Asphodelus ramosus L. A_ram 6 0 67 33
Avena fatua L. A fat 5 0 40 60
Brachypodium distachyon (L.) P.Beauv. B_dis 13 8 62 31
Brachypodium retusum (Pers.) P.Beauv. B_ret 36 28 25 47
Briza maxima L. B_max 11 0 45 55
Bromus madritensis L. B_mad 3 0 0 100
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Abbreviation
adopted in  Species

the CCA  occurenc Transitio Non-

Species diagram es Invaded n Invaded
Carex distachya Desf. C_dis 6 0 50 50
Centaurium maritimum (L.) Fritsch C_mar 2 0 100 0
Cistus monspeliensis L. C_mon 18 0 39 61
Cistus salviifolius L. C_sal 3 0 0 100
Convolvulus althaeoides L. C_alt 2 0 0 100
Cynosurus echinatus L. C_ech 1 0 100 0
Cytisus villosus Pourr. C_vil 6 0 17 83
Dactylis glomerata L. D_glo 2 0 50 50
Daphne gnidium L. D_gni 1 0 100 0
Daucus carota L. D_car 5 40 20 40
Dioscorea communis (L.) Caddick & Wilkin D_com 2 100 0 0
Erica arborea L. E arb 17 0 47 53
Erigeron sumatrensis Retz. E_sum 1 100 0 0
Euphorbia peplus L. E_pep 1 0 100 0
Fumaria capreolata L. F_cap 1 100 0 0
Galactites tomentosa Moench G_tom 4 0 0 100
Galium divaricatum Pourr. ex Lam. G_div 9 0 33 67
Geranium robertianum L. G_rob 8 0 13 88
Hypochaeris achyrophorus L. H_ach 4 0 25 75
Lathyrus angulatus L. L_ang 7 0 57 43
Lavandula stoechas L. L _sto 1 100 0 0
Lotus parviflorus Desf. L_par 10 10 30 60
Melica uniflora Retz. M_uni 1 100 0 0
Misopates orontium (L.) Raf. M_oru 1 0 100 0
Ornithopus compressus L. O_com 7 0 57 43
Pistacia lentiscus L. P_len 3 0 0 100
Prasium majus L. P_maj 3 0 0 100
Pulicaria odora (L.) Rchb. P_odo 16 6 31 63
Rhamnus alaternus L. R_ala 12 8 58 33
Rubia peregrina L. R_per 8 50 25 25
Rubus ulmifolius Schott R_ulm 9 33 22 44
Scorpiurus muricatus L. S_mur 15 20 53 27
Senecio lividus L. S_liv 3 0 0 100
Sherardia arvensis L. S arv 2 0 0 100
Silene gallica L. S_gal 2 0 0 100
Sonchus oleraceus (L.) L. S_ole 4 0 0 100
Stellaria media (L.) Vill. S_med 3 0 0 100
Trifolium campestre Schreb. T_cam 2 0 0 100
Trifolium nigrescens Viv. T_nig 10 0 20 80
Trifolium scabrum L. T_sca 2 0 50 50
Tuberaria guttata (L.) Fourr. T gut 1 0 100 0
Vicia disperma DC. V_dis 1 0 0 100
Vicia hirsuta (L.) Gray V_hir 2 50 0 50
Vicia lathyroides L. V_lat 3 0 67 33
Vicia sativa L. V_sat 1 0 100 0
Vicia tetrasperma (L.) Schreb. V_tet 7 57 0 43
Vulpia bromoides (L.) Gray V_bro 1 0 0 100
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5. RISK OF INVASION

It is globally recognized that management opportunities in case of 1AS
are mainly restricted to the earlier phases of the invasion (McNeely 2001). The
CBD proposes three successive steps in IAS management: prevention,
eradication and, if neither of the other steps is possible, control (CBD 2014).
Prevention, thus not allowing a potentially invasive species to be introduced or
to become established in the first place, is the first line of defense and the more
efficient management option in terms of costs/benefice. In fact, the rapid
reproduction and spread of the invasive species over time lead to an exponential
increases in both the total area infested and the associated control costs. Once an
alien species has established the control costs increase, while the likelihood of
success decreases, as much as the species become a widespread invasive, when
the economic and often environmental costs of its eradication can be unbearable
(McNeely 2001). In this case, local control and mitigation of the impacts are
often the only management options (see fig 5.1)

o
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<

CONTROL COSTS

Species Small number Exponential Invasive species abundant and
absent of localized growth widespread
populations

Fig 5.1 Invasion curve and management options across the different phases of the
invasions. After introduction 1ASs pass a lag phase after which their spreading lead to
exponential increases in both the total area infested and associated control costs.

While prevention is the most effective action for managing invasive
species, early detection and rapid response methods are necessary to prevent
infestations and control costs from reaching unmanageable levels. Therefore the
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early, ideally ex ante, identification of IAS is an urgent need (Essl et al. 2011).
It is thus essential to develop and adopt early warning strategies allowing to
predict potential new invasive species for a region or site, and/or predict
potential new invasion sites for an invasive species (McNeely 2001).
Particularly the identification of potential future IAS not yet present and the
prioritization of alien species already present according to their impact (Gasso
et al. 2009), or the individuation of those areas that are more prone to be
colonized in order to optimize monitoring actions (Cronk & Fuller 1995) are
essential in the management of biological invasion. These strategies benefit
from the development and application of tools and procedures allowing to
evaluate the risk of invasion, thus driving stakeholders and land managers in the
prioritization of control efforts. The information on the traits of invasive species
together with the characteristics of invaded habitats, and evidence of
invasiveness in other parts of the world, especially in areas with similar
environmental conditions, are the basis to build Risk Assessment (RA)
procedures. RAs allow, driving the user across an exhaustive gathering of
information on a certain species, to predict the success of this species in a given
region of introduction. RAs usually focus on the evaluation of the two main
components of the risk of invasion: the likelihood of invasion and the impacts,
attempting to identify those species that are more likely to spread once
introduced and consequently to produce impacts on the invaded ecosystems
(Gasso et al. 2009 and references therein). This dual component of RAs is
essential also in the individuation of the areas more prone to be invaded. In this
case it is in fact important to focus on the areas where the potential invaders
would affect valuable biota or habits worthy of conservation.

In this framework we aimed to evaluate the risk of invasion in the
Tuscan Archipelago, facing the problem following two approaches aiming to 1)
prioritize the alien species in TANP according to their invasiveness adopting
and testing two Risk Assessment procedures; 2) identify the areas exposed to a
greater risk of invasion, for the Island of Elba. These goals were again part of
the TANP CoREM project, and aimed to produce valuable contributions
towards the prioritizations of IAS management and control efforts by TANP.

Prioritization of the alien species introduced in TANP

To assess the risk of invasion across the alien plants already present in
the TANP and prioritize the species according to their invasive potential we
adopted two RAs, comparing their results and aiming to investigate the
differences across the two schemes. We choose to test the European and

118



Mediterranean Plant Protection Organization (EPPO) Prioritization Process
(EPP), and the Australian Weed Risk Assessment (A-WRA). EPP is a rapid
screening prioritization proposed quite recently (Brunel et al. 2010; EPPO
2012), that could represent a unified and adaptable tool in the risk assessment of
invasive alien species in Europe. On the other hand A-WRA is one of the first
RAs developed (Pheloung 1999) and has been applied on large number of
plants and in many countries.

EPP merge together information on the distribution and biogeography
of the species, its spread potential and its capability to exert ecological or socio-
economic impacts (Fig 5.2). According to this information the species are
included in three main groups, with decreasing level of risk: the list of invasive
(or potential in case they are still not present in the area under assessment) alien
plants; the observation list and the minor concern list. Moreover, the uncertainty
in the assessment, tracked for all the answers given during the assessment can
be used, by means of Bayesian statistic, to rank the species according to overall
uncertainty of the assessment.

Decision tree for the EPPO prioritization process for invasive alien plants

™ dossnot < A1 1s the plant species known to be alieninallor
R eﬂ:‘m" N 9 significant part of the area under assessment? (
NO : — ;-ES =

& ( A2Isheplantsmdososhﬂhhodha(hﬂdtvm&:?(
the area under assessment? . |

YES, describe this area $nd the endangered area
N

YES,
describe

the A5 How high is the spread potential of the plant?
endangered

area
| Low II Medium " High

A6 How high Is the potential negative
impact of the plant on native species, Low List of minor
habitats and ecosystems in the concem
g area under ?
A.7 How high is the potential negative
impact of the species on agriculture, Medium List of minor
horticulture and forestry in the concem
g area under ?
A.8 Does the species have additional
impacts in the endangered area under High
assessment?

The highest score to one of the 3 questions should be taken, but additional impacts (Q A.8) cannot be taken
as the highest impact on their own

Fig 5.2 Decision tree for the EPPO prioritization process for invasive alien plant. From
EPPO (2012).
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concem

List of minor
concem

To create a clear overview of all invasive alien plants in the area under assessment
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The A-WRA is based on 49 questions, again regarding distributional
and biogeographical traits of the species, undesirable traits (related to potential
impacts exerted by the species) and to biology and ecology of the species
(drawing the likelihood of the species to be a potential invader). Most of the
responses are translated into a numerical score, positively correlated to weed
potential. The invasiveness of the species is evaluated following a scoring
system obtained summing the numerical scores of the answers. A high score
(>6) identifies a species likely to be of high risk (weed) and rejects it for import;
a low score (<1) accepts the plant for import (non-weed) and intermediate
scores (1-6) require further evaluation.

To test the two methods, and to assess the risk of invasion by alien plat
in TANP, we selected a large set of alien species (212 species), including all
those casual or naturalized listed in the checklist of the alien flora of the Tuscan
Archipelago, and also a wide set of species only-cultivated in the Tuscan
Archipelago. Thus, for each of the species, we run both the EPP and the A-
WRA, and compare the results of the two procedures. Moreover to evaluate the
characteristics of the tested RAs we compared the results of both methods with
the categorization done at national level by a panel of experts.

The results of the assessments and the comparison of the two RAs were
preliminary presented as posters at international conferences. A first
contribution was presented in 2012 at NEOBIOTA 2012 congress (NEOBIOTA
2012 - Halting Biological Invasions in Europe: from Data to Decisions; 7th
European Conference on Biological Invasions; Pontevedra (Spain), 12-14
September 2012). Thus further progress in the research were presented in 2013
at the the EMAPI 2013 congress (12th Reunion on ecology and management of
alien plant invasions; Pirendpolis, Goias, Brazil; 22-26 September 2013) (See
sections 5.1 and 5.2). Finally the work is object of a contribution (in prep. for
Biological Invasions: Sec 5.3).

Prioritization of potential invasion sites for the most harmful species in
the island of Elba

To identify the areas exposed to a greater risk of invasion in the Island
of Elba we started from the concept to merge together the likelihood of invasion
with the presence of areas worthy of conservation. The likelihood of invasion
was assessed adopting Species Distribution Models (SDMs), while Natura2000
habitats were used as a proxy of valuable biota threaten by IAS. From the alien
flora of TANP, we selected six particularly harmful species in Mediterranean
Islands Ecosystems (Brundu et al. 2013). We choose to perform this analysis
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only for the Island of Elba, because only for this island we were able to collect
the proper set of environmental and distributional data allowing a robust
modelling process.

Fig 5.3 The six Invasive Alien Plants selected for the SDMs elaboration. (A) = Acacia
dealbata, (B) = Agave americana, (C) = Ailanthus altissima, (D) = Opuntia ficus-
indica, (E) = Oxalis pes-caprae and (F) = Robinia pseudoacacia.

The selected species are Acacia dealbata, Agave americana, Ailanthus
altissima, Opuntia ficus-indica, Oxalis pes-caprae and Robinia pseudoacacia.
The distributional information necessary for the modelling step was collected
gathering all literature and observational information with a good spatial
accuracy, merged from the data obtained with an exhaustive field survey aimed
to map the distribution of these species in the Island of Elba.
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We modelled the potential distribution of these species using the
package biomod2 (Thullier et al., 2014) for the statistical software R. This
package implement the main state of the art modelling techniques, allowing to
run several models for each species and to merge the best fitting models in an
ensemble model. The advantage of this approach is to disregard the results from
a specific mathematic algorithm, leading to results that are more general. Then
the potential distribution of the six invasive species were merged together to
obtain a distribution of threat of invasion, considered as the likelihood of
invasion by the six worst invasive species of TANP.

The map of threat of invasion was merged with the map of density of
Natura2000 habitat in the island of Elba, representing the valuable biota
exposed to potential impacts, obtaining a map of the risk of invasion for the
Elba Island.

The results of this procedure was submitted as a contribution to the
journal Environmental Conservation (Sec 5.4).
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5.1 The Invasive Alien Plants of the Tuscan Archipelago (Central
Mediterranean): the EPPO Prioritization Process

The Invasive Alien Plants of the Tuscan Archipelago (Centmi Medxtenanean)
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5.2 Assessing the risk of invasive alien plants in the Tuscan Archipelago
(Central Mediterranean): the EPPO prioritization or the Australian
WRA?
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5.3 Priority Invasive alien plants in the Tuscan Archipelago (Italy):

comparing the EPPO prioritization scheme with the Australian WRA
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Abstract

Biological invasions are a global phenomenon that threatens
biodiversity and human economy. Many risk assessment frameworks have been
developed, aiming to identify and/or prioritize potential future invasives, but an
European standard risk assessment method does not yet exist. The EPPO
priorization process recently developed could represent a unified and adaptable
tool in the risk assessment of invasive alien species in Europe. With this work
we aimed to test with test for the first time the EPPO priorization process
method on 212 alien plant species thriving in a protected area (the Tuscan
Archipelago National Park, Central Italy); moreover we aimed to compare the
results of the EPP with those of the Australian Weed Risk Assessment, testing
both methods with the categorization done at national and local level by panel
of experts. Our results suggest that both the methods are good in the prediction
of invasiveness of species already present in the Tuscan Archipelago. However
the total numbers of species included in the highest risk categories by the two
assessed methods differs greatly, with the EPPO priorization process including
less species in the highest risk class. The two methods differ in the ability to
detect correctly the invasive species, with the Australian Weed Risk Assessment
more conservative but at cost of more species in the highest risk class. These
results suggest that the choice of the risk assessment to use should be driven by
the aim of the assessment, i.e. distinguishing between predictive and
prioritization aims.

Keywords
Mediterranean islands, risk assessment, prioritisation of alien plants
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Introduction

Biological invasions are a global phenomenon that threatens
biodiversity and human economy, and few, if any, ecosystems are free from
alien species (Catford et al. 2012), including protected areas (e.g., Foxcroft et al.
2013). The impacts of non-native species generally increase if the species
establish themselves and spread in their new environment (i.e., if they become
invasive sensu Blackburn et al. 2011), but non-native species can have impacts
even when they are not established or widespread (Ricciardi and Cohen 2007;
Ricciardi et al. 2013; Jeschke et al. 2014). As a consequence, a central focus of
invasion biology has been to try to understand the invasion process and to
distinguish between those few alien species that cause harm and those that do
not, as a way to characterise the risk associated with alien species (Rejmanek et
al. 2005). Both black-list and Green list approaches can be used in this concern
(Dehnen-Schmutz 2011).

There is a systematic relationship between damages caused by alien
species and a set of conditions knowable in advance. The former is the
motivation for prioritising efforts, and the latter is the motivation for using risk
assessment (RA) tools (Whitney and Gabler 2008; Leung et al. 2012).

In this framework in October 2010, the Conference of the Parties to the
Convention on Biological Diversity adopted the Strategic Plan for Biodiversity
2011-2020 which includes the Aichi Biodiversity Targets. Target 9 of the plan
aims to achieve that by 2020 invasive alien species and pathways are identified
and prioritized, priority species are controlled or eradicated, and measures are in
place to manage pathways to prevent their introduction and establishment
(http://www.chd.int/sp/targets/).

Many risk assessment frameworks have been developed for plants (see
Essl et al. 2011; Kumschick and Richardson 2013 and references therein), but
an European standard risk assessment method does not yet exist in spite of an
urgent need of a unified EU strategy on invasive alien species and of list of
species of Union concern (ex Reg. (EU) 1143/2014). The European and
Mediterranean Plant Protection Organization (EPPO) "pest risk analysis”
(EPPO PRA) represent an useful tool, with its assessments having direct and
legally binding consequences for invasive plant management (notification and
eradication requirements) in the International Plant Protection Convention
(IPPC) context (Essl et al. 2011). However it represents a long procedure still
far for being suitable to be used broadly for prioritizing or assess large number
of species in a relative short amount of time. However in the last years a rapid
screening prioritization process was proposed by the EPPO, the EPPO
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priorization process (EPP) (Brunel et al. 2010; EPPO 2012). This approach
could represent a unified and adaptable tool in the risk assessment of invasive
alien species in Europe. However, up to now, while other older risk assessment
schemes, such as the Australian Weed Risk Assessmente (A-WRA), have been
applied on large number of plants and in many countries, the EPP has been
tested yet much less frequently.

Therefore, the present research aims to: (1) test for the first time the
EPP method on a significant number of alien plant species (212) thriving in a
protected area (the Tuscan Archipelago National Park, Central Italy); (2)
compare the results of the EPP with those of the Australian WRA; (3) compare
the results of both methods with the categorization done at national and local
level by panel of experts.

Methods

Study area

The research focuses on the alien flora of the "Tuscan Archipelago
National Park"™ (TANP). This Italian protected area is located in the central
Mediterranean Sea and consists of seven main islands: Elba (the largest),
Giglio, Capraia, Montecristo, Pianosa, Gorgona, Giannutri and several minor
islands and islets, with a total surface of about 230 km?. The flora of the TANP
counts 1,300 species (Arrigoni et al. 2003) and it includes a 1.2% of narrow
endemic species. The landscape of the TANP is typically Mediterranean,
dominated by sclerophyllous-evergreen forest with all its different stages such
as high and low macchia, garrigues and discontinuous ephemeral grasslands.
The human influence on the natural environment has started around 6,000 years
b.p. and has become massive since the Roman times (2,400 years b.p.). In the
last century, like many other Mediterranean islands, the TANP islands have
undergone a deep change of their landscape and land-uses, from agro-forestry to
tourism activities. This change has been also a major driver of the introduction
of alien plants, mainly as ornamental (Lazzaro et al. 2014).

Filtering out species present in the target region

A group of 212 alien plant species was selected from the alien flora of
the TANP (Lazzaro et al. 2014). It includes 140 casual or naturalized species
and 72 only-planted species. The selection includes the causal and naturalized
species retrieved in the wild after the 1950 and species that can be found cited
after 1950 as only-planted in the several contributions on the TANP, i.e.
Montecristo (Paoli and Romagnoli 1976), Elba Island (Fossi Innamorati 1983,
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1989, 1991, 1994, 1997), the contributions by Baldini (1998, 2000, 2001) for
Giglio, Pianosa and Giannutri and by Foggi et al. (2001) for Capraia.

Defining the reference for the invasive status (estimate of invasivness)

The invasive status of all the selected 212 species, has been already
assessed by panels of experts both at national (Celesti-Grapow et al. 2009;
2010a; 2010b). [Riferimento alla tabella nei materiali supplementari] and at
TANP level (Lazzaro et al. 2014). Both the assessments were adopted as an
estimate of invasiveness of the species aiming to benchmark the performances
of the other two methods assessed (EPP and A-WRA, see below).

For both the estimates we built a quantitative and a binary score.
Quantitative score in Italy (Rank Italy) was calculated adopting the following
formula:

I=XINV +2=ENAT + 1= XCAS
63

where XINV, ENAT, XCAS are the number of regions in which the
species has been assessed as invasive, naturalized and casual respectively. The
result of the sum is then divided by 63, which would be the maximum score for
a species given as invasive in all the 21 Italian regions, to standardize the score
between 0 and 1. For the ROC analyses this score was transformed in a binary
score (Binary Italy) considering as invasive those species that had been assessed
as invasive in at least one Italian region.

A similar method was adopted to create a quantitative score of
invasiveness for the TANP (Rank TANP), calculated adopting the following
formula:

Rank Italy =

3= ZINVwp + 2% ENATp + 1= XCAS 1 0p
24

where XINVtane, ENATTane, XCAStane are the number of islands of
the Archipelago where the species has been assessed as invasive, naturalized
and casual respectively. The result of the sum is then divided by 24 which
would be the maximum score for a species given as invasive in all the 7 islands
+ minor islets, to standardize the value between 0 and 1. Again for the ROC
curves analyses the value was transformed in a binary output (Binary TANP)
considering as invasive the species that had been assessed as invasive in at least
one island.

Nevertheless, it is important to notice that the check list of TANP give
the invasive status of the species mostly according to Pysek et al. (2004)

Ranl: TANF =
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definition, i.e. it doesn't take into full account the potential of actual negative
impacts.

Gathering information on the alien species

For each species the data required to carried out the two risk
assessments was gathered from several sources, including scientific literature,
local reports on impact or distribution, personal observations in the Tuscan
Archipelago and information from internet databases like USDA Plants
database (http:// plants.usda.gov), Global Compendium of Weeds
(http://www.hear.org/gcw), Global Invasive Species Database
(http://www.issg.org/database/welcome), Weeds in  Australia  (http:/
www.weeds.gov.au), DAISIE site: http://www.europe-aliens.org/default.do,
Cal-IPC database (http://www.cal-ipc.org/ip/inventory/weedlist.php);
Australian Flora Online
(http://www.environment.gov.au/biodiversity/abrs/online-
resources/flora/main/index.html) or others Risk Analysis available such as
Tasmanian Weed Risk Assessment page from Department of Primary

Industries, Parks, Water and Environment:
http://www.dpiw.tas.gov.au/inter.nsf/WebPages/SWEN-7S74GE?open. and the
EPPO database PQOR (EPPO 2014;

http://www.eppo.int/DATABASES/pgr/pgr.htm).

Running the EPPO priorization process for invasive alien plants and
the Australian WRA

The EPPO priorization process (EPP) is based up on relatively simple
but robust criteria, accounting for biogeography, distribution, invasiveness
elsewhere, (potential) impacts (both in natural or semi-natural habitats and
agricultural systems), and management efficiency (Brunel et al. 2010; EPPO
2012). The broad idea behind it is to select those species for which a Pest Risk
Analysis (PRA) constitutes an adequate tool. It was recently revised by the
PRATIQUE EU project becoming more efficient, user-friendly (Baker et al.
2009; Steffen et al. 2012) and supported by the Computer Assisted Pest Risk
Analysis software (i.e., CAPRA). The EPP is designed (i) to produce a list of
invasive alien plants that are established or could potentially establish in the
area under assessment and (ii) to determine which of these have the highest
priority for an EPPO Pest Risk Analysis (PRA). As such, it could be used also
to rank invasive species in three main categories (minor concern, observation
list, invasive). Furthermore, the software for Bayesian networks GeNie which is
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embedded in CAPRA, giving the possibility to record and track uncertainty in
the assessment, gives further possibility of ranking within the 3 main produced
groups (minor concern, observation list, invasive plants). Indeed GeNle
produces a distribution of probability of the inclusion of the species in each
group (with total probability being equal to 1). It should be kept in mind that the
process is designed to perform rapid assessments, and to provide structured and
traceable information on alien species, and cannot be considered a substitute to
a full PRA. As our aim was to prioritize the alien flora of the Tuscan
Archipelago, we run only the first part of the procedure (questions A1-A8). We
reformulated the questions adapting the procedure for the Mediterranean basin
and climate, by replacing the “EPPO region” with “Mediterranean basin
region". Giving the uncertainty value to the questions and to the whole
assessment we followed EPPO (2012) and the above indications. We considered
a low level of uncertainty for those species whose ecology was well known and
studied at the level of the Tuscan Archipelago. On the contrary, we considered a
medium to high-value in the other cases (i.e. information available at the scale
of the Mediterranean basin, or only for other Mediterranean-type regions of the
world). The values of probability provided by GeNie were used to assign a
score to each species (EPP score) aiming to rank the species. The EPP score of
each species is given by the formula:

EPP score = 3= INV+ 2= 0B85+ 1= MC

where INV; OBS and MC represent the probability to be in the list of
Invasive Species; Observation list or Minor Concern list according to GeNie
results.

The Australian Weed Risk Assessment (A-WRA) developed by
Pheloung (1999) has been widely used in Australia and outside, including
Europe (see Hawaii and Pacific islands: Daehler and Carino 2000; Daehler et al.
2004; Italy: Crosti et al. 2007; Bonin Islands: Kato et al. 2006; Czeck Republic:
Kfivanek and PySek 2006; Mediterranean basin Gasso et al. 2009; Spain:
Andreu and Vila, 2010). According to Gordon et al. (2008a, 2008b, 2010) the
WRA accuracy in different geographic regions has found to be generally high.
The A-WRA is designed as a predictive tool with the aim to assess the risk of
invasion related to the introduction of alien species. It allows to assess if the
new species should be rejected or accepted for import, or if further evaluation is
needed in case of intermediate or unknown risk. This is done answering to a set
of 49 questions regarding biogeography, undesirable plant attributes and
biology/ecology (Pheloung et al. 1999) allowing to produce a scoring of the
species (A-WRA score). A score higher than 6 identifies a species likely to be
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of high risk and therefore to be rejected for import; a score equal or lower than
zero implies to accept the species for import and intermediate scores (between 1
and 6) mark species that require further evaluations. Following Gasso et al.
(2009) we modified some of the questions to adapt the scheme for
Mediterranean basin. Question 2.01 was changed from ‘‘Species suited to
Australian climates’ to ‘‘Species suited to Mediterranean climates’’. And
question 5.03: ‘‘Nitrogen fixing woody plant’’ to ‘‘Nitrogen fixing plant’’, to
include the non- woody nitrogen fixing plants, which represent an important
group in Mediterranean flora.

In conclusion, each of the selected 212 species was evaluated using both
the European and Mediterranean Plant Protection Organization Prioritization
standard method [PM 5/6(1)] (EPPO 2012) and the A-WRA, modified for the
Tuscany archipelago.

Statistical analysis

The grouping outputs of the two assessments were compared by means
of a contingency table, and the differences in proportion of species assessed in
each risk group were investigated making use of a Chi-square test.

We studied the relationship between the EPP score and A-WRA score
and the estimates for invasiveness in Italy and in TANP by means of linear
regression models. The estimates were considered as response variables and the
EPP and A-WRA scores were considered as the predictors. For both the
estimates an arcsine transformation (X=arcsine(V(X))) was adopted aiming to
normalize the residuals. Significance of the regression line was evaluated by
means of analysis of variance studying sum of squares and degree of freedom
against a F distribution.

The ability of the two methods to detect invasive species was tested
again the binary estimates of invasiveness in Italy and in the TANP by means of
receiver operating characteristic curves (ROC) (DeLong et al. 1988). This kind
of analysis has been already tested as an useful tool for evaluating the
performance of invasive species screening tests (e.g., Hughes and Madden
2003; Caley and Kuhnert 2006; Gordon et al. 2008a; Gasso et al. 2009).

The ROC curve technigue allows to investigate the performance of a
predictor against an observed response studying the proportion of true positives
(i.e., sensitivity) against the proportion of true negatives (i.e., specificity) across
a range of cutoff points (Gassé et al. 2009). The sensitivity of a RA method
refers to the ability of the method to correctly identify those plant species that
are invasive. On the contrary, the specificity of a RA method refers to the ability
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of the method to correctly identify those plant species that are not invasive.
Following De Long et al. (1988) the area under the curve (AUC) is considered
as a recommended index of accuracy of the model, representing the capability
of the model to give the correct order for the scores of positive and negative
cases (i.e. for both the A-WRA and the EPP a higher value for invasive species
than not-invasive ones). The AUC of the curve vary from 0.5 (random choice of
the model) to 1 (perfect matching with the response). Thus the closer the area
under the ROC curve is to one, the better the screening tool’s ability to
differentiate between the two groups (Lasko et al. 2005), catching all (high
sensitivity) and only (high specificity) the invasive species and discarding non
invasive ones.

We study with ROC curves both the capability to detect invasive
species as a binary output (EPP binary and A-WRA binary) and the scoring
outputs (EPP score and A-WRA score) of the two methods. The discrete
outcome of the two outcomes was expressed as binary variable 1/0 (i.e. 1 if the
species was assessed in the High risk level and 0 if the species was assessed in a
lower group according to tablel). In both the cases while a binary “gold test” is
necessary to use ROC curves we use a comparison the binary assessment of
invasiveness in Italy and TANP (Binary Italy and Binary TANP).

To compare the curves and the differences in the area under the curve
(AUC) we used the DeLong's test for two correlated ROC curves (DelLong et al.
1988).

Finally, we used GLMs to test the presence of possible correlation
between the EPP (binary) and A-WRA (binary) and the year of first record in
the TANP, the life span and growth form of the assessed alien plants.
Furthermore, one more GLM, was fitted to test whether the agreement of the
two methods, in including or not the species in the group of higher risk level
was influenced by year of first record, life span and growth form. Binomial
distribution of the error was adopted in the GLMSs and significance of the terms
was evaluated by means of analysis of deviance with degree of freedom against
Chi-square distribution.

The ROC curves and the test between AUC's were performed using the
pROC package ver. 1.6.0.1 (Robin et al. 2011) of the R software ver. 3.1.2 (R
Core Team, 2014). The Chi-square tests, linear models and GLMs were
performed using the R software ver. 3.1.2.
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Results

Both RA procedures (EPP and A-WRA) provide a three-list
categorization of the assessed alien plants, with an increasing level of risk (tab 1
and figure 1), but with significant differences (see Tab 1; Chi-squared =
22.4986, DF = 2, p-value <0.0001).

Level of Risk EPP lists A-WRA lists
HIGH List of Invasive Species Reject Species List
(47) (88)
Observation List Evaluate Further List
MEDIUM (66) (35)
Minor Concern List Accept Species List
LOW (99) (89)

Table 1 Distribution of the 212 alien plant of the Tuscan Archipelago in the three
classes of invasion risk according to the EPP and the A-WRA methods.

The EPP scheme ranked 47 species in the List of invasive species, 66 in
the Observation List and 99 in the Minor Concern List. On the contrary,
according to the A-WRA 88 species have to be rejected, 35 to be evaluated
further and 89 can be accepted.
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Fig. 1 Distribution of the 212 species in the three classes of EPP (“cakes”) and A-WRA
(colors). Radius of the circles is proportional to number of species according EPP
assessment and surface of the slices represent proportion of species according A-WRA
assessment.

Noteworthy, the total numbers of species included in the highest risk
categories by the two assessed methods differs greatly (47 vs 88). The EPP
included less species in the List of Invasive species and more species in the
Observation List when compared to the A-WRA.
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Figure 1 shows a qualitative comparison of the way the two assessments treat
the species. Main differences were in the assessment of the species in the higher
and intermediate risk lists. About high risk lists, the two outcomes showed a
good agreement for a group of 45 species assessed in the highest risk group by
both the procedures. However they showed a high disagreement for the other
cases. In fact 35 and 9 species included in the invasive species by A-WRA were
included respectively in the Observation List and Minor Concern List by EPP.
Only two species (i.e the hybrid Vitis riparia x Vitis rupestris and
Paraserianthes lophantha) assessed as invasive by EPP were assessed as
intermediate risk by the A-WRA. The intermediate risk lists were again quite
different. Only 18 species were assessed in the intermediate risk lists by both
the procedures, whereas 13 species included in the observation list by the EPP
were included in the lowest list by the A-WRA. Finally 75 species were
included by both the procedures in the lowest level group.
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Fig. 2 Correlation plots for estimate of invasiveness in Italy (Rank Italy) with A-WRA
score (a) and EPP score (b); and for estimate of invasiveness in TANP (Rank TANP)
with A-WRA score (c) and EPP score (d). Red lines represent the fitted regression lines,
whose statistics are indicate in the plots. Grey shadow polygons represent 95%
confidence interval of regression line. An arcsine transformation was applied to the
variables Rank Italy and Rank TANP
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A-WRA score ranged from -19 (Butia capitata) to 25 (Datura wrigthii).
EPP score ranged from 1.00 (many species — see Table xxx in supplementary
matherials) to 2.99 (Ailanthus altissima). The linear regression models showed
that both EPP and A-WRA scores correlate positively and significantly with the
quantitative estimates of invasiveness for Italy and the TANP (all regression’s
P<0.0001; Fig. 2). Adjusted R-squared were generally good, ranging from 0.20
to 0.35. Particularly EPP showed a greater Adjusted R-squared than A-WRA in
both the comparisons.
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Fig. 3 ROC curves describing the performance of the EPP (light curve) and A-WRA
(dark curve) to detect invasive species. In (a) and (b) the binary output of EPP and A-
WRA is compared with the binary estimate of invasiveness respectively in Italy and
TANP; in (b) and (c) the quantitative scoring output of EPP and A-WRA is compared
again with the binary estimate of invasiveness respectively in Italy and TANP.
Sensitivity represents the proportion of true positives (Number of true positive
assessment)/(Number of all positive assessment). Specificity represents the proportion
of true negatives (Number of true negative assessment)/(Number of all negative
assessment).
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Comparing the two binary outputs with the Binary Italy AUC were
significantly different with A-WRA showing better performances (AUC for
EPP: 67.70, and A-WRA: 79.72, Z = -3.1715, p-value = 0.001517). It is
noteworthy that the two methods showed opposite behavior in term of
sensitivity and specificity with EPP showing a high specificity and a low
sensibility, whereas the contrary happen for the A-WRA, as observed above
(Fig 3a; table 2). The AUCs in case of binary outcomes compared to Binary
TANP were not significantly different according to the DeLong's test (AUC for
EPP: 72.91, and A-WRA: 74.53, Z = -0.3437, p-value = 0.7311). However
again a quite different weight of sensitivity and specificity between the two
models could be detected (Fig 3b; table 2). EPP binary showed a high
specificity and a low sensibility, whereas the contrary happen for the A-WRA.).
This indicating that generally EPP showed a good capability to discard not
invasive species, but on the other hand it discarded some invasive ones.
Whereas A-WRA tends to include some non-invasive species in the reject
species list, but had a good capability to not discard invasive species.

Observed
AUC Specificity  Sensitivity response .
%) Cutoff %) %) (gold Delong's test
test)
EPP binary  67.70 0.50 87.17 48.21 Italy Z=-3.1715,
A-WRA . p-value =
. . . . binar
binary 79.72 0.50 73.72 85.71 inary 0.0015
iP\E’vkl)Ql':ary 7291 0.50 84.53 61.29 TANP 5 :a-I(L)].er37;
i . . . . binar i -
binary 74.53 0.50 65.19 83.87 inary 0.7311
EPP score 85,51 1.99 73.72 89.29 Italy Z=0.2782, p-
A-WRA . value =
score 84.77 5.50 73.72 85.71 binary 0.7809
iP\I/DVsF,;ﬁre 88.77 2.00 75.14 87.10 TANP \Z/alzui.§438, p-
score 82.21 8.50 77.35 77.42 binary 0.0190

Table 2 Results of ROC curves analysis of the EPP and the A-WRA outcomes,
compared with the invasiveness estimated for Italy and the Tuscan Archipelago. AUC=
Area Under the Curve. DeLong’s test p values are reported for comparable pairs of
ROC curves.
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Different results can be obtained when comparing the AUC and ROC
curves on EPP and A-WRA scores. When comparing the scores with Binary
Italy AUC appears not significantly different (AUC for EPP: 85.51, and A-
WRA: 84.77, Z = 0.2782, p-value = 0.7809), and the shapes of the curves in
terms of specificity and sensitivity appear comparable (Fig 3c; table 2). AUC
are of curves obtained with the comparison with Binary TANP appeared
significantly different (AUC for EPP: 88.77, and A-WRA: 82.21, Z = 2.3438, p-
value = 0.01909), with a higher performances of EPP scores in term of
sensitivity (Fig 3d; table 2).

Term Df Deviance Residual Residual P values
Df Deviance

Growth form 7 14.94 204 209.38 0.03676*

Epp  Life Span 2 4.20 202 205.17 0.12211

binary Year of first record 1 111 201 204.06 0.29138
Residuals 211 224.32

Growth form 7 18.10 204 270.31 0.01151*

A Year of first record 1 6.00 203 264.31 0.01426*

t\)/i\az'r?/ Life Span 2 3.94 201 260.37 0.13929
Residuals 211 288.42

Table 3 Analysis of deviance table for GLMs on invasive output of EPP and A-WRA
assessments. Year of first record was centered at 1808, which is the smallest value. DF
= Degree of Freedom. * marks significant terms at P<0.05.

Term Df Deviance Residual  Residual P values
Df Deviance
Life Span 2 9.4917 209 212.29  0.008688**
Year of first record 1 4.3767 208 207.91 0.036433*
Growth form 7 8.8741 201 199.03 0.261822
Residuals 211 221.78

Tab 4 Analysis of deviance table for GLM on agreement of EPP and A-WRA
assessments on the invasive output. Year of first record was centered at 1808, which is
the smallest value. DF = degree of Freedom. * marks significant terms at P<0.05; **
marks significant terms at P<0.01

According to GLMs on the discrete outcome both assessment suffer
from some degree of dependence from one or more of the tested explanatory
variables. EPP assessment appeared significantly correlated with growth form,
while A-WRA appeared correlated both with growth form and year of first
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record of the species (Tab 4). Analyzing the proportion of reject outputs for the
different growth forms it appears that for EPPO the main deviation from the
mean proportion occurs for geophyte, scrubs and forbs (fig 4a), for WRA it
occurs for the same growth forms but also for trees (fig 4b). Moreover WRA
assessments seems to suffer from a dependences form year of first record with a
greater proportion of invasive species from those reported around middle 1900

(Fig 5).
(a)

o
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(B)

1.0

Frequency

Fig 4. Spine bar plot
showing the conditional
relative frequencies of
species assessed in the
high-risk group by EPP
(a) and A-WRA (b)
according to their growth
form. Dark shadow part
of the bar correspond to
the proportion of species
assessed as not invasive
and light shadow
correspond to proportion
of species assessed as
invasive. Black horizontal
lines represent the mean
proportion of species
assessed by the method in
the high-risk group.
Widths of the bars
corresponds to the relative
frequencies of species
according to life forms
f=forbs, g=grass,
h=herbal, p=parasitic,
s=shrub, ss=subshrub,
t=tree, v=vines.
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Fig 5. Conditional
densities plot showing
the conditional
distribution species
assessed in the high-
risk group by EPP (a)
and A-WRA (b)
according to year of
first record. Dark
shadow part of the
graph corresponds to
the proportion of
species assessed as not
invasive and light
shadow correspond to
proportion of species
assessed as invasive.
According to GLM
results only in (b)
proportion of species
assed as invasive is
significantly affected
by the year of first
record in Tuscan
Archipelago.
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Fig 6 Spine bar and
conditional density plots
showing the conditional
relative frequencies of
agreement of EPP and A-
WRA in including the
species in the highest risk
group according to their
life span (a) and year of
first introduction in the
Tuscan Archipelago (b).
Dark shadow part of the
plot correspond to the
proportion of species for
which the two assessment
did not agree and the light
shadow correspond to
proportion of species for
which they did. Horizontal
lines represent the mean
proportion of species for
which the two assessment
agreed. Widths of the bars
in 6a corresponds to the
relative frequencies of
species.

141



The agreement across the two methods appeared influenced by the
growth form and by life span of the species (Tab 5). The main proportion of
“disagreement” appear related to annual species, and to those species recorded
after the 2000 (Fig 6). It is noteworthy that most of the disagreement is given by
species assessed in the high-risk group by A-WRA but not by EPP (43 species
versus only 2 in the opposite case).

Discussion

The aim of the present work was to identify priority invasive alien
species within a set of alien plant species of the Tuscan Archipelago and to
benchmark two different methods, i.e. the EPPO Prioritization method and the
Australian Weed Risk Assessment. The ranking produced by these two methods
resulted both positively correlated with the existing estimates of invasiveness
for the evaluated species both at national and local level (ltaly and TANP).
However, these two methods showed some differences in the ranking and
classification of the alien species. Particularly, rather than differences across
AUC of the ROC curves, we detected important differences in term of
sensibility and sensitivity.

The data-mining necessary to produce an outcome requires basically the
same kind of information. For both methods information on introduction and
invasive history of the species under assessment, general information on the
spread potential and on the (potential) impacts has to be retrieved. However the
more specific approach of the A-WRA requires a very detailed search of
specific plant traits for some of the requested information, whereas for the EPP
a more generalist approach is required, allowing the assessor to save some time.
On the other hand aiming to answer a specific question is more difficult to lose
some important literature, therefore an intense effort have to be used also for the
EPP production.

The importance of climate matching have been already stressed as an
important factor in the establishment and success of alien species (Kumschick
and Richardson 2013). One of the issues raised for A-WRA is the lack of a
reference for the use of an appropriate method to assess climate matching, while
in EPP several maps are provided as a reference for the choice of climate
matching (EPP 2012). In our case, as already done in other cases (see Gordon et
al. 2008a; 2008b; 2010) we followed the Australian recommendation to adopt
highest scores for the climate matching questions where no computer analysis
of climate matching is carried out.
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EPP is a quite recent risk assessment method (Brunel et al. 2010; EPPO
2012) and up to now it was not possible to find any work testing the method on
a wide set of alien species, whereas more literature is available on the A-WRA
(Gordon et al. 2008a; 2008b; 2010; McGregor et al. 2012; Speek et al. 2013).

The correlation of the A-WRA ranking with the existing estimates of
invasiveness for Italy and the TANP is generally higher than the results
obtained by Speek et al. (2013). It is noteworthy that explained variance was
higher for EPP ranking. Speek et al. (2013) assume that the low correlation of
A-WRA with the estimates of invasiveness was mainly due to the low
capability of A-WRA to catch the impacts of the species. This could also
explain the differences in our results. In fact in A-WRA impacts are strictly
categorized by specific questions, while it has been discussed that impacts of
invasive species can greatly vary in different region and can be differently
interpreted (Speek et al. 2013). In case of EPP the definition of possible impacts
is more general, thus likely to be more appropriate to catch presence of impacts
across different region and contexts.

AUC of the ROC curves were generally lower for the binary outcome of
the two methods than when studying the ranking outputs. This highlight that the
threshold for including or not a species in the invasive species list should be
carefully evaluated before applying the method. Indeed the AUC values of
ROC analyses on quantitative scoring output of A-WRA are consistent with
those reported in other case of studies (Gordon et al. 2008a), where was found
to range from 0.82 to 0.99. Gordon et al. (2008a) underlined the importance for
stakeholders and land managers to set an appropriate cutoff value according to
the aim of the assessment. Setting an appropriate cutoff value is in fact affecting
not only the general efficiency of the assessment, but more in deep the
relationship between specificity and sensitivity of the method.

Following the default cutoff for A-WRA and the default priorization
decision structure on EPP leaded to very different results in the identification of
invasive species. This is underlined by the differences in ROC curves studying
the binary output of the assessments. EPP has generally a higher specificity,
whereas A-WRA has higher sensitivity, also in case when the two AUC are
comparable. These differences could be related to the different aim of the two
tools, with the EPP being mainly a priorization tool and the A-WRA a
predictive tool (Essl et al. 2011). Considering the aim of prioritize the available
resources on a set of alien species it would be preferable to obtain a restricted
set of specie with high risk level, so as not to waste resources in a too wide set
of species. In this case the EPP is more conservative in the direction of avoid
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"false positive", leading to a small set of high risk species, whereas in the A-
WRA it has been shown a tendency to commit relatively more "false positive"
than "false negative" (Koop et al. 2011). On the other hand the higher
performances in sensitivity by A-WRA appear consistent with the aim to avoid
new introductions of potentially harmful species. In this perspective, it appear
reasonable to pay the cost of some false positives if we are able to maximize the
catching of true positives (Daehler et al. 2004). This consideration are
consistent to the results obtained by McGregor et al. (2012), where an extremely
high accuracy in detecting g invasive species was reflected in a high number of
false positives suggesting that accuracy comes at a cost of rejecting potentially
useful species.

In both the assessments, the score is potentially suitable to produce a
classification of the species in order of higher risk of invasion, but the two score
are underlining different meanings. The A-WRA score is readable as a proxy of
the potential risk related to the species. As already said this approach con be
affected by the choice of what is an undesirable traits or which are the impacts
produced by the species. On the other hand, the EPP score is related to the
assessment uncertainty. Thus according to EPP plants are classified according
to possible impacts but the final value is influenced by the available information
on the species. Beside that, the definition of impacts is more general than in A-
WRA, the assessment could also be updated in case new relevant information is
available for a certain species, thus leading to a more flexible approach.

The presence of bias in the screening methods have been largely
investigated in past. Both the methods appear affected by the growth form of the
species. It is not clear if this trend is more related to an effective differential risk
according to the growth form or from a bias in the capability of the evaluation
of impacts related to certain growth forms. The need for an unbiased evaluation
of impacts is actually one of the main issues nowadays in the framework of 1AS
and risk assessments (Hulme et al. 2013; Jesche et al. 2014). Particularly
according Hulme et al. (2013) life forms, strictly related to growth forms we
studied, are one of the main source of bias in the evaluation IAS of impacts. For
less dominant life forms, such as geophytes, impacts are probably less studied
and more difficult to find. Moreover in case of A-WRA the possible outcome
has been shown to be influenced by the time of record of the species (REF).

In conclusion, we found that both the methods are good in the
prediction of invasiveness of species already present in TANP. However it
looks that the more generalist approach of EPP was more efficient in our case.
Particularly we confirmed that the choice of a certain cutoff is important giving
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the aim of the assessment procedure since the efficiency of the risk assessments
can change quantitatively and qualitatively according to this choice. It appear
clear that also the choice of the risk assessment to use should be driven by the
aim of the assessment, i.e. distinguishing between predictive and prioritization
aims. This work has been the basis for a document provided to the Tuscan
Archipelago National Park institution aiming to prioritize the species already
present on the area of study. Accordingly, we used the EPPO procedure to
classify the alien flora of the Archipelago into three classes with different level
of risk and the values of uncertainty obtained with GeNle were used to provide
a short list of 15 “worst” invasive alien plant.

Least but not last it is noteworthy that risk assessment procedures are
strongly dependent on the available information on impacts and, as often
pointed out, more information on non dominant species and multi-scalar
approach in the study of impacts of IAS are urgently needed to be incorporate in
the risk assessments.
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Appendix 1 Species used to test the EPP and the A-WRA. Life Span: a = Annual, b =
biennal, pe = perennial. Life form: g = grass, f = forb, h = herbaceous, ss = subshrub, =
shrub, t =tree, v=vines, p = parasitic.

First
Record Life Life EPP EPP WRA list WRA
In Span form list score Score
Species TANP
Abies nordmanniana (Steven) Spach 1964 pe t MC 1.000  Accept -6
Abutilon theophrasti Medik. 2011 a f OBS 2023 Reject 9
Acacia dealbata Link 1998 pe t INV  2.989 Reject 16
Acacia melanoxylon R. Br. 2011 pe t INV  2.789 Reject 15
Acacia provincialis A. Camus 1998 pe t INV  2.602 Reject 9
Acacia pycnantha Benth. 1973 pe t INV  2.891 Reject 13
Acacia saligna (Labill.) H.L. Wendl. 2012 pe t INV  2.760 Reject 7
Aeonium arboreum (L.) Webb & Berthel. 1974 pe ss OBS 1907 Evaluate 2
QS?trill_um haworthii Salm-Dyck ex Webb & 2011 pe ss MC 1000 Evaluate 4
Aesculus hippocastanum L. 1898 pe t MC 1.000  Accept -7
Agave americana L. 1844 pe ss  INV  2.980 Reject 7
Ailanthus altissima (Mill.) Swingle 1898 pe t INV  2.990 Reject 15
Albizia julibrissin Durazz. 1974 pe ss OBS 2108 Evaluate 15
Allium cepa L. 1900 pe h MC 1.000  Accept -1
Allium sativum L. 1975 pe t MC 1.000  Accept -1
Alnus cordata (Loisel.) Loisel. 1964 pe t OBS 1.843  Accept -5



First

Record Life Life EPP EPP . WRA
In Span form list score WRA list Score
Species TANP
Aloe arborescens Mill. 1900 pe h MC 1.056  Accept -7
Amaranthus albus L. 1847 a f OBS 2010 Reject 10
Amaranthus blitoides S. Watson 2009 a f OBS 2010 Reject 13
Amaranthus caudatus L. 2012 a f OBS 2010 Evaluate 4
Amaranthus deflexus L. 1839 pe f OBS 2010 Reject 11
Amaranthus graecizans L. 1870 a f OBS 2.000 Reject 11
Amaranthus hybridus L. 1900 a f OBS 2.000 Reject 16
Amaranthus retroflexus L. 1839 a f OBS 2010 Reject 14
Anredera cordifolia (Ten.) Steenis 1974 pe v OBS 1995 Evaluate 3
Antirrhinum majus L. subsp. majus 1901 pe f OBS 1.019  Accept -3
Artemisia verlotiorum Lamotte 1839 pe g INV  2.881 Reject 12
Arundo donax L. 1981 pe f INV  2.980 Reject 12
Asclepias fruticosa L. 2010 pe h  OBS 2000 Evaluate 0
Asparagus falcatus L. 1997 pe SS MC 1.000 Evaluate 35
Q;Jstkr;)tiyllndropuntla subulata (Muehlenpf.) 2002 pe ss  OBS 2000 Evaluate 5
Avena byzantina K. Koch 2011 a g MC 1.000  Accept -8
Avena sativa L. s.l. 1900 a g MC 1.000  Accept -9
Beta vulgaris L. subsp. vulgaris 1870 b f MC 1.000  Accept -4
Bidens pilosus L. 2011 a f INV  2.813 Reject 21
Bougainvillea spectabilis Willd. 1974 pe \% MC 1.000  Accept -14
Brassica napus L. subsp. napus 1867 a f OBS 2,000 Evaluate 0
Brassica oleracea L. 1839 pe f OBS 1915  Accept -15
Brassica rapa L. s.I. 1898 pe t MC 1.000 Evaluate 5
Broussonetia papyrifera (L.) Vent. 1844 a f OBS 2178 Reject 6
Buddleja davidii Franch. 1974 pe t INV  2.602 Reject 11
Butia capitata (Mart.) Becc. 1980 pe s MC 1.000  Accept -19
Callitropsis arizonica (Greene) D.P. Little 1882 pe ss MC 1.000  Accept -14
Callitropsis glabra (Sudw.) D.P. Little 1975 pe t MC 1.000  Accept -14
Callitropsis lusitanica (Mill.) D.P. Little 1964 pe t MC 1.000  Accept -14
Callitropsis macrocarpa (Hartw.) D.P. Little 2010 pe ss MC 1.000  Accept -14
Campsis radicans (L.) Bureau 1999 pe t OBS 1873 Evaluate 2
Canna indica L. 2012 pe t OBS 1946 Evaluate 1
Carpobrotus acinaciformis (L.) L. Bolus 2012 pe f INV  2.980 Reject 13
Carpobrotus edulis (L.) N.E. Br. 1981 pe t OBS 2980 Reject 17
Casuarina equisetifolia L. 1964 pe t INV  2.601 Reject 8
Catalpa bignonioides Walter 2011 pe s MC 1.000  Accept -13
Catharanthus roseus (L.) G. Don 2012 a f MC 1.020 Reject 9
Celtis occidentalis L. 2012 pe g MC 1.000  Accept -3
Cenchrus longisetus M.C. Johnst. 1957 pe t INV  2.730 Reject 22
Ezgwaecypans pisifera (Siebold & Zucc.) 1898 pe h MC 1000  Accept 125
IE:rhoakn;fa\esyce humifusa (Willd. ex Schltr.) 2012 a f OBS 2054 Reject 6
Chamaesyce maculata (L.) Small 1898 a f OBS 2.000 Reject 11
Chamaesyce prostrata (Aiton) Small 1964 pe t OBS 2054  Reject 11
Chasmanthe aethiopica (L.) N.E. Br. 2000 a f MC 1.071  Accept -3
Cicer arietinum L. 1894 a f MC 1.000  Accept -9
Cichorium endivia L. 1844 a f MC 1.000  Accept -8
©namomum glanduliferum (Wall.) 1957 pe t MC 1000 Evaluate 2
ﬁ:&t;lilus lanatus (Thunb.) Matsum. & 1808 a f MC 1000  Accept 8
Citrus limon (L.) Osbeck 1971 pe s MC 1.000  Accept -3
Convolvulus tricolor L. subsp. tricolor 2008 pe s MC 1.000  Accept -4
Cortaderia selloana (Schult. & Schult. f.) 2011 pe ss  INV 2990 Reject 11
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First

Record Life Life EPP EPP . WRA
In Span form list score WRA list Score
Species TANP
Asch. & Graebn.
Cotoneaster coriaceus Franch. 2010 pe g OBS 2094  Accept -1
Cotyledon orbiculata L. 1966 pe f OBS 1843  Accept -5
Crassula lycopodioides Lam. 1898 pe s MC 1.000 Evaluate 3
Crataegus azarolus L. 2012 pe SS MC 1.000  Accept -3
Cucurbita maxima Duchesne 1863 a p MC 1.000  Accept -7
Cupressus sempervirens L. 2012 a f OBS 1990  Accept -7
Cuscuta epilinum Weihe 1888 pe t MC 1319 Evaluate 2
Cycas revoluta Thunb. 2013 pe g MC 1.000  Accept -11
Cydonia oblonga Mill. 1894 pe t MC 1.000  Accept -9
Cyperus involucratus Rotth. 1974 pe S INV  2.875 Reject 8
Datura ferox L. 2012 a f OBS 1973 Reject 23
Datura stramonium L. subsp. stramonium 1860 a f INV 2812 Reject 12
Datura wrigthii Regel 2011 a f OBS 1973 Reject 25
Delairea odorata Lem. 2001 pe ss  INV 2.638 Reject 7
Delosperma cooperi (Hook. f.) L. Bolus 2010 pe s MC 1.000  Accept -5
Diospyros kaki Thunb. 1964 pe t MC 1.000  Accept -9
Diospyros lotus L. 1974 pe t MC 1.000  Accept -9
Drosanthemum floribundum (Haw) 2011 pe ss MC 1000 Reject 13
Dysphania ambrosioides (L.) Mosyakin & 2008 a f MC 1340 Evaluate 1
Clemants
Dysphania multifida (L.) Mosyakin & 1900 a f MC 1340 Evaluate 2
Clemants
Elaeagnus multiflora Thunb. 2012 a g MC 1.000  Accept -3
Eleusine indica (L.) Gaertn. subsp. indica 1964 pe S INV  2.645 Reject 21
Ephedra foeminea Forssk. 1999 pe ss MC 1000 Accept -1
Erigeron bonariensis L. 1839 a f OBS 2.054 Reject 9
Erigeron canadensis L. 1839 a f OBS 2.054 Reject 9
Erigeron karvinskianus DC. 1844 pe f OBS 2054 Reject 9
Erigeron sumatrensis Retz. 2012 pe t OBS 2054 Reject 9
Eriobotrya japonica (Thunb.) Lindl. 1894 pe S MC 1.000  Accept -10
Erysimum cheiri (L.) Crantz 1986 pe f MC 1.020  Accept -4
Erythrostemon gilliesii (Wall. ex Hook.
Roresemon g ( ) 1972 a f MC 1000 Accept -3
g_ucalyptus bicostata Maiden, Blakely & 1975 pe t MC  1.000  Accept 11
immonds
Eucalyptus camaldulensis Dehnh. 1964 pe t OBS 2.005 Reject 8
Eucalyptus cornuta Labill. 1964 pe t MC 1.000  Accept -7
Eucalyptus globulus Labill. 1891 pe t OBS 2.005 Reject 6
Eucalyptus lehmannii (Schauer) Benth. 2011 pe t MC 1.000  Accept -6
Euonymus japonicus Thunb. 1957 pe t MC 1.000  Accept -3
Fallopia baldschuanica (Regel) Holub 2012 pe s OBS 2.005 Reject 18
Ficus elastica Roxb. ex Hornem. 1957 pe t MC 1.000  Accept -8
Freesia alba (G.L. Mey.) Gumbl. 2012 pe h MC 1.000  Accept -3
Gazania linearis (Thumb.) Druce 2012 pe f INV  2.792 Reject 8
Gleditsia triacanthos L. 2012 pe t INV  2.645 Reject 11
Grevillea robusta A. Cunn. ex R. Br. 1957 pe t MC 1.000 Evaluate 5
Helianthus annuus L. 1998 a f OBS 2080 Evaluate 3
Helianthus tuberosus L. 1993 pe f INV  2.890 Reject 7
Hibiscus syriacus L. 1974 pe S MC 1.000  Accept -3
Ipomoea indica (Burm.) Merr. 2008 pe f OBS 1914 Reject 7
Iris germanica L. 1839 pe h MC 1.015  Accept -5
Kalanchoé xhoughtonii D.B.Ward 2008 pe ss OBS 1.990 Reject 6
Lagerstroemia indica L. 2012 pe s MC 1.000 Evaluate 0
Lantana camara L. 1902 pe S INV  2.765 Reject 16
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First

Record Life Life EPP EPP . WRA
In Span form list score WRA list Score
Species TANP
Lens culinaris Medik. 1882 a f MC 1.055  Accept -13
Lepidium didymum L. 2011 a f OBS 1.855 Evaluate 0
Ligustrum lucidum W.T. Aiton 1860 pe h INV  2.980 Reject 14
Lilium candidum L. 2008 pe s MC 1.000  Accept -13
Linum usitatissimum L. 1893 a f MC 1184 Evaluate 1
Lonicera japonica Thunb. 2012 pe s INV 2.875 Reject 6
Lupinus albus L. subsp. albus 1893 a f MC 1350  Accept -1
Lupinus polyphyllus Lindl. 1950 a f MC  1.000 Reject 7
Maclura pomifera (Raf.) C.K. Schneid. 1974 pe t OBS 1997  Accept -4
Magnolia grandifiora L. 1964 pe t MC 1.000  Accept -4
Melia azedarach L. 2013 pe t INV 2,981 Reject 16
Mesembryanthemum cordifolium L. f. 1990 pe ss  INV 2980 Reject 10
Mirabilis jalapa L. 1993 pe f OBS 1980 Evaluate 1
Morus alba L. 1836 pe t OBS 2000 Evaluate 4
Morus nigra L. 1894 pe t OBS 2000  Accept -4
Myoporum insulare R. Br. 2011 pe s OBS 2000  Accept -8.5
Myoporum laetum Schltdl. 1964 pe S MC  1.000 Reject 9
Nicotiana glauca Graham 1976 pe s INV  2.800 Reject 12
Nolina recurvata (Lem.) Hemsl. 2012 pe h MC 1.000  Accept -1
Nothoscordum gracile (Aiton) Stearn 1974 pe S MC 1.000 Evaluate 4
Ocimum basilicum L. 1900 a f MC 1.000  Accept -8
Opuntia dillenii (Ker-Gawl.) Haw. 2003 pe s OBS 2094  Reject 16
Opuntia elatior Mill. 2007 pe S MC 1.000  Accept -7
Opuntia ficus-indica (L.) Mill. 1864 pe s INV 2981 Reject 14
Opuntia leucotricha DC. 2013 pe s INV  2.980 Reject 9
Opuntia monacantha (Willd.) Haw. 1849 pe S INV  2.895 Reject 10
Opuntia phaeacantha Engelm. 2007 pe s INV 2981 Reject 10
Opuntia stricta (Haw.) Haw. 1839 pe s INV 2981 Reject 8
Osteospermum ecklonis (DC.) Norl. 2012 pe SS MC 1.000  Accept -11
Oxalis articulata Savigny 1965 pe h  OBS 2.000 Reject 9
Oxalis bowiei Herb. ex Lindl. 2012 pe h  OBS 1.999 Reject 11
Oxalis debilis Kunth 2008 pe h  OBS 2.020 Reject 9
Oxalis dillenii Jacq. 2000 pe h  OBS 2067 Reject 9
Oxalis latifolia Kunth 2013 pe h  OBS 2067 Reject 10
Oxalis pes-caprae L. 1955 pe h INV 2,990 Reject 9
’P\la;‘r;ilsssglanthes lophantha (Willd.) I.C. 2012 pe S INV 2792 Evaluate 5
Parthenocissus quinquefolia (L.) Planch. 2012 pe g INV 2891 Reject 7
;irctgjn:lzl;zﬁ.s tricuspidata (Siebold & 1947 pe g OBS 1200 Accept 8
Paspalum dilatatum Poir. 2009 pe t OBS 1999 Reject 20
Paspalum distichum L. 2012 pe s INV 2871 Reject 21
Passiflora caerulea L. 2012 pe s OBS 1973 Evaluate 2
Pelargonium zonale (L.) L'Hér. 1957 pe t MC 1.000  Accept -9
Persea americana Mill. 1839 b f MC 1.000  Accept -7
Petroselinum crispum (Mill.) Fuss 2011 pe ss MC 1.000  Accept -8
Phacelia tanacetifolia Benth. 1870 pe f OBS 1.997 Evaluate 4
Phoenix canariensis Chabaud 1981 pe t MC 1.000  Accept -4
Phoenix dactylifera L. 1893 pe t MC 1.000  Accept -4
Phytolacca americana L. 2011 a f OBS 2020 Reject 19
Pinus canariensis C. Sm. 1950 pe t OBS 1914 Evaluate 2
Pinus radiata D. Don 1974 pe t OBS 1946  Accept -4
Pisum sativum L. subsp. sativum 1839 a f MC 1.000  Accept -16
Pittosporum tobira (Thunb.) W.T. Aiton 2013 pe s OBS 1.980 Reject 7
Platanus hispanica Mill. ex Minchh. 1981 pe t MC 1.000  Accept -3
Platanus orientalis L. 1970 pe t MC 1.000 Evaluate 0
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First

Record Life Life EPP EPP . WRA
In Span form list score WRA list Score
Species TANP

Populus canadensis Moench 1964 pe s OBS 1975 Reject 9
Portulacaria afra Jacq. 1993 pe t MC 1.000  Accept -6
Prunus armeniaca L. 1898 pe t MC 1.000  Accept -17
Prunus cerasifera Ehrh. 1974 pe t MC 1.000  Accept -2
Prunus cerasus L. 1894 pe t MC 1.000  Accept -5
Prunus domestica L. s.1. 1839 pe t MC 1.000  Accept -1
Prunus persica (L.) Batsch 1894 pe t MC 1.000  Accept -17
Pseudotsuga menziesii (Mirb.) Franco 1989 pe t MC 1.000  Accept -4
Punica granatum L. 1894 pe S MC 1.000  Accept -5
Pyrus communis L. 1839 pe t MC 1.000  Accept -6
Quercus rubra L. 1957 pe t MC 1.000 Reject 6
Raphanus sativus L. 1898 b f OBS 1949  Accept -1
Robinia pseudoacacia L. 1974 pe s INV  2.980 Reject 14
Rosa multiflora Thunb. 1899 pe t MC 1.000 Reject 12
Salix babylonica L. 1900 pe s MC 1.000 Reject 13
Salvia officinalis L. 1833 pe ss MC 1000 Accept -7
Schinus molle L. 1957 pe s OBS 1973 Reject 9
Senecio angulatus L. f. 1970 pe s INV  2.980 Reject 10
Setaria parviflora (Poir.) Kerguélen 2012 pe g OBS 2030 Reject 6
Solanum lycopersicum L. 1976 a g MC 1.000  Accept -10
Sophora japonica L. 1839 pe g MC 1.000  Accept -4
Sorghum bicolor (L.) Moench 1964 pe t MC  1.000 Reject 6
Sorghum halepense (L.) Pers. 1839 a f INV  2.891 Reject 19
Sterculia diversifolia G. Don 1964 pe s MC 1.000  Accept -4
ZV.TPSZSSLT“W squamatum (Spreng.) 1964 a f INV 2808  Reject 10
Tamarix parviflora DC. 1894 pe f INV  2.601 Reject 9
Tanacetum parthenium (L.) Sch. Bip. 1972 pe t MC 1.000 Evaluate 2
Tetragonia tetragonoides (Pallas) Kuntze 2012 a f MC 1.000 Reject 6
Tilia tomentosa Moench 1977 pe t MC 1.000  Accept -4
Tristania neriifolia (Sims) R. Br. 1900 a g MC 1.000  Accept -2
Triticum aestivum L. 2008 a f MC 1.000  Accept -1
Tropaeolum majus L. 1964 pe s OBS 2.000 Accept -4
Tulipa clusiana DC. 1894 pe h MC 1.000  Accept -4
Vachellia karroo (Hayne) Banfi & Galasso 2012 pe t INV 2731 Reject 8
Veronica persica Poir. 1901 a f OBS 2010 Evaluate 2
e rpana Michx. x Vitis rupestris 2012 pe s INV 2980 Evaluate 4
Xanthium orientale L. subsp. italicum .

(Moretti) Greuter 1870 a f INV 2812 Reject 8
Xanthium spinosum L. 1864 a f INV  2.812 Reject 14
Yucca aloifolia L. 1898 pe s MC 1.000 Evaluate 0
Zantedeschia aethiopica (L.) Spreng. 2012 pe h  INV 2752 Reject 10
Ziziphus jujuba Mill. 1808 pe s OBS 2139 Evaluate 4
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SUMMARY

Invasion of ecosystems by alien species is nowadays considered one of
the major threats to biodiversity. Effect on biodiversity are expected to be more
dramatic on islands, due to their peculiar biome. In this context the
identification of the areas exposed to a greater risk of invasion represents a
priority for management purpose, especially in case they contain habitats
worthy of conservation. This paper aims to propose a method to produce a map
of risk of invasion, merging together the threat of invasion by invasive plants
and the distribution of habitats with high conservation value. We illustrate this
approach on the case study of a Mediterranean island (Island of Elba, Tuscan
Archipelago). Towards this aim we modelled the potential distribution of six
particularly harmful invasive species in Mediterranean ecosystems and merged
these distributions into a map of threat of invasion. This map was overlapped to
the map of density of Natura2000 habitats, finally obtaining the map of risk of
invasion in the Island of Elba. According to our analyses the potential
distribution of the invasive species resulted highly influenced by human related
factors, such as the length of street per cell. The habitats main at risk are those
closer to streets and anthropic habitats, which are more likely to be colonized by
the invasive species we studied. We identified some rare habitats which are
strongly endangered, highlighting that around 20% of the surface of the Island
is exposed to some level of risk of invasion, determining an evident change in
the landscape configuration.

KEYWORDS: Invasive species, Habitat Suitability Models, Species
Distribution Models, Habitat conservation; modelling, alien, assessment.
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INTRODUCTION

Nowadays biological invasions represent one of the major challenges in
management and conservation efforts worldwide. Indeed the spread of Invasive
Alien Species (IAS) is universally recognised as one of the greatest threats to
the ecological and economic well-being of the planet (McNeely et al., 2001).
Impacts of invasive alien plants are often related to diversity loss and richness
decrease (Vila et al. 2014; 2010; Pysek et al. 2012), alteration of ecosystem
function (Weidenhamer & Callaway 2010; Vila et al. 2011), economic losses
and relative control costs (Hulme et al. 2009; Scalera 2010) and to the
globalization of local vegetation (Olden & Poff 2003).

It is widely accepted that biological invasion on islands are going to
have even more dramatic effects due to islands’ peculiar biota (Mayr 1967,
Whittaker & Fernandez-Palacios 2007). Islands host poor and disharmonious
species assemblages, generally rich in endemics (Witthaker 1998) that may be
particularly susceptible to plant invasion, i.e. with a possible change in species
composition, with the replacement of endemic species with non-native ones
(Vila et al. 2014). Recently insularity and Mediterranean biome were depicted
as important determinants of impacts on species richness (Pysek et al. 2012).

Whereas prevention of further introduction, especially for known
invasive species, represents the most effective management option, an essential
strategy still consists in the constant monitoring of susceptible context and early
response in case of invasion (McNeely et al. 2001). In this regard the
identification of those areas that are more prone to be colonised represents a
priority for management purpose, in order to optimise monitoring actions
(Cronk & Fuller 1995; Macdonald 1990), especially in case they contain
habitats worthy of conservation. One of the main issues for land managers and
nature conservationist is to focus conservation efforts and resources on priority
contexts. Indeed the assessment of risk of invasion should take in account two
main components: the likelihood of invasion and the potential presence of
impacts (Gass6 et al. 2009 and references therein). Particularly to risk
assessment in biological invasions, it is noteworthy that the major impacts of
invasive species are considered a priority when exerted on natural and valuable
biotas (see for example EPPO 2012; D’Hondt et al. 2014).

In this framework Species Distribution Models (SDMs) represent an
essential tool allowing to predict the potential geographical distribution of alien
species (Peterson 2003, Jarnevich et al. 2010) and can be used by stakeholders
to prioritise monitoring efforts (Crall et al. 2012 and reference therein). SDMs
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are useful tools for resolving practical questions in applied ecology and
conservation biology (Guisan & Thuillier 2005) and play a very important role
in the development of conservation planning (McShea 2014). SDM concept is
to create a predicted (or potential) distribution of one or more species
extrapolate from known distribution of species and a set of critical
environmental variables (Guisan & Zimmermann 2000, McShea, 2014).

Habitat is considered a central pillar of nature conservation policy, and
the maintenance of a series of habitats in good condition is one of the best ways
to conserve species (Bunce et al. 2013). Furthermore habitats offer a great
opportunity in conservation. They can indeed be considered as real operational
objects, expressed in the form of spatially recognisable patches, having a
distinct aspect that makes them perceivable as land elements (‘patches’) or, at
least, convenience units (Wilson & Chiarucci 2000). Habitat concept is largely
acknowledged in the scientific community and have an essential role in the
European legislation, thanks to the European Habitats Directive (92/43/EEC)
which relied on the phytosociological approach for identifying habitats
deserving the highest effort of conservation (Rodwell et al. 2002; Evans 2006;
2010; Biondi et al. 2012). The Directive provided an agreed list of habitat types
(Annex I, European Commission 2013) to be preserved in the Natura2000’s
European network.

Modelling the potential presence of invasive species, and assess where
these species may affect valuable biotas, may represent a useful and practical
tool for management purposes. In this perspective, habitats of conservation
concern, according to the Directive 92/43, can be used as “proxy” of areas were
the invasion can determine massive consequences.

Aim of this paper was to propose a method to produce a map of risk of
invasion, merging together the threat of invasion by invasive plants and the
distribution of habitats with high conservation value, highlighting where the
potential distribution of IAS threaten the areas with high conservation values.
Toward these aims we 1) produced a map of the threat of invasion modelling
the potential distribution of six well known invasive plants in a Mediterranean
island 2) compared the threat of invasion to the valuable biota, expressed as
density of Natura2000 habitats and 3) assessed the risk of invasion on the area
of study.

These products will enable the Local Administrator to prioritize the
management costs in the higher risk contexts for the application of focused
measures of control and prevention on a specific area.
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METHODS

Study Area

The Island of Elba is the main island of the Tuscan Archipelago, and
the third of Italy (with 223 square kilometres of land surface). It is located
between 42° 40" and 42° 55' N and 10° and 10° 30" E, in Central Mediterranean,
west of Tuscany, Italy. More than half of the island surface (about 128 square
kilometres) is part of the Tuscan Archipelago National Park. Resident
population is of 31342 inhabitants (data ISTAT 2011), but the island is
interested by intense touristic flow. Indeed in the last 50 years the island was
involved in a transition from an economy based largely on agricultural
exploitation to one based on tourism development, also determining a
substantial shift in the land uses.

The orography of the island is quite heterogeneous, ranging from about
1050 meters of the Capanne Mt. to sea level, and it is mainly represented by
medium-low altitude hills. The climate is typically Mediterranean, with a
primary maximum of precipitation in autumn, a second maximum in winter and
a main minimum in summer (Maselli et al. 2000). Mean annual temperature
ranges from 10°C at the maximum elevation to 17°C at the sea level. Mean
temperature ranges from 21.1°C to 24.3°C in the warmest month (July) and
2.4°C to 10.6°C in the coldest month (January). The mean annual rainfall is
763.2 mm/year, but is strictly related to the altitude and ranges from 550 mm at
the sea level to 1372 mm/year at the higher elevations (Foggi et al. 2006). Soils
are prevalently xeric, characterized by a scarce water retention capacity during
the recharging period and high evapotranspiration during the summer (Maselli
et al. 2000).

The landscape is dominated by a typical Mediterranean sclerophyllous—
evergreen forest and by its degradation stages, such as high and low matorrals,
garrigues and discontinuous ephemeral grasslands (Foggi et al. 2006). Natural
and semi-natural habitats cover almost the 80% of the territory, with the
remaining surface occupied by artificial (11%) and agricultural lands (9%).
According to the European Habitat Directive (EC 1992; 2013), the island hosts
27 different habitat types of conservation interest, covering the 39% of the
surface of the island (Viciani et al. in press), and several plant species of
conservation relevance according to Tuscan laws and projects
(http://mvww502.regione.toscana.it/geoscopio/arprot.html). Indeed, the Island of
Elba is one of the areas with the highest concentration of both habitat reports
and habitat types per unit area in Tuscany (Viciani et al. in press). All habitats
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of conservation interest, according to the 92/43 Habitat Directive are reported in
Table S1 (Appendixl, Table S1, see supplementary material at
Journals.cambridge.org/ENC).

Invasive Aliens Species distribution data

From those species which shown invasive behaviour in the Island of
Elba (Lazzaro et al. 2014) and are widely known as invasive species in
Mediterranean ecosystems (Weber et al. 2003; Gasso et al. 2009; Brundu 2013;
Foggi et al. 2014), we selected six species for which an appropriate quantity of
distributional information was available. These species can be considered some
of the worst found in the Tuscan Archipelago, according to the assessment
produced with the EPPO (EPPO 2012) method (Lazzaro et al. 2013). The
selected species are Acacia dealbata, Agave americana, Ailanthus altissima,
Opuntia ficus-indica, Oxalis pes-caprae and Robinia pseudoacacia. We
gathered presence/absence information on these from two main sources. We
firstly selected all presence data coming from local literature and reports which
were geographically accurate (which spatial location could be retrieved with a
20 m accuracy). Thus, we improved this dataset with an intensive field survey
carried out across 2012 and 2013. In this case presence data were collected
exploiting a GPS device. Finally we resampled the presence data for each
species on a 100m x100m regular grid, resolution at which also all the
environmental variables were resampled and at which we conduced all the
analyses. This lead to a grid of 23221 cells. The number of occurrences of the
alien species ranged from 95 for Ailanthus altissima to 150 for Acacia dealbata
(see Appendix1, Table S2 for full taxonomy, family and number of occurrence
for species. See supplementary material at Journals.cambridge.org/ENC).

Environmental data

We chose four types of predictors from climate, topography,
anthropogenic factors and land-use, to describe the environmental space of the
species. The climate variables included average annual precipitation in mm and
annual average temperature, average temperature of the warmest month,
average temperature of the coldest month and average temperature of colder and
warmest quarters (see tab. 1). Across climate variable these are considered very
important in predicting plant species distribution (Rivas-Martinez & Rivas-
Séenz 2009). Climate variables were extracted from Foggi et al. (2006) and
resampled at the adopted grid. Topographical factors were elevation, slope, and
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slope aspect (transformed into Northerness according to the formula:
Northerness = cosine [(aspect in degrees * 1)/180)].
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Table 1 Summary of the explanatory variables exploited for the analysis. Variables
marked with a * were excluded from the models because their information was
summarized by PCA first axis.

Topographic factors were derived directly from the Digital Elevation
Model (DEM). Anthropogenic factors were extracted from the CTR cartography
(available at http://www502.regione.toscana.it/geoscopio/cartoteca.html). From
this cartography we extracted the length of street per cell and the surface of
buildings per cell. To include the land-use type, which can embrace many
factors, we used physiognomic vegetation types and artificial land-use
typologies, extracted from the vegetation map of Island of Elba (Foggi et al.
2006). We distinguished between human related land-use types, including
agricultural fields and urban areas; woody habitats, including all natural and
semi-natural forests, woodlands and shrublands and grasslands, including all
permanent grasslands. The predictive factors adopted in the models are shown
in Table 1.

We tested the correlation between environmental variables exploiting
the Pearson’s correlation coefficients (Rp). Particularly topographic (altitude)
and all the climatic variables showed to be highly correlated variables (Rp>
|0.7]). This can be expected giving the size of the area of study, where the main
driver of climatic variation is represented by altitude. To remove redundancy
among correlated variables we performed a Principal Components Analysis
(PCA). Thus, adopting the “broken-stick” rule, which is considered to work
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quite well for highly correlated variables (Peres-Neto et al. 2005), we kept only
the first PCA axis to summarize the variation related to these variables.

All the spatial analyses have been carried out using the ESRI ArcGIS
Desktop 9.2 software. Correlation analysis has been carried out exploiting the
stats package and ordination analysis using the vegan package version 2.0-7
(Oksanen et al. 2013) of R Software version 3.1.2 (R Core Team 2014).

Ecological niche modelling

The ecological niche modelling has been carried out exploiting the R
package biomod2 version 3.1-48 by Thullier et al (2014). This package allows
to run 10 state-of-the-art modelling techniques to predict species distribution in
function of environmental explanatory variables (Thullier et al 2014).
According to Barbet-Massin et al. (2012) we chose to run all the models
included in the biomod2 package. To avoid problems related to overdispersion
of the data caused by the huge amount of absence of the species compared to
presence and to avoid the misuse of a lack of information being interpreted as
absence of the species, we exploited pseudo-absences (PA) instead of true
absences to fit the models. According to Barbet-Massin et al. (2012), aiming to
obtain a PA selection which would be good for all the algorithm adopted, we
used 10 set of PA in equal number of species presence random selected. As
commonly done (Philips et al. 2006) we chose to use the 70% of occurrence
records of each species to calibrate the model and 30 % to test it. We set as
default all the other parameter in the different model options. The performances
of the models were assessed using the Area Under the Curve (AUC) of Receiver
Operating Characteristic (ROC) curves (Hanley & McNeil 1982).

Then for each species we produced a total consensus model including
all models with AUC > 0.85, using the mean of probabilities of selected models
as modelling algorithm. The performance of single species total consensus
models were again assessed using AUC. Finally we derived the potential
presence from the continuous logistic output using the cut-off threshold
suggested by ROC analysis.The model procedure was repeated in a loop for
each of the six species to finally produce six map of potential distribution for
the selected IAS.

Risk of invasion on the Island of Elba

Our Risk map approach started from the classical theory of Risk evaluation,
were potential Risk is given by Threat * Vulnerability. In our case threat is
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represented by the potential invasion by IAS and the vulnerability is represented
by valuable biota present in the cell.

To create a “Map of Threat of invasion for the Island of Elba” we merged
together the six maps of potential presence for the six IAS. The
presence/absence values (1/0) of each species were added together for each cell
of the grid using the following formula:

TP = Ypi
where TP is the potential threat of invasion and pi represents the potential
presence/absence value of i-esim species in the cell. TP should be interpreted as
the number of invasive species that may colonize the cell and thus varies from
0, in case of no potential presence falling in the cell, to 6 in case of the potential
presence of all the invasive species in the cell.

A “Map of the density of Natura2000 habitats” was designed to express
the presence of valuable biota in the Island of Elba (Appendix 1, Figure S3, See
supplementary material at Journals.cambridge.org/ENC). The map is derived
from the map of Natura2000 habitats of the Island of Elba as presented in
Viciani et al., (in press). The habitat 1160 was excluded from the elaboration
being a submerged aquatic habitat, thus unlikely threatened by terrestrial
invasive plant. The density of Natura2000 habitats is given at the same
resolution adopted for the maps of potential distribution of 1AS in the Island of
Elba, calculated as the number of habitat types that can be found in each cell.
This number was obtained with a series of queries and spatial joins in ArcGIS.

Finally the Map of Threat of invasion for the Island of Elba and the
Map of the density of Natura2000 habitats were overlapped following the
formula:

Rinv(Hab) = TP * Hd

where the Risk of invasion of the habitats, Rin(Hab), is calculated as the
product of the potential threat of invasion (TP) times the Natura2000 habitat
density (Hd). The value of Rin(Hab) reflects the net number of habitat times the
number of IAS potential presence in the cell and is therefore of difficult
interpretation. Thus the value was ranked in three classes (low, medium and
high risk, and excluding the 0 considered as absence of risk), using the Natural
Breaks (Jenks) method provided in ArcGIS as a classification choice.
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RESULTS

Ecological niche modelling

A total of 600 models were run, 100 for each species (10 modelling
algorithms per 10 Pseudo Absence set repetition). Table 2 summarise the
performances of the models according to the AUC values. These were ranging
from 0.419 to 0.986, with a mean of 0.858 + 0.105 (SD). Generally the mean
AUC value for each species was above 0.80. The number of models which
passed the threshold of AUC>0.85 was different among the species. A. dealbata
had the lowest number of accepted models (33 out of 100), whereas for the
other species these were around 60-80 % of the total (Table 2). AUC values of
the ensemble models were quite good, ranging from 0.930 to 0.960 (Table 3).
Generally all models showed better performances in term of sensitivity than
specificity.

Number of  Number of

Species '\zﬁg vg]ld; Min AUC Max AUC models with models with
value sD value value AUCvalue AUC value

> 0.85 > 0.90

Acacia dealbata 0.802 0.108 0.467 0.965 33 10
Agave americana 0.850 0.096 0.468 0.967 64 27
Ailanthus altissima 0.868 0.084 0.517 0.970 74 38
Opuntia ficus-indica 0.861 0.108 0.478 0.965 78 45
Oxalis pes-caparae 0.889 0.091 0.559 0.976 84 61
Robinia pseudoacacia 0.877 0.121 0.419 0.986 82 59
TOT 0.858 0.105 0.419 0.986 415 240

Table 2 Summary of AUC values of Receiver Operating Characteristic (ROC) curves
obtained for the single species models. AUC = Area Under the Curve. SD = Standard
Deviation

Species AUC Cut-off threshold Sensitivity Specificity
Acacia dealbata 0.933 492.5 92.667 80.989
Agave americana 0.943 3385 95.146 83.342
Ailanthus altissima 0.960 2110 98.947 83.300
Opuntia ficus-indica 0.948 3225 95.302 81.597
Oxalis pes-caparae 0.957 370.5 97.368 83.901
Robinia pseudoacacia 0.960 208.5 99.187 82.540

Table 3 Performance and characteristics of the single species total consensus models.
AUC = Area under the Curve of Receiver Operating Characteristic (ROC) curves. Cut-
off threshold = logistic value above which potential presence are estimated. Sensitivity
represents the proportion of true positives. Specificity represents the proportion of true
negatives.
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Figure 1 Box plot diagrams for formal importance of predictive variables adopted in the
models. Species: (A): Acacia dealbata; (B): Agave americana; (C): Ailanthus altissima;
(D): Opuntia ficus-indica; (E): Oxalis pes-caprae and (F): Robinia pseudoacacia. Bold
line: median, rhombus: mean, box: interquartile range, whiskers: typical range, points:
outliers.
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Figure 2 Maps of potential presence for the six invasive alien plants. Species: (A):
Acacia dealbata; (B): Agave americana; (C): Ailanthus altissima; (D): Opuntia ficus-
indica; (E): Oxalis pes-caprae and (F): Robinia pseudoacacia.

Figure 3 Map of Threat of Invasion for the Island of Elba. TP = potential threat of
invasion obtained as the sum of the potential presences of the six invasive species.
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The analyses of formal importance of the variables (Fig. 1) showed quite
clearly that length of roads per cell is generally the most important factor
determining the presence of the species. While the importance the other factors
differ among the species. PC1, summarizing altitude and climatic variables,
showed to be important for few species, mainly Acacia dealbata and Ailanthus
altissima.

The generally high importance of length of roads per cell is reflected in
the resulting maps of potential presence for the six invasive species (Fig. 2) and
even more in the Map of Threat of invasion for the Island of Elba (Fig. 3).

Risk of invasion on the Island of Elba

The map on (Fig. 4) represent the Risk of invasion in the Island of Elba. Around
80% of the cells have a value of risk equal to 0, being cells without any
potential 1AS presence or without valuable habitats. The remaining 20% of cells
were assigned according to Jenks Natural Breaks in the three classes of low risk
(1700 cells, 7.32% of the total), medium risk (1858 cells, 8.00% of the total)
and high risk (928 cells, 4.00% of the total) (Table 4).
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Figure 4 Map of Risk of Invasion in the Island of Elba.

The GIS database obtained during the map processing is quite deeply
gueryable (Appendix 2, See supplementary material at
Journals.cambridge.org/ENC). In fact for each cell, in addition to the risk value,
it is possible to retrieve the information that produced this value. Thus it is
possible to extract the number of potential IAS presence on the cell (and also
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the identity of 1AS contributing to that value) and the density of habitats (and
deeper again, the specific habitat types contained in the cell). Accordingly it
was possible to calculate and analyse the distribution in the three classes of risk
of each habitat (Appendix 1, Figure S4, See supplementary material at
Journals.cambridge.org/ENC). Fig. 5 shows the first 13 habitats most at risk.
These habitats are exposed to some degree of risk of invasion in more than the
30% of the cells in which they are present. Furthermore, most of these are quite
rare habitats, while only three of them are present in a high number of cells.

Net Risk Number of Proportion on total cells Risk class
Value cells (%)
NONE:
0 18735 80.68% 18735 cells
(80.68%)
1 888 3.82%
LOW:
2 643 2.11% 1701 cells (7.32%)
3 169 0.73%
4 172 0.74%
5 220 0.95%
6 1422 6.12% MEDIUM:
7 1 0.00% 1857 cells (8.00%)
8 35 0.15%
9 8 0.03%
10 96 0.41%
12 578 2.49%
15 37 0.16%
18 151 0.65% HIGH:
20 16 0.07% 928 cells (4.00%)
24 46 0.20%
25 1 0.00%
30 3 0.01%

Table 4 Summary of Value of Risk of invasion per cell. Net Risk Value is the product
of number of habitat times the number of IAS potential presence in the cell. Classes of
risk were obtained using the Natural Breaks (Jenks) method provided in ArcGIS
software.
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Figure 5 Level of risk for habitat’s type. Habitat codes according 92/43 Directive,
particularly first digit refers to: 1 and 2 = coastal habitats, 3 = aquatic habitats, 8 = rocky
habitats, 9 = forest habitats. For further details see Appendix 2. Numbers above each
bars indicate the total number of cells in which the habitat can be found on the Island of
Elba.

DISCUSSION

Aim of this work was to evaluate the risk of invasion of valuable biota on
the Island of Elba overlapping the potential threat of invasion with the presence
of valuable biota. We used SDMs of six particularly harmful species to assess
the threat of invasion and the Natura2000 habitats, highlighting that around
20% of the island is exposed to some degree of risk of invasion.

SDMs represent a valuable tool in conservation biology, and especially in
last decades they have been largely used (Peterson 2007). However some
drawbacks in their use to assess the level of threat of invasion have been largely
discussed (Jiménez-Valverde et al. 2008; Hortal et al. 2010). These pitfalls
mainly regard the fact that species may not be in the equilibrium with the
environment and, especially regarding alien species, may still not to occupy all
suitable places in the area under study (Peterson 2005). This would lead to an
underestimation of the suitable habitat in spite of the goodness of fit of the
models (Jiménez-Valverde et al. 2008). One more issue is related to the
reliability of data adopted for the modelization, consequently influencing the
reliability of the results of the modelling process (Hortal et al. 2010). Even
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more in case of alien species when only occurrence data from the invaded area
are used in the modelling process (Mau-Crimmins et al. 2006). Acknowledging
these pitfalls, SDMs still represent a quite useful tool when is adopted a suitable
treatment of the available data. In our case we started with an ad hoc field
survey aiming to produce an adequate set of distributional data underlying the
modelling process. We adopted several replicates of pseudo absences selections
aiming to minimize the underestimation due to lack of equilibrium of species
with the environment.

Following the classification proposed by Swets (1988)(AUC values:
0.90-1.00 = excellent; 0.80-0.90 = good; 0.70-0.80 = fair; 0.60-0.70 = poor;
0.50-0.60 = fail), the fitted models resulted generally “good”. Mean AUC
values were always above 0.80 and around 70% of the models passed the
threshold of AUC >0.85. This is reflected in the production of “excellent”
ensemble models.

The analysis of relative importance of factors in the modelling process
highlighted the essential role of human presence (i.e. presence of streets) in
determining the presence of IAS in the area of study. The essential role of roads
and streets in the spread of IAS have been largely demonstrated (Gelbard &
Belnap 2003; Hansen & Clevengen 2005; Douglas et al. 2009). Particularly
roads function as conduits for the spread of 1AS through two main mechanisms,
representing: 1) an essential way of dispersal for non-native species and 2) a
simplified and human disturbed suitable habitat which have an extremely high
permeability to invasion (Douglas et al. 2009). Furthermore, specifically to
Mediterranean islands, Pretto et al (2013) have already highlighted the
predominant role played by the artificial surfaces on the richness and
composition of non-native flora on small Mediterranean islands. Indeed already
Vila et al (2008) suggested that alien plants tend to settle primarily in areas
heavily subject to human disturbance, while natural and semi-natural areas
showed a certain resistance to the invasion. In our case anthropic land uses and
presence of buildings are the second factor (i.e. see Opuntia ficus-indica and
Agave americana) favouring invasions. Thus, also seen that actually most of the
species appear distributed along roads and on anthropic habitats, it is
convincing that areas closer to such habitats will be the first reached by these
alien plants. Minor importance of climatic factor (summarized in PC1) is well
explained by the general uniformity of climatic conditions in the area of study,
where the main source of climatic variability is represented by the altitude
gradient along the slopes of Mount Capanne, in the Western part of the Island of
Elba.
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IAS are widely known as a harmful threat to biodiversity, especially at
local scale (Vila et al. 2014). For instance according to Viciani et al (2014) 1AS
represent the second cause of impact to Tuscan habitats, between natural and
semi-natural threats and pressures. This appear even more important
considering an island ecosystem (De Montmollin & Strahm 2005), such as the
Island of Elba.

Among the habitats the risk of invasion was quite heterogeneous. Some
habitats are quite abundant in the area of study, and thus also quite at risk. On
the other hand there are some other habitats pretty rare and highly endangered
by risk of invasion.

Coastal habitats are ones of most threatened, especially those of the low
coast brackish environments (e.g.: 1310: Salicornia and other annuals
colonizing mud and sand; 1410: Mediterranean salt meadows; 1420:
Mediterranean and thermo-Atlantic halophilous scrubs) and sand dunes (e.g.:
2210: Crucianellion maritimae fixed beach dunes; 2250: Coastal dunes with
Juniperus spp.). It is noteworthy that the latter are relict habitats in the Island of
Elba, nowadays present only in small areas subjected to intense tourism
exploitation and consequently affected by urbanization and road network.

Also the rocky habitats of coasts (i.e. 1240: vegetated sea cliffs of the
Mediterranean coasts with endemic Limonium spp.) and inlands (i.e. 8130:
Western Mediterranean and thermophilous scree; 8220: siliceous rocky slopes
with chasmophytic vegetation), although resulting generally less sensitive, are
subject to high risk of invasion for a considerable proportion of locations. This
is because some of the invasive species here tested (i.e. O. ficus-indica and A.
americana) become more aggressive in these environments. Among the forest
habitats, those that are fairly widespread in the island of Elba (i.e. 9340:
Quercus ilex forests; 9260: Castanea sativa woods) are subject to a significant
risk. This is particularly important since these communities appear floristically
different from the analogous ones of the Italian peninsula (Foggi et al. 2006.

A procedure of risk assessment based on habitats appears of great
importance in the light of the recent trend to consider more valuable the use as
the unit of assessment of vulnerability a category of higher order than species
(such as ecological communities, habitats, etc.) (Nicholson et al. 2009;
Rodriguez et al. 2011; 2012). In fact, recently, a specific focus on the
assessment of vulnerability of habitats has been developed by European Union,
in the perspective of the establishment of a European Red List of habitats
(Rodwell et al. 2013). Furthermore also the International Union for
Conservation of Nature (IUCN) is developing an assessment procedure
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according to a standards similar to the one used for the species according to
Keith et al. (2013). In this perspective, risk of invasion of a given habitat in a
given area should represent a valuable additional criterion to be taken into
account in the evaluation criteria.

In conclusion, our work offers a practical tool adopting IAS SDMs and
valuable biota toward the improvement of risk management options. The six
invasive species SDMs allow to assess the potential risk of invasion of valuable
habitats on the Island of Elba. According to our analyses the potential
distribution of the invasive species resulted highly influenced by human related
factors, such as the length of streets per cell. Thanks to our procedure we
individuated the habitats which represent a priorities in management options
and the areas where these are going to be potentially endangered. The habitats
main at risk are those closer to streets and anthropic habitats, which are more
likely to be colonized by the invasive species we studied. We identified some
rare habitats which are strongly endangered, highlighting that around 20% of
the surface of the Island is exposed to some level of risk of invasion,
determining an evident change in the landscape configuration. Specific policies
and strategies, also for management at a local level, are urgently needed
focusing on the individuation of priorities of intervention and the monitoring of
key cases.
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Supplementary material — Appemdix 1

Proportion on

Natura2000 N Surface tt? ebt_otal
habitat code ame (Hectares) abitats
surface
(%)
Coastal and Halophytic Habitats
1160 Large shallow inlets and bays 4.2 0.048
1210 Annual vegetation of drift lines 0.2 <0.1
1240 Vegeta_ted sea c'Iif'fs of the Mediterraneancoasts with 1743 1.997
endemic Limonium spp.
1310 Salicornia and other annuals colonising mud and sand 0.3 <0.1
1410 Mediterranean salt meadows (Juncetalia maritimi) 1.3 0.015
1420 Mediterranean and t_herr_no-AtIantic halophilous scrubs 08 0.009
(Sarcocornetea fruticosi)
Coastal Sand Dunes
2110 Embryonic shifting dunes 0.4 <0.1
2210 Crucianellion maritimae fixed beach dunes 0.2 <0.1
2230 Malcolmietalia dune grasslands 0.1 <0.1
2250* Coastal dunes with Juniperus spp. 0.7 <0.1
2260 Cisto-Lavanduletalia dune sclerophyllous scrubs 0.5 <0.1
Freshwaters Habitats
Dwarf amphibious vegetation of oligotrophic waters of
3120 the West Mediterranean with Isoetes spp. <0.1 <0.1
3170* Mediterranean temporary ponds <0.1 <0.1
Temperate Heath and Scrub
4090 Endemic oro-Mediterranean heaths with gorse 166.2 1.903
Sclerophyllous Scrub
5210 Arborescent matorral with Juniperus spp. 30.6 0.350
5320 Low formations of Euphorbia close to cliffs 116.2 1.331
5330 Thermo-Mediterranean and pre-desert scrub 379.6 4.349
Natural and Seminatural Grasslands
6220* Pseudo-steppe with grasses and annuals of the Thero- 3195 3.660
Brachypodietea
6420 Med_itgrranean tall hL_lmid herb grasslands of the 423 0.485
Molinio-Holoschoenion
Rocky Habitats
8130 Western Mediterranean and thermophilous scree 9.2 0.105
8220 Siliceous rocky slopes with chasmophytic vegetation 349.7 4.005
Forests
91EQ* Alluvial forests with Alnus glutinosa and Fraxinus 75.2 0.862
excelsior
91F0 Riparian _mixed forgsts of Que_rcus robur, UIm_us !aevis 53 0.061
and U. minor, Fraxinus excelsior or F. angustifolia
9260 Castanea sativa woods 400.0 4.582
9330 Quercus suber forests 288.7 3.308
9340 Quercus ilex and Quercus rotundifolia forests 5009.9 57.389
9540 Fl:/ilﬁgsiterranean pine forests with endemic Mesogean 13542 15.512
TOTAL 8729.8 100.000

Table S1. List of Natura2000 Habitats found on the Island of Elba, with code and full

name according Natura2000, arranged for principal type of ecosystem, distribution area
in Elba expressed in hectares and in percentage. * marks priority habitat according
European Habitat Directive (EC 1992; 2013).
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Specie Family Number of occurrences
Acacia dealbata Link Fabaceae 150
Agave americana L. Asparagaceae 103
Ailanthus altissima (Mill.)Swingle  Simarubaceae 95
Opuntia ficus-indica (L.) Mill. Cactaceae 149
Oxalis pes-caprae L. Oxalidaceae 114
Robinia pseudoacacia L. Fabaceae 123

Table S2 Full taxonomy, family and number of occurrence for species for the invasive

alien species selected for the models.
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Figure S3 Map of the density of Natura2000 habitats for the Island of Elba.
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Figure S4 Level of risk for habitat’s type, across all 26 terrestrial habitats. Habitat codes
according 92/43 Directive, particularly first digit refers to: 1 and 2 = coastal habitats, 3
= aquatic habitats, 4 and 5 = shrublands; 6 = grasslands, 8 = rocky habitats, 9 = forest
habitats. For further details, see Appendix 2.
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6. CONCLUSIONS

The researches collected in this thesis allowed for a better
understanding of the process of Plant Invasion in act in the Tuscan Archipelago.
We faced this phenomenon adopting a multifocal approach, aiming to embrace
the problem from different points of view, but depicting a coherent course that
starting from a general improvement of the basic knowledge, passing through a
better understanding of the ecological processes in act, would bring to the
development of useful tools of management.

The investigations aimed to the characterization the alien flora of the
Tuscan Archipelago allowed us to produce an updated checklist, representing a
nodal point for the management of the alien plant in TANP. Certainly this is not
an arrival point, indeed occurrences and introduction of IAS in the ecosystems
will increase in the future, and it appear quite probably that in the time | am
writing this thesis new species are introduced in TANP, and in future new
update will be needed to maintain keep abreast our knowledge on the alien flora
of TANP. However, this contribution represents an essential starting point,
allowing to record the current situation, and to build any management strategy.
One of the main findings that we highlighted subsequently to the production of
the checklist is the increases of magnitude of intentional introduction of
potentially invasive plants in TANP, mainly of ornamental plants. This trend, as
well as the general increase in species introduction in last 30 years, is a
foreseeable consequence of the deep socio-economic changes that involved the
Archipelago and more and more islands ecosystems in the last half century. The
shift from a historical land-use based on agriculture, livestock and forest
exploitation to a model based on tourism, appears as one of the major driving
forces in shaping insular ecosystem (Papayannis and Soroeou 2008). Tourism
and exploitation of natural assets (for example throughout ecotourism),
obviously represent extremely valuable resources for local economies, including
fundraising for conservation projects, nevertheless they also raise several issues
related to their sustainability (Brundu 2013 and references therein). Strong
enforcement of laws and regulations and an intensive educational effort are
needed to control IAS introductions in future and to cope with the problems
related to this species, especially in this changing context.

The impacts of invasive species on islands have been greatly
documented up to now. Our results on both the species we analyzed (Acacia
dealbata and A. pycnantha) highlight the presence of strong ecological impacts
on native ecosystems. The displacement of native vegetation led in both case to
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a strong drop in local biodiversity. The case of A. dealbata showed how deep
can be the changes in the ecosystem exerted by such “transformer” species. This
species affected strongly plants communities and modify deeply chemical and
biotical assets of soils. According Hulme et al. (2013) a particular care should
be given aiming to relate also species functionality in the evaluating and
predicting the changes that they can exert on invaded ecosystems. This is a key
case, where a N-fixing species was able to modify and transform the
environment. Also the case of A. pycnatha allowed to stress these tough trends.
The loss of species and the resulting tendency to an impoverishment of
understory plant communities in the area invaded by this species is again an
evidence of how transformer species can modify the ecosystem. Regarding the
last species, further research are needed to better understand the drivers of the
process of species loss, investigating the presence of potential allelopathies, the
effect of the plant on soil chemistry and on soil biota.

The example of these species applies for many other species. Plants
such as Opuntia spp, Carpobrotus spp. and Eucalyptus spp., have been largely
introduced in past for forestry and ornamental purposes, and still the lack of
forestry or introduction policies, strongly undermine the conservation of insular
ecosystems. Many of these species are still planted mainly in gardens and
landscaping, but sometimes even with the purpose of promoting the recovery of
native vegetation, also in extremely fragile context (i.e Carpobrotus spp used to
stabilise sand dunes) (Brundu et al., 2013). Here again raise the need of
adequate policies and conservation strategies facing alien plants introduction
and exploitation for several uses.

All these considerations finally drove us to the third part of our work,
representing an attempt to face risk management of plant invasion in these
pleasing islands. Throughout the adoption of Risk Assessment for invasive
species we prioritized the alien flora of the Tuscan Archipelago. Particularly the
EPPO Prioritizations Process was chosen to supply a prioritization of alien
plants to the Tuscan Archipelago National Park managers. We highlighted
around 50 plants that should be considered a priority in intervention and
monitoring actions by TANP. Moreover, thanks to the scoring system produced
by EPP we ranked the species, allowing to concentrate the control efforts on
more potentially harmful species, such as Ailanthus altissima, Cortaderia
selloana, Oxalis pes-caprae, Acacia dealbata, Melia azedarach, Carpobrothus
acinaciformis, C. edulis and several Opuntia species. These results underlined
the needs for eradication and control actions for certain species, to flank the
actions already undertaken for some species across the islands of TANP (i.e.
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Carpobrothus spp., Ailanthus altissima — within the UE LIFE projects
LIFEO4NAT/IT/000172 and LIFEO8 NAT/IT/000353). The latest UE LIFE
project funded in TANP (LIFE13-NAT_IT_000471), also thanks to the
information collected within this thesis, focuses on further eradication of
species such as Opuntia spp. and Agave spp. And Oxalis pes-caprae from
Montecristo, and on control of Eucalyptus camaldulensis in Pianosa as well as
the eradication of Carpobrotus spp. from the island of Giannutri. Beyond these
eradication projects, a particular attention should be paid in policies and
strategy, for example with the encouragement of best practices for forestry and
gardening and educational efforts, aiming to prevent further utilization of
harmful species (Niemiera and Von Holle 2009). The assessment of risk of
invasion on the habitats highlighted some focal situation in the Island of Elba,
and represents a good example of how Species Distribution Models can be
applied to the framework of biological invasion to produce practical instruments
for land managers. The methodology we adopted allowed the identification of
those areas exposed to a high risk of invasion, highlighting the contexts that
should be selected for a continuous monitoring aimed to a rapid response in
case of invasion. Especially in case areas exposed to a high risk host rare habits
worthy of conservation (i.e. the case of the complex of habitats of sand dunes of
Lacona, Island of Elba), monitoring actions are indeed essential to prevent
invasive species to affect valuable biotas.

Concluding, this collection of researches, represent a starting point of a
longer process of research and study focused on the understanding and control
of plant invasion in such peculiar ecosystems like Mediterranean Island
ecosystems, represented by the island of the Tuscan Archipelago. A constant
monitoring and updating of the checklist of the alien flora is essential to control
the state of the phenomenon, allowing to rapidly record new introduction (and
eventually remove new species), and represent the basis for each other action.
The study of the impacts and of the ecological processes exerted by alien
species has a double scope. On the one hand it is necessary to produce essential
data for the Risk Assessment and the evaluation of the potential impacts of alien
species. On the other hand these processes represent an exceptional opportunity
to understand complex ecological phenomenon, including competition,
environmental adaptation and transformation and many others. Finally risk
management and risk assessment options are a continuous challenge to face this
phenomenon, and scientific communities has the duty to interface with
management providing tools and information to counteract the detrimental
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effects of biological invasions on biodiversity as well as on socio-economic
assets, helping to conserve our ecosystem.
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Sede amministrativa: Dipartimento di Biologia Coordinat DRB: Prof. Turillazzi
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Tel. +39- 055 2757418 e-mail: stefano turillazzi@unifi.it

Coordinatore DREEAB: Prof. Alberto Ugalini
Tel. 055 275 5152
e-mail:alberto.ugolini@unifi.it

Verbale della riunione congiunta dei Collegi dei Docenti del DRB e del DREEAB riuniti in
seduta il 20 e 21 Novembre 2014 presso locali del Dipartimento di Biologia, Via Romana

17, Firenze.
La riunione inizia alle ore 10.00 con il seguente ordine del Giorno:

20 Novembre Seduta pubblica
1-Relazioni dei dottorandi del XXVII, XVIIl e XXIX ciclo e dei dottorandi dei cicli

precedenti con rinvio della Tesi.

21 Novembre prosecuzione della seduta pubblica

2- Prosecuzione delle Relazioni dei dottorandi del XXVII, XVIIl e XXIX ciclo e dei
dottorandi dei cicli precedenti con rinvio della Tesi.

Seduta ristretta

3-Comunicazioni

4-Variazioni nella composizione del Collegio Docenti

5-Richiesta di rinvio di 1 anno della presentazione della Tesi finale della dottoranda
Laura DUCCI (XXVII ciclo).

6-Cambiamento di supervisore di Susanna BIBBIANI (XXIX ciclo), Luana PRESTA
(XXX ciclo) e Filippo DELL’AGNELLO (XXIX ciclo).

7-Valutazione dell'attivita e stesura dei giudizi finali dei dottorandi del XXVII ciclo e
dei dottorandi dei cicli precedenti con rinvio della Tesi.

8- Valutazione dell'attivita dei Dottorandi del XXVIII e XXIXI ciclo e approvazione
del passaggio all’anno successivo.

9-Richiesta di delibera per I'ottenimento del label “Doctor Europaeus” da parte di
Lorenzo LAZZARO

10-Autorizzazione alla stesura ed alla discussione della Tesi in una lingua europea
diversa da quella in cui si espleta 'esame finale.

11-Composizione della commissione giudicatrice per I'esame finale del DREEAB -
XXVI ciclo e dei dottorandi con rinvio della discussione della Tesi appartenenti a
cicli precedenti. )

12-Varie ed eventuali

Seduta ristretta del 21 Novembre. Inizio ore 14.30
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Sono presenti, oltre al coordinatore e presidente di seduta Prof. A. Ugolini, i componenti
del Collegio dei Docenti: Prof. Beani, Scapini, Santini, Moggi, Papini, Cannicci, Foggi,
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Preliminarmente viene discusso il regolamento interno e, dopo ampia discussione alla
quale intervengono tutti i presenti, viene deciso di variare il regolamento interno come
segue:

ciascun dottorando, alla fine dei 3 anni di corso deve aver prodotto almeno 1
comunicazione breve o poster ad un congresso e almeno 1 pubblicazione in extenso,
anche se soltanto inviata ad una rivista per I'accettazione.

Dopo ampia discussione, e verificata per ogni candidato 'aderenza ai requisiti richiesti dal
regolamento interno, il Collegio Docenti delibera all’'unanimita di ammettere tutti i candidati
sotto elencati alla prova finale del DREEAB. |l Collegio Docenti stila i giudizi dei seguenti
candidati (fra parentesi il nome del Tutor):

LAZZARO (Foggi) allegato 1
SPIGOLI (Cannicei) allegato 2
DORI (Moggi) allegato 3
BELLISARIO (Cirulli) allegato 4
LA BARBA (Cannicei) allegato 5
CAPOCCIA (Cirulli) allegato 6
............................................ OMISSIS.....coomeiimcircrrin e

12-Varie ed eventuali
Non essendoci varie ed eventuali la riunione termina alle 17.45
Firenze 21 Novembre 2014
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Pr to Ugolini.
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ALLEGATO 1
Dottorato in Etologia, Ecologia, Antropologia e Biosistematica, XXVII ciclo.
Candidato: Lorenzo Lazzaro. Tutor: Bruno Foggi, Co-Tutor: Renato Benesperi, Giuseppe Brundu

Lorenzo Lazzaro si & laureato in Scienze Naturali presso L’'Universita degli Studi di Firenze nel 2007 con
voto di 110/110. In seguito ha conseguito la laurea magistrale in Conservazione e Gestione della Natura;
Curriculum di Risorse Vegetali nell’aprile 2010 con voto 110/110 e lode e nel 2011 & stato ammesso al corso
di Dottorato di ricerca in Etologia, Ecologia, Antropologia e Biosistematica (XXVII ciclo), indirizzo in
Biologia Vegetale. Il lavoro di ricerca nell’ambito del dottorato si ¢ incentrato sul problema delle specie
vegetali alloctone in Arcipelago Toscano. Le tematiche delle ricerche hanno incluso aspetti distributivi,
ecologici incluse i problemi gestionali del fenomeno. In particolare nel primo e nel secondo anno le attivita
si sono incentrare sulla formazione di un ampio background di letteratura sull’argomento e sulla raccolta di
dati, mentre il terzo anno & stato dedicato alla sintesi e pubblicazione dei risultati delle ricerche. Distribuzioni
e naturalizzazione delle specie aliene dell’Arcipelago sono state indagate nei primi due anni sia su base
bibliografica, che attraverso una importante fase esplorativa sul campo (1, 2). Il lavoro ha portato alla
redazione di una checklist della flora aliena dell’Arcipelago Toscano (3). Gli aspetti ecologici hanno
riguardato I'indagine degli eventuali impatti dovuti a specie invasive all’Isola d’Elba. Tali studi hanno
permesso di rilevare impatti sul chimismo dei suoli e sulle comunitid microbiche del suolo e vegetali per
Acacia dealbata (4) e sugli impatti sulle comunita vegetali su Acacia pycnantha (5). Infine per gli aspetti
gestionali si & lavorato su la valutazione del rischio di invasione attraverso due approcci mirati alla
produzione di due lavori. L’invasivita delle specie aliene in Arcipelago Toscano € stata valutata mediante
I'uso di procedure di Risk Assessment (6), e il rischio di invasione da parte delle specie aliene sugli habitat
meritevoli di conservazione mediante I'utilizzo di Modelli di Habitat potenziale (7). Le tematiche affrontate
hanno permesso di mettere in luce diversi aspetti della biologia delle invasioni in ambiente insulare
mediterraneo, fornendo sia apporti teorici alle tematiche sugli impatti delle specie invasive che apporti
tecnici utili ai fini della conservazione, quali il monitoraggio delle distribuzioni attuali e aspetti di
valutazione del rischio e prioritizzazione degli sforzi di gestione. Oltre alle attivita strettamente inerenti le
principali attivitd ricerca il candidato ha partecipato ad altri lavori, sempre legati alla tematica delle specie
invasive, legati a test di germinabilita su semi di Robinia pseudoacacia (8) ¢ all’individuazione di pattern di
Biotic Homogenization nella flora lichenica di aree invase sempre dalla robinia (9). La formazione del
candidato, oltre alle attivita previste dal dottorato, ha incluso la partecipazione a corsi di approfondimento e
di studio all’estero, quali la partecipazione ad un training school di 4 giorni a Parigi (Francia) sulle tematiche
del Risk Assessment ¢ un corso di Ecologia Quantitativa di 4 mesi presso 'universita di Ceske Budejopvice
(Repubblica Ceca). In particolare quest’ultima attivita ha avuto a corollario, oltre che lo studio approfondito
di metodi di analisi statistica successivamente applicati in gran parte dei lavori, anche la stesura di un lavoro
su tematiche ecologiche di competitivita e facilitazione nelle comunita vegetali (10).

Le attivitd del dottorando nel corso del triennio hanno portato alla partecipazione a convegni con poster, a
seminari nel corso di laurea magistrale in Scienze dalla natura e dell’'uomo e bel master STRIVE organizzato
dal dipartimento di Biologia, nonché alla produzione finale di alcuni articoli.

Pubblicazioni inerenti il progetto di ricerca tema del dottorato

1) Lazzaro L, Ferretti G, Galasso G, Lastrucci L, Foggi B 2013. Contributo alla conoscenza della flora
esotica dell’Arcipelago Toscano, Italia. Atti Societa Italiana di Scienze Naturali Museo Civico di Storia
Naturale di Milano. 154(1):3-24.

2) Ferretti G, Lazzaro L, Giuliani C, Foggi B 2013. Secondo contributo alla conoscenza della flora esotica
dell’ Arcipelago Toscano, Italia. Auti Societa Italiana di Scienze Naturali Museo Civico di Storia Naturale
di Milano 154(2): 115-130.

3) Lazzaro L, Ferretti G, Giuliani C, Foggi B 2014. A checklist of the alien flora of the Tuscan Archipelago
(Italy). Webbia 69: 157-176.

4) Lazzaro L, Giuliani C, Fabiani A, Agnelli AE, Pastorelli R, Lagomarsino A, Benesperi R, Calamassi R,
Foggi B 2014. Soil and plant changing after invasion: The case of Acacia dealbata in a Mediterranean
ecosystem. Science of The Total Environment 497-498: 491-498.
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5) Lazzaro L, Giuliani C, Benesperi R, Calamassi R, Foggi B. Plant species loss and community nestedness
after leguminous tree Acacia pycnantha invasion in a Mediterrancan ecosystem, [Folia Geobotanica,
under review]

6} Lazzaro L, Viciani I, Dell’Clmo L, Foggi B. Predicting invasion risk on o valuable biota using niche
madeling. [In preparation]

7y Lazzaroe L, Fopgi B, Ferretti G, Brundu G. Priority invasive alien plants in the Tuscan Archipelago
{Italy): comparing the EPPO prioritization scheme with the Australian WEA, [In preparation]

Altre pubblicazioni a corollario del progetto di Fieerea

8) Mascimbene ], Lazzare L, Benesperi R 2014, Patterns of [-diversity and similarity reveal hiotic
homogenization of epiphytic lichen communities associated with the spread of black locust forests,
Frungal Ecology (2014), hupufdx dolorg/10.1 016 funeco 2014, 10,006 [in press]

9 Giuliani C, Lazzaro L, Mariotti Lippi M, Calamassi R, Fogai B Temperature-related effects on the
germination capacity of black locust (Robinia peendoacacia L,) sveds, [Falio Geobotanica, resubmified
after revision]

100 Kelemen A, Lazzaro L, Besnvin V, Alberd J;d, Konetna M, Dobay G, Memelink I, Adamec V,
Gitzenberger L, de Belle F, Le Bapousse-Pinguet Y, Lepd J. Intensity of ontogenctic shifts in plamt
interactions increases with productivity in a wet meadow. [In preparation]

Poster a congressi

WYicioni [, Dell'Olmo L., Ferretti G, Luzzaro L., Lostrucei L. & Foggi B, 20013, Phytosociological
vegelation mapping and habitat detection: the example of Elba Island (Tuscan Archipelago, Italy) Poster
presentato a: Vegetation mapping in Europe, 17-19 October 2012, in Saint-Mandé, France.

Lazzaro L., Brundu G, Benesperi B., Ferretti G. & Foggi B., 2012.The Invasive Alien Plants of the Tuscan
Archipelaga (Central Mediterranean): the EPPO prioritization process. [Abstract] In: Abstracts NEOBIOTA
2012; Halting Biological Invasions in Europe: from Dhata to Decisions; 7th European Conference an
Biclogical Invasiens; Pentevedra (Spain), 12-14 Seplember 2012; pp 139-160

Lazzaro L, Brundu G, Benesperi B, Ferrenti G, Foggi B. (2013). Assessing the nisk of invasive alien plants
in the Tusean Archipelago (Central Mediterranean). the EPPO prioritization or the Australian WRA?
[Abstract] In: Program from EMAF 2013; 12th Reunion on ecology and manngement of alien plant
invasions, Pirendpolis, Goias, Rrazil; 22-26 September 2013; pp 272-273. Poster 5.05,

Giuliani C, Foggi B, Calamassi B, Lazzaro L, Benesperi B, Bini LM, Lippi MM, 2013, Variation in
germination character of black locust seeds ar different thermal regimes and moisture stress, [Abstruct] In:
Program from EMAP; 2013; 12th Reunion on ecology and management of alien plant invagions; Pirendpolis,
Cinids, Brazil; 22-26 September 2013; pp 154-155. Poster 3.08,

Giuliani C., Lazzaro L., Calamassi B., Lagomarsing A., Fabiani A., Agnelli A, Pastorelli K., Foggi B, 2013,
Hew invasive silver watile is changing the soil chemical pattern and above- and below-ground diversity in
the Island of Elha (Italy)? [Abstract]ln: Program from EMAPI 2013; 12th Reunion on ecology and
management of alien plant invasions; Pirendpolis, Goids, Brazil; 22-26 Seprember 2013; pp 122-123. Poster
2.01.

Ginlinni ©, Tastrucei 1., Lazearo L, Ferreuti G, Foggi B, Mazza G, Aquileni L, Giovannelli F, Inghilesi AF,
Tricarico E, 2013, The online aguarium trade as a recent invasion pathway in Italy. [Abstract]in:
RIASSUNTI: Relazioni - Comunicazioni — Posters, 108* CONGRESSO SOCIETA BOTANICA
ITALIANA Baselga di Pind (TN), 18-20 Settembre 2013, p 78. Poster

Souza-Alonso P, Lagzaro L, Lorenzo P, Giuliani C, Rubido-Bard M , Pastorelli R, Foggi B, Gonzdlez L,
2014. Acacia dealbata in a Mediterranean shrubland: soil and plant changing after invasion. In; Abstracts
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NEOBIOTA 2014; from understanding to action; 8th International Conference on Biological Invasions;
Antalaya (Turkey), 03-08 November 2014; pp 251-252

Comunicazioni orali a convegni e seminari

Lazzaro L, Ferretti G, Foggi B. Monitoraggio flora e vegetazione Monitoring of flora and vegetation.
WORKSHOP Le specie aliene invasive, una grave minaccia per i sistemi insulari: esperienze di gestione a
confronto Invasive alien species, a major threat to insular ecosystems: comparing management options and
experiences Portoferraio, 31 marzo/march — 2 aprile/april 2014

Lazzaro L. Invasivita e Invasibilitd nella gestione delle piante aliene invasive - Weed Risk Assessment,
Modelli Predittivi Ecologici, Impatti delle IAS: esperienze in toscana. Seminario presentato al corso di laurea
di Scienze della Natura e dell’Uomo nel corso di Conservazione delle risorse vegetali negli anni 2013, 2014;
al master STRIVE del dipartimento di Biologia dell’universita di Firenze e al master di Gestione della Fauna
dell’Universita Di Parma.

Comunicazione scientifica e relazioni tecniche

Camilla Gotti, Mario Cozzo, Adriano De Faveri, Marco Zenatello, Nicola Baccetti, Lorenzo Lazzaro,
Giulio Ferretti, Bruno Foggi Il monitoraggio della fauna e della flora a Montecristo. All’interno di: 1
Quaderni del Parco, documenti tecnici volume 2. Report Progetto Life+ Montecristo 2010, pp 54-69

Foggi B, Calamassi R, Lazzaro L. Monitoraggio degli interventi su pino d'Aleppo e piante esotiche invasive
a Pianosa All’interno di: I Quaderni del Parco, documenti tecnici volume 2. Report Progetto Life+
Montecristo 2010, pp 70-74

B. Foggi, L. Lazzaro, G. Ferretti, C. Giuliani, L. Dell’olmo. Specie esotiche vegetali dell’arcipelago toscano
check list, status e hot spot di vulnerabilita’. Progetto Co.R.E.M. CUP E79E1000012000 — CIG 3144073b1b.
Relazione tecnica.

193



