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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 pycnantha. 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. 
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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 VI/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.” 
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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; Pyšek 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; Pyšek 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 (Pyšek 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 
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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 Vilà 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 (Vilà 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 IAS (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 
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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 Fernández-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 Vilà 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 (Vilà 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 (Vilà 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 
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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 (Delanoë 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 

VI/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. 
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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 VI/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 Italian 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, 
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soil microbial communities and understory plant communities (Sec 4.2). A 

second work regards impacts of A. pycnantha 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 

Km2 of sea.  

 

 
Figure 2.1 Geographical overview of the Tuscan Archipelago.  

 



14 

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 Km2, while the others islands are quite smaller, with surfaces ranging 

from 20 to 2 Km2 (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 

(Ha) 

Altitude 

(m) 
Substrate 

Number of spontaneous 

plants  
Pop  

Capraia 19.3 447 trachytes 
600 (Foggi & al. 2001; 

unpubl.) 
410 

Elba 224.4 1018 

granites, 

trachytes, 

limestone, 

metamorphic 

1250 (Fossi Innamorati 

1983, 1989, 1991, 1994, 

1997; unpubl.) 

33000 

Giannutri 2.4 93 
limestone/pan

china 

350 (Baldini 2001; 

unpubl.) 
15 

Giglio 21.5 498 
granites/limes

tome 

700 (Baldini 1998; 

unpubl.) 
1500 

Gorgona 2.3 255 metamorphic 
500 (Rizzotto 2011; 

unpubl.) 
150 

Montecristo 10.4 645 granites 
400 (Paoli & Romagnoli 

1976; unpubl.) 
2 

Pianosa 10.3 27 
limestone/pan

china 

550 (Baldini 2000; 

unpubl.) 
10 

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 (Gölz 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 (Pyšek 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 (Pyšek 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 



22 

islets of the Archipelago and of alien plants, Ailanthus altissimus and 

Carpobrotus sp. pl. from Capraia. Later project LIFE04NAT/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 LIFE08 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.  
 

 



28 



 29 



30 



 31 



32 



 33 



34 



 35 



36 



 37 



38 



 39 



40 



 41 



42 



 43 



44 



 45 



46 



 47 



48 

 



 49 

3.2 Second contribution to the knowledge of the alien flora of Tuscan 

Archipelago, Italy. 
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3.3 A checklist of the alien flora of the Tuscan Archipelago (Italy) 
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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, 

http://www.theplantlist.org/tpl1.1/record/ild-568
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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-Ramírez and Pauchard 

2010; González-Muñoz 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. 

pycnantha, 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 

http://www.theplantlist.org/tpl1.1/record/ild-568
http://www.theplantlist.org/tpl1.1/record/ild-568
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communities, while in case of A. pycnantha only understory plant communities 

were taken into account.  

 

 
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; Pirenópolis, Goiás, 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 
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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 

pycnantha 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 VI/23 2014). Invasive alien plants 

can affect plant community structure and composition (Daehler and Strong 

1994; Hejda and Pyšek 2006; Gaertner et al. 2009; Nascimbene and Marini 

2010) leading to an alteration of soils and vegetation properties (Vilà et al. 

2006). They can cause a decrease in native plant and animal species richness 

and diversity (Pyšek et al. 2012; Vilà et al, 2014), especially at a local scale 

(Vilà 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 (Vilà 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-Ramírez and Pauchard 2010; González-Muñoz 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 Rejmánek 2011). 

Gassó 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 GLMMs 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 Šmilauer 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.  

 
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: I =Invaded; T= Transitional; N-I = Non-invaded) 

 

 
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: I =Invaded; T= Transitional; N-I = 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). 

 

 
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: I =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. pycnantha 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 (González-Muñoz et al. 2012; Lorenzo et al. 

2012; Lazzaro et al., 2014b). This is also consistent with the findings of Vilà 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 (Honsová 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]). 

 

 
Species 

Abbreviation 

adopted in 

the CCA 
diagram 

Species 

occurenc
es Invaded 

Transitio
n 

Non-
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_vul 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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Species 

Abbreviation 
adopted in 

the CCA 

diagram 

Species 

occurenc

es Invaded 

Transitio

n 

Non-

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 IAS 

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)  

 

 
Fig 5.1 Invasion curve and management options across the different phases of the 

invasions. After introduction IASs 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 (Gassò 

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 

(Gassó 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 
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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. 

 

 
Fig 5.2 Decision tree for the EPPO prioritization process for invasive alien plant. From 

EPPO (2012). 
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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; Pirenópolis, Goiás, 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 
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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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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 



 127 

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.cbd.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 km2. 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:  

 
where ΣINV, ΣNAT, ΣCAS 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: 

 

 
where ΣINVTANP, ΣNATTANP, ΣCASTANP 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 Pyšek et al. (2004) 
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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 PQR (EPPO 2014; 

http://www.eppo.int/DATABASES/pqr/pqr.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 

http://www.europe-aliens.org/default.do
http://www.europe-aliens.org/default.do
http://www.cal-ipc.org/ip/inventory/weedlist.php
http://www.cal-ipc.org/ip/inventory/weedlist.php
http://www.cal-ipc.org/ip/inventory/weedlist.php
http://www.cal-ipc.org/ip/inventory/weedlist.php
http://www.cal-ipc.org/ip/inventory/weedlist.php
http://www.cal-ipc.org/ip/inventory/weedlist.php
http://www.dpiw.tas.gov.au/inter.nsf/WebPages/SWEN-7S74GE?open
http://www.dpiw.tas.gov.au/inter.nsf/WebPages/SWEN-7S74GE?open
http://www.dpiw.tas.gov.au/inter.nsf/WebPages/SWEN-7S74GE?open
http://www.dpiw.tas.gov.au/inter.nsf/WebPages/SWEN-7S74GE?open
http://www.dpiw.tas.gov.au/inter.nsf/WebPages/SWEN-7S74GE?open
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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 GeNIe 

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: 

 
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: 

Křivánek and Pyšek 2006; Mediterranean basin Gassó et al. 2009; Spain: 

Andreu and Vilà, 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 Gassó 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(√(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; Gassó et al. 2009).  

The ROC curve technique 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 (Gassó 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 table1). 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 (DeLong 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 GLMs 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 

(47) 

Reject Species List 

(88) 

MEDIUM 
Observation List 

(66) 

Evaluate Further List 

(35) 

LOW 
Minor Concern List 

(99) 

Accept Species List 

(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.  

 

 
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.  

 
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. 

 
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. 

 

 

 
AUC 

(%) 
Cutoff 

Specificity 

(%) 

Sensitivity 

(%) 

Observed 

response 

(gold 

test) 

DeLong's test 

EPP binary 67.70 0.50 87.17 48.21 
Italy 

binary 

Z = -3.1715, 

p-value = 

0.0015 

A-WRA 

binary 
79.72 0.50 73.72 85.71 

EPP binary 72.91 0.50 84.53 61.29 
TANP 

binary 

Z = -0.3437; 

p-value = 

0.7311 

A-WRA 

binary 
74.53 0.50 65.19 83.87 

EPP score 85.51 1.99 73.72 89.29 
Italy 

binary 

Z = 0.2782, p-

value = 

0.7809 

A-WRA 

score 
84.77 5.50 73.72 85.71 

EPP score 88.77 2.00 75.14 87.10 
TANP 

binary 

Z = 2.3438, p-

value = 

0.0190 

A-WRA 

score 
82.21 8.50 77.35 77.42 

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 

Df 

Residual 

Deviance 

P values 

EPP 

binary 

Growth form 7 14.94 204 209.38 0.03676* 

Life Span 2 4.20 202 205.17 0.12211 

Year of first record   1 1.11 201 204.06 0.29138 

Residuals 211 224.32    

A-

WRA 

binary 

Growth form 7 18.10 204 270.31 0.01151* 

Year of first record  1 6.00 203 264.31 0.01426* 

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 

Df 

Residual 

Deviance 

P values 

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). 

 

 

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. 
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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 (Italy 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 IAS 

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 GeNIe 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. 

 

Species 

First 

Record 

In 

TANP 

Life 

Span 

Life 

form 

EPP 

list 

EPP 

score 
WRA list 

WRA 

Score 

Abies nordmanniana (Steven) Spach 1964 pe t MC 1.000 Accept -6 

Abutilon theophrasti Medik. 2011 a f OBS 2.023 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 1.907 Evaluate 2 
Aeonium haworthii Salm-Dyck ex Webb & 

Berth. 
2011 pe ss MC 1.000 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 2.108 Evaluate 1.5 

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 
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Species 

First 

Record 

In 

TANP 

Life 

Span 

Life 

form 

EPP 

list 

EPP 

score 
WRA list 

WRA 

Score 

Aloe arborescens Mill. 1900 pe h MC 1.056 Accept -7 

Amaranthus albus L. 1847 a f OBS 2.010 Reject 10 

Amaranthus blitoides S. Watson 2009 a f OBS 2.010 Reject 13 
Amaranthus caudatus L. 2012 a f OBS 2.010 Evaluate 4 

Amaranthus deflexus L. 1839 pe f OBS 2.010 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 2.010 Reject 14 

Anredera cordifolia (Ten.) Steenis 1974 pe v OBS 1.995 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 2.000 Evaluate 0 

Asparagus falcatus L. 1997 pe ss MC 1.000 Evaluate 3.5 

Austrocylindropuntia subulata (Muehlenpf.) 
Backeb. 

2002 pe ss OBS 2.000 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 v 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 1.915 Accept -15 

Brassica rapa L. s.l. 1898 pe t MC 1.000 Evaluate 5 
Broussonetia papyrifera (L.) Vent. 1844 a f OBS 2.178 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 1.873 Evaluate 2 

Canna indica L. 2012 pe t OBS 1.946 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 2.980 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 

Chamaecyparis pisifera (Siebold & Zucc.) 

Endl. 
1898 pe h MC 1.000 Accept -12.5 

Chamaesyce humifusa (Willd. ex Schltr.) 

Prokh. 
2012 a f OBS 2.054 Reject 6 

Chamaesyce maculata (L.) Small 1898 a f OBS 2.000 Reject 11 
Chamaesyce prostrata (Aiton) Small 1964 pe t OBS 2.054 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 

Cinnamomum glanduliferum (Wall.) 
Meisn. 

1957 pe t MC 1.000 Evaluate 2 

Citrullus lanatus (Thunb.) Matsum. & 

Nakai 
1808 a f MC 1.000 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 2.990 Reject 11 
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Species 

First 

Record 

In 

TANP 

Life 

Span 

Life 

form 

EPP 

list 

EPP 

score 
WRA list 

WRA 

Score 

Asch. & Graebn. 

Cotoneaster coriaceus Franch. 2010 pe g OBS 2.094 Accept -1 

Cotyledon orbiculata L. 1966 pe f OBS 1.843 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 1.990 Accept -7 

Cuscuta epilinum Weihe 1888 pe t MC 1.319 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 Rottb. 1974 pe s INV 2.875 Reject 8 

Datura ferox L. 2012 a f OBS 1.973 Reject 23 
Datura stramonium L. subsp. stramonium 1860 a f INV 2.812 Reject 12 

Datura wrigthii Regel 2011 a f OBS 1.973 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.) 

Schwantes 
2011 pe ss MC 1.000 Reject 13 

Dysphania ambrosioides (L.) Mosyakin & 
Clemants 

2008 a f MC 1.340 Evaluate 1 

Dysphania multifida (L.) Mosyakin & 

Clemants 
1900 a f MC 1.340 Evaluate 2 

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 1.000 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 2.054 Reject 9 
Erigeron sumatrensis Retz. 2012 pe t OBS 2.054 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.) 

Klotzsch 
1972 a f MC 1.000 Accept -3 

Eucalyptus bicostata Maiden, Blakely & 
Simmonds 

1975 pe t MC 1.000 Accept -11 

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 2.080 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 1.914 Reject 7 

Iris germanica L. 1839 pe h MC 1.015 Accept -5 
Kalanchoë ×houghtonii 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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Species 

First 

Record 

In 

TANP 

Life 

Span 

Life 

form 

EPP 

list 

EPP 

score 
WRA list 

WRA 

Score 

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 1.184 Evaluate 1 

Lonicera japonica Thunb. 2012 pe s INV 2.875 Reject 6 
Lupinus albus L. subsp. albus 1893 a f MC 1.350 Accept -1 

Lupinus polyphyllus Lindl. 1950 a f MC 1.000 Reject 7 

Maclura pomifera (Raf.) C.K. Schneid. 1974 pe t OBS 1.997 Accept -4 
Magnolia grandiflora 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 2.980 Reject 10 
Mirabilis jalapa L. 1993 pe f OBS 1.980 Evaluate 1 

Morus alba L. 1836 pe t OBS 2.000 Evaluate 4 

Morus nigra L. 1894 pe t OBS 2.000 Accept -4 
Myoporum insulare R. Br. 2011 pe s OBS 2.000 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 2.094 Reject 16 

Opuntia elatior Mill. 2007 pe s MC 1.000 Accept -7 

Opuntia ficus-indica (L.) Mill. 1864 pe s INV 2.981 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 2.981 Reject 10 
Opuntia stricta (Haw.) Haw. 1839 pe s INV 2.981 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 2.067 Reject 9 
Oxalis latifolia Kunth 2013 pe h OBS 2.067 Reject 10 

Oxalis pes-caprae L. 1955 pe h INV 2.990 Reject 9 

Paraserianthes lophantha (Willd.) I.C. 
Nielsen 

2012 pe s INV 2.792 Evaluate 5 

Parthenocissus quinquefolia (L.) Planch. 2012 pe g INV 2.891 Reject 7 

Parthenocissus tricuspidata (Siebold & 
Zucc.) Planch. 

1947 pe g OBS 1.200 Accept -8 

Paspalum dilatatum Poir. 2009 pe t OBS 1.999 Reject 20 

Paspalum distichum L. 2012 pe s INV 2.871 Reject 21 
Passiflora caerulea L. 2012 pe s OBS 1.973 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 2.020 Reject 19 
Pinus canariensis C. Sm. 1950 pe t OBS 1.914 Evaluate 2 

Pinus radiata D. Don 1974 pe t OBS 1.946 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 Münchh. 1981 pe t MC 1.000 Accept -3 

Platanus orientalis L. 1970 pe t MC 1.000 Evaluate 0 
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Species 

First 
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In 
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Life 

Span 

Life 

form 

EPP 

list 

EPP 

score 
WRA list 

WRA 

Score 

Populus canadensis Moench 1964 pe s OBS 1.975 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.l. 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 1.949 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 1.000 Accept -7 

Schinus molle L. 1957 pe s OBS 1.973 Reject 9 

Senecio angulatus L. f. 1970 pe s INV 2.980 Reject 10 

Setaria parviflora (Poir.) Kerguélen 2012 pe g OBS 2.030 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 
Symphyotrichum squamatum (Spreng.) 

G.L. Nesom 
1964 a f INV 2.808 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 2.731 Reject 8 

Veronica persica Poir. 1901 a f OBS 2.010 Evaluate 2 
Vitis riparia Michx. x Vitis rupestris 

Scheele 
2012 pe s INV 2.980 Evaluate 4 

Xanthium orientale L. subsp. italicum 
(Moretti) Greuter 

1870 a f INV 2.812 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 2.752 Reject 10 

Ziziphus jujuba Mill. 1808 pe s OBS 2.139 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 (Vilà et al. 2014; 2010; Pyšek et al. 2012), alteration of ecosystem 

function (Weidenhamer & Callaway 2010; Vilà 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 & Fernández-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 

(Vilà et al. 2014). Recently insularity and Mediterranean biome were depicted 

as important determinants of impacts on species richness (Pyšek 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 (Gassó 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 

http://www.sciencedirect.com/science/article/pii/S0006320799001469#BIB11
http://www.sciencedirect.com/science/article/pii/S0006320799001469#BIB12
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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. 

 

http://onlinelibrary.wiley.com/doi/10.1111/j.1461-0248.2005.00792.x/full#b48
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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://www502.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 

http://www502.regione.toscana.it/geoscopio/arprot.html
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of conservation interest, according to the 92/43 Habitat Directive are reported in 

Table S1 (Appendix1, 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; Gassó 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-Martínez & Rivas-

Sáenz 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 * π)/180)].  

 

 
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 = ∑pi 

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 IAS 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, Rinv(Hab), is calculated as the 

product of the potential threat of invasion (TP) times the Natura2000 habitat 

density (Hd). The value of Rinv(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. 

 

Species 

 Mean 

AUC 

Value 

AUC 

values 

SD  

Min AUC 

value 

Max AUC 

value 

Number of 

models with 

AUC value 

> 0.85 

Number of 

models with 

AUC value 

> 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 0.943 338.5 95.146 83.342 

Ailanthus altissima 0.960 211.0 98.947 83.300 

Opuntia ficus-indica 0.948 322.5 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 IAS 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).  

 
Figure 4 Map of Risk of Invasion in the Island of Elba. 

 

The GIS database obtained during the map processing is quite deeply 

queryable (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 IAS 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 

Value 

Number of 

cells 

Proportion on total cells 

(%) 
Risk class 

0 18735 80.68% 

NONE:  

18735 cells 

(80.68%) 

1 888 3.82% 
LOW:  

1701 cells (7.32%) 2 643 2.77% 

3 169 0.73% 

4 172 0.74% 

MEDIUM:  

1857 cells (8.00%) 

5 220 0.95% 

6 1422 6.12% 

7 1 0.00% 

8 35 0.15% 

9 8 0.03% 

10 96 0.41% 

HIGH:  

928 cells (4.00%) 

12 578 2.49% 

15 37 0.16% 

18 151 0.65% 

20 16 0.07% 

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 IAS 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 

Vilà 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 (Vilà et al. 2014). For instance according to Viciani et al (2014) IAS 

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 

 

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). 

 

 

Natura2000 

habitat code 
Name 

Surface 

(Hectares) 

Proportion on 

the total 
habitats 

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 
Vegetated sea cliffs of the Mediterraneancoasts with 

endemic Limonium spp. 
174.3 1.997 

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 thermo-Atlantic halophilous scrubs 

(Sarcocornetea fruticosi) 
0.8 0.009 

  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 

 
  

3120 
Dwarf amphibious vegetation of oligotrophic waters of 

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-
Brachypodietea 

319.5 3.660 

6420 
Mediterranean tall humid herb grasslands of the 

Molinio-Holoschoenion 
42.3 0.485 

  Rocky Habitats 
 

  

8130 Western Mediterranean and thermophilous scree 9.2 0.105 

8220 Siliceous rocky slopes with chasmophytic vegetation 349.7 4.005 
  Forests 

 
  

91E0* 
Alluvial forests with Alnus glutinosa and Fraxinus 
excelsior 

75.2 0.862 

91F0 
Riparian mixed forests of Quercus robur, Ulmus laevis 

and U. minor, Fraxinus excelsior or F. angustifolia 
5.3 0.061 

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 
Mediterranean pine forests with endemic Mesogean 

pines 
1354.2 15.512 

TOTAL  8729.8 100.000 
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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. 
 

 

 

 
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 I 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 

LIFE04NAT/IT/000172 and LIFE08 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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