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Invasive plants in the Mediterranean basin: which traits do they share?
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Abstract
Species extinction processes are closely linked to human activities. Among the human factors identified as responsible for
the loss of species, introduced species are the second-leading cause after habitat degradation. Plant invasions are particularly
important in the Mediterranean Basin. Attempts have been made to describe factors associated with the invasive characters
of plants. However, only a weak proportion of exotic plants really becomes invasive. In this contribution we review typical
morphological and physiological traits that favour the invasivibility of plants into the Mediterranean Basin with a focus on
ornamental species in this region. The aim of this study is to review the factors linked to the invasibility of the Mediterranean
Basin ecosystem and the attributes shared by invasive plants in the Mediterranean area. The review shows that there is no
unique profile of a typical invasive plant.

Introduction

to invasion (Vilà et al., 2008; Lambdon et al., 2008;
Sanz-Elorza et al., 2006) and the interactions between
these factors (Troumbis et al., 2002). Furthermore,
invasive species are more plastic in a variety of traits
(Davidson et al. 2011).
The Mediterranean ecosystem could be considered
less prone to invasion than similar ecosystems on other
continents regarding the long history of interactions
between its environment and humans (Quézel et al.,
1990) and the harshness of the climatic conditions
(Garcia-Serrano et al., 2009). However this perception
has been revised in the present context of globalization
of trade (Hulme, 2004). The disturbance degree of the
habitats, the human population density (Sanz-Elorza,
2006) and the climatic changes (Vilà et al., 2008)
may lead to a progressive invasion of the continental

Invasions by alien plant species are environmental
issues of global significance (Hulme, 2006). The diffusion and establishment of exotic organisms threaten
the ecosystems, the species, the habitats, human
health and induce an important economic impact
(McNeely, 2001).
One major aim in ecology is identifying determinants of invasiveness (Van Kleunen et al. 2010).
Attempts have been made to describe factors associated with the degree of invasion by alien plants in
the Mediterranean Basin: the invasivity i.e. the set
of traits of these species (Lloret et al., 2004; Lloret
et al., 2005; Lambdon and Hulme, 2006; Cano et al.,
2007), the invasibility i.e. the ecosystem resistance
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regions of the Mediterranean Basin (Sanz-Elorza,
2006; Celesti-Grapow et al., 2010) and their islands
(Hulme, 2004).
Mediterranean islands are particularly vulnerable
to invasions (Hulme, 2004; Gimeno et al., 2006). This
susceptibility can be attributed to the existence of unsaturated communities, a lower competitive ability of
native species, a proportionally lower native diversity
(Hulme, 2004) or a higher human population (Hulme
et al., 2008). However in case of a low propagule pressure or limiting ecological factors at later life-history
stages a relative resistance of Mediterranean island
ecosystems can occur (Hulme et al., 2008).
The aim of this study is to review the factors linked
to the invasibility of the Mediterranean Basin ecosystem and the attributes shared by invasive plants in the
Mediterranean Basin.

of alien plant occurrence in European countries and by
Lloret et al. (2004a), who found more than 400 aliens
on eight large Mediterranean islands, but only four of
them were present on all the islands.
Notably, even if Mediterranean woodlands are
exposed to invader pressure, they contain a low
proportion and abundance of invaders compared to
grasslands, old fields and ruderal ecosystems (Cano
et al., 2007; Chytry et al., 2008). The presence of
open shrublands can be a driving force for the invasion processes of introduced species in Mediterranean
communities even when no disturbance occurs (Cano
et al., 2007). Invasion is promoted after periods of
rainfall in grassland and shrubland (Cano et al., 2007).
Shrubs can act as nurse plants by protecting seedlings
from drought and low temperatures (Pugnaire et al.,
1996; Holmgren et al., 1997). The riparian zones are
also known to be susceptible to biological invasions
(Crawley, 1987) and they are the only habitats really
favorable to invasions by exotic species (Quézel et al.,
1990). In such habitats, the environmental stresses due
to the Mediterranean characters are decreased and enable the establishment of mesophil and ubiquist plants
(Quézel and Médail, 2003).
The knowledge that a species is invasive elsewhere
in the world strongly contributes to the identification
of invasive species (Reichard and Hamilton, 1997).
This character was found by Daehler and Strong (1993)
as having utility for predicting biological invasions
and being associated with invasive plants in Australia
(Scott and Panetta, 1993).

Attributes of Mediterranean Invasive Plant Species
Biogeographic origin, habitats and history
The alien species introduced unvoluntarily and
whose survival in the native flora appears to be
definitive rarely originate from the other Mediterranean climate biomes of the world. They are mainly
originated from North America and Tropical Africa.
Only in the Western region the impact of the Eastern
Mediterranean Basin is an important element (SanzElorza et al., 2006). In eight Mediterranean islands the
biogeographic origin zone even appears to play a more
important role in invasion success than the life history
traits of the species (Lloret et al., 2004a). This factor
is also found to be significant concerning invasivity
of woody plant species in North America (Reichard
and Hamilton, 1997) and in Australia (Pheloung et al.,
1999). Hulme et al. (2008) suggested that the climatic
adaptation of alien species to the Mediterranean regime
was not particularly important regarding the weak proportion of plants originating from the Mediterranean.
However a certain climatic similarity is clearly obvious
in the patterns of the origin of the alien invasive species
i.e. origin from temperate to cold regions.
Whether it concerns the Mediterranean region,
the subcontinental or the oceanic regions of Europe,
the composition of alien floras are more comparable
among different habitats of the same region than between the same habitats of different regions. Patterns of
habitat invasions in each region seem to be determined
above all by attributes of the habitats rather than by
the identity of particular alien species. An analogous
tendency was found by Weber (1997) in his analysis

Reproduction, phenology and dispersal
Uniparental reproduction via agamospermy, selfing and/or clonal propagation is considered as essential
for colonisation (Kolar and Lodge, 2001). One of the
dominant trends of invasive alien flora in NE Spain is
the propagation by seeds (Sanz-Elorza et al., 2006).
In five Mediterranean islands, large seed size factor
is over-represented in Caryophyllales, Asterales and
Poales (Lloret et al., 2005).
Vegetative propagation in Mediterranean Basin is
positively associated with an average alien abundance
across five islands (Lloret et al., 2005). This attribute
has also been found to correlate with invasiveness of
woody plant species elsewhere (Reichard and Hamilton, 1997; Daehler, 1998). This trait enables the species to establish rapidly within suitable habitats, to be
more competitive and to use more efficiently resources
(Suehs et al., 2004).
Time of flowering is identified as important in the
alien invasion of Mediterranean biomes (Lake and
14
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Leishman, 2004) contrary to temperate floras (Thompson et al., 1995; Reichard and Hamilton, 1997). Flowering on summer enables the alien invasive species to
avoid competitors with the exploitation of mutualists,
such as pollinators. Summer flowering is a dominant
trend of the invasive alien flora of NE Spain (SanzElorza, 2006) and across five Mediterranean islands
(Lloret et al., 2005). Long flowering periods especially
in agricultural habitats explain alien species abundance
across five Mediterranean islands (Lloret et al., 2005).
Late flowering is a significant attribute over-represented with Caryophyllales, Asterales and Poales in five
Mediterranean islands (Lloret et al., 2005).
Long flowering can increase the likelihood of crosspollination and reproductive success in conditions of
seasonal pollination and/or high competition for pollinators (Lloret et al., 2005). Phenology adjustment to
periods of water availability and more efficient water
consumption than native species is also a sparking element for invasion in the Mediterranean (Cano et al.,
2007). Alien species can be not competitive against
native vegetation (e.g. Garcia-Serrano et al., 2004;
Sans et al., 2004) but their recruitment during periods
of abundant rainfall can increase their competitive ability and allow a successful invasion (Cano et al., 2007).
In 79 Mediterranean islands, the rate of invasion
is higher in species with good dispersal abilities
(Lambdon and Hulme, 2006). Animal dispersal may
be particularly important for the colonization of seminatural habitats, where propagule pressure is often
lower than in anthropogenic habitats (Vilà et al., 2003).
Dispersal by vertebrates and anemochory are positively
associated with the average alien abundance of exotic
plant species in five Mediterranean islands (Lloret et
al., 2005).

Mediterranean region differs from the analysis of the
alien floras of the subcontinental and oceanic regions
of Europe which are more similar to each other (Chytry
et al., 2008). In the Mediterranean islands, invasiveness
appears highly unpredictable across lineages (Hulme et
al., 2008; Lambdon, 2008). A high diversity of families
represented by a low number of species is also a trait
of the alien naturalized flora in Europe (Weber, 1997)
and France (Maillet, 2000).
Morphology and physiology
The effect of summer water shortages on the physiological attributes of alien plant species is crucial to
their success or failure of invasion. Some species are
able to adapt to water restriction owing to their plasticity in ecophysiological traits (Monneveux and Belhassen, 1996). Succulence which enables species to resist
efficiently the seasonal water deficit of the Mediterranean climate is correlated with invasion success in
ruderal habitats of Mediterranean islands (e.g. Opuntia spp., Agave americana). This trait which is rare
among native species from the Mediterranean Basin
is however relatively common in other Mediterranean
type regions and may be attributed to the presence of
empty niches (Lloret at al., 2005). However sometimes
a better ecophysiological adaptation of native species
to environmental conditions can also be expected e.g.
Senecio malacitinus (Garcia-Serrano et al., 2009) or
Spartina maritima (Castillo et al., 2000).
Allelopathic interactions between invasive and
native species are known to be involved in biological
invasions, e.g. Ailanthus altissima which is able to
inibit the development of neiborhood plants (GomezAparicio and Canham, 2008)
Certain morphological traits can promote the invasive spread of a species. In NE Spain, the most invasive
species are herbaceous agricultural weeds due to their
widespread diffusion and to their adaptation to rapid
changing environments (Sanz-Elorza et al., 2006).
Annual established species are more abundant than
perennial ones in ruderal habitats of five Mediterranean
islands. However in all habitat types of this region,
plant size attributes (e.g. growth form, height) or life
cycle (e.g. longevity) are not positively associated
with average alien abundance (Lloret et al., 2005). The
importance of herbaceous species is corroborated by
Pyšek et al. (1995). These data contrast with findings
in the British Isles where introduced species appear
to be larger than native plants (Crawley et al., 1996)
and show the difficulty to identify a unique profile of
invasive plants even for one type of traits.
Alien plant species with very large leaves are more

Genetics and phylogenetics
Hybridization between native and alien species
and/or between aliens particularly in island habitats
(Abbott, 1992) can result in negative genetic and ecological impacts on the native flora (Vilà et al., 2000).
In the Hyères archipelago of the Southeastern coast of
France, Carpobrutus affine acinaciformis shows a high
hybrid vigour owing to its hybridisation with C. edulis.
A high occurrence of introgression of C. edulis genes
into the C. affine acinaciformis population increases
the hybrid status of the latter (Suehs et al., 2004a).
The hybrids arising from backcrosses can contribute
gradually to increased invasion (Ellstrand and Schierenbeck, 2000) e.g. in Carpobrotus in California (Vilà
and D’Antonio, 1998b).
The analysis of alien species composition of the
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Conclusion

likely to become abundant in Mediteranean islands
(Lloret et al., 2005). This attribute was also found to
differ between alien and native species in Australia
(Lake and Leishman, 2004). It is often associated with
higher competitive ability, particularly in nutrient-rich
moderately disturbed habitats (Grime, 1979).

Even if the alien flora of the Mediterranean basin
has similarities with the attributes of the alien flora of
other regions of the world, conflicting data demonstrate
the extreme difficulty to define a unique suite of traits.
Although numerous studies have attempted to identify
species traits causing invasion success, there was no
evidence for well defined invasive syndromes, be it in
Mediterranean plants as in invasive plants in general
(Lloret et al., 2005). These results support the hypothesis that a universal pattern of attributes is unlikely
to explain invasion success (Thompson et al., 1995;
Pyšek, 1998; Rejmánek, 2000).
Invasiveness is present in all ecosystems, in natural
as well as in those altered by human activities. Seminatural communities like the Mediterranean basin with
its pluri-millenary human intervention appear particularly susceptible to biological invasions. Length of
lag-phases, pathways and land-use changes (Hulme et
al., 2008) may accelerate this process. Climate change
in the Mediterranean ecosystems might induce fluctuations of water availability (Lavorel et al., 1998) and
thus modify species distributions.
Concluding, the development of screening systems
which integrate local and regional abundance patterns
appears promising in order to identify invasive species already established in the Mediterranean Basin,
an ecosystem where significant losses in local species
richness and ecosystem structure and function are
ongoing since several millennia (Hulme et al., 2008).

Elements linked to introduction
The influence of the introduction pathway on the
invasiveness of a species can be significant, as was
demonstrated in NE Spain (Sanz-Elorza et al., 2006)
and in the Mediterranean islands (Lambdon and Hulme,
2006). Whereas the majority of the naturalized species arise on Mediterranean islands from intentional
introductions for forestry, agriculture or gardening
purposes, one third are fortuitious (Hulme et al., 2008).
Escapes of ornamental plants in the Mediterranean islands constitute the largest source of established alien
species (Hulme et al., 2008; Lambdon and Hulme,
2006). This is corroborated by findings in the United
States where horticulture is identified as the main
pathway of invasive plant introductions (Reichard and
White, 2001).
In Mediterranean islands, frequency of introduction is not linked to invasiveness even if the species
introduced in invasible natural environments are more
likely to benefit from high introduction frequencies
than those confined to gardens (Lambdon and Hulme,
2006). Against all expectations, time since introduction also has a minor influence (Lambdon and Hulme,
2006) whereas a large residence time effect is usually
reported (Rejmanek, 2000). Moreover the inclusion
of the data relative to the importance of international
trade routes are known to be a good indicator to prevent the invasions in the future (Thuillier et al., 2005)
and it constitues an important element of the criteria
necessary for the screening of species by the Pest Risk
Analysis developed in Europe (EPPO, 2010).
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