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A B S T R A C T

This study examines the alien flora of a representative zone of the continental northeast
region of the Iberian Peninsula, in the Huesca province. Its aims were to determine the
biological and ecological factors responsible for the invasive behaviour of the alien spe-

cies, along with factors related to the environment and land use that could increase the
vulnerability of the different habitats towards invasion. Results were then compared with
previous observations made in the coastal areas closest to this inland region. Relation-

ships between the invasive nature and the biological and ecological characteristics of the
species were evaluated by logistic analysis. General linear model analysis was used to cor-
relate environmental factors with the capacity of the region’s habitats to accept these in-

vaders. Perhaps the most noticeable feature was the high number of alien plants growing
as crop weeds in the continental study area. The factors found to be most related to the
invasive behaviour of the alien species were biological type, route of introduction and the
disturbance degree of the habitat. Human population density, average yearly rainfall and

temperature, and to a lesser extent, land use were the environmental factors most signif-
icantly associated with the number of alien species present. Our findings indicate that the
invasibility of continental areas of the NE Iberian Peninsula by alien plants is notably low-

er compared to the closest coastal zones, the degree of naturalisation of alien species
within the native flora also being lower. Differences between the coast and interior in
terms of the origins and introduction routes of the alien plants were also evident. Envir-

onments showing the greatest capacity to accommodate alien plant species were coastal
areas, where the land is mostly given over to urban use and there is a predominance of
fluvial and riparian ecosystems.

© 2006 Elsevier SAS. All rights reserved.
Nomenclature: Castroviejo et al. (1986–2001); Tutin et al.
(1964–1980).
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1. Introduction

Species dispersal driven by man is currently a major cause of

change in biotic composition worldwide (Drake et al., 1989).

Among other important impacts upon natural communities,

the introduction of alien species has led to the homogenisa-

tion of flora (Atkinson and Cameron, 1993) the loss of biodi-

versity (Lodge, 1993; Vilà et al., 2001; Vilà and Muñoz, 1999),

changes in disturbance regime (D’Antonio and Vitousek,
erved.
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1992) and changes in the biogeochemical cycles (Vitousek,
1994). Furthermore, the role played by anthropogenic cli-
matic change has aggravated the problem by increasing the
speed at which this phenomenon is occurring, with certain
thermophilous species expanding their range towards origin-
ally colder regions (Sobrino et al., 2001), both in a latitudinal
and altitudinal direction (Sanz-Elorza et al., 2003) or even
along coast-inland transects.

Nevertheless, the process of invasion by alien plant spe-
cies does not follow a set pattern nor does this expansion at-
tain similar proportions across the globe. For example, island
and coastal areas are proving to be more susceptible to inva-
sion than continental regions (Cronk and Fuller, 1995). The
responsible mechanisms depend on the methodological ap-
proach employed, the biological level considered (ecosystem,
community, species, etc.) and the disturbance history of the
area studied and consequently, have not been definitively
identified (Londsdale, 1999). However, some important fac-
tors have been suggested which explain the greater percen-
tages of invasion of coastal areas such as the milder climate,
the greater human pressure and the increased number of in-
troduction routes (Williamson, 1996).

Studies of biological invasions focused on regional scales
allow comparisons with areas with common biogeographical
backgrounds and are considered as the starting-point for ac-
quiring a greater knowledge of the problem on a larger scale
(Pysek, 1998; Londsdale, 1999). These kinds of studies enable
the detection of the variables involved in the appearance of
invasive behaviour in a given species (Vilà and Weiner, 2004)
and the environmental factors that facilitate the accumula-
tion of invasive taxa in a given region or biotope (Mack, 1996).

In previous studies we examined alien taxa established
along the Spanish Mediterranean coast (Sobrino et al., 2002).
The aim of the present study was to try to complete the pic-
ture of the invasion by alien plants of the NE Spanish region
by examining inland habitats. Our main objectives were:

● To analyse the floristic pattern of invasibility in the in-
land area of NE Spain, specifically focusing on plant
physiological traits.

● To identify the possible environmental and human
factors promoting the introduction of alien plants at
a regional level.

● Based on a previous publication (Sobrino et al., 2002),
to compare invasion patterns (levels of invasion, traits
of alien flora and factors related to plant invasion)
among inland and coastal areas of NE Spain.

In this work we tested, as first hypothesis, whether coast-
al areas harbour a greater representation of alien plants, as
compared to inland areas, and second, whether alien flora
of inland and coastal shows differences in their traits.
2. Material and methods

2.1. Study site

The region selected was the entire province of Huesca in the
NE Iberian Peninsula (Fig. 1.1). The 15,671 km2 province is
bordered in the north by the Pyrenean Mountains—separat-
ing it from France—and in the South by the Ebro River. Its
altitude ranges from 3404 m (Aneto peak) to a minimum ele-
vation of 100 m at its southern tip. The vast expanse of the
Huesca province encompasses both the highest peaks of the
Pyrenees and the sub desert areas of the central Ebro depres-
sion (Braun-Blanquet and Bolòs, 1957), so that landscapes
and environments drastically change across distances of a
few kilometres. Main water channels are fairly copious and
follow an approximate N–S direction. Soils are predomi-
nantly calcareous harbouring a few salt marshes, with some
more siliceous substrates in the Pyrenean region. The large
differences in elevation between the northern area and the
southern territories produce a strong north–south gradient
in temperature, rainfall and potential evapotranspiration
(Fig. 1). In such a heterogeneous setting, the autochthonous
flora is accordingly rich and diverse (Montserrat et al., 1988).
These features made this region desirable for our evaluation
of the invasibility of continental areas by alien plants.

2.2. Data acquisition

The inventory of the alien flora of the province of Huesca
was established using published reports by Sanz-Elorza
(2001); Villar et al. (1997, 2001); Ferrández and Sanz-Elorza
(2002). These works also provide a chorological study includ-
ing presence/absence maps of each species for the 197 (10 ×
10 km) quadrants (Universal Projection Transverse Mercator
(UTM)) into which the province is divided. From these maps,
the distribution of alien plants can be determined in consid-
erable detail.

The terms “alien”, “casual”, “naturalised”, “invasive” and
“non-invasive” follow the definitions of Richardson et al.
(2000), which essentially correspond to those proposed by
Williamson (1996, 1998); Pysek et al. (2004). As such, we con-
sider alien species as those whose presence in a given area is
due to intentional or unintentional human involvement, or
which have arrived there without the help of people from
an area in which they are indigenous. Casual is an alien
plant that may flourish and even reproduce occasionally out-
side cultivation in an area, but eventually die out because
they do not form self-replacing populations, and rely re-
peated introductions for their persistence. Naturalised are
those alien plants that sustain self-replacing populations
for at least 10 years without direct intervention by human
activity by recruitment from seeds or ramets capable of inde-
pendent growth. Invasive alien plants are understood as a
subset of naturalised plants that produce reproductive off-
spring, often in a very large number, at considerable dis-
tances from original specimens, and thus have the potential
to spread over a large area. For details see Richardson et al. (l.
c) and Pysek et al. (l.c.). In contrast, a non-invasive species is
one naturalised plant that is unable to expand its popula-
tions without the aid of humans.

Using the 196 taxa comprising the alien flora of the pro-
vince of Huesca, we constructed a 196 × 9 matrix including
the following categorical variables for each taxon:

● Temperature preference (plants from warm vs. tempe-
rate/cold regions).



Fig. 1 – (1) Location of the Huesca province in the Iberian Peninsula. UTM grid (10 × 10 km) of the Huesca province showing:
mean annual temperature (°C) isolines (2); mean annual rainfall (mm) isolines (3); human population density (4); main land
uses (5); number of alien plant species (6).
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● Presence of large geographical barriers (oceans, de-
serts, continents, etc.) between the region of origin
and the study region.

● Soil moisture preference (hygrophilous species vs.
those with low water requirements).

● Reproductive phenology (flowering in spring s.l. vs. in
summer s.l.).

● Growth form (woody vs. herbaceous).
● Route of introduction (intentional vs. accidental).
● Main reproductive model (seed vs. clonal).
● Invasive behaviour (invasive vs. non-invasive, natura-

lised and casual).
● Disturbance level of the habitat invaded (plants ap-

pearing in both scarcely and intensively disturbed
sites, vs. those growing exclusively in highly disturbed
sites). This means plants that are found in both semi
natural habitats and in habitats highly influenced by
man, compared to those that only appear in habitats
intensively disturbed by man, including crops.

Data were obtained from Sanz-Elorza (2001); Villar et al.
(1997, 2001); Ferrández and Sanz-Elorza (2002). A species
was considered to be voluntarily introduced when it had
been brought for a particular purpose (agriculture, forest
management, gardening, medicine, etc.). Species acciden-
tally introduced included typical agricultural weeds. With re-
gard to the main reproductive model, it is important to note
that in those species showing both mechanisms, priority was
given to that observed as the most successful model in the
area as in a previous study (Sanz-Elorza, 2001). In all cases
it was possible to identify the most common method of pro-
pagation

Following the assignment in Raunkjaer (1934), thero-
phytes, hemicryptophytes and geophytes were classified as
herbaceous, chamaephytes and phanaerophytes as woody
and lianas as woody or herbaceous depending on the exis-
tence of perennial lignified stems.

We chose these variables because they are widely used for
evaluating terrestrial plant invasion (Panetta and Mitchell,
1991; Goodwin et al., 1999; Pysek et al., 1995; Pysek, 1997; Vie-
gi, 2001).

2.3. Data analysis

We performed a chi-squared analysis using Fisher’s exact
test to determine whether the distribution of categories
among invasive and non-invasive alien taxa differed from
that expected by random chance (Everitt, 1992). Logistic re-
gression analysis using backward stepwise model selection
(Dobson, 1990) was used to explore which set of the afore-
mentioned factors were related to whether a species was in-
vasive or non-invasive (Goodwin et al., 1999; Higgins et al.,
1999). Given that some authors (e.g. Rejmánek, 1999) suggest
that the invasibility of ecosystems cannot be dissociated
from the invasiveness of species, two modes of developing
the models were explored. The first searched for the best
model having all predictors significant at P < 0.01 that con-
tained only species-linked variables (biological type and
route of introduction). The second model added habitat-fea-
ture variables to the species-linked traits. Adjusted deviance
was used for comparing models with different numbers of
variables as it is considered more suitable than simple de-
viance (Dobson, 1990). For testing the classification power of
the models selected by a chi-squared test, we used a cut-off
value of 0.5 (Peña, 2000). No residuals greater than 1.0 (in ab-
solute terms) were found in any of the selected models.

To evaluate the environmental factors that might affect
the region’s vulnerability towards alien species, we con-
structed a 7 × 197 matrix including the variables listed below
for each of the province’s 197 quadrants:

● number of alien species (Fig. 1);
● human population density expressed as number of

humans inhabitants per km2 (Fig. 1).
● mean altitude in metres a.s.l.
● mean annual temperature in °C (Fig. 1);
● mean annual rainfall in mm (Fig. 1);
● mean evapotranspiration potential in mm;
● main land use (the only categorical variable, with four

classes: urban, crops, forestry/grazing, protected nat-
ural space) (Fig. 1).

Climatic data (temperature, rainfall, evapotranspiration
potential) were obtained from Ascaso and Cuadrat (1981). To
calculate human population densities, we used data from
the 2001 census of the Instituto Nacional de Estadística. The
average elevation of the quadrants was based on the national
1/50,000 topographic map of the Instituto Geográfico Nacio-
nal. Main land uses were obtained from the Spanish Treas-
ury’s cadastral data.

Correlations between the number of alien species in a gi-
ven quadrat (dependent variable) and the environmental
variables were conducted using general linear models (GLM)
(Zar, 1984).

The Durbin–Watson (DW) statistic was used to test for se-
rial autocorrelation among cases in the data set. Since the
DW statistic was 1.75, we concluded there was no serious
autocorrelation (DW < 1.4) in the residuals.
3. Results

3.1. The alien flora

Overall 196 alien species were found of which 98 (50%) can be
considered as invasive. Alien taxa account for 7% of the flora
of the Huesca province. The spectrum of the alien flora in-
cludes a high proportion (43%) of casuals and a low propor-
tion (7%) of naturalised but non-invasive species. Among the
invasive species, 41% are settled in highly human-pressured
habitats such as crops, roads, etc. In contrast, 16% of inva-
ders are settled in semi-natural ecosystems. Moreover, only
the following five taxa Alnus cordata (Betulaceae), Laburnum
anagyroides (Leguminosae), Lippia filiformis (Verbenaceae), Arundo
donax (Gramineae) and Paspalum paspalodes (Gramineae) in-
vades natural ecosystems, all settled on riparian ecosystems,
and may be considered transformers (Pysek et al., 2004).

In Fig. 2 the chorological spectrum of the alien flora is
shown. Around 40% of the taxa were of American s.l. origin
(tropical and non-tropical America). In contrast, the number
of species of Asian origin (Irano-Turanian, Sarmatian, central



Fig. 2 – Percentage composition of chorological elements of
the alien flora of the province of Huesca.
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and western Asian) accounts for 35%, whereas species from
tropical regions (palaeotropical and neotropical) accounted
for 29%. Finally, we emphasise the absence of South African
species among the alien flora of the province of Huesca.

Taxonomically, the best-represented families were Grami-
neae (28 species, 17% alien flora), Compositae (26 species, 17%
alien), Leguminosae (16 species, 8% alien), Amaranthaceae (10
species, 6% alien), Rosaceae (12 species, 6% alien) and Cruci-
ferae (nine species, 5% alien). The most abundant genera
were Amaranthus (10 species), followed by Prunus (five spe-
cies) and Echinochloa (four species) and Rosa, Vicia, Chamae-
syce, Conyza and Heteranthera (three species).
Fig. 3 – Characterisation of the alien flora of the studied site (Hu
levels: *, P = 0.05, ** P = 0.01, ***, P = 0.001, **** P = 0.000.1 non-sig
The dominant trend of the invasive alien flora of the re-
gion (Fig. 3) can be characterised as follows: annual biological
cycle, summer reproduction, propagation by seeds, were ac-
cidentally introduced, have overcome large geographical bar-
riers with human assistance, are mainly restricted to highly
disturbed habitats and most of them came from territories
that share a certain climatic similarity with the studied area,
i.e. temperate to cold regions.

3.2. Traits of environment and alien flora related
to invasiveness

The logistic model selected, that included species-linked and
habitat-feature variables, explained 41.83% of the total de-
viance while the adjusted percentage was 38.43%. This mod-
el identified two variables significantly associated with inva-
sive behaviour: route of introduction and degree of habitat
disturbance and provided a more effective classification of
invasive and non-invasive taxa (Table 1). The route of intro-
duction was identified as a significant variable, with acciden-
tally introduced species being more likely to be invasive. Ac-
cording to the model, only two species showed an invasive
character that was slightly greater than predicted: Chamomil-
la suaveolens (Compositae) (residual = 0.49) and Celtis australis
(Ulmaceae) (residual = 0.74). Two further species showed less
invasive behaviour than that predicted by the model: Bunias
orientalis (Cruciferae) (residual = –0.49) and Chamaesyce nutans
(Euphorbiaceae) (residual = –0.95). On the coast, however, by
esca, inland NE Spain). Asterisks indicate significance
nificant results have been omitted.



Table 1 – Logistic model yielded by analysing factors related to the alien flora of the Huesca province

% Total
deviance
explained

% Adjusted
deviance
explained

Invaders
correctly
classified (%)

Non-invaders
correctly
classified (%)

Total correct
classifications
(%)

χ2 df P-value

Model 41.83 38.43 72.63 96.05 83.04 0.00 0.99 < 0.0001

Disturbance
degree

25.49 1 < 0.0001

Route
of introduction

75.44 2 < 0.0001
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habitat was more even, with gardens being the main source
of alien taxa. The level of habitat disturbance was also found
to correlate particularly with invasive behaviour. It suggests
that species which grow in disturbed habitats are more likely
to be invasive. Of all the biological variables examined, only
growth form appeared as a factor related to the invasive nat-
ure of the plants (herbaceous species being clearly more in-
vasive than woody taxa).

3.3. Environmental factors and proportions
of alien species

The results of the GLM analysis indicate that the environ-
mental factors significantly related to the number of alien
species in each UTM quadrant were: population density,
mean annual rainfall and mean annual temperature
(P < 0.0001 in all three cases). In all cases the relationship
was positive. The main type of land use was also related to
number of alien plants but with borderline significance
(P = 0.08) (positively related to the intensity of land-use).
These four variables were able to collectively explain 35.24%
of the field data in a highly significant manner (P < 0.0001).
Mean altitude and potential evapotranspiration were not cor-
related with the number of alien species present.

The results of the LSD procedure showed that the mean
number of alien species was significantly higher (P > 0.05) in
quadrants whose land was dominated by urban areas while
differences shown by the remaining three types of land use
were not significant (Fig. 4).
Fig. 4 – Means and standard deviations of the number of
alien species according to land use.
4. Discussion and conclusions

4.1. The alien flora of the province of Huesca

The percentage of aliens found in the studied area was 7%.
This proportion does differ considerably from those reported
for coastal (Sobrino et al., 2002) or island (Natali and Jeanmo-
nod, 1996) areas in the western Mediterranean, which are
generally above 15%. The percentage is also much lower than
the mean of alien found in another European countries like
the Czech Republic (Pysek et al., 2002; Pysek, 2003), Germany
(Kühn and Klotz, 2003), British Isles (Clement and Foster,
1994), Poland (Toharska-Guzik, 2003), Portugal (Almeida,
1999) or even the whole Spain (Sanz-Elorza et al., 2004). This
would seem to suggest a relatively low percentage of alien
species amongst the flora of the province of Huesca, as well
as a much weaker integration of alien plants in inland re-
gions compared to coastal regions of the NE Iberian Peninsu-
la. The percentage of casuals in the studied area is higher
than the 13.4% estimated for the closest coastal areas
(Sobrino et al., 2002). The high amount of invasive species
(50%) is caused by the great number of alien weeds among
established crops. For instance, almost the entire suite of
species appearing in rice fields Lindernia dubia (Scrophularia-
ceae), Ammannia robusta, Ammannia coccinea (Lythraceae), Heter-
anthera reniformis, Heteranthera limosa, Heteranthera rotundifolia
(Pontederiaceae), Azolla filiculoides (Azollaceae), Echinochloa hispi-
dula, Echinochloa oryzoides, Echinochloa oryzicola, (Gramineae) are
alien plants that were introduced with this crop (Conesa and
Sanz-Elorza, 1998). On the coast, however, the distribution by
habitat was more even, with gardens being the main source
of alien taxa (Sobrino et al., 2002). The proportion of invasive
taxa among aliens in the continental area studied is lower
(50%) than that found in the coast of NE Spain (86.6%, Sobri-
no et al., 2002). In the inland area studied, crops were the
most susceptible to plant invasions, while in coastal areas
fluvial and riparian habitats were the most susceptible to in-
vasion by alien species. The invasibility of inland areas of the
NE Iberian Peninsula by alien plants is substantially lower
than that observed in coastal areas. Among invasive species
found in inland areas of NE Iberian Peninsula the proportion
of accidentally introduced is larger and contradicts data from
other European countries whose alien floras are available,
where most invasive species recruit from intentional intro-
ductions. This fact is due to the high number of alien weeds
of irrigated crops introduced accidentally with the crops
themselves (rice, corn, broomcorn, luzerne, pea, peach tree,
pear tree, etc.).

To summarise, it can be said that the percentage of alien
flora in the northeast of the Iberian Peninsula is low in the
inland areas and relatively high in the coastal zones, in com-
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parison with other countries or regions of Europe and of the
Mediterranean basin. Nevertheless, when we compare the
percentage of invasive species from alien flora, results are re-
versed in favour of the northeast of the Iberian Peninsula,
mainly with respect to the values found in the centre of Eur-
ope (e.g. Pysek et al., 2003).

Of particular significance are the Asian elements, which
comprise 35% compared with 13% on the coast. They seem
to benefit from the fairly similar ecological conditions of the
southern province and the central Asian steppes (Braun-
Blanquet and Bolòs, 1957). Among these species from Asia,
we may find current crop species such as Brassica napus (Cru-
ciferae) Prunus dulcis, Cydonia oblonga (Rosaceae) Triticum aesti-
vum, Triticum durum, Secale cereale, Hordeum vulgare, Hordeum
distichon, Avena sativa or Avena byzantina (Gramineae) and past
species such as Isatis tinctoria subsp. Tinctoria (Cruciferae), Cicer
arietinum, Lens culinaris, Lathyrus sativus, Vicia ervilia, Trigonella
foenum-graeucum (Leguminosae), Punica granatum (Punicaceae),
Anethum graveolens (Umbelliferae), Rubia tinctoria (Rubiaceae) or
Carthamus tinctorius (Compositae). We may also find weeds of
these crops that were introduced with them a long time ago
(arqueophytes). Today, these weeds are widely distributed on
a world-wide scale. For example Agrostemma githago, Vaccaria
hispanica (Caryophyllaceae), Conringia orientalis (Cruciferae), Ver-
onica persica (Scrophulariaceae) and Centaurea cyanus (Composi-
tae). The lower abundance of neotropical species in the in-
land site that was studied (21%) than in the coastal areas
(29%, Sobrino et al., 2002) is a feature clearly attributable to
climatic similarities between their area of origin and the
Spanish Mediterranean coast, which in turn, explains the
greater use of tropical and neotropical species in gardening.
The absence of Capensis species contrasts with their repre-
sentation in the coastal areas of NE Spain (9%, Sobrino et
al., 2002), and is probably a consequence of the fact that they
are seldom found in gardens in Huesca.

The clear dominance of invasive taxa coming from cool
areas (Europe, central Asia, non-tropical America) found in
the inland area studied was the most important difference
when compared to the coastal region previously studied
(Sobrino et al., 2002). However, a clear significance of climatic
affinity was found, which is coincident with the present re-
sults for the inland area. The remaining traits were quite si-
milar to those found in the previous study.

4.2. Correlation among species and environmental traits
and invasiveness of alien flora

The classifying power of the model used emphasise the idea
that any assessment of invasibility processes, besides the
biological attributes of the species, should also take into ac-
count complex variables related to the environment itself
and to the human pressures exerted upon it (Rejmánek,
1999). It is important to note that while the two significant
variables in the model developed for the inland area that
was studied were the disturbance degree and the route of in-
troduction, in coastal areas the most significant variables
were disturbance degree, route of introduction, and also tem-
perature affinity, soil preference and growth form. Degrada-
tion of the environment by human activity leads to the set-
tling of exotic species as the original vegetation disappears,
creating empty biotic spaces susceptible to invasion by these
opportunists (Grooves and di Castri, 1991). Moreover, the nat-
ural environmental conditions may be modified to generate
conditions that promote the growth of certain alien species.
Examples of this would be: the microclimate created in de-
veloped areas, the compensated water deficit in irrigation
crops, soil nitrification in the vicinity of populated areas or
cattle stalls, frequent turning over of soil in cultivated land
and along roadsides. The significant role played by the ‘route
of introduction’ in the model might be explained by the high
number of invasive species accidentally introduced as crop
weeds (e.g. Amaranthus spp., Conyza ssp., Xanthium spp., Am-
mannia spp, Echinochloa spp., etc.). The case of B. orientalis
(Cruciferae) and C. nutans (Euphorbiaceae) must be explained.
They were less invasive than predicted by the model selected
because they were old records that have probably disap-
peared (Villar et al., 1997; Sanz-Elorza, 2001). Both species
are thus ephemerophytes. On the coast, however, most inva-
sive alien species were intentionally introduced by garden-
ing.

The relation found between biotype and invasiveness
lends support to the generalised idea that certain morpholo-
gical traits can promote the invasive capacity of a species.
More specifically, it is the herbaceous taxa (therophytes and
hemicryptophytes) that show the most marked invasive
character (Pysek et al., 1995). This finding is also related to
the fact that most invasive species were agricultural weeds
and that all of them were herbaceous taxa, since this growth
form is more adapted to rapid changing environments such
as crops. Besides, irrigated crops are highly widespread in
the inland area studied.

4.3. Environmental factors and proportions
of alien species

The most important results obtained from the GLM analyses
were the strong influence of the human population level and
type of land-use on the number of invasive species in the
studied area, which demonstrates the relationship between
the intensity of anthropogenic disturbance and invasibility
of a given region (Vilà and Pujadas, 2001). This result was
also found for the coastal area (Sobrino et al., 2002). The ab-
sence of relationship between mean height and evapotran-
spiration is explained by taking into account that thanks to
irrigation, which is more frequent in the dry southern half,
these agro-ecosystems are not affected by water deficit. In
urban areas the number of aliens, however many of them
are casual and non-invasive, was significantly higher than
in spaces associated with agriculture, grazing or forestry, or
those afforded some type of environmental protection.

Continental Mediterranean regions seem to be less vul-
nerable to invasion due to the harsh summer conditions for
plant growth imposed by the Mediterranean climate
(Mitrakos, 1980). These conditions demand that plants adapt
both by altering their growth cycle (Castro-Díez and Montser-
rat-Martí, 1998) and developing ecophysical mechanisms
that will allow them to survive the hot, dry summers and
cold winters (Christodoulakis, 1992). Faced with such specific
and limiting conditions, species from other biogeographical
domains find colonisation extremely difficult unless they
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come across an environment that has been artificially trans-
formed in their favour (e.g. irrigation).
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