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Abstract
Biological invasions are causing signiﬁcant ecological impacts and economical costs world-wide. Human activities are the primary cause of this conservation and environmental problem. We conducted a stepwise regression analysis between several land-use
and socio-economic parameters and the density of alien species in European and North African countries. We found that the
parameters that best explained the density of alien plants were the Human Development Index and imports. The extent of terrestrial
transport networks and the percentage of protected areas were the land-use variables that best accounted for the density of alien
plants. If we are going to inﬂuence policies dealing with biological invasions, more emphasis should be placed on the analysis of
land-use and socio-economic determinants at diﬀerent spatial scales and their changes throughout time. # 2001 Elsevier Science
Ltd. All rights reserved.
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1. Introduction
The introduction of alien species is a world-wide phenomenon with recognised negative eﬀects on the conservation of the native biota and the integrity of
ecosystems (Lodge, 1993). It also incurs important economic costs (Pimentel et al., 2000). Research on the
characteristics of the recipient regions is essential to
understand the process of invasion (Vermeij, 1996). The
number of studies on the ecological and biogeographic
factors that determine the naturalisation and invasion
of aliens at the local and regional level is increasing
(Sandlund et al., 1996; Starﬁnger et al., 1998). For alien
plants, analysis at the regional level has demonstrated that
disturbed and man-made areas are invaded more than
pristine areas (Hobbs and Huenneke, 1992; Pysek, 1994).
For example, ruderal areas, roadsides and agroecosystems harbour a great number of alien species. Biogeographic surveys have also found that the size of land
area and coast perimeter for islands is positively correlated with the number of alien species (Lonsdale, 1999).
* Corresponding author. Tel.: +34-93-5811987; fax: +34-935811312.
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Species introductions and invasion are mainly due to
human activities (Elton, 1958), for example, through
gardening, horticulture and human traﬃc (Lonsdale
and Lane, 1994; Hodkinson and Thompson, 1997).
Changes in land use are important means by which
aliens spread and increase. For example, agricultural
intensiﬁcation in the US has led to an increased abundance of aliens in adjacent habitats (Boutin and Jobin,
1998). Fragmentation is another factor enhancing plant
invasions (Saunders et al., 1991; Brothers and Spingarn,
1992). However, the protection of natural areas does
not guarantee the exclusion of aliens (Lonsdale, 1999).
The percentage of alien species is correlated with the
number of visitors to protected areas (Chaloupka and
Domm, 1986). Likewise, transport networks (e.g. highways, railways, etc.) also enhance immigration rates of
new species and the spread of already existing ones
(Ernst, 1998). The presumption that trading increases
the introduction of aliens is also largely accepted among
ecologists and land managers (Jenkins, 1996, 1999;
Baskin, 1998). However, the quantiﬁcation of such
associations has scarcely been explored.
Overall, land-use and socio-economic factors directly
inﬂuence the introduction and spread of alien species.
There is a general perception that development and
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progress increase the number of alien species (Jenkins,
1996). However, this underlying hypothesis has not been
tested on a regional scale. At present, there are international initiatives that incorporate an interdisciplinary
approach in developing a comprehensive strategy for
addressing the problem of biological invasions. The Global Invasive Species Programme (GISP) is addressing this
issue by including the economic impacts of biological
invasions as well as the economic activities that are likely
to promote them. In this context, a recent publication by
Baiocchi and Dalmazzone (2000) has analysed the relative inﬂuence of several economic variables on the share
of aliens. They have found that disturbances associated
with human activities and gross domestic product per
capita (GDP) are important determinants of a given
country’s vulnerability to invasions.
In this paper we conduct a regression analysis between
several land-use and socio-economic parameters and the
density of alien plants in European and North African
countries in order to explore the predictive power of
parameters involving human activities on the abundance of alien plants. We chose this region because it
constitutes a part of the Old World where the abundance and distribution of alien species has been fairly
well documented (di Castri, 1989). Furthermore, this
analysis allows us to explore the association between
socio-economy and alien plant abundance for Mediterranean basin countries, a region with very marked
north-south socio-economic diﬀerences (Groves and di
Castri, 1991).

2. Methods
Alien plants are deﬁned as species that have been
introduced from another country and are naturalised in

the recipient area. We used the density of aliens (i.e.
number of aliens divided by log10 area of the country
concerned) and not the number of aliens per se to avoid
confounding eﬀects with area (Lonsdale, 1999). Data on
the density of alien plant species in European and North
African countries were obtained from Weber (1997) and
Vilà et al. (1999), respectively.
Socio-economic variables were extracted from the
Central Intelligence Agency (CIA), World Development
Reports, the Yearbook of Tourism and the United
Nations Programme for Development (Table 1). The
land-use variables tested were: % croplands, % woodlands,% protected areas, length of the terrestrial transport networks (roads, motorways and railways) and a
land cover fragmentation index calculated as the length
of the terrestrial transport networks divided by the area
of the country. The socio-economic variables tested
were population density, net immigration rate, imports,
number of tourists per year, GDP and Human Development Index (HDI). The HDI is a United Nations
estimation of the quality of life according to GDP,
standard of basic education (‘alphabetisation’) and life
expectancy; it ranges from 0 to 1. The full data set
included 28 countries. However, for some countries in
the Balkan region it was impossible to get information
on some of the variables.
We conducted a stepwise regression analysis with the
density of alien plants per country as the dependent
variable and the ﬁve land-use and six socio-economic
variables listed in Table 1 as independent variables.
Previously a partial correlation matrix between each
pair of independent variables was performed to check
for multicollinearity (Zar, 1984; Nally, 2000). Data were
not transformed because prior analysis with the Kolmogorov-Smirnov test conﬁrmed normal distribution in
the data.

Table 1
Sources of some land-use and socio-economic variables to analyse their relationship with alien plant abundance in European and North African
countries
Parameter

Units

Source

Length of traﬃc routes
Land fragmentation
Protected land cover
Woodland cover
Crop cover
Population density
Net immigration rate
Tourists
Imports
Gross Domestic Product
Human Development Index

km
1/km
%
%
%
inhabitants/km2
migrants/1000 people
1000s of people
millions of US$
US$
–

CIAa

a
b
c
d
e

b

World Development Reportc
World Development Report
World Development Report
World Development Report
CIAa
World Tourism Org.d
World Development Report
World Development Report
PNUDe

http://www.odci.gov/cia/publications/factbook.
Calculated as the length of the terrestrial transport networks (km) divided by the area of the country (km2).
World Development Report (1998).
World Tourism Organisation (1998).
Programa de las Naciones Unidas para el Desarrollo (1998). Informe sobre el desarrollo humano. Mundi-Prensa, Madrid.
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Fig. 1. Relationship between density of alien plant species in European and North African countries and % imports and the Human
Development Index. Filled circles represent less developed countries:
Al, Albania; Ar, Algeria; Eg, Egypt; Li, Libya; Mo, Morocco; Tu,
Tunisia. Filled squares represent some European countries of the
Mediterranean basin: Fr, France; Gr, Greece; It, Italy; Sp, Spain.
Open circles represent the remaining countries.

Fig. 2. Relationship between density of alien plant species in European and North African countries and % of protected land and terrestrial transport networks. Filled circles represent less developed
countries: Al, Albania; Ar, Algeria; Eg, Egypt; Mo, Morocco; Tu,
Tunisia. Filled squares represent some European countries of the
Mediterranean basin: Fr, France; Gr, Greece; It, Italy; Sp, Spain.
Open circles represent the remaining countries.

3. Results

The length of the terrestrial transport networks is also
correlated with the number of tourists that visit the
country (r=0.75). Mediterranean basin countries such
as France, Italy and Spain that receive many tourists are
the ones with the highest density of alien species. Contrary to our expectations the correlation between the
density of alien plants and the percentage cover of protected land was positive (Fig. 2). The percentage of
protected land was positively correlated to the welfare
of the country measured by the GDP (r=0.61) and the
HDI (r=0.51).

We found signiﬁcant relationships between the density
of alien plants and some land-use and socio-economic
variables for European and North African countries.
However, the variability of the density of alien plant
species explained by these parameters was low.
Of the 11 variables considered, only imports and HDI
contributed signiﬁcantly to explaining the variation in
density of alien plants, with a combined value of 60.7%
(Table 2). Fig. 1 shows that developing countries with
low imports (i.e. North African countries and Albania)
have a relatively low number of alien plants.
When land-use variables alone are considered in the
analysis, percentage cover of protected land and the
length of terrestrial transport networks together
explained 57.2% of the variation in the density of alien
plants (Table 2). This is because the length of the terrestrial transport networks was positively correlated
with imports (partial correlation coeﬃcient, r=0.78).

4. Discussion
Prior to the present study, some of these relationships
had been found for smaller areas such as regions within
countries or natural reserves. For example, areas adjacent to roads and railways are rich in alien species
(Tyser and Worley, 1992; Pysek, 1994), which spread
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Table 2
Stepwise regression between density of alien plants and land-use and
socio-economic parameters
Coeﬃcient

F-value

% var.a

All predictors
Intercept
Imports
Human Development Index

38.82
0.00009
85.49

3.19
11.75
10.85

43.9
60.7

Land-use predictors only
Intercept
Protected land cover
Length of traﬃc routes

21.70
1.19
0.00005

25.49
13.94
11.26

38.9
57.2

a

% var.=% cumulative variation explained.

fast in these habitats (Ernst, 1998). This relation arises
from the naturalisation of alien plants used to restore
roadsides and railway banks, and to the turbulence created by passing cars and trains which enhances plant
dispersal.
Protection of land does not prevent invasion. It has
already been stated that some nature reserves are highly
invaded by alien species, especially in insular regions
and in disturbed areas (Usher, 1988). This may be
directly related to the positive relationship between the
number of visitors to protected areas and the number of
alien species (Lonsdale, 1999) because propagules may
be introduced on tourist vehicles (Lonsdale and Lane,
1994). Indirectly, accommodation services (i.e. hotels,
holiday resorts) represent major foci of alien plant propagules from garden throw-outs and topsoil movement
(Hodkinson and Thompson, 1997).
Developing countries have fewer alien species than
developed countries. Although the causes of these low
values can be confounded with diﬀerences in ﬂora
exploration and biogeography (e.g. the high proportion
of arid land in North African countries), these patterns
can also be explained by low importation rates compared to developed European countries. However, these
patterns may change with time because increased standards of living in developing countries will be associated
with increased demand for imported products, thereby
increasing the likelihood of unintentional introductions
through the import process (Jenkins, 1996).
The results presented in this study should be interpreted with caution. They do not imply the causal
inﬂuence of the variables selected from the model on
plant invasion. Similarly, some socio-economic variables not included in the analysis could have an eﬀect
on plant invasions (James and McCulloch, 1990; Nally,
2000). Furthermore, the pool of naturalised plants in
Europe and North Africa is the result of centuries (even
millennia) of human inﬂuence on the natural ecosystems
(di Castri, 1998), and thus the density of alien plants
within a country can not be simply described by contemporaneous human activities. However, these caveats

do not invalidate our study because even if our
approach is only statistically exploratory (James and
McCulloch, 1990) it highlights the links between plant
invasions and human activities, an analysis that has
been anecdotal or speculative until now (but see Baiocchi and Dalmazzone, 2000).
Biological invasions are a global problem with solutions that may lie beyond the area of distribution of a
particular alien species. There is an increasing international emphasis on providing techniques for the evaluation of the best management practices and strategies
to control biological invasions. For example, GISP is
identifying interdisciplinary issues involved in biological invasions (Mooney, 1999). Policy and management
practices should be reinforced to deter propagule pressure of alien plants in European and North African
countries. Recommendations should include avoiding
the use of alien plants in restoration programs and promoting the use of native species in gardening, identifying invasion corridors in protected areas and improving
screening protocols to detect foreign weeds in imported
grains.
We advocate that if we are going to advise that policies and management practices should deal with biological invasions, more research should be conducted
beyond the ecology of biological invasions. We envisage
several avenues for future research on various spatial
and temporal scales: (1) including more countries or
regions in the analysis; (2) including or concentrating on
other types of organisms (i.e. animals, pathogens); (3)
discerning which components of development are more
likely to inﬂuence the introduction and spread of species; (4) focusing on speciﬁc countries or regions (e.g.
islands, coastal areas) and ﬁne-tuning the relationship
between alien species distribution and land-cover; (5)
relating ﬂows (rates of change in the abundance of
aliens) rather than pools (abundance of aliens at a speciﬁc point in time) to economic changes (Baiocchi and
Dalmazzone, 2000); and (6) relating rates of invasion to
changes in land-use. This research agenda requires not
only good data sets of alien species’ abundance and
distribution and how they have changed over time, but
also oﬀers an excellent arena for interdisciplinary
research. Collaboration between ecologists, geographers,
land-planners and economists is required to investigate
in more depth the main (non-ecological) causes of biological invasions.
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