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Background: Economic activities are substantial factors in alien plant establishment and invasions. Climate also plays an
important role in the distribution of alien species.
Aims: We evaluate the relationship between alien species density and both climatic and socio-economic factors at the scale
of provinces located in a latitudinal-bioclimatic gradient in Chile.
Methods: We used generalised linear models with backward selection to evaluate the relative importance of each parameter
(human population, gross domestic product, length of traffic routes, crop cover, abandoned crop cover, artificial plantations,
protected areas, annual rainfall and temperature) on species density. We compared the average species density among
climate types.
Results: Alien density was higher for provinces located in the most populated areas with Mediterranean and temperate
oceanic climates (south-central Chile) and decreased for less populated provinces in the north and the southernmost parts
(desert and sub-Antarctic wetlands). Human population, length of traffic routes and annual rainfall significantly explained
the variation in alien species density in Chile.
Conclusions: Although human population still increases, the results can be used especially in high priority conservation
areas where traffic routes and human settlements can be objectively reduced or managed, to reduce the potential increase in
the number of alien species.

Keywords: alien plants; Chile; latitudinal gradient; climate; socio-economic parameters

Introduction

Economic development plays an important role in the inten-
sity and spatial distribution of alien plant occurrences
(Thuiller et al. 2006; Lin et al. 2007; Pyšek et al. 2010).
Increments in economic developments result in an increase
in human activities (i.e., trade, travel, transport, land use
and land use change, such as deforestation), which yield
increased propagule pressure from alien plants and results
in their subsequent establishment (Lonsdale and Lane 1994;
Taylor and Irwin 2004). Thus, propagule pressure is directly
related to alien plant invasion and can be used to determine
the level of biological invasion in a region. Detailed data on
propagule pressure are hard to obtain, and is the data are
often assessed by using surrogates (e.g., human population,
traffic routes and macroeconomic parameters) (Vilà and
Pujadas 2001; Westphal et al. 2008; Essl et al. 2011). For
instance, human population density and per capita gross
domestic product (GDP) have been positively correlated
with alien plants (Dalmazzone 2000; Taylor and Irwin
2004; Liu et al. 2005; Pyšek et al. 2010). However, the
relationship between socio-economic parameters and alien
plants must be interpreted with caution since these para-
meters are not direct causal determinants of the invasion
process, but instead reflect the intensity of human activities,

which results in more alien plants being transported,
increasing the risk of their invasion.

Nonetheless, alien plant distributions are not only
affected by human activities (Thuiller et al. 2006; Pyšek
et al. 2010; Dainese et al. 2014). Climatic factors also
affect their distributions. Alien plants can only succeed
in new areas where climatic conditions allow them to
survive, establish and spread (Panetta and Mitchell 1991;
Scott and Panetta 1993), but the effect of climatic factors
can be overridden by the impact of human activities
(Pyšek et al. 2007; Pyšek et al. 2010). Hence, the combi-
nation of these factors is particularly interesting to study in
areas with marked climatic heterogeneity, such as southern
South America, where also there are few studies about
plant invasions but an increasing need to recognise threats
and develop programmes to better control invasive species
(Gardener et al. 2012; Fuentes et al. 2013).

Chile, a biodiversity hotspot of the world (Myers et al.
2000), is experiencing immense economic growth, which
results in increasing propagule pressure by alien plants
(Fuentes et al. 2010; Pauchard et al. 2011). This pressure,
associated with current climatic and environmental varia-
tion, and increasing human activities in Chile, may repre-
sent an ideal opportunity for alien plant establishment and
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spread (Arroyo et al. 2000; Fuentes et al. 2008; Pauchard
et al. 2011). For instance, Arroyo et al. (2000) documented
a positive relationship between alien plant richness and
land use at a regional scale. However, this study did not
include alien plants that can impact natural ecosystems and
did not take into account the wide climatic and environ-
mental variations within the country. Therefore, a better
understanding of the factors, which enable alien plants to
colonise new environments, involving human-generated
habitat disturbances and climatic factors is needed.
Identifying the factors that influence the distribution of
alien species on a spatial scale that is related to the inten-
sity of economic activities (i.e., province scale) is desirable
to relate the invasion process along a climatic gradient to
land use and potentially aid in orienting conceiving pro-
grammes for their management or control.

In this article, we examined the relationship between
alien plant species density and both climatic and socio-
economic factors. Specifically, this article aimed to answer
the following questions: (1) Which factors (i.e., human
population, GDP, land use types, annual rainfall and tem-
perature) determine the level of biological invasions,
defined as the number of alien plants in Chilean pro-
vinces? (2) What is the relative importance of climatic
factors, compared with socio-economic factors?

Materials and methods

Study area

Given that Chile has been strongly isolated from other areas
of South America (Armesto et al. 1998) and is considered a
continental island with a wide ecological gradient (Arroyo
et al. 1999), the country represents an ideal location to
evaluate the introduction and invasion by alien plants as a
result of the five centuries of interchange between the Old
World and the New World (Fuentes et al. 2010). Chile
extends over 40 degrees of latitude (4300 km), and admin-
istratively, the country is divided into 50 provinces (which
range from 582 to 67,813 km2 in extent), sequentially
ordered from north to south. This arrangement is closely
correlated with increasing precipitation and decreasing tem-
perature with increasing latitude (Di Castri and Hajek 1976;
Luebert and Pliscoff 2006), establishing a smooth gradient
in climatic conditions and a sequence of biomes, from
hyperdesert in the north, a central Mediterranean climate
region in the centre and temperate rain forest and cold sub-
Antarctic wetlands in the south (Figure 1(a)).

Data source

The number of alien plant species in each province was
obtained from the Chilean alien plants database (see
details in Fuentes et al. 2013). The Chilean alien plant
database includes spatial distribution records (geo-refer-
enced) of all alien plants that are considered naturalised
in terrestrial habitats (sensu Richardson et al. 2000). The
spatial distributions were obtained from the records

compiled within the assessing large-scale environmental
risk for biodiversity with tested methods (ALARM)
Project (Settele et al. 2005), which are also based on the
CONC Herbarium. Although herbarium records are het-
erogeneous in terms of locations and habitat descriptions
and are also limited by different criteria and sampling
efforts (Delisle et al. 2003; Lavoie et al. 2005; Fuentes
et al. 2008), they do provide valuable information for
retrospective and predictive studies of plant invasions
and represent an accessible data source for exploring
large-scale patterns of alien plant distributions
(Deutschewitz et al. 2003; Seabloom et al. 2006).

Using the Chilean alien plants database, we developed
a geographic information system layer and compiled all
naturalised species present in each Chilean province.
Additionally, two-thirds of all alien plants in the database
are invasive elsewhere (Fuentes et al. 2013). We used alien
plant species density per province (total number of alien
plant species divided by the log10 area of each province),
to avoid biases due to the differing sizes of the provinces
(Lonsdale 1999). We included provinces with at least one
alien species that had more than 50 specimens registered
in that province. Species with fewer specimens were
excluded from the analyses because it was difficult to
infer their geographical/temporal distribution, due to the
strong sampling biases in herbarium records in Chile
(Fuentes et al. 2013). Considering a minimum of 50 speci-
mens, we ensured that at least the species did not disap-
pear after some time, because this amount of records can
reflect that a given species has had enough time to be
naturalised (Aikio et al. 2010). Moreover, 50 specimens
per species has been found useful in assessing the trend of
expansion of invasive species over a long period of time,
estimating the initial and the end of the invasion (Aikio
et al. 2010). The socio-economic and climatic factors
included human population density, GDP per area, length
of traffic routes, percentage of crop cover, percentage
abandoned crop cover, percentage of artificial plantations
(Pinus spp., Eucalyptus spp. and Atriplex spp.), percentage
of protected areas (parks, reserves and monuments),
annual rainfall and temperature (maximum, minimum
and mean annual) (Table 1). The climatic variables were
obtained from the WorldClim database (www.worldclim.
org). We averaged seven to nine values per each climatic
parameter from randomly selected points in each province
from a raster cell resolution of 25 × 25 km, to include the
environmental heterogeneity at this spatial level (average
surface per province = 15,000 ± 2300 km2).

Statistical analysis

All variables were standardised to zero mean and unit
variance to achieve comparable influence. The standar-
dised values were used to test for multicollinearity, using
a correlation matrix (Sokal and Rohlf 1995). We arbitrarily
considered r2 = 0.8 as a threshold of collinearity between
two predictors. Among closely correlated predictors, we
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chose the one with more direct ecological impact on alien
plant species distributions. The highest correlation among
predictors in the final model was r2 = −0.72, between
percentage protected areas (parks, reserves and monu-
ments) and maximum temperature (see Supplemental
Data). We used generalised linear models (GLM) with

backward selection based on Akaike’s Information
Criterion to evaluate the importance of each predictor on
alien plant species density. We used a spatial Durbin–
Watson test for residual autocorrelation (Seber and Wild
1989; Sol et al. 2008). Spatial correlation was estimated
using Moran’s I correlograms and significance was

Figure 1. Climates zones and alien plant species density by province of continental Chile. (a) Geographic location and climate zones of
continental Chile (Source: Luebert and Pliscoff 2006, 2009). (b) Graphic representation of alien plant species density by province (38
provinces), from high (black) through intermediate (grey) to low (white). Twelve provinces were excluded from the analysis (solid line)
(see Methods section for details) (North area: Parinacota, Tocopilla and Chañaral. Central area: Chacabuco, Melipilla, Talagante and
Maipo. South area: Palena, Coyhaique, General Carrera, Capitan Prat and Antartica).

Table 1. Sources of the land use, climatic and socio-economic parameters to analyse their relationship with alien plant species density at
the province scale in Chile.

Parameter Units Source of data

Human population density Inhabitants/km2 Instituto Nacional de Estadísticas, INE (2009)
Gross domestic product CLP$ INE (2009)
Length of traffic routes km Ministerio de Obras Publicas (MOP)
Crop cover ha INE (2009)
Abandoned crop cover ha INE (2009)
Forest plantations (Pinus spp., Eucalyptus spp. and Atriplex spp.) ha INE (2009)
Protected areas (parks, reserves and monuments) ha INE (2009)
Annual rainfall mm Jones et al. (2008)
Temperature (maximum, minimum and mean annual) °C Jones et al. (2008)

Climatic and socio-economic factors 3
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assessed by using 1000 permutations (Bjørnstad 2004;
Kühn 2007). A total of 38 provinces were included in
the analyses, since 12 provinces had only alien species
with 50 or less specimens collected (Figure 1(b)). The
excluded provinces were those located in the extreme
north (Parinacota, Tocopilla and Chañaral) and the
extreme south (Palena, Coyhaique, General Carrera,
Capitan Prat and Antartica) of Chile, with the exception
of four provinces located in the central part (Chacabuco,
Melipilla, Talagante and Maipo) (Figure 1(b)). We did not
find significant spatial autocorrelation among the residuals
of our analysis of the 38 provinces, neither using the
spatial Watson–Durbin test (Table 2) nor Moran’s I corre-
lograms (see Supplemental Data). We carried out a one-
way analysis of variance to test for significant differences
in mean alien species densities among climate types. This
analysis was run with seven climate types because it was
necessary to merge some of the similar climates to
increase the number of provinces per climate (e.g., tropical
desert with tropical hyperdesert; Figure 1(a)).

Results

We found a positive correlation between human popula-
tion density and GDP per area (r2 = 0.94) and between
minimum and maximum temperatures and mean annual
temperatures (r2 = 0.91 and 0.95, respectively). Thus, we
selected human population density instead of GDP and
minimum and maximum temperatures instead of mean
annual temperatures for further analysis (see
Supplemental Data correlation matrix).

Mean alien plant species density showed significant
differences among climate types (F6,31 = 2.994,
P < 0.05). Hence, alien species density was higher for
provinces located in the south-central part (i.e., the most
populated area of the country with Mediterranean cli-
mates) and decreased for less populated provinces in the
northern and southern parts (i.e., desert and boreal

hyperoceanic climates [cold sub-Antarctic wetlands],
respectively) (Figure 1(b)). We found significant positive
relationships between alien plant species density and
human population density, length of traffic routes and
annual rainfall, explaining almost 75% of the variation
(Table 2).

Discussion

This study identified the correlates of the distribution of
alien plants, namely human population density, length of
traffic routes and annual rainfall, hence evaluating these
patterns with better resolution (i.e., province scale) than
the few previous studies in Chile. Thus, it helps to better
understand the invasion process throughout the environ-
mental gradients across this country. Our results showed
that the level of alien plant species richness could be
predicted to a reasonably high degree. This result corro-
borates claims that both parameter types (climatic and
socio-economic factors) must be simultaneously assessed
to elucidate their influence on the level of alien plant
distribution.

Annual rainfall was significantly related to alien plant
species densities, which is not unexpected, since climatic
conditions constitute an important factor in influencing the
distribution of plant species richness along latitudinal gra-
dients (Gaston 2000). Additionally, the physical factors
that favour high numbers of native species also directly
increase niche opportunity for alien species (Shea and
Chesson 2002). In this case, annual rainfall was related
to the potential geographical range where alien plants can
establish populations within Chile, influencing habitat
quality and population dynamics. Interestingly, the level
of alien plant occurrence did not increase with temperature
but with precipitation. This suggests that in Chile, alien
species are not limited by temperature but limited by
available water (Currie 1991; Francis and Currie 2003).
On the other hand, alien plant species density was not only
related to climatic conditions, supporting the hypothesis
that their distribution is a consequence of the combined
effects of various factors, including human activities. It is
most likely that these factors operate at different spatial
scales, with socio-economic factors acting at local scales
(since they reflect perturbation and local land manage-
ment) (Essl et al. 2011), and climatic factors working at
larger spatial scales (Shea and Chesson 2002).

Human occupation and various related activities con-
tribute to increasing alien plants (Arroyo et al. 2000;
Mckinney 2002; Pyšek et al. 2010; Sharma et al. 2010;
Marini et al. 2012). Urban centres represent hubs of alien
species by being storage sites for seeds (intentionally or
accidentally introduced) that originate from trade (external
and internal) and by being meeting points of traffic routes
that not only facilitate the spread of, but are also habitats
for alien plants (Trombulak and Frissell 2000; Christen
and Matlack 2009). The combined effects of both of these
factors make cities and traffic routes sources as well as
receptors and corridors for the spread of alien plants. This

Table 2. Partial coefficients of GLM between alien plant spe-
cies density and land use, climatic and socio-economic para-
meters in Chile.

Parameters
Partial

coefficients

Human population density 0.54***
Length of traffic routes 0.18**
Crop cover 0.07
Abandoned crop cover 0.04
Artificial plantations 0.10
Annual rainfall 0.34***
Temperature (minimum and maximum) 0.08
R2 0.74
R2 adj 0.71
Durbin–Watson (test for spatial

autocorrelation)
0.30

Notes: Thirty-eight provinces were included in the analysis since 12
provinces had 50 or less alien plant specimens recorded.
**, P < 0.01; ***, P < 0.001.
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may explain the low density of alien plants in provinces
with less human population and traffic routes (north and
south parts). Additionally, recent studies in Chile have
confirmed the important role of roadsides for the dispersal
of alien plants into protected areas (Pauchard and Alaback
2004) and have also linked the exchanges of alien plants
between Chile and Argentina (Fuentes et al. 2010).

Contrary to our expectations, we found no significant
effects of forest plantations and crop cover on the density
of alien plant species, though both were related to the
arrival and increment of alien plants collected since the
early nineteenth century (Fuentes et al. 2008). In Chile,
many plants have been introduced for crops, ornamental
and medicinal purposes over the last century (Matthei
1995). As a result, many alien plants introduced as con-
taminants with imported seeds eventually have become
naturalised and invasive (Matthei 1995; Arroyo et al.
2000; Pauchard et al. 2011). However, in heavily managed
crops and forest plantations, many alien plants are unable
to survive the intense competition, management selection
of species and the effect of agrochemicals (Thiele et al.
2009). This could explain the low number of alien plants
in provinces located in central Chile (Chacabuco,
Melipilla, Talagante and Maipo), which have intensive
and heavily managed crops (Matthei 1995). Taking this
into account, traffic routes and cities probably constitute
less competitive habitats than croplands and forest planta-
tions do and have a greater effect on alien plant invasions.

Conclusions

Human population, length of traffic routes and annual
rainfall were significantly related to alien plant species
density at the province scale in Chile. However, we also
recognise that variation in alien plant densities may be
attributed to differences in residence time (or time since
introduction) and propagule pressure of species pre-
adapted for Mediterranean/temperate climate areas
(Figueroa et al. 2004; Castro et al. 2005). Further research
on the factors that determine the level of invasion in Chile
should also include these parameters. Propagule pressure
has been high in Mediterranean/temperate climates in
Chile since the Spanish colonisation (Aronson et al.
1998; Fuentes et al. 2008), in contrast to northern and
southern Chile; areas that exhibit disproportionately low
introduction efforts of species pre-adapted to those more
extreme climates (Fuentes et al. 2013). Thus, traffic routes,
human population, climatic factors and several facets of
propagule pressure all co-vary and influence alien plant
species density. We recognise that the human populations,
along with the disturbances they cause, are undoubtedly
far from decreasing. Knowing that these factors (together
with climate variation) influence alien plant species den-
sity and show considerable lag times (Essl et al. 2011) can
aid in improving designing management and control pro-
grammes and calls for rapid action, especially in areas of
high conservation priority, where traffic routes and human
settlements can be objectively reduced to avoid alien plant

invasions (Gardener et al. 2012; Squeo et al. 2012). In this
context, Latin American countries show the need to
develop spatially explicit inventories, research on the inva-
sion process and weed risk assessments that can help to
prioritise and streamline actions (Gardener et al. 2012). On
the other hand, in areas of high human population and
disturbances, returning the ecosystems to a more pristine
condition may be not possible in terms of time, effort and
resources, since eradication of alien plants has limited
application and control is expensive (Wittenberg and
Cock 2005). In order to maximise resources, conservation
value and ecosystem services, we should to consider novel
approaches to management those types of ecosystems
containing new combination of species that arise through
human action, environmental changes and introduction of
species (i.e., novel ecosystems) (Hobbs et al. 2006;
Gardener et al. 2012). Since novel ecosystem will
increase, it will be necessary for a deeper understanding
on how to manage them, in ways that will promote eco-
system services and conservation value. In this context, to
identify the factors that influence the distribution of alien
species on a small spatial scale in a climatic gradient, can
help to determine which of these factors are more asso-
ciated with those zones where the landscape maintain their
historical configuration, mix new and old biotic compo-
nents, or form entirely novel systems (Hobbs et al. 2009).

Acknowledgements
We thank E. Ugarte for his useful comments on an earlier version
of this manuscript and J. Esquivel for her assistance with figures’
edition. NF thanks the projects ICM P05-002 and PFB-23. AS
thanks the project FONDECYT-1140455. AS and IK thank the
project CONICYT-DAAD-PCCI130049.

Funding
We thank the financial support of the European Union within the
FP 6 Integrated Project ALARM (GOCE-CT-2003-506675;
Settele et al. 2005). NF thanks the postdoctoral grant
FONDECYT-3120125.

Supplemental data
Supplemental data for this article can be accessed here.

Notes on contributors
Nicol Fuentes is a postdoctoral researcher who is interested in
ecology of alien plant species and invasion processes.

Alfredo Saldaña is a full professor whose research interests focus
on plant species distribution and plant ecophysiology.

Ingolf Kühn is a researcher who is interested in plant invasions
and their relevance for the diversity of plant species.

Stefan Klotz is the head of the Department of Community
Ecology at the Helmholtz Centre for Environmental Research –
UFZ, Germany. He is mainly interested in biogeography and
ecology of alien and native plant species.

Climatic and socio-economic factors 5

D
ow

nl
oa

de
d 

by
 [

H
el

m
ho

ltz
 Z

en
tr

um
 F

 U
m

w
el

tf
or

sc
hu

ng
 G

m
bH

],
 [

In
go

lf
 K

üh
n]

 a
t 2

3:
45

 1
1 

D
ec

em
be

r 
20

14
 

http://dx.doi.org/10.1080/17550874.2014.984003


References
Aikio S, Duncan R, Hulme P. 2010. Herbarium records identify

the role of long-distance spread in the spatial distribution of
alien plants in New Zealand. Journal of Biogeography 37:
1740–1751.

Armesto JJ, Rozzi R, Smith-Ramírez C, Arroyo MKT. 1998.
Ecology: conservation targets in South American temperate
forests. Science 282: 1271–1272.

Aronson J, Del Pozo A, Ovalle C, Avendaño J, Lavin A, Etienne
M. 1998. Land use changes and conflicts in Central Chile. In:
Rundel PW, Montenegro G, Jaksic F, editors. Landscape
disturbance and biodiversity in Mediterranean-type ecosys-
tem. Berlin: Springer-Verlag. p. 155–168.

Arroyo MTK, Marticorena C, Matthei O, Cavieres L. 2000.
Plant invasions in Chile: present patterns and future
predictions. In: Mooney A, Hobbs R, editors. Invasive spe-
cies in a changing world. Washington (DC): Island Press.
p. 385–421.

Arroyo MTK, Rozzi R, Simonetti JA, Marquet P, Sallaberry M.
1999. Central Chile. In: Mittermeier RA, Myers N, Robles-
Gil P, Goettsch-Mittermeier C, editors. Hotspots: Earth’s
biologically richest and most endangered terrestrial ecosys-
tems. Cemex, conservation international. Ciudad de México:
CEMEX, SA, Agrupación Sierra Madre, SC. p. 161–171.

Bjørnstad ON. 2004. Ncf: spatial nonparamteric covariance func-
tions. R package version 1.0–6 [cited 2012 Sep 10].
Available online at http://cran.r-project.org/web/packages/
ncf/ncf.pdf

Castro SA, Figueroa J, Muñoz-Schick M, Jaksic FM. 2005.
Minimum residence time, biogeographical origin, and life
cycle as determinants of the geographical extent of natura-
lized plants in continental Chile. Diversity and Distributions
11:183–191.

Christen DC, Matlack GR. 2009. The habitat and conduit func-
tions of roads in the spread of three invasive plant species.
Biological Invasions 11:453–465.

Currie DJ. 1991. Energy and large-scale patterns of animal- and
plant-species richness. The American Naturalist 137:27–49.

Dainese M, Kühn I, Bragazza L. 2014. Alien plant species
distribution in the European Alps:influence of species’ cli-
matic requirements. Biological Invasions 16: 815–831.

Dalmazzone S. 2000. Economic factors affecting vulnerability to
biological invasions. In: Perrings C, Williamson M,
Dalmazzone S, editors. The economics of biological inva-
sions. Cheltenham: Edward Elgar Publishing. p. 17–30.

Delisle F, Lavoie C, Jean M, Lachance D. 2003. Reconstructing
the spread of invasive plants: taking into account biases
associated with herbarium specimens. Journal of
Biogeography 30:1033–1042.

Deutschewitz K, Lausch A, Kühn I, Klotz S. 2003. Native and
alien plant species richness in relation to spatial heterogene-
ity on a regional scale in Germany. Global Ecology and
Biogeography 12:299–311.

Di Castri F, Hajek ER. 1976. Bioclimatología de Chile. Santiago,
Chile: Vicerrectoría Académica de la Universidad Católica
de Chile. p. 127.

Essl F, Dullinger S, Rabitsch W, Hulme PE, Hülber K, Jarošík V,
Kleinbauer I, Krausmann F, Kühn I, Nentwig W, Vilà M,
Genovesi P, Gherardi F, Desprez-Loustau AM, Roques A,
Pyšek P. 2011. Socioeconomic legacy yields an invasion
debt. Proceedings of the National Academy of Sciences
USA 108:203–207.

Figueroa JA, Castro SA, Marquet PA, Jaksic FM. 2004. Exotic
plant invasions to the mediterranean region of Chile: causes,
history and impacts. Revista Chilena de Historia Natural
77:465–483.

Francis AP, Currie DJ. 2003. A globally consistent richness-
climate relationship for angiosperms. The American
Naturalist 161:523–536.

Fuentes N, Pauchard A, Sánchez P, Esquivel J, Marticorena A.
2013. A new comprehensive database of alien plant species
in Chile based on herbarium records. Biological Invasions
15:847–858.

Fuentes N, Ugarte E, Kühn I, Klotz S. 2008. Alien plants in
Chile: Inferring invasion periods from herbarium records.
Biological Invasions 10:649–657.

Fuentes N, Ugarte E, Kühn I, Klotz S. 2010. Alien plants in
southern South America. A framework for evaluation and
management of mutual risk of invasion between Chile and
Argentina. Biological Invasions 12:3227–3236.

Gardener M, Bustamante R, Herrera I, Durigan G, Pivello V, Moro
M, Stoll A, Langdon B, Baruch Z, Rico A, et al. 2012. Plant
invasions research in Latin America: fast track to a more
focused agenda. Plant Ecology & Diversity 5: 225–232.

Gaston KJ. 2000. Global patterns in biodiversity. Nature
405:220–227.

Hobbs RJ, Arico S, Aronson J, Baron J, Bridgewater P, Cramer
V, Epstein P, Ewel J, Klink C, Lugo A, et al. 2006. Novel
ecosystems: theoretical and management aspects of the new
ecological world order. Global Ecology and Biogeography
15:1–7.

Hobbs RJ, Higgs E, Harris JA, 2009. Novel ecosystems: implica-
tions for conservation and restoration. Trends in Ecology and
Evolution 24:599–605.

Instituto Nacional de Estadísticas, INE. 2009. Gobierno de Chile.
Available online at http://www.ine.cl/canales/menu/publica-
ciones/compendio_estadistico/com

Jones P, Jarvis A, Richardson K. 2008. WorldClim. Global cli-
mate data. Versión 1.4 (release 3). Available online at http://
www.worldclim.org/current

Kühn I. 2007. Incorporating spatial autocorrelation may invert
observed patterns. Diversity and Distributions 13:66–69.

Lavoie C, Dufresne C, Delisle, F. 2005. The spread of reed
canarygrass (Phalaris arundinacea) in Québec: a spatio–
temporal perspective. Ecoscience 12:366–375.

Lin W, Zhou GF, Cheng XY, RM Xu. 2007. Fast economic
development accelerates biological invasions in China. PloS
ONE 11:e1208.

Liu J, Liang S, Liu F, Wang R, Dong M. 2005. Invasive alien
plant species in China: regional distribution patterns.
Diversity and Distributions 11:341–347.

Lonsdale WM. 1999. Global patterns of plant invasions and the
concept of invasibility. Ecology 80: 1522–1536.

Lonsdale WM, Lane AM. 1994. Tourist vehicles as vectors of
weed seeds in Kakadu National Park, Northern Australia.
Biological Conservation 69:277–283.

Luebert F, Pliscoff P. 2006. Sinopsis bioclimática y vegetacional
de Chile. Santiago de Chile. Editorial Universitaria.

Luebert F, Pliscoff P. 2009. Depuración y estandarización de la
cartografía de pisos de vegetación de Chile. Chloris
Chilensis. 12:1–1.

Marini L, Battisti A, Bona E, Federici G, Martini F, Pautasso M,
Hulme PE. 2012. Alien and native plant life-forms respond
differently to human and climate pressures. Global Ecology
and Biogeography 21:534–544.

Matthei O. 1995. Manual de las malezas que crecen en Chile.
Concepción (Chile): Alfabeta Impresores.

Mckinney ML. 2002. Influence of settlement time, human popu-
lation, park shape and age, visitation and roads on the num-
ber of alien plant species in protected areas in the USA.
Diversity and Distributions 8:311–318.

Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca GAB,
Kent J. 2000. Biodiversity hotspots for conservation priori-
ties. Nature 403:853–858.

Panetta FD, Mitchell ND. 1991. Homoclime analysis and the
prediction of weediness. Weed Research 31:273–284.

Pauchard A, Alaback P. 2004. Influence of elevation, land use,
and landscape context on patterns of alien plant invasions

6 N. Fuentes et al.

D
ow

nl
oa

de
d 

by
 [

H
el

m
ho

ltz
 Z

en
tr

um
 F

 U
m

w
el

tf
or

sc
hu

ng
 G

m
bH

],
 [

In
go

lf
 K

üh
n]

 a
t 2

3:
45

 1
1 

D
ec

em
be

r 
20

14
 

http://cran.r-project.org/web/packages/ncf/ncf.pdf
http://cran.r-project.org/web/packages/ncf/ncf.pdf
http://www.ine.cl/canales/menu/publicaciones/compendio_estadistico/com
http://www.ine.cl/canales/menu/publicaciones/compendio_estadistico/com
http://www.worldclim.org/current
http://www.worldclim.org/current


along roadsides in protected areas of south-central Chile.
Conservation Biology 18:238–248.

Pauchard A, García R, Langdon B, Fuentes N. 2011. The inva-
sion of non-native plants in chile and their impacts on bio-
diversity: history, current status, and challenges for
management. In: Figueroa E, editor. Biodiversity conserva-
tion in the Americas: lessons and policy recommendations.
Santiago (Chile): Editorial FEN-Universidad de Chile. p.
133–165.

Pyšek P, Jarošík V, Hulme PE, Kühn I, Wild J, Arianoutsou M,
Bacher S, Chiron F, Didžiulis V, Essl F, et al. 2010.
Disentangling the role of environmental and human pressures
on biological invasions across Europe. Proceedings of the
National Academy of Sciences 107:12157–12162.

Pyšek P, Müllerová J, Jarošík V. 2007. Historical dynamics of
Heracleum mantegazzianum invasion at regional and
local scales. In: Pyšek P, Cock MJW, Nentwig W, Ravn
HP, editors. Ecology and management of giant hog-
weed (Heracleum mantegazzianum). Wallingford: CAB
International Oxford. p. 42–54.

Richardson DM, Pyšek P, Rejmánek M, Barbour MG, Panetta
FD, West CJ. 2000. Naturalization and invasion of alien
plants: concepts and definitions. Diversity and Distributions
6:93–107.

Scott JK, Panetta FD. 1993. Predicting the Australian weed status of
southern African plants. Journal of Biogeography 20:87–93.

Seabloom EW, Williams JW, Slayback D, Stoms DM, Viers JH,
Dobson AP. 2006. Human impacts, plant invasion, and
imperiled plant species in California. Ecological
Applications 16:1338–1350.

Seber GAF, Wild CJ. 1989. Nonlinear regression. New York
(NY): John Wiley and Sons.

Settele J, Hammen V, Hulme PE, Karlson U, Klotz S, Kotorac M,
Kunin WE, Marion G, O’Connor M, Petanidou T, et al.
2005. ALARM: assessing large scale environmental risks
for biodiversity with tested methods. GAIA – Ecological
Perspectives in Science, Humanities, and Economics. 14:9–
72.

Sharma GP, Esler KJ, Blignaut JN. 2010. Determining the rela-
tionship between invasive alien species density and a

country’s socioeconomic status. South African Journal of
Science 106:38–43.

Shea K, Chesson P. (2002). Community ecology theory as a
framework for biological invasions. Trends in Ecology &
Evolution 17: 170–176.

Sokal RR, Rohlf J. 1995. Biometry: the principles and practice of
statistics in biological research. New York (NY): W.H.
Freeman.

Sol D, Vilà M, Kühn I. 2008. The comparative analysis of
historical alien introductions. Biological Invasions 10:1119–
1129.

Squeo FA, Estévez RA, Stoll A, Gaymer CF, Letelier L, Sierralta,
L. 2012. Towards the creation of an integrated system of
protected areas in Chile: achievements and challenges. Plant
Ecology & Diversity 5(2): 233–243.

Taylor BW, Irwin ER 2004. Linking economic activities to the
distribution of exotic plants. Proceedings of the National
Academy of Sciences 101:17725–17730.

Thiele J, Kollman J, Andersen UR. 2009. Ecological and socio-
economic correlates of plant invasions in Denmark: the uti-
lity of environmental assessment data. AMBIO: A Journal of
the Human Environment 38:89–94.

Thuiller W, Richardson DM, Rouget M, Procheş Ş, Wilson J.
2006. Interactions between environment, species traits, and
human uses describe patterns of plant invasions. Ecology
87:1755–1769.

Trombulak S, Frissell C. 2000. Review of ecological effects of
roads on terrestrial and aquatic communities. Conservation
Biology 14:18–30.

Vilà M, Pujadas J. 2001. Land-use and socio-economic correlates
of plant invasions in European and North African countries.
Biological Conservation 100:397–401.

Westphal M, Browne M, Mackinnon K, Noble I. 2008. The link
between international trade and the global distribution of
invasive alien species. Biological Invasions 10:391–398.

Wittenberg R, Cock MJW. 2005. Best practices for the preven-
tion and management of invasive alien species. In: Mooney
HA, Mack RN, McNeely JA, Neville LE, Schei PJ, Waage
JK, editors. Invasive alien species: a new synthesis.
Washington (DC): Island Press. p. 209–232.

Climatic and socio-economic factors 7

D
ow

nl
oa

de
d 

by
 [

H
el

m
ho

ltz
 Z

en
tr

um
 F

 U
m

w
el

tf
or

sc
hu

ng
 G

m
bH

],
 [

In
go

lf
 K

üh
n]

 a
t 2

3:
45

 1
1 

D
ec

em
be

r 
20

14
 


	Abstract
	Introduction
	Materials and methods
	Study area
	Data source
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding
	Supplemental data
	Notes on contributors
	References



