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invasive condition from the GBIF portal, and records 
obtained through field trips and bioclimatic variables 
from Worldclim2 were used. Changes in potential 
distribution were analyzed with the Biomod2. A total 
of 1072 occurrence records were found for U. euro-
paeus and 109 records were found in Colombia in the 
Cordillera Central and Oriental, where an expansion 
of the altitudinal range was evidenced from 2000 to 
4052  m above sea level. Climate change models for 
Colombia showed that the creation of new areas for 
potential establishment is less than 1% and there is a 
reduction in potential distribution of 12 and 31% due 
to unsuitable climatic conditions that would affect 
their germination capacity. However, given its poten-
tial for adaptation, the invasions will persist in the 
new conditions and will continue their colonization 
process at higher altitudes where they find optimal 
temperatures for their germination and establishment.

Keywords  Invasive exotic plants · Protected areas · 
Paramos · Andes

Introduction

Invasive plants are some of the most widely distrib-
uted species worldwide (Molina-Montenegro et  al. 
2012; Cárdenas-Cárdenas and Cortés-Peréz 2023). 
Their ability to disperse and colonize wide geographi-
cal areas and diverse ecosystems is attributed to the 
phenotypic plasticity and/or adaptive evolution of the 

Abstract  Invasive plants have a wide distribution 
worldwide. Their ability to adapt and colonize differ-
ent climates is attributed to the phenotypic plasticity 
and the expansion of the climatic niche of the species. 
Simultaneously, their distribution patterns will be 
affected by climate change, creating or reducing the 
ideal areas for their establishment. We evaluated the 
current and potential distribution of Ulex europaeus 
L. in Colombia, under the global circulation models 
ACCESS-ESM1-5 and MIROC6 in two scenarios, 
for the years 2041–2060, taking into account its cli-
mate niche expansion. An ecological niche model 
was built for this purpose using Maxent algorithm of 
the KUENM, the records of the species in native and 
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species (Pichancourt and Van Klinken 2012; Madelón 
et  al. 2021; Woods and Sultan 2022). In particular, 
the plasticity of ecologically important traits in the 
founding individuals of invasive species helps inva-
siveness by facilitating the ability to resist adverse 
environmental conditions or to respond positively to 
favorable conditions which allows the colonization of 
different habitats (Droste et al. 2010; Molina-Monte-
negro et al. 2012; Gioria et al. 2023). Once an inva-
sive species is introduced to a place, evolution can 
produce genetically based phenotypic variations and 
adaptations which can increase resource exploitation 
by increasing the fitness and spread of species (Zenni 
et al. 2014; Dlugosch et al 2015).

Understanding niche dynamics of invasive species 
represents a key element of predicting future areas of 
invasion and their possible impacts (Barbet-Massin 
et al. 2018; Montagnani et al. 2022). However, the cli-
matic niche shift in invasive plants is a widely debated 
topic (see Petitpierre et al. 2012; Atwater et al. 2018; 
Aravind et  al. 2022). On the one hand, it has been 
shown that there are species such as Pueraria lobata 
(Willd.) Ohwi that show climatic niche conservatism 
behavior. This species, in its invasive distribution in 
Europe, occupies a climate range that partially over-
laps with its native habitat because they had previ-
ously been adapted to a wide range of climatic con-
ditions in its native area (Montagnani et  al. 2022). 
Therefore, species that have broad native niches will 
have a better chance of establishing self-sustaining 
populations without the need to adapt to a new niche 
in the new invasive climate (Liu et al. 2020). On the 
other hand, some invasive species have a greater abil-
ity to expand their climatic niche because they rapidly 
evolve through genotype selection, genetic recom-
bination, interspecific hybridization, and/or display 
specific functional traits that allow them to quickly 
adapt to new environments in comparison with native 
plants (Wan and Wang 2018; Adhikari et  al. 2019; 
Liu et al. 2020). One example is the case documented 
by Broennimann et  al. (2007) for Centaurea macu-
losa Lam., a species that has expanded its climate 
niche and colonized areas with climates different than 
its native range during its invasion in North America. 
Consequently, the assumption that the climatic niche 
of a species can be transferred between native and 
invasive ranges is now an issue that must be analyzed 
in a particular way for each species (Datta et al. 2019; 
Zachariah Atwater and Barney 2021).

Added to the above, the distribution patterns of 
invasive species are differentially affected by cli-
mate change by increasing or reducing the suitabil-
ity of the habitat for their establishment (Hellmann 
et al. 2008; Poudel et al. 2020; Tabor and Koch 2021; 
Turbelin and Catford 2021). In this way, increases in 
CO2 concentrations and nitrogen deposition allow the 
establishment of viable populations and the increase 
in biological invasions of certain species (for exam-
ple Acacia nilotica L., Indica spp., and Centau-
rea solstitialis L., among others) due to increased 
resource availability (Kriticos et al. 2003; Dukes et al. 
2011; Liu et  al. 2017). The opposite happens when 
increases in temperature and precipitation can hin-
der the invasive processes of plants by reducing their 
competitiveness due to inadequate climatic conditions 
(Bradley et al. 2009, 2010; Gong et al. 2020).

Currently, species distribution models (SDMs) and 
ecological niche models (ENM) are used to analyze 
species distribution patterns. In particular, the ENMs 
predict the geographic distributions of the species, 
relating records of occurrence with environmental 
variables which allows their use in the evaluation of 
niche, impacts produced by climate change and the 
analysis of biological invasions, among others (Cobos 
et  al. 2019; Sillero et  al. 2021). For example, these 
models have been used to assess current and potential 
global distribution changes under climate change sce-
narios of invasive plants such as Ligustrum lucidum 
W.T. Aiton and Lantana camara L., among others 
(Taylor et al. 2012; Montti et al. 2021).

Ulex europaeus L. is a shrub native to western 
Europe and the Mediterranean coasts. This species 
is currently considered one of the most invasive spe-
cies worldwide due to its negative impacts on bio-
diversity, having been associated with displacing 
native species and the homogenization of ecosys-
tems in areas that they have been established (León 
and Vargas Ríos 2009; Amaya-Villarreal and Renjifo 
2010; Altamirano et  al. 2016; Cárdenas-Cárdenas 
and Cortés-Peréz 2023). Ulex europaeus is a hexa-
ploid species that exhibits high phenotypic plasticity 
in important traits for invasion such as the phenology 
and germination capacity of its seeds which allow it 
to establish itself in contrasting environmental con-
ditions (Atlan et  al. 2015; Udo et  al. 2017; Muthul-
ingam and Marambe 2022; Bellot et  al. 2023). This 
is how U. europaeus is adapted to a wide range of cli-
mates and geographic distributions (Hill et al. 2008; 
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Christina et al. 2020). In its native distribution area, 
the climate is oceanic and temperate and is found 
from sea level to 300  m altitude while, in an inva-
sive condition, it is found in different latitudes (for 
example in Australia, North and South America and 
tropical islands) and at altitudes ranging from zero to 
4000 m above sea level (a.s.l.) (Hornoy et al. 2011). 
Consequently, the ecological niche models carried 
out for U. europaeus by Christina et  al. (2020) and 
Hernández‐Lambraño et  al. (2017) show an expan-
sion of the climatic niche in its invasive condition as 
a result of a possible adaptive evolution or product of 
a preadaptation to conditions that are not present in 
its native area. Particularly, in South America, this 
species suffered an expansion of its climatic niche 
towards places with higher temperatures, radiation 
and rainfall compared to its native distribution area 
(Hernández‐Lambraño et al. 2017).

Ulex europaeus is commonly known in Colom-
bia as “retamo espinoso” and was introduced in the 
1950s to be used as a living fence (Ocampo-Zuleta 
and Solorza-Bejarano 2017). However, given its inva-
sive potential and dispersal capacity, it was distrib-
uted altitudinally from 2200 to 3700 m a.s.l., invading 
disturbed areas in Andean, high-Andean and paramo 
ecosystems and occupying extensive areas of the 
Cordillera Central and Oriental (Amaya-Villarreal 
and Renjifo 2010; Barrera-Cataño et  al. 2019). In 
Colombia, U. europaeus affects agricultural lands, 
deteriorates the quality of drinking water, and gener-
ates estimated economic losses of approximately 70 
million pesos per hectare associated with the cost of 
restoring invaded areas (Niño et al. 2018; Galappath-
thi et al. 2023). Given this situation, it is essential to 
apply strategies that anticipate and evaluate the areas 
susceptible to invasion for this species given that 
its control and eradication programs are financially 
expensive, wasteful, and on some occasions may be 
inefficient (Broadfield and McHenry 2019; Christina 
et al. 2020).

In this study, the current and potential distribu-
tion of U. europaeus in Colombian Andes was eval-
uated under climate change scenarios taking into 
account the expansion of the climatic niche suffered 
by the species. In particular, the following objectives 
were set: (1) To build a species niche model (ENM) 
considering the native climatic niche and the niche 
expansion experienced by U. europaeus in an inva-
sive condition in the world and, (2) To evaluate the 

distribution changes of the invasive plant in climate 
change scenarios for Colombian Andes. For this pur-
pose, it was hypothesized that due to the adaptive 
evolution and phenotypic plasticity of U. europaeus, 
the species will be able to adapt and migrate to dif-
ferent altitudes at present in the Colombian Andes, 
and additionally it will be able to persist successfully 
under climate change scenarios.

Methods

Study species

Ulex europaeus is considered one of the most inva-
sive shrubs worldwide due to its life history traits 
(such as high production of long-lived seeds, rapid 
growth rates, long vegetative period) and the high 
dispersal capacity of its seeds, which can reach dis-
tances of ~ 14.65  m due to the explosive dehiscence 
of the pods (Altamirano et  al. 2016; Broadfield and 
McHenry 2019; López Zea 2021; Roberts and Flor-
entine 2021). This species mainly colonizes degraded 
and fragmented ecosystems that facilitate its invasion 
and expansion process, where it forms dense groups 
of individuals that negatively impact biodiversity, 
ecosystem services, ecological succession patterns in 
ecosystems, and increases the susceptibility to forest 
fires due to its pyrophytic character (Kitzberger et al. 
2016; León Cordero et  al. 2016; Osorio-Castiblanco 
et al. 2019).

Occurrence data

To obtain the climatic niches of U. europaeus in its 
native and invasive condition, the records hosted on 
the Global Biodiversity Information Facility (GBIF) 
portal with specimens preserved for the entire world 
were downloaded (GBIF.org 2022). Subsequently, to 
obtain the real distribution of the species in Colom-
bia, a search of records was carried out in the sci-
entific literature and geographic coordinates were 
requested from Colombian governmental environ-
mental entities (Parques Nacionales Naturales and 
Corporaciones Autonomas Regionales). Additionally, 
these records were complemented with field trips that 
were carried out from February to December 2021 to 
georeferenced the populations present in the Cordil-
lera Central in the departments of Caldas and Tolima, 
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specifically in the buffer zone of Parque Nacional 
Natural Los Nevados (Table S1).

Subsequently, a spatial depuration of all the 
records obtained was carried out to eliminate dupli-
cate coordinates and select only one coordinate per 1 
km2 in order to avoid underestimation in the model. 
Likewise, a climatic depuration was carried out where 
the records of the species that were found in areas 
where the bioclimatic variables presented atypical 
values were removed (variables with values at zero 
or with very high values uncommon for the region’s 
climate). Also, taking into account the restricted 
distribution for the species in an invasive condition 
in Colombia, altitudinal depuration was carried out. 
Therefore, the records found below 2000 m a.s.l. were 
eliminated. Finally, random partitioning of the occur-
rence records was carried out to obtain a training 
set with 80% and an evaluation set with 20% of the 
remaining records for the species, as has been done 
with other invasive species (Chapman et  al. 2019; 
Lakoba et al.2021).

Bioclimatic variables

The current bioclimatic and climate change vari-
ables were selected for the global circulation models 
ACCESS-ESM1-5 and MIROC6 with a temperature 
increase of 3.87 and 2.6 °C, respectively (Tatebe et al. 
2019; Ziehn et al. 2020) under the scenarios of shared 
socioeconomic trajectories of moderate emissions 
(SSP245) and high emissions (SSP585) for the years 
2041–2060. All bioclimatic variables were down-
loaded from the Worldclim2 portal (Fick and Hijmans 
2017). In particular, a spatial resolution of 2.5  min 
was used for the records of the species in the world, 
and a spatial resolution of 30 s ~ 1 km2 for the projec-
tion in Colombia.

To choose the set of variables that were going to 
be used in the modeling, four bioclimatic variables 
were excluded (bio8: Mean Temperature of Wettest 
Quarter; bio9: Mean Temperature of Driest Quarter; 
bio18: Precipitation of Warmest Quarter; and bio19: 
Precipitation of Coldest Quarter) because by combin-
ing precipitation and temperature information into the 
same layer, spatial anomalies are generated, in the 
form of odd discontinuities between neighboring pix-
els (Escobar et  al. 2014). Subsequently, the remain-
ing variables were filtered by applying a Pearson 
coefficient (r >|0.8|) between pairs to avoid existing 

spatial autocorrelation. The variables that presented 
a correlation with absolute values for 0.8 were elimi-
nated in order to obtain a single set with eight bio-
climatic variables that represent the temperature 
and precipitation trends: Annual Mean Temperature 
(bio1), Mean Diurnal Range (bio2), Isothermality 
(bio3), Max Temperature of Warmest Month (bio5), 
Temperature Annual Range (bio7), Annual Precipi-
tation (bio12), Precipitation of Driest Month (bio14) 
and Precipitation Seasonality (bio15). Also, a Non-
Metric Multidimensional Scaling (NMDS) with the 
uncorrelated variables was performed using package 
Vegan (Oksanen et al. 2020), to support the climatic 
niche expansion suffered by the species in invasive 
condition.

Definition of the accessibility area (M)

The accessibility area for the species in its native and 
invasive distribution for all the records obtained in 
the world was constructed by using a 200 km buffer 
in the depurated records, since it covers all the pres-
ence data of the species. An accessibility area of 
50 km was built (due to its distribution restricted to 
the mountain ranges) to assess the potential distribu-
tion under climate change scenarios in the invasive 
populations of Colombian Andes, so as not to over-
estimate the size of the populations established in the 
territory and the dispersal capacity of the species.

Calibration and evaluation of the model

To assess the potential distribution of the species, an 
ENM was carried out using the maximum entropy 
algorithm (Maxent) with the KUENM package 
(Cobos et  al. 2019). To build the model, depurated 
records of species occurrence in both its native and 
invasive conditions were used, in order to represent 
the climatic niche expansion experienced by the spe-
cies (Christina et  al. 2020). Moreover, using data 
from both distributions provides greater accuracy in 
models of invasive species distribution (Broennimann 
and Guisan 2008). For the model, a single set of vari-
ables was used and it was calibrated by means of 15 
regularization multiplier (0.1–1 with intervals of 0.1, 
2–6 with intervals of 1) and the seven combinations 
of three feature classes (l = linear, q = quadratic and 
p = product). To choose the model with the high-
est performance and the greatest simplicity in terms 
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of parameterization, the Area Under the Receiving 
Operator Curve (AUC), the omission rate (OR), and 
the Akaike information criterion corrected for small 
sample sizes were used (AICc). Finally, the model 
was projected onto the study area to assess the poten-
tial distribution of the species currently and under 
climate change scenarios using extrapolation with 
clamping.

Current and future potential distribution

Binary models were created from the resulting mod-
els. For this purpose, all models were reclassified tak-
ing into account a cut-off threshold of 0.8 for habitat 
suitability, in order to obtain the highest probability 
of species occurrence as suggested by Zuliani et  al. 
(2015). Then, to assess changes in the potential distri-
bution of U. europaeus in Colombia, the BIOMOD_
RangeSize function from the Biomod2 package was 
used to assess areas of potential distribution stabil-
ity loss or gain for this species in the future (Thuiller 
et  al. 2016). All analyzes were performed in the R 
software version 4.1.2 (R Core Team 2021).

Results

In total, 1079 occurrence records were found for U. 
europaeus in its native distribution area and invasive 
condition in Europe, Africa, New Zealand, Australia 
and from North America to South America. Spe-
cifically, this species can be found in mean annual 
rainfall from 0 to 3000  mm and mean annual tem-
peratures between 4 and 22 °C (Fig. 1). Its range of 
altitudinal distribution corresponds from sea level to 
4052 m a.s.l. (FAUC Herbarium registration number 
26740), being this last value of altitude the highest 
point in which the species is registered to date. This 
expansion in the distribution for the country was 
observed by this study for the Cordillera Central of 
Colombia in the department of Tolima.

In particular, 109 records were found located in 
the Cordillera Central and the Cordillera Oriental in 
Colombia. U. europaeus presents an altitudinal distri-
bution from 2018 to 4052 m a.s.l., from high andean 
ecosystems to paramos (Fig.  2). Specifically, in the 
territory this species is found in the departments of 
Antioquia, Caldas, Cauca, Boyacá, Cundinamarca, 
Nariño, Norte de Santander and Tolima. Additionally, 

some records are found in surrounding areas or within 
protected areas such as Parque Nacional Natural Los 
Nevados, Chingaza, Sumapaz and Pisba.

A total of 105 models were obtained from the 15 
regularization multiplier, seven feature classes, and 
a single set of variables. The final model selected 
with the best predictive capacity was the model with 
the regularization multiplier 6 and the feature class 
q. This model had an AUC of 1.143, a 5% omission 
rate of 0.076, and AICc of 27,597.12. The main vari-
ables with the highest percentage of contribution to 
the model were bio7 (Temperature Annual Range °C) 
and bio1 (Annual Mean Temperature °C) with per-
centages of 55.9 and 31.2, respectively.

The current potential distribution model for U. 
europaeus covers the Cordillera Central and the Cor-
dillera Oriental, with an altitudinal range from 2000 
to altitudes above 4500  m a.s.l. (Fig.  2). Regarding 
the global circulation models ACCESS-ESM1-5 and 
MIROC6 in the SSP245 and SSP585 scenarios for U. 
europaeus, changes in the distribution of the species 
are evident with losses, gains and stable areas. In the 
climate change models created for Colombian Andes, 
the creation of new areas for potential settlement is 
less than 1%. On the contrary, the loss of habitat and 
therefore, the reduction of the potential distribution in 
the future fluctuates between 12 and 31% (Table 1).

Regarding the global circulation model ACCESS-
ESM1-5, it presents a higher value of range of change 
for U. europaeus with a reduction in habitat suit-
ability of 31 and 27% in the two scenarios due to 
the increase in temperature of 3.87  °C. Specifically, 
habitat suitability losses are evident in the Cundi-
boyacense highlands and in the department of Antio-
quia, which could lead to limiting the colonization 
of new areas in these zones (Fig. 3). Conversely, the 
reduction in habitat suitability is less in the MIROC6 
global circulation model which presents an increase 
of 2.6 °C that will affect these areas to a lesser extent.

Discussion

In accordance with the invasive potential of U. euro-
paeus due to the expansion of its climatic niche and 
its phenotypic plasticity, the results of this research 
provide the first projections of its current and future 
distribution in Colombian Andes. Specifically, eco-
systems between 2000  m and 4500 + meters a.s.l. 
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of the Cordillera Central and Oriental of Colombia 
are the ideal habitat for this invasive species in both 
present and future conditions. This is likely due to 
their capacity to migrate to higher altitudes, where 

the cold climates of the Colombian Andes favor its 
germination.

In particular, the ENM built for U. europaeus 
is explained by the bioclimatic variables related to 

Fig. 1   A global distribution of U. europaeus B NMDS bioclimatic variables
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temperature, bio1 (Annual Mean Temperature °C) 
and bio7 (Temperature Annual Range °C). It is clear 
that, although U. europaeus is adapted to a wide 
range of climates due to its climatic niche expansion, 
oceanic climates with relatively low seasonal temper-
ature fluctuations are suitable for the species (Hornoy 
et al. 2011; Hernández‐Lambraño et al. 2017; Chris-
tina et al. 2020). This condition is reflected in its dis-
tribution since it responds to mean annual tempera-
ture requirements below 4  °C and above 22  °C that 
correspond to sites at sea level in countries with tem-
perate regions (Atlan and Udo 2019; Christina et al. 
2020). Consequently, in tropical and equatorial zones 
its distribution is subject to higher altitudes where 
it can find adequate conditions due to the presence 
of low temperatures (< 15  °C) which guarantee the 
germination of its seeds (Hill et al. 2001; Udo et al. 
2017; Christina et al. 2020).

Under these criteria, the Colombian Andes are per-
fect habitats for the establishment of U. europaeus 
since they present a topographic variation with cold 
climates characterized by high cloudiness and low 
temperatures (Díaz-Granados Ortiz et al. 2005). Par-
ticularly, the ecosystems of high andean forests and 
paramos present in the Andes are affected by anthro-
pogenic pressures such as processes of fragmentation, 
deforestation and changes in land use, aspects that 
make them vulnerable ecosystems for the spread of 
invasive species such as U. europaeus (With 2002; 
Calderón-Caro and Benavides 2022).

In general, this model predicts that U. europaeus 
will suffer loss of habitat suitability in Colombia 
and therefore reduction of its potential distribution, 
this under the global circulation models ACCESS-
ESM1-5 and MIROC6 in the scenarios SSP245 and 
SSP585 for the years 2041–2060. Specifically, the 

Fig. 2   Current and potential distribution A, and habitat suitability B of U. europaeus in Colombia

Table 1   Potential 
distribution range changes 
for U. europaeus 

Global circulation model Scenario % Loss % Gain Range change

ACCESS-ESM1-5 SSP245 28.366 0.486  − 27.881
SSP585 31.878 0.486  − 31.392

MIROC6 SSP245 12.792 0.228  − 12.564
SSP585 15.949 0.486  − 15.464
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lower loss expected in the SSP245 scenarios is due to 
the fact that this scenario assumes that countries will 
continuously reduce the intensity of energy use and 
move towards the sustainable development goals, the 
opposite of the SSP585 scenarios which assumes that 
the traditional economic model and the use of fossil 
fuels will continue to be implemented (Yang and Cui 
2019).

Particularly, the decrease in habitat suitability for 
U. europaeus can be explained by the increase in 
temperature caused by climate change. This condi-
tion will reduce the germination and establishment 
capacity of its seeds which, consequently, will limit 
their dispersal process and therefore colonization or 
permanence in new areas (Bradley et  al. 2009; Udo 
et al. 2017; Gong et al. 2020). It should be noted that 

although U. europaeus is a pyrophytic species (Kitz-
berger et  al. 2016), the high temperatures produced 
in a fire act as a pre-germination treatment that helps 
scarification and breaks the dormancy of its seeds 
improving their germination rate (Hill et  al. 2001; 
Aguilar-Garavito 2010). However, it has been shown 
that the optimal temperature range for U. europaeus 
seed germination is 0 − 15 °C, diminishing its capac-
ity with increasing temperature (Sixtus et  al. 2003; 
Udo et  al. 2017; Broadfield and McHenry 2019). 
Additionally, high temperatures favor the colonization 
of mold that leads to the degradation of the seeds of 
this species (Udo et al. 2017).

This could explain the possible loss of potential 
distribution for the establishment of populations of 
U. europaeus that are evident in the departments of 

Fig. 3   Changes in the potential distribution of U. europaeus under the global circulation models ACCESS-ESM1-5 and MIROC6 in 
the scenarios SSP245 and SSP585 for the years 2041–2060
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Antioquia, Cundinamarca, Boyacá and, in general, 
the reduction in their external areas present in the 
two models evaluated (Fig.  3). This is consistent 
with the fact that the alteration of climatic patterns 
produced by climate change will modify the distri-
bution patterns of invasive species with losses and 
gains worldwide, as was demonstrated for Ligus-
trum lucidum (Hellmann et  al. 2008; Montti et  al. 
2021). However, it is worth mentioning that it is 
possible that in other regions of Latin America the 
species may present gains in its potential distribu-
tion favored by climate change.

Additionally, characteristics of the species such 
as its hexaploidy, which allows it to express greater 
phenotypic plasticity and increase the possibility 
of adaptive evolutions (Hernández‐Lambraño et al. 
2017; Christina et al. 2020; Muthulingam and Mar-
ambe 2022) can increase the adaptability of the spe-
cies to a changing environment. This allows infer-
ring that the species will continue to be present in a 
large proportion in the Colombian territory, affect-
ing and/or threatening the ecosystems of paramos, 
high andean forests and protected areas of Colom-
bia. This situation is considered critical because 
the presence of invasive species in protected areas 
goes against conservation objectives, causing the 
loss of key elements of biodiversity (Claussen and 
González 2015). Therefore, management and resto-
ration plans should focus on these ecosystems that 
become the most vulnerable to colonization by U. 
europaeus due to climate change. While Resolu-
tion 0684 of 2018 in Colombia provides guidelines 
for the prevention and comprehensive management 
of U. europaeus and Genista monspessulana (L.) 
L.A.S Johnson (Ministerio de Ambiente y Desar-
rollo Sostenible 2018), it is essential to implement 
control activities in the buffer zones of protected 
areas. This is necessary to decrease the likelihood 
of this species invasion and mitigate its impact on 
the conservation objectives of these areas.

In conclusion, the analysis of current and poten-
tial distribution under climate change scenarios of 
invasive plants should consider the conservatism of 
climatic niche or the expansion that the species can 
experience when colonizing new exotic regions. 
This in order to build models more in line with the 
response capacity of species to changing climatic 
conditions in order to carry out more effective man-
agement, control or surveillance actions that help 

reduce the threat of global biodiversity loss produced 
by invasive species now and in the future.
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