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Abstract

The introduction of alien species is one of the main problems in conservation. Many success-
ful invaders cause severe economic and ecological damage. Such is the case of Leptoglossus
occidentalis, a phytophagous true bug native to North America, which has become a pest
in Europe, Asia, Africa and South America. Within the genus, another species whose distri-
butional range is expanding toward the east of North America is Leptoglossus clypealis. As
climate determines the successful establishment of insects, the identification of climatically
suitable areas for invasive species based on ecological niche models (ENMs) offers an excellent
opportunity for preventing invasions. In this study, ENMs were built for both species and
their native climatic niches were compared. Their niche breath was also measured. The
climatic niches of both species are identical and the niche breadth of L. clypealis is broader
than that of L. occidentalis. In view of the great ecological resemblance between these two
species, we believe that L. clypealis could became a major pest thus it should be carefully mon-
itored. The results of the present worldwide ENMs showed numerous regions with suitable
conditions for the establishment of both species. The future ENMs exhibited a retraction in
the suitable areas in North America, Europe and Asia.

Introduction

The introduction of invasive alien species is currently one of the main conservation problems
and one of the most important causes of biodiversity loss. The rate at which humans translo-
cate species beyond their native ranges has risen in recent years (Seebens et al., 2017). As inter-
continental movements of goods and people increase, accidental introductions of exotic
species become more common. Many successful invaders are responsible for severe economic
and ecological damage.

Such is the case of the western conifer seed bug, Leptoglossus occidentalis Heidemann
(Heteroptera, Coreidae), a phytophagous true bug considered a major pest of conifer seeds
in commercial seed orchards (Lesieur et al., 2014; Strong, 2016). Its native range covers western
North America (Allen, 1969). Since the 1960s, the species has been documented outside its
native range in eastern North America and subsequently in Europe, Asia, northern Africa,
and recently, South America (Lesieur et al., 2018). Its host spectrum includes 48 plant species
(Werner, 2011), including numerous conifers and the pistachio tree. Leptoglossus occidentalis
is also a serious phytosanitary problem, as it is the vector of the spores of Diplodia sapinea (Fr.),
the fungus responsible for Diplodia tip blight of pine trees (Luchi et al., 2012; Barta, 2016).

Within the genus, another species that is similarly expanding its range of distribution is
Leptoglossus clypealis (Heidemann). It is native to central and southern United States and nor-
thern Mexico (Allen, 1969). In recent years, it has been reported outside its native distribution
in Canada and other regions of Mexico and USA (McDaniel, 1989; Swanson and Millan-
Hernandez, 2017; Wheeler, 2018). It was elevated to pest status in the early 2000s (Wang
and Millar, 2000). It has been reported feeding on native shrubs and several economically
important crops such as Helianthus sp. (sunflower), Phaseolus vulgaris L. (green bean),
Pistacia vera L. (pistachio), Prunus dulcis (Mill.) D. A. Webb (almond) and Solanum tubero-
sum L. (potato) (Mitchell, 2000; Joyce et al., 2017). Similar to L. occidentalis, it can transmit
fungal pathogens, Botryosphaeria dothidea and Eremothecium coryli, causing extensive damage
and several diseases in its host plants (Rice et al., 1985; Michailides and Morgan, 1990; 1991).

Among the alternatives available for managing the problem of biological invasions is pre-
venting species from arriving at new sites via quarantine (Liebhold et al., 2017), for which an
important first step is to establish which areas are susceptible. Given that climate determines
the successful establishment of insects, using ecological niche models (ENMs) to identify cli-
matically suitable areas for invasive species provides an excellent opportunity for preventing or
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slowing invasions (Peterson, 2003; Zhu et al., 2014). ENM is an
important tool for defining strategies that can be used to contain
invasive species, as it enables the invasive potential of a species
to be assessed before invasion occurs (Peterson, 2003). It also
enables potential future distributions of invasive species to be
anticipated, to predict potential environmental impacts and eco-
nomic costs. This information is essential for early detection
and control, and can be used to anticipate critical routes, arrivals
sites and starting points for successful invasions (Peterson, 2003;
Broennimann et al., 2007).

The aims of the current study were: (a) to investigate the native
climatic niches of L. clypealis and L. occidentalis in order to
compare them and evaluate whether the two species should be
expected to display similar environmental behavior; (b) to deter-
mine whether climatic conditions differ between the invaded
native ranges of both species, and (c) to generate worldwide
ENMs of L. clypealis and L. occidentalis projected according to
current and future climates (period 2050).

Materials and methods

Species data

For this study, we compiled 659 georeferenced records of
L. clypealis and 14,332 of L. occidentalis from the Global
Biodiversity Information Facility online database (GBIF, www.
gbif.org), BugGuide (Iowa State University, https://bugguide.net/
) and published papers (Heidemann, 1910; Froeschner, 1942;
Drew and Schaefer, 1963; Schaffner, 1967; Allen, 1969; Horning
and Barr, 1970; Brailovsky and Sánchez, 1983; Katovich and
Kulman, 1987; McDaniel, 1989; McPherson et al., 1990; Gall,
1992; Colombi and Brunetti, 2002; Gogala, 2003; Rabitsch and
Heiss, 2005; Dusoulier et al., 2007; Wyniger, 2007; Lis et al.,
2008; Simov, 2008; Ruicanescu, 2009; Chordas III et al., 2011;
Ahn et al., 2013; Faúndez and Rocca, 2017; Joyce et al., 2017;
Kulijer and Ibrahimi, 2017; Özgen et al., 2017; Swanson and
Millan-Hernandez, 2017; van der Heyden, 2018; Wheeler,
2018). Prior to data analysis we removed erroneous records by
performing some data cleaning tests. As a result of these we
removed records with doubtful species identification, records
with insufficient spatial accuracy or with badly formatted coordi-
nates and records with longitude and latitude precision with less
than three decimal digits.

For each species two datasets were built: one with the native
records (referred to hereinafter as the native dataset) and the
other with the entire distribution (all the records, hereinafter,
and entire distribution dataset). The native dataset was built to
evaluate whether the environmental space occupied by the non-
native records is similar to the one occupied by the native records.
The entire distribution dataset was used to build the ENMs, which
were used as final worldwide predictive models. The literature
defines the native distribution of both species in terms of USA,
Canadian and Mexican states (Heidemann, 1910; Allen, 1969).
As this is not a natural division of the landscape, we considered
the native range according to the ecoregions occupied by the
records. Ecoregions represent land units sharing a large majority
of species, physiography and environmental conditions (Olson
et al., 2001). They should therefore accurately represent the
areas accessible to the species that inhabit them. We followed
the ecoregions proposed by Olson et al. (2001).

To avoid overemphasizing, datasets were screened for model
calibration using a subsampling regime to reduce spatial

autocorrelation. Firstly, Maxent models were generated using all
occurrences; the spatial autocorrelation among model pseudoresi-
duals (1-probability of occurrence generated by model) was eval-
uated using SAM v4.0 to calculate Moran’s I at multiple distance
classes (Rangel et al., 2010). Significance was determined using
permutation tests. Moran’s I is widely used as a measure of spatial
autocorrelation. For L. clypealis, minimum distances were estab-
lished as 80 km for the native dataset and 110 km for the entire
distribution dataset, while for L. occidentalis, they were 140 km
and 220 km, respectively.

After reducing the spatial autocorrelation, the L. clypealis
native dataset kept 84 records and its entire distribution dataset
kept 136 (Supplementary material 1), while L. occidentalis kept
58 and 169 records, respectively (Supplementary material 2).

Variable selection

To build the Maxent models, we used the 19 bioclimatic variables
available in the WorldClim database (Hijmans et al., 2005).
Resolution of the layers was 2.5 arc-min for the models built
with the native datasets and 5 arc-min for the models built with
the entire distribution datasets. To project to future climate (for
the 2040–2069 period, referred to herein as 2050), three global
climate models (GCMs) were used, CCSM4, GISS-E2-R and
MIROC5 as these are regarded among the most reliable GCMs
to obtain future climate projections (Bosso et al., 2017; Lin and
Tung, 2017). Two different representative concentration pathways
(RCP), RCP 2.6 and RCP 8.5 were used because, these include a
wide range of possible changes in future climates, depending on
the amount of greenhouse gases (GHGs) emitted in the years to
come. RCP 2.6 predicts milder changes, assuming that global
GHG emissions will peak between the years 2010 and 2020 and
then decline substantially, while RCP 8.5 predicts the most cata-
strophic scenario, in which emissions continue to rise throughout
the current century (IPCC 2013).

To avoid multi-collinearity, correlation analyses were per-
formed for the 19 bioclimatic variables, across the entire back-
ground. The variables that were highly correlated (r≥ 0.80)
were excluded when the models were built. Among correlated
variables the ones with lower percentage of contribution to the
model were excluded. Nine non-correlated variables were found
for the L. clypealis native dataset (Bio2, 3, 8, 9, 11, 12, 15, 18
and 19), eight for the L. clypealis entire distribution dataset
(Bio2, 5, 8, 9, 11, 15, 18 and 19), seven for the L. occidentalis
native dataset (Bio2, 6, 8, 10, 11, 14 and 19) and seven for the
L. occidentalis entire distribution dataset (Bio1, 2, 3, 7, 15, 18
and 19) (table 1).

Ecological niche models

ENMs were performed using Maxent v3.4.1k (Phillips et al.,
2019). To train the models of each dataset, we considered an
area that included the ecoregions where the known records are
present. To avoid over-parameterization, the models were tuned
by exploring the performance of different beta-regularization
multiplier (RM) values (0.5–4) and of different feature classes
(L, H, Q, LQ and LQH). These models were tested in
ENMTools 1.4 (Warren et al., 2010). Models with the lowest
Akaike’s Information Criteria corrected scores were selected
(Warren and Seifert, 2011).

The models built with the native dataset were projected to the
invaded countries. The models built with the entire distribution
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dataset were projected worldwide to present and future times.
Optimal complexity was estimated for the L. clypealis model
built with the native dataset using an RM of 3 and L feature
class (Supplementary material 3, Table I), and for the model
built with the entire distribution dataset using an RM of 4 and
a LQH feature class (Supplementary material 3, Table II).
Optimal complexity was estimated for the L. occidentalis model
built with the native dataset using an RM of 0.5 and LQ features
class (Supplementary material 4, Table I), and for the model built
with the entire distribution dataset using an RM of 2.5 and LQ
feature class (Supplementary material 4, Table II). Model accuracy
was calculated using the partial receiver operating characteristic
(ROC) procedure (pROC). This method was chosen because it
removes emphasis on absence data and it stresses the key role
of omission error in evaluating model predictivity. The pROC
remedies two problems that the area under the curve (AUC)
has when testing model performance. AUC undervalues models
which do not provide predictions through the entire spectrum
of proportional areas in the study area and it incorrectly weights
the two error components equally (omission and commission)
(Peterson et al., 2008). To validate each model, 500 random itera-
tions with 50% sub-sampling were performed to evaluate whether
the models were statistically better than random (higher than 1.0)
(P < 0.2) (Peterson et al., 2008). These analyses were carried out in
Niche Toolbox (http://shiny.conabio.gob.mx:3838/nichetoolb2/)
(Osorio-Olvera et al., 2018). Model discriminatory ability was
measured through AUC of the ROC plot (AUC/ROC), which
ranges from 0 to 1. Values closer to 1 indicate a prediction better
than random, values of 0.5 correspond to a prediction equal to
random, and values lower than 0.5 correspond to a prediction
worse than random.

Current and future models were converted into binary maps.
Values above the ‘minimum training presence logistic threshold’
(MTP) were considered as presences. The MTP indicates values

above which the climate conditions are suitable for the survival
of the modeled species and guarantees that all possible presences
of the target species are predicted as suitable. Consensus maps
were built for the future models and the regions where the binary
maps of the three GCMs matched were recovered. This procedure
was performed for the two RCPs.

In the projected areas and periods, multivariate environmental
similarity surface (MESS) analyses were performed to identify any
regions with environmental conditions outside the range of the
training area (referred to as novel climatic conditions). Cells in
which the MESS analysis recovered novel climates were identified
on the binary map.

Direct climate comparisons

A direct climate comparison was performed between the native
and non-native records. The non-native records included in this
analysis had to comply with two criteria: (i) be located in areas
that were predicted in the model trained with the native dataset,
in unsuitable regions or with novel climatic conditions, (ii) be
in localities where the species was recorded for at least 3 years.
These criteria enabled us to recognize records that occupy an
environmental space different to the native one. The raw environ-
mental data of the 19 bioclimatic variables were extracted for the
non-native and native records using QGis 2.18.24 and compared
in boxplots using the statistical software package InfoStat (Di
Rienzo et al., 2018). This analysis was performed for L. clypealis.
In the case of L. occidentalis it was not performed because there
were no records that met the above criteria.

Niche identity test, background test and niche breadth

We performed a niche identity test and a background test using
ENMTools (Warren et al., 2008; 2010) to determine whether

Table 1. Bioclimatic variables used to build the Maxent models

Bioclimatic variable (Bio)

L. clypealis L. occidentalis

Native range Entire range Native range Entire range

Annual mean temperature (Bio1) X X X Used

Mean diurnal range (Bio2) Used Used Used Used

Isothermality (Bio3) Used X X Used

Max. temp. of warmest month (Bio5) X Used X X

Min temp. of coldest month (Bio6) X X Used X

Temperature annual range (Bio7) X X X Used

Mean temp. of wettest quarter (Bio8) Used Used Used X

Mean temp. of driest quarter (Bio9) Used Used X X

Mean temp. of warmest quarter (Bio10) X X Used X

Mean temp. of coldest quarter (Bio11) Used Used Used X

Annual precipitation (Bio12) Used X X X

Precipitation of driest month (Bio14) X X Used X

Precipitation seasonality (Bio15) Used Used X Used

Precipitation of warmest quarter (Bio18) Used Used X Used

Precipitation of coldest quarter (Bio19) Used Used Used Used
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Figure 1. Leptoglossus clypealis model built with the native dataset (84 records). (a) Binary map, green areas represent suitable conditions, orange areas unsuit-
able, darker areas represent novel climatic conditions. (b) Continuous map, darker colors indicate higher probabilities, darker areas represent novel climatic con-
ditions. Dotted area is the calibration area (native range). White dots are native records, blue dots non-native records. Cross-hatching indicates the ecoregions with
records of L. clypealis that were predicted in unsuitable areas by this model.

Figure 2. Leptoglossus clypealis model built with the entire distribution dataset (135 records). (a) Binary map, green areas represent suitable conditions, orange
areas unsuitable, darker areas represent novel climatic conditions. (b) Continuous map, darker colors indicate higher probabilities, darker areas represent novel
climatic conditions. Dotted area is the calibration area. Blue dots are the records used to build the model.

292 Leonela Olivera et al.

https://doi.org/10.1017/S0007485320000656 Published online by Cambridge University Press

https://doi.org/10.1017/S0007485320000656


the ENMs built with the L. clypealis and L. occidentalis native
datasets were climatically identical or exhibited significant differ-
ences. The niche identity test pooled all the actual records and
randomized their identities to produce two new samples with
the same number of records as the empirical data. This procedure
was performed 100 times. Niche similarity of the ENMs generated
by the actual occurrence data were then compared to those gen-
erated by the empirical data. To measure niche similarity, two
scores were calculated: Schoener’s D (Warren et al., 2008) and
Hellinger’s-based I (Schoener, 1968), both of which range from
0 (no niche overlap) to 1 (identical niches). Schoener’s D assumes
that the suitability scores are proportional to species abundance,
while Hellinger’s-based I measures the probability distributions
of two ENMs (Warren et al., 2010; Zhang et al., 2014). Thus, if
ENMs from L. clypealis and L. occidentalis were no more different
than pairs of randomly drawn samples, they were diagnosed as
effectively identical.

The background test is performed to evaluate whether the
ecological niches of two species are similar based on the differ-
ences in the environment where they occur (Warren et al., 2008).

Therefore, in this test we compared the ENM of L. clypealis to
another ENM created by choosing a random set of points
(with the same number of records as the L. occidentalis real
native dataset (58 records)) from the background of the native
area of L. occidentalis. This procedure was performed 100
times. The same comparisons were made in the opposite direc-
tion: the L. occidentalis ENM with 100 ENMs built with a ran-
dom set of points (84 as in the L. clypealis real native dataset)
from the background of the native area of L. clypealis.
Schoener’s D and Hellinger’s-based I were calculated and com-
pared to the null distribution of pseudoreplicate models overlap
values (Warren et al., 2008).

We also calculated the niche breadth of the ENMs built with
the native dataset through the Levin’s concentration metrics.
This index ranges from 0 (narrow niche breadth) to 1 (broad
niche breadth) (Peers et al., 2012). Niche breadth is the suite of
resources and environments that a species can inhabit or use
(Slatyer et al., 2013). This analysis was performed to test whether
these species can maintain viable populations within a wide array
of resources and conditions.

Figure 3. Leptoglossus clypealis consensus map (period 2050).
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Results

Leptoglossus clypealis ENM

The L. clypealis ENM built with the native dataset was validated
by the pROC analysis, yielding predictions significantly better
than random (AUC ratio 1.24) and good discriminatory ability
(AUC 0.63). The model predicted all the regions where the species
is currently known to have suitable climatic conditions except for
the records located in three ecoregions in the USA (Piney Woods
forests, Southeastern mixed forests and Western Gulf coastal
grasslands) and three in Mexico (Sierra Madre Oriental pine-oak
forest, Yucatan moist forests and Bajo dry forest) (fig. 1). The spe-
cies has been recorded in Southeastern mixed forests and Piney
Woods forests since 2006 and 2014, respectively. For the
Western Gulf coastal grasslands it has been recorded in the
years 2014 and 2017. In the Mexican ecoregions, there are single
records, some of which are old (1939, 1995 and 2017, respect-
ively) (Supplementary material 5). The MESS analysis determined
regions with novel climatic conditions mainly toward the east,
south and north of North America.

The ENM built with the entire distribution dataset and pro-
jected worldwide was validated by the pROC analysis, yielding
predictions better than random (AUC ratio 1.28) and good dis-
criminatory ability (AUC 0.65). It predicted broad areas with

suitable conditions, mainly most of North America and South
America, Europe, Africa, Australia and southern Asia (fig. 2).

The future models developed with the three GCM and under
the two RCP scenarios (2.6 and 8.5) showed similar patterns and
agree in most of the areas predicted (fig. 3). For all the continents
there will be a loss in suitable areas. The percentage of lost area for
Africa will be approximately between 53 and 57%, 67 and 70% for
the Americas, 43 and 46% for Asia, 71 and 76% for Europe and
97 and 99% for Australia (Supplementary material 6).

Leptoglossus occidentalis ENM

The L. occidentalis ENM built with the native dataset was vali-
dated by the pROC analysis, yielding predictions better than ran-
dom (AUC ratio 1.56) and good discriminatory ability (AUC
0.79). In North America there are records of L. occidentalis in
areas predicted as unsuitable by the model in the USA and
Canada (fig. 4). These areas occupy three ecoregions in the
USA (Central Canadian Shield forests, Northern tall grasslands
and Western Great Lakes forests) and one that traverses USA
and Canada (Interior Alaska-Yukon lowland taiga). For all of
these ecoregions, L. occidentalis has been recorded in a single
year except for Western Great Lakes forests ecoregion where it
has been recorded during four successive years (Supplementary

Figure 4. Leptoglossus occidentalis model built with the native dataset (58 records) and projected in invaded countries of America. (a) Binary map, green areas
represent suitable conditions, orange areas unsuitable; darker areas represent novel climatic conditions. (b) Continuous map, darker colors indicate higher prob-
abilities, darker areas represent novel climatic conditions. Dotted area is the calibration area (native range). White dots are native records, blue dots not-native
records. Cross-hatching indicates the ecoregions with records of L. occidentalis that were predicted in unsuitable areas by this model. A: North America:
Canada, USA and Mexico; B: South America: Chile.
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material 5). In the rest of the invaded countries (Chile, European
countries, Japan and South Korea) all records are predicted in
suitable areas (figs 4–6). The MESS analysis identified regions
with climatic conditions different from those in the native area
mainly toward the north and south of North America and in nor-
thern and southwestern Chile.

The ENM built with the entire distribution dataset and pro-
jected worldwide was validated by the pROC analysis, yielding
predictions better than random (AUC ratio 1.42) and good dis-
criminatory ability (AUC 0.72). It predicted broad areas with suit-
able conditions in most of the Americas, all Europe, Africa and
Australia, and most of Asia except for some regions in the north-
east and some areas in China and neighboring countries (fig. 6).

The future consensus maps under the two RCP scenarios (2.6
and 8.5) had similar patterns, with small differences in the extent
of the suitable areas (fig. 7). According to all the future models, a
retraction in the areas with suitable conditions is expected. For
RCP 2.6 and 8.5 this retraction represents losses, respectively, of
approximately 18 and 19% of the suitable areas for the
Americas; of 15 and 14% for Asia and 28 and 19% for Europe.

Potential distributions in Africa and Australia will not differ
(Supplementary material 7).

Direct climate comparisons

The climatic variables with high discrepancy are Bio2 and 3 and
all the precipitation-related variables Bio12–19 (fig. 8). The
records that are in regions that were predicted as unsuitable or
with novel climatic conditions by the model built with the native
dataset are in areas with climates that tend to be warmer and
much more humid.

Niche identity test, background test and niche breadth

The similarity scores for L. clypealis and L. occidentalis niches
according to Schoener’s D and Hellinger’s-based I metrics were
0.82 and 0.97, respectively. The mean value for observed niche
similarity scores for the 100 pseudoreplicates was 0.83 (SD ± 0.03)
and 0.96 (SD ± 0.01) for Schoener’s D and Hellinger’s-based
I, respectively. The actual niche overlaps (D and I ) were similar

Figure 5. Model of L. occidentalis built with the native dataset (58 records) and projected in invaded countries of Europe and Asia. (a) Binary map, green
areas represent suitable conditions, orange areas unsuitable; darker areas represent novel climatic conditions. (b) Continuous map, darker colors indicate higher
probabilities, darker areas represent novel climatic conditions. Blue dots are not-native records. A: Europe and western Asia; B: eastern Asia.
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to those of the random data (Supplementary material 10). They
were within the 95% confidence intervals, and therefore not sig-
nificant, so we conclude that the L. clypealis and L. occidentalis
niches are identical.

For the background test, the observed values of D and I
were significantly higher than the null distributions,
so the null hypothesis is rejected, the L. clypealis and
L. occidentalis niches show no ecological difference
(Supplementary material 11).

Niche breadths calculated by Levin’s concentration metrics
were 0.96 for L. clypealis and 0.82 for L. occidentalis. Therefore,
both species have broad niche breadths.

Discussion

The fundamental niche of a species is the set of resources, phys-
ical and biological, that would enable the species to exist indef-
initely. The realized niche is the part of the fundamental niche to
which a species is constrained by biotic interactions (Wiens
et al., 2009). During biological invasions, the factors that cause

invasive species to expand their distributions beyond their native
range are a niche differentiation between native and introduced
ranges in either the fundamental or the realized niche
(Broennimann et al., 2007).

In our results, the ENMs built with the native dataset and pro-
jected to regions where there are known records of the species,
predicted unsuitable conditions for several of the localities with
presences; this occurred mostly for L. clypealis in ecoregions
where the species has been present between 3 and 13 years.
There were some records that were predicted in regions that we
identified through the MESS analysis as having novel climatic
conditions; this also occurred mostly for L. clypealis in ecoregions
where the species has been present for up to 76 years. These
results indicate that the environmental space occupied by these
records differs from the one in the native ranges. Thus, during
range expansion the species has undergone a process of niche dif-
ferentiation. Our results for the direct climate comparison
between the native and the non-native records predicted in
unsuitable regions or regions with novel climatic conditions
showed that L. clypealis can establish in more humid areas as

Figure 6. Leptoglossus occidentalis model built with the entire distribution dataset (169 records). (a) Binary map, green areas represent suitable conditions, orange
areas unsuitable; darker areas represent novel climatic conditions. (b) Continuous map, darker colors indicate higher probabilities, darker areas represent novel
climatic conditions. Dotted area is the calibration area. Blue dots are the records used to build the model.
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the higher quartile of the precipitation-related variable values of
the native records were always lower than minimum values of
the non-native records.

Our ENMs projected worldwide to the present time predicted
a large number of regions with suitable conditions for the estab-
lishment of both species, with L. occidentalis already present in
several regions of the world, as was predicted by Zhu et al.
(2014). The ENMs projected to the future showed a retraction
in the suitable areas in Africa, America, Europe and Asia for
both species and in Europe and Australia for L. clypealis as
well. The regions where future ENMs of both species showed
these retractions will have higher temperature and humidity.
Temperature-related variables will probably be responsible for
most constraining the suitability of these regions, because they
are the ones that will vary the most and for which, according
to our results, both species exhibit less adaptability. However,
these results should be interpreted with caution, as we are
assuming that L. clypealis and L. occidentalis will not adapt to
higher temperatures and humidity, which may not be the case,
considering that, according to our direct climate comparison
analysis, L. clypealis seems to be adapting well to warmer and
wetter climates.

The L. clypealis and L. occidentalis niches are environmentally
identical, as shown by the niche identity test and background test.
Although individual species may have specific responses to the
environment, species that share the same ecological traits are
expected to respond similarly to environmental conditions
(Thuiller et al., 2005; Yu et al., 2017). Therefore, if it could arrive
at new areas, L. clypealis would be expected to exhibit a similar
pattern of expansion to that of L. occidentalis.

Our results showed that L. clypealis has a broader niche
breadth than L. occidentalis. The niche breadth of a species is
the range of conditions that define its niche (Sexton et al.,
2017). A species with wider niche breadth is more generalist
than a species with narrow niche breadth. This is an important
topic if we consider the environmental aspects of L. clypealis,
demonstrated in this study, which would make it a successful
invader.

By using high-speed means of transportation, humans are
moving living species around the world, often unintentionally.
In view of our results and of the great ecological resemblance
between L. clypealis and L. occidentalis, both species should be
carefully monitored, in particular L. clypealis, considering its
broader niche breadth and its numerous host plants.

Figure 7. L. occidentalis consensus map (period 2050).
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