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Abstract 1 Various factors such as climate and resource availability influence the geographical
distributions of organisms. Species sensitive to small temperature variations are
known to experience rapid distribution shifts as a result of current global warming,
sometimes leading to new threats to agriculture and forests. Tomicus piniperda and
Tomicus destruens (Coleoptera, Curculionidae, Scolytinae) cause economic damage
to pines in Europe and around the Mediterranean Basin. However, their respective
potential distributions have not yet been studied at a large scale. The present study
aimed to investigate the influence of climatic and host factors on the geographical
distributions of both Tomicus species in Europe and around the Mediterranean Sea,
and to establish maps of suitable areas.

2 Using 114 published localities where the presence or absence of both species
was unambiguously recorded, we gathered WorldClim meteorological records to
correlate the occurrence of insects with bioclimatic variables and to build potential
distribution maps.

3 The two studied Tomicus species presented parapatric distributions and opposite
climate demands, with T. destruens occurring in locations with warmer temperatures,
whereas T. piniperda occurs under a colder climate. Amongst the investigated
climate variables, temperature appeared to be most correlated with both species
distributions.

4 The potential ranges of both species were further restricted by the availability of pine
hosts. It appeared that setting new pine plantations in regions where T. destruens or
T. piniperda are still absent could favour a rapid expansion of their distributions.
Our data will be useful when aiming to apply management strategies adapted to each
species, and to forecast their potential range expansions/contractions as a result of
climate warming.

Keywords Bark beetles, climate, geographical distribution, Pinus, species distri-
bution modelling, Tomicus.

Introduction

Geographical distributions can be subjected to various modifi-
cations depending on the intrinsic and ecological requirements
of the considered species (Gaston, 2003). Climate is probably
the most well-known factor influencing species repartitions.
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Current global warming has caused the occurrence of rapid
shifts in the distributions of some species that are sensitive to
small temperature variations (Walther et al., 2002; Parmesan
& Yohe, 2003; Battisti et al., 2005; Parmesan, 2006; Thomas
et al., 2006; Thomas, 2010). In particular, climate has a major
impact on survival, development and growth rates among
insects (Bale et al., 2002), although other factors such as trophic
resource availability can also affect species distribution.

Bark beetles are coleopterans of the family Curculionidae,
subfamily Scolytinae. They necessarily develop on a species
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(or a group of species) of host plant(s), where the larvae
develop by feeding in the inner bark (Sauvard, 2004). Climate
and host accessibility (i.e. the presence of susceptible trees)
are generally considered as the two main variables that affect
geographical distributions of bark beetles (Coulson, 1979). In
Europe, the pine shoot beetle Tomicus piniperda (L.) is well
known as a result of the economic damage that it causes in
European pine forests (Långström, 1983; Sauvard et al., 1988;
Långström & Hellqvist, 1990, 1991). Its life cycle consists of a
phase of adult dispersion and sexual reproduction in the inner
bark of the trunks at the end of winter followed by oviposition
and in situ larval development and nymphosis. The callow
adults then emerge and disperse to infest shoots for an obligate
maturation period during the warm season. A high proportion
of attacked shoots may weaken the trees and therefore induce
overall growth losses. Mature adults then overwinter either
in the shoots or in the outer bark and disperse again before
reproduction at the end of the next winter (Chararas, 1962).
Another species of the same genus, named Tomicus destruens
(Woll.), has long been mistaken for T. piniperda as a result of
their morphological similarity. Because its life cycle differs
only by an earlier reproduction period (i.e. in autumn) and
the apparent absence of overwintering, T. destruens has long
been considered as a Mediterranean eco-type of T. piniperda
occurring in the southern edge of its distribution (Carle,
1973). However, the taxonomic status of T. destruens has
long been debated (Pfeffer, 1994). Recent molecular studies
using mitochondrial as well as nuclear markers have confirmed
that they are two separate species (Gallego & Galian, 2001;
Kerdelhué et al., 2002; Kohlmayr et al., 2002; Duan et al.,
2004). A morphological analysis was then conducted to provide
diagnostic morphological characters (Faccoli, 2006; Kirkendall
et al., 2008).

The definitive recognition of these two different species
raised doubts about their respective distributions in Europe
and the Mediterranean region, as well as about the damage
for which they are responsible. Indeed, T. piniperda has long
been assumed to be present in North Africa and along the
northern coast of the Mediterranean Sea, although molecular
studies have so far shown that T. piniperda only rarely
occurs in these regions (Horn et al., 2006, 2009). This is
particularly striking because T. piniperda was considered to
cause heavy damage in those regions, which likely should now
be attributed to T. destruens (Masutti, 1969; Triggiani, 1983;
Lieutier, 1984).

During the last decade, several studies have provided reliable
data concerning the respective distribution ranges of both
Tomicus species in Europe and the Mediterranean region. These
data are so far discrete presence/absence data obtained in
a number of localities. Overall, T. destruens was found all
around the Mediterranean Basin up to the Atlantic regions of
France and develops on several Mediterranean Pinus species
(Kerdelhué et al., 2002; Gallego et al., 2004; Horn et al., 2006;
Vasconcelos et al., 2006; Faccoli, 2007, 2009). Conversely, the
distribution of T. piniperda was confirmed over a large part
of Europe from Scandinavia to France, Italy and the northern
half of the Iberian Peninsula (Gallego et al., 2004; Ritzerow
et al., 2004; Vasconcelos et al., 2006; Horn et al., 2009). This
polyphagous species was observed on several Pinus species but

its main host in Europe appears to be Pinus sylvestris (Gallego
et al., 2004; Horn et al., 2009). These recent studies have also
allowed a better description of the phenology of both species.
Adult flight activity and reproduction of T. destruens was
observed in both autumn and spring in North Africa and Italy
(Nanni & Tiberi, 1997; Horn et al., 2006), whereas this species
reproduces only in autumn in all other regions. Concerning
T. piniperda, reproduction occurs in late winter or early spring
in Europe. Therefore, T. piniperda has one generation per
year, whereas T. destruens could be either uni- or bivoltine
depending on local conditions. Both species have sister broods
(i.e. the female can oviposit successively in different individual
host trees).

Because T. destruens and T. piniperda have different
phenologies and generally do not reproduce during the same
season, it is critical to acquire knowledge on their potential
distributions and their ecological requirements to allow the
adaptation of silvicultural practices and to more accurately
anticipate the potential consequences of climate warming
(Mason et al., 2011). To date, only one study has inferred
the influence of climatic factors on both Tomicus species and
generated maps of potential distribution, although this was
restricted to Spain (Gallego et al., 2004). It was shown that the
two species had contrasting requirements in terms of climate
and pine hosts: T. destruens was found in warm and dry parts of
Spain, whereas T. piniperda preferred more humid and colder
areas. Gallego et al. (2004) provided new data that proved
useful in managing these damaging insects in Spain (i.e. at the
known southern edge of the range of T. piniperda). The main
conclusions in Gallego et al. (2004) may therefore not apply to
the rest of the species’ ranges in Europe, where environmental
conditions are different. An equivalent study over the entire
range of both species is now essential for completing the picture
in Europe.

In the present study, we investigated, for the first time,
the distributions of T. piniperda and T. destruens based on
samples all over Europe and the Mediterranean Basin gathered
from published data. The main goals of the present paper are:
(i) to use the presence/absence data obtained from published
studies with unambiguous molecular identification to build
predictive maps of the present geographical distributions for
T. destruens and T. piniperda and (ii) to determine the influence
of abiotic (temperature and rainfalls) factors on their respective
distributions.

Materials and methods

Data source

A total of 114 sites with T. destruens or/and T. piniperda
was gathered (see Supporting information, Doc. S1). Each site
was obtained from previously published studies carried out in
Europe and around the Mediterranean Basin, and was kept only
if Tomicus individuals were identified to the species level based
on molecular markers. Previous results using mitochondrial and
nuclear markers showed that molecular barcoding is an efficient
and reliable way of identifying Tomicus species (Duan et al.,
2004). Hence, the present study is based on data taken from
Gallego and Galian (2001), Kerdelhué et al. (2002), Kohlmayr
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360 A. Horn et al.

et al. (2002), Ritzerow et al. (2004), Faccoli et al. (2005), Horn
et al. (2006), Vasconcelos et al. (2006) and Horn et al. (2009).

Moreover, the statistical analyses conducted in the present
study require both presence and unambiguous absence data.
Presence data were readily accessible, although interpreting
the absence data may be difficult. In some cases, both species
were systematically searched in each site (i.e. trap trees set
up both in fall and in the end of winter, using all available
host species, observations conducted in shoots; information was
found either from the literature or directly from the respective
authors). In such cases, when one of the species was not found,
it was considered as absent. In cases of doubt, we considered
the corresponding species as missing data (see Supporting
information, Doc. S1) and excluded it from the analysis of
the distribution of that species.

Environmental data

We used a set of 19 bioclimatic variables available from the
WorldClim database, version 1.4 (http://www.worldclim.org;
Hijmans et al., 2005; Table 1). These data are derived from
monthly temperatures and rainfalls and constitute biolog-
ically meaningful variables expressing annual trends (e.g.
mean annual temperature), seasonality (e.g. annual range in

Table 1 List of the 19 bioclimatic variables obtained from the WorldClim
database over the period 1950–2000 (Hijmans et al., 2005)

Code Variable name Formula

BIO1 Annual mean temperature
BIO2 Mean diurnal range [Mean of monthly (maximum

temperature – minimum
temperature)]

BIO3 Isothermality [(BIO2/BIO7) × 100]
BIO4 Temperature seasonality (SD × 100)
BIO5 Maximum temperature of

warmest month
BIO6 Minimum temperature of

coldest month
BIO7 Temperature annual range (BIO5–BIO6)
BIO8 Mean temperature of wettest

quarter
BIO9 Mean temperature of driest

quarter
BIO10 Mean temperature of

warmest quarter
BIO11 Mean temperature of coldest

quarter
BIO12 Annual precipitation
BIO13 Precipitation of wettest month
BIO14 Precipitation of driest month
BIO15 Precipitation seasonality
BIO16 Precipitation of wettest

quarter
BIO17 Precipitation of driest quarter
BIO18 Precipitation of warmest

quarter
BIO19 Precipitation of coldest

quarter

Temperatures are given in Celsius; precipitations are given in millimetres.

temperature) and extreme or limiting environmental factors
(e.g. temperature of the coldest and warmest months). Monthly
temperatures and rainfalls are themselves interpolations of
observed data representative of the years 1950–2000 (Hijmans
et al., 2005). Based on the published data used to select the
presence/absence data (see Supporting information, Doc. S1),
the known pine host species of T. piniperda in Europe are Pinus
halepensis, Pinus nigra, Pinus pinaster, Pinus sylvestris, Pinus
uncinata and Pinus radiata, whereas those of T. destruens are
P. halepensis, Pinus pinea, P. pinaster, Pinus brutia, P. nigra
and P. radiata. European distributions of most of these species
are available from the European Forest Genetic Resources
Program (Euforgen) (http://www.euforgen.org/), except for the
introduced species P. radiata and for P. uncinata. However, it
must be noted that some planted areas and fragmented stands do
not appear in the Euforgen database. Accordingly, we did not
use these host data to model Tomicus species distribution but
rather to refine the potential distributions of Tomicus species
to places where at least one host species occurs. It should be
noted that the pine distribution maps used in the present study
are more restricted than the actual host occurrence. Data were
in the form of rasters and were managed using the geographi-
cal information system software grass (GRASS Development
Team, 2010), which was interfaced with r statistical software
(R Development Core Team, 2010) by means of the r pack-
ages spgrass6 (Bivand, 2007) and raster (Hijmans & van
Etten, 2010).

Generalized linear model (GLM) fitting, evaluation
and prediction

A GLM was used to model the occurrence data (both presence
and absence) of both Tomicus species using environmental
predictors (here, the bioclimatic variables). Each species
was analyzed separately. A GLM is a generalization of
ordinary least squares regression (Faraway, 2006). GLMs are
robust tools and are commonly used in species distribution
modelling (Guisan et al., 2002; Franklin, 2009). We used basic
GLMs relating species occurrence and all predictors without
interaction. Each insect species was individually analyzed using
the r package mass (Venables & Ripley, 2002). We performed
a stepwise model selection by Akaike information criterion
(AIC). The performance of the resulting models were assessed
by cross-validation for a set of confusion matrices and threshold
values (Fielding & Bell, 1997) using the r package dismo
(Hijmans et al., 2010). For each species, we used the threshold
corresponding to the maximum of the sum of the sensitivity
(true positive rate) and specificity (true negative rate) to set
the areas where species were considered as present (raw model
prediction above threshold) or absent (raw model prediction
below threshold).

We additionally evaluated each model using the area under
the receiver operator curve (AUC) that is a measure of rank-
correlation. High values indicate that high (low) predicted
values tend to be areas of known presence (absence) of the
species under study. Model evaluation was performed using
the r package dismo. We modelled the distributions of both
Tomicus species across a large area comprised between 10◦W,
40◦E, 30◦S and 70◦N.
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Distributions of T. destruens and T. piniperda 361

Table 2 Summary statistics for generalized linear models linking the presence and absence of Tomicus destruens and Tomicus piniperda and a set of
bioclimatic variables

Species Code Variable name Coefficients Std. error z value P

Tomicus destruens BIO6 Minimum temperature of coldest month −0.11041 0.07983 −1.383 0.1666
BIO10 Mean temperature of warmest quarter 0.08099 0.03796 2.133 0.0329
BIO11 Mean temperature of coldest quarter 0.19789 0.10069 1.965 0.0494

Tomicus piniperda BIO1 Annual mean temperature 1.46464 0.65345 2.241 0.02500
BIO3 Isothermality −0.79970 0.56922 −1.405 0.16005
BIO5 Maximum temperature of warmest month 0.33861 0.17052 1.986 0.04706
BIO6 Minimum temperature of coldest month 0.30129 0.14367 2.097 0.03599
BIO8 Mean temperature of wettest quarter −0.08786 0.04347 −2.021 0.04324
BIO9 Mean temperature of driest quarter −0.04342 0.02308 −1.881 0.05997
BIO10 Mean temperature of warmest quarter −1.34178 0.58422 −2.297 0.02164
BIO11 Mean temperature of coldest quarter −0.89429 0.34606 −2.584 0.00976
BIO14 Precipitation of driest month −0.09713 0.06471 −1.501 0.13338
BIO16 Precipitation of wettest quarter −0.01660 0.01006 −1.651 0.09873

The resulting presence/absence maps are reported as
‘climate-based potential distributions’ of both insect species
because they are based solely on climatic data. We also report
the intersection between these maps and the geographical dis-
tribution of host pine species, aiming to obtain a more realistic
picture of the occurrence of species.

Results

General linear models

In the case of T. destruens, the stepwise model selection by AIC
resulted in the selection of three bioclimatic variables (AIC =
37.16) among which two significantly contributed to the model
(Table 2). These variables were mean temperature of warmest
quarter and mean temperature of coldest quarter (Table 2). The
AUC was 0.97, which indicated good model performances [i.e.
that sites with high (low) predicted suitability values tended to
be areas of known presence (absence)]. Overall, the presence
of T. destruens was associated with the highest temperatures
(Fig. 1).

The stepwise model selection by AIC yielded a 10 biocli-
matic variables model in the case of T. piniperda (AIC = 50.5;
Table 2). Among these, six significantly contributed to the final
model: annual mean temperature, maximum temperature of
warmest month, minimum temperature of coldest month, mean
temperature of wettest quarter, mean temperature of warmest
quarter and mean temperature of coldest quarter (Table 2).
Again, the AUC value was high (0.99), indicating a good per-
formance of the model.

Two of the significant variables (mean temperature of
warmest quarter and mean temperature of coldest quarter) were
linked to the distribution of both species but the sign of the
relationship was opposite (Fig. 1). These results illustrated that
the species had opposite preferences.

Maps of geographical distributions

GLMs were used to predict the geographical distributions
of T. destruens and T. piniperda using the bioclimatic data.

The threshold values corresponding to the maximum of the
sum of the sensitivity and specificity were 0.038 and 0.475
for T. destruens and T. piniperda, respectively. The resulting
species distribution maps are shown in Figs 2 and 3. Figure 2
shows the estimate of the potential distributions of both species
on the basis of the GLMs alone. Figure 3 is derived from the
former estimations but the range of each species was restricted
to the areas where at least one of its known hosts is naturally
present (in accordance with information from the Euforgen
database). Based on these results, T. destruens was expected
to be present continuously around the Mediterranean Basin,
except at high altitude in mountainous regions (Figs 2 and 3).
Moreover, its presence was also predicted along the Atlantic
Ocean up to Oléron Island (France), as well as around the
Black Sea in the Middle East. The model fitted to T. piniperda
known occurrences yielded an almost opposite pattern because
the species was expected in most of Europe, at latitudes higher
than 45◦N or below this latitude in mountainous areas. It was
also expected to occur at lower latitudes outside of Europe,
such as in Morocco, Algeria, Tunisia and Turkey, although
it was restricted to regions of high altitude (Figs 2 and 3).
For both species, the predicted distribution ranges included
regions where they have not yet been studied (i.e. where no
sampling point is currently available). The regions of sympatry
were mainly located in the northern part of the Mediterranean
Basin where both species are known to occur, although data
are still scarce. The countries with the largest predicted areas
of sympatry were Portugal, Spain, France and Italy, as well as
Morocco, Algeria, Tunisia, Bulgaria, Turkey and Syria (Fig. 2).
It is worth noting that no confirmed occurrence of any of the
two species is available in some of these latter countries. When
restricted to areas where at least one pine host species is present,
potential areas of sympatry were mostly estimated in the Iberian
Peninsula and France (Fig. 3).

Discussion

By using the available molecular data on the presence/absence
of T. piniperda and T. destruens in Europe and around the
Mediterranean Basin, we were able to draw maps of suitable
geographical ranges for both species as a function of bioclimatic

© 2012 The Authors
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362 A. Horn et al.

Figure 1 Box plots of two bioclimatic variables that significantly contributed to the generalized linear model linking climate descriptors to Tomicus
destruens and T. piniperda. Each bioclimatic variable is expressed in Celsius (◦C). Absence and Presence represent the observed occurrence of each
species.

variables. All recent existing data suggested that the two species
have parapatric distributions with few contact zones where
they occur in sympatry (Kerdelhué et al., 2002; Gallego et al.,
2004; Horn et al., 2006, 2009; Vasconcelos et al., 2006). The
results obtained in the present work confirmed that T. piniperda
and T. destruens broadly displayed parapatric distributions
(Fig. 2). They shared limited regions of sympatry in the Iberian
Peninsula, southern France and Italy, and also in rare places in
the rest of the southern and northern limits of their respective
ranges (Fig. 2). The present study offered a large-scale picture
of the ecological requirements and plausible distribution ranges
of the two species, which will help in pest diagnostics and
adaptation of management strategies.

The two Tomicus species have contrasted ecological
requirements

Occurrences of both Tomicus species were shown to be
strongly correlated with bioclimatic variables, although with
opposite patterns in terms of climatic requirements (Fig. 1). For
example, the distributions of both species were significantly
related to the same extreme environmental factors (mean

temperature of warmest quarter and mean temperature of
coldest quarter) but the presence of T. destruens was associated
with warm temperatures, whereas T. piniperda was associated
with low values (Fig. 1). The present result is consistent with
the trend shown by Gallego et al. (2004) at a regional spatial
scale (i.e. Spain). The absence of T. destruens in localities with
the coldest temperatures is in accordance with the ecology
and life-history traits of this species, in which reproduction
and larval development occur in autumn and winter (Sabbatini
Peverieri et al., 2008). Larval development is known to be a
critical period when individuals may experience high mortality
rates, especially as a result of extreme temperatures (Howe,
1967). No information is available about the lethal temperature
for T. destruens, although preliminary results suggested that low
temperatures probably limit larval development and increase
mortality (Horn, 2006), which could explain the absence of
T. destruens in the coldest regions.

Similarly, the presence of T. piniperda appeared to be related
to low values of variables such as mean temperature of warmest
quarter or mean temperature of coldest quarter, which is in
agreement with the species’ biological traits (Fig. 1). Tomicus
piniperda is known to be tolerant to cold temperatures (Bakke,
1968; Långström, 1983; Saarenmaa, 1985) because its ability

© 2012 The Authors
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Distributions of T. destruens and T. piniperda 363

Figure 2 Estimates of potential geographical distributions of Tomicus
piniperda and Tomicus destruens in Europe and around the
Mediterranean Basin based on the generalized linear models alone.
(A) Potential distribution for T. piniperda. Black and empty dots indicate
locations where the species has been found present and absent,
respectively. (B) Potential distribution for T. destruens. Black and empty
squares indicate locations where the species has been found present
and absent, respectively. In both maps, dark areas correspond to
regions where the presence of both species was predicted by models
(sympatry).

to overwinter under the bark at the base of the trees during the
cold season protects it from the most extreme temperatures. Its
geographical distribution thus covers a large part of northern
Europe (Fig. 2). On the other hand, the absence of the species in
southern localities could reflect a susceptibility to high summer
temperature, and it may also be a result of the lack of cold
temperatures during the cold season, which are a prerequisite to
trigger the obligate overwintering period of mature individuals
of T. piniperda. The species may require marked differences
between the cold and the warm seasons to complete its cycle,
and could thus not perform well in regions with mild winters.

By contrast to the conclusions noted by Gallego et al. (2004),
who predicted the presence of T. piniperda in humid regions
of Spain, we found no significant correlation between the
occurrence of the two species and precipitations when studying
the whole distribution range. Humidity could be a limiting

Figure 3 Estimates of potential geographical distribution of Tomicus
piniperda and Tomicus destruens in Europe and around the
Mediterranean Basin derived from the generalized linear models and
restricted to areas where at least one pine host species is naturally
present. (A) Potential distribution for T. piniperda. Black and empty
dots indicate locations where the species has been found present and
absent, respectively. (B) Potential distribution for T. destruens. Black
and empty squares indicate locations where the species has been found
present and absent, respectively. In both maps, dark areas correspond
to regions where the presence of both species was predicted by models
(sympatry).

factor for T. piniperda at the southern edge of its distribution
(i.e. only in the southern and driest part of its range), which
could explain why precipitation and humidity do not appear as
important variables on a global spatial scale. Additional data
documenting the fine-scale distribution of this species at other
southern margins of its range, such as in southern France or
Italy, are necessary to further test this hypothesis.

How to further improve the maps of suitable environmental
conditions?

The predicted distribution maps obtained in this study gave
useful information about suitable areas for T. destruens and
T. piniperda, although they should be used with care. In

© 2012 The Authors
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364 A. Horn et al.

particular, it is important to keep in mind that these maps cannot
be directly interpreted as plausible distributions for each species
but rather as maps of suitable environmental conditions. The
results obtained in the present study should now be used to
build precise sampling designs aiming to specifically explore
the regions where one species could occur but has not yet been
observed. For example, mountainous regions of North Africa
could be suitable for T. piniperda (Figs 2 and 3), although
whether this species is actually present in the southern rim of
the Mediterranean remains an open question. Sampling along
altitudinal gradients coupled with molecular barcoding could
provide some answers.

Moreover, as a first approach, our analysis focused on Europe
and the Mediterranean Basin. However, T. piniperda has also
been reported in Eastern Russia, Asia Minor and East Asia
(Murayama, 1963; Pfeffer, 1994; Kulinich & Orlinskii, 1998)
based on morphological identification. In the future, it will
be important to enlarge the studied scale and draw maps of
possible distributions from Europe to East Asia. This may prove
difficult because recent studies have pointed out taxonomic
ambiguities in these regions; two new species of Tomicus
were recently described there (Kirkendall et al., 2008; Li et al.,
2010), which could have previously been confounded with T.
piniperda. In addition, the occurrence of T. piniperda has been
confirmed in at least one province of China (Duan et al., 2004).
Consequently, a reliable dataset of presence/absence of the
different Tomicus species will be a prerequisite before building
species distribution models in the rest of Eurasia.

Applied implications

The present work provides an important tool for future studies
involving T. destruens and T. piniperda as a first indicator to
encourage the use of molecular identifications in doubtful areas,
in particular in all regions located near the potential contact
zone between both species.

Additionally, our results may be particularly useful for pest
management strategies because we give: (i) a broad view of the
distributions of both Tomicus species; (ii) the main bioclimatic
factors influencing their distributions; and (iii) the predicted
distributions of both species with climatic and pine host factors.
A better knowledge of bark beetles biogeography will be a
major tool when developing pest management strategies, in
addition to the large amount of information reported so far on
Tomicus and forest management (Komonen & Kouki, 2008). In
the future, we propose that these strategies should be adapted to
the plausible presence of each of the two species. For example,
in regions where T. destruens occurs, preventive measures
or monitoring surveys should be conducted earlier than those
established for T. piniperda because host attacks occur months
earlier for T. destruens.

Finally, predictive maps of damaging species could also
comprise a useful tool for identifying areas where the expansion
of pest populations could occur in the context of global
warming. The distribution range of T. destruens will probably
increase in future years because this species is highly tolerant of
higher temperatures. Our approaches could help when drawing
maps of regions where the risk of expansion (or invasion)
is high, and also in the targeting of early monitoring and

management practices. Moreover, our data will be helpful
for establishing predicted scenarios in the context of global
warming by integrating the different temperature change
estimates made by the Intergovernmental Panel on Climate
Change (Core Writing Team, 2007), although this is far beyond
the goals of the present study.
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