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the conversion of forests to pasture, remains a widely believed but still untested hypothesis to explain
this range expansion. An equally untested alternative hypothesis is ongoing climate change as a driver
of this observed expansion. Here we modeled the current distribution of C. durissus using occurrence
. records prior to 1950 for model calibration. Model predictions were then evaluated using occurrence
Climate change . . .. R . ..
Land-use land-cover change records post—1950. The”s.ets of mo.dels. considered (i) only blO(.IlllT.latIC predlct(?rs, (ii) only land-use lan@—
Pasture cover predictors, and (iii) a combination of both. Our results indicated that since 1950’s the geographic
Ecological niche modeling range of C. durissus is expanding primarily due increase in pasture areas, and, secondarily due to ongoing
changes in climate (changes in isothermality and precipitation). This range expansion encompasses the
Argentinian Chaco and the arc of deforestation in the Amazon, which were unsuitable before the 1950’s.
The ongoing range expansion of the neotropical rattlesnake can become a public health issue, given that
it is a venomous snake of medical importance. The expansion of the neotropical rattlesnake range can be
controlled through public policies aimed at restraining deforestation (especially in the Amazon and the
Gran Chaco) and encouraging reforestation (especially in the Brazilian Atlantic Forest).
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Introduction

The neotropical rattlesnake, Crotalus durissus Linnaeus, 1758,
is the only representative of its genus in South America, with a
widespread, although discontinuous, distribution in the continent
(Fig. 1 - Wiister et al., 2005; Benicio, 2018). This taxon is generally
associated with tropical, subtropical, and temperate open vegeta-
tion, inhabiting a wide range of habitats, from rocky areas with
sparse vegetation to savannas and pastures (Campbell and Lamar,
2004; Sawaya et al., 2008; Benicio, 2018).Its distribution has a close
correlation with the ‘dry diagonal’, a diverse and biogeographically
important region, composed by Caatinga, Cerrado and Chaco (Fig. 1
- Vanzolini, 1963; Prado and Gibbs, 1993; Mayle, 2006).

Starting in the 1950’s, the planet has witnessed drastic global
changes known as the great acceleration of the Anthropocene”
(Steffen et al., 2015). The same process happened in Brazil, with
an intensification of land-use land-cover change in the Amazon,
Cerrado and the Brazilian Atlantic Forest, due to excessive wood
exploitation, monoculture expansion, cattle raising, and urbaniza-
tion (Puorto, 2012; Carlucci et al., 2021). A number of authors
have suggested that land-use change, especially the conversion of
forest to pasture, may have enabled the opening of dispersion cor-
ridors for C. durissus from Cerrado and Caatinga to areas originally
forested, leading to the expansion of the species’ range (Sazima,
1992; Melgarejo, 2003; Bastos et al., 2005; Puorto, 2012). In the
state of Rio de Janeiro, in the Atlantic Forest, for instance, there were
no records of the species until the 1950’s, and specimens deposited
in herpetological collections have only increased since then (Bastos
et al., 2005; Bochner and Machado, 2012). Land-use change frag-
ments the landscape into smaller forested patches immersed in an
open pasture matrix, bringing the boundaries between Atlantic For-
est and Cerrado domains further east (Bastos et al., 2005; Bochner
and Machado, 2012; Benicio, 2018; Fiorillo et al., 2020).

An expansion of C. durissus’ range towards deforested, and
therefore densely inhabited areas, is a cause for concern as it is
a venomous species of medical importance in several countries
in South America (Nori et al., 2014; Chippaux, 2017), with a high
lethality rate in Brazil, Bolivia, Venezuela, Colombia, and French
Guiana (Sazima, 1992; FUNASA, 2001; Bastos et al.,2005; Chippaux,
2017). An expansion of the species’ range in response to land-
use change, however, remains a widely believed but still untested
hypothesis. It is concurrent, for example, with an equally untested
hypothesis of changes in distribution due to global warming, as the
climate is also changing due to anthropogenic emissions of green-
house gases. Since the 1950’s, many of the observed changes are
unprecedented over decades to millennia, and we have already
recorded an average global warming of 1°C in comparison to
pre-industrial times (IPCC, 2021), with many species already show-
ing changes in distribution in response to recent warming (e.g.,
Parmesan and Yohe, 2003).

Here, we used an ecological niche modeling framework to model
C. durissus current distribution based on occurrence records pre-
1950, using three sets of models to investigate whether changes in
species distribution over this period have been caused by climate
change, land-use change, or both. This is the first test of the role of
land-use and climate change on the observed range expansion of
C. durissus.

Materials and methods
Occurrence records
Crotalus durissus is easily identifiable by the presence of a caudal

creptacle (Melgarejo, 2003; Campbell and Lamar, 2004). Given that
this is the only species of this genus in South America, misiden-
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tification is a non-issue. We gathered the occurrence records of
C. durissus from 50 herpetological collections in Brazil, Argentina
and Paraguay, and the following digital open-access databases:
American Museum of Natural History (AMNH), Field Museum of
Natural History (FMNH), Global Biodiversity Information Facility
(GBIF, https://www.gibf.org/), Smithsonian Institution National
Museum of Natural History (NMNH), the SpeciesLink project
(http://splink.cria.org.br/), and VertNet (http://vertnet.org/). All
records were evaluated, manually removing duplicates, speci-
mens born in captivity, and records with ill-defined geographic
location. For records with location name but no latitude/longitude
information, we gathered geographic coordinates from the
following databases considering the most specific locality avail-
able: Instituto Brasileiro de Geografia e Estatistica 4.1. 2010
(http://geoftp.ibge.gov.br/organizacao_do_territorio/estrutura_
territorial/localidades), Global Gazetteer 2.3. 1949 (http://www.
fallingrain.com/world/index.html), and Google Earth 7.1.7. 2016
(https://www.google.com.br/intl/pt-BR/earth/). For analytical pur-
poses, occurrence records were separated into two sets: records
made before 1950 (called “pre-1950”, hereafter), and records made
in and after 1950 (called “post-1950”, hereafter). A total of 332
occurrence records were retained after the spatial thinning: 82
pre-1950 and 250 post-1950 (Appendix A).

Bioclimatic and land-use land-cover predictors

We gathered bioclimatic and land-use land-cover variables from
ecoClimate (https://www.ecoclimate.org) database at 0.5° resolu-
tion for two time periods: 1900-1949 (pre-1950) and 1950-1999
(post-1950). This is an open database that uses processed, multi-
temporal climatic simulations produced by the Coupled Modeling
Intercomparison Projects (CMIP6) and the Land-Use Harmoniza-
tion Project (LUH2) across past, present, and future (Lima-Ribeiro
et al,, 2015; Vale et al., 2021). The two time periods were chosen
based on the first records of C. durissus in the Atlantic Forest, com-
bined with the start of the great acceleration in the 1950s (Steffen
et al., 2004; Fiorillo et al., 2020). As there are no available averages
for the land-use land-cover data, we considered data from the last
year of each period: 1949 (for the period pre-1950) and 1999 (for
the period post-1950). The LUH2 dataset is stored annually, and
therefore, we used only the years that represented the end of the
two time periods used for the bioclimatic variables.

We selected six land-use land-cover variables among the 12
available based on the species’ biology (Aratijo et al.,2019): forested
primary land, non-forested primary land, potentially forested sec-
ondary land, potentially non-forested secondary land, managed
pasture and rangeland. The “forested” and “non- forested” cate-
gories take into account the aboveground standing stock of natural
cover; ‘primary’ means lands that were not disturbed by human
activities previously, and ‘secondary’ include lands that are in
recovering or in the process of recovering from human activities
to their original states (see Hurtt et al., 2006, 2011; Hurtt, 2020 for
more details).

We cropped all variables to the neotropical region, where C.
durissus was present, using Olson et al. (2001) ecoregions dataset.
Due to different resolutions between bioclimatic and LUH2 vari-
ables, we resampled the land-use land-cover data to 0.5° resolution
using the nearest neighbor method within the ‘raster’ package
v.3-1.5 in R (Hijmans, 2020). To avoid multicollinearity and cor-
relation problems, we used the Variance Inflation Factor (VIF) test
to select only variables with VIF <3 and correlation <0.7 (Zuur et al.,
2010) via a stepwise procedure using ‘vifcor’ function at ‘usdm’
v1.1 - 18 package (Naimi et al., 2014), retaining 7 bioclimatic and
5 land-use land-cover variables (max VIF=2.3, linear correlation
coefficients ranged from 0.001 to 0.49) (Table S1, supplementary
material): mean diurnal range, isothermality, mean temperature
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Fig. 1. Known distribution of Crotalus durissus. Distribution modified from the International Union for Conservation for Nature (Martins and Lamar, 2010). Vegetation
map following Olson et al. (2001) ecoregions, showing “major habitat types” that correspond to open vegetation (savanna and flooded/non-flooded grasslands) and Forested
Vegetation (tropical and temperate dry or humid forests). Within the C. durissus distribution, major open vegetation corresponds to South America’s “dry diagonal”, represented
by the Caatinga (CA), Cerrado (CE), Chaco (CH) and Pampa (PA), and major forested vegetation are represented by the Brazilian Atlantic Forest (AF) and the Amazon (AM).

of wettest quarter, precipitation of driest month, precipitation of
wettest quarter, precipitation of warmest quarter, precipitation
of coldest quarter, non-forested primary land, potentially forested
secondary land, potentially non-forested secondary land, managed
pasture and rangeland.

Ecological niche modeling

We constructed three sets of ecological niche models (ENM): (i)
using only bioclimatic predictors (called “climate-only”, hereafter),
(ii) only land-use land-cover predictors (called “land-use-only”),
and (iii) both bioclimatic and land-use land-cover predictors (called
“climate +land-use”). All modelling procedures described below
were conducted for all sets separately using pre-1950’s occur-
rence records (Fig. 2). The model was then projected to pre-1950’s
environmental conditions, reproducing the “historical” distribu-
tion of C. durissus, and to the post-1950’s conditions, representing
the “current” distribution of the species under the assumption of
species-environment non-equilibrium reflected in an expanding
range (e.g., Aratjo et al., 2005; Wilson et al., 2007). We used the
Biomod2 package v. 3.4.6. in R studio v. 1.3.959 platform for all
analyses (Thuiller et al., 2020). Occurrence records post-1950 were
not used to calibrate or test model performance, but to test model’s
prediction under post-1950’s conditions, as explained later.

We used six algorithms for two types of data requirements:
Presence-absence models using regression (Generalized Linear
Models (GLM) and Generalized Additive Models (GAM)), boosting

((Random Forest (RF) and Generalized Boosting Model (GBM)) and
discrimination techniques (Flexible Discriminant Analysis (FDA));
and Presence-background models using Maximum Entropy mod-
els (MaxEnt). From these algorithms, we produced a final ensemble
model (Aratjo and New, 2006; Thuiller et al., 2019). We generated
3 sets of 1,000 random pseudo-absences points with a minimum
distance of 100 km from occurrence records (Barbet Massin et al.,
2012).To avoid potential sampling bias in models’ outputs, we used
a buffer of 100 km to filter our occurrence records using the ‘thin’
function in the ‘SpThin’ package v0.2.0. This function uses a ran-
domization algorithm that thins occurrence records at a distance
specified by the user (Aiello-Lammens et al., 2015).

We calibrated the models using 80% of records from the pre-
1950 period for training and 20% for testing (Fig. 2) using the
cross-validation technique at a constant prevalence at 0.5 (Guisan
et al.,, 2017). We conducted 10 replicates for each algorithm and
tested the importance of each variable running 10 permutations
using the ‘get_variables_importance’ function (Thuiller et al., 2020).
This test shuffles a variable in the dataset n times and compares, via
a Pearson correlation, the predictions of the reference model and
the shuffled model. The higher the index, the more influence the
variable has on the model (Thuiller et al., 2020).

We evaluated model performances using the area under the
curve of the receiver-operating characteristic (AUC or ROC) tech-
nique (Fielding and Bell, 1997). All replicates with AUC>0.7
were selected and aggregated for a final ensemble model using
weighted-by-AUC mean. Then, continuous predicted probabilities
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Fig. 2. Workflow to identify the likely cause of Crotalus durrisus’ range expansion.
The analysis was carried in two main steps. (1) We calibrated the ecological niche
modeling using the historical conditions (pre-1950 occurrence records and envi-
ronmental data), for three sets of data: climate only, land-use only and both. The
procedure generated three distribution models that were then projected into cur-
rent conditions (post-1950 environmental data). (2) The fitness of each model to the
observed range expansion was evaluated using only post-1950 occurrence records,
pointing to the likely cause of Crotalus durrisus’ range expansion: climate, land-use
change, or both. Rectangles show analyses and dashed ellipses show datasets.

of occurrence were binarized using a threshold value that maxi-
mized AUC and also evaluated by weighted-by-AUC mean (pAUC)
(Guisan et al., 2017). We projected the final model for each set of
models (climate-only, land-use-only and climate +land-use) into
geographic space under pre-1950’s and extrapolated to post-1950’s
environmental conditions (Fig. 2). The extrapolation was limited to
the current range of the species distribution, since the areas out-
side the current range may include non-analogous environmental
conditions.

Because uncertainty can also arise in model output projection
and it is a fundamental step for ENMs (Zurell et al., 2020), we
created an uncertainty map, from binary ensemble models, using
pre-1950’s occurrence records. This map indicates how different
models converge or diverge in their average predictions of species
presence or absence. When the average of binary suitability pre-
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diction is close to O or 1, it indicates that most models agree to
predict presence (value close to 1) or absence (value close to 0).
Values close to 0.5 indicates that models diverge in their prediction
(Thuiller et al., 2020).

To evaluate which set of models (climate-only, land-use-only,
climate +land-use) best mirrors the current distribution of C. duris-
sus, we calculated the model’s sensitivity using the occurrence
records post-1950’s on models projected onto post-1950’s condi-
tion. It is important to remember that those models were created
using the pre-1950’s occurrence records, and then projected under
post-1950’s conditions. Because we know the distribution of the
species under the projected conditions, we can evaluate the model’s
predictions. Finally, we calculated the extent of the predicted dis-
tribution for the three sets of models under the two time periods
(pre and post-1950), in order to detect predicted range expan-
sions or contractions under the different modeling combinations
(Fig. 2).

Results

We successfully ran all 540 models (3 sets of models x 6 algo-
rithms x 3 sets of pseudo absences x 10 runs), 180 for each one
of the three model sets. Only those with pAUC >0.7, however,
were retained to compute the weighted (mean) final ensemble
model: 178 models for the climate-only set, 171 for the land-
use-only set and 173 for the climate +land-use set. The weighted
mean ensemble model for the three sets of models had high
pAUC scores (climate +land-use=0.89, climate-only=0.93, land-
use-only =0.90), with a particularly high percentage of presences
correctly predicted (sensitivity=93.5) for the climate +land-use
ensemble model (Table S2, supplementary material).

The ‘precipitation of coldest quarter’ (mean=0.33) and ‘isother-
mality’ (mean=0.22) were the most important variables in models
including climate, whereas ‘managed pasture’ (mean=0.54) was
the one that most contributed to models including land-use land-
cover data (Table 1). In general, the predicted probability of
occurrence of C. durissus showed a negative relationship with ‘pre-
cipitation of coldest quarter’ and ‘isothermality’ and a non-linear
positive relationship with ‘managed pasture’, in which occurrence
decreased after large values of managed pasture (Fig. S1, supple-
mentary material).

In the geographic space, models that included land-use land-
cover variables predicted a surface with several discontinuities
compared to the climate-only model (Fig. 3). A comparison among
model sets for C. durissus shows that the ensemble model that com-
bined climate and land-use projected, proportionally, the largest
post-1950 range, accounting for almost 15% of range expansion in
comparison with the other two ensemble models (Table 2). The
climate +land-use model was also the one with the best fit to the
observed post-1950 occurrence records, pointing to a major role
of land-cover and climate in the current observed expansion of C.
durissus range (Table 2). This indicates that both land-cover and the
climate are becoming more suitable for C. durissus through time.

When projected, it was possible to observe that the modeled
uncertainties (pre and post-1950) occupied a small area and it was,
mainly, concentrated along patches in Caatinga and Chaco regions
(Figs. S2-S7, supplementary material).

Discussion

Our results show that C. durissus is indeed expanding its geo-
graphic range since1950’s, and that this expansion is influenced
both by land-use and climate changes. Models based on bioclimatic
or land-use land-cover data only attained similar general trends,
but the combination of both models shows that climate alone can-
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Table 1
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Variables’ contribution to ecological niche models of Crotalus durissus. Contribution of climatic and land-use land-cover variables for the three sets of models used. The color
gradient visually indicates how much each variable contributed to the models. The highest values are represented by red and the lowest, by shades of green.

Model Set

0.804

0.057

0.026

0.027

Variables Climate + Climate-only Land-use-only
land-use

Managed Pasture 0.291 -
Prec. Coldest Quarter 0.197 0.470
Isothermality 0.163 0.284
Prec. Wettest Quarter 0.084 0.247
Prec. Warmest Quarter 0.060 0.073
Non-Forested Primary Land 0.018 -
Non-Forested Secondary Land 0.014 -
Mean Temp. Wettest Quarter 0.008 0.041
Rangeland 0.008 -
Mean Diurnal Range 0.002 0.010
Prec. Driest Month 0.002 0.006
Secondary Forested Land 0.000 =

0.017

Table 2

Predicted Crotalus durissus post-1950 range. Sensitivity refers to presences correctly predicted using observed post-1950 occurrence records.

Model set

Climate-only

Land-use only Climate +land-use

Projected range post-1950 (km?) 2,720,000
Range expansion between pre and post-1950 (%) 11.8%
Sensitivity (%) 53.6%

3,725,000 3,456,789
4.8% 14.3%
62.9% 75.9%

not explain this geographic expansion, which is clearly strength-
ened by the increase in pasture areas. Indeed, managed pasture was
the land use variable most important to explain C. durissus’ prob-
ability of occurrence (Table 1), with a sharp positive relation for
low and medium pasture values, that either levels off or becomes
a negative relationship for very high pasture values (Fig. S1, sup-
plementary material). Comparing the models pre- and post-1950
one can notice that post-1950 there was a significant expansion
of C. durissus to more inland areas of Brazil, including the arc of
deforestation in the Amazon (Fig. 3), an area that endured about
50% of global deforestation of tropical humid forests (Hansen et al.,
2008; Colli et al., 2015). In the mid-1950s, Brazil began a period

of successive technological revolutions and mechanization of agri-
culture (Steffen et al., 2004; Steffen et al., 2015; Silva and Arbilla,
2018), accelerating the deforestation and expansion of monocul-
tures and cattle ranching (Steffen et al., 2004; Steffen et al., 2015;
Vieira, 2019). Since this period, human occupation in the Amazon
has continually moved northwards, expanding the arc of deforesta-
tion (Armenteras et al., 20134, b; Colli et al., 2015; Vieira, 2019).
Similar processes also occurred in the southern portion of C.
durissus distribution. In northwestern Argentina during the second
half of 20t century, the Gran Chaco has suffered a severe reduction
in area due to deforestation mostly for soybean plantation, but also
livestock (Zak et al., 2004; Boletta et al., 2006; Grau et al., 2005;
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Current
(post-1950)

Fig. 3. Records and the three sets of ecological niche models for Crotalus durissus performed in the present study. Models were calibrated using occurrence records pre-1950

and then projected into the post-1950 period.

Volante et al., 2012). This enabled the geographic expansion of C.
durissus as shown here (Fig. 3).

Although land-use change, particularly the expansion of pas-
tures, seems to be the main factor behind C. durissus’ geographic
expansion since the 1950’s, our study shows that it operates
together with climatic change. We found that precipitation of cold-
est quarter and isothermality - the last representing the ratio of
mean diurnal range to the annual temperature range - had the sec-
ond and third greatest contribution to C. durissus’ ecological niche
models, respectively (Table 1). Precipitation of the coldest quarter
indicates the amount of rain during winter and our models pre-
dicted higher probabilities of occurrence of C. durissus during drier
periods in the winter. The isothermality indicates how severe the
variation of temperature in a month is when compared to annual
variation in temperature. In our case, our models predicted that C.
durissus was more likely to occur when the variation of tempera-
ture in a month was less abrupt when compared to the variation of
temperature over a year (Fig. S1, supplementary material).

Despite the lack of studies associating the behavior of Crotalus
species to precipitation patterns, we here suggest some interpreta-
tions of the response curves for this variable. The model for the
period pre-1950 predicted a distribution of C. durissus covering
distinct Brazilian areas, except the north region where the Ama-
zon forest is located, showing the highest pluviometric averages
in the country (Nimer, 1989). Although this warm climate is suit-
able, since C. durissus inhabits open and dry areas and remains
active throughout the year (Campbell and Lamar, 2004; Tozetti and
Martins, 2013), the dense vegetation cover coupled with the high
and constant pluviometric index of this region (= wetter habitats),
may act as a natural barrier to its dispersal.

With the exception of the southern Brazil, which has a well-
distributed pluviometric index throughout the year (although
much lower than that of Amazon) and a temperate climate phy-
tophysiognomy, the remaining of the country is characterized
by greater pluviometric seasonality, showing a heterogeneous
distribution of rainfall throughout the year and, consequently,
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a well-marked dry seasons (Nimer, 1989; Pereira et al.,, 2013).
According to the response curves of the precipitation of the cold-
est quarter (Fig. S1, supplementary material), high values of this
variable could represent a slightly greater climatic homogeneity
throughout the year, at least in terms of humidity, leading to a
potential decrease in pluviometric seasonality, which could reduce
the fitness of C. durissus, and precludes its dispersion. In other
words, itisimportant that the dry and wet periods are well-marked.
If the dry period starts to have more rain (Precipitation of Coldest
Quarter), this seasonality decreases and, consequently, reduces the
probability of C. durissus occurrence.

Tozetti and Martins (2008) showed that C. durissus controls
body temperature to avoid overheating during the day and also
selects microhabitats based on substrate temperature. These are
attributes typical of a generalist species, which may possibly
explain its distribution in such diverse microclimates, corroborat-
ing studies that suggest a great adaptive potential for the taxon
(Bastos et al., 2005; Sawaya et al., 2008; Tozetti and Martins, 2008;
Hartmann et al., 2009; Nori et al., 2014; Benicio, 2018; Fiorillo
etal., 2020). However, our results show that high values of isother-
mality affects the probability of occurrence of this taxon, meaning
that despite its physiological plasticity, C. durissus is sensitive to
large temperature oscillations within a month relative to a year.
Putman and Clark (2017) investigated the thermal tolerance of a
congener (C. oreganus), showing that hunting activity and move-
ments in and out of refugee varies according to body and mean
daily air temperatures, which indicates some level of correlation
between the species’ fitness and environmental temperature oscil-
lations. This is also indicated here by the effect of isothermality
in C. durissus, although this issue still requires empirical investiga-
tion.

The geographic expansion of C. durissus post-1950 may also be
related to trophic interactions that are changing due to a global
warming intensification, a hypothesis not tested here. Whitford
etal.(2021) propose that faster defensive attacks due to higher tem-
peratures means that Crotalus spp. may experience reduced risks
of predation by endothermic animals. According to the authors, the
absence of ontogenetic variation in the diet of C. durissus can favor
the recruitment of juveniles to newly colonized areas as long as
there are available food resources, and rodents are a type of prey
abundant in anthropized areas (Tozetti and Martins, 2008). In other
words, contrary to what occurs in other snake taxa, C. durissus does
not have a specific diet when young and feeds preferentially on
small mammals throughout its life. As rats are closely associated
with anthropized environments, it is natural to move to these areas
due to its greater availability of food. On the other hand, a poten-
tial increase of the pluviometric index in southern Atlantic Forest
and Pampa as predicted by some studies (IPCC, 2021; Vale et al.,
2021), could impair the fitness of C. durissus at least in these regions,
precluding its dispersion.

It is important to acknowledge, however, that the projected
range expansion could be potentially different if some biotic, demo-
graphic and/or dispersal attributes would be considered (Anderson,
2013). The inclusion of potential prey, predators and/or competi-
tors as an explanatory variable, for example, would, potentially,
yield a different geographic occupation of the area (biotic noise
assumption). However, these data are often hard to find and strict
co-occurrence does not necessarily mean predation or competition.
Also, we are assuming that random fluctuations in birth and death
rates are small compared to the overall population size (demo-
graphic noise assumption) and dispersal movements are stochastic
processes where the probability of a species colonizing a new
location is a function of its suitability and the dispersal distance
(dispersal noise assumption). Nevertheless, the range expansion of
C.durissusis empirically observed and as we showed here a function
of climate and land-use changes.
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Given that C. durissus is a venomous snake, its expanding
range has major public health implications in developing coun-
tries (Gutiérrez et al., 2017). Matos and Ignotti (2020) pointed out
that accidents with Crotalus were unique in showing an increasing
trend in Brazil during the period between 2003 and 2012, mainly for
the Cerrado and Pampa biomes, where pasture areas and monocul-
tures are expanding. This tendency towards an increase in accidents
may characterize an amplified risk of death in relation to snakebite
accidents in general (Matos and Ignotti, 2020). Snakebites must be
viewed as a dynamic problem (Nori et al., 2014), considering the
effects of climate changes, anthropic actions, and shifts in land use
and land cover over time on the distribution of venomous snakes.
As we have shown here, the expansion of C. durissus is strongly
associated with the conversion of forest into open habitats through
deforestation. The process is potentialized by climate change, that
cannot be reverted in the short or medium term (IPCC, 2021).
Therefore, the most efficient management strategy is to reduce the
conversion of forest habitats into open habitats and revert the situ-
ation when the conversion has already happened to avoid potential
accidents in the future. That means, specifically, to control defor-
estation in the Amazon region, where more than 80% of the forest
still stands (SPA, 2021), and to promote reforestation of Atlantic
Forest, where less than 30% of the forest remains (Rezende et al.,
2018). These actions would not only be beneficial in the specific
case of C. durissus’ range expansion, but have countless co-benefits
for biodiversity and humans alike, including climate change mit-
igation, climate regulation, soil preservation, and water and food
security (Griscom et al., 2017; Bustamante et al., 2019; Griscom
et al., 2020; Mackey et al., 2020).

Author statements

GFCG, DSF and MMV conceived the ideas and designed method-
ology; GFCG and MMV gathered the data; RT did data analysis;
GFCG, MMV and RT produced maps and figures; all authors led the
writing of the manuscript. All authors contributed critically to the
drafts and gave final approval for publication.

Compliance with ethical standards

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Declaration of interests

Gabriela Ferreira Campos Guerra reports financial support was
provided by National Council for Scientific and Technological
Development. Gabriela Ferreira Campos Guerra reports financial
support was provided by Brazilian Coordination for the Improve-
ment of Higher Education Personnel. Mariana Moncassim Vale
reports financial support was provided by National Council for Sci-
entific and Technological Development. Mariana Moncassim Vale
reports financial support was provided by Chagas Filho Founda-
tion for Research Support of the State of Rio de Janeiro. Rodrigo
Tardin reports financial support was provided by Brazilian Coordi-
nation for the Improvement of Higher Education Personnel. Daniel
Silva Fernandes reports financial support was provided by National
Council for Scientific and Technological Development. Daniel Silva
Fernandes reports financial support was provided by Brazilian
Coordination for the Improvement of Higher Education Personnel.
Daniel Silva Fernandes reports financial support was provided by
Chagas Filho Foundation for Research Support of the State of Rio de
Janeiro.

206



G.F. Guerra, M.M. Vale, R. Tardin et al.
Acknowledgment

MMV received support from the National Council for Scientific
and Technological Development (CNPq Grant no. 304309/2018-
4, 304908/2021-5) and the Chagas Filho Foundation for Research
Support of the State of Rio de Janeiro (FAPER] Grant no. E-
26/202.647/2019). GFCG and RT received MSc and post-doc
fellowship, respectively, from the National Council for Scientific
and Technological Development (CNPq Grant no. 131867/2015-
6) and the Brazilian Coordination for the Improvement of Higher
Education Personnel (CAPES Grant no. 001). GFCG receives PhD fel-
lowship from the Brazilian Coordination for the Improvement of
Higher Education Personnel (CAPES Grant no. 88887.614469/2021-
00). DSF thanks National Council for Scientific and Technological
Development (CNPq Grant no. 308567/2019-6), Brazilian Coordi-
nation for the Improvement of Higher Education Personnel (CAPES
Grantno.88887.159161/2017-00), and Chagas Filho Foundation for
Research Support of the State of Rio de Janeiro (FAPER] Grant no. E-
26/211.154/2019), for financial support. This study was developed
in the context of the National Institute for Science and Technol-
ogy in Ecology, Evolution and Conservation of Biodiversity (INCT
EECBio, CNPq Grant no. 465610|2014-5, FAPEG 201810267000023)
and the Brazilian Network on Global Climate Change Research
(Rede CLIMA) (FINEP Grant no. 01.13.0353-00).

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.pecon.
2023.06.003.

References

Aiello-Lammens, ML.E., Boria, R.A., Radosavljevic, A., Vilela, B., Anderson, R.P., 2015.
spThin: an R package for spatial thinning of species occurrence records for use
in ecological niche models. Ecography 38, 541-545,
http://dx.doi.org/10.1111/ecog.01132.

Anderson, R.P., 2013. A framework for using niche models to estimate impacts of
climate change on species distributions. Ann. N.Y. Acad. Sci. 1297, 8-28,
http://dx.doi.org/10.1111/nyas.12264.

Araijo, M.B., New, M., 2006. Ensemble forecasting of species distributions. Trends
Ecol. Evol. 22 (1), 42-47, http://dx.doi.org/10.1016/j.tree.2006.09.010.

Aratjo, M.B., Pearson, R.G., Rahbek, C., 2005. Equilibrium of species’ distributions
with climate. Ecography 28 (5), 693-695,
http://dx.doi.org/10.1111/j.2005.0906-7590.04253.x.

Araijo, M.B., Anderson, R.P., Barbosa, A.M., Beale, C.M., Dormann, C.F., et al., 2019.
Standards for distribution models in biodiversity assessments. Sci. Adv. 5 (1),
1-11.

Armenteras, D., Cabrera, E., Rodriguez, N., Retana, J., 2013a. National and regional
determinants of tropical deforestation in Colombia. Reg. Environ. Change 13
(6), 1181-1193, http://dx.doi.org/10.1007/s10113-013-0433-7.

Armenteras, D., Rodriguez, N., Retana, J., 2013b. Landscape dynamics in
Northwestern Amazonia: an assessment of pastures, fire and illicit crops as
drivers of tropical deforestation. PLoS One 8 (1), e54310,
http://dx.doi.org/10.1371/journal.pone.0054310.

Barbet Massin, M., Jiguet, F., Albert, C., Thuiller, W., 2012. Selecting pseudoabsences
for species distribution models: how, where and how many? Methods Ecol.
Evol. 3 (2), 327-338, http://dx.doi.org/10.1111/j.2041210X.2011.00172.x.

Bastos, E.G.M., Aratjo, A.F.B., Silva, H.R., 2005. Records of the rattlesnakes Crotalus
durissus terrificus (Laurenti) (Serpentes, Viperidae) in the State of Rio de
Janeiro, Brazil: a possible case of invasion facilitated by deforestation. Rev. Bras.
Zool. 22 (3), 812-815, http://dx.doi.org/10.1590/s0101-81752005000300047.

Benicio, R.A., 2018. Notes on habitat use of Crotalus durissus (South American
rattlesnake). Herpetol. Notes 11, 645-646.

Bochner, R., Machado, C., 2012. A informacdo dos acidentes crotalicos no Estado do
Rio de Janeiro, 2001 a 2010. Gazeta Médica da Bahia 82 (1), 78-84.

Boletta, P.E., Ravelo, A.C., Planchuelo, A.M.,, Grilli, M., 2006. Assessing deforestation
in the Argentine Chaco. For. Ecol. Manage. 228, 108-114.

Bustamante, M.M.C,, Silva, ].S., Scariot, A., Sampaio, A.B., Mascia, D.L., et al., 2019.
Ecological restoration as a strategy for mitigating and adapting to climate
change: lessons and challenges from Brazil. Mitigation Adapt. Strategies Global
Change 24, 1249-1270, http://dx.doi.org/10.1007/s11027-018-9837-5.

Campbell, J.A., Lamar, W.W., 2004. The venomous reptiles of the Western
Hemisphere. Cornell University Press, Ithaca.

Carlucci, M.B., Marcilio-Silva, V., Torezan, .M., 2021. The Southern Atlantic Forest:
use, degradation, and perspectives for conservation. In: Marques, M.C.M.,

Perspectives in Ecology and Conservation 21 (2023) 200-208

Grelle, C.E.V. (Eds.), The Atlantic Forest: history, biodiversity, threats and
opportunities of the mega-diverse forest. Springer Nature Switzerland AG,
Gewerbestrasse, Switzerland, p. 517.

Chippaux, ].P., 2017. Incidence and mortality due to snakebite in the Americas. PLoS
Negl. Trop. Dis. 11 (6), 1-39, http://dx.doi.org/10.1371/journal.pntd.0005662.

Colli, G.R., Hoogmoed, M.S., Cannatella, D.C., Cassimiro, J., Gomes, ].O., et al., 2015.
Description and phylogenetic relationships of a new genus and two new
species of lizards from Brazilian Amazonia, with nomenclatural comments on
the taxonomy of Gymnophthalmidae (Reptilia: Squamata). Zootaxa 4000 (4),
401-427.

Fielding, A.H., Bell, J.F., 1997. A review of methods for the assessment of prediction
errors in conservation presence/absence models. Environ. Conserv. 24 (1),
38-49.

Fiorillo, B.F., Tozetti, A.M., Martins, M., 2020. Habitat use by five species of
sympatric pitvipers (Bothrops, Crotalus) in a brazilian savannah. Herpetol.
Notes 13, 951-960.

FUNASA, 2001. Manual de diagnéstico e tratamento de acidentes por animais
peconhentos. FUNASA, Brasilia.

Grau, H.R,, Gasparri, N.I, Aide, T.M., 2005. Agriculture expansion and deforestation
in seasonally dry forests of North-West Argentina. Environ. Conserv. 32 (2),
140-148.

Griscom, B.W., Adams, ]., Ellis, P.W., Houghton, R.A,, Lomax, G., et al., 2017. Natural
climate solutions. PNAS 114, 11645-11650,
http://dx.doi.org/10.1073/pnas.1710465114.

Griscom, B.W., Busch, ]., Cook-Patton, S.C., Ellis, P.W., Funk, ]., et al., 2020. National
mitigation potential from natural climate solutions in the tropics. Philos. Trans.
R. Soc. B Biol. Sci. 375, 20190126, http://dx.doi.org/10.1098/rstb.2019.0126.

Guisan, A., Thuiller, W., Zimmermann, N.E., 2017. Habitat suitability and
distribution models: with applications in R. Cambridge University Press,
Cambridge.

Gutiérrez, ].M., Calvete, ].J., Habib, A.G., Harrison, R.A., Williams, D.J., et al., 2017.
Snakebite envenoming. Nat. Rev. Dis. Primers 3, 17063,
http://dx.doi.org/10.1038/nrdp.2017.63.

Hansen, M.C., Shimabukuro, Y.E., Potapov, P., Pittman, K., 2008. Comparing annual
MODIS and PRODES forest cover change data for advancing monitoring of
Brazilian forest cover. Remote Sens. Environ. 112 (10), 3784-3793.

Hartmann, P.A., Hartmann, M.T., Martins, M., 2009. Ecologia e histéria natural de
uma taxocenose de serpentes no Niicleo Santa Virginia do Parque Estadual da
Serra do Mar, no sudeste do Brasil. Biota Neotropica 9 (3), 173-184,
http://dx.doi.org/10.1590/51676-06032009000300018.

Hijmans, RJ., https://CRAN.R-project.org/package=raster, 2020.

Hurtt, G.C., Frolking, S., Fearon, M.G., Moore, B., Shevliakova, E., et al., 2006. The
underpinnings of land-use history: three centuries of global gridded land-use
transitions, wood-harvest activity, and resulting secondary lands. Glob. Change
Biol. 12, 1208-1229, http://dx.doi.org/10.1111/j.1365-2486.2006.01150.x.

Hurtt, G.C., Chini, L.P., Frolking, S., Betts, R.A., Feddema, ]., et al., 2011.
Harmonization of land-use scenarios for the period 1500-2100: 600 years of
global gridded annual land-use transitions, wood harvest, and resulting
secondary lands. Clim. Change 109, 117-161,
http://dx.doi.org/10.1007/s10584-011-0153-2.7.

Hurtt, G.C., Chini, L.P., Sahajpal, R, Frolking, S., Bodirsky, B.L., et al., 2020.
Harmonization of global land use change and management for the period
850-2100 (LUH2) for CMIP6. Geosci. Model Dev. 13, 5425-5464,
http://dx.doi.org/10.5194/gmd-13-5425-2020.

IPCC, 2021. Summary for Policymakers. In: Masson Delmotte, V., Zhai, P., Pirani, A.,
Connors, S.L., Péan, C,, et al. (Eds.), Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, p. 40.

Lima-Ribeiro, M.S., Varela, S., Gonzalez-Hernandez, J., Oliveira, G., Diniz-Filho,
J.AF, etal.,, 2015. ecoClimate: a database of climate data from multiple models
for past, present, and future for Macroecologists and Biogeographers.
Biodivers. Inf. 10, 1-21.

Mackey, B., Kormos, C.F., Keith, H., Moomaw, W.R., Houghton, R.A,, et al., 2020.
Understanding the importance of primary tropical forest protection as a
mitigation strategy. Mitigation Adapt. Strategies Global Change 25, 763-787,
http://dx.doi.org/10.1007/s11027-019-09891-4.

Martins, M., Lamar, W.W., 2010. Crotalus durissus. The IUCN Red List of Threatened
Species, e.T178477A7554740.
https://doi.org/10.2305/[UCN.UK.2010-4.RLTS.T178477A7554740.en. Accessed
18 May 2021.

Matos, R.R.,, Ignotti, E., 2020. Incidence of venomous snakebite accidents by snake
species in Brazilian biomes. Ciéncia e Satde Coletiva 25 (7), 2837-2846,
http://dx.doi.org/10.1590/1413-81232020257.31462018.

Mayle, F.E., 2006. The Late Quaternary biogeographical history of South American
seasonally dry tropical forests: insights from palaeo-ecological data. In:
Pennington, R.T., Ratter, J.A. (Eds.), Neotropical savannas and seasonally dry
forests plant diversity, biogeography, and conservation. Taylor & Francis, Boca
Raton, pp. 395-416.

Melgarejo, A.R., 2003. Venomous snakes of Brazil. In: Cardoso, ].L.C., Fran¢a, O.S.F.,
Wen, F.H., Médlaque, C.M.S., Haddad Jr, V. (Eds.), Venomous animals in Brazil:
biology, clinical and therapeutic of accidents. Sarvier, Sdo Paulo.

Naimi, B., Hamm, N.A., Groen, T.A., Skidmore, A.K., Toxopeus, A.G., 2014. Where is
positional uncertainty a problem for species distribution modelling. Ecography
37, 191-203, http://dx.doi.org/10.1111/j.1600-0587.2013.00205.X.

Nimer, E., 1989. Climatologia do Brasil, 2nd ed. IBGE, Departamento de Recursos
Naturais e Estudos Ambientais, Rio de Janeiro.

207


https://doi.org/10.1016/j.pecon.2023.06.003
https://doi.org/10.1016/j.pecon.2023.06.003
dx.doi.org/10.1111/ecog.01132
dx.doi.org/10.1111/nyas.12264
dx.doi.org/10.1016/j.tree.2006.09.010
dx.doi.org/10.1111/j.2005.0906-7590.04253.x
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0025
dx.doi.org/10.1007/s10113-013-0433-7
dx.doi.org/10.1371/journal.pone.0054310
dx.doi.org/10.1111/j.2041210X.2011.00172.x
dx.doi.org/10.1590/s0101-81752005000300047
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0055
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0060
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0065
dx.doi.org/10.1007/s11027-018-9837-5
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0075
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0080
dx.doi.org/10.1371/journal.pntd.0005662
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0095
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0115
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0120
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0125
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0135
dx.doi.org/10.1073/pnas.1710465114
dx.doi.org/10.1098/rstb.2019.0126
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0150
dx.doi.org/10.1038/nrdp.2017.63
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0165
dx.doi.org/10.1590/s1676-06032009000300018
https://CRAN.R-project.org/package=raster
dx.doi.org/10.1111/j.1365-2486.2006.01150.x
dx.doi.org/10.1007/s10584-011-0153-2.7
dx.doi.org/10.5194/gmd-13-5425-2020
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0200
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0205
dx.doi.org/10.1007/s11027-019-09891-4
https://doi.org/10.2305/IUCN.UK.2010-4.RLTS.T178477A7554740.en
dx.doi.org/10.1590/1413-81232020257.31462018
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0230
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0235
dx.doi.org/10.1111/j.1600-0587.2013.00205.x
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0245

G.F. Guerra, M.M. Vale, R. Tardin et al.

Nori, J., Carrasco, P.A., Leynaud, G.C., 2014. Venomous snakes and climate change:
ophidism as a dynamic problem. Clim. Change 122, 7-80,
http://dx.doi.org/10.1007/s10584-013-1019-6.

Olson, D.M.,, Dinerstein, E., Wikramanayake, E.D., Burgess, N.D., Powell, G.V.N.,
et al., 2001. Terrestrial ecoregions of the world: a new map of life on Earth.
BioScience 51 (11), 33-938.

Parmesan, C., Yohe, G., 2003. A globally coherent fingerprint of climate change
impacts across natural systems. Nature 421 (6918), 7-42.

Pereira, G., Silva, M., Moraes, E., Cardozo, F., 2013. Avaliacao dos dados de
precipitacdo estimados pelo satélite TRMM para o Brasil. Rev. Bras. Recursos
Hidricos 18 (3), 139-148, http://dx.doi.org/10.21168/rbrh.v18n3.p139-148.

Prado, D.E., Gibbs, P.E., 1993. Patterns of species distributions in the dry seasonal
forests of South America. Ann. Missouri Bot. Gard. 80, 902-927.

Puorto, G., 2012. Divulgacao cientifica sobre animais peconhentos no Brasil. Gazeta
Médica da Bahia 82 (supl.1), 33-39.

Putman, BJ., Clark, R.W., 2017. Behavioral thermal tolerances of free-ranging
rattlesnakes (Crotalus oreganus) during the summer foraging season. J. Therm.
Biol 65, 8-15, http://dx.doi.org/10.1016/j.jtherbio.2017.01.012.

Rezende, C.L., Scarano, F.R., Assad, E.D., et al., 2018. From hotspot to hopespot: an
opportunity for the Brazilian Atlantic Forest. Perspect. Ecol. Conserv. 16,
208-214, http://dx.doi.org/10.1016/j.pecon.2018.10.002.

Sawaya, RJ., Augusto, O., Marques, V., Martins, M., 2008. Composicdo e histéria
natural das serpentes de Cerrado de Itirapina, Sdo Paulo, sudeste do Brasil.
Biota Neotropica 8 (2), 127-149.

Sazima, I, 1992. Natural history of the jararaca pitviper, Bothrops jararaca, in
South-eastern Brazil. In: Campbell, ].A., Brodie, E.D. (Eds.), Biology of the
pitvipers. Selva Press, Tyler, Texas.

Science Panel for the Amazon, 2021. In: Nobre, C., Encalada, A., Anderson, E., Roca
Alcazar, F.H., Bustamante, M., Mena, C., Pefia-Claros, M., Poveda, G., Rodriguez,
J.P., Saleska, S., Trumbore, S., Val, A.L,, Villa Nova, L., Abramovay, R., Alencar, A.,
Alzza, A.C.R., Armenteras, D., Artaxo, P., Athayde, S., Barretto Filho, H.T., Barlow,
J., Berenguer, E., Bortolotto, F., Costa, F.A., Costa, M.H., Cuvi, N., Fearnside, P.M.,
Ferreira, J., Flores, B.M., Frieri, S., Gatti, L.V., Guayasamin, J.M., Hecht, S., Hirota,
M., Hoorn, C., Josse, C., Lapola, D.M,, Larrea, C., Larrea-Alcazar, D.M., Lehm
Ardaya, Z., Malhi, Y., Marengo, ].A., Moraes, M.R., Moutinho, P., Murmis, M.R.,
Neves, E.G., Paez, B., Painter, L., Ramos, A., Rosero-Pefia, M.C., Schmink, M., Sist,
P., ter Steege, H., Val, P., van der Voort, H., Varese, M., Zapata-Rios (Eds.),
Executive Summary of the Amazon Assessment Report 2021. United Nations
Sustainable Development Solutions Network, New York, USA, p. 48.

Silva, C.M.,, Arbilla, G., 2018. Anthropocene: the challenges for a new world. Revista
Virtual de Quimica 10 (6), 1619-1647,
http://dx.doi.org/10.21577/1984-6835.20180111.

Steffen, W., Sanderson, A., Tyson, P.D., Jager, ]., Matson, P.A,, et al., 2004. Global
change and the earth system: a planet under pressure. Springer-Verlag Berlin
Hiedelberg, New York.

Perspectives in Ecology and Conservation 21 (2023) 200-208

Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O., Ludwig, C., 2015. The trajectory
of the Anthropocene: the great acceleration. Anthropocene Rev. 2 (1), 81-98,
http://dx.doi.org/10.1177/2053019614564785.

Thuiller, W., Guéguen, M., Renaud, ]., Karger, D.N., Zimmermann, N.E., 2019.
Uncertainty in ensembles of global biodiversity scenarios. Nat. Commun. 10
(1), 1-9.

Thuiller, W., Georges, D., Engler, R., Breiner, F.,
https://CRAN.R-project.org/package=biomod2, 2020.

Tozetti, A.M., Martins, M., 2008. Habitat use by the South-American rattlesnake
(Crotalus durissus) in south-eastern Brazil. . Nat. Hist. 42 (19-20), 1435-1444,
http://dx.doi.org/10.1080/00222930802007823.

Tozetti, A.M., Martins, M., 2013. Daily and seasonal activity patterns of free range
South-American rattlesnake (Crotalus durissus). Anais da Academia Brasileira
de Ciéncias 85 (3), 1047-1052,
http://dx.doi.org/10.1590/S0001-37652013005000043.

Vale, M.M,, Lima-Ribeiro, M., Rocha, T.C., 2021. Global land-use and land-cover data
for ecologists: historical, current and future scenarios. Biodivers. Inf. 16, 28-38.

Vanzolini, P.E., 1963. Problemas faunisticos do Cerrado. In: In: Simpésio sobre o
Cerrado. EAUSP, Sao Paulo, pp. 307-320.

Vieira, I.C.G., 2019. Land use drives change in amazonian tree species. Anais Da
Academia Brasileira de Ciéncias 91, 1-5,
http://dx.doi.org/10.1590/0001-3765201920190186.

Volante, J.N., Alcaraz-Segura, D., Mosciaro, M.J., Viglizzo, E.F., Paruelo, .M., 2012.
Ecosystem functional changes associated with land clearing in NW Argentina.
Agric. Ecosyst. Environ. 154, 12-22.

Whitford, M.D., Freymiller, G.A., Higham, T.E., Clark, RW., 2021. The effects of
temperature on the kinematics of rattlesnake predatory strikes in both captive
and field environments. Integr. Org. Biol. 2 (1), 1-12,
http://dx.doi.org/10.1093/iob/obaa025.

Wilson, J.R., Richardson, D.M., Rouget, M., Proches, S, Amis, M.A,, et al., 2007.
Residence time and potential range: crucial considerations in modelling plant
invasions. Divers. Distrib. 13 (1), 11-22,
http://dx.doi.org/10.1111/j.1366-9516.2006.00302.x.

Wiister, W., Ferguson, J.E., Quijada-Mascareiias, ].A., Pook, C.E., Salomao, M.D.G.,
et al., 2005. No rattlesnakes in the rainforests: reply to Gosling and Bush. Mol.
Ecol. 14 (11),3619-3621, http://dx.doi.org/10.1111/j.1365-294X.2005.02668.x.

Zak, M.R,, Cabido, M., Hodgson, ].G., 2004. Do subtropical seasonal forests in the
Gran Chaco, Argentina, have a future? Biol. Conserv. 120, 589-598.

Zurell, D., Franklin, J., Kénig, C.,, Bouchet, P.J., Dormann, C.F,, et al., 2020. A standard
protocol for reporting species distribution models. Ecography 43 (9),
1261-1277.

Zuur, AF,, Ieno, E.N,, Elphick, C.S., 2010. A protocol for data exploration to avoid
common statistical problems. Methods Ecol. Evol. 1 (1), 3-14.

208


dx.doi.org/10.1007/s10584-013-1019-6
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0255
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0260
dx.doi.org/10.21168/rbrh.v18n3.p139-148
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0270
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0275
dx.doi.org/10.1016/j.jtherbio.2017.01.012
dx.doi.org/10.1016/j.pecon.2018.10.002
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0290
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0295
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref9040
dx.doi.org/10.21577/1984-6835.20180111
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0310
dx.doi.org/10.1177/2053019614564785
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0320
https://CRAN.R-project.org/package=biomod2
dx.doi.org/10.1080/00222930802007823
dx.doi.org/10.1590/S0001-37652013005000043
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0340
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0345
dx.doi.org/10.1590/0001-3765201920190186
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0355
dx.doi.org/10.1093/iob/obaa025
dx.doi.org/10.1111/j.1366-9516.2006.00302.x
dx.doi.org/10.1111/j.1365-294X.2005.02668.x
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0375
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0380
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385
http://refhub.elsevier.com/S2530-0644(23)00040-8/sbref0385

	Global change explains the neotropical rattlesnake Crotalus durissus (Serpentes: Viperidae) range expansion in South America
	Introduction
	Materials and methods
	Occurrence records
	Bioclimatic and land-use land-cover predictors
	Ecological niche modeling

	Results
	Discussion
	Author statements
	Compliance with ethical standards
	Declaration of interests
	Acknowledgment
	Appendix A Supplementary data
	References


