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SUMMARY
[bookmark: OLE_LINK75][bookmark: OLE_LINK79][bookmark: _Hlk64616380]Bovine leptospirosis is a bacterial disease that affects cattle herds, causing economic losses due to reproductive problems, which require expensive treatments. The main source of transmission for cattle is still uncertain, but it has been described that rodents and bats can play an important role in the transmission cycle by being maintenance hosts for the pathogenic species of the bacterium and spreading it through urine. In this study, we characterize possible risk areas for bovine leptospirosis exposure in the state of Veracruz, Mexico, based on the geographical distribution of flying (bats) and terrestrial (rodents and opossums) wild hosts of Leptospira sp. reported in Mexico in addition with climatic, geographic, soil characteristics, land use and human activities variables (environmental variables). We used a generalized linear regression model (GLM) to understand the association between the frequency of anti-Leptospira sp. antibodies (a proxy of exposure to) in cattle herds exposed to Leptospira, the favorability of wild hosts of Leptospira as well as the environmental variables. The parameterized model explains 12.3% of the variance. The frequency of anti-Leptospira sp. antibodies exposoure in cattle herds was associated with elevation, geographic longitude, pH of the soil surface and environmental favorability for the presence of rodents, opossums, and bats. The variation in exposure is mainly explained by a longitudinal gradient (6.4% of the variance) and the favorability-based indices for wild hosts (9.6 % of the variance). Describing the possible risks for exposure to Leptospira in an important and neglected livestock geographical region, we provide valuable information to the selection of areas for diagnosis and prevention of this relevant disease.
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INTRODUCTION
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK14][bookmark: _Hlk65547931][bookmark: OLE_LINK112]Leptospirosis is a zoonotic disease with worldwide distribution, which highest incidence is recorded in tropical and subtropical areas (Cilia et al., 2020; Taniguchi & Póvoa, 2019) . The causative agents of the disease are several spirochetal bacteria of the Leptospira genus; until now 64 species has been described along with over 300 serovars (Picardeau, 2017; Vincent et al., 2019). The transmission of this pathogen depends on the biology of the infectious agent, the hosts (e.g. immunology and physiology) and the environment (e.g. water bodies, soils pH, annual precipitation and mean annual temperature; Bierque et al., 2020), thus, its handling require a One Health perspective (Dhewantara et al., 2020; Jara et al., 2019; Vieira et al., 2018).
[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: _Hlk65549253][bookmark: OLE_LINK115]In domestic animals, mainly in cattle, leptospirosis is characterized for producing reproductive problems such as abortions, stillbirths, and infertility, but it also leads to low production of milk and death of the adult animal (Delooz et al., 2018). The wild mammals, specifically rodents, marsupials and bats are considered hosts of pathogenic Leptospira species (Dietrich et al., 2015; Vieira et al., 2018). Wild animals may be possibly able to transmit bacteria to other hosts through contact with tissues or urine containing bacteria (Boey et al., 2019; Cordonin et al., 2020; Ko et al., 2009) or through the soil or water contaminated, depending on the conditions that prevail for bacteria to survive in the environment (Costa et al., 2015; Thibeaux et al., 2018). However, there is not consensus among researchers on the potential role of wild animals in the transmission of Leptospira sp. to cattle (Cilia et al., 2020). In recent years, the spread of infectious diseases such as the leptospirosis has integrated diverse tools from some other branches that strengthen pioneering fields such as health geography and spatial epidemiology (e.g. Dhewantara et al., 2019, 2020; Jara et al., 2019). Health geography is the branch of biogeography whereby epidemiology is linked to ecology with a view to study and understand the distribution patterns of infectious, emerging and/or endemic diseases (Escobar & Craft, 2016). These sort of approaches have led to a better understanding of the distribution of diseases over large geographical areas as well as to the possibility to identify the key factors underpinning the presence and or emergency of an infectious disease (Brewer et al., 2020). From a cartographic point of view, such approaches offer the possibility of generating risk maps with a high potential for designing surveillance programs and fighting against diseases (Johnson et al., 2019; Peterson, 2008).
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: _Hlk65550358][bookmark: OLE_LINK119][bookmark: OLE_LINK41][bookmark: OLE_LINK42]The Leptospirosis Burden Epidemiology Reference Group (LERG), of the World Health Organization (WHO) recommends the development of risk maps in regions where data are scarce or scattered (Dhewantara et al., 2020; WHO, 2010) to predict, prevent, detect or intervene in the presence of leptospirosis and limit its impact, within One Health context (Durski et al., 2014). Even so, risk maps shall be interpreted and validated with available information for the area of study so as to be able to deliver interpretations and reliable predictions (WHO, 2010). Thus, leptospirosis risk maps have been generated globally (Torgerson et al., 2015), nationally (Nuñez-Gonzalez et al., 2020; Sanchez-Montes et al., 2015; Zhao et al., 2016) and at a more regional level (Gracie et al., 2014; Jara et al., 2019). The latter have had a high interest since such maps correspond to the actions of unit on many occasions, on an epidemiological level. Even though the implementation of biogeographical approaches to derivate risk maps has been spreading in the last decade, studies that include wild hosts information are few for most of the affected zones by the disease.
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: _Hlk65553552][bookmark: OLE_LINK130]Concerning Mexico, clinical cases of leptospirosis has been described in humans (Sanchez-Montes et al., 2015; Zuñiga-Carrasco & Caro-Lozano, 2013), the presence bacteria and exposure by through PCR or MAT has been described in domestic (Carmona-Gasca et al., 2011; Zarate-Martinez et al., 2015) and wild animals (Ballados-Gonzalez et al., 2018; Espinosa-Martinez et al., 2015; Gutierrez-Molina et al., 2019; Torres-Castro et al., 2018, 2020). Human cases, just as the presence of Leptospira in domestic and wild animals, are more frequent in the Southeast states of the country, which include: Tabasco, Yucatan and Veracruz (Ballados-González et al., 2018; Gutiérrez-Molina et al., 2019; Torres-Castro et al., 2018, 2020b). The state of Veracruz is, among these, the main producer of bovine cattle of the country with an annual production of 479,077 tons of meat on the hoof and an inventory of  4,306,215 (SIAP, 2018). Nevertheless, in Mexico, leptospirosis is not a mandatory reportable disease, therefore there are not official data of losses of bovine caused by these bacteria, and therefore, there are not accurate information on the economical consequences of this disease (Pinna et al., 2018). The main purpose of our study was to develop risk maps based on the environmental favorability for the presence of the main wild Leptospira sp. host species and other risk factors of relevance for Leptospira transmission (topography, soils characteristic, geography and humans activity) using data of frequency anti-Leptospira sp. antibodies (a proxy of exposure) in cattle herds. Obtained results serve to improve the design of leptospirosis epidemiologic surveillance programs as well as for stimulating the development of directional hypothesis on the role small wild mammals can play in the transmission of bacteria to the cattle herds in this region, and potentially in other tropical regions where cattle are important business drivers. 

MATERIAL AND METHODS
[bookmark: OLE_LINK8]Study area and sampling design
[bookmark: _Hlk65719845][bookmark: OLE_LINK40][bookmark: OLE_LINK29][bookmark: OLE_LINK30]The study area corresponds to the southeastern coastal state of Veracruz, Mexico, with a total area of 72,410.05 km2 (3.7% of Mexico). Half of the state is covered by grassland (for livestock) and natural vegetation (woodland and jungle), however it is estimated that the remaining territory has been destined for agriculture, and urban areas (INEGI, 2017). It is considered that tropical and subtropical climates dominate the state from the sea level to about 1000 masl. Warm and humid, temperate and cold (in the mountains) complete the huge mixture of climates in this diverse state (INEGI, 2020; see also Figure 1).
[bookmark: OLE_LINK59][bookmark: OLE_LINK61][bookmark: _Hlk65720849][bookmark: OLE_LINK53]For analytical purposes, a regular grid of 1km2 square (n=78,612) was used for spatial explicit modelling for Veracruz. Two kind of models were built up, 1) species distribution for wild hots, and 2) risk factors analyses. Thus, all the information handled in this study (wild host distribution data, environmental variables and frequency anti-Leptospira antibodies in cattle herds) was transferred to this grid by using zonal statistics and join information by location in QGIS vs 3.10 (QGIS Development Team, 2020). The use of grids solves a large part of the spatial autocorrelation problems derived from sampling bias or spatial clustering in observations (Romero et al., 2019).

Species distribution models
Five bat species (Artibeus jamaicense, Artibeus lituratus, Chiroderma villosum, Desmodus rotundus and Pteronotus parnelli), two rodents (Mus musculus and Rattus rattus) and two opossums (Didelphis marsupialis and Didelphis virginiana) were identified in previous studies, using serological approaches, isolation and/or genomic sequencing, as potential hosts of Leptospira sp. in Mexico (Ballados-González et al., 2018; Gutiérrez-Molina et al., 2019; Krijger et al., 2020; Ruiz-Piña et al., 2002; Torres-Castro et al., 2018, 2020; Valbuena-Torrealba & Pefaur-Vega, 2015). Thus, they were the wild species considered in this study. Other wild species can be involved in Leptospira transmission (e.g. Rattus norvegicus; Himsworth et al., 2013) but were not considered here due to their scarce relevance in terms of distribution and abundance in the study area. The raw information on distribution for these species was downloaded from GBIF (Global Biodiversity Information Facility, 2020). For a given species, a grid square was considered as “presence” when at least one occurrence was recorded in GBIF (see Table 1).

For each species, we followed a two-step modelling procedure: i) delimitation of geographical extent for species distribution modelling, and ii) modelling environmental favorability and models projection to overall Veracruz. As the extent of the geographical background has substantial effects on the outputs of species distribution models (e.g Acevedo et al., 2017; Barve et al., 2011), we delimited an adequate territory to study species distribution (one per species) by a first model in which the third-degree polynomial of the latitude and longitude (trend surface analysis) was considered as predictors (Acevedo et al., 2012). The geographical extent for distribution modelling was represented by the squares which, after carrying out the first model, had a predicted suitability higher than the minimum value assigned to a presence (for further details see Acevedo et al., 2012). This procedure allowed us to study the distribution range within the area that is accessible for each species and is aimed to provide more explanatory models (e.g. Acevedo et al., 2017).
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]As a second step, and within the area selected for each species, we determined the environmental drivers explaining its presence. This was inductively carried out in bases to occurrence points in which the species was recorded in GBIF, using generalized linear models (binomial distribution and logit link function; GLM; Hosmer & Lemeshow, 1989). For modelling purposes, we considered all presences and randomly selected ten-times the number of presences as pseudoabsences. We forced this intermediate level of frequency to avoid statistical artefacts known to produce results biased to the larger group in GLM (Hosmer & Lemeshow, 2000). The model was parameterized using an 80% random sample of the data (training dataset) and internally evaluated against the remaining 20% (validation dataset). Twenty-nine variables related with climate, land uses, topography and human population density were considered as predictors (see Table 2), all of them commonly used in spatial explicit modeling as potential drivers of wildlife distribution from local to large spatial scale (Hortal et al., 2010). To avoid multicollinearity-related problems, we quantified within a stepwise procedure the variance inflation factor (VIF) on the training datasets to exclude prior to modelling those predictors VIF>3 from the analyses (Zuur et al., 2009). The selected predictors after controlling for VIF were considered in the GLM and the most parsimonious model (final model) was selected following a forward-backward stepwise procedure based on Akaike’s information criteria (AIC; Akaike, 1974). 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK28][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK34][bookmark: OLE_LINK57][bookmark: OLE_LINK58]Predictive performance of each final model was assessed on the evaluation datasets in terms of discrimination and reliability (e.g. Jiménez-Valverde et al., 2013; Pearce & Ferrier, 2000). Discrimination capability was quantified by the area under the receiver operating characteristic plot (AUC; see Lobo et al., 2008) that was computed using “ROCR” R package (Sing et al., 2005). Reliability of the predicted probabilities obtained from the final models (P) was estimated by exploring the calibration plot and H-L associated statistic (Lemeshow &Hosmer 2000). Calibration plots were constructed using “ggplot2” R package (Wickham, 2009) by plotting the proportion of occupied evaluation sites against the predicted probability of presence (for the ten equally sized probability intervals).
The P values obtained from GLM were included in the favorability function (Acevedo & Real, 2012; Real et al., 2006): F = [P/(1–P)] / [(n1/n0) + (P/(1–P))], where n1 is the number of presences and no the number of pseudoabsences in the training dataset. The favorability function provides a measure of the degree to which local environmental conditions lead to a local probability higher or lower than that expected at random (F), being this random probability defined by the frequency of the species in the training dataset. So, using the favorability function those localities with environmental conditions that favor the presence of the taxa (F>0.5) can be easily distinguished from those with detrimental characteristics (F<0.5) for its presence. The inherent quality of the favorability function of being expressed in relation to the species’ frequency enables direct comparison and combination when several of them are involved in the analytical design, as in this study. For example, this is needed when using models from different event prevalence as a basis for defining endemic areas for a diseases or exposure risk for a given disease (e.g. Boadella et al., 2010; Olivero et al., 2017), which cannot be built based on P because these are higher in common than in rare species, so the values for the former would prevail over those for the latter.  

Risk factor analyses 
[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK129][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK9][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Using fuzzy logic operations on F values we estimated two different risk indices for flying (bats) and terrestrial (rodents and opossums) wild host (see also Boadella et al., 2010; Romero et al., 2019):  i) minimum favorability (minF) per square for all involved species within each group (flying and terrestrial), and ii) maximum favorability (maxF) per square for all involved species within each group. The first one accounts for areas simultaneously favorable for all species and therefore the risk is defined by the presence of a broad community of Leptospira potential hosts. The second for areas in which at least one of the species achieved a high favorability. The consideration of these two risk indices allows to disentangle the potential role of small mammals in the exposure risk to Leptospira in the cattle herds. 
We then performed a risk analyses in order to identify the main factors explaining variations in frequency anti- Leptospira antibodies in cattle herds as a proxy of exposure to Leptospira. Frequency values for 306 herds (widely distributed in the study area; see Figure 1) were obtained from Cruz-Romero et al. (2013) (see also Table S1 in Supplementary Material). 
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK43][bookmark: OLE_LINK44]The risk analyses were performed at herd level (previously transferred to our territorial units for modelling purposes). The two risk indices previously described for wild mammals were considered as predictors. Those related to bats were characterized each sampled 1km2 square with the F values within a buffer 10 km radium due to high movement capability (Ceballos, 2014; Esbérard et al., 2017). In addition to risk from wild animals, topography (elevation and slope), soil characteristics (pH of the soil surface; Jara et al., 2019), geography (latitude, longitude and proximity to rivers), human activity (human footprint; Gallardo et al., 2015) and cattle density (SIAP, 2018), were considered in the model for their potential to explain variability in exposure risk. All potential risk factors were centered and standardized by subtracting the mean and dividing by standard deviation, prior the modelling. Frequency anti-Leptospira antibodies (log transformed) was the response variable and was modelled with a GLM (normal distribution and identity link function). The final model was obtained following a stepwise backward procedure based on AIC. VIFs of the predictors retained in the final model were checked, as well model assumptions by the visual exploration of the residuals (Zuur et al., 2009). The final model was transferred to overall study area in order to represent the predicted exposure risk to Leptospira sp. based on main risk factors.

RESULTS
[bookmark: OLE_LINK99][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK93][bookmark: OLE_LINK94]The number of squares selected after step 1 are shown in Table S2 (Supplementary Material). VIF analyses excluded for the favorability models some predictors (Table S2). The results of the statistical models used to explain the distribution range of the selected species are summarized in Table S3 (Supplementary Material) and predicted favorability for each one is represented in Figure S1 (Supplementary Material). Models achieved a high predictive performance according to AUC (>0.7) and calibration plots (see Figure S2 in Supplementary Material). 
[bookmark: _Hlk43114019][bookmark: OLE_LINK128][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Fuzzy logic operations allowed to combine specific favorability maps in order to estimate risk indices, independently for each group of species (Figure 2). Risk indices for each wild host group showed equivalent spatial pattern; it is characterized by achieving higher values in Centre and South of Veracruz, mainly in the western mountainous systems and in marshlands close to the Gulf of México (Figure 2). The model parameterized for explaining variations in frequency anti- Leptospira sp. antibodies in cattle explained 12.3% of the variance. The stepwise selected a model with six predictors (see Table 3), all of them achieved VIF<3. The frequency in cattle showed a negative relation with elevation, geographical longitude, pH of the soil surface and the minimal favorability for rodents and opossums, and a positive relation with minimal favorability for bats and maximal favorability for rodents and opossums, being the latter marginally significant. Table 3 shows the relationships between the dependent variable and predictors retained in the final model with statistically significant relationships. Variation in exposure is mainly explained by a longitudinal gradient (accounting for 6.4 of the variance) and the favorability-based indices for wild hosts (accounting for 9.6% of the variance). The predicted pattern of cattle exposure Leptospira according to this model is shown in Figure 3.

DISCUSSION
[bookmark: _Hlk65985594][bookmark: OLE_LINK162][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK51][bookmark: OLE_LINK52]The analytical approach used in this study allowed the drafting of various risk indexes for the exposure Leptospira in cattle herds based on the information on distribution of potential rodents, opossums, and bats and along the line of the analytical framework of species distribution models. Such indexes were incorporated in the model to explain and predict the relative risk associated to the exposure to Leptospira sp. on cattle herds and its spatial variation. The risk model undertaken here revealed a significant role of small wild mammals, especially rodents and opossum previously highlighted as potential hosts for this pathogen (Gutiérrez-Molina et al., 2019; Krijger et al., 2019; Torres-Castro et al., 2018).  In addition to this, it explained the exposure in combination with the geographic longitude in cattle herds distributed along the state (Dhewantara et al., 2019). Expected spatial patterns with higher exposure risk were found in the central part of the state of Veracruz where areas specifically designated for livestock and agriculture prevail and the main water bodies and important state cities are located (Dhewantara et al., 2020; INEGI, 2017).
[bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: _Hlk65989083]The results of the risk model showed a moderate level of expected frequency anti- Leptospira antibodies in cattle herds from the state of Veracruz (Figure 3) and such findings partially differ from previous studies (Zárate Martínez et al., 2015). These authors studied seven herds of the central zone of the state of Veracruz and had results with frequencies of 10 to 89%. Differences between previous prevalence and those predicted in this study may be further detailed herein, at least partially given the fact that these include a higher number of strains of those used in Cruz-Romero et al. (2013). This fact will support the idea that each region possess native serovars, many of them unknown when no insulations or classifications were made in the majority of the cases (Carmona-Gasca et al., 2011; Delooz et al., 2018; Vincent et al., 2019). On the other hand, risk indexes that may derive for each subgroup of Leptospira sp. flying and terrestrial wild hosts evidenced an equivalent spatial pattern (Figure 2), at least in terms of showing a reduced favorability in the northern part of the state and highlighting the local patterns of greater favorability in the central zone. Even though potential spatial biases that may contain the GBIF data, might have had influence (e.g. Beck et al., 2014), results of internal validation, mainly the relation with the observed exposure in cattle herds, suggests that the bias had no relevance. Moreover, indicators shown higher exposure in urban areas and water bodies where the presence of these species had not been reported. The foregoing makes sense in connection with its requirements of food and water, and on the other side, as a significant source of pathogens that subsequently can mobilize hosts and geographical areas (see Dobigny et al., 2015; Schneider et al., 2018).
[bookmark: OLE_LINK60]Geographical longitude and favorability for concerned flying and terrestrial wild hosts were the most important factors in explaining the spatial variation in the Leptospira frequency in cattle herds (Table 3). Favorability for rodents and opossums that may act as hosts also contributed to the risk of exposure (e.g.  Allan et al., 2018; Krijger et al., 2019). The above permits to infer a possible transmission between cattle herds and rodents when being present in studies of the same pathogenic Leptospira specie in both hosts (Allan et al., 2018). As Krijger et al. (2020) mention, rodents can be considered as indicator species of Leptospira sp. in the environment, and therefore these could present a hazard for the cattle. Hence, said outcome demonstrates the importance of studying the epidemiological relationship between wild and domestic hosts, not only at a serovariety or illness level, but also at the level of circulating Leptospira species and validating findings through genomic classification. In turn, favorability for bats species identifies the zones that possess environmental characteristics that favor the presence of these animals. Such favorable zones, are areas that will have a high bat species, and foreseeably, a greater abundance (e.g Weber & Grelle, 2012). This enables a scenario in which the potential for establishing interactions among wild species and herds are elevated (Cilia et al., 2020). With this foregoing, the risk of transmission at the wildlife-domestic interface and the levels of expected exposure that wilds pose to domestic animals should be studied in detail (Ballados-González et al., 2018; Dietrich et al., 2015; Torres-Castro et al., 2020).
Conversely, geographical longitude is a gradient that mark big environmental contrasts within the state; to the east with the Gulf of Mexico, while in the west presents tow mountain ranges (Sierra Madre Oriental & Sierra Madre del Sur). This gradient markup has some explanatory capacity in our model, given the fact that it might be possibly representing purely spatial inertia that can have the studied pattern (frequency) such as the environmental particularities that might constrain differences in the handling of cattle, in possible points of interaction with wild hosts and even in the bacteria survival to temperature or soil’s pH (Jara et al., 2019; Schneider et al., 2018; Thibeaux et al., 2018). More studies are needed to determine the processes behind the longitudinal gradient so marked in the levels of frequency that has been observed in this research. In this respect, determination of interactions (contacts) among domestic and wild hosts, based on studies of monitoring of points and/or individuals marked and the analysis of molecular epidemiology, may result very illuminating (Triguero-Ocaña et al., 2020). 
Another result showed that soils pH is a negative predictor variable of Leptospira sp. exposure, resulting critical for the survival of the bacteria under natural conditions, but unlike Jara et al. (2019) who obtained a positive relationship when modeling the distribution of serovars in horses. On the other hand, a low geographical elevation was related to the presence of Anti-Leptospira sp. antibodies, results in agreement with previous studies carried out in dogs and pigs, although the level of the geographical scale of study of the variable may change its positive relationship . (Cruz-Romero et al., 2018; (Gracie et al., 2014; Major et al., 2014).
[bookmark: _Hlk65990071][bookmark: OLE_LINK167]This research represents a significant step forwards in veterinary medicine to understand the behavior and risk factors associated to the antibodies anti-Leptospira in cattle herds at the serovariety level or more effectively at the level of the Leptospira species. It is crucial to know the circulating Leptospira species in wild and cattle herds that interact in a specific area and to be able to deeply observe the risks that may occur. The information presented herein has a keen interest for its ability to stimulate the development of directional hypothesis over the factors that explain the seroprevalence patterns in cattle herds, situation that will promote further new studies to gain more in-depth knowledge concerning the Leptospira sp. epidemiology in domestic and wild animals, and mainly, in the interface between these. Apart from that, the carried-out risk assessment provides useful information for the development of prevention plans and disease control, based on the risk through which a more effective fight against the malaise could be reached. 
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Figure legends
[bookmark: _Hlk66235057][bookmark: _Hlk66235274][bookmark: OLE_LINK101][bookmark: OLE_LINK100]Figure 1.- A) Location of the study area, Veracruz state (Mexico), and geographic distribution of data obtained for: B) flying (bats) and C) terrestrial mammals (rodents and opossums), considered in this study for their potential Leptospira sp. hosts. D) Frequency of anti- Leptospira sp. antibodies in 316 cattle herds that was considered for risks modelling in this study (data obtained from Cruz-Romero et al., 2013).
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[bookmark: _Hlk66235462][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2.- Maps showing model results for A) minimum favorability for bat species, B) maximum favorability for bat species, C) minimum favorability for rodent and opossum species, and D) maximum favorability for rodent and opossum species. See text for details about the meaning of these risk indices.

Figure 3.- Predicted frequency of anti-Leptospira antibody in cattle herds from Veracruz, Mexico, according to the model showed in Table 3. Main risk factors were longitudinal gradient and favorability for selected wild species that were described as hosts.


[bookmark: _Hlk71386591]Tables
[bookmark: _Hlk66235898]Table 1.- List of the wild mammals considered in this study. Raw distribution data obtained from GBIF and their transference to the territorial units considered for modelling is provided (raw/territorial units). Key references supporting the role of the species in Leptospira sp. epidemiology are also shown.
	Group
	Specie
	Distribution data
	Reference

	
	
	Occurrences
	1 km2 squares
	

	Bats
	Artibeus jamaicensis
	1148 
	189
	(Torres-Castro et al., 2020b)

	
	Artibeus lituratus
	250 
	69
	(Ballados-González et al., 2018)

	
	Chiroderma villosum
	45 
	22
	(Torres-Castro et al., 2020b)

	
	Desmodus rotundus
	606
	151
	(Ballados-González et al., 2018)

	
	Pteronotus parnellii
	199
	73
	(Torres-Castro et al., 2020b)

	Rodents
	Mus musculus
	104 
	46
	(Gutiérrez-Molina et al., 2019)

	
	Rattus rattus 
	53 
	20
	(Gutiérrez-Molina et al., 2019)

	Opossums
	Didelphis marsupialis
	217 
	114
	(Hugo Antonio Ruiz-Piña et al., 2002)

	
	Dedelphis virginiana
	198 
	97
	(Hugo Antonio Ruiz-Piña et al., 2002)




Table 2.- Environmental variables used to model the environmental favorability for small wild mammals in Veracruz, Mexico. 
	Code
	Variable

	Climate*
BIO1
BIO2
BIO3
BIO4
BIO5
BIO6
BIO7
BIO8
BIO9
BIO10
BIO11
BIO12
BIO13
BIO14
BIO15
BIO16
BIO17
BIO18
BIO19

Land use$
LU1
LU2
LU3
LU4
LU5
LU6
LU7

Topography*#
ELEV*
PEND#

Human activities#
POB
	
Mean annual temperature (°C)
Mean diurnal range temperatures (°C)
Isotermality (BIO2/BIO17)(*100)
Seasonal temperatures (°C)
Maximum temperatures of the warmest month (°C)
Minimum temperatures of the coldest month (°C)
Annual temperatures range (BIO5–BIO6) 
Mean annual temperatures of the wetter quarter
Mean annual temperatures of the dry quarter
Mean annual temperatures of the warmest quarter
Mean annual temperatures of the coldest quarter (°C)
Annual precipitation (mm)
Precipitation of the wettest month (mm)
Precipitation of the driest month (mm) 
Seasonal precipitation (coefficient of variation) (mm) Precipitation of wettest quarter (mm)
Precipitation of dry quarter
Precipitation of warmest quarter
Precipitation of coldest quarter


Agriculture (surface occupied by the land use, %)
Woodland (surface occupied by the land use, %)
Water bodies (surface occupied by the land use, %)
Grassland (surface occupied by the land use, %)
Savana (surface occupied by the land use, %)
Jungle (surface occupied by the land use, %)
Urbane (surface occupied by the land use, %)


Elevation (m.a.s.l.)
Slope (%)


Human population (habitants km-2)


Data sources: *WorldClim—Global Climate Data available. Described in: Fick, S. E. and R. J. Hijmans. Worldclim 2: New 1-km spatial resolution climate surfaces for global land areas. International Journal of Climatology (2017). In: http://www.world clim.org/ (Accessed April 2020), $Instituto Nacional de Estadística y Geografía (INEGI, 2020) https://www.inegi.org.mx/datos/ (Accessed April 2020) and # Portal de geoinformación de la pagine del Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO, 2020). http://www.conabio.gob.mx/informacion/gis/ (Accessed April 2020).
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Table 3.- Summary of the results of the general linear model used to identify the main risk factors explaining the pattern of Leptospira sp. frequency in cattle herds in Veracruz, México. Estimates are provided for standardized predictors. minF represents the minimum favorability that is achieved for all (selected bat or rodents and opossums) species and maxF the maximum favorability that they (selected rodents and opossums in this case) achieve. Both are considered as risk indicators related with wildlife.
	Factors
	Estimate (SE)
	t-value
	p-value

	(intercept)
	0.83 (0.07)
	11.833
	<0.01

	[bookmark: _Hlk65072558]Elevation
	[bookmark: OLE_LINK117]-0.42 (0.12)
	-3.302
	0.001

	pH of the soil surface 
	-0.35 (0.17)
	-2.109
	0.035

	minF for bats
	[bookmark: _Hlk64982049][bookmark: OLE_LINK121]0.44 (0.14)
	3.080
	0.002

	Geographic longitude
	-0.84 (0.18)
	-4.671
	<0.001

	minF for rodents and opossums
	-0.43 (0.15)
	-2.946
	0.003

	maxF for rodents and opossums
	[bookmark: _Hlk64982107][bookmark: OLE_LINK122]0.50 (0.14)
	3.614
	<0.001










SUPLEMENTARY 
Table S1.- Frequency of antibodies anti-Leptospira in cattle herds from Veracruz, Mexico. Data obtained from Cruz- Romero et al. (2013).
	Locality
	Municipality
	Longitude
	Latitude
	Frequency (%)

	Toxtlacoayilla
	Acajete
	-97.0384
	19.610415
	0

	Paraíso de las flores
	Acajete
	-97.012415
	19.598893
	2.56

	La joya
	Acajete
	-97.031905
	19.606062
	2.56

	Higinio Fernández Acosta
	Acayucan
	-94.920064
	17.980825
	0

	Los capulines
	Actopan
	-96.49475
	19.708126
	0

	El cedral
	Agua Dulce
	-94.142066
	18.027302
	0

	San Antonio
	Agua Dulce
	-94.100128
	18.018706
	0

	Colonia el naranjal
	Agua Dulce
	-94.117102
	18.157438
	0

	El papayal
	Agua Dulce
	-94.128197
	18.145164
	0

	La victoria
	Agua Dulce
	-94.206456
	18.000387
	0

	Los caimanes
	Agua Dulce
	-94.245694
	18.06159
	0

	Ejido Pesquería
	Agua Dulce
	-94.118282
	17.99309
	0

	Las palmas
	Agua Dulce
	-94.112675
	17.989119
	0

	El encanto
	Agua Dulce
	-94.123483
	18.001564
	0

	Brasilar
	Álamo Temapache
	-97.647028
	21.099608
	0

	Santa Inés
	Álamo Temapache
	-97.614738
	21.031352
	0

	Bejucal Jiménez
	Álamo Temapache
	-97.613244
	21.135443
	0

	Paso de arena
	Álamo Temapache
	-97.670072
	21.068407
	0

	Cerillos de Diaz
	Alto Lucero de Gutiérrez Barrios
	-96.719134
	19.632881
	0

	El diamante
	Alto Lucero de Gutiérrez Barrios
	-96.577839
	19.647398
	0

	Palma sola
	Alto Lucero de Gutiérrez Barrios
	-96.426623
	19.77586
	5

	San Luis de los Reyes
	Alto Lucero de Gutiérrez Barrios
	-96.51316
	19.856958
	10

	Pueblo nuevo
	Alvarado
	-95.693256
	18.73629
	0

	San Alberto
	Alvarado
	-95.545737
	18.67634
	0

	Moral y mosquitero
	Alvarado
	-95.904909
	18.790843
	0

	El paraíso
	Alvarado
	-95.986236
	18.914769
	10

	Casa Blanca
	Alvarado
	-95.819532
	18.805642
	14.29

	Coronel
	Ángel R. Cabada
	-95.319893
	18.65071
	7.14

	Plan de arroyos
	Atzalan
	-97.106333
	19.893743
	0

	Linda vista
	Atzalan
	-97.142635
	19.879419
	0

	Tepantepec
	Atzalan
	-97.140033
	19.88306
	0

	Moyotla
	Atzalan
	-97.112791
	19.90718
	0

	Ahueteno
	Atzalan
	-97.117944
	19.897867
	0

	Castillo de Teayo
	Castillo de Teayo
	-97.617912
	20.739523
	0

	Cerro grande
	Castillo de Teayo
	-97.6031
	20.736774
	0

	Huizotate
	Castillo de Teayo
	-97.656464
	20.747823
	0

	La Guadalupe
	Castillo de Teayo
	-97.635546
	20.701793
	0

	La concepción
	Chicontepec
	-98.160332
	21.094416
	0

	Las güiras
	Chicontepec
	-98.10555
	21.0643
	0

	Finca doña Chela
	Chicontepec
	-98.08472
	20.992167
	0

	Tanchel
	Chicontepec
	-97.959587
	21.101516
	0

	La pimienta
	Chinampa de Gorostiza
	-97.612426
	21.348408
	0

	La soledad
	Chinampa de Gorostiza
	-97.560289
	21.377164
	0

	El Cerpel
	Chontla
	-97.908827
	21.31211
	0

	Llano verde
	Chontla
	-97.950182
	21.384502
	0

	El cajón
	Chontla
	-97.908999
	21.357859
	7.14

	Pueblo viejo
	Coacoatzintla
	-96.964257
	19.669704
	0

	El aguacate
	Coacoatzintla
	-96.95271
	19.663692
	0

	Rincón de Chapultepec
	Coacoatzintla
	-96.940604
	19.699919
	0

	Colipa
	Colipa
	-96.724783
	19.917083
	14.2

	Tetelzingo
	Coscomatepec
	-97.144955
	19.05079
	0

	Cuiyachapa
	Coscomatepec
	-97.173406
	19.044045
	0

	Xaltenango
	Coscomatepec
	-97.099377
	19.052973
	0

	Nicanor espejo
	Coscomatepec
	-97.03524
	19.064587
	5.26

	Xala
	Coscomatepec
	-97.050627
	19.064045
	9.09

	Los cerritos
	Coscomatepec
	-97.046706
	19.061411
	9.09

	Cruz verde
	Coscomatepec
	-97.036436
	19.049306
	9.09

	Colonia Luis Donaldo Colosio
	Cosoleacaque
	-94.613977
	17.989894
	0

	Loma de achota
	Cosoleacaque
	-94.587974
	17.899091
	0

	La lagunilla
	Cosoleacaque
	-94.681841
	17.918118
	7.14

	Hermenegildo J. Aldana
	Cosoleacaque
	-94.615862
	18.008149
	14.29

	La luz
	Cuitláhuac
	-96.681968
	18.766623
	0

	El trópico
	Cuitláhuac
	-96.664965
	18.755699
	5

	El limón
	Cuitláhuac
	-96.548293
	18.74531
	10

	Mata naranjo
	Cuitláhuac
	-96.7194
	18.797802
	42.86

	San Isidro
	El Higo
	-98.44382
	21.684957
	0

	San Carlos
	El Higo
	-98.418278
	21.69769
	0

	La iguana
	El Higo
	-98.526256
	21.699578
	7.14

	Palo blanco
	Gutierrez Zamora
	-97.116918
	20.520149
	0

	Ignacio Allende el grande
	Hidalgotitlán
	-94.496347
	17.478784
	0

	Santa Ana
	Hidalgotitlán
	-94.643762
	17.778968
	0

	La esperanza
	Hidalgotitlán
	-94.62706
	17.792625
	0

	Tepetla
	Huatusco
	-97.018209
	19.17265
	0

	Tlaxopa
	Huatusco
	-96.955569
	19.17517
	6.06

	El carril
	Huatusco
	-96.987999
	19.144301
	6.06

	Huatusco
	Huatusco
	-96.969938
	19.157706
	6.06

	El aguacate
	Ignacio de la Llave
	-95.964401
	18.719225
	0

	Palma de coco
	Ignacio de la Llave
	-95.93541
	18.696361
	0

	Paso de las mulas
	Ignacio de la Llave
	-96.003478
	18.73426
	0

	El moral
	Ignacio de la Llave
	-96.006887
	18.677889
	0

	Vainillal
	Ignacio de la Llave
	-95.950241
	18.746805
	7.14

	Los candadillos
	Ignacio de la Llave
	-95.937634
	18.701681
	9.09

	Pozo de arena
	Ignacio de la Llave
	-95.987517
	18.619557
	12.5

	El chapulín
	Isla
	-95.697391
	17.94277
	0

	La lima
	Ixcatepec
	-97.987363
	21.248611
	0

	El volador
	Ixcatepec
	-98.046363
	21.284099
	0

	La ceiba
	Ixcatepec
	-97.991498
	21.176153
	0

	El vado
	Ixcatepec
	-97.994017
	21.226661
	0

	Cafetalito
	Ixcatepec
	-98.05566
	21.238003
	0

	Tetlaxca
	Ixhuacán de los Reyes
	-97.05449
	19.34731
	0

	Atecaxil
	Ixhuacán de los Reyes
	-97.071737
	19.368947
	0

	Tlalchy
	Ixhuacán de los Reyes
	-97.078677
	19.381884
	0

	El carrizal
	Ixhuacán de los Reyes
	-97.124907
	19.409584
	0

	Ixhuacán de los Reyes
	Ixhuacán de los Reyes
	-97.119658
	19.361824
	3.45

	Los camiles
	Ixhuacán de los Reyes
	-97.105977
	19.343986
	3.45

	El palmar
	Ixhuatlán de Madero
	-98.090683
	20.805647
	0

	Llano Enmedio
	Ixhuatlán de Madero
	-98.000605
	20.783399
	0

	Oxitempa
	Ixhuatlán de Madero
	-98.008911
	20.742781
	0

	Arroyo grande
	Ixhuatlán de Madero
	-98.008526
	20.769477
	0

	Colatlan
	Ixhuatlán de Madero
	-98.090651
	20.806234
	0

	Laguna palapa
	Ixhuatlán del café
	-97.00446
	19.067598
	5.26

	El guayabal
	Ixhuatlán del Sureste
	-94.360406
	18.023631
	0

	Hueyapan
	Ixhuatlán del Sureste
	-94.372205
	18.031138
	0

	Paraíso
	Ixhuatlán del Sureste
	-94.43798
	18.013198
	0

	Ixhuatlán7 del sureste
	Ixhuatlán del Sureste
	-94.387833
	18.018475
	0

	Rancho lopico
	Ixhuatlán del Sureste
	-94.4112
	18.0102
	0

	Los pinos
	Jesús Carranza
	-94.933451
	17.510176
	0

	San Martín de Jerusalén
	Jesús Carranza
	-95.025194
	17.368169
	0

	San Javier
	Jesús Carranza
	-95.095038
	17.530109
	0

	La Guadalupe
	Jesús Carranza
	-95.078321
	17.451227
	0

	Domingo arenas
	Jesús Carranza
	-94.945428
	17.569219
	0

	El limón
	Jesús Carranza
	-95.108377
	17.449826
	0

	Oro verde
	Jesús Carranza
	-95.027631
	17.369852
	0

	Palomar
	Jesús Carranza
	-94.953968
	17.478353
	0

	El redentor
	Jesús Carranza
	-95.087906
	17.481228
	0

	Paso liman
	Juan Rodríguez Clara
	-95.442314
	17.915239
	0

	Colonia Domínguez
	Juan Rodríguez Clara
	-95.355626
	18.021257
	0

	Paso novillo
	Juan Rodríguez Clara
	-95.369122
	17.968668
	0

	Juan Rodríguez clara
	Juan Rodríguez Clara
	-95.391323
	17.969606
	0

	La nueva reforma
	Juchique de Ferrer
	-96.711919
	19.853291
	45

	Ejido mulato
	Las Choapas
	-94.142125
	17.513761
	0

	El cocoitol
	Las Choapas
	-94.129604
	17.882698
	0

	Volada
	Las Choapas
	-93.872863
	17.51267
	0

	La gloria
	Las Choapas
	-93.871974
	17.512014
	0

	Agua clarita
	Las Choapas
	-93.869316
	17.511683
	0

	El encajonado
	Las Choapas
	-93.905245
	17.565245
	0

	Las cholinas
	Las Choapas
	-94.103782
	17.518958
	0

	San pablo
	Las Choapas
	-94.148932
	17.501359
	0

	Los pericos
	Las Choapas
	-94.108694
	17.825692
	0

	Colonia esperanza
	Las Choapas
	-94.142659
	17.51787
	0

	La providencia
	Las Choapas
	-94.107704
	17.921856
	0

	La Guadalupe
	Las Choapas
	-94.200721
	17.925967
	0

	Los trojes
	Las Vigas de Ramírez
	-97.038099
	19.63919
	2.56

	Santa Ana
	Manlio Fabio Altamirano
	-96.300856
	19.099789
	0

	La capilla
	Manlio Fabio Altamirano
	-96.355265
	19.129575
	0

	La lima
	Manlio Fabio Altamirano
	-96.355304
	19.129539
	0

	Alta Luz
	Manlio Fabio Altamirano
	-96.437551
	19.178231
	0

	Paso moral
	Manlio Fabio Altamirano
	-96.430312
	19.183512
	0

	Izotillo
	Manlio Fabio Altamirano
	-96.334386
	19.073676
	9.09

	Arroyo Frio
	Martínez de la torre
	-97.0070083
	19.9786389
	45

	Mecayapan
	Mecayapan
	-94.798507
	18.170695
	0

	La magre
	Mecayapan
	-94.824412
	18.19601
	0

	Encinos
	Mecayapan
	-94.8163
	18.209476
	0

	Perdido
	Mecayapan
	-94.813571
	18.202527
	0

	Medellín
	Medellín de Bravo
	-96.159465
	19.061483
	0

	La bocana
	Medellín de Bravo
	-96.139985
	19.052397
	0

	La laguna y monte castillo
	Medellín de Bravo
	-96.083171
	18.979966
	6.67

	Dos potrillos
	Minatitlán
	-94.299667
	17.874191
	0

	La nueva concepción
	Minatitlán
	-94.494694
	17.849001
	0

	Sehualaca
	Minatitlán
	-94.545675
	17.717543
	0

	Romita
	Minatitlán
	-94.564529
	17.87426
	0

	El iguanero
	Minatitlán
	-94.537758
	17.928012
	0

	Nueva reforma
	Minatitlán
	-94.416076
	17.768963
	0

	La providencia
	Minatitlán
	-94.425584
	17.750035
	0

	El mango
	Minatitlán
	-94.455296
	17.772914
	0

	Ejido nueva reforma
	Minatitlán
	-94.4452
	17.857913
	0

	Ojoche
	Minatitlán
	-94.454816
	17.770694
	0

	La arena
	Minatitlán
	-94.427874
	17.765272
	0

	El monal
	Minatitlán
	-94.481959
	17.728173
	0

	Chuapan
	Minatitlán
	-94.578888
	17.704285
	0

	Zamorana
	Minatitlán
	-94.596329
	17.833928
	0

	El jicaro
	Minatitlán
	-94.608885
	17.810648
	0

	Villa nueva
	Misantla
	-96.87744
	19.817809
	25

	La rejoya
	Misantla
	-96.857929
	19.938462
	60

	Santa julia
	Misantla
	-96.8106389
	19.8667389
	65

	El pozón
	Misantla
	-96.83991
	19.92064
	70

	Acapala 2
	Moloacán
	-94.222286
	17.968957
	0

	San Lorenzo
	Moloacán
	-94.290881
	17.929076
	0

	Rancho alegre
	Moloacán
	-94.303752
	17.997832
	0

	La salud
	Moloacán
	-94.221257
	17.960776
	0

	Zanja papupe
	Naranjos Amatlán
	-97.64408
	21.334999
	0

	Laja blanca
	Naranjos Amatlán
	-97.595319
	21.301925
	3.7

	La Verónica
	Naranjos Amatlán
	-97.613744
	21.288157
	3.7

	La balsa
	Nautla
	-96.708078
	20.076644
	0

	Barra de palmas
	Nautla
	-96.730905
	20.157352
	0

	Isla de chapa chapa
	Nautla
	-96.886714
	20.106664
	0

	El josco
	Nautla
	-96.775193
	20.097363
	10

	Adalberto Tejeda
	Nautla
	-96.832781
	20.057266
	13.04

	El pato
	Nautla
	-96.832857
	20.057935
	13.04

	El ciervo
	Nautla
	-96.7552694
	20.0334194
	33

	Oteapan
	Oteapan
	-94.65698
	17.99105
	0

	La puente chiquita
	Ozuluama de Mascareñas
	-97.791203
	21.67631
	0

	Poblado tierra y libertad
	Ozuluama de Mascareñas
	-98.066118
	21.857806
	0

	Paso chacas
	Ozuluama de Mascareñas
	-97.810757
	21.686614
	0

	El capitán
	Ozuluama de Mascareñas
	-97.869874
	21.661471
	0

	El retorno
	Ozuluama de Mascareñas
	-97.834886
	21.547505
	0

	El milagro
	Ozuluama de Mascareñas
	-97.841577
	21.598546
	5

	La sombrilla
	Ozuluama de Mascareñas
	-98.08346
	21.845626
	5

	Los pinos
	Ozuluama de Mascareñas
	-97.820513
	21.504918
	5

	Alto lucero
	Ozuluama de Mascareñas
	-97.820789
	21.500719
	7.69

	Genético
	Panuco
	-98.152192
	21.898337
	0

	Los olivos
	Panuco
	-98.279952
	22.184266
	0

	Miradores
	Panuco
	-98.319668
	22.019621
	0

	El carrizal
	Panuco
	-98.248424
	21.924371
	0

	El cepillo
	Panuco
	-98.179438
	21.934502
	7.41

	El mango
	Panuco
	-98.184417
	22.018931
	7.41

	Las palmas
	Papantla
	-97.374568
	20.418644
	0

	Sombrerete
	Papantla
	-97.321949
	20.587916
	0

	La Rosita
	Papantla
	-97.325187
	20.315869
	66.6

	La providencia
	Playa Vicente
	-95.859851
	17.732386
	0

	El paraíso
	Playa Vicente
	-95.629014
	17.804171
	0

	Carlos Orozco
	Playa Vicente
	-95.868567
	17.753117
	0

	San Antonio
	Playa Vicente
	-95.493368
	17.769243
	2.44

	Don Q
	Playa Vicente
	-95.517389
	17.737089
	2.44

	Santo Domingo
	Playa Vicente
	-95.597155
	17.770088
	2.44

	Tres hermanos
	Playa Vicente
	-95.670578
	17.884893
	3.57

	Lealtad de Muñoz
	Playa Vicente
	-95.696283
	17.875725
	3.57

	La unión de juan Enríquez
	Playa Vicente
	-95.733874
	17.87139
	7.14

	Tomate rio manso
	Playa Vicente
	-95.872307
	17.73587
	11.11

	El recuerdo
	Playa Vicente
	-95.84376
	17.749253
	14.29

	El lucero
	Playa Vicente
	-95.674828
	17.845524
	17.86

	Santa Felipa
	Playa Vicente
	-95.680261
	17.862021
	17.86

	Clemente Torres
	Pueblo Viejo
	-97.816775
	22.214739
	0

	Ejido primero de mayo
	Pueblo Viejo
	-97.810885
	22.197651
	0

	El ranchito
	Pueblo Viejo
	-97.813964
	22.184476
	0

	El nuevo parralito
	Pueblo Viejo
	-97.80799
	22.188913
	0

	Puerta del zapote
	Pueblo Viejo
	-97.810885
	22.197651
	6.67

	El chilar
	San Andrés Tuxtla
	-95.20207
	18.486016
	0

	La nueva victoria
	San Andrés Tuxtla
	-95.254715
	18.65032
	3.57

	Los Velásquez
	San Andrés Tuxtla
	-95.254367
	18.636884
	3.57

	Terranova
	San Juan Evangelista
	-95.081617
	17.602415
	0

	Santa Irma
	San Juan Evangelista
	-95.029933
	17.909547
	0

	Perseveranza
	San Juan Evangelista
	-95.169303
	17.917103
	0

	Lorenzo Clotilde
	San Juan Evangelista
	-95.09801
	17.903368
	0

	San juan evangelista
	San Juan Evangelista
	-95.131321
	17.884686
	0

	El paraíso
	San Rafael
	-96.8108583
	20.2308333
	10

	El cabellal
	San Rafael
	-96.9933972
	20.2542333
	45

	San miguel
	Santiago Tuxtla
	-95.397176
	18.375064
	7.14

	Sesecapan
	Santiago Tuxtla
	-95.292494
	18.418229
	14.29

	Flor de ejido
	Santiago Tuxtla
	-95.308795
	18.562746
	21.43

	El géminis
	Sayula de Alemán
	-94.92371
	17.753036
	0

	El refugio
	Sayula de Alemán
	-95.026305
	17.660078
	0

	Azulzul
	Sayula de Alemán
	-94.880475
	17.747293
	0

	San Isidro
	Soconusco
	-94.854749
	17.984207
	0

	Adalberto Tejeda
	Soledad de Doblado
	-96.456976
	19.173914
	0

	El coronel
	Tamiahua
	-97.556544
	21.310413
	0

	Dr Lavista
	Tamiahua
	-97.549251
	21.330612
	0

	Aserradero
	Tamiahua
	-97.496524
	21.334484
	0

	La gloria
	Tampico Alto
	-97.971834
	22.036615
	0

	Estacion agrarios
	Tampico Alto
	-97.971408
	22.050046
	0

	Los gemelos
	Tampico Alto
	-97.919637
	22.035512
	7.69

	La Lupita
	Tantima
	-97.776504
	21.471493
	0

	Tantima
	Tantima
	-97.836827
	21.3246
	5.56

	Ejido las flores
	Tantima
	-97.899348
	21.412976
	5.56

	Gutiérrez Zamora
	Tantima
	-97.807683
	21.372031
	5.56

	La gloria
	Tecolutla
	-97.054214
	20.479977
	0

	Palmas del mar
	Tecolutla
	-96.854978
	20.30718
	0

	La libertad
	Tecolutla
	-97.068978
	20.393838
	0

	Tres Marías
	Tecolutla
	-97.0768889
	20.2838778
	40

	Xamaya
	Tepetzintla
	-97.890533
	21.163342
	0

	Los tigres
	Tepetzintla
	-97.927704
	21.14807
	0

	Las chimeneas
	Tepetzintla
	-97.926993
	21.181221
	0

	Las cañas
	Tepetzintla
	-97.947643
	21.185579
	0

	El olmo
	Tepetzintla
	-97.948008
	21.177568
	0

	El humo
	Tepetzintla
	-97.947652
	21.173401
	0

	Tepetzintla
	Tepetzintla
	-97.843683
	21.172596
	0

	La cuchilla
	Tepetzintla
	-97.84716
	21.177391
	11.11

	El saltillo moralillo
	Tepetzintla
	-97.82372
	21.177074
	23.08

	El jícaro
	Tierra Blanca
	-96.258529
	18.539906
	0

	El bolso de arano
	Tierra Blanca
	-96.139966
	18.467927
	0

	El generalito
	Tierra Blanca
	-96.245892
	18.639328
	0

	Las maravillas
	Tierra Blanca
	-96.350473
	18.413637
	0

	Santa Rosa
	Tierra Blanca
	-96.435839
	18.554679
	9.09

	Los pinos
	Tierra Blanca
	-96.282839
	18.63369
	13.33

	La loma
	Tierra Blanca
	-96.076969
	18.522582
	14.29

	Los caños
	Tierra Blanca
	-96.022941
	18.439111
	14.29

	La loma
	Tierra Blanca
	-96.336336
	18.528449
	15.38

	El rodeo
	Tihuatlán
	-97.498929
	20.744496
	0

	Kilómetro 12
	Tihuatlán
	-97.492534
	20.620933
	0

	Dos hermanos
	Tihuatlán
	-97.515582
	20.747351
	0

	San modesto
	Tlacotalpan
	-95.639115
	18.467802
	0

	El rincón de gertrudis
	Tlacotalpan
	-95.642315
	18.668196
	7.14

	María Elvira
	Tlacotalpan
	-95.683479
	18.637388
	28.57

	El cable
	Tlacotalpan
	-95.671425
	18.611626
	57.14

	Paso carretas
	Tlalixcoyan
	-96.135839
	18.689537
	0

	El remolino
	Tlalixcoyan
	-96.379838
	18.755443
	0

	Palo gacho
	Tlalixcoyan
	-96.329107
	18.746282
	12.5

	La pita
	Tlalixcoyan
	-96.054375
	18.788778
	21.05

	San simón
	Tlalixcoyan
	-96.181484
	18.811807
	21.05

	La morena
	Tlapacoyan
	-97.20391
	19.997392
	55

	San Rafael
	Tres Valles
	-96.10288
	18.224952
	0

	San Juan
	Tres Valles
	-96.06839
	18.365675
	0

	Vista hermosa
	Tres Valles
	-96.285969
	18.350508
	12.5

	La línea
	Tuxpan
	-97.385448
	20.899696
	0

	Finca Monroy
	Tuxpan
	-97.384518
	20.826655
	0

	Finca la florida
	Tuxpan
	-97.418924
	20.926784
	0

	Rancho lugarosa
	Tuxpan
	-97.414702
	20.914116
	0

	Santa Regina
	Tuxpan
	-97.43318
	20.896437
	0

	El limonar
	Tuxpan
	-97.454729
	20.981979
	7.14

	Arroyo san Lorenzo
	Tuxpan
	-97.454773
	21.102717
	28.57

	San Manuel
	Vega de Alatorre
	-96.681347
	20.112735
	0

	Virginia Hernández Rodríguez
	Vega de Alatorre
	-96.722121
	20.031499
	0

	Arroyo grande segundo
	Vega de Alatorre
	-96.734115
	20.004071
	0

	La guinea
	Vega de Alatorre
	-96.617301
	19.997562
	0

	Santa Lucrecia
	Vega de Alatorre
	-96.575546
	19.893055
	0

	Rancho chico
	Vega de Alatorre
	-96.540916
	19.931627
	0

	Rancho nuevo
	Vega de Alatorre
	-96.551519
	19.940668
	16.67

	Loma bonita
	Vega de Alatorre
	-96.754538
	20.017708
	33

	Palo gacho
	Vega de Alatorre
	-96.741177
	20.001917
	45

	La esperanza
	Vega de Alatorre
	-96.7370778
	19.9981278
	45

	Paso del toro
	Vega de Alatorre
	-96.606126
	19.910085
	50

	El laurel
	Vega de Alatorre
	-96.682271
	20.118428
	50

	El carey
	Vega de Alatorre
	-96.66874
	20.041448
	53.3

	La providencia
	Vega de Alatorre
	-96.561381
	19.9390194
	70.2

	Rancho nuevo
	Vega de Alatorre
	-96.56139
	19.942912
	70.2

	Valentín Diaz
	Veracruz
	-96.180181
	19.175322
	0




[bookmark: _Hlk66237159]Table S2.- Number of squares selected for species and environmental favorability models for each wild mammal species
	[bookmark: _Hlk41287165]
	Species
	Training dataset
	Model

	Bats
	Artibeus jamaicensis
	1648

	-1.24 + 0.09*BIO3 - 0.51*BIO7 + 0.01*LU1 + 0.04*LU7 + 0.03*BIO15 - 0.13*LU5 - 0.01*LU2 + 0.07*PEND

	
	Artibeus lituratus
	604
	-3.27 + 0.15*BIO3 - 0.46*BIO7 + 0.01*LU1 + 0.03*LU7 - 6.06*LU5         

	
	Chiroderma villosum
	220
	-4.85 -11.96*LU2 + 3.08e-01*PEND - 3.06e - 02*LU6 + 4.81e-03*BIO18 + 1.88e-04*POB

	
	Desmodus rotundus
	1312
	-4.24 + 0.0004524*POB + 0.11*BIO3 + 0.03*LU7 - 0.29*BIO7 + 0.01*LU1

	
	Pterinotus parnelli
	641

	1.70 - 1.02*BIO7 + 1.764e-01*BIO3 + 5.46e-04*POB + 8.21e-03*LU1 + 4.45e-02*BIO15 - 2.05*LU5 - 1.85e-02*LU6 - 3.34e-02*LU2   + 1.44e-01*PEND + 2.68*LU7        

	Rodents
	Mus musculus
	401

	-6.35 + 0.0006545*POB + 0.09*LU7 + 0.06*BIO3 - 0.02*LU6 - 0.0097463* LU4

	
	Rattus rattus
	176

	4.01 + 2.057e-03*POB + 4.529e-02*LU7 + 2.039e-02*LU1 - 4.05 LU2 - 4.850e-01*BIO7 + 1.587e-01*BIO3         

	Opossums
	Didelphis marsupialis
	994

	5.104e-01 + 2.90e-04*POB - 0.41*BIO7 + 1.01e-02*LU1 + 3.81e-02*LU7 + 7.44e-02*BIO3 + 2.09*LU5 - 8.38e-03*LU6        

	
	Didelphis virginiana
	848

	-2.07 +0.0004527*POB + 0.05*LU7 - 0.01*LU6 - 0.33*BIO7 + 0.09*BIO3 - 0.02*LU2 + 0.0060103*LU1         








[bookmark: _Hlk66237067]Table S3.- Logistic regression models and corresponding statistics for each species. Variable codes as in Table 2. Significance codes: P < 0.001 :***, P < 0.01 :**, P < 0.05: * and non-significant: n.s . β parameter coefficient and its standard error SE, Wald Wald test statistics, Sig. significance.  
	[bookmark: _Hlk42003351]Variable Code
	Artibeus jamaicensis
	Artibeus literatus
	Chiroderma villosum
	Desmodus rotundus
	Pterinotus parnelli

	[bookmark: _Hlk41355351]
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig

	Intercept
	-1.24
	1.62
	-0.77
	[bookmark: OLE_LINK95]n.s
	-3.27
	2.34
	-1.39
	n.s
	-4.85
	1.10
	-4.40
	***
	-4.24
	1.68
	-2.52
	*
	1.70
	2.81
	0.60
	n.s

	[bookmark: _Hlk41587388]BIO3
	0.09
	0.02
	3.28
	**
	0.15
	0.03
	3.84
	***
	
	
	
	
	0.11
	0.02
	4.50
	***
	0.17
	5e-2
	3.29
	***

	BIO7
	-0.52
	0.08
	-6.48
	***
	-0.46
	0.11
	-3.98
	***
	
	
	
	
	-0.29
	0.07
	-3.97
	***
	1.02
	0.16
	-6.28
	***

	BIO15
	0.03
	0.01
	3.69
	***
	
	
	
	
	
	
	
	
	
	
	
	
	4e-02
	1e-2
	2.99
	**

	BIO18
	
	
	
	
	
	
	
	
	4e-3
	2.e-3
	2.40
	
	
	
	
	
	
	
	
	

	LU1
	0.01
	2e-3
	4.34
	***
	0.01
	3e-3
	3.07
	**
	
	
	
	
	0.01
	0.002
	3.48
	***
	8e-3
	4e-3
	1.72
	n.s

	LU2
	-0.02
	0.01
	-2.55
	*
	
	
	
	
	-12
	1180
	-0.01
	n.s
	
	
	
	
	-3e-2
	1e-2
	-2.57
	*

	LU5
	-0.14
	0.14
	-0.99
	n.s
	-6.06
	343
	-0.01
	n.s
	
	
	
	
	
	
	
	
	-2.05
	1e2
	-0.01
	n.s

	LU6
	
	
	
	
	
	
	
	
	-3e-2
	1e-2
	-2.25
	*
	
	
	
	
	-1e-2
	6e-3
	-2.67
	**

	LU7
	0.05
	0.01
	3.59
	***
	0.03
	0.01
	2.04
	*
	
	
	
	
	0.03
	0.009
	4.06
	***
	2.68
	4e2
	0.006
	n.s

	PEND
	0.07
	0.03
	2.34
	*
	
	
	
	
	3e-1
	1e-1
	2.81
	**
	
	
	
	
	0.14
	5e-2
	2.60
	**

	POB
	
	
	
	
	
	
	
	
	1e-4
	1e-4
	1.60
	n.s
	4e-4
	1e-4
	3.38
	***
	5e-4
	2e-4
	1.91
	n.s

	Variable Code
	Mus musculus
	Rattus rattus
	Didelphis marsupialis
	Didelphis virginiana
	

	
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig
	B
	SE
	Wald
	Sig
	
	
	
	

	Intercept
	-6.35
	2.51
	-2.52
	*
	-4.01
	6.45
	-0.62
	n.s
	0.51
	2.04
	0.250
	n.s
	-2.07
	2.16
	-0.95
	n.s
	
	
	
	

	BIO3
	0.06
	0.04
	1.71
	n.s
	1e-1
	1e-1
	1.49
	n.s
	7e-2
	3e-2
	2.41
	*
	0.09
	0.03
	3.07
	**
	
	
	
	

	BIO7
	
	
	
	
	-4e-1
	2e-1
	-1.63
	n.s
	-4e-1
	9e-2
	-4.39
	**
	-0.33
	0.10
	-3.37
	***
	
	
	
	

	LU1
	
	
	
	
	2e-2
	9e-3
	2.14
	*
	1e-2
	3e-3
	3.00
	**
	0.006
	0.003
	1.65
	n.s
	
	
	
	

	LU2
	
	
	
	
	-4.05
	4e2
	-8e-3
	.n.s
	
	
	
	
	-0.02
	0.01
	-1.75
	n.s
	
	
	
	

	LU4
	-9e-3
	6e-3
	-1.51
	n.s
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	LU5
	
	
	
	
	
	
	
	
	-2.09
	1e2
	-0.01
	n.s
	
	
	
	
	
	
	
	

	LU6
	-0.02
	0.01
	-1.81
	n.s
	
	
	
	
	-8e-3
	56e-3
	-1.63
	n.s
	-0.01
	0.006
	-2.25
	*
	
	
	
	

	LU7
	0.09
	0.25
	0.37
	n.s
	4e-2
	1e-2
	2.28
	*
	3e-2
	1e-2
	2.97
	**
	0.05
	0.01
	3.36
	***
	
	
	
	

	POB
	6e-4
	2e-2
	2.31
	*
	2e-3
	9e-4
	2.28
	*
	2e-4
	9e-5
	3.16
	**
	4e-4
	0.0001
	2.35
	*
	
	
	
	






SUPLEMENTARY 
Figure S1.- Host species favorability. Bats: A) Artibeus jamaicensis, B) Artibeus lituratus, C)Chiroderma villosum, D) Desmodus rotundus, E) Pteronotus parnellii; Rodents: F) Mus musculus, G) Rattus rattus; Opossums: H) Didelphis marsupialis, I) Didelphis virginiana.

[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK5]Figure S2.- Calibration plots showing relationships between predicted probability of occurrence from the models and the observed proportion of evaluation localities occupied by each species. Summary of the statistical tests used to validate the models: AUC values and Hosmer–Lemeshow goodness-of-fit statistic values. Significance codes: P < 0.001: ***, P < 0.01: **, P < 0.05: *, n.s.: non-significant. 


