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Abstract

Wildlife-vehicle collisions may be the most visible impact of road networks on ecosys-
tems. It has been shown that roadkill does not randomly occur across space and is dis-
tributed depending on environmental and ecological factors, such as habitat suitability 
and landscape connectivity of the interest species. In Costa Rica, the Northern Tamandua 
(Tamandua mexicana) is one of the mammal species most affected by road mortality. 
This study aimed to predict roadkill risk for the species in northwestern Costa Rica, con-
sidering habitat suitability and landscape connectivity. Roadkill data was retrieved from 
a local citizen science project and collected through a field survey. Habitat suitability and 
landscape connectivity models were calibrated on publicly available presence data. The 
models were then used as input, including additional road characteristics to calibrate a 
maximum entropy roadkill risk model. The final model had an excellent predictive per-
formance (AUC = 0.989) and identified 108.7 km of road sections throughout the region 
as high risk, mainly found on primary roads. The most significant variables in the model 
were road width, traffic speed and habitat suitability. Landscape connectivity did not con-
tribute significantly to the model. This study shows that road characteristics are the main 
contributors to roadkill regionally and highlights the relevance of the species’ ecological 
features, such as habitat suitability, in its prediction. Thus, such variables should be con-
sidered in the design of mitigation measures for the impacts of roads on wildlife.
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Introduction

Throughout the world, road infrastructures play a significant role in the frag-
mentation of natural habitats and the overall biodiversity crisis (Coffin 2007). 
Indeed, approximately a fifth of the world’s land points lie within 1 km of a road 
as of the last decade (Ibisch et al. 2016). Besides the complete loss of the eco-
system on their path during construction, roads generate a wide variety of abi-
otic and biotic impacts, including habitat fragmentation, chemical, acoustic and 
light pollution, barrier effect, invasive species, pathogen introduction or expan-
sion, and increased wildlife mortality due to collision with vehicles (hereafter 
referred to as roadkill; Coffin 2007; Van Der Ree et al. 2015; Fabrizio et al. 2019). 
Road impacts on natural ecosystems are not restrained to their direct vicinity. 
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The habitat fragmentation and barrier effect they generate often result in the 
loss of landscape connectivity, i.e., the rate at which the landscape facilitates 
or impedes the movement of ecosystemic components (Taylor et al. 1993), 
thus affecting wildlife populations persistence and other ecological processes 
(Jackson and Fahrig 2011; Girardet et al. 2015). In extreme cases, the loss of 
landscape connectivity can even result in the genetic differentiation and extinc-
tion of segregated populations (Riley et al. 2006; Ceia-Hasse et al. 2017).

The most notorious impact of roads on biodiversity is arguably wildlife roadkill, 
a phenomenon that has been increasing globally in recent decades (Pagany 2020). 
Grilo et al. (2020) report that approximately 29 million mammals die annually due to 
roadkill in Europe alone, and Dornas et al. (2012) estimated an annual rate of 14.7 
(± 44.8) million vertebrate deaths by roadkill in Brazil. Depending on the species, 
these numbers can significantly decrease genetic diversity and seriously threaten 
the viability of local wildlife populations (Jackson and Fahrig 2011; Ceia-Hasse et 
al. 2017; Oddone Aquino and Nkomo 2021). To develop effective mitigation mea-
sures, several studies have turned their eyes to studying the factors responsible for 
wildlife roadkill risk (Coelho et al. 2012; Grilo et al. 2011; Roger et al. 2012; Girardet 
et al. 2015; Visintin et al. 2016; Gonçalves et al. 2018; Fabrizio et al. 2019) and have 
found that roadkill is not randomly distributed across space.

In fact, roadkills are often concentrated in a way that reflects road and land-
scape characteristics as well as species movement and dispersal patterns at 
various spatial and temporal scales (Malo et al. 2004; Danks and Porter 2010; 
Santos et al. 2013; Visintin et al. 2016; Valerio et al. 2023). In particular, land-
scape connectivity and species habitat suitability have proven to play a signifi-
cant role in the detection of roadkill hotspots (Grilo et al. 2011; Roger et al. 2012; 
Girardet et al. 2015; Visintin et al. 2016; Fabrizio et al. 2019; Valerio et al. 2023). 
Those studies and the roadkill risk models they provide are valuable tools for 
wildlife managers and decision-makers, given that they allow identifying key lo-
calities for mitigation measures or further studies (Rudnick et al. 2012).

The interest in road ecology research in Central America emerged only recently 
and has become increasingly popular in the last decade (Pinto et al. 2020; Silva et 
al. 2021). In a country like Costa Rica, with its extensive protected areas network 
harboring 6.5% of the global biodiversity (MINAE 2018), research to reduce and 
mitigate the impact of roads is of primary importance. Indeed, Costa Rica has one 
of the densest road networks in the world (MINAE 2018) and increasing traffic 
flow makes road impacts a central topic in conservation (Arévalo et al. 2017; Sán-
chez-Hernández 2018). One of the mammals most affected by roadkill in the region 
is the Northern Tamandua Tamandua mexicana (Pilosa: Mymecophagidae), Sau-
ssure 1860, both nationally and regionally. Many studies on roadkill in Costa Rica 
have listed it as the most encountered in surveys, excluding rodents and chiropters 
(Alfaro and Quesada 2015; Alfaro and Quesada 2016; Arévalo et al. 2017; Medra-
no-Vizcaíno et al. 2022; Villalobos-Hoffman et al. 2022; Granados-Rodriguez et al. 
2024). Although the IUCN Red List of Threatened Species has listed T. mexicana 
in the Least Concern category (Ortega-Reyes et al. 2014), road mortality figures in 
the main threat faced by the species across its range. The actual magnitude and 
severity of the effects of roads on the species are unknown, which represents a se-
rious threat to populations at regional and local levels (Ortega-Reyes et al. 2014). 
Moreover, only one study in Costa Rica has focused on trying to predict roadkill 
risk for this species but omitted environmental factors (Gutiérrez-Sanabria 2017).
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Therefore, this study aimed at predicting roadkill risk for T. mexicana at a regional 
level in the Tempisque Conservation Area, Costa Rica, through a prediction model 
based on habitat suitability and landscape connectivity, as well as road character-
istics. Specifically, this study intends to (a) characterize the spatial distribution of 
T. mexicana roadkills in the region; (b) identify road sections with high roadkill risk 
with precision; and (c) analyze the contribution of environmental (habitat suitability 
and landscape connectivity) and road variables to the prediction of roadkill risk for 
the species. As other authors have found, roadkill risk is expected to increase when 
habitat suitability and landscape connectivity are high (Grilo et al. 2011; Roger et 
al. 2012; Girardet et al. 2015; Visintin et al. 2016; Fabrizio et al. 2019; Valerio et 
al. 2023). The focus was directed to this specific area because of its ecological 
diversity, the lack of research conducted in it and because it is part of the National 
System of Conservation Areas. This is the first study utilizing those specific envi-
ronmental and ecological variables to predict roadkill risk on Costa Rican roads.

Methods

The study was conducted from June to August 2023 in the entire national road 
network of the Tempisque Conservation Area (ACT) in northwestern Costa 
Rica. Presence data on T. mexicana in the region was used to produce a habitat 
suitability model (HSM) and a landscape connectivity model (LCM) for the spe-
cies in the ACT. Both models were then used with the other variables to produce 
a roadkill risk model (RRM) based on collected roadkill data.

Study area

The study area corresponded to the terrestrial limits of the ACT, comprising the 
whole Nicoya peninsula geographical unit, as well as the western Tempisque 
plains (Fig. 1), covering a total area of 5126 km2. Topography in the region is 
varied, with mountains, plains and valleys from sea level to 1018 m of elevation. 
The whole study area is located within the accepted distribution of T. mexicana 
(Ortiz-Malavasi 2014).

The climate in the region ranges from tropical dry to humid with a distinct dry 
season. The region encompasses the life zones of tropical dry forest, tropical 
moist forest, tropical wet forest and premontane wet forest (Holdrigde 1978, as 
well as some transition zones. The region hosts a variety of ecosystems, such 
as riverine, palustrine and lacustrine wetlands; tropical dry forests; tropical moist 
and wet forests; semi-deciduous and deciduous forests; mangroves; coastal for-
ests; grasslands; plantation forests; and agricultural landscapes. Additionally, 23 
protected areas of various categories are found within the study area. The total 
length of the road network is 6307 km (85.1% local roads, 14.9% national roads; 
see Fig. 1) with an average density of 1.23 km/km2 (Ortiz-Malavasi 2014).

Species data

Presence data for the species was obtained from the Global Biodiversity In-
formation Facility (GBIF 2023) for the whole distribution range and filtered to 
retain records of living individuals based on human and machine observations. 
Opportunistic sightings made during the study in the area were also included 
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Figure 1. Terrain map of the study area. The study area boundaries are shown as the ACT terrestrial boundaries. The 
protected areas (excluding their maritime extension) are shown in green. Blue triangles represent occurrence data for 
living tamanduas in the study area. Red diamonds show roadkill occurrences. Roads are classified by category. The local 
roads are not part of the national network but are shown to enable a better understanding of the area.

in the dataset. Roadkill data was collected through a series of surveys between 
June and August 2023. Each national road in the area (973 km in total) was 
surveyed at least two times at a speed of 40–60 km/h. Local roads were not 
included in this study as they support low traffic volumes and evidence exists 
showing that high traffic volume significantly increases roadkill rates (Grilo et 
al. 2015; Santos et al. 2018)

Finally, roadkill records of T. mexicana available in the iNaturalist project 
“Fauna atropellada en las carreteras de Costa Rica” (iNaturalist 2023) for the 
study area, as well as GBIF records that showed an image of a road-killed indi-
vidual and did not correspond to any of the iNaturalist records, were included to 
maximize the amount of data. A total of 558 presence and 10 roadkill georefer-
enced locations were obtained after filtering.

Habitat suitability model (HSM)

The HSM of the species in the study area was calibrated using one topograph-
ic and three vegetation predictors: slope, land cover type, mean canopy height 
and normalized difference vegetation index (NDVI). Since there is no detailed 
information on the ecological requirements of T. mexicana apart from the 
fact it tends to favor forested areas (Wainwright 2007; Navarrete and Ortega 
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2011), those variables were selected because of their easy obtention and rel-
evance to distinguish major vegetation types. Land cover type was retrieved 
from the National Forest Inventory of Costa Rica (SINAC 2015). Mean canopy 
height (in meters) was obtained from the product derived by Potapov et al. 
(2020) from the Global Ecosystem Dynamics Investigation (GEDI-NASA). Re-
garding the NDVI, an index that describes vegetation thickness through an 
estimation of primary productivity (Spisni et al. 2012), it was calculated using 
satellite imagery produced by Landsat-8 (USGS) for the month of June 2023. 
Slope was derived from the STRM-USGS digital elevation model (DEM; Farr et 
al. 2007). All predictors were rasterized at a spatial resolution of 30 m using 
the QGIS software (QGIS.org 2023).

Since the study area represents only a small portion of the species’ global 
distribution range and the fact that it is a generalist species, a two-level hierar-
chy was used to produce the HSM. In fact, habitat modeling is severely biased 
when only a small portion of a species’ range is considered (Raes 2012; Guisan 
et al. 2014). Consequently, a first HSM was fitted for the species at a 1 km 
spatial resolution considering its entire distribution range. This first model was 
calibrated using the bioclimatic variables of WorldClim v2.0 (Fick and Hijmans 
2017) and the elevation data of the STRM-USGS DEM. Duplicate occurrence re-
cords of the species were eliminated using a 1 km threshold in the NICHETOOL-
BOX software (Osorio-Olvera et al. 2016) resulting in 550 data points. To avoid 
an eventual multicollinearity between the variables, the variance inflation factor 
(VIF) was calculated for the dataset using the raster package in R (Hijmans and 
van Etten 2023), setting the threshold at 5 (Zuur et al. 2010). The elevation and 8 
bioclimatic variables were retained as a result (see Suppl. material 1). The mod-
el was generated using the maximum entropy model in the MAXENT software 
(Phillips et al. 2023), with 500 iterations and 100 replicates, a random test sam-
ple of 25%, 10000 background points, bootstrap resampling and aleatory seed.

The resulting models were validated using the area under the curve (AUC) 
criteria and the 10 best models were then averaged in QGIS. According to these 
criteria, maxent model predictions can be considered excellent (AUC > 0.9), 
good (0.8 < AUC < 0.9), reasonable (0.7 < AUC < 0.8) or bad (AUC < 0.6), with 
an AUC < 0.5 meaning that the model predictions are no better than random 
(Phillips et al. 2006). The aforementioned local predictors were then used to 
refine the first HSM to the study area (Di Febbraro et al. 2015) at a 30 m spatial 
resolution, considering 36 presence records of the species in the area. Model-
ling settings for a validation method for the final HSM remained unchanged. All 
the variables used presented a VIF < 5.

Landscape connectivity model (LCM)

The LCM for T. mexicana in the study area was constructed according to circuit 
theory, which assumes that the individual lacks knowledge of their habitat be-
yond their immediate surroundings and does not require extensive knowledge 
of the studied population, like movement and dispersal patterns (Dickson et al. 
2019 Diniz et al. 2020. A conductivity map of the area was built using the CIR-
CUITSCAPE software (Anantharaman et al. 2020), whose algorithm considers 
a set of nodes and a resistance surface to calculate the cost of moving through 
a given area. (McRae et al. 2008).
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Instead of using a reclassification of land cover as a set of resistance values, 
i.e., values representing the difficulty of movement of an individual, a method that 
would require expert knowledge of the species (Fabrizio et al. 2019), the HSM 
was converted to a resistance surface. Resistance values were calculated with 
the formula used by Zhang et al. (2021) considering a high suitability threshold of 
0.75 (tenth percentile training presence of the HSM). This formula converts each 
cell of a habitat suitability map with a value below the chosen threshold to a resis-
tance value between 1 and 1000. The resistance of cells with a habitat suitability 
value above the threshold is set to 1 (Zhang et al. 2021, see Suppl. material 1).

In addition, to avoid the bias in the estimation of conductivity value between 
nodes when they are placed inside the study area (Koen et al. 2014), 43 nodes 
equidistant by 10 km were placed along a 10 km buffer around the study area 
(903 unique pairs). The resulting cumulative current map based on the nodes’ 
pairwise analysis was considered as the final LCM.

Roadkill risk model

A maximum entropy model was used to predict roadkill risk probability for T. 
mexicana in the study area, as this algorithm only requires presence data. In 
this case, roadkill records were used as the presence data as done by other 
authors (Fabrizio et al. 2019; Wright et al. 2020). The HSM and LCM were used 
as the biological predictors for the model. On top, data on road width (in me-
ters), average vehicle speed (in km/h) and average daily traffic (in vehicles per 
day) were retrieved from the Anuario de Informacion de Tránsito 2018 (MOPT 
2018) and used as non-biological predictors. The Euclidian distance to urban 
settlements (in meters) was also added as a non-biological predictor and was 
calculated in QGIS from the National Atlas of Costa Rica (Ortiz-Malavasi 2014).

All predictors were rasterized at a 30 m spatial resolution, and the absence of 
multicollinearity was checked by imposing a VIF < 5. Similarly to the HSM, the 
model was generated in the MAXENT software, with 500 iterations and 100 rep-
licates, a random test sample of 25%, bootstrap resampling and random seed. 
According to the home range size of T. mexicana (Navarrete and Ortega 2011), 
10000 background points were constrained in a 250 m buffer around the road 
network (Fabrizio et al. 2019). A final consensus model was built by averaging 
the 10 replicate models with the highest AUC. Finally, roadkill risk hotspots were 
isolated when the road section presented a value above 0.75 in the RRM. This 
value corresponded to the tenth percentile training presence value of the road-
kill risk records used in the RRM. To analyze the contribution of variables to the 
model, the permutation test provided by the MAXENT software was considered. 
This test measures the drop in AUC of the consensus model when one variable 
is omitted, indicating how much the model relies on it, and does not heuristically 
depend on the model (Phillips et al. 2006).

Results

No road-killed individuals were found during the surveys and 6 records were 
retrieved from the iNaturalist platform, as well as 4 records from the GBIF por-
tal. Of the total roadkill records obtained, 70% were found to have occurred 
on primary roads and the remaining 30% on secondary roads. The highest 
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roadkill density occurred around the Tempisque River estuary, in the vicinity 
of Barra Honda National Park (see Fig. 1). The HSM models showed a good 
predictive performance both at global and local levels, with an average AUC of 
0.879 ± 0.011 and 0.826 ± 0.036, respectively. The average AUC of the 10 best 
replicates used as a consensus model was 0.896 ± 0.003 at the global level 
and 0.890 ± 0.021 at the local level. The final HSM for T. mexicana in the ACT 
showed that most of the suitable habitat was confined to coastal regions and 
low elevations, as well as valleys and topographically flat areas characterized 
by high canopy and dense vegetation. LCM highlighted valleys and other low-el-
evation areas, with a higher potential towards the southeast of the area and the 
vicinity of the Nicoyan Gulf (see Suppl. material 1).

The RRM showed excellent prediction performance scores with an average 
AUC of 0.949 ± 0.022, with the 10 best replicates used as a consensus model 
averaging an AUC of 0.989 ± 0.005. The model predicted a higher roadkill risk 
on primary roads located in the low elevation areas of the northern and eastern 
regions of the ACT, as well as some isolated sections on secondary and tertiary 
roads to the northern, western and southern extremes of the study area (Fig. 2A). 
In general, roads crossing more mountainous areas showed low roadkill risk. A 
total of 108.7 km of the national roads in the study area were identified as roadkill 
hotspots (Fig. 2B). Habitat suitability showed a positive relation to roadkill risk as 
hypothesized and, in general, all non-biological predictors showed a positive re-
lation to roadkill risk. Landscape connectivity showed a slightly positive relation 
to roadkill risk according to the RRM variable importance (Fig. 3). However, this 
result varied greatly during replications, and landscape connectivity proved to be 
the variable with the lowest contribution to the model (0.2%). The highest contrib-
uting variables to the model were road width, average vehicle speed and habitat 
suitability (Fig. 4). Average daily traffic showed a lower contribution (2.7%) and 
the distance to urban settlements showed a low contribution value (0.5%).

Discussion

The model highlighted the importance of habitat suitability in predicting roadkill 
risk for Tamandua mexicana in the Tempisque Conservation Area. More impor-
tantly, the model showed that road width and traffic speed are the primary factors 
explaining the species’ road mortality on the national road network in this area. 
Landscape connectivity, in turn, was not retrieved as a relevant factor for roadkill 
risk prediction. However, the results demonstrate that roadkill risk is high in spe-
cific localities of the study area. In fact, 11.2% of the total national road extent in 
the ACT can be considered as roadkill risk hotspots for the species of interest, 
with most sections concentrated in the northern and eastern parts of the peninsu-
la, some of which coinciding with predictions made by Gutiérrez Sanabria (2017).

Despite the small size of the dataset obtained during the process, the model 
presented an excellent predictive performance, with an AUC > 0.9 (Swets 1988; 
Phillips et al. 2006). The fact that no roadkill was recorded during the survey pe-
riod can be attributed to some behavioral aspects of T. mexicana. The species 
tends to travel more frequently and over greater distances during the dry sea-
son when resources are scarcer and ants and termites, its main food source, 
are less abundant (Nadjar and de la Ossa 2013; Arguedas and Ovares 2019). 
Also, many studies have concentrated their efforts on a particular or a few road 
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Figure 2. Roadkill risk model of Tamandua mexicana in the study area. The general roadkill risk model (A) is shown for 
the entire area. Risk increases towards red, the scale indicating roadkill probability of occurrence. Detail on roadkill risk 
hotspot (B) is provided in bold red, corresponding to road section with a roadkill probability of occurrence equal or great-
er than 75%. Terrain and protected areas are shown to give context to the roadkill hotspots.

Figure 3. Response curves of the variables used in the roadkill risk model. The graphics show how each variable (hori-
zontal axis) affects the probability of roadkill occurring (vertical axis). The red line corresponds to the average of the 100 
model replicates and the grey area represents the standard deviation between them. Units in the horizontal axis are as 
mentioned in the methods section.
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Figure 4. Contribution of each variable to the roadkill risk model. Percentage values 
represent the average change for the 100 replicates in the model AUC when the variable 
is omitted, giving its relative contribution to the final model.

sections instead of a regional scale network (Artavia et al. 2015; Girardet et al. 
2015; Arévalo et al. 2017; Monge-Velázquez and Saénz 2022), so logistical lim-
itations may have played a significant role here and increasing the survey effort 
is necessary to obtain more data.

Regarding the relative contribution of the variables to the model predictions, 
the fact that road width and traffic speed prevail makes sense when consid-
ering that T. mexicana is a slow and awkwardly moving animal on the ground 
(Emmons 1990). Besides being unable to gallop fast enough to avoid potential 
threats (e.g., a moving vehicle), T. mexicana adopts a defensive tripod posture 
and stays still when threatened (Navarrete and Ortega 2011). This behavior 
makes it particularly vulnerable when crossing wide roads with fast moving 
vehicles. The relevance of habitat suitability in the model is consistent with the 
conclusion made by several other authors. As a matter of fact, habitat suitabil-
ity has been shown to contribute significantly to roadkill risk models of several 
species or groups with varied morphological traits, behaviors, and ecological 
requirements (Girardet et al. 2015; Kang et al. 2016; Fabrizio et al. 2019; Wright 
et al. 2020; Valerio et al. 2023). In addition, the response curves for road width, 
average vehicle speed and average daily traffic showed a positive relation with 
roadkill risk up to a “deadly trap” threshold (ca. 100% roadkill probability, see 
Fig. 3). This has been observed directly for multiple other taxa (Grilo et al. 
2015; Santos et al. 2018) and indirectly, for example, in the case of the Europe-
an badger Meles meles (Carnivora: Mustelidae) by Fabrizio et al. (2019), where 
a road type classification was used as a proxy to road width and traffic volume.

Furthermore, the strictly positive relation between roadkill risk and habitat 
suitability for T. mexicana coincides with the conclusions made by Girardet et 
al. (2015), who showed that roadkill risk for the roe deer Caproelus caproelus 
(Artiodactyla: Cervidae) is linearly correlated with the proportion of available 
habitat in the immediate vicinity of the road, and Wright et al. (2020), who found 
similar results for the European hedgehog Erinaceus europaeus (Euliopotyphla: 
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Erinaceidae). On the other hand, using a similar methodology, Fabrizio et al. 
(2019) found that the relationship between habitat suitability and roadkill risk 
is not linear for the European badger, a medium-sized mammal and generalist 
species similarly to T. mexicana, but was positive until a tipping point. The exact 
relationship between habitat suitability and roadkill risk is then species-depen-
dent and often reflects on behavioral aspects such as dispersal patterns and 
new habitat exploration, as well as biological aspects of the species like repro-
duction (Fabrizio et al. 2019; Wright et al. 2020).

Landscape connectivity has been established as an important factor in pre-
dicting roadkill risk by several studies (Santos et al. 2013; Girardet et al. 2015; 
Kang et al. 2016; Fabrizio et al. 2019; Valerio et al. 2023). However, in this case, 
landscape connectivity did not contribute significantly to the roadkill risk model 
(0.2% contribution) and no clear relationship between roadkill risk and land-
scape connectivity was found. Some authors have also considered landscape 
connectivity as a direct product of a taxon’s habitat suitability (Santos et al. 
2013; Kang et al. 2016; Valerio et al. 2023) and, consequently, differentiating 
the role of both variables in roadkill risk prediction can be difficult (Fabrizio et 
al. 2019). Moreover, different methods produce different results when evaluat-
ing the complex concept of landscape connectivity (Diniz et al. 2020). In the 
present case, using a land cover resistance surface where each cover type is 
reclassified with a resistance value could result in a more significant variable 
and produce a different roadkill risk model, but the rate at which certain land 
cover type hinders or facilitate the movement of T. mexicana has not been stud-
ied. Furthermore, landscape connectivity can impact roadkill risk differently at 
different scales (Kang et al. 2016). Finally, the fact that the study area is mainly 
rural, a context where high habitat suitability patches might be a crucial com-
ponent for the species, could explain the predominance of habitat suitability 
over landscape connectivity in the final roadkill risk model (Girardet et al. 2015).

The model generated in this study supports the hypothesis that habitat 
suitability is an important factor in roadkill risk for T. mexicana in the study 
area, and that roadkill risk increases when habitat suitability does. On the 
contrary, the model does not support the similar hypothesis for landscape 
connectivity, at least not at a regional level. Also, the model shows the impor-
tance of the road infrastructure characteristics on the species mortality by 
vehicle collision. Ultimately, it is pertinent to recognize the limitations of the 
results, especially regarding the size of the roadkill dataset. Indeed, the short 
period and monitoring protocol may have impacted the obtention of data on 
roadkill, and the use of citizen science data (i.e., in this case constituting the 
entire dataset for the HSM and RRM) can produce spatial bias (Van Strien et 
al. 2013) that was not necessarily accounted for. Thus, systematized surveys 
spanning a greater period and an increased knowledge of the species’ ecology 
and behavior would produce more accurate models. Nonetheless, this study 
identified key sections for mitigation measures at a regional scale and calls 
for finer scale efforts to identify exact locations for their implementation.

Conclusions

Mortality by vehicle collision in the northern tamandua in the Tempisque Con-
servation Area is mainly influenced by road infrastructure and the habits of 
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drivers. Despite that, this study shows that habitat suitability is an important 
factor for predicting roadkill risk and should be considered in similar studies 
whenever possible. The results also allow us to confirm that northern taman-
dua roadkills are not randomly distributed across the landscape, but the data 
and methods used cannot be used to define the role of landscape connectivity 
in explaining their distribution. We invite other authors and wildlife and conser-
vation managers to incorporate this type of prediction model in their wildlife-ve-
hicle collision mitigation measures, as they can be valuable in determining the 
location to build wildlife crossing infrastructure.

Acknowledgements

We are thankful for the help provided by the personnel of the Transport Infra-
structure Program (PITRA) of the Lanname-UCR (Javier Zamora Rojas and 
Henry Hernández Vega) who facilitated the material used to systematize the 
information on the road infrastructure and traffic data through a Geographical 
Information System. We also thank all observers in the “Fauna atropellada en 
carreteras de Costa Rica” for their continuous data collection through the iNat-
uralist platform, without whom this study would not have been possible. Finally, 
we thank the Universidad Latina de Costa Rica for supporting the academic 
and administrative processes necessary to carry out this research.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Funding
All costs and article processing charges for publication in this journal were funded by 
the Universidad Latina de Costa Rica.

Author contributions
Conceptualization: SB. Data curation: SB. Formal analysis: SB. Investigation: SB. Meth-
odology: SB. Project administration: SB. Supervision: EA-H. Validation: EA-H. Writing – 
original draft: SB. Writing – review and editing: SB, EA-H.

Author ORCIDs
Silvio Boyat  https://orcid.org/0000-0001-5042-3499
Esmeralda Arévalo-Huezo  https://orcid.org/0000-0001-6541-5061

Data availability
All of the data that support the findings of this study are available in the main text or 
Supplementary Information.

https://orcid.org/0000-0001-5042-3499
https://orcid.org/0000-0001-6541-5061


32Neotropical Biology and Conservation 20(1): 21–36 (2025), DOI: 10.3897/neotropical.20.e124522

Silvio Boyat & Esmeralda Arévalo-Huezo: Roadkill risk model for the Northern Tamandua in northwestern Costa Rica

References

Alfaro VC, Quesada FD (2015) Medidas de mitigación para las poblaciones de mamíferos 
silvestres que sufren atropellos en las carreteras del cantón de la Fortuna. Repertorio 
Científico 18(1): 5–10.

Alfaro VC, Quesada FD (2016) Registro de mamíferos silvestres atropellados y hábitat 
asociados en el cantón de La Fortuna, San Carlos, Costa Rica. Biocenosis 30: 1–2.

Anantharaman R, Hall K, Shah V, Edelman A (2020) Circuitscape in Julia: High perfor-
mance connectivity modelling to support conservation decisions. Proceedings of the 
JuliaCon Conferences 1(1): 58. https://doi.org/10.21105/jcon.00058

Arévalo JE, Honda W, Arce-Arias A, Häger A (2017) Spatiotemporal variation of roadkills 
show mass mortality events for amphibians in a highly trafficked road adjacent to a 
national park, Costa Rica. Revista de Biología Tropical 65(4): 1261–1276. https://doi.
org/10.15517/rbt.v65i4.27903

Arguedas R, Ovares L (2019) Bone fractures in roadkill Northern Tamandua Tamandua 
mexicana (Mammalia: Pilosa: Myrmecophagidae) in Costa Rica. Journal of Threat-
ened Taxa 11(14): 14802–14807. https://doi.org/10.11609/jott.4956.11.14.14802-
14807

Artavia A, Jiménez M, Martínez-Salinas A, Pomareda E, Araya-Gamboa D, Arévalo-Huezo 
E (2015) Registro de mamíferos silvestres en la sección de la ampliación de la Ruta 
32, Limón, Costa Rica. Brenesia 83, 84: 37–46.

Ceia‐Hasse A, Borda‐de‐Água L, Grilo C, Pereira HM (2017) Global exposure of carnivores 
to roads. Global Ecology and Biogeography 26(5): 592–600. https://doi.org/10.1111/
geb.12564

Coelho IP, Teixeira FZ, Colombo P, Coelho AVP, Kindel A (2012) Anuran road-kills neigh-
boring a peri-urban reserve in the Atlantic Forest, Brazil. Journal of Environmental 
Management 112: 17–26. https://doi.org/10.1016/j.jenvman.2012.07.004

Coffin AW (2007) From roadkill to road ecology: A review of the ecological effects of 
roads. Journal of Transport Geography 15(5): 396–406. https://doi.org/10.1016/j.
jtrangeo.2006.11.006

Danks ZD, Porter WF (2010) Temporal, spatial, and landscape habitat characteristics of 
moose—Vehicle collisions in Western Maine. The Journal of Wildlife Management 
74(6): 1229–1241. https://doi.org/10.2193/2008-358

Di Febbraro M, Roscioni F, Frate L, Carranza ML, De Lisio L, De Rosa D, Marchetti M, 
Loy A (2015) Long‐term effects of traditional and conservation‐oriented forest man-
agement on the distribution of vertebrates in Mediterranean forests: A hierarchical 
hybrid modelling approach. Diversity & Distributions 21(10): 1141–1154. https://doi.
org/10.1111/ddi.12362

Dickson BG, Albano CM, Anantharaman R, Beier P, Fargione J, Graves TA, Gray ME, Hall 
KR, Lawler JJ, Leonard PB, Littlefield CE, McClure ML, Novembre J, Schloss CA, 
Schumaker NH, Shah VB, Theobald DM (2019) Circuit‐theory applications to connec-
tivity science and conservation. Conservation Biology 33(2): 239–249. https://doi.
org/10.1111/cobi.13230

Diniz MF, Cushman SA, Machado RB, De Marco Júnior P (2020) Landscape connec-
tivity modeling from the perspective of animal dispersal. Landscape Ecology 35(1): 
41–58. https://doi.org/10.1007/s10980-019-00935-3

Dornas RAP, Kindel A, Bager A, Freitas SR (2012) Avaliação da mortalidade de verte-
brados em rodovias no Brasil. In: Bager A (Ed.) Ecologia de estradas: tendências e 
pesquisas. UFLA, Lavras, 139–152.

https://doi.org/10.21105/jcon.00058
https://doi.org/10.15517/rbt.v65i4.27903
https://doi.org/10.15517/rbt.v65i4.27903
https://doi.org/10.11609/jott.4956.11.14.14802-14807
https://doi.org/10.11609/jott.4956.11.14.14802-14807
https://doi.org/10.1111/geb.12564
https://doi.org/10.1111/geb.12564
https://doi.org/10.1016/j.jenvman.2012.07.004
https://doi.org/10.1016/j.jtrangeo.2006.11.006
https://doi.org/10.1016/j.jtrangeo.2006.11.006
https://doi.org/10.2193/2008-358
https://doi.org/10.1111/ddi.12362
https://doi.org/10.1111/ddi.12362
https://doi.org/10.1111/cobi.13230
https://doi.org/10.1111/cobi.13230
https://doi.org/10.1007/s10980-019-00935-3


33Neotropical Biology and Conservation 20(1): 21–36 (2025), DOI: 10.3897/neotropical.20.e124522

Silvio Boyat & Esmeralda Arévalo-Huezo: Roadkill risk model for the Northern Tamandua in northwestern Costa Rica

Emmons L (1990) Neotropical Rainforest Mammals: A Field Guide. The University of 
Chicago Press, Chicago and London.

Fabrizio M, Di Febbraro M, D’Amico M, Frate L, Roscioni F, Loy A (2019) Habitat suitability 
vs landscape connectivity determining roadkill risk at a regional scale: A case study 
on European badger (Meles meles). European Journal of Wildlife Research 65(1): 
1–10. https://doi.org/10.1007/s10344-018-1241-7

Farr TG, Rosen PA, Caro E, Crippen R, Duren R, Hensley S, Kobrick M, Paller M, Rodriguez 
E, Roth L, Seal D, Shaffer S, Shimada J, Umland J, Werner M, Oskin M, Burbank D, Als-
dorf D (2007) The Shuttle Radar Topography Mission. Reviews of Geophysics 45(2): 
RG2004. https://doi.org/10.1029/2005RG000183

Fick SE, Hijmans RJ (2017) WorldClim 2: New 1‐km spatial resolution climate surfac-
es for global land areas. International Journal of Climatology 37(12): 4302–4315.  
https://doi.org/10.1002/joc.5086

GBIF.org (2023) GBIF Home Page. https://www.gbif.org [Accessed on 20.08.2023]
Girardet X, Conruyt-Rogeon G, Foltête JC (2015) Does regional landscape connectivity 

influence the location of roe deer roadkill hotspots? European Journal of Wildlife Re-
search 61(5): 731–742. https://doi.org/10.1007/s10344-015-0950-4

Gonçalves LO, Alvares DJ, Teixeira FZ, Schuck G, Coelho IP, Esperandio IB, Kindel A 
(2018) Reptile road-kills in Southern Brazil: Composition, hot moments and hotspots. 
The Science of the Total Environment 615: 1438–1445. https://doi.org/10.1016/j.sci-
totenv.2017.09.053

Granados-Rodríguez F, Esquivel C, Barquero-González JP, Quesada-Ávila G, Teno-
rio-Brenes J (2024) Distancia a la vegetación, trazado de la carretera y atropello de 
vertebrados silvestres en Puntarenas, Costa Rica. Cuadernos de Investigación UNED 
16: e5260–e5260. https://doi.org/10.22458/urj.v16i1.5260

Grilo C, Ascensão F, Santos-Reis M, Bissonette JA (2011) Do well-connected landscapes 
promote road-related mortality? European Journal of Wildlife Research 57(4): 707–
716. https://doi.org/10.1007/s10344-010-0478-6

Grilo C, Ferreira FZ, Revilla E (2015) No evidence of a threshold in traffic volume affect-
ing road-kill mortality at a large spatio-temporal scale. Environmental Impact Assess-
ment Review 55: 54–58. https://doi.org/10.1016/j.eiar.2015.07.003

Grilo C, Koroleva E, Andrášik R, Bíl M, González‐Suárez M (2020) Roadkill risk and pop-
ulation vulnerability in European birds and mammals. Frontiers in Ecology and the 
Environment 18(6): 323–328. https://doi.org/10.1002/fee.2216

Guisan A, Petitpierre B, Broennimann O, Daehler C, Kueffer C (2014) Unifying niche shift 
studies: Insights from biological invasions. Trends in Ecology & Evolution 29(5): 260–
269. https://doi.org/10.1016/j.tree.2014.02.009

Gutiérrez Sanabria DR (2017) Evaluación del riesgo de las carreteras nacionales para la 
fauna silvestre y el uso de ciencia ciudadana como herramienta para el monitoreo de 
fauna silvestre atropellada en Costa Rica. Msc. Thesis, Universidad Nacional, Here-
dia, Costa Rica.

Hijmans RJ, van Etten J (2023) raster: Geographic analysis and modeling with raster 
data. R package version 2.0-12. http://CRAN.R-project.org/package=raster

Holdridge LR (1978) Ecología basada en zonas de vida. Agroamérica, San José, Costa 
Rica.

Ibisch PL, Hoffmann MT, Kreft S, Pe’er G, Kati V, Biber-Freudenberger L, DellaSala DA, 
Vale MM, Hobson PR, Selva N (2016) A global map of roadless areas and their con-
servation status. Science 354(6318): 1423–1427. https://doi.org/10.1126/science.
aaf7166

https://doi.org/10.1007/s10344-018-1241-7
https://doi.org/10.1029/2005RG000183
https://doi.org/10.1002/joc.5086
https://www.gbif.org
https://doi.org/10.1007/s10344-015-0950-4
https://doi.org/10.1016/j.scitotenv.2017.09.053
https://doi.org/10.1016/j.scitotenv.2017.09.053
https://doi.org/10.22458/urj.v16i1.5260
https://doi.org/10.1007/s10344-010-0478-6
https://doi.org/10.1016/j.eiar.2015.07.003
https://doi.org/10.1002/fee.2216
https://doi.org/10.1016/j.tree.2014.02.009
http://CRAN.R-project.org/package=raster
https://doi.org/10.1126/science.aaf7166
https://doi.org/10.1126/science.aaf7166


34Neotropical Biology and Conservation 20(1): 21–36 (2025), DOI: 10.3897/neotropical.20.e124522

Silvio Boyat & Esmeralda Arévalo-Huezo: Roadkill risk model for the Northern Tamandua in northwestern Costa Rica

iNaturalist (2023) Fauna atropellada en carreteras de Costa Rica. https://www.inatu-
ralist.org/projects/fauna-atropellada-en-carreteras-de-costa-rica [Accessed on 
27.05.2023]

Jackson ND, Fahrig L (2011) Relative effects of road mortality and decreased connec-
tivity on population genetic diversity. Biological Conservation 144(12): 3143–3148. 
https://doi.org/10.1016/j.biocon.2011.09.010

Kang W, Minor ES, Woo D, Lee D, Park CR (2016) Forest mammal roadkills as related to 
habitat connectivity in protected areas. Biodiversity and Conservation 25(13): 2673–
2686. https://doi.org/10.1007/s10531-016-1194-7

Koen EL, Bowman J, Sadowski C, Walpole AA (2014) Landscape connectivity for wildlife: 
Development and validation of multispecies linkage maps. Methods in Ecology and 
Evolution 5(7): 626–633. https://doi.org/10.1111/2041-210X.12197

Malo JE, Suárez F, Díez A (2004) Can we mitigate animal–vehicle accidents using pre-
dictive models? Journal of Applied Ecology 41(4): 701–710. https://doi.org/10.1111/
j.0021-8901.2004.00929.x

McRae BH, Dickson BG, Keitt TH, Shah VB (2008) Using circuit theory to model connec-
tivity in ecology, evolution, and conservation. Ecology 89(10): 2712–2724. https://
doi.org/10.1890/07-1861.1

Medrano‐Vizcaíno P, Grilo C, Silva Pinto FA, Carvalho WD, Melinski RD, Schultz ED, 
González‐Suárez M (2022) Roadkill patterns in Latin American birds and mam-
mals. Global Ecology and Biogeography 31(9): 1756–1783. https://doi.org/10.1111/
geb.13557

MINAE (2018) Estado del ambiente: Costa Rica 2017. https://www.sinac.go.cr/ES/
docu/Paginas/default.aspx

Monge-Velázquez M, Sáenz JC (2022) Drainage culverts as a measure to avoid mammal 
roadkills in Costa Rica: The case of Dasyprocta punctata. Therapeutic Notes 3(2): 
66–69. https://doi.org/10.12933/therya_notes-22-72

MOPT (2018) Anuario de Información de Tránsito 2018. (MOPT-01-06-01-010-2018). 
Secretaría de Planificación SectorialProceso de Planificación Estratégica Multimodal 
deServicios de Infraestructura y de Transporte.

Nadjar ODO, de la Ossa J (2013) Fauna silvestre atropellada en dos vías principales que 
rodean los Montes de María, Sucre, Colombia. Revista Colombiana de Ciencia Animal 
Recia 5(1): 158–164. https://doi.org/10.24188/recia.v5.n1.2013.481

Navarrete D, Ortega J (2011) Tamandua mexicana (Pilosa: Myrmecophagidae). Mam-
malian Species 43(874): 56–63. https://doi.org/10.1644/874.1

Oddone Aquino AGHE, Nkomo SPL (2021) Spatio-temporal patterns and consequenc-
es of road kills: A review. Animals (Basel) 11(3): 799. https://doi.org/10.3390/
ani11030799

Ortega Reyes J, Tirira DG, Arteaga M, Miranda F (2014) Tamandua mexicana. The IUCN 
Red List of Threatened Species 2014: e.T21349A47442649.

Ortiz-Malavasi E (2014) Atlas de Costa Rica 2014. Repositorio TEC. https://hdl.handle.
net/2238/6749

Osorio-Olvera L, Barve V, Barve N, Soberón J (2016) Nichetoolbox: from getting biodiver-
sity data to evaluating species distribution models in a friendly GUI environment, R 
package version 0.2.0.0.

Pagany R (2020) Wildlife-vehicle collisions-Influencing factors, data collection and re-
search methods. Biological Conservation 251: 108758. https://doi.org/10.1016/j.
biocon.2020.108758

https://www.inaturalist.org/projects/fauna-atropellada-en-carreteras-de-costa-rica
https://www.inaturalist.org/projects/fauna-atropellada-en-carreteras-de-costa-rica
https://doi.org/10.1016/j.biocon.2011.09.010
https://doi.org/10.1007/s10531-016-1194-7
https://doi.org/10.1111/2041-210X.12197
https://doi.org/10.1111/j.0021-8901.2004.00929.x
https://doi.org/10.1111/j.0021-8901.2004.00929.x
https://doi.org/10.1890/07-1861.1
https://doi.org/10.1890/07-1861.1
https://doi.org/10.1111/geb.13557
https://doi.org/10.1111/geb.13557
https://www.sinac.go.cr/ES/docu/Paginas/default.aspx
https://www.sinac.go.cr/ES/docu/Paginas/default.aspx
https://doi.org/10.12933/therya_notes-22-72
https://doi.org/10.24188/recia.v5.n1.2013.481
https://doi.org/10.1644/874.1
https://doi.org/10.3390/ani11030799
https://doi.org/10.3390/ani11030799
https://hdl.handle.net/2238/6749
https://hdl.handle.net/2238/6749
https://doi.org/10.1016/j.biocon.2020.108758
https://doi.org/10.1016/j.biocon.2020.108758


35Neotropical Biology and Conservation 20(1): 21–36 (2025), DOI: 10.3897/neotropical.20.e124522

Silvio Boyat & Esmeralda Arévalo-Huezo: Roadkill risk model for the Northern Tamandua in northwestern Costa Rica

Phillips SJ, Anderson RP, Schapire RE (2006) Maximum entropy modeling of species 
geographic distributions. Ecological Modelling 190(3–4): 231–259. https://doi.
org/10.1016/j.ecolmodel.2005.03.026

Phillips SJ, Dudík M, Schapire RE (2023) Maxent software for modeling species nich-
es and distributions (Version 3.4.4). http://biodiversityinformatics.amnh.org/open_
source/maxent/ [Accessed on 06.06.2023]

Pinto FA, Clevenger AP, Grilo C (2020) Effects of roads on terrestrial vertebrate species 
in Latin America. Environmental Impact Assessment Review 81: 106337. https://doi.
org/10.1016/j.eiar.2019.106337

Potapov PX, Li A, Hernandez-Serna A, Tyukavina MC, Hansen A, Kommareddy A, Pickens 
S, Turubanova H, Tang CE, Silva J, Armston R, Dubayah JB, Blair M Hofton (2020) 
Mapping and monitoring global forest canopy height through integration of GEDI 
and Landsat data. Remote Sensing of Environment: 112165. Programa REDD/CCAD-
GIZ - SINAC (2015) Inventario Nacional Forestal de Costa Rica 2014–2015. Resulta-
dos y Caracterización de los Recursos Forestales. In: Emanuelli P, Milla F, Duarte E, 
Emanuelli J, Jiménez A, Chavarría MI (Eds) Programa Reducción de Emisiones por 
Deforestación y Degradación Forestal en Centroamérica y la República Dominicana 
(REDD/CCAD/GIZ) y Sistema Nacional de Áreas de Conservación (SINAC) Costa 
Rica. San José, Costa Rica, 380 pp. https://doi.org/10.1016/j.rse.2020.112165

QGIS.org (2023) QGIS v3.28.8 Firenze Geographic Information System. QGIS Associa-
tion. http://www.qgis.org

Raes N (2012) Partial versus full species distribution models. Natureza & Conservação 
10(2): 127–138. https://doi.org/10.4322/natcon.2012.020

Riley SP, Pollinger JP, Sauvajot RM, York EC, Bromley C, Fuller TK, Wayne RK (2006) 
FAST‐TRACK: A southern California freeway is a physical and social barrier to gene 
flow in carnivores. Molecular Ecology 15(7): 1733–1741. https://doi.org/10.1111/
j.1365-294X.2006.02907.x

Roger E, Bino G, Ramp D (2012) Linking habitat suitability and road mortalities across 
geographic ranges. Landscape Ecology 27(8): 1167–1181. https://doi.org/10.1007/
s10980-012-9769-5

Rudnick DA, Ryan SJ, Beier P, Cushman SA, Dieffenbach F, Epps CW, et al. (2012) The 
role of landscape connectivity in planning and implementing conservation and resto-
ration priorities. Issues in ecology 16: 1–23.

Sánchez-Hernández L (2018) Informe Estado de la Nación en Desarrollo Humano 
Sostenible. https://hdl.handle.net/20.500.12337/2962

Santos SM, Lourenco R, Mira A, Beja P (2013) Relative effects of road risk, habitat suit-
ability, and connectivity on wildlife roadkills: The case of tawny owls (Strix aluco). 
PLoS One 8(11): e79967. https://doi.org/10.1371/journal.pone.0079967

Santos RA, Mota-Ferreira M, Aguiar LM, Ascensão F (2018) Predicting wildlife 
road-crossing probability from roadkill data using occupancy-detection models. The 
Science of the Total Environment 642: 629–637. https://doi.org/10.1016/j.scito-
tenv.2018.06.107

Silva I, Crane M, Savini T (2021) The road less traveled: Addressing reproducibility and 
conservation priorities of wildlife-vehicle collision studies in tropical and subtropical 
regions. Global Ecology and Conservation 27: e01584. https://doi.org/10.1016/j.gec-
co.2021.e01584

Spisni A, Marletto V, Botarelli L (2012) Indici vegetazionali da satellite per il monitoraggio 
in continuo del territorio. Italian Journal of Agrometeorology 3: 49–55.

https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1016/j.ecolmodel.2005.03.026
http://biodiversityinformatics.amnh.org/open_source/maxent/
http://biodiversityinformatics.amnh.org/open_source/maxent/
https://doi.org/10.1016/j.eiar.2019.106337
https://doi.org/10.1016/j.eiar.2019.106337
https://doi.org/10.1016/j.rse.2020.112165
http://www.qgis.org
https://doi.org/10.4322/natcon.2012.020
https://doi.org/10.1111/j.1365-294X.2006.02907.x
https://doi.org/10.1111/j.1365-294X.2006.02907.x
https://doi.org/10.1007/s10980-012-9769-5
https://doi.org/10.1007/s10980-012-9769-5
https://hdl.handle.net/20.500.12337/2962
https://doi.org/10.1371/journal.pone.0079967
https://doi.org/10.1016/j.scitotenv.2018.06.107
https://doi.org/10.1016/j.scitotenv.2018.06.107
https://doi.org/10.1016/j.gecco.2021.e01584
https://doi.org/10.1016/j.gecco.2021.e01584


36Neotropical Biology and Conservation 20(1): 21–36 (2025), DOI: 10.3897/neotropical.20.e124522

Silvio Boyat & Esmeralda Arévalo-Huezo: Roadkill risk model for the Northern Tamandua in northwestern Costa Rica

Swets JA (1988) Measuring the accuracy of diagnostic systems. Science 240(4857): 
1285–1293. https://doi.org/10.1126/science.3287615

Taylor PD, Fahrig L, Henein K, Merriam G (1993) Connectivity is a vital element of land-
scape structure. Oikos 68(3): 571–573. https://doi.org/10.2307/3544927

Valerio F, Godinho S, Salgueiro P, Medinas D, Manghi G, Mira A, Pedroso NM, Ferreira 
EM, Craveiro J, Costa P, Santos SM (2023) Integrating remote sensing data on habitat 
suitability and functional connectivity to inform multitaxa roadkill mitigation plans. 
Landscape Ecology 38(12): 1–18. https://doi.org/10.1007/s10980-022-01587-6

Van Der Ree R, Smith DJ, Grilo C (2015) Handbook of road ecology. John Wiley & Sons. 
https://doi.org/10.1002/9781118568170

Van Strien AJ, Van Swaay CA, Termaat T (2013) Opportunistic citizen science data of 
animal species produce reliable estimates of distribution trends if analysed with 
occupancy models. Journal of Applied Ecology 50(6): 1450–1458. https://doi.
org/10.1111/1365-2664.12158

Villalobos-Hoffman R, Ewing JE, Mooring MS (2022) Do Wildlife Crossings Mitigate the 
Roadkill Mortality of Tropical Mammals? A Case Study from Costa Rica. Diversity 
14(8): 665. https://doi.org/10.3390/d14080665

Visintin C, Van Der Ree R, McCarthy MA (2016) A simple framework for a complex prob-
lem? Predicting wildlife–vehicle collisions. Ecology and Evolution 6(17): 6409–6421. 
https://doi.org/10.1002/ece3.2306

Wainwright M (2007) The Mammals of Costa Rica. A natural history and field guide. 
Zona Tropical, San José, Costa Rica.

Wright PG, Coomber FG, Bellamy CC, Perkins SE, Mathews F (2020) Predicting hedgehog 
mortality risks on British roads using habitat suitability modelling. PeerJ 7: e8154. 
https://doi.org/10.7717/peerj.8154

Zhang J, Jiang F, Cai Z, Dai Y, Liu D, Song P, Hou Y, Gao H, Zhang T (2021) Resis-
tance-based connectivity model to construct corridors of the Przewalski’s gazelle 
(Procapra Przewalskii) in fragmented landscape. Sustainability (Basel) 13(4): 1656. 
https://doi.org/10.3390/su13041656

Zuur AF, Ieno EN, Elphick CS (2010) A protocol for data exploration to avoid common 
statistical problems. Methods in Ecology and Evolution 1(1): 3–14. https://doi.
org/10.1111/j.2041-210X.2009.00001.x

Supplementary material 1

Supplementary data

Authors: Silvio Boyat, Esmeralda Arévalo-Huezo
Data type: docx
Explanation note: Further details on the methods used.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/neotropical.20.e124522.suppl1

https://doi.org/10.1126/science.3287615
https://doi.org/10.2307/3544927
https://doi.org/10.1007/s10980-022-01587-6
https://doi.org/10.1002/9781118568170
https://doi.org/10.1111/1365-2664.12158
https://doi.org/10.1111/1365-2664.12158
https://doi.org/10.3390/d14080665
https://doi.org/10.1002/ece3.2306
https://doi.org/10.7717/peerj.8154
https://doi.org/10.3390/su13041656
https://doi.org/10.1111/j.2041-210X.2009.00001.x
https://doi.org/10.1111/j.2041-210X.2009.00001.x
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neotropical.20.e124522.suppl1

	Predicting roadkill: a regional-scale model for the Northern Tamandua integrating environmental and road characteristics
	Abstract
	Introduction
	Methods
	Study area
	Species data
	Habitat suitability model (HSM)
	Landscape connectivity model (LCM)
	Roadkill risk model

	Results
	Discussion
	Conclusions
	Acknowledgements
	Additional information
	References

