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Roads and highways can work as barriers to the movement of many species, thereby preventing the individuals from accessing feeding and
reproduction sites and the immediate risk of colliding wild species with vehicles. Identifying the impacts of roads on wildlife can contribute to
the establishment of actions that promote conservation. In Brazil, data on collisions between bats and vehicles are scarce and underestimated
in the literature. We described bat roadkill from 2008 to 2019 on a stretch of the BR-040 highway, which crosses an area of Atlantic Forest.
Roadkill species were identified and the sites with high collision frequencies were characterized. A total of 923 individuals of 57 species and
five families of chiropterans were identified. Frugivore bats showed the largest number of affected individuals, with Artibeus lituratus, a com-
mon species in the study region, with the highest number of roadkills. The diet and foraging behaviour were the most likely factors explaining
most of the bats killed on the highway. The highest roadkill rate was documented in the fall, and the critical points located nearby the APA
Petrépolis and REBIO of Tingua, environmental protection areas. We reinforce the need to mitigate these roadkills, ensuring that road systems,
which constitute municipal, state and federal highways, are built to prevent major disturbance of habitat and displacement routes of these
species. We believe in the need for mitigations, and considering the various species involved, we suggest speed bumps construction reducing
the speed limit, installing bridges, and signaling the presence of wildlife, before the stretches identified as hotspots.

Los caminos y carreteras pueden funcionar como barreras para el movimiento de muchas especies, impidiendo asi el acceso de los indivi-
duos a los sitios de alimentacion y reproduccién y el riesgo inmediato de colisidn de especies silvestres con vehiculos. Identificar los impactos
de los caminos sobre la vida silvestre puede contribuir al establecimiento de acciones que promuevan la conservacion. En Brasil, los datos
sobre colisiones entre murciélagos y vehiculos son escasos y subestimados en la literatura. Describimos murciélagos atropellados entre 2008
y 2019 en un tramo de la carretera BR-040, que atraviesa un drea de Mata Atlantica. Se identificaron las especies de animales atropellados y se
caracterizaron los sitios con alta frecuencia de colisidn. Se identificaron un total de 923 individuos de 57 especies y cinco familias de quirépte-
ros. Los murciélagos frugivoros mostraron el mayor nimero de individuos afectados, con Artibeus lituratus, una especie comun en la regién de
estudio, con el mayor nimero de atropellamientos. La dieta y el comportamiento de busqueda de alimento fueron los factores mas probables
que explicaron la mayoria de los murciélagos muertos en la carretera. La mayor tasa de atropellamientos se registré en otofio, y los puntos
criticos se ubicaron en las cercanias de APA Petrdpolis y REBIO de Tingug, areas de proteccion ambiental. Reforzamos la necesidad de mitigar
estos atropellamientos, asegurando que los sistemas viales, que constituyen las carreteras municipales, estatales y federales, se construyan
para evitar que se alteren el habitat y las rutas de desplazamiento de estas especies. Creemos en la necesidad de mitigaciones y considerando
las diversas especies involucradas. Sugerimos la construccidon de topes para reducir el limite de velocidad, instalar puentes y sefalizando la
presencia de fauna, antes de los tramos identificados como hotspots.
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Introduction

The human population in recent decades has caused several
changes in the environment, including road and highway
construction that is currently a significant concern for bio-
diversity conservation (do Prado et al. 2006; Gumier-Costa
and Sperber 2009; Bueno etal. 2015). Road impacts on wild-
life include deaths from vehicle collisions, habitat destruc-
tion and fragmentation, barrier effect, edge effects and
disturbances caused by light, noise and chemical pollution
(Forman and Alexander 1998; Gibbs and Shriver 2002; Row
etal. 2007; Kerth and Melber 2009; Stone et al. 2009; Zurcher
et al. 2010; Berthinussen and Altringham 2012; Bueno et al.
2013; Esperandio et al. 2019). For several vertebrate species,

some of the ecological consequences include a reduction
in the gene flow between populations and a decrease in
both migration rates and genetic diversity (Corlatti et al.
2009; Esperandio et al. 2019).

The order Chiroptera is the second largest among mam-
mals, with more than 1,400 living species (Simmons and

Cirranello 2020). In Brazil, this order is represented by 68

genera and 181 species subdivided into nine families (Gar-

bino et al. 2020). The chiropterans play a fundamental role

in maintaining the ecological processes of different vegeta-
tion domains, being excellent objects of study for charac-
terizing habitats and their quality since they are also sen-
sitive to changes (Fenton et al. 1992; Medellin et al. 2000;
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Gorresen et al. 2005). However, most data on bat deaths on
the roads comes from Europe, where several studies have
been developed (Bafaluy 2000; Lesinski 2007; Gaisler et al.
2009; Kerth and Melber 2009; Berthinussen and Altring-
ham 2012; Medinas et al. 2013; Ramalho and Aguiar 2020),
while in Brazil, data on bat collisions are scarce (Pracucci
et al. 2012; Pinheiro and Turci 2013; Almeida and Cardoso
Junior 2014; Ceron et al. 2017; Valadéo et al. 2018; Damdsio
etal. 2021; de Figueiredo Ramalho et al. 2021). The bat’s low
body mass, flight speed and nocturnal behavior make it dif-
ficult to find bat carcasses, resulting in the subsampling of
the group in studies of road ecology (Bafaluy 2000; Lesirski
etal. 2011; Berthinussen and Altringham 2012).

The bats forage using echolocation (Kalko et al. 1996;
Siemers and Schnitzler 2000; Schaub et al. 2008) and hear-
ing the sound of prey such as amphibians and insects
(Marimuthu and Neuweiler 1987; Faure and Barclay 1992;
Altringham and Kerth 2016). According to Schaub et al.
(2008), the‘passive listening’strategy is adopted by bat spe-
cies specialized in hunting arthropods in vegetation or on
the ground, where other sounds of the environment mask
the noises emitted by prey; thus, the sounds produced
by cars can compromise the echolocation of bats nearby,
reducing their feeding effectiveness. Therefore, roads act
as barriers, reducing the bats' ability to access suitable
places to forage or shelter, thus being a concerning factor,
especially regarding migratory species (Zurcher et al. 2010;
Lesinski et al. 2011; Ceron et al. 2017; Claireau et al. 2019).

Although some studies show that bats recognize
vehicles as a threat (Baxter et al. 2006; Zurcher et al. 2010;
Altringham and Kerth 2016), many others show that bats
are killed on the roads by vehicle collisions (Bafaluy 2000;
Gaisler et al. 2009; Ceron et al. 2017). Moreover, some stud-
ies recent provide only a list of affected species (Ceron
et al. 2017; Novaes et al. 2018). Important variables that
affect the collision rates between bats and vehicles, such
as the diversity and abundance of specific plants in the
landscape, the presence of flight corridors, habitat frag-
mentation and foraging routes (Gaisler et al. 2009; Medi-
nas et al. 2013), are poorly documented in Brazil. Despite
these factors, bat species moving on the road may vary
from region to region, indicating other differences in the
structure of the local landscape (Lesinski 2007; Kerth and
Melber 2009).

Due to the lack of studies on collisions between vehicles
and bats on the roads, the need to obtain data on mor-
tality from being run over in different regions and land-
scapes is evident since the impact on natural populations
can be severe and may cause a decline due to the cumu-
lative effect of roadkills (Lesinski et al. 2011; Berthinussen
and Altringham 2012; de Figueiredo Ramalho et al. 2021).
In that regard, monitoring of the occurrence of collisions
between vehicles and bats was carried out on a long stretch
on the BR-040 highway in the period from 2008 to 2019,
identifying the affected species and the points with the
highest collision frequencies.
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Materials and Methods

Studyarea. Datawas collected on the BR-040 highway, which
covers nine municipalities, from Rio de Janeiro to Juiz de
Fora (Figure 1), accounting for 180.4 km. In the State of Rio
de Janeiro, it goes from 0 km to 125.2 km, and in the State
of Minas Gerais from 773.5 km to 828.7 km. Six municipali-
ties are located in the state of Rio de Janeiro: Rio de Janeiro,
Duque de Caxias, Petropolis, Areal, Trés Rios, Comenda-
dor Levy Gasparian, and three in the state of Minas Gerais:
Simao Pereira, Matias Barbosa and Juiz de Fora. Along the
studied stretch, the BR-040 highway crosses three Con-
servation Units of Atlantic Forest: Petrépolis Environmen-
tal Protection Area (APA Petrépolis), the Tingua Biological
Reserve (REBIO for Tingua), and the Serra da Estrela Wildlife
Refuge. The climate along the monitored highway is humid
subtropical with a hot temperate summer and a dry winter,
according to the Képpen classification, with precipitation
concentrated in the summer, in an annual total that varies
in the region between 1,300 and 2,200 mm (Alvares et al.
2013). We plot a final map with the critical areas of fatalities
identified from analysis in Siriema software in the ArcGIS
Desktop (Ormsby et al. 2010).

Monitoring and data collection. The data were com-
piled in the period from 2008 to 2019, and the stretches
were travelled weekly at 40 km/h by two observers, in

43‘: w

BR-040 Road }N\

Juiz de Fora

< Matias
. Barbosa

Bom Jardim river

' e
W\ simiso
\ \_Pereira

22°

)
T
22°

L
Comendador Levy#<
MINAS GERAIS STATE Gasparian

WA G S

RIO DE JANEIRO STATE

T
L & P

1. BRAZIL
\‘w

T T
60° W 40°W

g1 ¢
)

rrrrrrrrrr

RIO DE JANEIRO

BR-040

|9
Duquede /4~
Caxias

Baia de Guanabara

2 .

a3tw

Figure 1. BR-040, stretch from the municipality of Rio de Janeiro to Juiz de Fora.



addition to highway traffic inspectors monitoring 24
hours a day, seven days a week. The bats found dead were
collected; when possible, they were identified at the low-
est taxonomic level, stored in individual plastic bags, and
frozen at the four User Service Centers. Subsequently, the
specimens were sent to the Wild Animal Studies Center
located at the Veiga de Almeida University, where they
were prepared for deposition in the mammalogy section
of the National Museum of Rio de Janeiro, a reference
collection. Roadkill locations were georeferenced, and
bats were photographed, sexed, measured, and identi-
fied more accurately in the laboratory. In this study, we
included all individuals that could be identified within the
order Chiroptera. Bats were identified with the help of
identification keys provided by Gardner (2007), and Reis
et al. (2017), and whenever necessary, identification was
checked in the laboratory with available literature (Grego-
rin and Taddei 2002; Dias and Peracchi 2008; Velazco et al.
2010; Moratelli et al. 2013; Cirranello et al. 2016).

The collections of roadkill specimens were made under
SISBIO License, Number: 30727-12. The use of these ani-
mals in this study complies with and is under the Operating
License, Number: 1187/2013 and Authorization for Cap-
ture, Collection, and Transport of Biological Material - Abio
(Renewal) No. 514/2014.

Data analysis. Siriema 2.0 software was used (Coelho
et al. 2014) to identify the main stretches of significant
groupings within a highway, the hotspots, and the analy-
ses were 2D HotSpots and Ripley 2D K statistics. Ripley’s
K statistic describes the dispersion of data across a range
of spatial scales (Ripley 1981; Levine 2004). To define the
different scales evaluated, we used an initial radius of 100
m and an increment of 400 m for each step. To assess
the meaning of possible aggregations, we subtracted the
observed K values from the average obtained in 1,000
simulations of random roadkill distributions for each stop.
The values above the 95% confidence limits obtained in
the simulations indicate scales with significant aggrega-
tions (Levine 2004; Teixeira et al. 2013; Coelho et al. 2014).
To find the critical hit-and-run points, we performed a
two-dimensional analysis of the identification of the
hotspots. Using an average of 1,000 simulations with a
95% confidence interval, we divided the highway into
segments of 200 meters each (Teixeira et al. 2013; Coelho
etal. 2014).

Data on the number of individuals run over in each
of the four years and comparing the seasons were tested
for normality of residues, using the Shapiro-Wilk test and
homoscedasticity of residues, using the Bartlett test. Hav-
ing the data sets in which the assumptions of normality and
homoscedasticity of the residuals were accepted, ANOVA
(one way) was performed, and a BoxPlot was plotted to ver-
ify differences between the results obtained in the present
study. The significance level used in the tests was 0.05%,
and the R software was used to perform all the statistical
tests (R Core Team 2021).

de Olivera and Bueno

Results

A total of 923 roadkilled individuals of 57 species of bats
were recorded. Five families (Table 1) were observed;
amongst them, the Phyllostomidae (n = 652; 71%) and Ves-
pertilionidae (n = 204; 22 %) were the most common road-
killed. The species with the highest collision frequency were
Artibeus lituratus (n = 216; 23.4 %), Glossophaga soricina (n =
61;6.61 %), Carollia perspicillata (n = 55; 5.96 %), Platyrrhinus
recifinus (n = 46; 4.98 %), Sturnira lilium (n = 41; 4.44 %), Plat-
yrrhinus lineatus (n = 40; 4.33 %), Phyllostomus hastatus (n =
38; 4.12 %), Nyctinomops laticaudatus (n = 33; 3.58 %), Arti-
beus fimbriatus and Anoura caudifer (n = 31; 3.36 %); other
species had less than 20 records each, and 151 individuals
(16.36 %) could only be identified to the order level.

Frugivores represented the most roadkills, represented
by 19 species and 52.87 % of the total number of individu-
als; however, the greatest recorded richness was that of
insectivores, represented by 24 species and 14 % of indi-
viduals roadkills. The nectarivores were represented by five
species and 10.83 % of the total roadkill. The other trophic
guilds were hematophagous, with two species, and carni-
vore, omnivore and piscivore, represented by one species
each. These represent a total of 5.9 % of roadkill recorded
in the study. In most of the specimens, it was not possible
to identify sex and age; however, in those where it was pos-
sible, the male/female rate was similar, and most of them
were adults (Table 1). Differences were observed in the
frequency of bat collisions between the seasons. The high-
est mortality was documented in the fall with 330 (35.75 %)
individuals killed in collisions, followed by 251 (27.19 %) in
the summer, 217 (23.51 %) in the winter and 125 (13.54 %) in
the spring. Considering the number of individuals run over
in relation to the seasons and each monitoring year (2014,
2015,2016,2017,and 2018). According to the Shapiro-Wilk
test, the data are normally distributed (W =0.98471,a=2,P
=0.8891) and are homoscedastic according to the Bartlett
test (2.1022, a = 3, P = 0.5515). Therefore, the data were
submitted to the parametric ANOVA (One Way) test, where
significant differences were observed between the data set
of individuals hit by cars in relation to the seasons of the
year in each monitored year (F = 1.337, a = 3, P = 0.297).
The BoxPlot showed a difference, in terms of the number
of individuals run over, between the spring season and the
other seasons of the year (Figure 2).

In the analyses to determine the scales in which road
deaths were significantly aggregated in space, we found
different aggregation points for bats. The stretch in the city
of Rio de Janeiro, that cover less than 1 km, was the only one
that had no record of bat’s roadkills. The spatial distribu-
tion of roadkill along the BR-040 highway was not random,
indicating that the records concentrated on some specific
points along the highway. Many stretches had significant
aggregations, with the most probable and most significant
extension being located between the Duque de Caxias and
Petrépolis kilometers. This most critical stretch begins at
the ascent of the sierra of Petrépolis. Other peaks of signifi-
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Table 1. Species of bats roadkill during the study and the number of collisions according to their age and sexual classification. Undefined sex = Sexind; Undefined age category =
Agelnd. Conservation status for species at global level follows IUCN (2020). Data Deficiente (DD); Least Concern (LC); Near Threatened (NT); No identification (S/ID).

Family / Species Female Male Sexind Adult Young Ageind IUCN

Emballonuridae
Saccopteryx leptura 0 0 1 1 0 0 LC

Phyllostomidae

Anoura caudifer 6 6 19 16 0 15 LC
Anoura geoffroyi 1 1 1 1 0 2 LC
Anoura sp. 0 0 1 0 0 1

Artibeus cinereus 1 0 2 1 0 2 LC
Artibeus fimbriatus 5 9 17 16 0 15 LC
Artibeus lituratus 43 50 123 105 4 107 LC
Artibeus obscurus 0 0 1 0 0 1 LC
Artibeus planirostris 0 1 0 1 0 0 LC
Artibeus sp. 0 0 17 8 0 9

Carollia perspicillata 17 1 27 24 2 29 LC
Chiroderma doriae 3 1 2 3 0 3 LC
Chiroderma sp. 0 0 1 1 0 0

Chiroderma villosum 1 2 1 2 0 2 LC
Choeroniscus minor 1 0 0 1 0 0 LC
Chrotopterus auritus 0 0 4 0 0 4 LC
Desmodus rotundus 2 2 5 6 0 3 LC
Diphylla ecaudata 0 1 1 1 0 1 LC
Glossophaga soricina 18 13 30 35 1 25 LC
Lonchophylla peracchii 0 1 2 1 0 2 LC
Macrophyllum macrophyllum 0 0 1 0 0 1 LC
Micronycteris hirsuta 0 0 1 1 0 0 LC
Micronycteris megalotis 1 1 0 2 0 0 LC
Micronycteris microtis 0 0 1 0 0 1 LC
Micronycteris minuta 1 0 0 1 0 0 LC
Mimon bennettii 2 2 1 4 0 1 LC
Phyllostomus hastatus 5 7 26 24 1 13 LC
Platyrrhinus sp. 0 0 1 0 0 1

Platyrrhinus lineatus 12 4 24 17 0 23 LC
Platyrrhinus recifinus 10 8 28 20 1 25 LC
Pygoderma bilabiatum 1 2 10 3 0 10 LC
Sturnira lilium 9 8 24 16 3 22 LC
Sturnira tildae 0 0 3 0 0 3 LC
Uroderma sp. 0 0 1 0 0 1

Vampyressa pusilla 5 1 1 5 0 2 DD
Vampyrodes caraccioli 1 0 0 1 0 0 LC
Noctilionidae

Noctilio leporinus 1 0 0 1 0 0 LC
Molossidae

Eumops sp. 0 0 1 0 0 1

Molossops neglectus 1 0 0 0 0 1 DD
Molossus molossus 1 3 1 5 0 10 LC
Molossus rufus 1 0 5 1 0 5 LC
Nyctinomops aurispinosus 0 0 1 0 0 1 LC
Nyctinomops laticaudatus 1 4 28 18 0 15 LC
Nyctinomops sp. 0 0 5 2 0 3

Tadarida brasiliensis 0 0 1 0 0 1 LC
Molossidae (unidentified) 0 0 2 2 0 0
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Table 1. Continuation...

de Olivera and Bueno

Family / Species Female Male Sexind Adult Young Agelnd IUCN
Vespertilionidae
Eptesicus brasiliensis 1 1 3 3 0 2 LC
Eptesicus diminutus 1 0 0 1 0 0 LC
Eptesicus sp. 1 0 2 2 0 1
Histiotus velatus 1 0 0 1 0 0 DD
Dasypterus ega 1 1 4 2 0 4 LC
Myotis albescens 0 0 1 1 0 0 LC
Myotis izecksohni 1 1 1 2 0 1 DD
Myotis nigricans 1 3 5 3 0 6 LC
Myotis riparius 2 0 2 1 0 3 LC
Myotis ruber 0 1 0 1 0 0 NT
Myotis sp. 0 0 16 4 0 12
Vespertilionidae (unidentified) 0 0 3 0 0 3
S/ID 0 1 150 27 1 123
Total 159 146 618 394 13 516

cant aggregations were observed between the kilometers
of Trés Rios and Comendador Levy Gasparian (Figure 3).
The most critical points on the road, according to the analy-
ses, were in the Atlantic Forest Biodiversity Corridor, which
includes the Tingua Biological Reserve, the Serra da Estrela
State Wildlife Refuge and the APA Petrépolis (Figure 4).

Discussion

Bats are valuable indicators of biodiversity and ecosys-
tem health, as a result of his sensitivity to fragmentation,
that can decrease the richness and abundance of the
order in altered areas (Reis et al. 2003; Alurralde and Diaz
2021). Thus, habitat fragmentation could be an aggra-
vating factor in the seed dispersal process carried out
by Chiroptera species. Despite the relative richness and
abundance observed during the monitoring of the cur-
rent study, these values can be related to the time and
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Figure 2. Boxplot (median with upper and lower quartiles) of the number of
individuals of bats killed in collisions by season of the year on highway BR-040.

size of the sample. However, still can be underestimated
for the region due to the limitation of the study that only
recorded species found dead by collisions. Species rich-
ness during this monitoring was similar to other studies in
southeastern Brazil (Dias and Peracchi 2008; Esbérard and
Bergallo 2008; Tavares et al. 2010; Perini et al. 2014), yet,
we observed a high variation between the richness and
diversity of these studies, which is probably due to differ-
ences in capture techniques, such as the use of mist nets
or active search for shelters in areas with landscape mosaic
varying from conserved to degraded environments (Dias
and Peracchi 2008; Esbérard and Bergallo 2008; Tavares et
al. 2010; Perini et al. 2014; Alurralde and Diaz 2021), and
differences in collision probabilities by bat species in the
present study.

Frugivore bats are usually the most frequent group in
collisions with vehicles on the roads, according to our data
and other studies on South America (Pinheiro and Turci
2013; Ceron et al. 2017; Valadéo et al. 2018; de Figueiredo
Ramalho et al. 2021), where frugivores are more represen-
tative (Fenton et al. 1992; Martins et al. 2014). Species as
Artibeus lituratus, Carollia perspicillata, and Sturnira lilium
are not inhibited by fragmentation and are more abundant
in disturbed areas than other bat species (Medellin et al.
2000; Reis et al. 2003; Alurralde and Diaz 2021). However,
these species have been most affected by collisions with
vehicles on the roads (Pinheiro and Turci 2013; Ceron et
al. 2017; Valadao et al. 2018; de Figueiredo Ramalho et al.
2021). These species have been considered abundant in the
study region (Dias and Peracchi 2008; Tavares et al. 2010;
Luz et al. 2011), and have characteristics that make them
good indicators of damaged areas, providing advantages
for plants whose fruits are consumed by them, is a key factor
for dispersion and genetic flow of plants in regions affected
by fragmentation (Muller and dos Reis 1992; Reis et al. 2003;
Bianconi et al. 2006).
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Figure 3. Bat roadkill aggregation intensity (blue line) and 95% confidence limits (black line) along 180.4 km of BR-040.

This higher rate of collisions with frugivores bats is prob-
ably due to some associated factors, such as flight height,
displacement patterns in foraging, the temporal and spatial
distribution of the fruits and the plants, as well as the land-
scape structure (Bernard and Fenton 2003; Clevenger et al.
2003; Bianconi et al. 2006; Gumier-Costa and Sperber 2009;
Pracucci et al. 2012; Gomes et al. 2020). An essential factor
is that many of these frugivorous species are consumers of
pioneer plants, which are usually found in large densities
in degraded areas, such as the vicinity and edges of roads
(Muller and dos Reis 1992; Reis et al. 2003). The species
most impacted by the collisions on BR-040, Artibeus litu-
ratus, was also the most abundant in studies in the south-
eastern region (Esbérard and Bergallo 2008; Tavares et al.
2010; Luz et al. 2011; Perini et al. 2014). Although roadkills
did not show marked seasonal trends, fewer bat collisions
were documented during the spring. Moreover, there is
evidence of the difference in the number of collisions by
bats in the seasons (Lesinski et al. 2011), but little is known
about the factors that can influence the number of roadkills
by these species, needing further investigations.

Different species of bats can be impacted differently by
the fragmentation of habitats resulting from a road network.
Some factors may be contributing to this difference in the
amount of roadkill by bat species, such as foraging strate-
gies, diet, or resilience of species in degraded areas (Kalko et
al. 1996; Stone et al. 2009; Bhardwaj et al. 2017; Claireau et
al. 2019), and need be investigated. Rare species can poten-
tially be affected even by small mortality rates (Fensome and
Mathews 2016; Damasio et al. 2021). In the present study,
many insectivores considered rare were found roadkilled. The
study by Bhardwaj et al. (2021) pointed out that the activity of
seven of ten insectivorous bats species decreased significantly
within the proximity of a highway due to changes created in
the surrounding environment by traffic, such as pollution,
light, noise, and vibrations. The authors called the surround-
ing environment a“road effect zone,"and in this area, the habi-
tat is degraded or entirely unsuitable for wildlife, which leads
to an indirect loss of habitat (Bhardwaj et al. 2021).
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One of the stretches identified in this study as a highly
significant hotspot is in an area of Atlantic Forest in the
municipality of Petrépolis, a region inserted in the APA
Petrépolis, the Serra da Estrela State Wildlife Refuge, and
close to the Biological Reserve (REBIO) of Tingua. Twenty-
eight species of bats have been registered in REBIO so far,
the most abundant being C. perspicillata, S. lilium, and A.
lituratus (Dias and Peracchi 2008), also the most frequently
recorded in the present study. We highlight the species
Myotis ruber, which had a run-over record close to the
REBIO area, and which is listed as almost threatened with
extinction in the IUCN Red List (IUCN 2020). The most criti-
cal points were on the stretch that crosses Tingua Biological
Reserve, highlighting the need for more urgent conserva-
tion measures in this region. However, the simple count-
ing of carcasses found on the roads is an underestimation
of the actual rate of bats killed by being run over. Even in
regular monitoring, some factors may influence this count.
Bat carcasses can be completely destroyed by continuous
vehicle traffic, some can be thrown off the road and lost in
the vegetation, and some individuals could be removed by
other animals for consumption (Pracucci et al. 2012; Cunha
etal. 2015; Ramalho and Aguiar 2020).

The roads that cross parks and forest reserves can have
an extremely negative impact, a barrier to the natural
movement of the species, and establishing a population
decline, as well as decreasing the genetic flow for the wild-
life of these regions (Samson et al. 2016). Critically, bat col-
lisions with vehicles have been observed mainly in these
areas where endangered and endemic bat species occur
(Lesinski 2007). Moreover, these regions also harbor other
wild species, thus making roadkills more critical for the
conservation of species (IJUCN 2020). Efforts to mitigate
these accidents in the region are carried out with wildlife
warning signs, yet these had not shown been proved effec-
tive. Roads are already proven to be harmful to many wild
animals (Trombulak and Frissell 2000; Fahrig and Rytwinski
2009; Gumier-Costa and Sperber 2009), and there are sev-
eral approaches that can be used to reduce the effects of
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Figure 4. The sections marked in red indicate the critical areas of fatalities (HotSpots)
identified from monitoring of run over bat fauna, analysis in Siriema software.

roads and mortality in wild animal populations (Jackson
2000; Glista et al. 2009). The use of underpasses and eco-
logical bridges for wild fauna probably varies from species
to species, depending on their behavior in terms of move-
ment (Berthinussen and Altringham 2012; Bhardwaj et al.
2017). However, a combination of monitoring and eco-
logical bridges has shown great effectiveness in decreasing
roadkill rates (Bhardwaj et al. 2017).

Our results suggest that bats are particularly vulner-
able to the impact of roads. Consequently, they may take
a long time to recover from disturbances due to their low
fertility, longevity, and foraging activity in large areas
of the landscape (Findley 1993). Roads can affect the
amount of area available to wildlife habitat, particularly
through the fragmentation, and also affect the quality
of this area by traffic of vehicles that cause collisions and
deaths of wild animals (Bafaluy 2000; Bueno et al. 2015; de
Figueiredo Ramalho et al. 2021). Other factors that influ-
ence this mortality are the lack of proper signs and aware-
ness of drivers who travel on these highways. Hybrid miti-
gation is applied to reduce the adverse effects of roads on
wildlife and comply with environmental legislation. These
mitigations should account for several species, consider-
ing the broad diversification of habits showed by bats
(Bernard and Fenton 2003; Bianconi et al. 2006; Gomes et
al. 2020), and their sensitivity to increased lighting, which
can change their activity pattern (Stone et al. 2009; Appel
etal. 2017; Gomes et al. 2020). We suggest speed bumps
construction to reduce the speed limit, install bridges, and
signaling the presence of wildlife on the stretches identi-
fied as hotspots in our analyses, that is, with a higher risk
of collision for these species of bats.

de Olivera and Bueno

Acknowledgments

Marcione B. Oliveira received CNPq fellowship (Proc.
162273/2018-5) and Cecilia Bueno thanks the Concer,
BR-040 Concessionaire, for support to this research. We
thank Igor Pfeifer Coelho, Camila L. Nacif, and Maria Clara S.
Ribeiro for their suggestions on improving the manuscript.

Literature Cited

ALmepa, V. M., anp J. C. S. Carposo Junior. 2014. Silvestres na
Rodovia Vicinal Anténio Joaquim de Moura Andrade entre os
Municipios de Mogi Guacu-SP e Itapira-SP. Foco 5:99-116.

ALTRINGHAM, J., AND G. KerTH. 2016. Bats and roads. Pp. 35-62, in
Bats in the Anthropocene: conservation of bats in a changing
world (Voigt, C. C,, and T. Kingston, eds.). Springer Interna-
tional Publishing. London, UK.

ALURRALDE, S. G., AND M. M. Diaz. 2021. Assemblage-level re-
sponses of Neotropical bats to forest loss and fragmentation.
Basic and Applied Ecology 50:57-66.

Awvares, C. A, ETAL. 2013. KOppen»s climate classification map
for Brazil. Meteorologische Zeitschrift 22:711-728.

APpPEL, G., A. LopPez-BauckLLs, W. ErRnEsST-MAGNUSsON, AND P. E. D. Bo-
Browiec. 2017. Aerial insectivorous bat activity in relation to
moonlight intensity. Mammalian Biology 85:37-46.

BaraLuy, J. 2000. Mortandad de murciélagos por atropello en
carreteras del sur de la provincia de Huesca. Galemys 12:15-23.

Baxter, D. J. M., J. M. PsyLLAkis, M. P. GILLINGHAM, AND E. L. O’BRIEN.
2006. Behavioural response of bats to perceived predation
risk while foraging. Ethology 112:977-983.

BerNARD, E., AND M. B. FEnToN. 2003. Bat mobility and roosts in a
fragmented landscape in central Amazonia, Brazil. Biotropica
35:262-277.

BErRTHINUSSEN, A., AND J. ALTRINGHAM. 2012. Do bat gantries and
underpasses help bats cross roads safely? Plos One 7:e38775.

BHarRDWAJ, M. eTAL. 2021. Insectivorous bats are less active near
freeways. Plos One 16:0247400.

BHArRDWAJ, M. eTAL. 2017. Differential use of highway underpass-
es by bats. Biological Conservation 212:22-28.

Bianconi, G. V., S. B. MikicH, AND W. A. Pepro. 2006. Movements
of bats (Mammalia, Chiroptera) in Atlantic Forest remnants in
southern Brazil. Revista Brasileira de Zoologia 23:1199-1206.

Bueno, C., C. O. M. Sousa, AnD S. R. Frermas. 2015. Habitat or ma-
trix: which is more relevant to predict roadkill of vertebrates?
Brazilian Journal of Biology 75:228-238.

Bueno, C., M. T. FausTiNo, AND S. R. Frerras. 2013. Influence of land-
scape characteristics on capybara roadkill on highway BR-
040, southeastern Brazil. Oecologia Australis 17:130-137.

CeroN, K. eTAL. 2017. Roadkilled bats (Mammalia: Chiroptera) in
two highways of Santa Catarina state, Southern Brazil. Oeco-
logia Australis 21:207-212.

CIRrRANELLO, A., N. B. Simmons, S. SoLAri, AND R. J. Baker. 2016. Mor-
phological diagnoses of higher-level phyllostomid taxa (Chi-
roptera: Phyllostomidae). Acta Chiropterologica 18:39-71.

CraReay, F. T A.. 2019. Major roads have important negative
effects on insectivorous bat activity. Biological Conservation
235:53-62.

CLEVENGER, A. P, B. CHruszcz, AnD K. E. Gunson. 2003. Spatial pat-
terns and factors influencing small vertebrate fauna roadkill
aggregations. Biological Conservation 109:15-26.

www.mastozoologiamexicana.org 201



BAT MORTALITY ON A HIGHWAY

CoetHo, A. V. P, I. P. CoEetHo, F. T. Teixeira, AND A. KinDEL. 2014,
Siriema: road mortality software. Manual do Usuério V. 2.0.
NERF, UFRGS, Porto Alegre, Brasil. https//:www.ufrgs.br/sirie-
ma. Accessed on 07 July 2020

CoreatT, L., K. HackLANDER, AND F. FRev-Roos. 2009. Ability of wild-
life overpasses to provide connectivity and prevent genetic
isolation. Conservation Biology 23:548-556.

CunHa, G. G., M. T. HARTMANN, AND P. A. HArRTMANN. 2015. Roadkills
of vertebrate species in the Pampa Region, South Brazil. Am-
biéncia 11:307-320.

Damasio, L. e7 at. 2021. Diversity and Abundance of Roadkilled
Bats in the Brazilian Atlantic Forest. Diversity 13:335.

DE FIGUEIREDO RAMALHO, D. £7AL. 2021. Factors influencing bat road
casualties in a Neotropical savanna. Perspectives in Ecology
and Conservation 19:189-194.

Dias, D., AND A. L. PEraccHl. 2008. Quirdpteros da Reserva Bio-
l6gica do Tingud, estado do Rio de Janeiro, sudeste do Bra-
sil (Mammalia: Chiroptera). Revista Brasileira de Zoologia
25:333-369.

po Prapo, T. R., A. A. Ferrelra, AND Z. F. S. GuiIMARAES. 2006. Efei-
to da implantacao de rodovias no cerrado brasileiro sobre a
fauna de vertebrados. Acta Scientiarum. Biological Sciences
28:237-241.

EsserarD, C. E. AND H. G. BercaLlo. 2008. Influéncia do esforco
amostral na riqueza de espécies de morcegos no sudeste do
Brasil. Revista Brasileira de Zoologia 25:67-73.

EsperanDIO, . B. £7AL. 2019. Do roads act as a barrier to gene flow
of subterranean small mammals? A case study with Ctenomys
minutus. Conservation Genetics 20:385-393.

FaHriG, L., aND T. Rytwinski. 2009. Effects of roads on animal
abundance: An empirical review and synthesis. Ecology and
Society 14:21.

Faurg, P. A., AND R. M. BarcLay. 1992. The sensory basis of prey
detection by the long-eared bat, Myotis evotis, and the conse-
quences for prey selection. Animal Behaviour 44:31-39.

Fensome, A. G., AnD F. MatHews. 2016. Roads and bats: a meta-
analysis and review of the evidence on vehicle collisions and
barrier effects. Mammal Review 46:311-323.

FenTon, M. B. eTat. 1992. Phyllostomid bats (Chiroptera: Phyllos-
tomidae) as indicators of habitat disruption in the neotropics.
Biotropica 24:440-446.

FinoLey, J. S. (Eds.). 1993. Bats: a community perspective. Cam-
bridge University Press. Cambridge, UK.

FormaN, R. T.T., anD L. E. ALexanDer. 1998. Roads and their major
ecological effects. Annual Review of Ecology and Systemat-
ics 29:207-231.

GAISLER, J., Z. ReHAk, anD T. BarTonicka. 2009. Bat casualties by
road traffic (Brno-Vienna). Acta Theriologica 54:147-155.

GARBINO, G. S. T. T AL. 2020. Updated checklist of Brazilian bats:
versao 2020. Comité da Lista de Morcegos do Brasil—CLMB.
Sociedade Brasileira para o Estudo de Quirdépteros (Sbeq).
https://www.sbeq.net/lista-de-especies. Accessed on 30
September 2020

GARDNER, A. L. (Eds.). 2007. Mammals of South America, Volume
I. Marsupials, xenarthrans, shrews, and bats. The University of
Chicago Press. Chicago, U.S.A.

Giess, J. P, anp W. G. SHriver. 2002. Estimating the effects of
road mortality on turtle populations. Conservation Biology
16:1647-1652.

202 THERYA Vol.13(2):195-203

GuisTa, D. J., T. L. DeVaurr, anp J. A. DEWooby. 2009. A review of
mitigation measures for reducing wildlife mortality on road-
ways. Landscape and Urban Planning 91:1-7.

Gowmes, D. G., G. ArpeL, AND J. R. Barser. 2020. Time of night and
moonlight structure vertical space use by insectivorous bats
in a Neotropical rainforest: an acoustic monitoring study.
PeerJ 8:e10591.

GoRReseN, P. M., M. R. WiLLiG, aND R. E. Strauss. 2005. Multivariate
analysis of scale-dependent associations between bats and
landscape structure. Ecological Applications 15:2126-2136.

GReGoriN, R., AND V. A. Tapbpel. 2002. Chave artificial para iden-
tificacdo de molossideos brasileiros (Mammalia, Chiroptera).
Mastozoologia Neotropical 9:13-32.

Gumier-CosTa, F., anD C. F. Sperser. 2009. Atropelamentos de ver-
tebrados na Floresta Nacional de Carajds, Par3, Brasil. Acta
Amazonica 39:459-466.

IUCN. 2020. The IUCN Red List of Threatened Species. Ver-
sion 2020-1. https://www.iucnredlist.org. Accessed on 30
June 2020

Jackson, S. D. 2000. Overview of transportation impacts on
wildlife movement and populations. Wildlife and highways:
seeking solutions to an ecological and socio-economic di-
lemma. The Wildlife Society 7-20.

KaLko, E. K. V., C. O. HaANDLEY, AND D. HanDLEY. 1996. Structure,
diversity, and long-term dynamics of a Neotropical bat com-
munity. Pp.503-553, in Long-Term studies of vertebrate com-
munities (Cody, M. L., and J. A. Smallwood, eds.). Academic
Press. New York, U.S.A.

KerTH, G., AND M. MEeLBer. 2009. Species-specific barrier effects
of a motorway on the habitat use of two threatened forest-
living bat species. Biological Conservation 142:270-279.

Lesiiski, G. 2007. Bat road casualties and factors determining
their number. Mammalia 71:138-142.

LesiNiski, G., A. Sikora, AND A. OLszewskl. 2011. Bat casualties on a
road crossing a mosaic landscape. European Journal of Wild-
life Research 57:217-223.

Leving, N. 2004. CrimeStat Ill: A Spatial Statistics Program for
the Analysis of Crime Incident Locations. Ned Levine and As-
sociates, Houston, TX, and the National Institute of Justice.
Washington, DC, US.A.

Luz, J. L., L. D. M. CosTa, E. C. Lourenco, AnD C. E. L. EsBerarD. 2011.
Morcegos (Mammalia, Chiroptera) da Reserva Rio das Pedras,
Rio de Janeiro, Sudeste do Brasil. Biota Neotropica 11:95-101.

MariMuTHU, G., AND G. NeuweiLEr. 1987. The use of acoustical cues
for prey detection by the Indian False Vampire Bat, Megader-
ma lyra. Journal of Comparative Physiology A 160:509-515.

MagTins, M. P. V., J. M. Torres, AND E. A. C. Dos Ansos. 2014. Dieta
de morcegos filostomideos (Mammalia, Chiroptera, Phyllos-
tomidae) em fragmento urbano do Instituto Sao Vicente,
Campo Grande, Mato Grosso do Sul. Papeis Avulsos de Zoo-
logia 54:665-670.

MEepELLIN, R. A., M. EQuiHuA, AND M. A. AmiN. 2000. Bat diversity
and abundance as indicators of disturbance in neotropical
rainforest. Conservation Biology 14:1666-1675.

Mepinas, D., J. T. MarQuEs, AND A. Mira. 2013. Assessing road ef-
fects on bats: The role of landscape, road features, and bat
activity on roadkills. Ecological Research 28:227-237.

MorarTeLLl, R., A. L. GARDNER, J. A. OLVEIRA, AND D. E. WiLson. 2013.
Review of Myotis (Chiroptera, Vespertilionidae) from north-



http://www.ufrgs.br/siriema
http://www.ufrgs.br/siriema

ern South America, including description of a new species.
American Museum of Natural History. American Museum
Novitates 2013:1-36.

MutLer, M. F., anD N. R. pos Reis. 1992. Particao de recursos ali-
mentares entre quatro espécies de morcegos frugivoros
(Chiroptera, Phyllostomidae). Revista Brasileira de Zoologia
9:345-355.

Novaes, R. L. M. e7AL. 2018. On a collision course: the vulnerabil-
ity of bats to roadkills in Brazil. Mastozoologia Neotropical
25:115-128.

Ormsgy, T. eT AL, 2010. Getting to Know ArcGIS Desktop. Red-
lands, ESRI Press. California, U.S.A.

Perin, F. A., V. C. Tavaores, AND C. Nascimento. 2014. Bats from the
city of Belo Horizonte, Minas Gerais, southeastern Brazil. Chi-
roptera Neotropical 9:169-173.

PINHEIRO, B. F.,, anD L. C. B. Turcl. 2013. Vertebrados atropelados
na estrada da Variante (BR-307), Cruzeiro do Sul, Acre, Brasil.
Natureza on line 11:68-78.

Pracuccl, A., C. ALves DA Rosa, AND A. Bager. 2012. Variacao sazo-
nal da fauna selvagem atropelada na rodovia MG 354, Sul de
Minas Gerais - Brasil. Biotemas 25:73-79.

RamaLHo, D. F,, anp L. Acuiar. 2020. Bats on the Road—A Review
of the Impacts of Roads and Highways on Bats. Acta Chirop-
terologica 22:417-433.

R Core Team. 2021. R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing, Vien-
na, Austria. URL https://www.R-project.org/.

Reis, N. R. eTaL. 2017. Histéria Natural dos Morcegos Brasileiros
Chave de identificacdo de Espécies. Technical Books Editora.
Rio de Janeiro, Brasil.

Reis, N. R., M. L. S. Barsieri, I. P. b Lima, AND A. L. PEraccHl. 2003. O
que é melhor para manter a riqueza de espécies de morce-
gos (Mammalia, Chiroptera): um fragmento florestal grande
ou varios fragmentos de pequeno tamanho? Revista Brasilei-
ra de Zoologia 20:225-230.

RipLey, B. D. 1981. Spatial Statistics. John Wiley and Sons. New
York, U.S.A.

Row, J. R., G. BLouiN-Demers, AND P. J. WEATHERHEAD. 2007. Demo-
graphic effects of road mortality in black ratsnakes (Elaphe
obsoleta). Biological Conservation 137:117-124.

SamsoN, A. eTAL. 2016. Effect of vehicular traffic on wild animals
in Sigur Plateau, Tamil Nadu, India. Journal of Threatened
Taxa 8:9182-9189.

ScHaug, A., J. OstwaLD, AND B. M. Siemers. 2008. Foraging bats
avoid noise. Journal of Experimental Biology 211:3174-3180.

SiEMERs, B., AND H. ScHnitzier. 2000. Natterer's bat (Myotis nat-
tereri Kuhl, 1818) hawks for prey close to vegetation using
echolocation signals of very broad bandwidth. Behavioral
Ecology and Sociobiology 47:400-412.

Simmons, N. B., aND A. L. CirraNELLO. 2020. Bat species of the world:
a taxonomic and geographic database [online]. https://bat-
names.org/. Accessed on 10 December 2020

STonE, E. L., G. JonEs, AND S. Harris. 2009. Street Lighting Disturbs
Commuting Bats. Current Biology 19:1123-1127.

Tavares, V. C. eTAaL. 2010. Bats of the state of Minas Gerais, south-
eastern Brasil. Chiroptera Neotropical 16:675-705.

Texera, F. Z. eT A, 2013, Are road-kill hotspots coincident
among different vertebrate groups? Oecologia Australis
17:36-47.

de Olivera and Bueno

TromBuLAK, S. C., AND C. A. FrisseLL. 2000. Review of ecological
effects of roads on terrestrial and aquatic communities. Con-
servation Biology 14:18-30.

VaLabio, R. M., L. F. Bastos, anp C. P. b Castro. 2018. Atrope-
lamentos De Vertebrados Silvestres Em Quatro Rodovias No
Cerrado, Mato Grosso, Brasil. Multi-Science Journal 1:62-74.

VEeLazco, P. M., A. L. GARDNER, AND B. D. Patterson. 2010. Systemat-
ics of the Platyrrhinus helleri species complex with descrip-
tions of two new species. Zoological Journal of the Linnean
Society 159:785-812.

ZuUrcHEr, A. A., D. W. Sparks, AND V. J. BENNeTT. 2010. Why the bat
did not cross the road? Acta Chiropterologica 12:337-340.

Associated editor: Sergio Solari
Submitted: January 16, 2022; Reviewed: February 18, 2022
Accepted: March 5,2022; Published on line: March 31,2022

www.mastozoologiamexicana.org 203



BAT MORTALITY ON A HIGHWAY

204 THERYA Vol.13(2):195-203



