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ABSTRACT. In Brazil, studies on roadkills are recent and usually restricted to lists of species found at some road
stretch. Among mammals, medium- and large-sized species have received greater attention. The present study
aimed at presenting the first list of bat roadkills in Brazil, including comments on the traits that may cause
roadkills. We recorded 415 deaths from 44 species of seven families in all Brazilian biomes. We did not observe
a relationship between body size or type of flight with the number of bat-vehicle collisions. Frugivore was the
trophic guild most victimized, possibly due to greater natural abundance, foraging in low height airspace, and
capacity to make long-distance movements. The elevated number of species recorded indicates that these roads
may exert a negative effect on bat fauna. We encourage road ecologists and environmental agencies to include
bats in their fauna monitoring of road infrastructure and request to make more accurate estimates of this impact.
RESUMO. Em rota de colisão: a vulnerabilidade de morcegos à atropelamentos no Brasil. No Brasil os estudos
sobre atropelamentos de fauna são recentes e, na maioria dos casos, restritos a lista de espécies encontradas em
alguns trechos de rodovias. Dentre os mamíferos, espécies de médio e grande porte têm recebido maior atenção.
O presente estudo apresenta a primeira lista de morcegos atropelados no Brasil, incluindo comentários sobre os
fatores que podem causar os atropelamentos. Nós registramos 415 óbitos de 44 espécies e sete famílias em todos
os biomas brasileiros. Nós não observação relação entre o tamanho corporal e o tipo de voo com o número de
colisões entre veículos e morcegos. Morcegos frugívoros foram os mais vitimados, possivelmente, em virtude
de sua maior abundância natural, por forragear em baixas alturas e pela elevada capacidade de movimentação.
O alto número de espécies indica que as estradas podem exercer um viés negativo sobre a quiropterofauna.
Nós incentivamos que pesquisadores e agências ambientais incluam morcegos no monitoramento de fauna em
infraestruturas viárias e solicitem estimativas mais precisas desse impacto.
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INTRODUCTION
Impacts generated by roads are a significant
threat to biodiversity conservation, and the
main consequences for wildlife are the barriers to movements and fragmentation of
populations, an increase of the edge effect,
and roadkills (Laurance et al. 2009). Recent
estimates indicate more than 450 million wild
vertebrates are killed in Brazilian highways
each year (Bager et al. 2016). Also, fatalities by
collision with vehicles represent a significant
threat to wildlife worldwide, with hundreds of
millions of animals killed annually, resulting in
severe population reduction (Eigenbrod et al.
2009; Benítez-López et al. 2010; Kociolek et
al. 2011; Brown & Brown 2013; Torres et al.
2016). Moreover, the effects of these fatalities
on the long-term persistence are still uncertain
for the majority of species (Roger et al. 2011;
Loss et al. 2015; Santos et al. 2016).
Among mammals, medium and large-sized
species have received greater attention from
ecologists studying roads (Barthelmess &
Brooks 2010; Cáceres 2011). Although smaller
species are suggested to be less impacted by
roadkills, collisions with vehicles are known
to be an important cause of death of bats
(Lesiński 2007, 2008; Gaisler et al. 2009;
Russell et al. 2009; Lesiński et al. 2010;
Berthinussen & Altringham 2012; Abbott
et al. 2012; Medinas et al. 2013; Fensome &
Mathews 2016). Nevertheless, few studies have
investigated the biological traits that influence
bat-vehicle collisions, and none of them have
focused in tropical areas.
Researchers frequently relate bat mortality on
roads with landscape configurations (Lesiński
2008; Lesiński et al. 2010; Medinas et al. 2013).
However, to assess the impact of roads on bats,
it is relevant to know which species are most
affected and whether there is a relationship
between vulnerability and biological characteristics of the species. This is fundamental for
the management of biodiversity since impact
assessment and mitigation should be based on
knowledge of the species most vulnerable to
road fatality, which is very limited, especially
for bats (Kociolek et al. 2011; Altringham &
Kerth 2016; Fensome & Mathews 2016).
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Herein, we present a compilation of bat
roadkills in Brazil, including a test on the
biological traits that may cause bat-vehicle collisions. We hypothesized that some biological
characteristics of species (e.g., trophic guild,
body size, flight type) could drive the vulnerability of bats to roadkills.

MATERIAL AND METHODS
Data search, compilation and extraction
We used two sources to make a species list compilation of roadkill of bat species in Brazil. The first
was literature, including articles, books and book
chapters, Masters and Doctoral theses, published
between January 2014 and December 2016, and
identified in the following databases: Web of Science
(https://webofknowledge.com/), SciELO (http://www.
scielo.org/), Science Direct (http://www.sciencedirect.
com/), Scopus (https://www.scopus.com/home.uri),
SpringerLink (http://link.springer.com/), Wiley
Online Library (http://onlinelibrary.wiley.com/),
and Google Scholar (https://scholar.google.com/).
The search was made using multiple combinations
of the words (in English and Portuguese): road,
roads, roadkill, road kill, roadkills, animal-vehicle
collisions, wildlife-vehicle collisions, road-effect,
traffic, disturbance, impact, bat, bats, Chiroptera,
mammals, Mammalia, biodiversity, Brazil, Neotropics, and Neotropical. The published works found
were filtered to exclude duplications and those that
did not have information on bat roadkills in Brazil.
The second source of records was the consultation
of the following institutional scientific collections:
Museu Nacional, Universidade Federal do Rio de
Janeiro (MN, Rio de Janeiro, Brazil), Collection
Adriano Lúcio Peracchi, Universidade Federal
Rural do Rio de Janeiro (ALP, Seropédica, Brazil),
and Collection of Laboratório de Diversidade de
Morcegos, Universidade Federal Rural do Rio de
Janeiro (LADIM, Seropédica, Brazil).

Categorization of bats
We hypothesized that some biological characteristics
may direct the vulnerability of bats to roadkills. To
test this hypothesis, we considered the following
biological traits: trophic guild, body size, and type
of flight. We chose these traits because they are directly related to spatial behavior and landscape use
(Norberg & Rayner 1987; Kalko et al. 1996), which
can provide evidence of vulnerability to roadkill.
We classified the species into trophic guilds according to Kalko et al. (1996). Species that were
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not mentioned in this classification were allocated
to one of the 10 trophic guilds recognized by these
authors, using information about diet and space
usage available in the literature.
To evaluate the effect of body size and type of
flight on the vulnerability to roadkills, we used
only the bat species of the family Phyllostomidae.
Phyllostomid species represented more than 80% of
our sample, and constitute the family that presents
greater diversity in size and diet in the Neotropics
(Gardner 1977; Reis et al. 2007).
We obtained mean body size and mean forearm
length for each species from the literature (e.g.,
Reis et al. 2007). We then grouped species into the
following classes: small-sized (body mass < 10 g),
medium-sized (body mass ranging from 10 to 40  g)
and large-sized (body mass > 40 g).
To understand the relationship between the type
of flight and the vulnerability to bat-vehicle collisions, we used two measures of the wing separately:
relative wing loading (WL) and aspect ratio (AR).
These two metrics are directly related to bat flight
and foraging behavior, including maneuverability,
speed flight, flight height and space usage (Norberg
& Rayner 1987; Marinello & Bernard 2014). Species
with higher values of wing loading and aspect ratio
have fast flights and forage preferentially in open
environments (Marinello & Bernard 2014). On the
other hand, species with smaller wing loading and
aspect ratio have slower flights and greater maneuverability and are found more frequently in the
interior of forests (Norberg & Rayner 1987; Norberg
& Fenton 1988; Marinello & Bernard 2014). The
values of WL and AR for phyllostomid bats were
obtained through Tavares (2013) and Marinello &
Bernard (2014). Even though there is a roadkill
record for Macrophyllum macrophyllum, we excluded
this species from the analysis due to the scarcity of
morphological data.

Data analysis
To verify if the trophic guild directly influences the
vulnerability to roadkills, we performed KruskalWallis test, testing whether the means of bat-vehicle
collisions records are statistically different between
each category of the trophic guild. We grouped the
species of carnivorous, omnivorous and piscivorous
bats, in a single group hereafter called ‘animalivore’
due to the low number of samples. The KruskalWallis test was carried out using R software (R
Development Core Team 2009).
Before performing the statistical analyses to test
the relationship between body size, type of flight and
the vulnerability of bats to roadkills, the data were

evaluated regarding the normality of the response
variable and the collinearity of the explanatory variables, following the procedures and decision making
described in Zuur et al. (2010). Subsequently, we
performed an analysis of Generalized Linear Models
(GLM), using the Negative Binomial distribution
with log link functions, which showed no bias in
terms of data overdispersion.
GLM was used to evaluate the relationship between the variable “roadkills” and the explanatory
variables (body mass, length of forearm, relative wing
loading, and aspect ratio). Through the Spearman’s
rank correlation coefficient it was found collinearity
(rs ≥ 0.6) between the variables body mass and the
length of forearm. Variables with correlation above
rs ≥ 0.6 were not used together in the same model,
following Matos et al. (2017). To determine which
variables were the most decisive to explain the
vulnerability of bat species to roadkill, we used a
theoretical approach based in second-order Akaike
Information Criterion (AICc), which is indicated
for small samples (Burnham et al. 2011). All models
with ΔAICc ≤ 2 were selected as best models. After
selecting the best models, we used a multi-model
inference, with standardized data (Burnham et al.
2011) to calculate the independent contribution of
each variable through the sum of the weight of all
the models that included the variable. These analyses
were calculated with R software (R Development
Core Team 2009) using the packages “glmmADMB”,
“MuMIn” and “ggplot2”.

RESULTS
Bat roadkills were recorded in all Brazilian biomes and geographic regions (Fig. 1),
though most records were in southeastern
Brazil (Table  1). Probably, the high number
of records in that region is related to three
non-mutually exclusive factors: (i) higher
concentration of roads and road flow (DNIT
2004); (ii) increased road monitoring (Dornas
et al. 2012), and (iii) higher concentration of
bat researchers (Esbérard & Bergallo 2005).
We recorded 44 species, representing seven
bat families in a total of 415 roadkill records
(Table 2). Phyllostomidae were the most recorded, with 348 records (83.8%); of these, bats
of the genus Artibeus were the most abundant,
with 93 records (22.4% of the total). Frugivorous bats comprised 250 records (60.2%)
belonging to 14 species (Table 3). Aerial insectivorous bats represented the second most
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DISCUSSION

Fig. 1. Localities with occurrences of bat roadkills in Brazil.

frequent trophic guild (54 records, 13.0%), and
nectarivorous bats had 49 records (11.8%). We
found a statistically significant difference in the
number of roadkills between the bat’s trophic
guilds (Kruskal-Wallis = 16.692, p < 0.01), being
the frugivorous bats most represented to vehicle
collisions (Fig. 2).
Regarding the relationship between body size,
type of flight, and vulnerability to roadkills,
four models were selected with ΔAICc < 2,
and the wing loading and body mass were the
best variables to explain bat-vehicle collisions.
Those variables were present in three of the
four models (Table 4). The best model was
the null (ΔAICc = 0), demonstrating that bat
roadkills are not related to the body size or type
of flight since none of the biological attributes
tested is influencing the number of individuals
victimized (Table 5). Nevertheless, there is a
positive and weak relationship between WL,
BM, and roadkills (Fig. 3). Therefore, it is
possible that roadkills are random events to
phyllostomid bats or may be related to other
traits not tested in this study.

We recorded the roadkills of species included
in seven of the nine families of bats known to
occur in Brazil. Forty-four species have been
victims of roadkills, that is, 25% of bat species with occurrence in Brazil (see Nogueira
et al. 2014). This number is a strong indicator
of the bat fauna susceptibility to the impact
generated by roads.
Frugivorous bats were the most common
roadkills. Species of this trophic guild are
highly abundant in forests and human-altered
areas. They forage in low height airspace, and
commonly use forest edges and open areas
(Kalko et al. 1996; Cosson et al. 1999; Bernard
2001), which can make them more vulnerable to vehicle collisions. The predominance
of Artibeus species is not surprising, as this
genus is very abundant (Kalko et al. 1996;
Bernard & Fenton 2002; Esbérard et al. 2014),
frequently flies between forest fragments and
urban areas, and makes long-distance movements (Morrison 1978; Menezes-Jr. et al. 2008;
Arnone et al. 2016).
Aerial insectivorous bats were the second
most common victims of roadkills. Species
of this trophic guild mostly use open areas
(Kalko et al. 1996) and frequently capture insects attracted by the light of road lampposts
(Laurance et al. 2009). Therefore, the use of
airspace above roads as a foraging area may
be a risk factor, which turns the species of
this trophic guild more susceptible to vehicle
collisions. In a recent review about roadkills of
aerial insectivores in Europe, low-flying species
were more prone to collisions than high-ﬂying
species (Fensome & Mathews 2016). We found
a similar result in Brazil, where insectivore
species of the family Vespertilionidae, that in
general fly in lower strata (see Marques et al.
2016), were 66% more frequent than aerial
insectivores that fly at higher strata, especially
molossid bats.
The lack of a relationship between body
size, type of flight and the roadkills within
Phyllostomidae indicates that the collisions
with vehicles could affect all species that use
the space occupied by roads. However, it is
important to emphasize that other traits—such
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Table 1

Roads with records of bat-vehicle collision in Brazil.
Highway

Municipality

State

Author

BR-163

Santarém

Pará

Present study

RO-133

Machadinho D’Oeste

Rondônia

Present study

CE-060

Jardim

Ceará

Novaes & Laurindo (2014)

BR-020

São João do Piauí

Piauí

Present study

Urban way

Mateiros

Tocantins

Gregorin et al. (2011)

Urban way

Aurora do Tocantins

Tocantins

Present study

BR-070

Cáceres

Mato Grosso

Melo & Santos-Filho (2007)

BR-359

Corumbá

Mato Grosso do Sul

Present study

BR-101

Sooretama

Espírito Santo

Hoppe et al. (2014)

Undetermined

Mocambinho

Minas Gerais

Nogueira & Pol (1998)

MGC-354

Patos de Minas

Minas Gerais

Alves et al. (2015)

Urban way

Belo Horizonte

Minas Gerais

Present study

BR-491

Muzambinho

Minas Gerais

Present study

BR-040

Simão Pereira

Minas Gerais

Present study

BR-040

Juiz de Fora

Minas Gerais

Present study

BR-040

Matias Barbosa

Minas Gerais

Present study

BR-040

Petrópolis

Rio de Janeiro

Present study

BR-040

Duque de Caxias

Rio de Janeiro

Present study

BR-040

Com. Levy Gasparian

Rio de Janeiro

Present study

BR-040

Três Rios

Rio de Janeiro

Present study

BR-040

Areal

Rio de Janeiro

Present study

Undetermined

São Carlos nearby

São Paulo

Prada (2004)

BR-373

Apiaí

São Paulo

Present study

PR-160

Telêmaco Borba

Paraná

Zaleski et al. (2009)

BR-101

Not mentioned

Rio Grande do Sul

Dornelles et al. (2012)

BR-101

Osório

Rio Grande do Sul

Coelho et al. (2008)

as species abundance, level of activity, landscape characteristics and proximity to roosts
or foraging sites—although not addressed in
this study, can also influence roadkills (Lesiński
2008; Russel et al. 2009; Medinas et al. 2013;
Fensome & Mathews 2016).
In fact, all the species that had 20 or more
records in our study were those considered to
be the most abundant in practically all Brazilian biomes (Reis et al. 2007). Abundance
is one of the most important traits for flying
animals (e.g., bats, birds, and butterflies) killed

on roads (Medinas et al. 2013; Skórka et al.
2013; Santos et al. 2016)
We also gathered information of the rare
species Macrophyllum macrophyllum and
Thyroptera wynneae, victims of vehicle collisions, although with a single record each. Fensome and Mathews (2016, p. 320) argue that
“the presence of casualties from rare species on
roads is of particular concern, as relatively low
levels of additional mortality could potentially
have an impact on the long-term sustainability
of local populations.”

Table 2

Gleaning insectivore

Carnivore

Trachops cirrhosus

Nectarivore

Nectarivore

Nectarivore

Anoura caudifer

Anoura geoffroyi

Glossophaga soricina

11.0

15.0

10.0

35.0

30.0

85.0

23.0

-

34.0

12.0

75.0

30.0

35.0

-

7.5

-

Body mass

34.6

43.5

36.0

62.3

51.7

88.8

54.3

-

54.8

49.9

81.8

53.2

58.5

-

33.5

-

Length of Forearm

42.5

51.0

43.3

36.1

29.6

36.6

27.8

-

33.5

27.3

27.3

38.5

41.7

-

40.7

-

Wing loading

6.4

7.7

6.6

5.8

5.7

7.1

7.0

-

5.2

6.8

6.3

6.1

6.7

-

5.8

-

Aspect ratio

19

6

24

2

3

22

4

1

1

1

5

2

6

1

1

1

N

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[4]

[1] [2]

[1]

[1]

[3]

[1]

[1]

Author
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Glossophaginae

Omnivore

Gleaning insectivore

Mimon bennettii

Omnivore

Gleaning insectivore

Macrophyllum macrophyllum

Tonatia bidens

Gleaning insectivore

Lophostoma silvicola

Phyllostomus hastatus

Gleaning insectivore

Gardnerycteris crenulatum

Chrotopterus auritus

Carnivore

Sanguivore

Diphylla ecaudata

Phyllostominae

Sanguivore

Desmodus rotundus

Desmodontinae

Gleaning insectivore

Micronycteris sp.

Aerial insectivore

Trophic guild

Micronycteris minuta

Micronycterinae

Phyllostomidae

Saccopteryx leptura

Emballonuridae

Taxa

Roadkills of bats in Brazil, including trophic guild, average of body mass (in grams), average of length of forearm (in millimeters), relative wing loading, aspect
ratio, number of records (N), and authors: [1] present study, [2] Zaleski et al. (2009), [3] Dornelles et al. (2012), [4] Gregorin et al. (2011), [5] Prada (2004), [6]
Coelho et al. (2008), [7] Melo and Santos-Filho (2007), [8] Bagatini (2006), [9] Nogueira and Pol (1998), [10] Hoppe et al. (2014).
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Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Frugivore

Artibeus obscurus

Artibeus planirostris

Artibeus sp.

Chiroderma doriae

Chiroderma villosum

Chiroderma sp.

Dermanura cinerea

Platyrrhinus lineatus

Platyrrhinus recifinus

Pygoderma bilabiatum

Sturnira lilium

Sturnira tildae

Vampyressa pusilla

Unidentified

Aerial insectivore

Piscivore

Noctilio albiventris

Noctilio leporinus

Noctilionidae

Pteronotus parnelli

Aerial insectivore

Frugivore

Mormoopidae

Frugivore

Artibeus lituratus

Frugivore

Trophic guild

Artibeus fimbriatus

Stenodermatinae

Carollia perspicillata

Carolliinae

Taxa

-

-

-

-

10.0

25.0

20.0

24.0

20.0

24.0

15.0

-

24.0

34.0

-

50.0

48.0

70.0

55.0

18.0

Body mass

-

-

-

-

34.8

46.0

42.4

42.5

42.8

45.7

40.2

-

47.1

53.2

-

65.4

60.0

71.8

66.8

40.2

Length of Forearm

-

-

-

-

41.9

50.7

45.0

45.2

50.7

54.8

34.3

-

40.3

45.0

-

40.1

38.6

38.1

39.0

38.8

Wing loading

-

-

-

-

6.1

7.0

6.2

6.3

7.4

8.0

5.4

-

6.3

7.1

-

6.3

6.4

6.2

6.3

6.2

Aspect ratio

2

2

1

30

8

1

27

10

11

20

4

1

2

1

12

3

4

69

5

42

N

[1]

[1] [9]

[1]

[1] [6] [7] [8]

[1]

[1]

[1]

[3]

[1]

[1]

[1]

[3]

[1]

[1]

[1] [3] [5] [6]

[1]

[1]

[1]

[1]

[1]

Author

(Table 2 cont.)
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Aerial insectivore

Aerial insectivore

Molossus rufus

Nyctinomops laticaudatus

Aerial insectivore

Aerial insectivore

Aerial insectivore

Histiotus velatus

Lasiurus blossevilli

Lasiurus ega

Aerial insectivore

Aerial insectivore

Aerial insectivore

Aerial insectivore

-

Myotis izecksoni

Myotis nigricans

Myotis riparius

Myotis sp.

Unidentified

Myotinae

Aerial insectivore

Eptesicus brasiliensis

Vespertilioninae

Unidentified

Aerial insectivore

Aerial insectivore

Molossus molossus

Vespertilionidae

Aerial insectivore

Aerial insectivore

Trophic guild

Eumops auripendulus

Molossidae

Thyroptera wynneae

Thyropteridae

Taxa

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Length of Forearm

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Wing loading

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Aspect ratio

11

10

3

2

1

5

1

1

2

5

11

2

5

1

1

N

[1] [7]

[1] [3]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[11]

[10]

Author
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-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Body mass

(Table 2 cont.)
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Table 3

Number of records (N) and percentage (%) of bat roadkills according to trophic guilds.
Trophic guilds

N

%

Frugivore

250

60.2

Aerial insectivore

54

13.1

Nectarivore

49

12.8

Omnivore

25

5.0

Gleaning insectivore

9

2.2

Sanguivore

8

1.9

Carnivore

7

1.7

Piscivore

2

0.5

Indeterminate

11

2.7

Fig. 2. Box-plot graph representing the bat roadkill abundance in each trophic guild.
The black points represent
extreme values (outliers).

Table 4

Ranking of the best linear models to predict bat roadkill as a function of species attributes in Brazil. Models
were selected according to the second-order Akaike Information Criterion (AICc) corrected for small samples.
Models

AICc

ΔAICc

Wi

Null Model

191.0

0.000

0.259

Wing loading + body mass

192.1

1.130

0.142

Body mass

192.3

1.260

0.134

Wing loading

192.5

1.470

0.129

Table 5

Intrc

2.4180

-0.7863

2.0800

0.8425

2.1030

1.2690

-0.8411

0.8167

0.4582

1.1770

0.9822

0.2964

Models

12

5

7

10

3

11

2

6

4

9

8

1

-0.31870

0.019000

0.005918

-

-

-

0.015470

-

0.005974

-

-

-

-

FA

0.07841

-

0.04220

0.07909

-

0.06019

-

-

0.03883

-

0.06556

-

WL

-

-

-

0.017020

0.010130

-

-

-

-

0.009913

0.015840

-

BM

NB (0.9257)

NB (0.8614)

NB (0.8796)

NB (0.9870)

NB (0.8952)

NB (0.9133)

NB (0.8555)

NB (0.8560)

NB (0.8789)

NB (0.8876)

NB (0.9733)

NB (0.8499)

Family

0.926

0.861

0.880

0.987

0.895

0.913

0.855

0.856

0.879

0.888

0.973

0.850

Init.theta

5

4

4

5

4

4

3

3

3

3

4

2

df

-91.913

-93.054

-92.712

-90.968

-92.483

-92.121

-93.157

-93.154

-92.724

-92.616

-91.165

-93.260

logLik

196.7

195.9

195.2

194.8

194.8

194.1

193.4

193.4

192.5

192.3

192.1

191.0

AICc

5.66

4.91

4.22

3.77

3.76

3.04

2.34

2.33

1.47

1.26

1.13

0.00

delta

0.015

0.022

0.030

0.038

0.038

0.055

0.078

0.078

0.129

0.134

0.142

0.250

weight
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0.17320

-0.07276

-0.28350

0.19360

-

0.17710

-

-

-

-

-

AA

Model selection using the theoretical approach based in second-order Akaike Information Criterion for biological attributes influencing bat roadkills in Brazil.
Biological attributes analyzed were AA = Aspect ratio, FA = length of forearm, WL = relative wing loading, BM = body mass.
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Fig. 3. Predicted response and
95% confidence bands (grayshaded areas) of bat species
roadkills to two biological
attributes (wing loading and
body mass).

Our observations corroborate the hypothesis that proximity to roosts may facilitate
bat-vehicle collisions. At least two specimens
of Molossus molossus recorded in the present
study were part of a colony located in the
roof lining of a house near a road. When bats
leave their roost, they fly at low altitude, which
makes them more susceptible to roadkill. It is
likely that bat-vehicle collisions occur more
frequently close to roosts, as observed for
Myotis lucifugus in the United States (Russel et
al. 2009). According to these authors, roadkills
represent 0.6% of the fatalities of a colony with
over 20 000 individual bats.
Recent estimates indicate that bats represent
a small part of mammal roadkills, corresponding to approximately 2% of the cases recorded
in Portugal (Santos et al. 2011), 2.4% in MidWestern Brazil (Melo & Santos-Filho 2007),
and 1.7% in Southern Brazil (Dornelles et al.
2012). The highest mortality by roadkills found
for bats was reported for the Brazilian Amazon,
reaching 22.3% of roadkilled mammals (Silva
& Silva 2009). However, these numbers may
be underestimates, as the carcasses of small
animals are more easily removed by scavengers (Russell et al. 2009; Santos et al. 2011;
Teixeira et al. 2013) and could be thrown at
larger distances, which hinders their finding
by researchers.
The difficulty in finding bat roadkill records
can also be related to the method used in monitoring, frequently made by car. For small-sized

animals monitoring on
foot or by bicycle is more
effective, as it facilitates
the visualization of carcasses (Hartmann et al.
2009; Dornas et al. 2012;
Teixeira et al. 2013), but
it requires many more
hours of work (Santos et
al. 2011). The small number of registered bat roadkills, when compared
to terrestrial mammals, may suggest that the
impact of roads on bat populations is not as
high as on other mammals (Cunha et al. 2010).
We believe that these studies show a negative
bias caused by the sampling method (Dornas
et al. 2012).
In Brazil, most of the transportation of humans and goods is done on over 1.7 million
kilometers of roads, not all paved (DNIT 2004).
Every year more roads are paved, which results
in an increase in traffic and average speed, and
in fragmentation and degradation of the surrounding landscape. Also, paving is followed
by greater road illumination, increasing the
roadkill risk of bats that forage behind insects
attracted by the lampposts (Blake et al. 1994;
Mathews et al. 2015). This scenario leads to an
augmentation in the number of wildlife roadkills (Coffin 2007). Nevertheless, the Brazilian
law concerning the fauna and environmental
licensing of roads and railroads is oblivious to
this issue (IBAMA 2013). Bats have been neglected in the monitoring of wildlife roadkills in
Brazil, impeding assessment to the real impact
generated by roads. One way to reduce this
problem is to adopt compulsory monitoring of
bats in road licensing and to evaluate the type
of light that will be implanted in road lighting.
Studies indicate that orange light attracts fewer
insects than white light, providing a potential
way to mitigate impacts on insectivorous bats
(Blake et al. 1994). However, light intensity
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and spectral composition appears to have a
differentiated effect between insectivorous bat
species in Europe (Mathews et al. 2015), and
studies should be conducted in Brazil to better
understand this issue.
Roads can generate other negative effects
on bat fauna, beyond vehicle collision, including (i) damage or destruction of roosts and
habitats, (ii) disturbance of foraging flights,
and (iii) barriers to large-scale movements or
migration (Kerth & Melber 2009; Berthinussen
& Altringham 2012). However, more accurate
estimates of the impacts of roads on bats should
be obtained with suitable methods (e.g., radiotracking, GPS and acoustic monitoring) and
with more careful road monitoring.

CONCLUSIONS
Forty-four bat species have already been victims of roadkills, representing approximately
25% of the Brazilian bat fauna. Frugivorous
species are the most vulnerable to collisions
with vehicles, which is possibly linked to their
greater abundance, lower flight, and capacity
to make long-distance movements.
The vulnerability to roadkills had no relation
to the body size and type of flight of phyllostomid bats, indicating that collisions with
vehicles affects all species that use the airspace
occupied by roads. Roads act as a generalist
predator, causing the death of species of all the
trophic guilds, sizes and behaviors, including
the rarest ones.
We show that roadkills are a significant
cause of bat fatality. Therefore, road ecology
researchers should include bats in their monitoring. This inclusion will give more precise
estimates of the magnitude of this impact on
bats and a scientific base for Brazilian laws,
that should comprise bats in environmental
impact assessments concerning the expansion
or establishment of new roads.
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