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ABSTRACT

Among al roadsthreats, roadkillsin highways are considered the greatest source of anthropic pressure on wild vertebrate
populations. In Brazil, data on bat-vehicles collisions are scarce and underestimated in studies on roadkilled fauna. Herein
we present the first records of bat-vehicles collisions in the southern region of Santa Catarina state, Brazil. Eleven
individualswererecorded, belonging to at least four species. Surniralilium presented the highest frequency of collisions,
followed by Artibeus lituratus. The diet and foraging behavior are the most likely factors that explain the number of

roadkilled bats in highways.
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Establishment and operation of highwaysresult
inisolation and fragmentation of natural environments,
increase edge effects and modify landscape structure
and function (Do Prado et al. 2007, Gumier-Costa &
Sperber 2009). Among all roadsthreats on biodiversity,
roadkills are the greatest source of pressure on wild
vertebrate populations (Bager et al. 2007, Gumier-
Costa & Sperber 2009, Ratton et al. 2014). Many
variables can affect animal roadkills, but fragmentation
of natural areas and availability of food throughout
highways are the main characteristics that influence
the frequency of collisions (Clevenger et al. 2003,
Lesifiski 2007, Gumier-Costa& Sperber 2009, Santos
et al. 2012).

Despite of some studies show that bats perceive
vehiclesasthreats(i.e. Baxter et al. 2006, Altringham
& Kerth 2016), making roads as a geographic barrier,
reducing the ability of batsto access suitableforaging
or roosting sites, bat killsby collisionswith vehiclesis
an worrying factor, especialy regarding to migratory
species (Zurcher et al. 2010, Lesifiski et al. 2011).
Most of data on bat roadkills comes from Europe,

where several studieswere devel oped (Bafaluy 2000,
Lesifiski 2007, Gaidler et al. 2009, Kerth & Melber
2009, Lesifiski et al. 2011, Berthinussen & Altringham
2012, Medinas et al. 2013).

In Brazil, data on bat-vehicles collisions are
scarce (Novaes & Dornas 2011) and, when reported
inroadkill ecology studies, batsareidentified at order
or family level (Coelho et al. 2008, Bueno & De
Almeida 2012, Santos et al. 2012). Furthermore, due
to its low body mass, flight velocity and nocturnal
behavior, finding bats carcasses is difficult, resulting
insubsampling of the group inroadkill studies (Bafaluy
2000, Lesifiski 2007, Lesifiski et al. 2011, Berthinussen
& Altringham 2012, Medinas et al. 2013).

High abundance of certain plant speciesthrough
the highways, associated to the presence of flight and
forest corridors created by highways, seem to be the
mainly factors to improve collision rate between bats
and vehicles (Lesifiski 2007, 2008, Gaidler et al. 2009,
Medinas et al. 2013). Besides, young individuals that
fly inlow heights (L esifiski 2007) and speciesthat forage
inunderstory (Lesifiski et al. 2011) may bethose of the
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most affected by highways. Despite of these factors,
species of roadkilled bats may vary among regions,
indicating other differences in structure of local
assemblages (Lesifiski 2007, Kerth & Melber 2009).
Dueto thelack of studiesabout bat-vehiclescollisions,
thereisaclear necessity to obtain data on bat mortality
in highways of different regions and landscapes
(Lesifiski et al. 2011). The present note aim to report
the first records of bat-vehicles collisions in the
southern region of Santa Catarinastate, southern Brazil.

Data were obtained in two studies on roadkill
fauna carried out from April 2014 to August 2015 in
two highways of the southern region of the state of
Santa Catarina, Brazil (Figure 1). The climate is
classified, according to Koppen, as Cfa: subtropical,
constantly humid, with no dry season defined, with hot
summer and annual rainfall average from 1220 to 1660
mm (Alvares et al. 2013). Theregionisinserted in the
Ombrophylous Dense Forest phytophysiognomy of the
Atlantic Forest biome (IBGE, 2012).

The first study was carried out in the SC-108
highway, between Criciima(28°40' 12"S; 49°21' 44" W)
and S&o Joaquim (28°17'09"S; 49°75 30"W)
municipalities. This section corresponds to a 131 km
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of paved road, in altitude from 40 m to 1400 m above
sea level. Samplings were made each 15 days, from
August 2014 to August 2015, by two researches by
car at avelocity of 40 km/h or lower, totalizing 27 days
of samples. The second study was carried out in the
SC-445 highway, between Urussanga (28°31'49"S;
49°19'01"W) and Morro da Fumaga (28°35'48"S;
49°14' 43"W) municipalities. This section corresponds
to 15 km of paved road, in altitude from 20 mto 60 m
above sea level. Samplings were made each 15 days
fromApril 2014 toApril 2015, by bicycleat an average
velocity of 20 km/h, totalizing 27 days of samples.

All roadkilled specimens of bats were
photographed and had its forearm size measured and
they were identified to the lowest possible taxonomic
level. Thetaxonomicidentification wasbased in keysby
Gardner & Handley-Jr (2008), Marques-Aguiar (2008),
Wilson (2008) and Miranda et al. (2011); and the
identification of the guilds followed Kalko (1998). The
speciesconservation statusfollowed International Union
for Conservation of Nature - The IUCN Red List of
Threatened Species (IUCN 2015), Ministério do Meio
Ambiente (MMA 2014) and the List of Threatened
Species of Santa Catarina state (CONSEMA 2011).
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Figure 1. Location of thetwo highwayswereroadikilled bats were sampled in the southern region of Santa Catarina state,
Brazil, fromApril 2014 to August 2015. Black line= SC-108 highway; Red line= SC-445 highway.
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Werecorded 11 adultindividuds, fromtwofamilies
and at least five generaand six species (Table 1; Figure
2). The uncertain number of genera and species is
because oneindividua wasidentified only at family level
dueto decomposition of the carcass. Among thefamilies
recorded, Phyllostomidae was the richest (N = 4) and
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the most abundant (N = 9). Among recorded taxa,
Surnira lilium had the greatest number of records (N =
4), corresponding to 36.4% of the samples. Artibeus
lituratus presented the second greatest number in records
(N =2), with 18.2% of the samples. Only Myotis ruber
isclassfied as“Near Threatened” by (IUCN, 2015).

Table 1. Taxaligt, trophic guildsfollowed Kalko (1998) and number of roadkilled individua sregistered in thetwo highways
in southern Santa Catarina state, southern Brazil, between 2014 and 2015.

Number of
Taxon Trophic guild roadkilled

individuals
Phyllostomidae
Anoura caudifer narrow-space gleaning nectarivore 1
Artibeus lituratus narrow-space gleaning frugivore 2
Artibeus fimbriatus narrow-space gleaning frugivore 1
Surniralilium narrow-space gleaning frugivore 4
Phyllostomidae (Not identified) - 1
Vespertilionidae
Lasiurus ega edge and gap aerial insectivore 1
Myotis ruber edge and gap aerial insectivore 1
Total 3 guilds 11
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Figure 2. Batsroadkillson highways (SC-108 and SC-445) in southern Santa Catarina, Brazil, from April 2014 to August
2015, where: A) Artibeuslituratus, B) Surniralilium, C) Lasiurusega, D) Myotisruber.
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In the southern region of Brazil, bats suffer by
the anthropic pressure caused by roads and highways,
as in other Brazil regions and countries, as Spain
(Bafaluy 2000), Czech Republic and Austria (Gaisler
2009), Poland (Lesisnki 2009, Lesisnki et al. 2011) and
United States of America (Russel et al. 2009). The
highest abundance and richness of the Phyllostomidae
family among species recorded are related to its
dominanceintropical communities (Gardner 2008) and
also in the sampled region (i.e. Carvalho et al. 2009,
Carvahoet al. 2013). In addition, many phyllostomid
species forage in understory or use this layer to
displacement, due to the greater availahility of roosts
and food (Kalko 1998). Already, most species of
Vespertilionidae present different behavior, foraging
mainly on the edge and in the spaces between the
vegetation in the upper strata (Kalko 1998).

Surnira lilium is one of the most abundant
species in southern region of Santa Catarina state
(Carvahoetal. 2009; Carvalho et al. 2013), what may
contribute to the number of roadkill events. Besides of
it, the prevalence of S liliumin roadkilled bats can be
duetoitsdiet and foraging behavior. Thisspeciesfeeds
mainly on Solanum and Piper genera (Fleming 1972,
Mello et al. 2008), typical pioneer plants that usually
colonize anthropic areas, asroad margins (Tabarelli &
Mantovani 1999, Clarke et al. 2005). Also, these
generaaredistributed in understory, dueto its shrubby
habit (Tabarelli & Mantovani 1999, Barddlli et al. 2008),
forcing batsto fly and feed near the soil, what improves
the chances of colissions(Tabarelli & Mantovani 1999,
Lesifiski 2007, 2008).

The presence of street lighting and water bodies
can attract insects and, consequently, attract
insectivorous bats as Lasiurus ega and M. ruber,
which usethese as efficient sitesto foraging activities
(Altringham & Kerth 2016). If these places were
nearby the highways, they can increase bat roadkills.
It's also known that some species, such as Anoura
caudifer, Artibeus lituratus and A. fimbriatus, are
commonly recorded in peri-urban areas in southern
Brazil (Pacheco et al. 2010). These areas present
great amount of roosts and refuges to bats, but aso
intense vehicletraffic which canlead to anincreasein
bat mortality rate by vehiclecollision.

Nevertheless, the number of roadkilled animals
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can be underestimated due to carcass removal by
scavengersor posterior death nearby highways (Turci
& Bernarde 2009, Gonzalez-Gallinaet al. 2013). This
isthefirst study in Brazil to identify such anumber of
chiropterans at species level. Many studies highlight
the underestimated number of animalsroadkilled (Sater
2002, Ratton et al. 2014); however, even punctua data
about bat roadkillsareimportant to the knowledge about
the mortality and composition of local assemblages.
Dataon roadkilled faunaareimportant to create
and adopt mitigation measuresin highways and roads
and then, test their effectiveness (Costa et al. 2015).
Despite of it, few actions are developed to keep
connectivity of natural elementsin landscape, aiming
to diminish lethal events in these areas (Gonzé ez-
Gallinaet al. 2013). Investigations on the effectiveness
of natural crossing structuresin highwaysfor batsare
still scarce and inconsistent. It is known that many
speciesuse underground and green passages and fauna
underpasses (Altringham & Kerth 2016). Thus,
avoiding roadkills starts with the previous studies on
highways installation (i.e., before its construction),
which may perform the localization of most likely
habitats to bat roosts and foraging sites, in order to
implement mitigation and conservation actions.

REFERENCES

Altringham, J., & Kerth, G. 2016. Bats and roads. In: C. C. Voigt
& T. Kingston (Eds.), Batsin the Anthropocene: conservation
of bats in a changing world. pp 35-61. New York: Springer
International AG DOI 10.1007/978-3-319-25220-9_3

Alvares, C. A., Stape, J. L, Sentelhas, P. C, de Moraes, G,
Leonardo, J., & Sparovek, G. 2013. Kdppen’'s climate
classification map for Brazil. Meteorologische Zeitschrift,
22(6), 711-728. DOI: 10.1127/0941-2948/2013/0507

Bafaluy, J. 2000. Mortandad de murciélagos por atropello en
carreteras del sur de la provincia de Huesca. Galemys,
12(1),15-23.

Bager, A., Piedras, S. R. N., Martin, T. S., & Hébus, Q. 2007.
Fauna selvagem e atropelamento - diagndstico do
conhecimento brasileiro. In: A. Bager (Ed.), Areas protegidas
- repensando as escal as de atuagdo. pp. 49-62. Porto Alegre:
Armazém Digital.

Bardelli, K. C., Kirizawa, M., & De Sousa, A. V. G. 2008. O
género Piper L. (Piperaceae) daMataAtlanticadaMicrobacia
do Sitio Cabugu-Proguaru, Guarulhos, SP, Brasil. Hoehnea,
35(4), 553-561.

Baxter, D. J. M., Psyllakis, J. M., Gillingham, M. P, & O’Brien,
E. L. 2006. Behavioural response of bats to perceived



Roadkilled Bats in Brazil

predation risk while foraging. Ethology, 112(10), 977-983.
DOI: 10.1111/j.1439-0310.2006.01249.x

Berthinussen, A., & Altringham, J. 2012. Do bat gantries and
underpasses help bats cross roads safely. PloS one, 7(6),
€38775. DOI: 10.1371/journal .pone.0038775

Bueno, C., & de Almeida, P. J. A. 2012. Sazonalidade de
atropelamentos e os padrées de movimentos em mamiferos
na BR-040 (Rio de Janeiro-Juiz de Fora). Revista Brasileira
de Zoociéncias, 12(30), 219-226.

Carvalho, F., Zocche, J. J., & Mendonga, R. A. 2009. Morcegos
(Mammalia, Chiroptera) em restinga no municipio de
Jaguaruna, sul de Santa Catarina, Brasil. Biotemas,
22(3),193-201.

Carvalho, F., Fabian, M. E., & Menegheti, J. O. 2013. Vertical
structure of an assemblage of bats (Mammalia: Chiroptera) in
a fragment of Atlantic Forest in Southern Brazil. Zoologia
(Curitiba), 30(5), 491-498. DOI: 10.1590/S1984-
46702013000500004

Clarke, F., Pio, D., & Racey, P. 2005. A comparison of logging
systems and bat diversity in the Neotropics. Conservation
Biology, 19(4),1194-1204. DOI: 10.1111/j.1523-
1739.2005.00086.x-i1

Clevenger, A. P, Chruszcz, B., & Gunson, K. E. 2003. Spatial
patterns and factorsinfluencing small vertebrate faunaroad-
kill aggregations. Biological Conservation, 109(1), 15-26. DOI:
10.1016/S0006-3207(02)00127-1

Coelho, I. P, Kindel, A., & Coelho, A. V. P. 2008. Roadkills of
vertebrate species on two highways through the Atlantic
Forest Biosphere Reserve, southern Brazil. European
Journal of Wildlife Research, 54(4), 689-699. DOI: 10.1007/
s10344-008-0197-4

CONSEMA.. 2011. ReconhecealL istaOficial de EspéciesdaFauna
Ameacadas de Extingdo no Estado de Santa Catarina e da
outras providéncias. In: Resolucéo Conseman® 002, de 06 de
dezembro de 2011 Floriandpolis. pp. 2-8. Diario Oficial de
Santa Catarina.

Costa, A. S., Ascensdo, F., & Bager, A. 2015. Mixed sampling
protocolsimprove the cost-effectiveness of roadkill surveys.
Biodiversity and Conservation, 24(12), 2953. DOI: 10.1007/
510531-015-0988-3

do Prado, T. R., Ferreira, A. A., & Guimardes, Z. F. S. 2007.
Efeito daimplantacéo de rodovias no cerrado brasileiro sobre
afaunade vertebrados. Acta Scientiarum. Biological Sciences,
28(3),237-241. DOI: 10.4025/actascibiolsci.v28i3.215

Gaidler, J., @ehdk, Z., & Bartonieka, T. 2009. Bat casualties by
road traffic (Brno-Vienna). ActaTheriologica, 54(2),147-155.

Gardner, A. L., & Handley-Jr, C. O. 2008. Genus Lasiur us Gray,
1831. In: A. L. Gardner (Ed.), Mammals of South America,
Volume 1: marsupials, xenarthrans, shrews, and bats. pp. 457-
468. Chicago: University of Chicago Press.

Gardner, A. L. 2008. Mammals of South America, Volume 1:
marsupials, xenarthrans, shrews, and bats. Chicago: University
of Chicago Press: 637p.

Gonzdlez-Gallina, A., Benitez-Badillo, G, Rojas-Soto, O. R., &
Hidalgo-Mihart, M. G. 2013. The small, theforgotten and the
dead: highway impact on vertebrates and its implication on
mitigation strategies. Biodiversity and Conservation, 22(2),

211

325-342. DOI: 10.1007/s10531-012-0396-x

Gumier-Costa, F., & Sperber, C. F. 2009. Atropelamentos de
vertebrados naFlorestaNacional de Carajas, Parg, Brasil. Acta
Amazonica, 39(2), 459-466.

IBGE. 2012. Manual Técnico da Vegetacdo Brasileira. Rio de
Janeiro: Instituto Brasileiro de Geografiae Estatistica: 274 p.

IUCN. 2015. The [UCN Red List of Threatened Species United
Kingdom. Available at: < http://www.iucnredlist.org/ > .

Kalko, K. V. 1998. Organisation and diversity of tropical
bat communities throuh space and time. Zoology, 101(4),
281-297.

Kerth, G, & Melber, M. 2009. Species-specific barrier effects of
amotorway on the habitat use of two threatened forest-living
bat species. Biological Conservation, 142(2), 270-279. DOI:
10.1016/j.biocon.2008.10.022

Lesifiski, G. 2007. Bat road casualties and factors determining
their number. Mammalia, 71(3), 138-142.

Lesifiski, G. 2008. Linear landscape elements and bat casualties
on roads — an example. Annales Zoologici Fennici, 45(4),
277-280. DOI: 10.5735/086.045.0406

Lesifiski, G, Sikora, A., & Olszewski, A. 2011. Bat casualtieson
aroad crossing amosai ¢ landscape. European Journal of Wildlife
Research, 57(2), 217-223. DOI: 10.1007/s10344-010-0414-9

Marques-Aguiar, S. A. 2008. Genus Artibeus Leach, 1821. In: A.
L. Gardner (Ed.), Mammals of South America, Volume 1:
marsupials, xenarthrans, shrews, and bats. pp. 301-321.
Chicago: University of Chicago Press.

Medinas, D., Marques, J. T., & Mira, A. 2013. Assessing road
effects on bats: the role of landscape, road features, and bat
activity on road-kills. Ecological Research, 28(2), 227-237.
DOI: 10.1007/s11284-012-1009-6

Mello, M. A., Kako, E. K., & Silva, W. R. 2008. Diet and
abundance of the bat Sturniralilium (Chiroptera) inaBrazilian
montaneAtlantic Forest. Journal of Mammal ogy, 89(2), 485-
492. DOI: 10.1644/06-MAMM-A-411R.1

Miranda, J. M. D., Bernardi, |. P, & Passos, F. C. 2011. Chave
ilustrada para a determinagdo dos morcegos da Regido Sul do
Brasil. Curitiba: Jodo M. D. Miranda.

MMA/Ministério do Meio Ambiente. 2014. ListaNacional Oficial
de Espécies da Fauna Ameacadas de Extin¢do. Portaria n°
444: 121-126.

Novaes, R.L. M, & Dornas, R. A. P. 2011. Theinfluence of roads
on bats: What we know can help us conserve the Brazilian
species? Road Ecology Brazil 2011, Lavras, MG

Pacheco, S. M., Sodré, M, Gama, A. R., Bredt, A., Cavallini, E.
M., Marques, R. V., Guimardes, M. M., & Bianconi, G 2010.
Morcegos urbanos: status do conhecimento e plano de agéo
paraaconservacdo no Brasil. Chiroptera Neotropical, 16(1),
629-647.

Ratton, P.,, Secco, H., & Rosa, C. A. 2014. Carcass permanency
timeand itsimplicationsto theroadkill data. European Journal
of Wildlife Research, 60(3), 543-546. DOI: 10.1007/s10344-
014-0798-z

Russell, A. L., Butchkoski, C. M., Saidak, L., & McCracken, G.
F. 2009. Road-killed bats, highway design, and the commuting
ecology of bats. Endangered Species Research, 8, 49-60. DOI:
10.3354/esr00121

Oecol. Aust., 21(2): 207-212, 2017



212

Santos,A.L.P. G Rosa, C.A., & Bager, A. 2012. Variagéo sazonal
da fauna selvagem atropelada na rodovia MG 354, Sul de
Minas Gerais- Brasil. Biotemas, 25(1),73-79. DOI: 10.5007/
2175-7925.2012v25n1p73

Slater, F. M. 2002. An assessment of wildlife road casulties-the
potential discrepancy between numbers counted and
numbers killed. Web Ecology, 3(1), 33-42. DOI: 10.5194/
we-3-33-2002

Tabarelli, M., & Mantovani, W. 1999. Clareiras naturaise ariqueza
de espécies pioneiras em uma Floresta Atlantica Montana.
RevistaBrasileiradeBiologia, 59(2), 251-261. DOI: 10.1590/

Oecol. Aust., 21(2): 207-212, 2017

Ceronet al.

S0034-71081999000200009

Turci, L. C. B., & Bernarde, P. S. 2009. Vertebrados atropel ados
na Rodovia Estadual 383 em Rondbnia, Brasil. Biotemas,
22(1), 121 - 127.

Wilson, D. E. 2008. Genus Myotis Kaup, 1829. In: A. L. Gardner
(Ed.), Mammals of South America, Volume 1: marsupials,
xenarthrans, shrews, and bats. pp. 468-481. Chicago:
University of Chicago Press.

Zurcher, A. A., Sparks, D. W., & Bennett, V. J. 2010. Why the
Bat Did Not Cross the Road? Acta Chiropterologica, 12(2),
337-340. DOI: 10.3161/150811010X537918

Submitted: 15 December 2016
Accepted: 13 March 2017



