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ABSTRACT

Motor vehiclescolliding with large- and medium-sized mammal s on highwaysmay cause seriousaccidents,
including loss of human lives or substantial material damages. Predicting the sites of highest incidence of the
collisions is a relevant matter to propose mitigation measures, and this is done by using models that relate
collision occurrences with landscape characteristics of the surroundings. Capybaras are one of the largest
mammalsin thetropicsand the most common victims of vehiclecollisionsin Brazil. Thiswork aimed to determine
which landscape characteristics are related to capybara road-kill along 180.4 km of the BR-040 Highway
between Rio de Janeiro and Juiz de Fora cities, Southeastern Brazil. Capybaras were monitored for 4 years,
and 51 road-kills were registered. The landscape characteristics assessed within 1 km of the road-kill were
guantified as: urban area, forest cover, herbaceous cover, crop fields and distance of the nearest river. Afterwards,
logistic regression models were generated, and the best were selected by Akaike's Information Criterion. The
occurrence of capybara road-kills was mainly associated with river proximity, but also high herbaceous cover
and low forest cover was relevant. Landscape characteristics found to be relevant are indeed related to the
habitat of these social and semi-aquatic mammals that prefer to be near open areas and water bodies. Some
mitigation measures are proposed to reduce collisions with these animals, including installation of signs and
fences in the surroundings of water bodies.
Keywords: conservation; road ecology; Hydrochoerus hydrochaeris;, mammals; tropical forest.

RESUMO

A colisdo de veiculos com mamiferos de grande e médio porte nas rodovias pode causar acidentes
sérios, incluindo perdade vidas humanas ou prejuizos materiai ssignificativos. Prever oslocaisde maior incidéncia
dessas colisdes é uma questdo relevante para propor medidas de mitigacao, e isto é feito pelo uso de modelos
gue relacionam as ocorréncias de colisdo com caracteristicas de paisagem ao seu redor. Capivaras sdo um dos
maiores mamiferos nos tropicos e uma das vitimas mais comuns de colisdes com veiculos no Brasil. Esse
trabalho teve como objetivo determinar quais caracteristicas da paisagem estdo relacionadas ao atropelamento
de capivaras ao longo de 180,4 km da rodovia BR-040 entre as cidades de Rio de Janeiro e Juiz de Fora,
Sudeste do Brasil. Capivaras foram monitoradas por 4 anos, e 51 atropelamentos foram registrados. As
caracteristicas da paisagem consideradas dentro de 1 km do atropelamento foram quantificadas como: &rea
urbana, coberturaflorestal, cobertura de vegetacdo herbacea, agricultura e distancia do rio mais préoximo. Em
seguida, model os de regresséo | ogisticaforam gerados, e 0 melhor foi selecionado pelo Critério de Informacéo
de Akaike. A ocorréncia de atropelamentos de capivara foi principalmente associada com a proximidade de
rios, mas também alta cobertura de vegetacdo herbacea e baixa cobertura florestal foram relevantes. As
caracteristicas de paisagem relevantes sdo agquelas relacionadas com o habitat desses mamiferos sociais e
semi-aquéti cos que preferem estar proximos de areas abertas e corpos d’ dgua. Algumas medidas de mitigacéo
s80 propostas para reduzir as colisfes com esses animais, incluindo a instalacdo de placas de sinalizacdo e
cercas ao redor de corpos d agua.
Palavras-chave: conservagdo; ecologia de estradas; Hydrochoerus hydrochaeris; mamiferos; florestatropical.



CAPYBARA ROAD-KILL ON THIGHWAY BR-040, SOUTHEASTERN BRAZIL

INTRODUCTION

Motor vehiclescolliding with large- and medium-
sized mammals on highways may cause serious
accidents, including loss of human lives or substantial
material damages for the driver (Forman et al. 2003,
Huijser et al. 2009). Total expenses from material
damages, injuries and human deaths were estimated at
more than abillion Euro per year in Europe, and from
23 millionto 1 billiondallarsinthe United States (Seiler
& Helldin 2006). Predicting the sites of the highest
incidence of these collisions is a relevant matter to
propose mitigation measures, and thiscan be doneusing
models that correlate collision occurrences with
landscape characteristicsin the surroundings (Clevenger
et al. 2003). Many mitigation measures of animal-
vehicles collisions were enacted in North America,
Europe and Australia (Laurance et al. 2009, Beckmann
et al. 2010). When animal -vehiclecollisonsareincluded
inthe cogt-benefit estimatesfor implementing mitigation
measures, some options become more economically
viable, such as overpasses or underpasses for deer, elk
and moose (Huijser et al. 2009).

Thecostsof animal-vehiclecollisonsin USA and
Europe are high because animals killed on roads there
are large, such as elk, moose, deer and bear. In the
tropics, mammals are, on average, smaller than in
temperate regions. In general, most road-kill species
area so highly abundant onesthat do not avoid crossing
the road (Céceres 2011, Dornas et al. 2012). In Brazil,
the most road-killed species are frogs (Rhinella spp.),
reptiles (Helicops infrateniatus and Tupinambis
merianea), birds (Crotophaga ani, Athene cunicularia
and Volatinia jacarina) and mammals (Didelphis
albiventris, Didelphis aurita, Euphractus sexcinctus,
Myocastor coypus, Cerdocyon thous and
Hydrochoerus hydrochaeris; Dornas et al. 2012).
There are some larger mammals with lower road-kill
rates, such as, Chrysocyon brachyurus,
Myrmecophaga tridactyla, Puma concolor and
Panthera onca; Dornas et al. 2012). For vertebrates,
one estimate is 8.65 (£26.37) road-kills’lkm/year,
representing 14.7 (+44.8) million road-kill/year
throughout Brazil’ sterritory (Dornaset al. 2012). There
is no estimate on the cost of material damage and loss
of human livesfrom such collisionsin Brazil. However,
based on the high amount of road-kill estimated, even
considering that asmall portioninvolveslargeanimals,
the cost is expected to be high; especially on toll
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highways, where the expenses of collisionsisaliability
for the concessionary company, the cost-benefit of
mitigation measures should be positive.

Capybaras are abundant rodents, one of the
largest mammal sin thetropics (fema esweighing 50kg
on average, and males 60kg; Verdade & Ferraz 2006,
Herrera et al. 2011). Moreover, they are the primary
victims of vehicle collisions in Brazil (Dornas et al.
2012), and thus, resulting in severe accidents. This
work aimed to determine which landscape
characteristics are related to the occurrence of
capybararoad-killsin atropical forest highway, and to
propose mitigation measures.

MATERIAL AND METHODS

The study site encompass highway BR-040,
fromkm 125.2to km O in Rio de Janeiro State and km
828.7tokm 773.5in Minas Gerais State, Southeastern
Brazil (Figure1). Along this 180.4 km stretch, BR-040
crosses the Biodiversity Corridor the Serra do Mar,
whose main native vegetation cover is composed of
tropical rainforest (Veloso et al. 1991). Thetopography
varies from the lowlands near Dugue de Caxias city
(19m high, 22°47'09"S, 43°18'43"W), through the
mountain range (about 1,000m high) and Petropoliscity
(838m high, 22°30'18"S, 43°10'44"W) up to Juiz de
Foracity (715m high, 21°41’' 20"S and 43°20’' 40"W).
Within this entire range, the road has 2 paved lanesin
each direction, and for the stretch crossing themountain
range, the 2-lanes going up and the 2-lanes going down
run separately. The BR-040 stretch between Petropolis
and Juiz de Forawas constructed in 1861 by Brazil's
Emperor Dom Pedro 11 (Neto 2001). The stretch
between the cities of Petropolis and Rio de Janeiro
was constructed in 1928 by President Washington L uis,
andin 1931, it wasthefirst paved road in Brazil. Since
1996, the BR-040 stretch from Rio de Janeiro to Juiz
de Fora has been under the authority of a private
company, Concer. The mean traffic volume on this
road is 20,000 vehicles/day (Concer 2010).

Capybaraskilled on the road wererecorded daily,
for 4 years (from April 2006 to January 2011), along
180.4km on BR-040 between the cities of Rio de
Janeiro and Juiz de Fora. Concer workersweretrained
by PhD CeciliaBueno, Coordinator of the“ Caminhos
da Fauna® (“Wildlife Pathways”) Project, whose
main objective is to record road-kills in a 24/7 type
schedule, with an estimated average speed of 50km/h.
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Figure 1. Study area: BR-040 highway stretch where road-kill were recorded, from the km 125.2, near Duque de Caxias city in Rio de
Janeiro State (RJ) to the km 773.5, near Juiz de Fora city in Minas Gerais State (MG), Southeastern Brazil. Landscape characteristics 20-
km around BR-040 highway are shown in detail.
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The workers used standard forms and techniques,
developed for the Caminhos da Fauna Project,
which includestaking pictures, removing carcasses,
storing in freezers, recording location and time. The
Project installed three freezers located at the
104km, 45km and 816km marks. Twice a month
the carcasses were taken to a laboratory at Veiga
de Almeida University to be taxidermied and then
donated to the National Museum of Rio de Janeiro
collection.

A map of land use and land cover of the
studied area was made by means of Landsat images
of 2002, with a 1:250,000 scale and accuracy of
86.39% (lesb 2007). The landscape characteristics
within 1km of theroad-kill were quantified as: urban
area, forest cover, herbaceous cover, crop fields.
The 1km buffer was chosen based on a previous
analysis for different distances (1km, 5km, 10km),
when buffer was included as an independent
variable in competing models (Bueno et al. 2011).
The distance to the nearest river was also
measured. We sorted out the same number of
capybara road-kill along the highway to represent
absences in logistic regression models. The same
landscape characteristics were measured up to 1
km from each absence point. All landscape
measures were done using ArcGIS version 9.3.1.
Logistic regression models were designed using
presence/absence of road-kills as dependent
variables and landscape characteristics as
independent variables (Table 1). Afterwards, logistic
regression models were generated. The best-fitted
model was obtained based on the likelihood of the
binomial distribution package using Generalized
Linear Models(GLM) inR 2.7.1 (Hornik 2013). The
model selection was done using Akaike's
Information Criterion with correction for small
samples (AlCc; Burnham & Anderson 2002). To
sort the best model s and eval uate their performance,
we used the AIC weight (wi) and evidence (wi_max
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/wi_i; Burnham & Anderson 2002). Weinclude one
null model to compete with other regression models:
1) with a constant (intercept = 1) as independent
variable (Table 1).

RESULTS

Fifty-one capybara road-kill were recorded
during the four-year study on the BR-040 highway
(Figures 2 and 3). The correlation between forest and
herbaceous vegetation was highly significant (R>0.70)
and so they were not included in the same regression
model (Table 2).

Capybara road-kills were associated with river
proximity. Two other models were also considered
relevant: (1) including river proximity and higher cover
of herbaceous vegetation, and (2) including river
proximity and lower cover of forest cover. All selected
models showed a better performance than the null
model (Table 3).

Table 1. Competing models used in Akaike's Information Criterion
(AIC) selection, where dependent variables were presence or absence
of capybara’s road-kill in the BR-040 highway.

Modd Independent variables
1 Herbaceous vegetation

2 Herbaceous vegetation + Agriculture
3 Herbaceous vegetation + Urban areas
4  Herbaceous vegetation + Distance of thenearest river
5 Agiculture
6 Agriculture + Urban aress
7 Agiculture+ Fored
8 Agiculture+ Digance of thenearest river
9 Urban aress
10 Urban areas + Forest
11 Urban areas + Distance of the neered river
12 Forest
13 Forest + Didance of thenearest river
14 Distance of the neeregt river

Null 1

Table 2. Correlations between independent variables.

Distance of the

Agiculture Urban areas Forest nearest river
Herbaceous vegetetion -0.060 -0.517* -0.808* -0.020
Agicultue -0.261* 0.006 -0171
Urban areas -0.041 -0078
Forest 0126

Note: * p < 0.01.
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Figure 2. Capybara killed by vehicle collision on BR-040 highway. Photograph taken by Cecilia Bueno.

DISCUSSION

Therate of 12.75 capybaras/year found in BR-
040 is suspected to underestimate the actual number
of road-kill since some capybaras could be hurt in a
collision and die outside the monitored strip, far from
the road. According to Dornas et al. (2012), they are
one of the most road-killed vertebrates in Brazil.
Collisions with animals weighing 50 kg (females) or
60 kg (males) on average, such as capybaras, are a
relevant concern for driver safety. These collisions
usually cause severe accidents, including injuries to
people and deaths (Barszcz 2012). In Brazil, there is
no estimate of the financial losses due to this kind of
accident. In the United States and Canada, estimated
costs for the average deer-, elk-, and moose-vehicle
collisionswere US$ 18,287 per kilometer per year, on
average (Huijser et al. 2009). Despite that large
mammal s are more common in temperateregions, it is
expected that collisions between vehiclesand wildlife
also cause significant expensesand loss of humanlives
in the tropics, indicating the relevance of investments
inmitigation measures.
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Capybarasare social and herbivorous mammals
that live along riverbanks covered by herbaceous
vegetation (Herrera et al. 2011). They are aso found
in agro ecosystems near rivers, such as open areas
covered by sugar cane or pasture (Ferraz et al. 2007).
The association found between capybara road-kills,
river proximity and herbaceous vegetation represents
the main characteristics of its habitat. The habitat
preference of capybaras for open vegetation instead
of forested areas was confirmed by the road-kill
patterns (Ferraz et al. 2007). Thus, where roads cross
this kind of environment, the chances of an accident
are higher. For the capybaras grazing in groups
(Herrera et al. 2011) and more active at night, road-
kill chances are even higher.

The association of capybara road-kills to river
proximity and the damages caused by the collisions
with vehicles and injured people strongly suggest the
need to adopt wildlife underpasses and fences. We
suggest that culverts should be modified and made
wider in order to avoid flooding and provide a semi-
aguatic environment similar to capybara habitats.
Fences are needed to induce underpass usage and thus



reducekills. Inthis case, however, maintenanceisvery
important (Mata et al. 2005, Beckmann et al. 2010).
The BR-040 highway islocated in amountain region,
thus some stretches where a river meets the highway
have arocky wall on one bank. In this case, wildlife
passages should not be installed because they would
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connect one side of the highway to awall. Inthiscase,
it is suggested that only fences beinstalled to prevent
the animals from crossing the highway. In addition,
clear road signs warning about capybaras crossing the
road and any kind of arrangement that causes drivers
to reduce their speed is recommended.
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Figure 3. Capybara's road-kill events along the BR-040 highway.
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Table 3. Regression models selected by AlCc (Evidence d” 2) to explain road-kill of Hydrochoerus hydrochaeris (n=51).

Dependent Var iables I ndependent Variables AlCc WwAIC Evidence
- distance of the nearest river 13500 0321 1.0

. -distanceof the nearest river ~ + herbaceousvegetation 135%  0.201 16
Capyteraroad-ll -distanceof the rearest river - forest 13598 0.198 16
congant 14350 0.005 69.1

Note: where constant = 1.

CONCLUSION

Motor vehiclescolliding with capybararepresent
aseriousrisk for drivers. The study found that capybara
road-kill occurred mainly near rivers and where
herbaceous vegetation is predominant. It is suggested
that culverts should be modified and made wider to
facilitate their use by capybaras as underpasses, and
fences should beinstalled to induce them to go through
the underpasses. These measures are expected to
reduce capybara-vehicle collisions and the consegquent
loss of human and capybarallives.
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