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ABSTRACT

Wildlife roadkill poses a significant global threat to biodiversity, with heightened concerns in Protected
Areas, such as the Panga Ecological Station (PES) located in the Cerrado biome, Minas Gerais state,
Brazil. Throughout this research, the adjacent highway to the PES, MGC-455 highway, underwent
paving. To assess roadkill rates and explore the potential impact of seasonality and road pavement
type, bimonthly monitoring was conducted along the highway. The survey spanned 35 km of paved and
10 km of unpaved road from April 2012 to April 2013, and 50 km of paved and 30 km of unpaved road
from May 2013 to April 2015, covering a total distance of 4,820 km. Despite the extended survey period,
progress in the highway’s paving remained minimal. A total of 87 individuals were identified, comprising
38 birds, 24 reptiles, 17 mammals, and eight amphibians. Across the documented species (37 in total),
there were 15 bird species, 12 reptile species, eight mammal species, and two amphibian species. The
roadkill rate for wild vertebrates was 0.008 individuals/km/day, likely underestimated. Reptile roadkill
was notably prevalent during the rainy season. Roadkill rates were approximately six times higher on
paved stretches (0.006 individuals/km/day) compared to unpaved sections (0.001). The presence of
endangered species in the area emphasizes the ongoing need for monitoring roadkill, particularly with
the anticipated rise in roadkill rates due to the continued highway paving. Future comparisons can be

drawn between our data and post-paving roadkill rates to assess potential increases.
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SIGNIFICANCE STATEMENT

Roadkill stands as a significant menace to wildlife conservation, particularly in the remaining protected areas
within the Cerrado biome, Brazil, recognized as a hotspot for biodiversity conservation. Despite its necessity,
there is a scarcity of studies conducted before or during highway paving. Our objectives were to: 1) quantify
the number of animals falling victim to roadkill during highway paving, and 2) assess whether roadkill rates
exhibit variations among seasons and between paved and unpaved highway segments. We present roadkill data
from three consecutive years of surveys, encompassing 69 field trips and covering 4,820 km. Our dataset can
serve as a foundation for forthcoming studies seeking to comprehend the impact of highway paving on roadkill
rates and, consequently, in local wildlife within the Panga Ecological Station and its surroundings.

INTRODUCTION

Highways play a crucial role in human life, facil-
itating the movement of people and goods, and con-
tributing to the development and progress of more re-
mote populations (Percoco 2016). Despite their bene-
fits, highways also generate negative impacts, includ-
ing habitat fragmentation, deforestation, edge effects,
facilitation of hunting, barrier effects, and wildlife
roadkill (Forman and Alexander 1998; Laurance et al.
2009; Pinto et al. 2020; Van der Ree et al. 2015;
Trombulak and Frissell 2000). Among these impacts,
wildlife roadkill stands as the second leading cause of
biodiversity loss caused by human activity worldwide
(Hill et al. 2019). In the USA, around one million an-
imals die on roads each day. In the Netherlands, 159
thousand mammals and 653 thousand birds are killed
annually. Bulgaria records seven million bird fatalities
per year, and in Australia five million amphibians and
reptiles fall victim to roadkill each year (Forman and
Alexander 1998). In Europe, about 194 million birds
and 29 million mammals are killed on roads annually
(Grilo et al. 2020), while in Brazil, the numbers reach
eight million birds and two million mammals per year
(Gonzalez-Suarez et al. 2018).

In Brazil, highways are the main mode of trans-
portation, which has lead to large investments in
paving and modernizing the existing road network
(Teixeira et al. 2016). As road networks grow and
vehicular traffic increases, wildlife roadkill emerges as
a growing concern (Pinto et al. 2020; Teixeira et al.
2016). Studies on Brazilian highways have aimed to
estimate the number and rates of wildlife roadkill, ad-
dressing factors such as spatial patterns, seasonality,
and road characteristics (Brum et al. 2018; Carvalho-
Roel et al. 2023; Distrito Federal 2013; Prada 2004;
Prado et al. 2006; Santos et al. 2012; Turci and
Bernarde 2009). For instance, it appears that road-
kill rates vary with season (Carvalho et al. 2017; Fer-
reguetti et al. 2019; Santos et al. 2012). During dry
seasons, animals may need to travel further in search of
food, increasing their chances of being hit by vehicles
(Melo and Santos-Filho 2007). Roadkill involving rep-
tiles rises during the rainy and hot season when these
animals are more active (Andrews et al. 2015). Sea-

sonal increases in roadkill rates are also reported for
other species, particularly during reproductive seasons
or recruitment periods (Grilo et al. 2009). Roadkill
is also associated with factors facilitating higher ve-
hicle speeds, such as lane width and pavement type
(Distrito Federal 2013; Grilo et al. 2010; Gunson et
al. 2010). Paved roads generally have higher roadkill
rates than unpaved ones because they allow vehicles to
travel faster, reducing the reaction time for both ani-
mals and drivers (Distrito Federal 2013; Figueiredo et
al. 2013; Grilo et al. 2010; Ribeiro 2016; Smith-Patten
and Patten 2008).

Roadkill rates tend to be higher near preserved ar-
eas (Prado et al. 2006), likely because these areas
support greater biodiversity and larger animal popula-
tions (Bager 2003; Lima 2013). Highways strongly im-
pact protected areas, with over half (62%) of Brazil’s
federal protected areas intersected by highways, and
72% indirectly affected by roads (Lima 2013). A pre-
served area in the municipality of Uberlandia, Minas
Gerais state, is the Panga Ecological Station (PES). It
was acquired by the Federal University of Uberlandia
(UFU) in 1985 and later designated a Private Natu-
ral Heritage Reserve. Since then, its native vegetation
has been naturally regenerating (Ranal 2003). PES
coves 403.85 hectares of native Cerrado vegetation and
stands as one of the last extensive remnants of this
biome in the region. Regarding size, it is a signifi-
cant conservation unit in Triangulo Mineiro, used for
educational and research purposes (Margal Junior et
al. 2009). PES borders the MGC-455 highway to the
east (Cardoso et al. 2009). At the time of this study,
the MGC-455 highway, a state road, was undergoing
paving, which allowed us to monitor both paved and
unpaved sections.

Despite the importance of such infrastructure
projects, few studies are conducted before or during
the paving of a highway. Before-after and before-after-
control-impact studies are essential to: 1) comprehend
whether an impact, such as roadkill, attains a level of
concern, and for which species persistence, 2) deter-
mine if road mortality warrants attention for driver
safety, 3) provide information about the species in-
volved to inform decision-makers about the advised
mitigation structures, and 4) identify locations and
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times of high mortality rates (Kindel et al. 2017).
This study was conducted exactly during the highway
paving process, allowing us to document roadkill un-
der both conditions. With the completion of paving,
we anticipate increased vehicle speed and flow, which
may lead to higher wildlife mortality.

Therefore, the objectives of this study were to
identify the animal taxa involved in roadkill, classify
them at the lowest possible taxonomic level, estimate
roadkill rates, and assess the influence of seasonality
and pavement type (paved or unpaved) on roadkill.
We propose two main hypotheses to be tested in this
study:

1) We hypothesize that roadkill rates will differ be-
tween seasons, particularly for "reptiles" (as observed
by Carvalho et al. (2017)), with higher mortality dur-
ing the rainy season when these ectothermic animal
exhibit increased activity levels and movement in re-
sponse to warmer temperatures and greater availabil-
ity of resources (Andrews et al. 2015). In contrast,
we expect roadkill rates for birds and mammals to re-
main relatively constant across seasons (Carvalho et al.
2017; Santos et al. 2012), as these groups are generally
less dependent on climatic conditions to regulate their
activity patterns. Many birds and mammals maintain
regular movement for foraging or territorial behavior
throughout the year in Tropical countries (Pough et
al. 2008), which may lead to more stable roadkill rates
over time.

2) We hypothesize that roadkill rates will be higher
on paved sections of the highway compared to un-
paved sections (Correia Junior and Corréa 2013; Dis-
trito Federal 2013; Figueiredo et al. 2013; Ribeiro
2016). This expectation is based on the observation
that paved roads facilitate higher vehicle speeds and
greater traffic volumes, both of which are positively
associated with increased wildlife mortality (Gunson
et al. 2011; Rendall et al. 2021). After the highway
paving is completed, our findings can be used to inves-
tigate the impact of asphalt and the resulting increase
in vehicle flow and speed on wildlife roadkill rates.

MATERIAL AND METHODS

Study area

The MGC-455 is a state highway that extends over
137.3 km and borders the PES on its eastern side (Fig-
ure 1). This road connects the city of Uberlandia,
in Minas Gerais state, to the BR-364 highway, situ-
ated in the municipality of Planura near the Sao Paulo
state border (Ministério dos Transportes 2011). It is a
two-way, single-lane road without shoulders, artificial
lighting, slopes and protective barriers. In comparison
to other highways in the region, MGC-455 has lower
vehicular traffic. Throughout most of its length, the

road is mostly straight without significant curves, up-
hill or downhill stretches. As of 2015, approximately
50% of the studied stretch had been paved. The re-
maining unpaved kilometers were in poor condition,
making vehicular traffic difficult. This highway is lo-
cated in Cerrado biome, one of the hotspots for bio-
diversity conservation (Myers et al. 2000). The sur-
rounding vegetation includes pastures (39%, within a
10 km buffer), fragments of savannahs and wetlands
(28%), and monocultures (21%).

Monitoring

We collected data bimonthly over three years.
From April 2012 to April 2013, we covered 45 km,
which included 35 km of paved road and 10 km of
unpaved road. From May 2013 to April 2015, we ex-
panded the route to 80 km, 50 km of paved, and 30
km of unpaved segments (Figure 2). There was mini-
mal progress in paving throughout the monitoring pe-
riod. Surveys began at 7:30 am, we took the necessary
time to complete the entire route, averaging about five
hours per session. In total, we carried out 69 field sur-
veys, covering 4,820 km. Sixty percent of the data was
collected during the seven-month rainy season in the
study area (Rosa et al. 1991).

The monitoring was executed by car, maintaining
a speed of 30 km/h on unpaved and difficult sections,
and 50 km/h on paved segments. Each survey in-
cluded two observers and the driver. The second ob-
server and the driver did not impact carcass detection.
We examined both sides of the highway, and only an-
imal recorded on the route from Uberlandia city to
Rio do Peixe village were considered systematic and
used to calculate roadkill rates. Animals found in the
vicinity or on the return route (from Rio do Peixe vil-
lage to Uberlandia city) were categorized as occasional
and excluded from roadkill rate calculations. This
methodology follows the protocol of the Brazilian Cen-
ter for Studies in Road Ecology, ensuring standardiza-
tion for future comparisons (Rosa et al. 2012). We
photographed all carcasses for accurate identification.
After each record, carcass were removed from the road
to avoid duplicate counts and to prevent the roadkill of
scavengers (Rosa et al. 2012). For seasonal analyses,
the months from October to April were considered the
rainy and hot season, while May to September were
considered the dry and cold season (Rosa et al. 1991).
Conservation status for animals recorded as roadkill
was based on state, national, and global lists (CO-
PAM 2010; TUCN 2022; Ministério do Meio Ambiente
2022).
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Figure 1. MGC-455 highway, Cerrado biome, Brazil, highlighting the Panga Ecological Station (PES) and the

land cover in its surroundings.
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Figure 2. Unpaved (on the left) and paved stretch (on the right) of the MGC-455 highway, Cerrado biome,

Brazil.

Data analyses

We calculated roadkill rates using only systematic
records of wildlife, dividing the total number of car-
casses by the sampling effort measured in kilometers.
We did not apply any correction factor, as no spe-
cific protocol was used to estimate carcass removal
and persistence. Therefore, a priori, the reported rates
are likely underestimated values. Although important,
few studies have calculated removal and persistence
rates, mainly due to logistic challenges. For the com-

parison between paved and unpaved sections, we used
all records (including systematic, non-systematic, and
domestic animals). To test for monthly differences in
roadkill rates between the dry and rainy seasons, and
to compare rates between paved and unpaved sections,
we used the Mann-Whitney (U) test, due to the non-
normal distribution of the data. All analyses were per-
formed using R 3.6.1 software (R Core Team 2023).
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RESULTS

We recorded 171 roadkill, 126 wild animals
(73.7%), and 45 domestic (26.3%), averaging 57 an-
imals per year (Table 1, Additional File 1). Of
the 126 wild animals, 87 (66%) were systematic
records. Eleven species had only occasional records,
namely: Falco femoralis (aplomado falcon), Her-
petotheres cachinnans (laughing falcon), Crotophaga
ani (smooth-billed ani), Athene cunicularia (burrow-
ing owl), Furnarius rufus (rufous hornero), Pitan-
gus sulphuratus (great kiskadee), Tyrannus melan-
cholicus (tropical kingbird), Gallus gallus domesticus
(chicken), Columba livia (common pigeon), Lygophis
lineatus (lined ground snake), and Microtus arvalis
(common vole). Among the systematic records, 38 in-
dividuals (43.7%) were birds, 24 (27.6%) reptiles, 17
(19.5%) mammals, and eight (9.2%) amphibians (Ta-
ble 1). We documented 37 systematized species as
roadkill victims, including 15 bird species (40.6%), 12
reptile species (32.4%), eight mammal species (21.6%),
and two amphibian species (5.4%).

The roadkill rate for wild vertebrates was 0.008
individuals/km/day, with a minimum of one and a
maximum of 12 animals observed per visit. Among
taxonomic groups, the roadkill rate was 0.003 in-
dividuals/km/day for birds, 0.002 for reptiles and
0.001 for wild mammals. Cariama cristata (red-
legged seriema) was the most frequently recorded wild
species and bird in this study (0.002 individuals/km /-
day). Caracara plancus (crested caracara) was the sec-
ond most recorded bird (0.001 individuals/km/day).
Among reptiles, Erythrolamprus aesculappi (South
American false coral snake) (0.002 individuals/km/-
day), Amphisbaena alba (red worm lizard) (0.001 indi-
viduals/km/day), and Crotalus durissus (South Amer-
ican rattlesnake) (0.001 individuals/km/day) were the
most affected species. The most common mammal
in this study was Cerdocyon thous (crab-eating fox)
(0.001 individuals/km/day). Concerning conserva-
tion status, Myrmecophaga tridactyla (giant anteater)
(0.001 individuals/km/day) is classified as vulnerable
in the state of Minas Gerais, Brazil, and globally.
Lycalopex vetulus (hoary fox) (0.0004 individuals/k-
m/day) is classified as near-threatened globally and
vulnerable in Brazil, and Sylvilagus brasiliensis (com-
mon tapeti) (0.0004 individuals/km/day) is classified
as endangered globally.

We observed no difference in the monthly roadkill
rates between the rainy and dry seasons for wild ver-
tebrates (U = 214.5; p = 0.125), wild birds (U =
166.500; p = 0.974), and wild mammals (U = 171.000;
p = 0.845). However, for reptiles, there was a higher
roadkill rate for this group during the rainy seasons
(U = 239.000; p = 0.009) (Figure 3). Overall, the
roadkill rate was approximately six times higher on

paved sections compared to unpaved ones (U = 348.5;
p < 0.000) (Figure 4), 0.006 and 0.001 individuals/k-
m/day, respectively.




Table 1. Vertebrates roadkill on MGC-455 Highway, Cerrado biome, Minas Gerais state, Brazil (2012-2015).

Taza Common name TUCN®  MMA® coPAM®
Global National State

Birds

Cariamiformes

Cariamidae

Cariama cristata (Linnaeus, 1766) Red-legged seriema LC LC LC 9

Falconiformes 7

Falconidae

Caracara plancus (Jacquin, 1784) * Crested caracara LC LC LC 6

Milvago chimachima (Vieillot, 1816) Yellow-headed caracara LC LC LC 1

Falco femoralis (Temminck, 1822) ~ Aplomado falcon LC LC LC 1

Herpetotheres cachinnans (Linnaeus, 1758) ~ Laughing falcon LC LC LC 1

Cuculiformes 2

Crotophaginae

Guira guira (Gmelin, 1788) * Guira cuckoo LC LC LC 2

Crotophaga ani (Linnaeus, 1758) ~ Smooth-billed ani LC LC LC 1

Gaubuliformes 1

Galbula ruficauda (Levaillant, 1801) Rufous-tailed jacamar LC LC LC 1

Strigiformes 1

Strigidae

Athene cunicularia (Molina, 1782) ~ Burrowing owl LC LC LC 1

Caprimulgiformes 3

Caprimulgidae

to be continued...
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Taxa

Common name

IUCN1
Global

MMA?Z

National

COPAM?
State

Nyctidromus albicollis (Gmelin, 1789) *
Piciformes

Picidae

Colaptes campestris (Vieillot, 1818) *
Passeriformes

Furnariidae

Furnarius rufus (Gmelin, 1788) ~
Tyrannidae

Pitangus sulphuratus (Linnaeus, 1766) ~
Tyrannus melancholicus (Vieillot, 1819)
Emberizidae

Volatinia jacarina (Linnaeus, 1766) *
Sporophila sp.

Zonotrichia sp.

Passeridae

Passer domesticus (Linnaeus, 1758) *
Thraupidae

Sicalis citrina (Pelzeln, 1870) *

Galliformes

Phasianidae

Gallus gallus domesticus (Linnaeus, 1758) ™ ~

Columbiformes

Columbidae

Columba livia (Gmelin, 1789) ~

Pauraque

Campo flicker

Rufous hornero

Great kiskadee

Tropical kingbird

Blue-black grassquit

House sparrow

Stripe-tailed yellow finch

Chicken

Common pigeon

LC

LC

LC

LC
LC

LC

LC

LC

LC

LC

LC

LC

LC
LC

LC

NA

LC

NA

LC

LC

LC

LC
LC

LC

NA

LC

NA
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Taza Common name TUCN® MMA* coPAM?
Global National State

Cathartiformes 3
Cathartidae 3
Coragyps atratus (Bechstein, 1793) Black vulture LC LC LC 3
Camprimulgiformes 2
Camprimulgidae 2
Chordeiles acutipennis (Hermann, 1783) Lesser nighthawk LC LC LC 2
Apodiformes 1
Trochilinae 1
Chlorostilbon lucidus (Shaw, 1812) Glittering-bellied emerald LC LC LC 1
Not-identified 2
Reptiles

Amphisbaenidae 3
Amphisbaena alba (Linnaeus, 1758) * Red worm lizard LC LC LC 3
Teiidae 1
Salvator merianae (Duméril e Bibron, 1839) * Black and white tegu LC LC LC 1
Boidae 2
Boa constrictor amarali (Stull, 1932) * Common boa LC LC LC 2
Viperidae 8
Bothrops moojeni (Hoge, 1966) Brazilian lancehead LC LC LC 2
Bothrops pauloensis (Amaral, 1925) jararaca-pintada LC LC - 1
Crotalus durissus collilineatus (Amaral, 1926) South American rattlesnake LC LC LC 5
Anguidae 1
Ophiodes striatus (Spix, 1825) Striped worm lizard LC LC LC 1
Colubridae 9

to be continued...
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Taza Common name TUCN® MMA* coPAM?
Global National State
Chironius sp. 1
Philodryas mattogrossensis (Grazziotin et al. 2012) Miranda green racer LC LC LC 1
Dipsas mikanii (Myers, 2003) Dormideira LC LC LC 2
Spilotes pullatus (Linnaeus, 1758) Chicken snake LC LC LC 2
Erythrolamprus aesculapii (Linnaeus, 1766) * South American false coral snake LC LC LC 4
Lygophis lineatus (Linnaeus, 1758) ~ Lined ground snake LC LC LC 1
Mammals
Carnivora 7
Canidae 32
Canis familiaris (Linnaeus, 1758) * ~ Domestic dog 25
Cerdocyon thous (Linnaeus, 1758) Crab-eating fox LC LC LC 5
Lycaloper vetulus (Lunda, 1842) * Hoary fox NT VU NA 2
Felidae 5
Felis catus (Linnaeus, 1758) * ~ Domestic cat 5
Mephitidae 1
Conepatus semistriatus (Boddaert, 1785) Striped hog-nosed skunk LC LC LC 1
Procyonidae
Procyon cancrivorus (Cuvier, 1798) Crab-eating raccoon LC LC LC 1
Pilosa )
Myrmecophagidae 2
Myrmecophaga tridactyla (Linnaeus, 1758) Giant anteater VU VU VU 2
Cingulata
Dasypodidae 3
Euphractus sp. (Linnaeus, 1758) * Armadillo LC LC LC 3

to be continued...
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0T

IUCN® MMA? COPAM?
Taxa Common name N

Global National State

Peryssodactyla 1
Equidae

Equus caballus (Linnaeus, 1758) ~ Horse 1
Rodentia 1
Cricetidae

Microtus arvalis (Pallas, 1778) ™ Common vole LC LC LC 1
Artiodactyla 2
Bovidae

Bos taurus taurus (Linnaeus, 1758) ~ Cattle 2
Lagomorpha 1
Leporidae 1
Sylvilagus brasiliensis (Linnaeus, 1758) Common tapeti EN LC LC 1
Didelphimorphia 1
Didelphidae

Lutreolina crassicaudata (Desmarest, 1804) Big lutrine opossum LC LC LC 1
Anura

Bufonidae

Rhinella schneideri (Wemer,1894) Cope’s toad LC LC LC 4
Ranidae

Leptodactylus sp. Frog 3
Not-identified 1
Total 171

Legend: Internation Union for Conservation of Nature. ?Ministério do Meio Ambiente. 3COPAM — Conselho Estadual de Politica Ambiental. LC
— least concern, VU — vulnerable, NT — near threatened, EN — endangered, NA — not available. * Groups with occasional records. ~ Groups only with
occasional records. ~ Domestic animals.
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DISCUSSION

When considered out of context, the roadkill rates
from this study may appear low compared to other
findings. For instance, Brum et al. (2018) recorded
a roadkill rate of 0.035 ind./km/day along a 105
km stretch (including 55 km within indigenous land)
with an average traffic volume of 1,900 vehicles/day.
Carvalho-Roel et al. (2023) reported a higher rate,
0.059 ind./km/day, on BR-050, also located in Trian-
gulo Mineiro region, where traffic volume reaches ap-
proximately 12,000 vehicles/day. Neto et al. (2015)
documented a rate of 0.058 ind./km/day near Cha-
paddo do Céu (Goids state) on a stretch with up to
12.33 vehicles passing every five minutes. In contrast,
our study was conducted in an area with significantly
lower vehicle flow, where during five hours of moni-
toring, only 15 vehicles were recorded, which is an ex-
tremely low value when compared to the studies men-
tioned above. This low traffic volume, combined with
a large unpaved road portion, likely contributed to the
lower roadkill rates observed.

It is worth noting that none of the above-cited
studies, including ours, considered carcasses removal
and detection probability to calculate a correction rate
for roadkill. As a result, roadkill rates from this re-
search and most studies in the field are underestimated
due to various factors (Rosa et al. 2012). One major
limitation relates to the reduced carcass visibility in-
herent to the methodology. Additionally, many species
exhibit high removal rates due to their small biomass
(Barrientos et al. 2018; Teixeira et al. 2013). Climatic
factors such as wind and rain can also act as removal
agents for carcasses (Santos et al. 2016), along with
the high speed of heavy vehicles, which can, due to
friction, accelerate the carcass removal process from
the highway (Teixeira et al. 2013).

The impact of these removal and detectability bi-
ases can be substantial. For instance, after applying
correction factors, Santos et al. (2016) estimated road-
kill rates that were ten times higher for small animals
(<100 g) and twice as high for larger-bodied species
(>100 g) compared to uncorrected values. Similarly,
actual roadkill rates for reptiles and birds have been
shown to be significantly underestimated without such
adjustments (Teixeira et al. 2013). Although logistical
constraints prevented the implementation of correction
measures in our study, such as carcass persistence tri-
als and observer efficiency assessments, this limitation
likely resulted in an underestimation of actual mortal-
ity, particularly for small-bodied species that are less
detectable and more rapidly removed (Barrientos et
al. 2018; Santos et al. 2016; Teixeira et al. 2013).
Consequently, comparisons with studies that applied
correction factors should be avoided, as lower roadkill
rates in our results may reflect methodological limi-

tations rather than genuinely lower mortality. Future
research should prioritize the integration of correction
protocols to enhance the accuracy and comparability
of roadkill estimates (Barrientos et al. 2018; Teixeira
et al. 2013).

Another reason supporting that the roadkill rates
may be underestimated is the identification of 39 indi-
viduals on the return route. Due to the method used
and the characteristics of the highway, some animals
near the shoulder on the opposite side of the observer
went unnoticed and were only recorded on the return
route, thus considered occasional records. Other stud-
ies have reported similar issues; for example, mice on
road shoulders persisted longer than those on the traf-
fic lanes (Santos and Ascensao 2019). If these individ-
uals were counted, our roadkill rate would be at least
34% higher.

Moreover, all other roadkill rates presented here
were conducted on paved roads, while approximately
50% of the road in this study was still unpaved. Santos
and Ascensdo (2019) showed that carcass persistence
varies between dirt, two and four-lane roads, with mice
carcasses lasting longer on four-lane roads. This may
also explain why our roadkill rates are low when com-
pared to other studies, scavengers likely have easier ac-
cess to carrion on dirt and two-lane roads (Santos and
Ascensdo 2019). In addition, on dirt roads, carcasses
are more frequently removed by scavengers at night
(Ratton et al. 2014). As we always started our mon-
itoring early in the morning, higher nighttime carcass
removal could also have influenced our roadkill rates
compared to those on two and four-lane roads.

Other authors also have observed lower roadkill
rates for dirt roads. Similarly, Ribeiro (2016) and
Figueiredo et al. (2013) found lower roadkill rates for
unpaved road stretches: 0.029 ind./km/day and 0.01
ind./km/day, respectively. Ribeiro (2016) monitored
the GO-239 highway, which is the main access route
to the Chapada dos Veadeiros National Park, while
Figueiredo et al. (2013) surveyed roadkill fauna near
11 Conservation Units in the Federal District. These
values are closer to the rates obtained in this study,
where roadkill rates on unpaved stretches were approx-
imately six times lower than on paved stretches. This
difference reinforces that the reduced vehicle speed on
unpaved and poorly maintained roads contributes to
fewer roadkills. Therefore, it is necessary to consider
that during the monitoring, a large portion of the road
was still unpaved and in poor condition. This situation
forced vehicles to travel at a very low speed, approx-
imately 30/40 km/h. The roadkill rate in unpaved
stretches may be even lower than it appears, as slower
monitoring speeds likely increased the chance of de-
tecting a carcass compared to paved sections.

In addition to roadkill rates, another factor high-
lighting the importance of the study area is the pres-
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Figure 3. Wildlife roadkill rate according to the season, MGC-455 highway, Cerrado biome, Minas Gerais

state, Brazil (2012-2015).

ence of endangered species. Lycalopexr vetulus, an en-
demic species of the Cerrado biome, easily approaches
human settlements and inhabits modified areas such
as pastures (Marinho et al. 2022), increasing its risk
of roadkill. Considering the extensive loss of the orig-
inal Cerrado vegetation and threats such as roadkill,
predation by domestic dogs, diseases, retaliation for al-
leged predation of domestic animals, and high mortal-
ity of offspring/juveniles, the population is estimated
to have declined by at least 30% in the last 15 years.
This canid is expected to experience a similar decline
in the next 15 years (Lemos et al. 2013). A re-
cent study showed that in an agroecosystem area, this
species has an 80% chance of extinction over the next
100 years (Carvalho-Roel et al. 2024). Another en-
dangered species present in the area is Myrmecophaga
tridactyla. In the Cerrado, its population has under-
gone a drastic reduction due to habitat loss and ex-
pansion of road infrastructure (Desbiez et al. 2020;
Miranda et al. 2015). For this species, mortality from
roadkill is by far the most serious threat to its long-
term persistence (Diniz and Brito 2013). Therefore,
given the ecological importance and vulnerability of
these species, research and conservation actions aimed
at reducing roadkill in the area is essential.

Only about 8% of the birds listed for PES (Margal
Junior et al. 2009) were found as roadkill. Theis low
number likely reflects the study’s methodology, sug-
gesting that other species may also be victims of road-

kill in the area. Car surveys detect only 7% of small
animal carcasses, animal weighing less than 100 grams
typically remain on the road for an average of only
two days (Santos et al. 2016). About 50% of the
birds carcass weighed more than 100 grams. Even dur-
ing the time taken to complete the monitoring route
and return, several small-sized bird species (around
100 grams each) were found dead. For medium and
large-sized mammals, only 25% of the species listed
for the PES (Bruna et al. 2010) were identified as
roadkill. However, around 39% of the species listed
for the reserve are small-sized, making carcass detec-
tion challenging. Regarding amphibians, their num-
bers are likely underestimated, as their small bodies
disappear from the road surface quickly (Barrientos et
al. 2018). Although there are challenges in detect-
ing these carcasses, Turci and Bernarde (2009) found
Amphibia as the group most affected by roadkill. This
may be because their study used motorcycles and lower
speeds (around 40 km/h), improving carcasses visi-
bility. Also, it was conducted in the Amazon biome,
where landscape characteristics may also contribute to
higher detection rates.

Regarding seasonality, Santos et al. (2012) and
Carvalho et al. (2017) also found that roadkill of rep-
tiles is concentrated in summer months. This group
appears to be the most influenced by seasonal and cli-
matic variables. This pattern is ecologically driven,
as during rainy months the warmer and wetter condi-
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Gerais state, Brazil (2012-2015).

tions are more appropriate for reptiles to forage, reg-
ulate their body temperature and reproduce (Pough
et al. 2008). As a result, they become more active
and tend to move across open areas, including roads,
making them more vulnerable to collisions (Andrews
et al. 2015). For birds, seasonal patterns are harder to
detect due to the large diversity within the group and
the need for greater sampling effort compared to other
groups (Bager and Rosa 2011). Mammals generally do
not exhibit seasonal variation in roadkill (Coelho et al.
2008). However, when pressured by resource scarcity,
they may move across larger areas (Almeida 2007),
increasing the change of crossing roads. Amphibians
roadkill usually coincides with major migration events,
which occur during breeding or juvenile dispersal peri-
ods, similar to reptiles (Garrah et al. 2015; Mazerolle
2004).

Some studies have been conducted aiming to com-
pare roadkill rates based on the pavement type of
the road (Correia Junior and Corréa 2013; Dis-
trito Federal 2013; Figueiredo et al. 2013; Ribeiro
2016). Figueiredo et al. (2013) reported the fol-
lowing roadkill rates for wildlife concerning pavement
type: 0.09 ind./km/day for paved highways and 0.01
ind./km/day for unpaved highways. Distrito Fed-

eral (2013) states that the average number of road-
kill records per 1 km segment on paved roads is 6.28,
while on unpaved roads, it is 1.56. Similar to the afore-
mentioned studies, roadkill rates in the present study
are six times higher on paved sections of the high-
way, probably because paved highways allows drivers
to adopt higher speeds and a greater flow of vehicles
(Gunson et al. 2011; Smith-Patten and Patten 2008).

Considering the ecological importance of the area,
the presence of threatened species, and the significant
roadkill rates observed, with a probable increase in the
coming years, it is recommended to implement miti-
gation measures aimed at reducing wildlife-vehicle ac-
cidents. Among available strategies, fencing with or
without wildlife crossing structures is the most effec-
tive method for reducing mortality (Rytwinski et al.
2016). However, fences alone create a barrier to move-
ment, reducing connectivity and increasing population
isolation. That is why it is advocated to implement
fences combined with crossing structures (Jakes et al.
2018). Additionally, when constructing these struc-
tures is not feasible, existing bridges and culverts can
be adapted by installing dry ledges to facilitate wildlife
passage (Brunen et al. 2020).

To be truly effective, mitigation strategies need
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to be grounded in research that’s aligned with clear
goals, whether it’s reducing wildlife deaths on roads
or keeping natural habitats connected (Teixeira et al.
2016). Also important is the development of long-
term monitoring programs to assess the effectiveness
of mitigation measures and inform adaptive manage-
ment (van der Grift et al. 2015). In addition, fos-
tering collaboration among stakeholders, practitioners
and researchers is essential. Working together in this
way helps generate shared knowledge and builds the
capacity needed to carry out environmental impact
assessments (EIAs) that genuinely protect ecological
connectivity (Gongalves et al. 2022).

CONCLUSION

Our results indicate that reptiles are more fre-
quently involved in roadkill incidents during the rainy
season, and paved sections exhibit higher roadkill rates
than unpaved ones. This study could contribute to
the development and implementation of mitigation
measures. The presence of endangered species in the
area underscores the importance of preserving Cerrado
remnants such as the PES, which stands as one of the
crucial areas for the conservation of wildlife and flora
in the Triangulo Mineiro region.

ACKNOWLEDGMENTS

We express our gratitude to Renata, Lili, and Car-
los for their assistance in bird identification. Spe-
cial thanks to Professor Dr. Vera Lucia de Cam-
pos Brites for identifying reptiles, and Professor Dr.
Natélia Oliveira Leiner for identifying small mam-
mals. We also extend our appreciation to the Fed-
eral University of Uberlandia (UFU) for their support
in providing transportation for the execution of this
research. CFCR was financed in part by the Coor-
denacgéo de Aperfeicoamento de Pessoal de Nivel Supe-
rior — Brazil (CAPES) - Finance Code 001. We also ex-
tend our thanks to two anonymous reviewers who pro-
vided valuable feedback to improve this manuscript.

DATA AVAILABILITY

The data used to support the findings of this study
are available from the corresponding author upon rea-
sonable request.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare.

14

CONTRIBUTION STATEMENT

Conceived of the presented idea: WGP, AEIC, CFCR.
Carried out the experiment: WGP, JRA, ISB.
Carried out the data analysis: CFCR.

Wrote the first draft of the manuscript: WGP.
Review and final write of the manuscript:
AEIC, CFCR.

Supervision: AEIC, CFCR.

WGP,

REFERENCES

Almeida P (2007) Dimensoes Fractais nos movimentos
do gamba de orelha-preta, Didelphis aurita (Didelphi-
morphia, Didelphidae). PhD Thesis, Federal Univer-
sity of Rio de Janeiro, Rio de Janeiro, Brazil.

Andrews KM, Langen TA, Struijk RPJH (2015) Rep-
tiles: Overlooked but Often at Risk from
Roads. In: van der Ree R, Smith DJ, Grilo C (eds)
Handbook of Road Ecology. 1 ed. John Wiley & Sons,
Ltd., pp. 271-280.

Bager A (2003) Repensando as medidas mit-
igadoras impostas aos empreendimentos
rodoviarios associados a wunidades de con-
servagdo - um estudo de caso. In: Bager A

(ed) Areas protegidas conservaciio no ambito do cone
sul. pp. 159-172.

Bager A, Rosa C da (2011) Influence of sampling
effort on the estimated richness of road-killed
vertebrate wildlife. Environmental management
47:851-8.

Barrientos R, Martins RC, Ascensdo F, Amico MD,
Moreira F, Borda-de-dgua L (2018) A review of
searcher efficiency and carcass persistence
in infrastructure- driven mortality assessment
studies. Biological Conservation 222:146-153.

Brum TR, Santos-Filho M, Canale GR, Ignacio ARA,
Brum TR, Santos-Filho M, Canale GR, Ignacio ARA
(2018) Effects of roads on the vertebrates di-
versity of the Indigenous Territory Paresi and
its surrounding. Brazilian Journal of Biology
78:125-132.

Bruna EM, Guimarides JF, Lopes CT, Duarte P,
Gomes ACL, Belentani SCS, Pacheco R, Facure
KG, Lemos FG, Vasconcelos HL (2010) Mamimnalia,
Estacao Ecolégica do Panga, a Cerrado pro-

tected area in Minas Gerais state, Brazil. Check
List 6:668-675.

Brunen B, Daguet C, Jaeger JAG (2020) What at-
tributes are relevant for drainage culverts to
serve as efficient road crossing structures for
mammals? Journal of Environmental Management




Pereira et al. 2025. Seasonality and paving affect roadkill rates on a highway in Cerrado biome, Brazil

Ethnobiol Conserv 14:28

268:110423.

Cardoso E, Moreno MIC, Bruna EM, Vasconcelos HL
(2009) Changes in Cerrado vegetation physiog-
nomies: 18 years of ecological succession at
Estacao Ecolégica do Panga, Uberlandia - MG.
Caminhos da Geografia 10:254—268.

Carvalho CF, Tannini Custédio AE, Margal Jinior O
(2017) Influence of climate variables on roadkill
rates of wild vertebrates in the Cerrado biome,
Brazil. Bioscience Journal 33:1632-1641.

Carvalho-Roel CF, Iannini-Custédio AE, Marcal
Juanior O, Grilo C (2023) The spatial, climatic and
temporal factors influencing roadkill change ac-
cording to the taxonomic level. Journal of Envi-
ronmental Management 348:1-10.

Carvalho-Roel CF, Azevedo FC de, Freitas-Junior MC
de, Candeias 1Z das, Marcal Junior O, Lemos FG
(2024) How risky is to live among us? Assessing
the population viability of two South Ameri-
can wild canids in an agroecosystem. Biological
Conservation 299:110805.

Coelho IP, Kindel A, Coelho AVP (2008) Roadkills
of vertebrate species on two highways through
the Atlantic Forest Biosphere Reserve, south-
ern Brazil. Furopean Journal of Wildlife Research
54:689-699.

COPAM (2010) Lista de Espécies Ameacadas de
Extingao da Fauna do Estado de Minas Gerais.
[http://www.siam.mg.gov.br/sla/download.pdf?
idNorma=13192] Accessed 30 June 2023.

Correia Junior A, Corréa FM (2013) Monitoramento
de fauna atropeladas no entorno da Estacao
Ecolégica Mata Preta. Relatorio técnico 2009-
2013. |[https://www.gov.br/icmbio/pt-br/assu
ntos/biodiversidade/unidade-de-conservacao
/unidades-de-biomas/mata-atlantica/lista-d
e-ucs/esec-da-mata-preta/arquivos/relatori
o_fauna_esec_mata_preta_2013.pdf] Accessed 6
September 2023.

Desbiez ALJ, Bertassoni A, Traylor-Holzer K (2020)
Population viability analysis as a tool for giant
anteater conservation. Perspectives in Ecology and
Conservation 18:124-131.

Diniz MF, Brito D (2013) Threats to and viabil-
ity of the giant anteater, Myrmecophaga tri-
dactyla (Pilosa: Myrmecophagidae), in a pro-
tected Cerrado remnant encroached by urban
expansion in central Brazil. Zoologia (Curitiba)
30:151-156.

Distrito Federal (2013) Projeto rodofauna: diag-
noéstico e proposicdo de medidas mitigadoras

15

para atropelamento de fauna. [https://www.
ibram.df.gov.br/images/Relat’C3%B3rio’%20do%2
ORodofauna%20-%202%20Anos . pdf] Accessed 21 June
2023.

Ferreguetti AC, Lessa ICM, Vieira EM, Cunha
AA, Bergallo HG (2019) Medium-and large-sized
mammal composition in the Chapada dos vead-
eiros national park and adjacent areas, state of
goias, Brazil. Papeis Avulsos de Zoologia 59:1-7.

Figueiredo AP de, Lima RASL, Soares C de M (2013)
Variagao da taxa de atropelamento de animais
entre rodovias com diferentes tipos de pavi-

mentacdo e numero de pistas. Heringeriana
7:143-151.

Forman RTT, Alexander LE (1998) Roads and
Their Major Ecological Effects. Annual Review
of Ecology and Systematics 29:207-231.

Garrah E, Danby RK, Eberhardt E, Cunnington GM,
Mitchell S (2015) Hot Spots and Hot Times:
Wildlife Road Mortality in a Regional Con-
servation Corridor. FEnvironmental Management
56:874-889.

Gongalves LO, Kindel A, Bastazini AGV, Teixeira FZ
(2022) Mainstreaming ecological connectivity in
road environmental impact assessments: a long

way to go. Impact Assessment and Project Appraisal
40:475-480.

Gonzalez-Suarez M, Zanchetta FF, Grilo C (2018)
Spatial and species-level predictions of road
mortality risk using trait data. Global Ecology
and Biogeography 1-12.

van der Grift EA, van der Ree R, Jaeger JAG (2015)
Guidelines for Evaluating the Effectiveness of
Road Mitigation Measures. In: van der Ree R,
Smith DJ, Grilo C (eds) Handbook of road ecology. 1
ed. Wiley Blackwell, pp. 129-137.

Grilo C, Bissonette J a. Santos-Reis M (2009) Spa-
tial-temporal patterns in Mediterranean carni-
vore road casualties: Consequences for mitiga-
tion. Biological Conservation 142:301-313.

Grilo C, Bissonette JA, Cramer PC (2010) Mitiga-
tion measures to reduce impacts on biodiver-
sity. In: Jones SR (ed) Highways: Construction,
Management, and Maintenance. Nova Science Pub-
lishers, Inc, pp. 73-114.

Grilo C, Koroleva E, Andrasik R, Bil M, Gonzalez-
Suarez M (2020) Roadkill risk and population
vulnerability in European birds and mammals.
Frontiers in Ecology and the Environment 18:323-328.

Gunson KE, Mountrakis G, Quackenbush LJ (2011)




Pereira et al. 2025. Seasonality and paving affect roadkill rates on a highway in Cerrado biome, Brazil

Ethnobiol Conserv 14:28

Spatial wildlife-vehicle collision models: a re-
view of current work and its application to
transportation mitigation projects. Journal of
environmental management 92:1074-82.

Hill JE, DeVault TL, Belant JL (2019) Cause-
specific mortality of the world’s terrestrial
vertebrates. Global Ecology and Biogeography
28:680-689.

TUCN (2022) The TUCN Red List of Threatened
Species. [www.iucnredlist.org/] Accessed 27 July 27
2023.

Jakes AF, Jones PF, Paige LC, Seidler RG, Huijser
MP (2018) A fence runs through it: A call for
greater attention to the influence of fences on

wildlife and ecosystems. Biological Conservation
227:310-318.

Kindel A, Teixeira FZ, Gongalves LO, Coelho IP,
Beduschi J, de Oliveira GS, Lemos CA, Herkenhoff CZ,
Lauxen M, Leite LC de L, Silveira LF dos S, da Silva
SAP, Sana DA (2017) Following the “why? what?
and how?” schema to improve road-kill evalu-
ation in environmental impact assessments of
Southern Brazil. Oeccologia Australis 21:256-267.

Laurance WF, Goosem M, Laurance SGW (2009) Im-
pacts of roads and linear clearings on tropical
forests. Trends in ecology & evolution 24:659—69.

Lemos FG, Azevedo FC, Beisiegel B de M, Jorge RPS,
Paula RC de, Rodrigues FHG, Rodrigues L de A
(2013) Avaliacéo do risco de extingdo da Raposa-
do-campo Lycalopex vetulus (Lund, 1842) no
Brasil. Biodiversidade Brasileira 3:160-171.

Lima KCB (2013) Impacto de estradas em
unidades de conservacgao do Brasil. Undergradu-
ate thesis, Federal University of Lavras, Lavras, Brazil.

Marcal Junior O, Franchin AG, Alteff EF, Luciano E,
Melo C De (2009) Levantamento da avifauna na
reserva ecolégica do Panga (Uberlandia, MG,
Brasil). Biosci. J. 25:149-164.

Marinho PH, Aratijo FR de, Grangeiro RP, Azevedo
FC de, Lemos FG (2022) Where does the fox
stay? First camera trap records of the threat-
ened hoary fox Lycalopex vetulus (Carnivora,
Canidae) in a xeric habitat of a neotropical
dry forest—savanna ecotone. Mammal Research
67:131-136.

Mazerolle MJ (2004) Amphibian Road Mortality
in Response to Nightly Variations in Traffic In-
tensity. Herpetologia 60:45-53.

Melo ES, Santos-Filho M (2007) Efeitos da BR-070
na Provincia Serrana de Caceres, Mato Grosso,

16

sobre a comunidade de vertebrados silvestres.
Revista Brasileira de Zoociéncias 9:185—-192.

Ministério do Meio Ambiente (2022) Lista Nacional
de Espécies Ameagadas de Extingdo. [https:
//www.icmbio.gov.br/cepsul/images/stories/le
gislacao/Portaria/2020/P_mma_148_2022_altera
_anexos_P_mma_443_444_445_2014_atualiza_espe
cies_ameacadas_extincao.pdf]| Accessed 13 August

2023.

Ministério dos Transportes (2011) Rodovia MGC-
455. [http://www2.transportes.gov.br/bit/tr
odo/br-455/gbr-455.htm#BR-455/MG] Accessed 12
December 2015.

Miranda FR, Chiarello AG, Réhe F, Braga FG,
Mourdo G de M, Miranda GHB de, Silva KFM da,
Faria-Corréa M de A, Vaz SM, Belentani SC da
S (2015) Avaliacdo do Risco de Exting¢do de
Myrmecophaga tridactyla Linnaeus, 1758 no
Brasil. In: ICMBio (ed) Avaliacio do Risco de
Extngdo dos Xenartros Brasileiros. pp. 89-105.

Myers N, Fonseca GAB, Mittermeier R a, Fonseca
GAB, Kent J (2000) Biodiversity hotspots for con-
servation priorities. Nature 403:853-858.

Neto C de MS, Carneiro VA, Gongalves BB,
Ribeiro FJ da C (2015) Fauna Atropelada Nas
Estradas Do Municipio De Chapadao Do Céu
(Goias, Brasil). Revista Percurso -NEMO Maringd
7:97-114.

Percoco M (2016) Highways, local economic
structure and urban development. Journal of
Economic Geography 16:1035-1054.

Pinto FAS, Clevenger AP, Grilo C (2020) Effects of
roads on terrestrial vertebrate species in Latin
America. Environmental Impact Assessment Review
81:1-8.

Pough HF, Janis CM, Heiser JB (2008) A vida dos
vertebrados. 4 ed. Atheneu, Sao Paulo.

Prada C de S (2004) Atropelamento de vertebra-
dos silvestres em uma regiao do nordeste do
estado de Sao Paulo: quantificagdo do impacto
e analise de fatores envolvidos. MSc. dissertation,
Federal University of Sdo Carlos, Sdo Carlos, Brazil.

Prado TR, Ferrira AA, Guimardes ZFS (2006)
Efeito da implantagado de rodovias no cerrado
brasileiro sobre a fauna de vertebrados. Acta
Scientiarum. Biological Sciences 28:237—-241.

R Core Team (2023) R: A language and environ-
ment for statistical computing..

Ranal MA (2003) Soil Spore Bank of Ferns in
a Gallery Forest of the Ecological Station of




Pereira et al. 2025. Seasonality and paving affect roadkill rates on a highway in Cerrado biome, Brazil

Ethnobiol Conserv 14:28

Panga, Uberlandia, MG, Brazil. American Fern
Journal 93:97-15.

Ratton P, Secco H, da Rosa CA (2014) Carcass per-
manency time and its implications to the road-
kill data. FEuropean Journal of Wildlife Research
60:543-546.

van der Ree R, Smith DJ, Grilo C (2015) The Ecolog-
ical Effects of Linear Infrastructure and Traffic:
Challenges and Opportunities of Rapid Global
Growth.In: van der Ree R, Smith DJ, Grilo C (eds)
Handbook of Road Ecology. John Wiley & Sons, Ltd.,

pp. 1-9.

Rendall AR, Webb V, Sutherland DR, White JG, Ren-
wick L, Cooke R (2021) Where wildlife and traffic
collide: Roadkill rates change through time in a
wildlife-tourism hotspot. Global Ecology and Con-
servation 27:¢01530.

Ribeiro TRS (2016) Influéncias da pavimentagio
de rodovias em indices de atropelamento de
fauna: o caso da rodovia GO-239 em Alto
Paraiso de Goias. PhD Thesis, Universidade de
Brasilia, Brasilia, Brazil.

Rosa CA da, Cardoso TR, Teixeira FZ, Bager
A (2012) Atropelamento de fauna selvagem:
amostragem e analise de dados em ecologia de
estradas. In: Bager A (ed) Ecologia de Estradas -
Tendéncias e Pesquisas. UFLA, Lavras, Brazil, pp.
79-100 .

Rosa R, Lima S do C, Assungdo WL (1991) Abor-
dagem preliminar das condigoes climaticas de
Uberlandia (MG). Sociedade e Natureza 3:91-108.

Rytwinski T, Soanes K, Jaeger JAG, Fahrig L, Find-
lay CS, Houlahan J, Van Ree R Der, Van Der Grift
EA (2016) How effective is road mitigation at
reducing road-kill? A meta-analysis. PLoS ONE
1-25.

Santos ALPG dos, Rosa CA, Bager A (2012)
Variacao sazonal da fauna selvagem atropelada
na rodovia MG 354, sul de Minas Gerais -
Brasil. Biotemas 25:73-79.

Santos RAL, Santos SM, Santos-Reis M, Figueiredo
AP de, Bager A, Aguiar LMS, Ascenséao F (2016) Car-
cass Persistence and Detectability: Reducing
the Uncertainty Surrounding Wildlife-Vehicle
Collision Surveys. PloS one 11:1-15.

Santos RAL, Ascensdo F (2019) Assessing the ef-
fects of road type and position on the road on
small mammal carcass persistence time. FEuro-
pean Journal of Wildlife Research 65:8.

Smith-Patten BD, Patten MA (2008) Diversity, sea-
sonality, and context of mammalian roadkills in
the southern Great Plains. FEnvironmental man-
agement 41:844-52.

Teixeira FZ, Coelho AVP, Esperandio 1B, Kindel A
(2013) Vertebrate road mortality estimates: Ef-
fects of sampling methods and carcass removal.
Biological Conservation 157:317-323.

Teixeira FZ, Coelho IP, Lauxen M, Esperandio IB,
Hartz SM, Kindel A (2016) The need to improve
and integrate science and environmental licens-
ing to mitigate wildlife mortality on roads in
Brazil. Tropical Conservation Science 9:34-42.

Trombulak SC, Frissell C a. (2000) Review of
Ecological Effects of Roads on Terrestrial and
Aquatic Communities. Conservation Biology
14:18-30.

Turci LCB, Bernarde PS (2009) Vertebrados atro-
pelados na Rodovia Estadual 383 em Rondénia,
Brasil. Biotemas 22:121-127.

Received: 01 January 2025
Accepted: 01 February 2025
Published: 20 August 2025

Editor: Romulo Alves

17



Pereira et al. 2025. Seasonality and paving affect roadkill rates on a highway in Cerrado biome, Brazil
Ethnobiol Conserv 14:28

Additional Files

18



Pereira et al. 2025. Seasonality and paving affect roadkill rates on a highway in Cerrado biome, Brazil
Ethnobiol Conserv 14:28

Add File 1. Some examples of animals victim of roadkill on MGC-455, Cerrado biome, Minas Gerais state,
Brazil (2012-2015). a) Crotalus durissus collilineatus, b) Erytrolamprus aesculapii, ¢) Bothrops moojeni, d)
Salvator merianae, €) Amphisbaena alba, f) Chironius sp., g) Athene cunicularia, h) Guira guira, i) Cariama

cristata, j) Colaptes campestris, k) Procyon cancrivorus, 1) Euphractus sp., m) Myrmecophaga tridactyla, n)
Cerdocyon thous, o) Rhinella schneideri.
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