Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Impacts of a short and narrow road on wildlife

SHORT AND NARROW ROADS CAUSE SUBSTANTIAL IMPACTS ON

WILDLIFE

Marcelo Magiolit, Alex Augusto Abreu Bovo', Marcel Pieter Huijser?, Fernanda
Delbogro Abra?, Renata Alonso Miotto?, Victor Hugo Vasconcellos Prado Andrade?,
Adriana Marques Nascimento?, Maisa Ziviani Alves Martinst & Katia Maria

Paschoaletto Micchi de Barros Ferraz*

! Universidade de S&o Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, Departamento de Ciéncias Florestais, Laboratorio de
Ecologia, Manejo e Conservagado da Fauna Silvestre, Av. Padua Dias, 11, CEP 13418-900, Piracicaba, SP, Brazil.
2 Montana State University, Western Transportation Institute, PO Box 174250, 59717-4250, Bozeman, MT, USA.
E-mails: marcelo.magioli@gmail.com;  alex_bovo@hotmail.com; ~ mhuijser@montana.edu;  fer_bio04@yahoo.com.br;
remiotto@yahoo.com.br;  vh.vasconcellos@gmail.com; adriana_marques_bio@yahoo.com.br;  maisaziviani@yahoo.com.br;

katia.ferraz@usp.br (*corresponding author)

Abstract: Short and narrow roads are generally overlooked when assessing road impacts on
biodiversity. However, these roads bisect natural environments and may cause significant impacts
on wildlife in local scale. Thus, we monitored roadkills along a short two-lane road (CPM road)
in Southeastern Brazil and propose mitigation strategies to reduce wildlife mortality. We
monitored roadkilled vertebrates along 5 km of CPM road from 2010 to 2016 and we also
compiled data from previous studies along the same road. We conducted a hotspot analysis to
identify CPM road areas with significant roadkill aggregation. We recorded 77 roadkilled
vertebrates from 14 taxonomic groups along the CPM road. Mammals were the most frequently
recorded group (91% of roadkills), which represented 56% of all medium- and large-sized

mammal species known to occur in the study area. We identified three roadkill hotspots along the
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CPM road. Two of them were located at two stream crossings, where the road cut across the
associated riparian forests, and the other was at a road section with water drainage from a pond,
also connected to a riparian forest. These riparian forests are part of the remaining natural habitat
that provides connectivity between the forest remnants in the landscape, and therefore, for
wildlife. Our results showed that even short and narrow roads can have considerable roadkill,
which may have severe effects for wildlife on a local scale. The results stress the need to carefully
look at these types of roads and propose measures to reduce impacts. We propose the creation of
safe crossing opportunities in the hotspot zones combined with wildlife fencing to keep the
animals off the road and guide them towards the safe crossing opportunities.

Keywords: human-modified landscapes; mammals; mitigation measures; roadkill.

INTRODUCTION

The construction of roads and other linear infrastructure have modified the landscape to
the point where it is now uncommon to find areas distant from roads and areas that remain
unaffected by them (Forman & Alexander 1998, Coffin 2007). Roads fragment and isolate the
remaining natural areas and, as a result, can reduce the viability of wildlife populations (Develey
& Stouffer 2001, Benitez-L6pez et al. 2010, Yamada et al. 2010, Macpherson et al. 2011). They
also cause direct wildlife mortality through wildlife-vehicle collisions. For large mammal species
this can result in human injuries and fatalities, and property damage (Boves & Belthoff 2012,
Huijser et al. 2013). Generally, species that are both common and large are a particular concern
for human safety (CDC 2004, Langley et al. 2006), while those that are rare or threatened, are
primarily a biological conservation priority, though there are some exceptions (e.g., Medici et al.
2016). For the latter, the loss of only a few individuals can already result in a local population

decline, or even local or regional extirpation (Coffin 2007).
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Road ecology research has mainly focused on documenting the effects of roads and traffic
on wildlife. However, in some cases, it has also evaluated strategies to avoid, reduce or
compensate these impacts (Cuperus et al. 1999, Trombulak & Frissel 2000, Coffin 2007, Huijser
et al. 2013). Most of these studies are aimed at the wide and busy highways (Abra 2012, Huijser
et al. 2013, Freitas et al. 2015, Abra et al. 2018), presumably because of the danger associated
with hitting large mammals at high speed, and the barrier effect associated with wide and high-
volume roads. The impacts of narrow roads generally receive far less attention. The state of Sdo
Paulo in Brazil, is considered one of the most developed states in Brazil and hosts an extensive
network of paved roads (~37,000 km); most of them (83%) narrow two-lane roads (30,700 km;
DER 2017).

Generally, these relatively narrow two-lane roads in Brazil (e.g., country roads) are
located within human-modified landscapes (HMLS), which may contain remnants of natural or
semi-natural vegetation. These roads can bisect these natural areas and streams, while linking
cities to housing developments, isolated houses and farms, and other villages and cities. These
HMLs may still host high biodiversity (Anjos 2001, Giraudo et al. 2008, Dotta & Verdade 2011,
Alexandrino et al. 2013, Magioli et al. 2014a, Magioli et al. 2016, Bovo et al. 2018). One common
characteristic of these landscapes, is that they are highly fragmented, especially in the Atlantic
Forest and Cerrado biomes (Klink & Machado 2005, Ribeiro et al. 2009), which are the biomes
present in the state of Sdo Paulo. In these heavily fragmented landscapes, animals must move
across agricultural lands and roads to meet their territorial, reproductive and feeding needs (Fahrig
2007). Thus, roads bisecting HMLs may act as barriers for wildlife, and they can also result in
direct wildlife mortality as a consequence of wildlife-vehicle collisions.

To assess the impact of short and narrow roads on wildlife, we monitored vertebrate road
mortality (especially mammals) along a short two-lane road within an HML in southeastern
Brazil. Our results may not only help to develop mitigation strategies along narrow low-volume

roads, but they can also serve planners when deciding on the most appropriate routes for roads in
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HMLs, and how the impacts of these roads on human safety and biological conservation can be

best avoided, mitigated, or compensated.

MATERIAL AND METHODS

Study area

Our study road, Comendador Pedro Morganti road (henceforth called CPM road), is
located in Piracicaba, state of Sdo Paulo, Brazil (22°43'30" S, 47°38'56" O; Figure 1), and is 5
km long. CPM road runs from the northeastern edge of the urban area of Piracicaba (kilometer
zero), bisects the Escola Superior de Agricultura “Luiz de Queiroz” (ESALQ), a campus of the
University of So Paulo, and also borders the Instituto de Pesquisas e Estudos Florestais (IPEF).
This road provides access to industrial and residential areas, i.e., a high-level housing

development and the Monte Alegre neighborhood.
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Figure 1. Location of the Comendador Pedro Morganti road (CPM road; in red) in the municipality of
Piracicaba, state of S&o Paulo, Brazil. Streams and ponds (in blue), forest remnants (in green) and
wildlife crossing signs (yellow dots) are also highlighted.
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The CPM road is located in the Atlantic Forest biome and borders the Cerrado biome
(IBGE 2004) in a region highly modified by human activities. Some small semideciduous forest
fragments are still present on the both sides of the road, along with small sections of riparian
secondary vegetation. Two of the three streams (i.e., the Piracicamirim River, and a hameless
intermittent stream) in the study area are bisected by the CPM road, and the third one (i.e., the
Piracicaba River, located just to the north of the road) is in the immediate proximity (Figure 1).
The riparian vegetation along the streams connects most of the remaining forest fragments in the
area. Four ponds are present in the area on both sides of the road. These ponds also serve as
wildlife habitat, especially for frogs, birds and semi-aquatic mammals.

There are some fences present along the road, but these were not constructed to contain
wildlife, and they are in disrepair at several locations. Three wildlife crossing signs are also
present along the road (Figure 1). A drainage culvert (diameter 1.3 m) was built in 2014, which
could potentially be used by wildlife, and some capybara (Hydrochoerus hydrochaeris; Rodentia,
Caviidae) have been observed using the culvert. However, there has been no systematic
monitoring of the culvert.

We estimated traffic volume through direct observation and counting vehicles on the
CPM road during four days; two hours in the morning (from 09:00 h to 11:00 h), two hours in the
afternoon (from 14:00 h to 16:00 h) and two hours in the night (from 19:00 h to 21:00 h) each (16
hin total; 10 in week days and 6 in weekend days). The estimated traffic volume can be considered
substantial (167 = 55 vehicles/h) for a local road, especially because it is relatively narrow
(typically 6 m wide, no designated lanes). However, compared to some major highways that are
nearby, such as the Bandeirantes highway with five lanes and a much higher traffic volume

(~12,000/day; DER 2017), the traffic volume for the CPM road is relatively low.
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Roadkill database

We focused on the first 4.35 km of the CPM road, because this area still sustains
substantial wildlife populations, especially bird species (N = 205; Alexandrino et al. 2013) and
mammal species (N = 35; Bovo et al. 2018). A high biodiversity is still present, despite the intense
human impacts on the landscape (i.e., urban, industrial, and agricultural areas). We compiled
roadkill data from previous studies long the CPM road in 2011 and 2012 (Andrade 2012,
Nascimento 2012), and we collected additional data through non-standardized observations
between 2010 and 2016. When recording roadkill, there were typically at least two observers
present in a car with a speed of ~30 km/h. The observers drove the road section in the morning
(07:00 h) and afternoon (17:00 pm). Records included date of observation, geographical
coordinates, pictures and species identification when possible.

We adopted mammal species nomenclature following Paglia et al. (2012) and Vivo &
Carmignoto (2015) for Sciuridae. Threatened species classification was based on IUCN (2017),
Brazil Red Book of Threatened Species of Fauna (ICMBio 2016) and Decreto 60.133 (S0 Paulo

2014) red lists, for world, national and regional scales, respectively.

Data analysis

To identify road sections that may need mitigation along the CPM road, we conducted a
cluster analysis of roadkilled animals using the ‘Siriema’ software (Coelho et al. 2014). First, we
used the 2-D Ripley’s K statistic, which identifies non-random spatial distribution of roadkilled
animals across multiple scales (Coelho et al. 2008) and which takes the sinuosity of the road into
account. Then we conducted a 2-D Hotspots analysis using the following parameters: radius = 10
m, number of simulations = 1000, confidence interval = 99%, for a random distribution of the

roadkill locations.
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RESULTS

Roadkills

We recorded 77 roadkilled animals from 14 taxonomic groups along the CPM road,
including mammals (N = 70), birds (N = 3) and reptiles (N = 4) (Table 1). No threatened species
were recorded as roadkill. Mammals were the most frequently recorded species group (91%),
with 10 species (eight native and two exotic). The most frequently roadkilled mammals were
Dasypus novemcinctus (Cingulata, Dasypodidae), Nasua nasua (Carnivora, Procyonidae), H.
hydrochaeris, Didelphis albiventris (Didelphimorphia, Didelphidae) and Coendou spinosus
(Rodentia, Erethizontidae) (Figure 2). During the survey period, we observed the following
species crossing the road alive: Didelphis spp., N. nasua, Cerdocyon thous (Carnivora, Canidae),
C. spinosus, D. novemcinctus, H. hydrochaeris, Puma concolor (Carnivora, Felidae), and
domestic cats and dogs. Hydrochoerus hydrochaeris was often foraging in the vegetation
alongside the road. We also found several burrows of D. novemcinctus along the road, and tracks

of mammals such as C. thous, H. hydrochaeris and D. novemcinctus.

Table 1. Taxonomic identification of roadkilled species, threat categories, and number of individuals (N)
recorded along the Comendador Pedro Morganti road (CPM road), state of S3o Paulo, Brazil.
*Domesticated/non-native species; Worldwide: IUCN (2017); Brazil: Brazil Red List (ICMBio 2016);
State of S&o Paulo: Decreto 60.133 (Séo Paulo 2014).

Threat category

Taxon N
Worldwide Brazil Sé&o Paulo

MAMMALS (70)

DIDELPHIMORPHIA

Didelphidae

Didelphis albiventris Lund, 1840 11 LC LC LC
CINGULATA

Dasypodidae

Dasypus novemcinctus Linnaeus, 1758 15 LC LC LC
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Threat category

Taxon N
Worldwide  Brazil  S&o Paulo

LAGOMORPHA
Leporidae
Lepus europaeus (Linnaeus, 1758) * 1 - - -
PRIMATES
Callitrichidae
Callithrix penicillata (E. Geoffroy, 1812) 1 LC LC LC
CARNIVORA
Felidae
Felis catus (Linnaeus, 1758) * 3 - - -
Canidae
Canis lupus familiaris (Linnaeus, 1758) * 2 - - -
Cerdocyon thous (Linnaeus, 1766) 1 LC LC LC
Mustelidae
Galictis cuja (Molina, 1782) 1 LC LC LC
Lontra longicaudis (Olfers, 1818) 1 NT LC LC
Procyonidae
Nasua nasua (Linnaeus, 1766) 13 LC LC LC
RODENTIA
Erethizontidae
Coendou spinosus (F. Cuvier, 1823) 9 LC LC LC
Caviidae
Hydrochoerus hydrochaeris (Linnaeus, 1766) 12 LC LC LC
BIRDS (3)
Unidentified bird 3 - - -
REPTILES 4)
Salvator merianae (Duméril & Bibron, 1839) 2 LC LC LC
Oxyrhopus sp. 2 - - -

TOTAL 77
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Figure 2. Frequency of the roadkilled vertebrates along the Comendador Pedro Morganti road (CPM

road) in the municipality of Piracicaba, state of S&o Paulo, Brazil.

Roadkill hotspots

While roadkill was widespread along the CPM road, the hotspot analysis identified three
road segments with considerable roadkill aggregation. Two were exactly where the road crosses
the intermittent stream and the Piracicamirim River. The other one was where there was drainage

from a pond in IPEF’s area (Figure 3).
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Figure 3. (a) Roadkill hotspots along the Comendador Pedro Morganti road (CPM road), municipality
of Piracicaba, state of Sdo Paulo, Brazil. The grey line represents the upper 99% confidence limit (upper
CL), and the black line represents the spatial aggregation of the roadkill data from which were subtracted
of the data points simulated by the Siriema software (N events — N simulated; Coelho et al. 2014). VValues
that exceeded the upper CL indicate the hotspots. (b) Location of the three roadkill hotspots (in red) at
CPM road.
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DISCUSSION

Despite the CPM road being narrow and short, it had a relatively high number of
roadkilled mammals. Though small roads are usually overlooked, this research highlights that this
type of road may have significant impacts on biodiversity. Because of the linear nature of roads,
they bisect a wide variety of environments, especially in HMLs. The CPM road bisects an HML,
but where forest remnants are still present, direct road mortality and habitat connectivity are an

issue.

Roadkills

The roadkilled native species represented ~56% of all medium- and large-sized mammals
that are known to occur in the study area (N = 16; Bovo et al. 2018). The most frequently
roadkilled species — D. novemcinctus, N. nasua, H. hydrochaeris, D. albiventris and C. spinosus
— are commonly recorded in HMLs (Dotta & Verdade 2011, Reale et al. 2014; Magioli et al.
2016), and in other road ecology studies (Coelho et al. 2008, Caceres et al. 2010, Dornas et al.
2012, Huijser et al. 2013). Species such as C. spinosus, D. hovemcinctus and H. hydrochaeris are
known to thrive in agricultural areas (Magioli et al. 2014b), and are very common, apparently
with abundant populations, which can explain the high roadkill numbers. However, C. thous, a
common species in HMLs (Ferraz et al. 2010) and frequently roadkilled (Coelho et al. 2008,
Caceres et al. 2010, Céaceres et al. 2012, Dornas et al. 2012, Bueno et al. 2013, Huijser et al.
2013, Freitas et al. 2015), was recorded only once in our study. Species such as Galictis cuja
(Carnivora, Mustelidae) and Lontra longicaudis (Carnivora, Mustelidae), can be expected to be
present in HMLs (Reale et al. 2014, Magioli et al. 2016), but they only occur in low densities,
similar to other carnivore species (Cardillo et al. 2004, Ripple et al. 2014, Grilo et al. 2015). For
such species, the loss of a single individual may have severe consequences for their population

(Srbek-Araujo et al. 2015).
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Amongst the most roadkilled mammals, H. hydrochaeris is the largest and heaviest
species (Ojasti 1973, Ferraz et al. 2005), and can be considered of substantial risk to human safety,
as also pointed out by other studies (Bueno et al. 2013, Huijser et al. 2013). Hydrochoerus
hydrochaeris is considered a resilient species that thrives with certain level of human disturbance
in the landscape (Ferraz et al. 2007). The studied area has a very substantial population of this
species, with high density (Verdade & Ferraz 2006, Bovo et al. 2016). This rodent benefits from
nearby food sources (crops and forest plantations at ESALQ and IPEF), suitable habitat (ponds
and rivers) and low abundance of predators (Bovo et al. 2016). In addition, there is a substantial
amount of vegetation growing in the road shoulders, particularly grasses, which is an attractive
food source to this species. Other large mammals such as Mazama gouazoubira (Artiodactyla,
Cervidae) and P. concolor, are also known to occur in the adjacent forest remnants (Bovo et al.
2018), and wildlife-vehicle collisions with these species may also result in human injuries and
fatalities (Huijser et al. 2013). One individual of Mazama spp. was roadkilled in CPM road before
the study period.

Although not recorded as roadkill, three threatened mammal species are known to occur
in the study area: Leopardus guttulus (Carnivora, Felidae), P. concolor and Puma yagouaroundi
(Carnivora, Felidae) (Bovo et al. 2018). These felids face a similar situation as G. cuja and L.
longicaudis; the loss of a single individual can not only have a severe impact on their local
population, but they can also affect ecosystem dynamics and trophic structure at a local scale
(Rheingantz & Trinca 2015), since they are among the few remaining predators.

The few records of small-bodied vertebrates such as birds, reptiles and amphibians, are
probably related to low detectability especially when surveys are conducted by car and/or the high
disappearance rate for small species (Teixeira et al. 2013, Santos et al. 2016). Thus, we think that
the roadkilled birds and reptiles (few records) and amphibians (not detected) were

underrepresented in the roadkill data from the CPM road. In addition, some animals may end up

12
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in the tall vegetation immediately adjacent to the road, where they may not be detected. Wounded
animals may also die further away from the road (Coelho et al. 2008).

Our study has some limitations, particularly with regard to the opportunistic nature of the
collection of the roadkill data. Nonetheless, we obtained a significant number of records of
roadkilled animals over the years, especially mammals, illustrating the substantial impacts that a

short and narrow road can have on wildlife.

Roadkill hotspots

Even though the roadkill records were widespread along most of the CPM road, the
significant spatial aggregations were mainly associated with riparian forest corridors along
streams. The remaining forest cover, similar to most HMLs in the Atlantic Forest and Cerrado, is
mainly associated with streams, which are essential structures for mammals persistence (Lees &
Peres 2008, Zimbres et al. 2017). The small forested patches and corridors are critical for the
survival of many native species (Zimbres et al. 2017, Fialho et al. in press). In the study area,
these corridors are the only structural and possibly also functional connectivity remaining.

Freitas et al. (2015), Bueno et al. (2013) and Bueno et al. (2015) found that proximity to
rivers best explained most of the roadkill occurrence, suggesting that these areas are a mitigation
priority. Céceres et al. (2012) also pointed out the importance of riparian forests for species
crossing, which can result in a higher incidence of roadkills when these forest fragments are
bisected by roads. These areas are especially important for semi-aquatic species such as H.
hydrochaeris and L. longicaudis, and for Myocastor coypus (Rodentia, Myocastoridae) and
Lutreolina crassicaudata (Didelphimorphia, Didelphidae), which are known to occur in the study
area (Bovo et al. 2018). Céceres et al. (2011), Céceres et al. (2012), Bueno et al. (2013), Huijser
et al. (2013) and Bueno et al. (2015) found a high number of H. hydrochaeris roadkilled close to
water streams. In addition, other mammals inhabiting these areas, in particular those with large

home ranges, need to move between forest remnants to fulfil dietary, territorial and reproductive

13
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requirements, and can thus not function in small isolated habitat fragments (Lyra-Jorge et al.
2010, Dotta & Verdade 2011, Miotto et al. 2011, Miotto et al. 2012, Magioli et al. 2016). Moving
between different habitat fragments often means crossing roads and exposure to potential
mortality.

However, we stress that results concerning roadkill hotspots have to be carefully
interpreted. Teixeira et al. (2017) showed that hotspot locations may shift in place with time.
Therefore, continued monitoring may be required, even if road sections with a hotspot in road

mortality have been mitigated.

Final considerations and mitigation measures

The impacts of narrow and short roads such as the one in this study need to be looked
more carefully. In this particular case, the CPM road is target of a Civil Inquiry (IC 4235/15 MA)
with potential to become a Public Civil Action by the Public Prosecution of Piracicaba
Municipality. This civil process was triggered because of the high roadkill numbers, and our study
allows for better insight in the extent and location of road mortality, as well as potential mitigation
measures. We showed that places where the road bisects streams flanked by riparian forests, hold
the largest concentration of roadkills. Thus, we propose implementing wildlife fences in
combination with safe crossing opportunities (e.g., underpasses and potentially also overpasses),
focusing on the roadkill hotspot zones (Beckmann et al. 2010, Huijser et al. 2016, Rytwinski et
al. 2016). Note that the fences may need to extend beyond the roadkill hotspots as short fenced
road sections suffer from fence end effects and have lower effectiveness in reducing collisions
(Huijser et al. 2016). Additionally, reducing design speed may help reduce wildlife-vehicle
collisions. Standard or enhanced wildlife warning signs may increase public awareness and they
may help gain public support for fences and wildlife crossing structures, but these signs do not
reduce collisions (Huijser et al. 2015). In HMLSs that sustain forest remnants connected by riparian

forests, planners should avoid bisecting streams and associated riparian forests. These streams
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and riparian forests are the main structural connectivity remaining in these heavily altered
landscapes. However, if roads do cross streams and riparian forests, we suggest the
implementation of a combination of safe crossing opportunities and wildlife fences to improve
human safety, reduce unnatural direct wildlife mortality, and to maintain a certain degree of

habitat connectivity.

ACKNOWLEDGMENTS

We are grateful to the Forest Science Department (“Luiz de Queiroz” College of
Agriculture, University of S8o Paulo), the Forest Resources Graduate Program, the
interdisciplinary program in Applied Ecology, the Wildlife Ecology, Management and
Conservation Lab (LEMaC) and the Forestry and Research Institute. We thank the Prefeitura do
campus “Luiz de Queiroz” and the Plano Diretor, Superintendéncia de Gestdo Ambiental (SGA)
and the Sdo Paulo State Public Ministry. We thank the records provided by Erica V. Maggiorini,
Elson F. Lima, and Alexandre R. Percequillo. We thank the Sdo Paulo Research Foundation
(FAPESP) for the grants to AAAB (#2013/24929-9 and #2014/23809-2), MM (#2014/10192-7),
RAM (#2011/13897-3) and MPH (#2017/01686-4). We thank National Council of Technological
and Scientific Development (CNPq) for the productivity fellowship granted to KMPMBF
(#308503/2014-7). We also thank the Brazilian Coordination for the Improvement of Higher
Education Personnel (CAPES) for the scholarships granted to AAAB, MM and MZA and the
grant for MPH (BEX 1187147). We thank Rubem A. P. Dornas, and an anonymous reviewer for

the comments and suggestions on an early version of the manuscript.

REFERENCES

Abra, F. D. 2012. Monitoramento e avaliagdo das passagens inferiores de fauna presentes na

rodovia SP-225 no municipio de Brotas, S&o Paulo. Master thesis. Instituto de Biociéncias da

15



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Universidade de S&o Paulo. p. 72. http://www.teses.usp.br/teses/disponiveis/41/41134/tde-
21012013-095242/pt-br.php

Abra, F. D., Huijser, M. P., Pereira, C. S., & Ferraz, K. M. P. M. B. 2018. How reliable are your
data? Verifying species identification of road-killed mammals recorded by road maintenance
personnel in Sdo Paulo State, Brazil. Biological Conservation, 225, 42-52. DOI:
10.1016/j.biocon.2018.06.019

Alexandrino, E. R., Bovo, A. A. A, Luz, D. T. A, Costa, J. C., Betini, G. S., Ferraz, K. M. P. M.
B., & Couto, H. T. Z. 2013. Aves do campus “Luiz de Queiroz” (Piracicaba, SP) da
Universidade de S&o Paulo: mais de 10 anos de observagdes neste ambiente
antrépico. Atualidades Ornitologicas, 173, 40-52.

Andrade, V. H. V. P. 2012. Diagnostico e avaliacdo da ocorréncia de atropelamentos no estado
de Sdo Paulo: influéncia da estrutura da paisagem e de focos de queimada de cana-de-agUcar.
Monography. Departamento de Ciéncias Florestais da Universidade de Sao Paulo. p. 42.

Anjos, L. 2001. Bird communities in five Atlantic forest fragments in southern Brazil. Ornitologia
Neotropical, 12, 11-27.

Beckmann, J. P, Clevenger, A. P., Huijser, M. P., & Hilty, J. A. 2010. Safe passages: highways,
wildlife, and habitat connectivity. J. P. Beckmann, A. P. Clevenger, M. P. Huijser,, & J. A.
Hilty (Eds.), Washington (DC): Island Press: p. 424.

Benitez-Lopez, A., Alkemade, R., & Verweij, P. A. 2010. The impacts of roads and other
infrastructure on mammal and bird populations: a meta-analysis. Biological Conservation,
143(6), 1307-1316. DOI: 10.1016/j.biocon.2010.02.009

Boves, T. J., & Belthoff, J. R. 2012. Roadway mortality of barn owls in Idaho, USA. The Journal
of Wildlife Management, 76(7), 1381-1392. DOI: 10.1002/jwmg.378

Bovo, A. A. A, Ferraz, K. M. P. M. B., Verdade, L. M., & Moreira, J. M. 2016. Capybaras

(Hydrochoerus hydrochaeris) in anthropogenic environments: challenges and conflicts. In: C.

16



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Gheler-Costa, M. Lyra-Jorge, & L. M. Verdade (Eds). Biodiversity in agricultural landscapes
of southeastern Brazil. pp. 178-189. Berlin: De Gruyter Open.

Bovo, A. A. A, Magioli, M., Percequillo, A. R., Kruszynski, C., Roberto, V. A., Mello, M. A.
R., Correa, L. S., Gebin, J. C. Z., Ribeiro, Y. G. G., Costa, F. B., Ramos, V. N., Benatti, H.
R., Lopez, B., Alves, M. Z., Diniz-Reis, T. R., Camargo, P. B., Labruna, M. B., & Ferraz, K.
M. P. M. B. 2018. Human-modified landscape acts a refuge for mammals in the Atlantic
Forest. Biota Neotropica, 18(2). DOI: 10.1590/1676-0611-bn-2017-0395

Bueno, C., Faustino, M. T., & Freitas, S. 2013. Influence of landscape characteristics on capybara
road-kill on highway BR-040, southeastern Brazil. Oecologia Australis, 17(2), 320-327. DOI:
10.4257/0ec0.2013.1702.11

Bueno, C., Sousa, C. O. M., & Freitas, S. R. 2015. Habitat or matrix: which is more relevant to
predict road-kill of vertebrates? Brazilian Journal of Biology, 75(4), 228-238. DOI:
10.1590/1519-6984.12614

Caceres, N. C., Casella, J., & Goulart, C. S. 2012. Variagao espacial e sazonal atropelamentos de
mamiferos no bioma cerrado, rodovia BR 262, Sudoeste do Brasil. Mastozoologia
Neotropical, 19(1), 21-33.

Caceres, N. C., Hannibal, W., Freitas, D. R., Silva, E. L., Roman, C., & Casella, J. 2010. Mammal
occurrence and roadkill in two adjacent ecoregions (Atlantic Forest and Cerrado) in south-
western Brazil. Zoologia, 27(5), 709-717. DOI: 10.1590/S1984-46702010000500007

Cardillo, M., Purvis, A., Sechrest, W., Gittleman, J. L., Bielby, J., & Mace, G. M. 2004. Human
population density and extinction risk in the world’s carnivores. PLoS Biology, 2(7), 909—
914. DOI: 10.1371/journal.pbio.0020197

CDC - Centers for Disease Control and Prevention. 2004. Nonfatal motor-vehicle animal crash-
related injuries - United States, 2001-2002. MMWR: Morbidity and Mortality Weekly

Report 53, 675-678.

17



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Coelho, A. V. P., Coelho, I. P., Teixeira, F. T., & Kindel, A. 2014. Siriema: road mortality
software. NERF, UFRGS, Porto Alegre, Brasil. Available from: www.ufrgs.br/siriema.

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, 689-699. DOI: 10.1007/s10344-008-0197-4

Coffin, A. W. 2007. From roadkill to road ecology: A review of the ecological effects of
roads. Journal of Transport Geography, 15(5), 396—406. DOI: 10.1016/j.jtrange0.2006.11.006

Cuperus, R., Canters, K. J., de Haes, H. A. U., & Friedman, D. S. 1999. Guidelines for ecological
compensation associated with highways. Biological Conservation, 90, 41-51. DOI:
10.1016/S0006-3207(99)00007-5

Develey, P. F., & Stouffer, P. C. 2001. Effects of roads on movements by understory birds in

mixed - species flocks in central Amazonian Brazil. Conservation Biology, 15(5), 1416—

1422. DOI: 10.1111/j.1523-1739.2001.00170.x
DER - Departamento de Estradas de Rodagem. 2017. VVolume diario médio das rodovias — VCM.

Available  from: http://www.der.sp.gov.br/WebSite/ Acessos/MalhaRodoviaria/\VVolume

Diario.aspx.

Dornas, R. A. P., Kindel, A., Bager, A., & Freitas, S. R. 2012. Avaliacdo da mortalidade de
vertebrados em rodovias no Brasil. In: A. Bager (Ed.), Ecologia de Estradas: Tendéncias e
Pesquisas. pp. 139-152. Lavras: Editora UFLA.

Dotta, G., & Verdade, L.M. 2011. Medium to large-sized mammals in agricultural landscapes of
south-eastern Brazil. Mammalia, 75(4), 345-352. DOI:10.1515/MAMM.2011.049

Fahrig, L. 2007. Non-optimal animal movement in human-altered landscapes. Functional

Ecology, 21(6), 1003-1015. DOI: 10.1111/j.1365-2435.2007.01326.x

18


http://www.der.sp.gov.br/WebSite/Acessos/MalhaRodoviaria/Volume%20Diario.aspx
http://www.der.sp.gov.br/WebSite/Acessos/MalhaRodoviaria/Volume%20Diario.aspx

Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Ferraz, K. M. P. M. B., Siqueira, M. F., Martin, P. S., Esteves, C. F., & Couto, H. T. Z. 2010.
Assessment of Cerdocyon thous distribution in an agricultural mosaic, southeastern Brazil.
Mammalia, 74(3), 275-280. DOI: 10.1515/MAMM.2010.036

Ferraz, K. M. P. M. B., Bonach, K., & Verdade, L. M. 2005. Relationship between body mass
and body length in capybaras (Hydrochoerus hydrochaeris). Biota Neotropica, 5(1), 197-200.
DOI: 10.1590/S1676-06032005000100020

Ferraz, K. M. P. M. B., Ferraz, S. F. B., Moreira, J. R., Couto, H. T. Z., & Verdade, L. M, 2007.

Capybara (Hydrochoerus hydrochaeris) distribution in agroecosystems: a cross - scale habitat

analysis. Journal of Biogeography, 34(2), 223-230. DOI: 10.1111/j.1365-2699.2006.01568.x

Fialho, M. Y., Cerboncini, R. A., & Passamani, M. In press. Linear forest patches and the
conservation of small mammals in human-altered landscapes. Mammalian Biology. DOI:
10.1016/j.mambio.2018.11.002

Forman, R. T. T., & Alexander, L. E. 1998. Roads and their major ecological effects. Annual
Review of Ecology, Evolution and Systematics, 29, 207-231. DOI:
10.1146/annurev.ecolsys.29.1.207

Freitas, S. R., Oliveira, A. N., Ciocheti, G., Vieira, M. V., & Matos, D. M. S. 2015. How landscape
features influence road-kill of three species of mammals in the Brazilian Savanna. Oecologia
Australis, 18, 35-45. DOI: 10.4257/0ec0.2014.1801.02

Giraudo, A. R., Matteucci, S. D., Alonso, J., Herrera, J., & Abramson, R. R. 2008. Comparing
bird assemblages in large and small fragments of the Atlantic Forest hotspots. Biodiversity
and Conservation, 17(5), 1251-1265. DOI: 10.1007/s10531-007-9309-9

Grilo, C., Smith, D. J., & Klar, N. 2015. Carnivores: struggling for survival in roaded landscapes.
In: R. van der Ree, D. J. Smith, & C. Grilo (Eds.), Handbook of road ecology. pp. 300-312.
Hoboken, NJ: John Wiley & Sons.

Huijser, M. P., Abra, F. D., & Duffield, J. W. 2013. Mammal road mortality and cost—benefit

analyses of mitigation measures aimed at reducing collisions with capybara (Hydrochoerus

19



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

hydrochaeris) in S8o Paulo State, Brazil. Oecologia Australis, 17(1), 129-146. DOI:
10.4257/0ec0.2013.1701.11

Huijser, M. P., Mosler-Berger, C., Olsson, M., & Strein, M. 2015. Wildlife warning signs and
animal detection systems aimed at reducing wildlife-vehicle collisions. pp. 198-212. In: R.
Van der Ree, C. Grilo & D. Smith. Ecology of roads: A practitioner’s guide to impacts and
mitigation. John Wiley & Sons Ltd. Chichester, United Kingdom.

Huijser, M. P., Fairbank, E. R., Camel-Means, W., Graham, J., Watson, V., Basting, P., & Becker,
D. 2016. Effectiveness of short sections of wildlife fencing and crossing structures along
highways in reducing wildlife-vehicle collisions and providing safe crossing opportunities for
large mammals. Biological Conservation, 197, 61-68. DOI: 10.1016/j.biocon.2016.02.002

IBGE - Instituto Brasileiro de Geografia e Estatistica. 2004. Mapa de biomas do Brasil. Available
from: ftp://ftp.ibge.gov.br/Cartas_e_Mapas/Mapas_Murais/biomas_pdf.zip.

ICMBIo - Instituto Chico Mendes de Conservacéo da Biodiversidade. 2016. Sumario Executivo:
Livro Vermelho da Fauna Brasileira Ameagada de Extingdo. Awvailable from:

http://www.icmbio.gov.br/portal/images/stories/comunicacao/publicacoes/publicacoes-

diversas/dcom sumario_executivo livro vermelho ed 2016.pdf

IUCN - International Union for the Conservation of Nature. 2017. The IUCN Red List of
Threatened Species. Version 2017-3. Available from: http://www.iucnredlist.org.

Klink, C. A., & Machado, R. B. 2005. Conservation of the Brazilian Cerrado. Conservation
Biology, 19(2), 707-713. DOI: 10.1111/j.1523-1739.2005.00702.x

Langley, R. L., Higgins, S. A., & Herrin, K. B. 2006. Risk factors associated with fatal animal-
vehicle collisions in the United States, 1995-2004. Wilderness & Environmental
Medicine, 17(4), 229-239. DOI: 10.1580/06-WEME-OR-001R1.1

Lees, A. C., & Peres, C. A. 2008. Conservation value of remnant riparian forest corridors of
varying quality for Amazonian birds and mammals. Conservation Biology, 22(2), 439-449.

DOI: 10.1111/5.1523-1739.2007.00870.x

20


http://www.icmbio.gov.br/portal/images/stories/comunicacao/publicacoes/publicacoes-diversas/dcom_sumario_executivo_livro_vermelho_ed_2016.pdf
http://www.icmbio.gov.br/portal/images/stories/comunicacao/publicacoes/publicacoes-diversas/dcom_sumario_executivo_livro_vermelho_ed_2016.pdf

Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Lyra-Jorge, M. C., Ribeiro, M. C., Ciocheti, G., Tambosi, L. R., & Pivello, V. R. 2010. Influence
of multi-scale landscape structure on the occurrence of carnivorous mammals in a human-
modified savanna, Brazil. European Journal of Wildlife Research, 56(3), 359-368. DOI:
10.1007/s10344-009-0324-x

Macpherson, D., Macpherson, J. L., & Morris, P. 2011. Rural roads as barriers to the movements
of small mammals. Applied Ecology and Environmental Research, 9(2), 167-180.

Magioli, M., Ferraz, K. M. P. M. B., & Rodrigues, M. G. 2014a. Medium and large-sized
mammals of an isolated Atlantic Forest remnant, southeast Sdo Paulo State, Brazil. Check
List, 10(4), 850-856. DOI: 10.15560/10.4.850

Magioli, M., Ferraz, K. M. P. M. B., Setz, E. F., Percequillo, A. R., Rondon, M. V. S. S., Kuhnen,
V. V., Canhoto, M. C. S., Santos, K. E. A., Kanda, C. Z., Fregonezi, G. L., Prado, H. A.,
Ferreira, M. K., Ribeiro, M. C., Villela, P. M. S., Coutinho, L. L., & Rodrigues, M. G. 2016.
Connectivity maintain mammal assemblages functional diversity within agricultural and
fragmented landscapes. European Journal of Wildlife Research, 62(4), 431-446. DOI.
10.1007/s10344-016-1017-x

Magioli, M., Moreira, M. Z., Ferraz, K. M. P. M. B., Miotto, R. A., Camargo, P. B., Rodrigues,
M. G., Canhoto, M. C. S., & Setz, E. Z. F. 2014b. Stable isotope evidence of Puma concolor
(Felidae) feeding patterns in agricultural landscapes in southeastern Brazil. Biotropica, 46(4),
451-460. DOI: 10.1111/btp.12115

Medici, P. E., Abra, F. D., Fernandes-Santos, R. C., & Testa-José¢, C. 2016. Impacto de
atropelamentos de fauna, particularmente anta brasileira, em rodovias estaduais e federais do
estado do Mato Grosso do Sul, Brasil. Relatério da Iniciativa nacional para a conservagdo da
anta brasileira (INCAB), Instituto de pesquisas ecoldgicas (IPE).
http://ipe.org.br/downloads/Relatorio_Tecnico_Parcial_Atropelamentos_Anta_Brasileira_M

S.pdf

21



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Miotto, R. A., Cervini, M., Begotti, R. A., & Galetti Jr, P.M. 2012. Monitoring a puma (Puma
concolor) population in a fragmented landscape in southeast Brazil. Biotropica, 44(1), 98—
104. DOI: 10.1111/j.1744-7429.2011.00772.x

Miotto, R. A., Cervini, M., Figueiredo, M. G., Begotti, R. A., & Galetti Jr, P.M. 2011. Genetic
diversity and population structure of pumas (Puma concolor) in southeastern Brazil:
Implications for conservation in a human-dominated landscape. Conservation Genetics, 12(6),
1447-1455. DOI: 10.1007/s10592-011-0243-8

Nascimento, A. M. 2012. Impactos potenciais na fauna de mamiferos de médio e grande porte na
via Comendador Pedro Morganti, Piracicaba, SP. Monograph. Programa de Pds-Graduagédo
Latu Sensu da Universidade Metodista de Piracicaba para a conclusdo do Curso de
Bioecologia e Conservagéo. p. 22.

Ojasti, J. 1973. Estudio bioldgico del chiglire o capibara. Caracas (Venezuela): Fondo Nacional
de Investigaciones Agropecuarias.

Paglia, A. P., Fonseca, G. A. B., Rylands, A. B., Hermann, G., Aguiar, L. M. S., Chiarello, A. G.,
Leite, Y. L. R,, Costa, L. P., Siciliano, S., Kierulff, M. C. M., Mendes, S. L., Tavares, V. C.,
Mittermeier, R. A., & Patton, J. L. 2012. Annotated Checklist of Brazilian Mammals, 2nd ed.
Occasional Papers in Conservation Biology, 6, 1-76.

Reale, R., Fonseca, R. C. B., & Uieda, W. 2014. Medium and large-sized mammals in a private
reserve of natural heritage in the municipality of Jad, Sdo Paulo, Brazil. Check List, 10(5),
997-1004. DOI: 10.15560/10.5.997

Rheingantz, M. L., & Trinca, C. S. 2015. Lontra longicaudis. The IUCN Red List of Threatened
Species 2015: e.T12304A21937379. DOI: 10.2305/IUCN.UK.2015-
2.RLTS.T12304A21937379.en.

Ribeiro, M. C., Metzger, J. P., Martensen, A. C., Ponzoni, F. J., & Hirota, M. M. 2009. The

Brazilian Atlantic Forest: How much is left, and how is the remaining forest distributed?

22


https://doi.org/10.1007/s10592-011-0243-8
file:///C:/Users/anade/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Downloads/DOI

Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Implications for conservation. Biological Conservation, 142(6), 1141-1153. DOI:
10.1016/j.biocon.2009.02.021

Ripple, W. J., Estes, J. A., Beschta, R. L., Wilmers, C. C., Ritchie, E. G., Hebblewhite, M., Berger,
J., EImhagen, B., Letnic, M., Nelson, M. P., Schmitz, O. J., Smith, D. W., Wallach, A. D., &
Wirsing, A. J. 2014. Status and ecological effects of the world’s largest carnivores. Science,
343(6167), 1241484. DOI: 10.1126/science.1241484

Rytwinski, T., Soanes, K., Jaeger, J. A. G., Fahrig, L., Findlay, C. S., Houlahan, J., van der Ree,
R., & van der Grift, E. A. 2016. How effective is road mitigation at reducing road-kill? A
meta-analysis. PLoS ONE, 11(11). DOI: 10.1371/journal.pone.0166941

Santos, R. A. L., Santos, S. M., Santos-Reis, M., Figueiredo, A. P., Bager, A., & Aguiar L. M. S.
2016. Carcass persistence and detectability: Reducing the uncertainty surrounding wildlife
vehicle collision surveys. PLoS ONE, 11(11). DOI: 10.1371/journal.pone.0165608

S&o Paulo. 2014. Decreto 60.133, de 7 de fevereiro de 2014. Declara as espécies da fauna silvestre
ameacadas de extincdo, as quase ameacadas e as deficientes de dados para avaliacdo no Estado
de Séo Paulo e da providéncias correlatas. Available from:
https://www.imprensaoficial.com.br/DO/GatewayPDF.aspx?link=/2014/executivo%20secao
%20i/fevereiro/08/pag_0025 8JDL3R1IUCR3UeBO89AIQC64DME.pdf

Srbek-Araujo, A. C., Mendes, S. L., & Chiarello, A. G. 2015. Jaguar (Panthera onca Linnaeus,
1758) roadkill in Brazilian Atlantic Forest and implications for species conservation. Brazilian
Journal of Biology, 75(3), 581-586. DOI: 10.1590/1519-6984.17613

Teixeira, F. Z., Coelho, A. V. P., Esperandio, I. B., & Kindel, A. 2013. Vertebrate road mortality
estimates: effects of sampling methods and carcass removal. Biological Conservation, 157,
317-323. DOI: 10.1016/j.biocon.2012.09.006

Teixeira, F. Z., Kindel, A., Hartz, S. M., Mitchell, S., & Fahrig, L. 2017. When road-kill hotspots
do not indicate the best sites for road-kill mitigation. Journal of Applied Ecology, 54(5), 1544—

1551. DOI: 10.1111/1365-2664.12870

23



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#16879

Published online: 17/November/2018

Trombulak, S. C., & Frissell, C. A. 2000. Review of ecological effects of roads on terrestrial and
aquatic communities. Conservation  Biology, 14(1), 18-30. DOI: 10.1046/j.1523-
1739.2000.99084.x

Verdade, L. M., & Ferraz, K. M. P. M. B. 2006. Capybaras in an anthropogenic habitat in
southeastern Brazil. Brazilian Jornal of Biology, 66(1b), 371-378. DOI: 10.1590/S1519-
69842006000200019

Vivo, M., & Carmignoto, A. P. 2015. Family Sciuridae G. Fischer, 1987. In: J. L. Patton, U. F. J.
Pardifias, & G. D’Elia (Eds.), Mammals of South America, volume 2: Rodents. pp. 1-48.
Chicago, IL: The University of Chicago Press.

Yamada, Y., Sasaki, H., & Harauchi, Y. 2010. Effects of narrow roads on the movement of
carabid beetles (Coleoptera, Carabidae) in Nopporo Forest Park, Hokkaido. Journal of Insect
Conservation, 14(2), 151-157.

Zimbres, B., Peres, C. A., & Machado, R. B. 2017. Terrestrial mammal responses to habitat
structure and quality of remnant riparian forests in an Amazonian cattle-ranching landscape.

Biological Conservation, 206, 283-292. DOI: 10.1016/j.biocon.2016.11.033

Submitted: 13 April 2018

Accepted: 20 August 2018

Associate Editor: Fabio Maffei

24



