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1. INTRODUCTION 

1.1. Background 
 
The transportation infrastructure network has increased tremendously across the world over the 
last century. A well-developed transportation infrastructure network allows to the safe and 
efficient transportation of people and goods and it is associated with economic growth and 
development. While roads and railroads form an essential link between cities and villages, they 
also cut through agricultural and natural areas and wildlife habitat. Wildlife-vehicle collisions 
result and a subset of these collisions, particularly those involving large mammals, pose a threat 
to human safety and have a substantial economic impact (Huijser et al., 2009; 2013). While the 
concern for human safety is a major driver for mitigation measures in some regions (e.g. North 
America) the impacts of transportation infrastructure on wildlife may also require mitigation. 
The impacts on wildlife are diverse and may include (based on Forman et al., 2003; Beckman et 
al., 2010) (Figure 1): 

• Habitat loss. The road surface and roadbed destroy or affect natural vegetation, soil and 
hydrology. The vegetation in the right-of-way may also have been seeded with non-
native species and may allow for invasive species to spread alongside the transportation 
corridor and into the adjacent landscape. The clear zone immediately adjacent to the 
pavement allows drivers an opportunity to regain control of their vehicle after having left 
the road surface. The vegetation in the clear zone is mowed and cut frequently as larger 
trees and shrubs form obstacles that may result in a more serious crash.  

• Direct wildlife road mortality. Wildlife-vehicle collisions are not only a threat to human 
safety. The animals involved typically die as the result of a crash. 

• Barrier to wildlife movements. Most animal species do not cross the road as often as they 
cross natural terrain and only a portion of the crossing attempts is successful. This leads 
to smaller and more isolated habitat patches that can affect the population survival 
probability of a species in an area. 

• Decrease in habitat quality in a zone adjacent to the road. Noise, light, air and water 
pollution, and increased access for humans into areas adjacent to roads can affect the 
habitat quality in a zone adjacent to transportation infrastructure. Depending on the 
parameter and species concerned the road effect zone may vary between a few meters up 
to several kilometers. 

• Right-of-way habitat and corridor. The vegetation in the right-of-way is subject to severe 
disturbance (soil, hydrology, mowing or cutting, seeding of non-native species etc.). Non-
native and invasive plant and animal species can use the transportation corridor to spread 
alongside the infrastructure and can also spread into the surrounding areas. If the 
transportation corridor is surrounded by natural vegetation with little disturbance, the 
habitat and the species in the right-of-way can be considered a problem (Huijser et al., 
2006). On the other hand, if the surrounding landscape is heavily impacted by humans 
already (e.g. (sub)urban and agricultural areas), then the narrow strip alongside roads and 
railroads can be  a refugium for native species and because of the linear nature of 
transportation infrastructure right-of-ways may form efficient corridors connecting the 
remaining habitat patches in the fragmented landscape (Huijser et al., 2006).   
 

Western Transportation Institute  Page 7 



Initiation Road Ecology Program ESALQ   Introduction 

 
 

 
 
Figure 1: The effects of roads and traffic on wildlife. 
 
 
While mitigation (reducing the severity of an impact) is common, avoidance is better and should 
generally be considered first (Cuperus et al., 1999). For example, the negative effects of roads 
and traffic may be avoided if a road is not constructed, or the most severe negative effects may 
be avoided by re-routing away from the most sensitive areas (Figure 2). If the effects cannot be 
avoided, mitigation is a logical second step. Mitigation is typically done in the road-effect zone 
(Figure 2) and may include measures aimed at reducing wildlife-vehicle collisions and reducing 
the barrier effect (e.g., through providing for safe wildlife crossing opportunities) (Huijser et al., 
2008; Clevenger & Huijser, 2011). However, mitigation may not always be possible or the 
mitigation may not be sufficient. Then a third approach may be considered: compensation or off-
site mitigation. Compensation may include increasing the size existing habitat patches, creating 
new habitat patches or improving the connectivity between the habitat patches that would allow 
for larger, more connected, and more viable network populations. Finally, in some situations a 
combination of avoidance, mitigation, and compensation may be implemented. 
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Figure 2: A three step approach: A. Avoidance, B. Mitigation, C. Compensation, D. 
Combination of avoidance, mitigation and compensation. 
 
 
While there are several dozens of types and combinations of mitigation measures aimed at 
reducing wildlife-vehicle collisions and providing safe crossing opportunities for wildlife, there 
are only a few measures that are substantially effective: wildlife fencing in combination with 
wildlife underpasses and overpasses and, though more experimental, also animal detection 
systems (see e.g. Huijser et al. 2008; Clevenger & Huijser, 2011). We refer to these publications 
for a general overview. In essence, wildlife fencing is one of the most effective ways to keep 
large animals off the road; collisions with large mammals are typically reduced by 79-99%. It is 
considered bad practice though to increase the barrier effect of roads and traffic for wildlife 
without also providing for sufficient safe and suitable wildlife crossing opportunities. For 
relatively high traffic volume (>15,000 vehicles/day) a physical separation of vehicles and 
wildlife is almost always desirable. This can be achieved by providing underpasses and 
overpasses. At relatively low traffic volume (e.g. < 3,000 vehicles/day) one may consider at 
grade crossing opportunities (basically a gap in the fence on both sides of the road), but 
additional measures including advisory or mandatory speed limit reduction and traffic calming 
measures (e.g. speed bumps or bulb outs), and measures that encourage the animals to cross the 
road straight (e.g. wildlife guards or electric mats embedded in the road on either end of the gap) 
may be important to achieving a substantial reduction in large mammal-vehicle collisions. 
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Animal detection systems may also be used at gaps in fences, but these systems are still mostly 
experimental rather than a robust mitigation measure that can be expected to function as intended 
immediately after installation. Animal detection systems can also be implemented as a stand-
alone mitigation measure and can also substantially reduce collisions with large mammals (range 
58-99%). While the implementation of these types of mitigation measures costs money, there are 
many road sections where it is more costly to have wildlife vehicle collisions continue to occur 
than to implement mitigation measures (Huijser et al., 2009; 2013).  
 
Brazil is a large country and its road network is about 1,580,964 km long, excluding urban areas. 
About 212,798 km is paved and 1,368,166 km is unpaved (World Fact Book, 2013).  The 
railroad network in Brazil is about 28,538 km long. Brazil may also have higher biodiversity 
than any other country on the planet, and is among the countries with the highest number of 
endemic species. The rapid economic development in Brazil, including road and railroad 
construction, is likely to severely impact human safety as well as biodiversity. 
 
 

1.2. Goals and Objectives 
 
The goals of the visiting professorship for Dr. Marcel P. Huijser were to: 

• Bring road ecology expertise to Brazil  
• Help develop science based guidelines for the design and implementation of mitigation 

measures aimed at reducing wildlife-vehicle collisions and increasing safe crossing 
opportunities for wildlife along roads and railroads in Brazil. 

 
The specific objectives were to 

• Teach a road ecology course to students (Master of Science level) and other interested 
individuals (scientists, policy makers, consultants) at ESALQ, University of São Paulo, 
Piracicaba. 

• Advice students during the early phase of their road ecology research projects. 
• Write and submit one or more peer-reviewed scientific road ecology articles based on 

existing data through collaborations with Brazilian scientists. 
 
 

1.3. Organization of the Report 
 
The report is organized based on the following activities:  

• Road ecology course for post-graduate students. 
• Advice to students in the early phase of their road ecology research projects 
• Peer-reviewed scientific articles through collaboration with Brazilian scientists. 
• Guest lectures and workshops for various organizations 
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2. ROAD ECOLOGY COURSE 
 
The 8 credits (120 hours) road ecology course was taught by Dr. Marcel Huijser at 
ESALQ, University of São Paulo, Piracicaba between 29 September 2014 and 24 October 2014 
(see Appendix A1 for announcement and description, and Appendix A2 for declaration). The 
road ecology course was attended by 14 students (Table 1). 
 
Table 1: Students who attended the road ecology course. 
 
Name 
 
Fernanda Delborgo Abra 
Lilian Bonjorne de Almeida 
Maisa Ziviani Alves 
Julia Camara de Assis 
Alan Eduardo de Barros 
Alex Augusto de Abreu Bovo 
Renata Bergamo Caramez 
Larissa Oliveira Gonçalves 
Marcelo Magioli 
Renata Miotto 
Bruna Oliveira 
Miriam Lucia Lages Perilli 
Ricardo Reale 
Thaís Rovere Diniz Reis 
 
 
There were several guest lecturers who contributed to the road ecology course (Table 2). 
 
Table 2: Guest lecturers for the road ecology course. 
 
Name  Affiliation 
 
Fernanda Abra 

 
PhD student at ESALQ and employee at Prime 
Engenharia 

Simone Freitas Universidade Federal do ABC 
Ronaldo Morato  Centro Nacional de Pesquisa e Conservação de 

Mamíferos Carnívoros (CENAP) 
José Luis Ridente Prime Engenharia 
Marcelo Ruil engineer, consultant 
Marco Antonio Marques de Sousa Consultant 
Bethanie Walder  Consultant 
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In addition, Milena Arthur and her colleagues at Centrovias and Paulo Ruffino and his 
colleagues from the Itirapina Ecological Research Station (Estação Ecológica de Itirapina) 
helped with the field trip to the area around Itirapina. During the field trip the students 
experienced three different road types: 1. Dirt roads in the Estação Ecológica de Itirapina; 2. A 
two lane road through the reserve; and 3. A 4-lane motorway (SP-225) with mitigation measures 
(wildlife fencing and wildlife and multi-functional underpasses) between Brotas and Itirapina. 
 
The students were asked to fill out an evaluation survey for the road ecology course after 
completing the course (Appendix B). 
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3. ADVICE TO STUDENTS AND OTHER RESEARCHERS 
 
Dr. Marcel P. Huijser is or was a committee member for three students during his stay in Brazil. 
In addition, he advised several of the students on their MSc or PhD theses who participated in the 
road ecology course (see chapter 2). Furthermore, he advised Mozart Caetano de Freitas Junior 
and Ricardo Arrais on their draft manuscript "Overlooked threat: The impact of railways in the 
conservation of medium and large mammals in Brazil". In addition, Dr. Marcel P. Huijser 
participated in the examination of PhD. candidate Giordano Ciocheti at the Universidade Federal 
de São Carlos, São Paulo. The title of his thesis is “Spatial and temporal influences of road 
duplication on wildlife road kill using habitat suitability models”. Finally, Dr. Marcel P. Huijser 
participated in discussions with the Dr. Andreas Kindel and his research group (including 
Fernanda Zimmermann Teixeira and Larissa Oliveira Gonçalves), Universidade Federal do Rio 
Grande do Sul, Centro de Ecologia, Núcleo de Ecologia de Rodovias e Ferrovias, Porto Alegre 
Rio Grande do Sul. 
 
Table 3: Dr. Marcel P. Huijser is/was a committee member for the following students in Brazil. 
Time period Student name and title thesis  
August-December 2014 Advised on PhD thesis Fernanda Delborgo Abra "Impacto de 

Rodovias nas Comunidades de Médios e Grandes Mamíferos e 
suas implicações para a conservação". ESALQ, USP, Piracicaba, 
São Paulo 

August-December 2014, 
Defense 5 Dec 2014 
(Appendix C1) 

Advised on undergraduate thesis Ana Scivittaro Cruz “O 
licenciamento ambiental de Rodovias e medidas de mitigação 
para fauna silvestre: uma ferramenta para conservação da 
biodiversidade”  Estudo de caso do Trecho Norte do Rodoanel 
Mário Covas". ESALQ, USP, Piracicaba, São Paulo 

August-December 2014, 
Defense 5 Dec 2014 
(Appendix C2) 

Advised on undergraduate thesis Tamiris Chacon Deajute 
"Análise de modelos de passagem de fauna e cercas condutoras 
para animais silvestres em rodovias do Estado de São Paulo". 
ESALQ, USP, Piracicaba, São Paulo 
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4. PEER REVIEWED ARTICLES 
 
Dr. Marcel P. Huijser is a co-author on four papers that are currently in analyses or draft stage 
(Table 4). 
 
Table 4: Draft papers that Dr. Marcel P. Huijser is a co-author on.  
Time period Peer-reviewed papers (in analyses/draft stage) 

29 Sep 2014 and beyond Fernanda D. Abra, Vânia R. Pivello, Marcel P. Huijser, and Katia 
Ferraz. In prep. Effectiveness of wildlife fencing and wildlife 
underpasses in reducing road mortality and providing safe crossing 
opportunities along the SP-225 highway in São Paulo State, Brazil 

29 Sep 2014 and beyond Authors and order of authors not fully determined yet. In prep. 
Design recommendations for wildlife fencing and wildlife crossing 
structures along highways in Brazil 

29 Sep 2014 and beyond Miriam Lucia Lages Perilli et al. Road ecology related to 
vertebrates in Brazil: a literature review 

29 Sep 2014 and beyond Bruna G. Oliveira et al. In prep. Influence of dirt roads on the 
behavior maned wolves (Chrysocyon brachyurus)  
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5. GUEST LECTURES AND WORKSHOPS 
 
Dr. Marcel P. Huijser was invited as a guest lecturer by various organizations (Table 5).  
 
Table 5: Guest lectures and workshops provided by Dr. Marcel P. Huijser in Brazil.  

Date Activity Location 
 

4-Sep-14 
 
Guest lecture for PRIME 
ENGENHARIA, "Ecological impacts of 
Infrastructure and Mitigation Measures" 

 
São Paulo (Appendix D1) 

5-Sep-14 Guest lecture for Departamento de 
Ciências Florestais "Why does road 
ecology matter to biological 
conservation?” 

ESALQ, USP, Piracicaba, 
São Paulo (Appendix D2) 

11-Sep-14 Lecture for DERSA "Road ecology: 
Engineering and Ecology Principles 
Working Together for More Sustainable 
Roads" 

ARTESP, São Paulo 
(Appendix D3) 
Note: an article was 
published in "O 
EMPREITEIRO" (Appendix 
D4) 

12-Sep-14 Introductory presentation for Graduate 
Program Committee "Road Ecology 
activities at ESALQ" 

ESALQ, USP, Piracicaba, 
São Paulo (Appendix D5) 

22-Sep-14 Introductory presentation for Board 
Departamento de Ciências Florestais 
"Road Ecology activities at ESALQ" 

ESALQ, USP, Piracicaba, 
São Paulo (Appendix D6) 

12-15 Nov 2014 Workshop - Impactos da rodovia BR-
101 na Reserva Biológica de Sooretama: 
estudos, alternativas e mitigação 
"Human safety, biological conservation 
and economic considerations for 
upgrading existing highways" 

Vitória, Espírito Santo 
(Appendix D7 and D8) 

18-Nov-14 Provided full day workshop "Ecologio 
nas Estradas", organized by CART 

UNIESP, Faculdade de 
Presidente Prudente, São 
Paulo (Appendix D9) 

19-Nov-14 Provided full day workshop "Ecologio 
nas Estradas", organized by CART 

Universidade Sagrado 
Coração, Bauru, São Paulo 
(Appendix D9) 

26-Nov-14 Guest lecture "Why does road ecology 
matter to biological conservation?" 

Universidade Federal do Rio 
Grande do Sul, Centro de 
Ecologia, Núcleo de 
Ecologia de Rodovias e 
Ferrovias, Porto Alegre Rio 
Grande do Sul (Appendix 
D10) 
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1-2 Dec-2014 Key note speaker at ECOTRANS 
conference "Human safety, biological 
conservation and economic 
considerations  for wildlife highway 
mitigation" 

CETESB, São Paulo 
(Appendix D11) 

4-Dec-14 Guest lecture "Why Does Road Ecology 
Matter to Biological Conservation?" 

Departamento de Genetica e 
Evolução, Universidade 
Federal de São Carlos, São 
Paulo (Appendix D12) 

4-Dec-14 Guest lecture "Why Does Road Ecology 
Matter to Biological Conservation?" 

Departamento de Ecologia da 
UNESP, Campus de Rio 
Claro, São Paulo (Appendix 
D13) 

3, 8, 9, 10-Dec-14 Road ecology course (including 
workshop and field excursion) for 
CETESB 

CETESB, São Paulo and SP-
225 near Brotas and Itirapina 
(Appendix D14 and D15) 
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6. SUGGESTIONS FOR ROAD ECOLOGY PRACTICES IN BRAZIL 

6.1. Transportation Mode, Highway Location and Footprint in 
Relation to (Re)Construction or Duplication 

 
As Brazil is upgrading or building major infrastructure there is an opportunity to reassess which 
transportation mode is most suited. A motorway is not necessarily the best alternative in all 
situations. For example, when natural resources need to be transported in relatively uninhabited 
or undeveloped areas, a railroad may be far less damaging to both the natural environment and 
indigenous people than a road with associated human disturbance and development.  
 
If a highway is upgraded or built it may be an opportunity to assess if the highway can be built 
away from or around the most sensitive areas. However, this only makes sense if the “old” road 
that may cut through a sensitive area is removed altogether and replaced by the new highway that 
avoids these sensitive locations. Otherwise it may make more sense to explore the effectiveness 
of mitigation and compensation measures for the route through the sensitive area.  
 
If a highway route goes through a sensitive area it may be worthwhile to explore if the footprint 
of the road can be reduced (for the road section through the sensitive area). For example, instead 
of a 4-lane motorway everywhere, the highway section through the sensitive area may be 
reduced to a 2-lane highway or a “super 2” (one lane in each travel direction plus a passing lane 
for one direction). This is especially important if the sensitive area is relatively small to begin 
with or if a lower design speed is desired for the road section through the sensitive area.  
 
Suggestions: 

1. Carefully (re)consider if infrastructure is needed and if it is needed, what type of 
transportation mode is most appropriate. Simply building highways and railroads without 
consideration of the natural environment or the interests of indigenous people is 
associated with immediate and future problems and costs. 

2. Consider avoiding the most sensitive areas including removing “old” infrastructure from 
sensitive areas. This may result in the avoidance of the most sever impacts rather than 
needing to mitigate or compensate for these impacts. 

3. If transportation infrastructure is (re)build in a sensitive area consider implementing 
effective mitigation and/or compensation measures. If the measures are not effective in 
addressing the impacts, then reconsider the location of the transportation infrastructure 
and consider avoiding these areas by rerouting the infrastructure.  

4. If transportation infrastructure is (re)build in a sensitive area consider a reduced footprint 
and reduced design speed for the section in the sensitive area.  
 

6.2. Wildlife Warning Signs 
 
One of the most commonly applied measures to attempt to reduce wildlife-vehicle collisions is to 
install wildlife warning signs (Figure 4). The abundance of wildlife warning signs is probably 
related to engrained practices and perceived low costs of the signs. Unfortunately most studies 
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indicate that standard and enhanced wildlife warning signs (see Figure 4) do not reduce wildlife-
vehicle collisions. Wildlife warning signs that are specific in time and place can result in some 
reduction (temporary wildlife warning signs for migratory species) or a more substantial 
reduction (animal detection systems) in wildlife-vehicle collisions (Figure 4). If the objective is 
to reduce wildlife-vehicle collisions it is basically useless to install standard or enhanced wildlife 
warning signs. If the objective is to provide legal protection to transportation organizations in 
case of a collision, to provide information to the public and increase awareness of the problem, 
and to potentially increase public support for other mitigation measures that are effective in 
reducing wildlife-vehicle collisions, then one may consider using standard or enhanced wildlife 
warning signs.   
 
Suggestions:  

1. If the objective is to reduce wildlife-vehicle collisions then accept that standard or 
enhanced wildlife warning signs are not an effective mitigation measure. 

2. Warning signs that are more specific in time and place can somewhat (temporal warning 
signs for migratory species) or substantially (animal detection systems) reduce wildlife-
vehicle collisions. However, large migratory species may not be abundant in the tropics 
or subtropics. Furthermore, animal detection systems come with a range of limitations 
(e.g. mostly used on low volume roads (e.g. <5,000 vehicles per day), and the design 
(reliability), implementation and maintenance of these systems is likely to be very 
challenging. Therefore, learn about the limitations and risks associated with animal 
detection systems before initiating their implementation.  

  

 
 
Figure 3: Four different types of wildlife warning signs. 
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6.3. Speed Management 
 
Speed management is often suggested as a strategy to reduce wildlife-vehicle collisions. 
However, speed management is complex and it is important to distinguish between three types of 
“speed”:  

1. The design speed of a highway. This is used by engineers who then calculate the 
associated road characteristics such as lane and shoulder width, curvature and sight 
distance. These characteristics physically allow drivers to drive a certain speed in a safe 
and responsible manner. 

2. The posted speed limit. This is the legal speed limit depicted on signs. This is typically a 
little lower than the design speed of a road. 

3. The operating speed of the vehicles. This is the speed that drivers actually drive. Most 
drivers drive a speed (operating speed) that is close to the design speed of a road. Drivers 
respond far less to the posted speed limit. 

 
If the posted speed limit is substantially reduced for a road section through a sensitive area, and 
if the design speed remains the same for this road section, the following scenario is likely: 

1. Most drivers will ignore the lower posted speed limit and continue to drive a speed close 
to the design speed of the highway. 

2. However, some drivers will adhere to the lowered posted speed limit. 
3. The mix of fast and slow moving vehicles on a highway is referred to as “speed 

dispersion” and this is associated with dangerous driving behavior (e.g. irresponsible 
maneuvers to overtake slow vehicles) and an overall increase in crashes. 

For these reasons alone, it is never a good idea to implement a posted speed limit that is 
substantially lower than the design speed of a highway.  
 
Transportation agencies typically respond to drivers who ignore the posted speed limit and who 
drive a speed that is close to the design speed of a road by increasing enforcement of the lowered 
posted speed limit (e.g. through radar measurements of vehicle speed and fining the speeders). If 
the radar posts are at fixed locations, drivers who travel the road section regularly will quickly 
learn about the location of the radar posts and lower the speed of their vehicle only in the 
immediate vicinity of the radar posts. This leads to further speed variation and associated risks, 
additional use of fuel through braking and acceleration, and the road sections in between the 
radar posts do not actually have slower moving traffic. 
 
Finally, drivers that do get “caught” are likely to experience the situation as “unjust”. One cannot 
reasonably be expected to drive “slow” on a highway that has “wide” lanes, “wide” shoulders, 
“gentle” curvature and “long” sight distances. This is likely to eventually result in pressure to 
make the posted speed limit more consistent with the design speed of the road. 
 
Suggestions: 

1. It is not an effective or wise mitigation strategy to implement a posted speed limit that is 
substantially lower than the design speed of a highway. 

2. Only consider lowering the posted speed limit if the design speed is reduced accordingly. 
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3. Depending on the purpose of a highway, lowering the design speed and posted speed 
limit may be in direct conflict with the need for “efficient” transportation and this may 
therefore not be a viable strategy to begin with. 

 

6.4. Wildlife Fencing 
 
The purpose of wildlife fencing is to: 
 

1. Keep wildlife off the highway and, as a consequence, reduce wildlife-vehicle collisions. 
2. Funnel wildlife movements to safe crossing opportunities (e.g. wildlife underpasses or 

overpasses). 
 
Wildlife fencing alone increases the barrier effect of highways and traffic for wildlife. As a 
general rule, wildlife fencing should never be implemented without also providing for effective 
and safe crossing opportunities for wildlife (see next section). 
 
It is essential to define the target species before designing wildlife fencing. The climbing, 
jumping, and digging capabilities of the target species as well as their strength (e.g. push or ram 
through fencing) needs to be considered. These species characteristics influence fence height, the 
type of fencing material (e.g. mesh-wire, chain-link, electric), the type of post (wood, metal, 
concrete), the strength of the material, as well as specific features to discourage climbing (e.g. 
outriggers) or digging (dig barrier). However, in some cases in Brazil “wildlife fencing” is not 
designed with specific species in mind. In some cases it is simply a livestock fence (same height) 
with chain-link attached to the posts instead of barbed wire (Figure 4) and this may not be a 
suitable barrier for the species that one desires to keep off the highway. For example, capybara 
(Hydrochoerus hydrochaeris) is one of the most commonly hit large mammal species in this 
region in Brazil. Capybara may require 1.80 m high fencing; much higher than standard livestock 
fencing. In other locations the design of wildlife fencing appears more appropriate (Figure 5). 
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Figure 4: “Wildlife” fence that is basically a livestock fence with chain-link attached to the 
lower portions of the fence posts, along SP-225, near Brotas, São Paulo, Brazil (© Marcel 
Huijser). 
 

 
 
Figure 5: Wildlife fence at a stream and wetland that appears to have an appropriate 
height and sturdiness for various large mammal species in the area, SP-320 between 
Tanabi and Santa Fé do Sul, São Paulo, Brazil (© Marcel Huijser). 
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During the installation of wildlife fencing care should be taken not to leave gaps between the 
ground and the bottom of the fence, and, dependent on the target species and their climbing 
capabilities, a wildlife fence should typically maintain a certain minimum distance from trees 
and shrubs, including overhanging branches. 
 
Fence maintenance appears to be a problem in most areas in Brazil (Figure 6-8). Without proper 
maintenance wildlife fencing becomes ineffective in keeping animals off the highway and 
directing them to safe crossing opportunities. 
 
 

 
 
Figure 6: Damaged “wildlife fence” (i.e. this is essentially a livestock fence with chain-link 
attached to the lower portions of the fence posts), along SP-225, near Brotas, São Paulo, 
Brazil (© Marcel Huijser). 

Western Transportation Institute  Page 22 



Initiation Road Ecology Program ESALQ    Suggestions for Road Ecology Practices in Brazil 

 

 
 
Figure 7: Disintegrated fence posts of a “wildlife fence” overgrown with vines (i.e. this is 
essentially a livestock fence with chain-link attached to the lower portions of the fence 
posts), along SP-225, near Brotas, São Paulo, Brazil (© Marcel Huijser). 
 

 
 
Figure 8: Damaged “capybara fence” (though this fence is much too low to be an effective 
barrier for capybara), along Rodovia Presidente Dutra (BR-116 – SP-60), near Lavrinhas, 
São Paulo, Brazil (© Marcel Huijser). Note the bare spots in the vegetation on either side of 
the fence indicating that wildlife, presumably capybara regularly jump the fence at this 
location. 
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Most of the wildlife fencing in Brazil is relatively short. The road length fenced can be as little as 
just a few or only 100 m from each side of a wildlife underpass (Figures 9 and 10). Effective 
wildlife fencing (e.g. 80-100% reduction in wildlife-vehicle collisions) may need to be at least 3-
5 kilometers in road length.  
 
 

 
Figure 9: Very short wildlife fencing (almost nothing on this side of a culvert; about 10-20 
m on the other side of the road), along the 2-lane road (Ayrton Senna) through the 
Itirapina reserve near Itirapina, São Paulo, Brazil (© Marcel Huijser). Note the cross 
indicating the site of a human fatality as a result of a collision with a capybara.  
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Figure 10: Well designed (height, sturdiness) wildlife fencing but only extending about 100 
m from each side of a wildlife underpass, Parque Nacional de Aparados da Serra, Rio 
Grande do Sul, Brazil (© Marcel Huijser).  
 
Suggestions: 

1. Do not implement wildlife fencing without also providing for safe crossing opportunities 
for wildlife. 

2. Before designing a wildlife fence decide on the “target species”. 
3. Base the design of wildlife fence on the biological characteristics of the target species. 
4. Use material (fence posts, fencing material) that is consistent with the desired lifespan of 

the fence. 
5. Oversee fence installation to make sure no gaps or other weak points in the fence result. 
6. Implement fence maintenance programs, including for fallen trees and vines and other 

vegetation growing on and over fences (e.g. include maintenance requirements in 
contracts with toll road companies). Without fence maintenance wildlife fences typically 
become dysfunctional quickly. 

7. When implementing wildlife fencing (in combination with safe crossing opportunities for 
wildlife) consider implementing the fencing over several kilometers of road length rather 
than at shorter road sections. If wildlife crossing opportunities are included, e.g. at least 
one large mammal crossing opportunity once every 2 kilometers, make the wildlife 
fencing connect to the wildlife structures without gaps in between. 

8. Wildlife fencing should cover the road length that may have a concentration of wildlife-
vehicle collisions with the target species (i.e. “hotspots”) and adjacent buffer zones to 
keep the animals from simply crossing the highway at the fence ends. The length of the 
buffer zone is at least partially influences by the home range size of the target species. 
For white-tailed deer in North America 1 km long buffer zones have been suggested 
(starting from each end of the hotspot). 
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9. Always install wildlife fencing on both sides of a highway, not only on one side. 
10. Always try to have wildlife fencing start and end on opposite sides of the highway rather 

than in a staggered pattern. 
11. Consider implementing wildlife guards (similar to cattle guards) or electric mats 

embedded in the roadway to reduce wildlife intrusions into the fenced road corridor at 
fence ends and at access roads.  

12. Fence end treatments (e.g. wildlife guard or electric mat embedded in the pavement) are 
especially important if the mitigated road length is relatively short in relation to the 
mortality hotspot and suggested buffer zones. While fence end treatments are likely to 
reduce intrusions by wildlife into the fenced road corridor, they do not address potential 
“fence end runs” by wildlife. 

 

6.5. Safe Crossing Opportunities for Wildlife 
 
The purpose of safe crossing opportunities for wildlife is to: 
 

1. Allow wildlife to safely cross to the other side of the highway. 
2. Reduce intrusions by wildlife into the fenced road corridor by providing more convenient 

and safe crossing opportunities. 
 

Similar to wildlife fencing, the number, location, type (e.g. overpass or underpass), and 
dimensions of safe wildlife crossing opportunities are at least partially influenced by the 
biological characteristics of the target species, their preference for different types and dimensions 
of safe crossing opportunities, and their conservation status. At grade crossing opportunities (e.g. 
a gap in a wildlife fence on both sides of the highway) should probably only be considered at low 
volume roads (e.g. < 5,000 vehicles per day). Higher volume highways typically require a 
physical separation of traffic and wildlife through the construction of wildlife underpasses or 
overpasses. 
 
Most safe crossing opportunities for wildlife in Brazil are either wildlife underpasses or canopy 
crossings for arboreal mammals (Figures 11-13). The type and dimensions of wildlife 
underpasses is relatively limited. Most wildlife underpasses are concrete box culverts (a few 
meters wide, a few meters high) or bridges in combination with a stream or river. However, the 
type and range of wildlife crossing structures in other parts of the world is much wider than that. 
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Figure 11: Wildlife underpass (concrete box culvert), along SP-225, near Brotas, São Paulo, 
Brazil (© Marcel Huijser). 
 

 
 
Figure 12: Multifunctional underpass (bridge) along Rio Jacaré-Pepira, SP-225 motorway, 
Brotas, São Paulo, Brazil (© Marcel Huijser). 
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Figure 13: Canopy crossing for arboreal mammals, near Porto Alegre, Rio Grande do Sul, 
Brazil (© Marcel Huijser). 
 
 
It is best to construct wildlife crossing structures in such a way that it allows wildlife that 
approaches the road to see the sky and vegetation on the other side of the road through or across 
the structure. This means that the approach for wildlife should preferably be level (avoid steep 
slopes at the approaches (e.g. Figure 14-15)), and that two separate structures for the two travel 
directions should be designed as one wildlife crossing structure with a good line of sight for 
wildlife. 
 
 
 

Western Transportation Institute  Page 28 



Initiation Road Ecology Program ESALQ    Suggestions for Road Ecology Practices in Brazil 

 
 
Figure 14: Wildlife underpass (concrete box culvert), along SP-225, near Brotas, São Paulo, 
Brazil (© Marcel Huijser). Note: this structure is along the “old” highway (now only one 
travel direction). The “new” two lanes are behind the photographer and are for traffic 
going in the other direction. However, the “new” roadbed is higher than the old roadbed, 
and the structure in the “old” highway is substantially lower than the structure under the 
new roadbed. This does not allow wildlife to see through both structures when they 
approach the highway, and it requires wildlife to descend into a dark cave (when coming 
from this direction). 
 

 
 
Figure 15: Wildlife underpass (concrete box culvert), along SP-270, about 70 km south east 
from Presidente Prudente, São Paulo, Brazil (© Marcel Huijser). There is an uphill slope 
towards the right of the image. It would be better to have a level approach for wildlife 
when they approach the structure (no slope). 
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Suggestions: 
1. Always consider implementing safe crossing opportunities for wildlife when 

installing wildlife fencing. 
2. Wildlife crossing opportunities without (functional) wildlife fencing are likely to have 

fewer wildlife move through the structure. 
3. Wildlife crossing structures without (functional) wildlife fencing are unlikely to 

substantially reduce wildlife-vehicle collisions. The primary measure to reduce 
wildlife-vehicle collisions is wildlife fencing, not wildlife crossing structures.  

4. Before designing safe wildlife crossing opportunities, and before deciding on the 
number and location of the safe crossing opportunities, decide on the “target species”. 

5. Built a greater variety of types of wildlife crossing structures; not only wildlife 
underpasses and canopy crossings, but also vegetated wildlife overpasses. Of course 
it is important to do this with the biology of the target species in mind and at locations 
where it makes most sense. 

6. Built a greater variety of dimensions for wildlife underpasses (e.g. include larger 
underpasses (e.g. about 7-10 m wide, 3-5 m high) and smaller pipes (e.g. 0.5-1.0 m in 
diameter). Of course it is important to do this with the biology of the target species in 
mind and at locations where it makes most sense. 

7. Accompany the implementation of wildlife crossing structures with research to 
investigate wildlife use and learn about possible preferences of the different target 
species with regard to the type and dimensions of the crossing structures. 

8. When duplicating a highway (i.e. making a 2-lane highway into a 4-lane highway), 
consider the structures for the two travel directions as one wildlife crossing structure 
rather than as two separate ones. This implies that the type and dimension of the 
crossing structures for the two travel directions should generally match, and that the 
structures should be at the same level allowing wildlife to see through both structures 
when they approach the highway. 

9. Create a very gradual, preferably level, approach for wildlife when approaching 
wildlife crossing structures. Avoid steep slopes (uphill or downhill), allow wildlife to 
see the sky and vegetation through or across the structure. 

 

6.6. Multi-Functional Crossing Structures 
 
In fragmented landscapes streams and rivers may be the only remaining corridors with natural or 
semi-natural vegetation. This is especially true in Brazil where regulations generally require a 
zone with natural vegetation of native species in a zone adjacent to the streams and rivers (Figure 
16). Thus it seems logical to try and make stream or river crossings also suitable for wildlife: 

1. Aquatic wildlife: It is best to have a natural stream bottom (bridge or bottomless culvert) 
to allow for natural stream dynamics and stream characteristics, including water velocity 
in the structure (Figure 17). 

2. Semi-aquatic wildlife: It is best to allow for sufficient space for a transition zone between 
land and water (riparian zone). Ideally there should be sufficient space for this zone to 
change its location depending on the water levels. 

3. Terrestrial wildlife: It is best to allow for sufficient space (e.g. at least 2 m wide, 3-5 m 
high) to allow large mammals to cross through the structure.  
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Figure 16: The area around Jibóa, São Paulo, Brazil. The image shows streams and rivers 
with a buffer zone of native shrubs and trees in an otherwise intensively used agricultural 
landscape. 
 
 

 
 
Figure 17: Multi-functional underpass (water, wildlife), central California, USA (© Marcel 
Huijser).  
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Allowing for a natural stream bed, riparian, and a terrestrial zone typically requires a larger 
structure than for hydrology alone. However, it is not only wildlife that benefits from larger 
structures. Extreme weather events with high levels of precipitation may occur more and more 
frequently in the future, and they may become the new norm rather than the exception. Having 
relatively large culverts and bridges makes it less likely that these structures will be blocked by 
debris and /or washed out as a result of the water pressure and a saturated road bed. 
 
Dividing walls inside the structure (Figure 18) should be avoided if the function of the structure 
is not only to pass water but also to pass wildlife. Dividing walls reduce the ability for wildlife 
that approach the structure to see the sky and the vegetation on the other side of the structure.  
 
 

 
 
Figure 18: Multi-functional underpass (water, wildlife) with a dividing wall (the structure 
basically consists of two box culverts), along SP-270, about 70 km south east from 
Presidente Prudente, São Paulo, Brazil (© Marcel Huijser).  
 
 
Suggestions 

1. At stream and river crossings, do build structures that provide space for aquatic, semi-
aquatic and terrestrial species. Note that this also reduces the risks for failed structures 
during periods with high precipitation. 

2. It is important to not only built wildlife crossing opportunities in low and wet areas. Also 
build wildlife crossing structures in high and dry habitat as different wildlife species have 
different habitat preferences. 
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3. Allow for a natural streambed and natural stream dynamics when possible (i.e. bridges or 
bottomless culverts). 

4. Avoid dividing walls or pillars inside a structure; make it as open as possible to allow 
wildlife to see the sky and vegetation on the other side of the structure. 

 

6.7. Construction Considerations 
 
Road and bridge construction requires heavy equipment. In most cases almost all the vegetation 
is removed to allow for space for machines, and soil and hydrology may also be severely 
affected (e.g. Figure 19). However, if one of the functions of a bridge is to allow wildlife to cross 
under the road, then it makes sense to minimize the disturbance and keep the natural vegetation, 
soil and hydrology as much intact as possible. Some bridges along the Rodoanel Norte were 
(partially) designed to allow howler monkeys (Alouatta clamitans) to pass under the highway. 
Therefore it would be best to keep shrubs and trees intact as much as possible so that a canopy 
connection between both sides of the road is available immediately after construction. Now that 
the vegetation has been destroyed, the soil has been compacted, and hydrology has been altered 
it may take many years before an effective canopy connection is restored and before the howler 
monkeys can be expected to move between both sides of the highway. 
 
 
 

 
 
Figure 19: Overspan bridge under construction, Rodoanel Norte, São Paulo, Brazil (© 
Marcel Huijser).  Note that the vegetation has been removed, and that the soil has been 
compacted everywhere by heavy machines. 
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It is possible to minimize vegetation removal and soil and hydrology impacts during the 
construction of a bridge (Figure 20). It requires restrictions for where machines and personnel 
can go. In the case of the desert vegetation under the bridge in Arizona it may take many 
hundreds of years for the vegetation to recover after a disturbance. Given the fact that a bridge 
may only have a life span of 75 years, the vegetation under the bridge would never have a chance 
to recover. Therefore it makes sense to minimize impacts to the vegetation and soil to begin with. 
 
 
 

 
Figure 20: Overspan bridge shortly after construction, Tonto National Forest, Arizona, 
USA (© Marcel Huijser). Note that the impacts of the construction on the vegetation and 
soil have been minimized.  
 
Suggestion: 

1. Minimize the impact on natural vegetation, soil and hydrology while constructing 
wildlife or multi-functional crossing structures. 
 

6.8. Median (Jersey) Barriers 
 
In most cases there is sufficient space in the median to allow for a slope that triggers vehicles 
that have left the pavement to roll before they end up in the lanes of oncoming traffic. However, 
in some situations there may simply not be enough space (e.g. canyon, river) to allow for a wide 
median. In other cases the economic or social costs of acquiring right-of-way are high resulting 
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in a narrow right-of-way and the absence of a wide median. Concrete median (or Jersey) barriers 
can then be used as an alternative to keep vehicles from crashing into oncoming traffic (Figure 
21). 
 
 

 
 
Figure 21: Concrete median (Jersey) barriers along along SP-225, near Itirapina, São 
Paulo, Brazil (© Marcel Huijser). 
 
By definition, median barriers increase the barrier effect of the highway and traffic for wildlife. 
It is unclear though if wildlife mortality changes as a result of the presence of the barriers. It may 
be that individual animals are less likely to cross the road as they cannot see the other side of the 
road because of the median barriers (fewer wildlife-vehicle collisions). On the other hand, 
individual animals that do attempt to cross the road may spend more time on the road trying to 
cross the median barriers and may therefore suffer increased risk of being hit by a car. This begs 
the question if mitigation measures should be implemented to reduce the barrier effect of the 
median barriers on wildlife and whether the risk of wildlife road mortality can or should be 
reduced. 
 
In most cases concrete median barriers are implemented along relatively wide and high volume 
highways (at least several tens of thousands of vehicles per day). One could argue that it is 
undesirable to have (large) mammals cross such busy roads, let alone to try and encourage 
wildlife to cross these highways by creating openings in the median barriers. Therefore it seems 
more practical to accept that highways with median barriers are or should be considered to be an 
almost absolute barrier to many wildlife species, and that wildlife fencing in combination with 
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wildlife underpasses or overpasses should be considered in locations with a high number of 
wildlife-vehicle collisions or along road sections that bisect nature reserves or other sensitive 
areas. 
 
Suggestions 

1. Recognize that median (Jersey) barriers increase the barrier effect of the highway and 
traffic for wildlife. 

2. Investigate the effect of the barriers on the number of wildlife-vehicle collisions. 
3. In areas with a concentration of wildlife-vehicle collisions or in sensitive areas (e.g. 

nature reserves) consider the implementation of wildlife fencing and wildlife crossing 
structures (underpasses and overpasses). 

 

6.9. Road Run-off Management 

Drainage can be hard to combine with a wildlife fence as it may result in an opening in the fence 
allowing certain species to access the fenced road corridor. In the images below the drainage is 
positioned right above multifunctional underpasses (water, wildlife) (Figure 22-23). There are 
pros and cons associated with this approach: 

Pros: 
1. This may reduce intrusions of wildlife into the fenced road corridor as it is harder for 

wildlife to access the gap under the fence. 
2. Depending on the construction it may be harder for vegetation to eventually block the gap 

under the fence and plug the drainage gutter. 
  
Cons: 

1. If it is a multi-functional underpass including for water, it is best avoided to drain run-off 
from the road directly into a stream, or river. Road run-off likely contains pollutants (e.g. 
from road surface, particles from tires) and sediments which should not go directly into a 
stream or river. It is better to drain road run-off into (artificial) depressions where it can 
percolate into the soil (Figure 24). The soil and microbes can then filter out or break 
down the pollutants and sediments before they get into the stream. 

2. If it is a multi-functional underpass including for water, it is best avoided to drain any 
unnaturally concentrated water directly into a stream. Concentrating water and dumping 
it into a stream or river increases peak flows and increases the risk of flooding 
downstream. It is especially important to keep unnaturally concentrated water out of 
rivers and streams in areas with severe rain events (heavy downpours) and when such 
events may become more common in the future (climate change). It is better to drain road 
run-off into (artificial) depressions where it can percolate into the soil (Figure 24). As a 
consequence it takes more time for the water to reach the stream and the water does not 
reach the stream all at the same time. 

3. In other situations the underpass may not have a stream or river, and the structure may 
be only or mostly intended for wildlife. However, when it rains, it results in a temporary 
"waterfall" at the entrance of the underpass. It is unknown if this affects wildlife use. 
"Falling water" may deter wildlife during a rain storm, but a puddle (after a rain storm) 
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may be an attractant. However, because of the pollutants in road run-off it is not 
advisable to encourage wildlife to drink this type of water. 

4. In a "dry" underpass a hard (potentially artificial) surface is needed to prevent erosion 
where the water hits the ground. However, the surface in front of and inside an underpass 
should preferably match the natural soil of the surroundings.  

5.  

 

Figure 22: Drainage from road under wildlife fence at underpass, SP-270 about 70 km 
south east of Presidente Prudente, São Paulo, Brazil (© Marcel Huijser). 
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Figure 23: Drainage from road under wildlife fence at underpass, SP-270 about 70 km 
south east of Presidente Prudente, São Paulo, Brazil (© Marcel Huijser). 
 

 
 
Figure 24: Rolling dips (basins) adjacent to a two-lane road near Santa Fé do Sul, São 
Paulo, Brazil (© Marcel Huijser). 
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Suggestions: 
1. Do not direct road run-off into streams, rivers or other natural waterbodies. 
2. Do direct road run-off into (natural) depressions where it can percolate into the soil and 

where pollutants and sediments can be filtered out before the water reaches a stream. 
3. Do direct road run-off into (natural) depressions where it can percolate into the soil so 

that it takes longer for the water to reach the stream thereby reducing the risks of flooding 
downstream. 

 

6.10. Anti-Erosion Netting 
 
During and after road (re)construction there is often bare soil on slopes and a high risk of 
erosion. To reduce the risk of erosion anti-erosion netting can be used. The anti-erosion netting is 
usually not removed after the new vegetation has stabilized the soil. 
 
If plastic (or nylon) anti-erosion netting is used it can be a death trap for animals, specifically 
snakes. The mortality may be so high that it could perhaps even be a population sink for snakes. 
Plastic or nylon netting may act as a death trap for many years, potentially even decades. 
Therefore it is best to use netting made out of natural fibers instead. Natural fibers are likely to 
decompose within a year and stabilize the soil long enough for vegetation to return and take over 
its task.   
 

 
Figure 25: Plastic (or nylon) anti-erosion netting, Parque Nacional da Serra da Bocaina, 
São Paulo, Brazil (© Marcel Huijser). 
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Figure 26: Snake mortality in plastic (or nylon) anti-erosion netting, Montana, USA (© 
Marcel Huijser). 
 
 
Suggestion: 

1. Do not use plastic or nylon anti-erosion netting; consider anti-erosion netting made out of 
natural fibers instead.
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7. FUTURE PLANS 
 
The road ecology course at ESALQ was well received by the students (see Appendix B). In 
addition, there are a number of students who have initiated MSc, PhD or other studies related to 
road ecology (see Chapter 4) and these students are interested in having further input from Dr. 
Marcel P. Huijser. In addition, a network was established of researchers and practitioners from 
both the public and private sector (see Chapter 3, 5) and there appears to be a great need for 
better design, implementation and maintenance of mitigation measures aimed at reducing 
wildlife-vehicle collisions and maintain a certain degree of habitat connectivity for wildlife 
(Chapter 6). The positive feedback regarding the activities developed by Dr. Marcel P. Huijser in 
São Paulo state (as well as several other states), with CAPES and ESALQ support, demonstrates 
that the objective of initiating a road ecology program and stimulating road ecology activities in 
Brazil was reached successfully. The feedback on the activities developed so far and the interest 
that was expressed in the development of a more permanent road ecology research program at 
ESALQ has motivated us to continue the partnership between ESALQ and the Western 
Transportation Insitute. Therefore Dr. Katia Ferraz (ESALQ, USP) and Dr. Marcel P. Huijser 
(Western Transportation Institute) are planning to write another grant proposal. The new 
proposal would contain the following elements: 
 

1. A (yearly) road ecology course for post-graduate students. The new road ecology course 
would likely differ somewhat from the 2014 course: 

a. Greater effort to not only recruit biology/ecology students, but also civil 
engineers, hydrologists and spatial planners. This would lead to a greater and 
faster shift in road (re)construction practices and how this relates to road ecology 
in Brazil. 

b. Greater effort to invite civil engineers hydrologists and spatial planners as guest 
speakers. This would increase the attention to abiotic and planning processes 
related to road ecology. 

c. Increase the amount of time dedicated to the field trip and associated research 
activities. 

2. Participating in (field) research activities with Brazilian researchers. Now that Dr. Marcel 
P. Huijser and Dr. Katia Ferraz have extended their road ecology network in Brazil it is 
possible to be more involved with (field) research activities rather than mostly conducting 
analyses and writing related to existing data. 

3. Setting up a larger research program involving different research groups in different parts 
of Brazil representing different biomes. The research program would focus on the 
impacts of road and traffic on the natural environment (and potentially also on indigenous 
people) and avoidance, mitigation and compensation strategies aimed at reducing these 
impacts. This effort should result in practical guidelines and recommendations for road 
(re)construction projects in different biomes throughout Brazil. 
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APPENDIX A1: ROAD ECOLOGY COURSE DESCRIPTION 
 
 
Road ecology course 
Start date: 29 September 2014  
End date: 24 October 2014 
 
Total credits: 8  
Total number of weeks: 4  
Total hours: 120 
 
Course instructors: 
Marcel P. Huijser, PhD, visiting professor at University of São Paulo, ESALQ, Ciências 
Florestais, Piracicaba (CAPES grant), e-mail: mhuijser@coe.montana.edu 
Katia Ferraz, PhD, University of São Paulo, ESALQ, Ciências Florestais, Piracicaba, e-mail: 
katia.ferraz@usp.br 
  
This course is open to graduate students of the University of São Paulo and other universities.  
 
Deadline registration for the course: 12 September 2014 
 
 
The road ecology course will be taught in English. The students are expected to have basic 
knowledge and understanding of English. The students will need to participate in classroom 
discussions, give podium presentations to the class, and be able to write in English. However, in 
order to participate in this course the student’s English does not have to be perfect. The course 
instructor (Marcel) will try to communicate as clear as possible, and it is perfectly fine to ask for 
clarification when needed.  
 
The exact schedule for the lectures, field trip, and other course activities will be decided on based 
on other potential other obligations of the students. 
 
 
Objective 
 
The objective of this course is to contribute to educating students with regard to the impacts of 
roads and traffic on wildlife, human safety aspects of wildlife-vehicle collisions, and cost-
effective strategies aimed at avoiding, reducing or compensating for these impacts. 
 
 
Justification 
 
The transportation infrastructure network has increased tremendously across the world over the 
last century. A well-developed transportation infrastructure network allows for the safe and 
efficient transportation of people and goods and it is associated with economic growth and 
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development. While roads and railroads form an essential link between cities and villages, they 
also cut through agricultural and natural areas, including wildlife habitat.  
 
Brazil has one of the largest and fastest growing economies in the world. This is accompanied by 
a quickly expanding infrastructure network. At the same time Brazil probably hosts the highest 
biodiversity of any country in the world. With professionals that have good knowledge of the 
impacts of roads and traffic on wildlife, human safety aspects of wildlife-vehicle collisions, and 
cost-effective strategies aimed at avoiding, reducing or compensating for these impacts, Brazil 
has an opportunity to build more sustainable roads from the start.   
 
 
Course summary 
This course illustrates the relationship between highways and traffic, wildlife, and human safety. 
Road ecology has important implications for biological conservation as direct mortality and 
habitat loss and fragmentation are among the greatest threats to the persistence of species in the 
landscape.  
 
During the course we will discuss the impacts of roads and traffic on human safety and wildlife 
and we will explore different strategies to address these impacts. The course relates to different 
road categories ranging from low volume dirt roads to major motorways and it includes impacts 
on both the abiotic (noise, chemical pollutants, light, dust) and the biotic environment (e.g. plant, 
animals, humans). While a substantial amount of time is dedicated to mitigation measures aimed 
at reducing the impacts of roads and traffic on the natural environment, a three step approach is 
advocated: avoidance, mitigation and compensation. The course will explore different techniques 
to identify and prioritize road sections that may require action. While some measures are both in 
the interest of human safety and wildlife, the course participants will investigate potential 
differences between approaches based on human safety versus biological conservation. The 
course will highlight mitigation measures deemed effective in reducing wildlife-vehicle 
collisions (direct wildlife mortality) and maintaining a certain degree of habitat connectivity for 
wildlife. These mitigation measures include, but are not restricted to wildlife fencing, wildlife 
underpasses and overpasses, and animal detection systems. Finally the course includes 
illustrations of cost-benefit analyses of mitigation measures aimed at reducing collisions with 
large mammals that are a threat to human safety. 
 
The course consists of lectures, reading assignments, class discussions, and small projects you 
will have to write a small article about (case study). The course will probably include a field trip 
to visit motorways, highways and dirt roads in the region. The field trip will be the base for the 
case studies which include writing a short article and presentations to the class.  
 
This lecture is recommended for graduate students in biology (especially ecology), civil 
engineering, forestry, landscape planning, and landscape architecture. There will not be a written 
test. Instead you will be rated based on your short article on your case study, the presentation of 
the case study to the class, and your participation in group discussions. 
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Course instructors: Marcel Huijser - Mini Curriculum  

 
 

 
 
 
 

 

 
Marcel Huijser received his PhD in 
Road Ecology (2000) from 
Wageningen University, the 
Netherlands. For almost 20 years 
Marcel has worked on issues related 
to infrastructure and wildlife. He 
spent the past 12 years at the Western 
Transportation Institute at Montana 
State University. He has worked on 
road ecology projects in Europe, 
North America, Asia and South 
America. His research focuses on 
wildlife-vehicle collisions and 
mitigation measures aimed at 
reducing these collisions, providing 
safe crossing opportunities for 
wildlife, improving human safety, and 
cost-benefit analyses for the 
implementation of effective 
mitigation measures. He is currently a 
visiting professor at the University of 
São Paulo (ESALQ, Piracicaba). 
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APPENDIX A2: ROAD ECOLOGY COURSE, ESALQ, USP 
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APPENDIX B: EVALUATION ROAD ECOLOGY COURSE BY THE STUDENTS 
 
Note: the survey contained several “control” questions to check the awareness level of the students entering their responses. 
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Suggestions for the guest speakers listed above or suggestions for inviting additional guest speakers (names, topics) 
 

• “I think it was good to hear from engineers and other professional who’s the main concerns may not be the wildlife. So we 
could understand a bit the main issues and lack of specific knowledge they might have. Also it was possible to see the points of 
possible miscommunication due the fact that biologists and engineers may use the same words with different technical 
meaning. I think that was important to understand how important a clear communication and dialogue is to get optimal 
results.” 

• “Maybe invite people from CODASP, IPT, DER, ARTESP and concessionaire.” 
• “Maybe Alex Bager. Ask Ronaldo Morato to talk more about roads” 
• “I thought that Ronaldo's presentation did not improve or add things to topics discussed in the course. And unfortunately I 

didn't watch Simone's presentation.” 
• “Road engineer - restrictions to under and overpasses; and also someone to talk about how much money could be available to 

mitigation measures for a "small" road as SP-225 and a big one as Rodoanel highway” 
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If you have any other thoughts with regard to the excursion and data collection efforts in Itirapina or suggestions for the 
logistics, please describe below. 

• “We can go to different places like: Itirapina or Luis Antônio Reserve and meet a real construction like Rodoanel Trecho 
Norte.  And I think it´s a good idea to open spots for monitors, they are important to help student in the field and prepare 
materials. Next year university can provide money for food and place to sleep. About research is necessary to create small 
groups and give just 4-5 ideas, I think people can concentrate effort in some important themes. The professor can work with 
this idea in the beginning of the course, then student can start to think what they want to work.” 

• “Perhaps, in order to further optimize field work, become more specific and clear what each one or each group should do in the 
field. Maybe outlining or plotting proposals and previous projects before going into the field. This can be accomplished by 
great experience with Marcel and Bethanie Ecology Road, and also open to students who already have some experience in the 
field.” 

• “Should contract someone to prepare all meals since I suggested them to be eaten at the research station for a greater 
participants interaction.” 

 
 
What did you like best about the course? 

• “It is very applicable.” 
• “The information was amazing, I loved to know different papers, graphs, the discussions were very good and the field work 

was practical, this is important for students, we never keep in touch with reality.” 
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• “The course presented a broad overview of road ecology research around the world.” 
• “It really opened my mind. Now I see that road Ecology is much more than just road kills and I really loved it!  The teachers 

were the best part of the course for sure. Your knowledge and desire to spread it were wonderful!” 
• “I liked the structure of the course. Some mixed methods like discussions, guests, individual projects and several types of 

classes. I think the idea to bring other people to interact and discussed the main concerned here in Brazil was so nice!” 
• “The classes were extremely important, enlightening and informative. Really, for me internalize knowledge about the 

enormous importance of the ecology of Roads in my area of expertise.   Marcel and Bethanie are fantastic people! Surely, their 
personalities were factors that contributed to the further success of the course.   Professor Katia and Fernanda Abra were also 
really important to the success achieved in this first course!” 

• “Real examples of road mitigation” 
• “The interaction among students and instructor (and other participants, not the pernilongos though)” 

 
What changes would you recommend to the course? 

• “I think the changes and adjustments will happen naturally. I believe that in a few years more and more studies related to Road 
Ecology will happen in Brazil. And these new information may help to produce and adjust technical guidelines related to Road 
Ecology.” 

• “The course was really nice, I think the field work should be more planned and take more time!  We can go to different places, 
including a real construction like rodoanel trecho norte.” 

• “Increase the period at Itirapina station. Present the schedule of the course emphasizing that the classes will be on Mondays 
and Tuesdays only.” 

• “Only the ones in the field, and less mosquitos too, please!” 
• “As you suggested, the field trip can be longer. And I think we could talk more about mitigation measures for other animal 

groups, like amphibians and reptiles.” 
• “If possible, it was longer and more durable.” 
• “Concentrate the whole course in four weeks of 8 hours: two of lectures, one in field and plus one of discussions on collected 

data on field.” 
 

What are the strengths of the main instructor (Marcel)? 
• “Marcel has a very good sense of humor and is a very pleasant person to deal with. He is a very good lecturer but also paid 

careful attention to the student questions. He managed very well the class, balancing control and participation. He was also 
very creative and clearly enjoyed the process related to discuss research questions.” 
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• “Marcel is very didactic, brought a lot of good information, he has the ability to communicate with student, is funny but teach 
with sincerity. I never filled a form like this one after a course, this thing show to me that the professor really care about the 
quality of teaching, and I feel respected like student.” 

• “Marcel taught in a very didactical way. The presentations could be easily to be understood. Additionally he was very opened 
for discussions during the classes.” 

• “His mood, his desire to make things happen in Brazil and his wife. =)” 
• “Marcel is very didactic teacher (It is unbelievable that he had never taught). He can associate easily the things that we had in 

class with the "real world". He organized all things in the best way.” 
• “Many points: their knowledge about the subject is huge, vast, giant!   Has a teaching that few teachers have. Patience and 

determination that few people possess.” 
• “His opening for discussion and to student opinions” 
• “Clear communication, enthusiasm and excellent and vast reference literature” 

 
What suggestions do you have to improve Marcel's teaching? 

• “I believe it is good to Brazilian students to be challenged to take the course in English and I also believe that the course 
should remain in English. But I liked to see that Marcel and Bethanie are improving their Portuguese because that will be very 
helpful in the situations where guest speakers have difficult with English, or when the Brazilian students got too excited and 
sudden start to talk in Portuguese  :)” 

• “Keep on encouraging discussions during the classes.” 
• “Take off the air control of his hands!!!!  I think Marcel is a very good teacher, I was surprised to know that this was his first 

time.” 
• “Your classes were very rich and diverse. It is very difficult suggesting things for improving them!” 
• “I have no suggestion. For me, it's perfect.” 
• “You did an excellent job, continue following your intuition and keep a flexible schedule. also keep the summary activity in 

small groups in the end of each day, even if students prefer to go home, that is a good way to make the take home messages of 
the day evident and clear” 

 
What could the course do to help stimulate further research, development and implementation of measures aimed at reducing 
wildlife-vehicle collisions and maintaining habitat connectivity across roads and highways for wildlife in Brazil? 

• “Technically, I believe it is important to produce some sort of guides to the engineers (perhaps it can involve biologists and 
also people from the government and private companies connected to the managements of roads).  And it is important as well 
to publish the applied knowledge in scientific articles which give them even more credibility.” 
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• “This course was so important for me, for sure this will help me and my colleagues to look differently impacts of roads and 
traffic cause in environment. This course is completely different from others and bring us special news. I feel much more 
prepared to discuss stuff related with road ecology. More than that I think this course was the beginning of a new field of 
applied knowledge in Brasil. I would like to make other courses and continue to study road ecology. We don´t have Brazilian 
professors working with road ecology, Marcel should come back next years and continue to teach other students!” 

• “Perhaps before the classes begin, it could be asked for each student to think a little about their own study sites and the relation 
with roads. Additionally it could be sent some papers to be read before the beginning of the classes (revision papers about 
structures, for example). Maybe this could help students to think a little about their own study sites and what could be done to 
modify the potential impacts related to roadkills.” 

• “I think that the classes stimulates further research already.   The events you are organizing, with concessionaires and people 
who works with it but are not biologists, are the first step to achieve this aims, in my opinion.” 

• “I think the course stimulated students to work with road ecology here in Brazil and that is the best way to help the research of 
the theme.” 

• “I believe that the principal started: increase the number of people with real interest in the area. This can lead to change future 
generations or even current rulers and people of power.   But something that sounds good is to conduct short courses and 
lectures for managers of highways, concessionaires, researchers and professionals.” 

• “Keep happening at this and other universities.” 
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APPENDIX C1: UNDERGRADUATE THESIS ANA SCIVITTARO CRUZ 
 
 

Western Transportation Institute  Page 54 



Initiation Road Ecology Program ESALQ    Appendix C2 

APPENDIX C2: UNDERGRADUATE THESIS TAMIRIS CHACON 
DEAJUTE 
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APPENDIX D1: PRIME ENGENHARIA 
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APPENDIX D2: DEPARTAMENTO DE CIÊNCIAS FLORESTAIS, ESALQ, 
USP 
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APPENDIX D3: DERSA 
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APPENDIX D4: "O EMPREITEIRO" 
Publication in a a widely circulated Brazilian engineering 
magazine. http://www.oempreiteiro.com.br/Publicacoes/15240/o_fator_animal.aspx 
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APPENDIX D5: GRADUATE PROGRAM COMMITTEE, ESALQ, USP 
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APPENDIX D6: BOARD DEPARTAMENTO DE CIÊNCIAS FLORESTAIS, 
ESALQ, USP 

 
 

Western Transportation Institute  Page 63 



Initiation Road Ecology Program ESALQ    Appendix D7 

APPENDIX D7: WORKSHOP - IMPACTOS DA RODOVIA BR-101 NA 
RESERVA BIOLÓGICA DE SOORETAMA 
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APPENDIX D8: WORKSHOP - IMPACTOS DA RODOVIA BR-101 NA 
RESERVA BIOLÓGICA DE SOORETAMA 
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APPENDIX D9: WORKSHOPS "ECOLOGIO NAS ESTRADAS” FOR 
CART 
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APPENDIX D10: UNIVERSIDADE FEDERALDO RIO GRANDE DO SUL 
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APPENDIX D11: ECOTRANS CONFERENCE 
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APPENDIX D12: UNIVERSIDADE FEDERAL DE SÃO CARLOS, SÃO 
PAULO 
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APPENDIX D13: DEPARTAMENTO DE ECOLOGIA DA UNESP, RIO 
CLARO, SÃO PAULO 
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APPENDIX D14: ROAD ECOLOGY COURSE FOR CETESB 
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APPENDIX D15: EVALUATION ROAD ECOLOGY COURSE FOR 
CETESB 

 

 

Western Transportation Institute  Page 81 


	1. Introduction
	1.1. Background
	1.2. Goals and Objectives
	1.3. Organization of the Report

	2. Road Ecology Course
	3. Advice to Students and Other Researchers
	4. Peer Reviewed Articles
	5. Guest Lectures and Workshops
	6. Suggestions for Road Ecology Practices in Brazil
	6.1. Transportation Mode, Highway Location and Footprint in Relation to (Re)Construction or Duplication
	6.2. Wildlife Warning Signs
	6.3. Speed Management
	6.4. Wildlife Fencing
	6.5. Safe Crossing Opportunities for Wildlife
	6.6. Multi-Functional Crossing Structures
	6.7. Construction Considerations
	6.8. Median (Jersey) Barriers
	6.9. Road Run-off Management
	6.10. Anti-Erosion Netting

	7. Future Plans
	8. References
	Appendix A1: Road Ecology Course Description
	Appendix A2: Road Ecology Course, ESALQ, USP
	Appendix B: Evaluation Road Ecology Course by the Students
	Appendix C1: Undergraduate Thesis Ana Scivittaro Cruz
	Appendix C2: Undergraduate Thesis Tamiris Chacon Deajute
	Appendix D1: Prime Engenharia
	Appendix D2: Departamento de Ciências Florestais, ESALQ, USP
	Appendix D3: DERSA
	Appendix D4: "O EMPREITEIRO"
	Appendix D5: Graduate Program Committee, ESALQ, USP
	Appendix D6: Board Departamento de Ciências Florestais, ESALQ, USP
	Appendix D7: Workshop - Impactos da rodovia BR-101 na Reserva Biológica de Sooretama
	Appendix D8: Workshop - Impactos da rodovia BR-101 na Reserva Biológica de Sooretama
	Appendix D9: workshopS "Ecologio nas Estradas” for CART
	Appendix D10: Universidade Federaldo Rio Grande do Sul
	Appendix D11: ECOTRANS Conference
	Appendix D12: Universidade Federal de São Carlos, São Paulo
	Appendix D13: Departamento de Ecologia da UNESP, Rio Claro, São Paulo
	Appendix D14: Road Ecology Course for CETESB
	Appendix D15: Evaluation Road Ecology Course for CETESB

