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How can we mitigate the negative effects of
roads on ecological connectivity? 

Investigating the options

Dr. Jochen Jaeger

Concordia University, Montréal (QC)
Department of Geography, Planning and Environment

Canadian Maritimes Ecological Connectivity Forum, Dalhousie University 
Halifax (NS), 24-25 April 2019 
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1989

Brugger (1992)

Landscapes 
are changing 

very fast 
Increase of roads 
and urban sprawl
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1956

1989

Brugger (1992)

Landscapes 
are changing 

very fast 
Increase of roads 
and urban sprawl

What does this mean 
for 

landscape connectivity?

- More animals killed on roads (incased road mortality)

- Loss of habitat

- Reduced connectivity 
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Planned new roads worldwide: 

The total length of 
additional roads worldwide 
by 2050 compared to 2010:  
> 25 million kilometers

= more than 600 times 
around the planet   
(Dulac 2013; Laurence et al. 2014)

e.g., Belt-and-Road (BRI) Initiative by China and 
more than 60 other countries (since 2013) 
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dependency and high greenhouse gas 
emissions. The increased shipping associated 
with the BRI will further contribute to this 
impact. Despite being the most energy-
efficient mode of transportation, shipping is 
one of the fastest-growing sectors in terms of 
greenhouse gas emissions15.

Overall, although the BRI aims to bring 
benefits to human populations, it risks 
coming with a high toll for the environment 
and, in the long run, may jeopardize the 
benefits of socioeconomic development. 
In contrast, the underlying premise in 
development strategies should be to ensure 
both human and environmental wellbeing 
— intertwined conditions — over time16.

Call for SESA
In the past few decades, China has 
experienced first hand the environmental 
impacts of rapid development without 
adequate safeguards, leaving a legacy 
of air, water and soil pollution and 
ecosystem degradation, with which it still 
struggles to cope17. In response, China’s 
government has strengthened some of its 
environmental legislation and national 
and regional policies, striving for an 
‘ecological civilization’18. Today, China aims 
to dramatically improve environmental 
regulations, reduce pollution and transform 

industries by adopting new green 
technologies and higher environmental 
standards. However, for many other 
developing countries and regions benefiting 
from the investments of the BRI, raising 
social and economic standards is a primary 
goal whereas, as happened in China, the 
protection of natural resources is not yet a 
priority.

If not properly addressed, the negative 
environmental impacts of the BRI are likely 
to disproportionately affect the world’s 
poor16,19, hence putting at risk the wellbeing 
of the very people it aims to help. Success of 
the BRI therefore depends largely on China 
and its partners not repeating the mistakes 
of the past, but instead putting into action 
China’s declared aspirations for sustainable 
development, as set out in its Ecological and 
Environmental Cooperation Plan3. This plan 
states that cooperation on environmental 
protection is a fundamental requirement for 
the BRI, and that such cooperation is vital 
for a green transformation of the national 
and regional economy and a major move 
to fulfil the 2030 Agenda for Sustainable 
Development20.

We suggest a new paradigm whereby 
BRI-related projects happening outside 
China comply with the environmental 
standards China now aspires to at home3,21. 

This calls for Strategic Environmental 
and Social Assessments (SESAs) of the 
BRI and along each major economic 
corridor22,23. The SESAs should provide a 
systematic evaluation of the environmental 
consequences of proposed policies, plans 
and programmes, ensuring that they are 
appropriately addressed at the earliest stage 
of decision-making, concurrent with the 
economic and social consequences. SESAs 
have been regularly applied in China since 
the 1990s, as they are a legal requirement for 
major economic development activities24. 
In addition, credible environmental impact 
assessments (EIAs) of specific projects can 
prevent irreparable damage and generate 
substantial conservation and social 
benefits, such as biodiversity protection, 
increased carbon storage and improved 
water quality5,25–28. For such environmental 
assessments to effectively avoid detrimental 
impacts of the BRI, it is fundamental that 
China and its partners regard the SESAs not 
only as a formal requirement, but also as an 
important step in the process to add value to 
the projects29.

There is much to gain from strategically 
addressing all environmental impacts 
before projects begin, rather than 
ignoring and facing them later on, 
when repairing the damage is either 
impossible or extremely costly28,29. 
Increasingly, there are examples of well-
planned road developments that do not 
interfere significantly with environmental 
conservation, have negligible impacts on 
protected areas, and are better aligned to 
benefit local communities and agriculture. 
For example, one alignment of the proposed 
Serengeti Highway in Tanzania would 
circumnavigate the national park, while 
better linking local communities and their 
businesses to larger cities, and improving 
access to schools and hospitals30. Similarly, 
an alternative route for the proposed Cross 
River Superhighway in Nigeria was recently 
accepted by the state government, entailing 
far less environmental degradation and 
providing greater local economic benefit by 
improving highway access for many existing 
villages, local government areas and 
agricultural lands26. In another example, the 
Asian Development Bank recently forced 
the Bangladesh Railway to fully mitigate 
the impacts of proposed subregional and 
trans-Asian railway projects on protected 
areas, by strengthening elephant population 
connectivity through the construction of 
overpasses at five active elephant crossing 
locations31.

We acknowledge that EIAs and 
SESAs can become more complex when 
infrastructure projects are transboundary 
and funded by a mix of international, 

0 1,000 km

Silk Road Economic Belt
Twenty-first-century Maritime Silk Road
Roads and railways
Pipelines
Ports

Fig. 1 | Main trade corridors (Silk Road Economic Belt and twenty-first-century Maritime Silk Road) 
from and to China and some of the most important infrastructure and ports built or planned with 
Chinese investment in the BRI. Environmental value is shown in green (darker green corresponding 
to more value), integrating data on terrestrial biodiversity, key habitats, wilderness and environmental 
services5. Infrastructure mapping is based on infographics from the Mercator Institute for China Studies 
(MERICS).
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Ascensao
et al. 

(2018)
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“Global Infrastructure Tsunami”  

4

Laurance (2018)

The “tsunami” of new roads (and 
urban sprawl) will greatly accelerate 

the incipient 6th mass extinction.

What to expect for the coming years: 

- strong reduction in roadless areas, 
- severe reduction in connectivity,  
- massive increase in road mortality, 
- great loss of wildlife habitats. 

In fact, Canada...
…is world champion in terms of amount of roads 

per capita! Forman et al. (2003)
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Locations in Quebec

6

Autoroute 85
Route 138
Route 175

Autoroute 73

Autoroute 10
Route 245

HW 175

A 10

A 85HW 138

HW 245

A 73

Encounters with wildlife

Canadian Street Gang
© BC Ministry of Transportation
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8Hundreds of millions of vertebrates every year! 

Verändert nach: http://www.navc.de/ © H. Corneliussen
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Reduced Connectivity

Roads and Traffic

Habitat Loss Traffic Mortality

R.I.P.

Road Avoidance

Population   
Subdivision

Jaeger et al. (2005)

Road mortality 
reduces 

connectivity a lot! 
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Short communication

Relative effects of road mortality and decreased connectivity on population
genetic diversity

Nathan D. Jackson ⇑, Lenore Fahrig
Geomatics and Landscape Ecology Research Laboratory, Department of Biology, Carleton University, 1125 Colonel By Drive, Ottawa, ON, Canada K1S 5B6
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a b s t r a c t

Roads can have two important effects on populations that impact genetic variation: reduced gene flow
and reduced abundance. Reduced gene flow (‘‘barrier effects’’) due to road avoidance behavior or road
mortality can lead to reduced genetic diversity because genetic drift is enhanced in fragmented popula-
tions. Road mortality can also reduce population abundance (‘‘depletion effects’’) whenever road-caused
mortality outpaces recruitment, also lowering diversity even when barrier effects are inconsequential.
Although roads are expected to affect both genetic diversity and fragmentation, most research focuses
only on fragmentation. Furthermore, in studies that do investigate road effects on genetic diversity, cor-
relations are usually attributed to barrier effects and little attention is paid to the potentially confounding
influence of mortality-caused depletion effects. Here we investigate the relative importance of barrier
and depletion effects on genetic diversity of populations separated by a road by performing coalescent
simulations wherein these two road effects are varied independently. By simulating wide ranging rates
of migration and population decline, we also determine how the importance of these forces changes
depending on their relative magnitude. We show that the vast majority of potential variation in genetic
diversity is governed by depletion (mortality) rather than barrier effects. We also show that unless migra-
tion is sufficiently high and population decline due to mortality is sufficiently low, increasing migration
across roads will generally not recoup genetic variation lost due to road mortality. We argue that the
genetic effects of road-mediated mortality have been underappreciated and should be more often consid-
ered before prioritizing road-mitigation measures.

! 2011 Elsevier Ltd. All rights reserved.

1. Introduction

One of the fundamental goals of conservation biology is to pre-
serve genetic diversity (Avise, 1996; Schonewald-Cox et al., 1983).
Consequently, when evaluating the influence of roads and traffic
on patterns of population genetic variation, genetic diversity is
one of the parameters we are most interested in tracking. The im-
pact of roads on population connectivity and abundance are of con-
cern to conservation geneticists largely because they are thought
to ultimately reduce genetic diversity (Frankel and Soulé, 1981).
By understanding the relative contribution of different road effects
to the erosion of population genetic diversity, we can better devise
measures of road mitigation.

When organisms interact with roads, road avoidance and mor-
tality are two well-known outcomes that can contribute to popula-
tion genetic diversity decline (Forman et al., 2003). Road avoidance
behavior limits dispersal across roads. Reduced gene flow between
populations separated by roads genetically fragments populations,

leading to lower effective population sizes. This heightens the
power of genetic drift to erode genetic diversity within populations
(Wright, 1931). Road avoidance thus results in a ‘‘barrier effect’’
that is expected to decrease diversity within populations while
increasing divergence between populations.

Mortality on roads due to collision of individuals with on-com-
ing vehicles has been well-documented in many animal species
(reviewed in Forman et al., 2003). Mortality can depress population
abundance if sufficiently high relative to background mortality
rates (reviewed in Fahrig and Rytwinski, 2009). This decreased
abundance or population ‘‘depletion effect’’ also leads to loss of ge-
netic variation due to genetic drift. However, mortality on roads
also entails a barrier effect because it eliminates would-be road-
crossers. Thus, if road-kill rates are high, an especially negative ef-
fect on genetic diversity is expected given that a reduction in abun-
dance and connectivity may be occurring simultaneously.

Despite the fact that both depletion and barrier effects of roads
can contribute to a decline in genetic diversity, barrier effects have
attracted a majority of the attention from landscape and conserva-
tion geneticists. A 2009 review of road genetics research found that
nearly twice as many studies tested the influence of roads on gene
flow or genetic fragmentation (consequences of a barrier effect) as

0006-3207/$ - see front matter ! 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.biocon.2011.09.010

⇑ Corresponding author. Tel.: +1 613 520 2600/3831; fax: +1 613 520 3539.
E-mail addresses: nathanjackson@glel.carleton.ca (N.D. Jackson),

lenore_fahrig@carleton.ca (L. Fahrig).

Biological Conservation 144 (2011) 3143–3148

Contents lists available at SciVerse ScienceDirect

Biological Conservation

journal homepage: www.elsevier .com/ locate /biocon

Jackson & Fahrig
(2011) 

- Effect of road mortality on genetic diversity is stronger than the 
barrier effect in most cases.
- Increasing movement across roads will generally not compensate for 
genetic variation lost due to road mortality.
- The genetic effects of road mortality should be more often considered 
when prioritizing road-mitigation measures. 
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road avoidance = animals don’t try to cross (Avoid)
traffic mortality = percent of animals killed on the road (Kill)

proportion of
animals killed

100% Avoid

Kill

road

What is more important for population persistence: 
Road mortality or the barrier effect alone (without 

mortality)? 

Jaeger & Fahrig (2004)
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Road mortality 
is much more 

important than the 
barrier effect alone! 

Effects of Road Fencing on Population Persistence
JOCHEN A. G. JAEGER∗ AND LENORE FAHRIG
Ottawa-Carleton Institute of Biology, Carleton University, 1125 Colonel By Drive, Ottawa, ON, K1S 5B6, Canada

Abstract: Roads affect animal populations in three adverse ways. They act as barriers to movement, enhance
mortality due to collisions with vehicles, and reduce the amount and quality of habitat. Putting fences along
roads removes the problem of road mortality but increases the barrier effect. We studied this trade-off through
a stochastic, spatially explicit, individual-based model of population dynamics. We investigated the conditions
under which fences reduce the impact of roads on population persistence. Our results showed that a fence
may or may not reduce the effect of the road on population persistence, depending on the degree of road
avoidance by the animal and the probability that an animal that enters the road is killed by a vehicle. Our
model predicted a lower value of traffic mortality below which a fence was always harmful and an upper
value of traffic mortality above which a fence was always beneficial. Between these two values the suitability
of fences depended on the degree of road avoidance. Fences were more likely to be beneficial the lower the
degree of road avoidance and the higher the probability of an animal being killed on the road. We recommend
the use of fences when traffic is so high that animals almost never succeed in their attempts to cross the road
or the population of the species of concern is declining and high traffic mortality is known to contribute to
the decline. We discourage the use of fences when population size is stable or increasing or if the animals
need access to resources on both sides of the road, unless fences are used in combination with wildlife crossing
structures. In many cases, the use of fences may be beneficial as an interim measure until more permanent
measures are implemented.

Key Words: barrier effect, connectivity, fences, fragmentation, population viability analysis, roads, road avoid-
ance, spatially explicit population model (SEPM), traffic mortality

Efectos del Cercado de Caminos sobre la Persistencia de la Población

Resumen: Los caminos afectan a poblaciones animales de tres maneras adversas. Actúan como barreras
al movimiento, incrementan la mortalidad debido a colisiones con vehı́culos y reducen la cantidad y calidad
de hábitat. La colocación de cercas a lo largo de caminos remueve el problema de mortalidad por tráfico
pero incrementa el efecto de barrera. Estudiamos esta compensación por medio de un modelo de dinámica
poblacional basado en individuos, espacialmente expĺıcito y estocástico. Investigamos las condiciones bajo
las que las cercas reducen el impacto de caminos sobre la persistencia de la población. Nuestros resultados
mostraron que una cerca puede o no puede reducir el efecto del camino sobre la persistencia de la población,
dependiendo del grado de evasión de caminos del animal y de la probabilidad de que un animal que entra al
camino sea matado por un vehı́culo. Nuestro modelo predijo un menor valor de mortalidad por tráfico bajo
el cual una cerca siempre fue perjudicial y un valor superior de mortalidad por tráfico encima del cual una
cerca siempre fue benéfica. Entre estos dos valores, la utilidad de las cercas dependió del grado de evasión
de caminos. Las cercas tuvieron mayor probabilidad de ser benéficas a menor nivel inferior de evasión de
cercas y mayor probabilidad de morir atropellado. Recomendamos el uso de cercas cuando el tráfico es tan
intenso que los animales casi nunca tienen éxito en sus intentos por atravesar el camino o la población de
la especie en cuestión esta declinando y se sabe que la mortalidad por tráfico contribuye a esa declinación.
No recomendamos el uso de cercas cuando el tamaño de la población es estable o esta incrementando o si los
animales necesitan recursos a ambos lados del camino, a menos que las cercas sean utilizadas en combinación

∗Current address: ETH Zürich, Department of Environmental Sciences, Nature and Landscape Conservation, ETH Zentrum, HG F 27.6, CH-8092,
Zürich, Switzerland, email jochen.jaeger@env.ethz.ch
Paper submitted July 7, 2003; revised manuscript accepted March 25, 2004.
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Animal Detection System (ADS)
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RESEARCH ARTICLE

How Effective Is Road Mitigation at Reducing
Road-Kill? A Meta-Analysis
Trina Rytwinski1*, Kylie Soanes2¤, Jochen A. G. Jaeger3, Lenore Fahrig1, C.
Scott Findlay4, Jeff Houlahan5, Rodney van der Ree2, Edgar A van der Grift6

1 Geomatics and Landscape Ecology Research Laboratory, Department of Biology, Carleton University,
Ontario, Canada, 2 Australian Research Centre for Urban Ecology, Royal Botanic Gardens Victoria, C/-
School of BioSciences, University of Melbourne, 3010, Victoria, Australia, 3 Department of Geography,
Planning and Environment, Concordia University Montreal, 1455 Montreal, Quebec, Canada, 4 Institute of
the Environment & Ottawa-Carleton Institute of Biology, Ottawa, Ontario, Canada, 5 Department of Biology,
University of New Brunswick at Saint John, Saint John, 550, New Brunswick, Canada, 6 Alterra, Wageningen
University and Research Centre, Wageningen, The Netherlands

¤ Current address: Clean Air and Urban Landscapes Hub, National Environmental Science Programme,
School of Ecosystem and Forest Science, University of Melbourne, Victoria, Australia
* trytwinski@hotmail.com

Abstract

Road traffic kills hundreds of millions of animals every year, posing a critical threat to the

populations of many species. To address this problem there are more than forty types of

road mitigation measures available that aim to reduce wildlife mortality on roads (road-kill).

For road planners, deciding on what mitigation method to use has been problematic

because there is little good information about the relative effectiveness of these measures in

reducing road-kill, and the costs of these measures vary greatly. We conducted a meta-

analysis using data from 50 studies that quantified the relationship between road-kill and a

mitigation measure designed to reduce road-kill. Overall, mitigation measures reduce road-

kill by 40% compared to controls. Fences, with or without crossing structures, reduce road-

kill by 54%. We found no detectable effect on road-kill of crossing structures without fencing.

We found that comparatively expensive mitigation measures reduce large mammal road-kill

much more than inexpensive measures. For example, the combination of fencing and cross-

ing structures led to an 83% reduction in road-kill of large mammals, compared to a 57%

reduction for animal detection systems, and only a 1% for wildlife reflectors. We suggest

that inexpensive measures such as reflectors should not be used until and unless their

effectiveness is tested using a high-quality experimental approach. Our meta-analysis also

highlights the fact that there are insufficient data to answer many of the most pressing ques-

tions that road planners ask about the effectiveness of road mitigation measures, such as

whether other less common mitigation measures (e.g., measures to reduce traffic volume

and/or speed) reduce road mortality, or to what extent the attributes of crossing structures

and fences influence their effectiveness. To improve evaluations of mitigation effectiveness,

studies should incorporate data collection before the mitigation is applied, and we recom-

mend a minimum study duration of four years for Before-After, and a minimum of either four

years or four sites for Before-After-Control-Impact designs.
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How to reduce road mortality? 
- Wildlife fencing is by far the most effective measure.
- Crossing structures alone do not reduce road mortality. 
Fences must be included.  
- Reflectors and warning signs do not reduce road mortality.

…

Road Ecology Urban Sprawl 
Research in our lab (some examples) 

Connectivity
Scale: 
single roads     
or single cities

regions

countries
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planet
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Road Ecology Urban Sprawl 
Montréal + Québec 1951 - 2011

Nagmeh Nazarnia et al. (2016)

Research in our lab (some examples) 

Canada 1971 - 2011
Mehrdokht Pourali (in progress)

Michelle Anderson (2018)

Benjamin Brunen (in progress)

Jonathan Cole 
(in progress)

Kendra Warnock (in progress)

Connectivity

Daniella LoScerbo (subm.)

Highway 175 Québec-Saguenay 
K. Bélanger-Smith, J. Plante, J. Gaitan et al.,
Ariel Spanowicz + Fernanda Teixeira (subm.): 
Mortality reduction graphs   

Highway A10 Montréal-Sherbrooke 

Landscape fragmentation in 
Switzerland Jaeger et al. (2007, 2008)

Consideration of 
road mortality in EIA

Mitra Pourali (2019)

Consideration of 
connectivity in EIA

Charla Patterson 
(in progress)

Ecological Corridor 
Adirondacks-Laurentides

Landscape fragmentation in Europe
Jaeger et al. (2011), Aurora Torres et al. (2016)

Ecological Corridor 
Algonquin-Adirondacks 

(A2A)
Laura Roch
(2015)

Connectivity in cities,
in Montréal

Megan Deslauriers et al. (2018)

Steffy Velosa (in progress)

Wildlife passages and 
fences along route 175 
between Quebec City 
and Saguenay: 
How well do they work? 

3LE NATURALISTE CANADIEN, 136 NO 2    PRINTEMPS 2012

La réfection de l’axe routier 73/175 :  
son histoire, son déroulement 

et ses enjeux sociaux et écologiques
Yves Bédard

Résumé
L’axe routier 73/175 qui relie Québec à Saguenay a été mis en service en 1948. Avec les années, les problèmes de sécurité 
routière grandissants et les pressions exercées par la population ont provoqué la mise en chantier d’une route à 2 chaussées 
séparées. À la suite d’une étude d’impact, les enjeux environnementaux du projet ont été identifiés, à savoir : l’impact social 
du déplacement de 83 résidences, l’impact des travaux sur la population d’omble de fontaine (Salvelinus fontinalis) et son 
habitat et l’impact de la fragmentation des habitats de la faune terrestre par le nouveau corridor autoroutier. Une série de 
mesures ont été mises en place pour réduire ces impacts, tel un programme de surveillance et de suivi environnemental 
(dont des suivis sur l’omble de fontaine, la grande faune et la petite faune), l’aménagement de passages et de clôtures pour 
la faune et des outils de contrôle de l’érosion.

Mots clés : enjeux environnementaux, étude d’impact, historique, mesures d’atténuation, route 175

Introduction
La région du Saguenay–Lac-Saint-Jean (SLSJ, Québec, 

Canada) compte plus de 300 000 habitants, et l’axe routier 
73/175 représente son principal lien terrestre avec la ville de 
Québec et le réseau autoroutier québécois (figure 1). Cette 
route traverse un vaste territoire naturel sur une distance 
d’environ 175 km, dont 133 km dans la réserve faunique des 
Laurentides (RFL), anciennement le Parc des Laurentides 
créé en 1895. La route du Parc, comme elle est encore parfois 
appelée, est une route mythique qui a toujours inspiré la 
crainte à cause des conditions météorologiques très difficiles, 
de la topographie accidentée, du risque de collision avec des 
orignaux (Alces alces) et de la proportion élevée de camions 
lourds. La traversée du parc représentait pour certains 
automobilistes une grande source d’inquiétude. Dans le but 
d’améliorer la sécurité des automobilistes, et afin d’assurer 
l’essor économique du SLSJ, le projet de la réfection de l’axe 
routier 73/175 avec un gabarit de type autoroutier est né.

Historique
Avant 1838, le SLSJ était voué essentiellement au 

commerce des fourrures, mais après cette date, il a été colonisé 
via la rivière Saguenay par des habitants de Charlevoix en 
quête de nouvelles terres pour s’établir. La première voie de 
communication reliant Québec au SLSJ fut le sentier des 
Jésuites, qui apparut sous le Régime français et qui empruntait 
les vallées de la Jacques-Cartier et de la Métabetchouan. Trois 
jours de canotage et de portage étaient nécessaires pour 
rejoindre cette région. Dans les années 1920, une route à 
peine carrossable fut ouverte à partir de Saint-Siméon dans 
Charlevoix, la route 15, dite la route du « petit parc ». Les 
voitures qui empruntaient cette route prenaient plus d’une 
journée pour se rendre à la ville de La Baie, située à environ 
100 km de Saint-Siméon.

Yves Bédard (M. Sc.) est spécialiste de l’écologie routière et 
biologiste à la direction territoriale de la Capitale-Nationale 
du ministère des Transports du Québec.

yves.bedard@mtq.gouv.qc.ca

Figure 1. Localisation de la réserve faunique des Laurentides et 
des parcs nationaux de la Jacques-Cartier et des Grands-
Jardins, entre les villes de Québec et de Saguenay, où 
plusieurs projets de recherche ont eu cours lors de 
l’élargissement de la route 73/175.
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Abstract
Avoidance of roads has been demonstrated for many animal species, but little is
known about the relationship between anthropogenic disturbance levels and the
degree of avoidance by animals. We investigated the hypothesis that the strength
of road-avoidance behaviour increases with the intensity of the disturbance for a
large, disturbance-sensitive herbivore: the forest-dwelling caribou Rangifer taran-
dus caribou. We assessed the behaviour of 53 global positioning system-collared
caribou monitored during the gradual modification of a highway over a 7-year
period, while controlling for potentially confounding factors. We studied caribou
movements, resource selection and distribution before, during and after road
modifications at multiple scales. We expected that the degree of avoidance would
be positively related to road width, traffic density and the presence of active
construction sites. The proportion of individuals that excluded the highway from
their home range increased as highway modifications progressed. A lower propor-
tion of caribou locations was found in a 5000 m road-effect zone during and after
highway modifications compared with before. Within that zone, caribou avoided
habitat types that were selected at the home range scale. Caribou displayed higher
movement rates in the vicinity of the highway, especially when traffic density was
high. Our data support the hypothesis that avoidance of roads by large herbivores
is positively related to disturbance intensity. Our results shed light on the behav-
ioural mechanisms determining avoidance of human infrastructure by large her-
bivores, and suggest that increased human activity may affect behaviour at
multiple scales. Conservation efforts in areas where roads are constructed or
modified should be directed towards maintaining access to critical habitat
resources, while also restoring habitat quantity and quality.

Introduction

Many human infrastructures influence the survival (Gibbs &
Shriver, 2002), reproduction (Gerlach & Musolf, 2000), dis-
persal (Shepard et al., 2008), predator–prey interactions
(Rogala et al., 2011) and behaviour (May et al., 2006) of
animals. The North American road network, for example,
covers more than 8 million km, and its development shows no
sign of slowing (Forman et al., 2002). Each year, roads are
improved worldwide to allow for greater traffic densities, and
new roads are created in previously pristine wildlife habitats.
Roads may be complete barriers to small animals (Shepard
et al., 2008), and certain road widths (Smith-Patten & Patten,
2008) or traffic densities (Gagnon et al., 2007) may partially
disrupt movements for larger species. Large animals are more
likely to be negatively affected by roads, because their vagility
and use of large home ranges increase their probability of
interacting with roads (Gibbs & Shriver, 2002). Long-lived
species with low reproductive rates are also the most vulner-

able to road effects (Rytwinski & Fahrig, 2011), because their
populations are less able to recover from high mortality rates
caused by roads, both directly (e.g. road collisions) and indi-
rectly (e.g. increased predation risk).

Many studies have highlighted negative impacts of human
infrastructure on the behaviour of large herbivores. Caribou
Rangifer tarandus consistently avoid paved and forestry roads
(Leblond et al., 2011), seismic lines (Dyer et al., 2001) and
tourist resorts (Vistnes & Nellemann, 2008) by several kilome-
tres. Mountain goats Oreamnos americanus were unable to
cross a highway in Montana at high traffic densities, and
showed behaviours indicative of fear (e.g. running, erected tail
and hair) even in the absence of vehicles (Singer, 1978). Moose
Alces alces in Québec had higher movement rates in the vicin-
ity of a highway, up to 3 h before and after crossing (Dussault
et al., 2007). The level of disturbance associated with human
infrastructure, however, is difficult to assess and their frequent
association with other features (e.g. buildings are found near
access roads) may confound our ability to disentangle their
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ABSTRACT We developed and validated a density-adjusted spatial model to predict moose (Alces alces) highway-crossing probability to see
if the model could be used as an index of moose–vehicle collision risk. We installed Global Positioning System telemetry collars on 47 moose in
the north of the Laurentides Wildlife Reserve, Québec, for 2–36 months. We recorded only 84 highway crossings in spring (0.29% of 28,967
2-hr steps) and 122 crossings in summer (0.18% of 68,337 2-hr steps), despite a high sampling effort and having captured moose close to
highways. Moose movement rates during movement steps crossing a highway were on average 3 times higher than during the steps preceding or
following highway crossing. Paths used by moose when crossing a highway were characterized by a high proportion of food stands, low
proportion of lakes and rivers, and topography typical of a valley. Highway-crossing sites were located in valleys with brackish pools and forest
stands providing coniferous cover but a low proportion of lakes and rivers. We adjusted moose crossing probability for local variation in moose
density using aerial survey data and assessed crossing probability along the highways in the entire Laurentides Wildlife Reserve. We tested the
model using moose–vehicle accident data from 1990 to 2002. The relationship between the density-adjusted crossing probability and number of
accidents was relatively loose at the 1-km scale but improved markedly when using longer highway sections (5–15 km; r . 0.80). Our results
demonstrate that roads and their surroundings are perceived as low-quality habitat by moose. We also conclude that road segments installed
along secondary valleys could be a highly strategic site to deploy mitigation measures such as fences and that it could be desirable to increase the
width of road shoulders to reduce forest cover and to eliminate brackish pools to reduce cervid–vehicle collisions. We suggest using empirical
data such as location of vehicle–wildlife collisions to plan mitigation measures at a fine scale. ( JOURNAL OF WILDLIFE MANAGEMENT
71(7):2338–2345; 2007)
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Roads affect terrestrial and aquatic ecosystems in various
ways. For terrestrial wildlife, the most important effects of
roads are habitat fragmentation and noise disturbance
(Forman and Alexander 1998, Spellerberg 1998). Cervid–
vehicle collisions are a road safety problem in several regions
around the world (Forman and Alexander 1998) that is
becoming more pronounced because of the global increase in
cervid density and development of road networks (Groot
Bruinderink and Hazebroek 1996, Romin and Bissonette
1996, Seiler et al. 2004). There are currently several million
cervid–vehicle collisions each year around the world (Con-
over et al. 1995, Groot Bruinderink and Hazebroek 1996,
Romin and Bissonette 1996).

The number and variety of mitigation measures to reduce
cervid–vehicle collisions have increased greatly during recent
decades. Because the problem cannot be completely
eliminated (Malo et al. 2004), mitigation measures usually
aim to reduce the number of accidents to a socially
acceptable level. To develop appropriate and efficient

measures, and also to determine the best installation sites,
it is of prime importance to determine and understand the
factors involved in such accidents. Although literature
dealing with cervid–vehicle collisions is abundant, it is
impossible to pinpoint universal causes. In most cases,
however, it appears that the spatial and temporal distribu-
tions of accidents are not random (e.g., Nielsen et al. 2003,
Malo et al. 2004, Seiler 2005, Dussault et al. 2006).
Modeling of accident risk relative to environmental
characteristics could help managers plan the layout of a
new road or determine the location of mitigation measures,
such as fences and wildlife crossing structures (Finder et al.
1999, Malo et al. 2004).

Cervids can be attracted to roads to gather certain essential
resources. Road edges are usually open habitats supporting
the growth of deciduous shrubs that are an important source
of food for most cervid species (Bédard et al. 1978, Child
1998, Finder et al. 1999). The presence of minerals,
particularly sodium (Grenier 1974, Jolicoeur and Crête
1994), can also attract cervids near roads. In snowy regions,
high sodium concentrations result along the road when de-1 E-mail: christian.dussault@mrnf.gouv.qc.ca
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Reducing Moose–Vehicle Collisions through Salt Pool Removal and
Displacement: an Agent-Based Modeling Approach

Paul D. Grosman 1, Jochen A. G. Jaeger 1, Pascale M. Biron 1, Christian Dussault 2, and 
Jean-Pierre Ouellet 3

ABSTRACT. Between 1990 and 2002, more than 200 moose–vehicle collisions occurred each year in
Quebec, including about 50/yr in the Laurentides Wildlife Reserve. One cause is the presence of roadside
salt pools that attract moose near roads in the spring and summer. Using the computer simulation technique
of agent-based modeling, this study investigated whether salt pool removal and displacement, i.e., a
compensatory salt pool set up 100 to 1500 m away from the road shoulder, would reduce the number of
moose–vehicle collisions. Moose road crossings were used as a proxy measure. A GPS telemetry data set
consisting of approximately 200,000 locations of 47 moose over 2 yr in the Laurentides Wildlife Reserve
was used as an empirical basis for the model. Twelve moose were selected from this data set and programmed
in the model to forage and travel in the study area. Five parameters with an additional application of
stochasticity were used to determine moose movement between forest polygons. These included food
quality; cover quality, i.e., protection from predators and thermal stress; proximity to salt pools; proximity
to water; and slope. There was a significant reduction in road crossings when either all or two thirds of the
roadside salt pools were removed, with and/or without salt pool displacement. With 100% salt pool removal,
the reduction was greater (49%) without compensatory salt pools than with them (18%). When two thirds
of the salt pools were removed, the reduction was the same with and without compensatory salt pools
(16%). Although moose–vehicle collisions are not a significant mortality factor for the moose population
in the Laurentides Wildlife Reserve, in areas with higher road densities, hunting pressure, and/or predator
densities it could mean the difference between a stable and a declining population, and salt pool removal
could be part of a good mitigation plan to halt population declines. This model can be used, with
improvements such as spatial memory of salt pool locations and the addition of a road avoidance behavior,
to assess the effectiveness of mitigation measures intended to reduce moose–vehicle collisions.

Key Words: agent-based modeling, Alces alces, moose, Laurentides Wildlife Reserve, Quebec, roads, road
mortality, salt pools, wildlife–vehicle collisions

INTRODUCTION

Humans have been constructing road networks for
many centuries, and the effects of roads on the
distribution and abundance of wildlife have become
an important issue (Canters et al. 1997, Jaeger 2002,
Sherwood et al. 2002, Spellerberg 2002, Forman et
al. 2003, National Research Council of the National
Academies 2006). For many members of modern
societies, wildlife–vehicle collisions are one of the
rare occasions when they directly experience the
prevailing conflicts between wildlife populations
and expanding human societies. Roads and traffic
fragment the habitats of many wildlife species,

leading to a decrease in habitat amount and quality,
increased mortality because of collisions with
vehicles, reduced access to resources on the other
side of the road, and the subdivision of animal
populations into smaller and more vulnerable
fractions (Jaeger et al. 2005). In the case of larger
land mammals, wildlife–vehicle collisions also
pose a risk to traffic safety (Forman et al. 2003). It
is estimated that, globally, there are several million
vehicle collisions with moose (Alces alces), elk
(Cervus canadensis), caribou (Rangifer tarandus),
and other members of the cervidae family each year
(Groot Bruinderink and Hazebroek 1996, Romin
and Bissonette 1996, Conover 1997).
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Impacts de clôtures métalliques  
et de passages fauniques sur la sécurité routière 

et le déplacement des orignaux le long  
de la route 175 au Québec

Mélanie Bouffard, Yves Leblanc, Yves Bédard et Donald Martel

Résumé
Les collisions de véhicules avec les orignaux, un phénomène qui représente une préoccupation majeure pour la sécurité 
routière, sont en augmentation depuis plusieurs années au Québec. Par exemple, plus de 50 collisions ont été répertoriées 
annuellement sur la route 175, un tronçon routier en réfection qui traverse la réserve faunique des Laurentides et qui est 
récemment passé de 2 à 4 voies. À échéance, 67 km de cette route auront été clôturés pour réduire les collisions impliquant 
l’orignal. Nos travaux visaient à documenter les impacts des clôtures métalliques hautes (2,4 m) et des structures connexes 
(passages fauniques, sorties d’urgence pour orignal, passages routiers anti-cervidés, etc.) qu’on y a installées sur la sécu-
rité routière et le déplacement de l’orignal. Après 5 années de suivi, les occurrences d’orignaux à l’intérieur de l’emprise 
clôturée ont diminué de plus de 95 %, réduisant la fréquence annuelle des collisions avec des véhicules de 7,5 collisions (en 
2006 et 2007) à aucune (en 2008 et 2009) dans la zone clôturée. En parallèle, la fréquentation des passages fauniques sous 
la route par les orignaux s’est accrue de 48 % entre 2009 et 2010 (de 189 à 279 passages documentés). Bien que les clôtures 
métalliques hautes se soient avérées très efficaces pour limiter les déplacements d’orignaux sur la chaussée et réduire les 
risques de collisions, la croissance des populations et la modification des patrons de déplacement de l’orignal semblent 
avoir engendré de nouvelles zones à risque le long de la route réaménagée.

Mots clés : clôtures métalliques, collisions, orignal, passages fauniques, sécurité routière

Introduction
Les collisions entre les ongulés et les véhicules sont en 

augmentation en Amérique du Nord et en Europe causant de plus 
en plus de blessés, de décès et de dommages matériels (Romin 
et Bissonette, 1996 ; Forman et collab., 2003 ; Seiler, 2005). Les 
collisions avec l’orignal (Alces alces) sont particulièrement 
dangereuses puisque cette espèce possède une masse corporelle 
variant entre 360 et 600 kg et un centre de gravité élevé (Joyce 
et Mahoney, 2001). Devant cette problématique grandissante, le 
ministère de Transports du Québec (MTQ) a érigé 111,4 km de 
clôture métallique entre 2007 et 2010, lors du réaménagement 
de l’axe routier 175 pour en faire une route à 4 voies divisées. 
Cette clôture de 2,4 m de hauteur a été implantée dans 4 secteurs 
afin d’empêcher les traversées de la route 175 par l’orignal. Une 
telle mesure visant à améliorer la sécurité routière s’est avérée 
très efficace ailleurs en Amérique du Nord et en Europe (Huijser 
et collab., 2009). Afin de maintenir la connectivité écologique 
et de diminuer un possible effet de bout (c’est-à-dire une 
concentration des traversées aux extrémités des zones clôturées) 
causé par l’installation des clôtures, le MTQ a également 
aménagé des passages fauniques sous la route, permettant ainsi 
aux orignaux et autres espèces de traverser l’emprise routière 
sans utiliser la chaussée.

Entre 2006 et 2010, nous avons réalisé, de la fin de 
mai à la fin de septembre, un suivi ayant pour but d’étudier 
les déplacements des orignaux sur l’accotement de la route et 
dans les passages fauniques en plus de compiler les données 
de collisions routières avec l’orignal. Nous souhaitions ainsi 
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caractériser l’efficacité des clôtures métalliques hautes pour 
contrer les déplacements d’orignaux sur la chaussée dans 
des zones identifiées comme à risque élevé de collisions tout 
en documentant la fréquentation par l’orignal des passages 
fauniques aménagés sous la route.

Zone d’étude
La zone d’étude est localisée dans le massif des 

Laurentides, au nord de la ville de Québec (Bédard, 2012 : 
figure 1) et couvre environ 9 000 km². Elle inclut la réserve 
faunique des Laurentides (RFL) et 2 parcs nationaux, soit 
celui de la Jacques-Cartier et celui des Grands-Jardins. 
L’exploitation forestière y est omniprésente et affecte 
annuellement près de 40 km2. Située à une altitude variant 
entre 163 et 859 m, la zone d’étude reçoit en moyenne 593 cm 
de neige, du mois d’octobre au mois de mai, et 948 mm de 
pluie annuellement. La température moyenne y varie entre 
–15,3 °C et 14,8 °C (Consortium Genivar-Tecsult, 2003). Le 
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Quatre types de structures de passage faunique conçues 
pour les mammifères de petite et de moyenne taille le long de 
la route 175 ont été installés (figure 2) : 
 • Ponceau sec (PS), ou tuyau circulaire : tuyau de béton 

armé (TBA) ou en polyéthylène de haute densité 
(PEHD), généralement d’un diamètre de 600 ou 
900 mm (figure 2a).

 • Ponceau avec tablette de bois installée en porte-à-
faux (PTBois) : le ponceau présente sur un côté une 
tablette de bois soutenue par des supports métalliques 
vissés dans la paroi du ponceau après sa construction 
(figure 2b).

 • Ponceau avec pied sec de type tablette de béton (PTBét) : 
le ponceau présente sur un côté une tablette de béton, 
intégrée dès l’étape de conception et située plus haut 
au-dessus de l’eau que le trottoir de béton du PBBét 
(figure 2c).

 • Ponceau avec banquette de béton (PBBét) : le ponceau 
présente sur un côté une banquette de béton, intégrée 
dès l’étape de conception d’origine, et située plus bas 
que la tablette de béton du PTBét (figure 2d).
Le présent article est un résumé du rapport final d’un 

projet de recherche de 4 ans (Jaeger et collab., 2017). Cette 
synthèse se concentre sur les aspects appliqués de la recherche et 
sur les recommandations les plus pertinentes pour la planification 
des routes, la conservation des milieux naturels, l’évaluation des 
impacts environnementaux et le processus décisionnel. Elle 
comporte donc moins de détails méthodologiques et exclut 
aussi les tableaux de résultats statistiques. Ainsi, pour certains 
types de détails et de résultats moins élaborés ici, les lecteurs 
sont encouragés à se référer au rapport complet (Jaeger et 
collab., 2017) et aux articles connexes évalués par des pairs 
(p. ex. Martinig et Bélanger-Smith, 2016; Plante et collab., sous 
presse; et Spanowicz et collab., en préparation).

Figure 2. Quatre types de passages fauniques conçus pour les mammifères de petite et de moyenne taille le long de la route 175 : 
(a) ponceau sec (PS) ou tuyau circulaire (n = 6); (b) ponceau avec tablette de bois installée en porte-à-faux (PTBois) (n = 4); 
(c) ponceau avec pied sec de type tablette de béton (PTBét) (n = 7); (d) ponceau avec banquette de béton (PBBét) (n = 1).
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SUIVI DE L'EFFICACITÉ DES PASSAGES À PETITE ET MOYENNE FAUNE  
LE LONG DE LA  ROUTE 175 
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Figure 4.2  Tronçon de route divisé en segments de 100 m selon trois types 

(clôturé, « extrémité de clôture » et non clôturé) 

Clôtures d’exclusion (env. 100 m) 
Segment clôturé 
Segment « extrémité de clôture » 
Segment non clôturé 

Fences

Photos: 
Concordia University

(1) Road mortality (2) Cameras: passage use 

MSc theses of Katrina Bélanger-Smith and 
Judith Plante

MSc theses of K. 
Bélanger-Smith and 
A. Martinig

Photos: 
Concordia University
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Mortality surveys: 
Katrina Béanger-Smith and 
Judith Plante

Carte : préparée par Judith Plante, 
Plante et al. (2019) 

Documented
road mortality

along HWY 175
4 summers of surveys

(June - September 2012-2015) 
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Perméabilité de la route à la martre 
d’Amérique 
Pour évaluer la perméabilité de la route 175 pour 

la martre d’Amérique, la radio télémétrie VHF, la capture-
marquage-recapture, les photographies prises avec caméras 
numériques dans les structures de passage faunique et une 
analyse génétique ont été combinées (voir Jaeger et collab., 
2017, p. 73-83 pour plus de détails). Une route à 2 voies a été 
choisie comme site de contrôle (route 381, Charlevoix). Nous 
avons comparé la parenté génétique des martres capturées 
d’un côté de la route avec celles capturées de l’autre côté, et 
avons comparé les résultats pour la route à 4 voies (route 175) 
et celle à 2 voies (route 381). Si la route 175 n’a aucun effet sur 
la dispersion et le flux génétique de la martre d’Amérique, on 
pourrait s’attendre à : a) une panmixie, où il n’existe pas de 
patron génétique, ou b) un isolement par distance seulement, 
où la différence génétique s’accentue avec la distance 

géographique parce que les individus se reproduisent avec leurs 
voisins. Cependant, si la route influence la dispersion de la 
martre, on peut s’attendre à un isolement par résistance, c’est-
à-dire une relation entre la présence de la route, la distance 
euclidienne et le flux génétique, où les zones hautement 
résistantes au déplacement entravent le flux génétique.

Par ailleurs, afin d’évaluer l’utilisation des ponceaux 
de drainage ordinaires par la martre d’Amérique, des caméras 
ont été installées dans 9 ponceaux de drainage le long de la 
route 381 pendant 72 jours et dans 11 ponceaux de drainage 
le long de la route 175 pendant 260 jours. 

Résultats 
Mortalité routière animale
Un total de 893 carcasses de mammifères de petite et de 

moyenne taille ont été détectées, appartenant à 13 espèces ou 
groupes taxonomiques distincts. Aucune de ces espèces n’était en 

Tableau 1. Nombre total d’animaux morts détectés sur la route 175 pendant les mois d’été de 2012 à 2015, par espèce et par année – suivi 
de la mortalité routière animale par Bélanger-Smith (2015) et Plante (2016). 

2012 2013 2014 2015 Total

Nombre de relevés 90 81 72 63 306

Espèce :

Porc-épic d’Amérique (Erethizon dorsatum) 94 112 81 87 374

Petit mammifère non identifié 40 15 27 20 102

Mammifère non identifié 18 23 16 10 67

Renard roux (Vulpes vulpes) 19 15 12 6 52

Marmotte commune (Marmota monax) 8 9 19 11 47

Souris (espèce indéterminée) 40 3 2 1 46

Moufette rayée (Mephitis mephitis) 14 18 4 6 42

Lièvre d’Amérique (Lepus americanus) 16 10 9 6 41

Campagnols et campagnols-lemmings (Arvicolinae) 27 1 2 3 33

Musaraigne (Sorex sp.) 19 3 6 3 31

Écureuil roux d’Amérique (Tamiasciurus hudsonicus) 9 3 2 5 19

Raton laveur (Procyon lotor) 9 1 2 0 12

Souris sauteuse (Zapus hudsonius/Napaeozapus insignis) 5 2 0 2 9

Castor du Canada (Castor canadensis) 1 5 0 2 8

Belette ou hermine (Mustela sp.) 1 2 0 0 3

Lynx du Canada (Lynx canadensis) 0 0 1 1 2

Grand polatouche (Glaucomys sabrinus) 2 0 0 0 2

Martre d’Amérique (Martes americana) 0 0 0 1 1

Vison d’Amérique (Neovison vison) 1 0 0 0 1

Condylure étoilé (Condylura cristata) 0 0 0 1 1

Loup gris (Canis lupus) 0 0 0 0 0

Loutre de rivière (Lontra canadensis) 0 0 0 0 0

Pékan (Martes pennanti) 0 0 0 0 0

Rat musqué commun (Ondatra zibethicus) 0 0 0 0 0

Total 323 222 183 165 893
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Mortality surveys: 
Katrina Bélanger-Smith and 
Judith Plante

Carte : préparée par Ariel Spanowicz,
Jaeger et al. (2019), Le naturaliste canadien
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situation précaire au Québec. Le porc-épic d’Amérique (Erethizon 
dorsatum) était l’espèce la plus souvent observée. Il était suivi du 
renard roux (Vulpes vulpes), de la marmotte commune (Marmota 
monax), de la moufette rayée (Mephitis mephitis) et du lièvre 
d’Amérique (Lepus americanus) (tableau 1). 

Le nombre réel d’animaux tués sur la route est 
beaucoup plus élevé que le nombre de carcasses détectées, car : 
 • la probabilité de détection de la mortalité routière 

animale est inférieure à 100 % : la probabilité globale 
de détection de la mortalité routière pour toutes les 
espèces était de 72 %, allant de 17 % pour les petits 
mammifères (< 1 kg) à 82 % pour les mammifères de 
taille moyenne (> 1 kg) (Plante et collab., sous presse);

 • certains animaux blessés sortent des voies de circulation 
et meurent à proximité de la route, mais ne sont pas 
détectés lors des relevés;

 • certaines carcasses sont emportées par des charognards 
ou sont complètement détruites par les véhicules avant 
de pouvoir être détectées;

 • les relevés de mortalité routière animale n’ont été 
réalisés que pendant 4 mois de chaque année d’étude.
Le nombre de carcasses de mammifères de taille 

moyenne (> 1 kg) était plus grand en présence de végétation 
arbustive dans la bande médiane de la route (terre-plein 
central) ou de végétation arborescente à proximité de la route 
(Jaeger et collab., 2017, Plante et collab., sous presse). La clôture 
semble avoir réduit la mortalité routière animale dans les 
tronçons de route clôturés, mais la taille de l’échantillon était 
trop petite pour affirmer que la corrélation est significative 
d’un point de vue statistique. Toutefois, le taux de mortalité 

routière animale était statistiquement plus élevé aux extrémités 
des clôtures que dans les tronçons de route clôturés et dans les 
tronçons non clôturés. Cette observation a été appelée « effet 
de bout de clôture » (Clevenger et collab., 2001; McCollister et 
van Manen, 2010) : on observe un déplacement des occurrences 
de mortalité routière animale vers les extrémités des clôtures 
au lieu d’une baisse du taux de mortalité (Cserkész et collab., 
2013, Huijser et collab., 2015). Par conséquent, la combinaison 
du tronçon de route clôturé et de la mortalité plus forte aux 
extrémités des clôtures n’a pas entraîné de réduction globale 
de la mortalité routière animale par rapport aux tronçons 
non clôturés (figure 4) (voir tableau 5.4 dans Jaeger et collab. 
2017 pour plus de détails). Nous en concluons que les clôtures 
n’étaient pas assez longues pour réduire la mortalité routière 
animale. Des clôtures plus longues seraient probablement plus 
efficaces pour réduire à la fois la mortalité routière animale et 
l’effet de bout de clôture, puisqu’une longueur accrue réduit 
la probabilité qu’un animal se rende jusqu’à l’extrémité de la 
clôture et donc, sur la route (Huijser et collab., 2015; Huijser 
et collab., 2016). Il n’a pas été possible d’étudier l’efficacité de 
différentes longueurs de clôture dans notre étude, car toutes les 
clôtures avaient la même longueur.

Les occurrences de mortalité routière des petits et 
moyens mammifères ont été cartographiées pour 3 tronçons 
de la route 175 (figure 4). Sur le tronçon de route de 5 km 
entre les kilomètres 95 et 100 (figure 4c), 52 carcasses ont été 
détectées sur les voies en direction sud, les plus proches du 
PNJC, ce qui est plus que les 36 carcasses détectées sur les voies 
en direction nord qui sont plus loin du parc. La concentration 
des occurrences de mortalité à proximité des extrémités de 
clôtures est visible sur les figures 5a à 5c.

Efficacité des structures de passage 
faunique
Le franchissement complet d’au moins une espèce de 

mammifère de taille moyenne et d’au moins une espèce de petit 
mammifère a été documenté dans toutes les 18 structures de 
passage faunique suivies. Le nombre total de photos enregistrées 
était de 227 720, ce qui a permis de documenter 14 344 visites de 
mammifères dans les structures de passage faunique (Martinig 
et Bélanger-Smith, 2016). De ce nombre, 1 851 étaient des 
franchissements complets (13 % des visites) (figure 6), alors 
que 28 % étaient des explorations (puisque l’entrée et la sortie 
de l’animal étaient détectées par la même caméra) et que 59 % 
étaient des visites indéterminées, c’est-à-dire qu’il n’était pas 
possible de déterminer à partir des photos si l’animal franchissait 
la structure au complet ou s’il revenait sur ses pas. Le nombre 
réel de visites et de franchissements complets est probablement 
beaucoup plus élevé que celui observé, car les caméras ont un 
taux de détection inférieur à 100 % (soit d’environ 83 % pour les 
mammifères de taille moyenne et d’environ 56 % pour les petits 
mammifères selon Jumeau et collab., 2017).

Ces résultats démontrent que les nouvelles structures 
de passage faunique sont déjà utilisées par plusieurs petits 
et moyens mammifères, seulement 4 à 6 ans après leur 

Figure 4. Nombre moyen d’animaux morts (> 1 kg) détectés par 
type de tronçon de 100 m de la route 175 (Plante, 2016).

Not fenced Not fencedFencedFence end Fence end
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Méthodologie
Mortalité routière animale
Des tronçons de route avec et sans mesures d’atténuation 

d’impacts sur la faune (c.-à-d. pourvus ou non de structures de 
passage faunique associées à des clôtures) ont été étudiés afin de 
quantifier la mortalité routière des mammifères de petite et de 
moyenne taille (Bélanger-Smith, 2015; Plante, 2016). Les relevés 
ont été réalisés pendant 4 étés de 2012 à 2015 (juin à septembre) 
et groupés en séances de 2 semaines (10 séances en 2012, 9 en 
2013, 8 en 2014 et 7 en 2015).

Au cours de chaque séance de 2 semaines, les chercheurs 
ont parcouru des tronçons de route pendant 3 soirs consécutifs 
(juste avant le coucher du soleil); après une interruption d’un 
jour, les relevés ont repris pendant 6 matins consécutifs (juste 
après le lever du soleil). Au total, 306 relevés sur la mortalité 
routière ont été réalisés. Afin d’évaluer la probabilité de détection 
de la mortalité routière animale, 45 relevés (28 en 2014 et 17 en 
2015) ont été effectués avec 2 véhicules indépendants au lieu d’un 
seul, et ce, à 20 minutes d’intervalle (voir Jaeger et collab. 2017, 
p. 58-61 ou Plante et collab. [sous presse] pour plus de détails à 
propos des calculs concernant la probabilité de détection). 

Efficacité des structures de passage 
faunique
En 2012, au début de l’étude, la construction de 

18 structures de passage faunique conçues pour les mammifères 
de petite et de moyenne taille (et associées à des clôtures 
directionnelles) était complétée, tandis que 15 autres étaient 
encore en construction. L’étude s’est penchée sur le tronçon 
routier comprenant les 18 premières structures de passage 
faunique (figure 1).

Des caméras Reconyx HC 600 à déclenchement 
automatique par le mouvement ont été installées à l’entrée de 
chaque ponceau et orientées vers l’intérieur de ceux-ci, afin 
de documenter l’utilisation de ces structures par la faune en 
continu (24 h par jour, toute l’année) de la fin mai 2012 à la fin 
août 2015 (figure 3). Elles étaient paramétrées pour prendre 
une série de 5 photos à chaque déclenchement. L’utilisation 
de chaque structure par la faune a été quantifiée et analysée 
statistiquement afin de comparer les différents types de 
structures entre elles et de déterminer leur efficacité (voir 
Jaeger et collab., 2017 et Martinig et Bélanger-Smith, 2016 
pour plus de détails). 

Figure 3. Photos prises à l’intérieur des structures de passage faunique le long de la route 175 : a) renard roux avec renardeau;  
b) moufette rayée; c) porc-épic d’Amérique; d) lièvre d’Amérique.
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 110 n 28 9 4 (0 + 4) 2 1 3 (0 + 3) 
 122 n 134 32 6 (0 + 6) 10 1 5 (0 + 5) 
 142 n 89 26 10 (2 + 8) 17 1 5 (0 + 5) 
PTB
ois 

81 o 393 90 9 (1 + 8) 1 0 2 (1 + 2) 

 89 o 42 8 9 (0 + 9) 3 1 7 (0 + 7) 
 89,5 n 75 30 4 (1 + 3) 0 0 1 (0 + 1) 
 143,5 o 590 276 2 (0 + 2) 1 0 2 (0 + 2) 
PS 83 n 24 8 2 (0 + 2) 2 0 1 (0 + 1) 
 84 n 37 11 5 (1 + 4) 4 0 3 (1 + 2) 
 107 o 71 29 9 (1 + 8) 13 5 7 (1 + 6) 
 124 n 456 188 4 (2 + 2) 13 0 3 (1 + 2) 
 125 n 330 58 6 (0 + 6) 16 0 4 (0 + 4) 
 133 n 452 177 3 (0 + 3) 6 0 2 (0 + 2) 
 
 

 
Figure 65 : Une forte relation négative existe entre l’utilisation des passages (nombre de 
franchissements complets observés) et la mortalité routière (nombre d’animaux retrouvés morts 
près d’un segment clôturé ainsi que des deux extrémités de clôture) pour toutes les espèces de 
mammifères confondues (p = 0,016, R2 = 0,33). 
 
 

0 

2 

4 

6 

8 

10 

12 

14 

16 

0 50 100 150 200 250 300 350 

Nombre d'animaux tués et observés sur les 
routes pour toutes les espèces de mammifères  

Nombre de franchissements complets observés 

for all mammal spcies
combined (small and 

medium-sized)

p = 0.016,  R2 = 33 %

Number of complete passages observed in each 
wildlife passage

Number of animals 
found dead on the road

A strong negative 
relationship!

between the
frequency of use of 

the wildlife passages 
and 

road mortality at the 
fence ends and within 
the fenced sections

Jaeger et al. (2019)



18

Perhaps all we need is fencing? 

34

R O U T E S  E T  P E T I T E  E T  M O Y E N N E  F A U N E

78 LA SOCIÉTÉ PROVANCHER D’HISTOIRE NATURELLE DU CANADA

Un suivi à long terme sera nécessaire afin de savoir si un tel 
développement d’habitude pourrait aussi se produire le long 
de la route 175.

Discussion 
De façon générale, les espèces plus mobiles s’exposent 

à un risque accru de mortalité routière, car elles peuvent être 
amenées à interagir plus souvent avec les routes. Les espèces 
qui présentent de faibles taux de reproduction et une longue 
période entre deux générations successives sont également 
plus vulnérables, car elles sont moins capables de récupérer 
efficacement après un déclin de population résultant de la 
mortalité routière (Rytwinski et Fahrig, 2015).

La sécurité des usagers de la route est un facteur 
important dans les collisions impliquant des mammifères 
de petite et de moyenne taille. Des estimations de blessures 
humaines et de dommages aux véhicules résultant de collisions 
entre les véhicules et des animaux de petite taille ont récemment 
été publiées dans le Maine : le ministère des Transports du 
Maine a signalé 621 accidents impliquant des animaux autres 
que le cerf, l’orignal, l’ours et le dindon sauvage (Meleagris 
gallopavo) de 2010 à 2014, avec des pertes économiques 
estimées à 7,4 millions de dollars américains (McGuire, 2016). 
Treize de ces accidents ont entraîné des blessures invalidantes, 
et 25, des blessures non invalidantes (le Maine fait 7 % de la 
taille du Québec et compte 1,33 million d’habitants). 

Afin de mettre en œuvre efficacement les mesures 
d’atténuation d’impacts des routes sur la faune, il faut sensibiliser 
les politiciens, le grand public et les instances gouvernementales 
aux effets écologiques à court et à long terme des routes et de la 
circulation motorisée de même qu’aux mesures d’atténuation 
appropriées. Un travail de collaboration entre les ministères 
des transports et les écologistes, en soutien à des recherches 
scientifiques crédibles et à long terme, serait souhaitable pour 
atteindre les objectifs de durabilité environnementale des projets 
routiers (van der Ree et collab., 2011).

Recommandations 
Sur la base des résultats complets (Jaeger at collab., 2017) 

résumés ici, nous avons émis 16 recommandations, dont 9 relatives 
à des suggestions d’amélioration des mesures d’atténuation des 
structures routières pour la faune et 7 au suivi et à la recherche. 
Des extraits de certaines d’entre elles sont donnés ici (se référer à 
Jaeger et collab., 2017 pour la liste complète) :
 • Avoir recours à une variété de types de structures de 

passage faunique et explorer de nouveaux types de 
structures pour le passage d’espèces comme le porc-
épic d’Amérique, le renard roux, la loutre de rivière, le 
lièvre d’Amérique, la martre d’Amérique, le pékan et le 
lynx du Canada.

 • Améliorer l’efficacité des ponceaux avec tablette de 
béton (PTBét) en installant des panneaux de bois ou de 
contreplaqué sur la surface de béton des tablettes, afin 
que leur efficacité se rapproche de celle des ponceaux 
secs (PS) et de ceux avec tablette en bois (PTBois).

 • Favoriser la conception de passages fauniques sans 
ouverture dans le terre-plein central.

 • Favoriser l’augmentation du couvert végétal arbustif et 
arborescent entre la forêt et l’entrée des structures de 
passage faunique; éviter le déboisement et la coupe de 
végétation dans les secteurs visés par l’installation de 
telles structures.

 • Ajouter des passages fauniques (avec clôtures) dans 
les zones de concentration de mortalité routière 
ainsi qu’aux endroits où la végétation est proche de 
l’emprise routière; par exemple, les travaux de réfection 
d’un ponceau de drainage présentent une excellente 
occasion de transformation en passage faunique ou 
d’adaptation au passage de la faune. 

 • Établir des normes et standards pour les mesures 
d’atténuation d’impacts sur la faune de petite et de 
moyenne taille, applicables à travers le réseau routier 
du Québec. 

 • Assurer l’entretien des clôtures d’exclusion faunique; 
par exemple, réaliser un suivi annuel des clôtures au 
printemps et procéder aux réparations nécessaires.

 • Équiper les nouvelles structures de passage pour 
la faune de petite et de moyenne taille de clôtures 
d’exclusion de plus de 100 m de part et d’autre.

 • Clôturer les tronçons routiers affectés par des 
concentrations de mortalité animale et prolonger les 
clôtures existantes jusqu’à l’entrée des ponceaux de 
drainage les plus proches.

 • Améliorer la conception des clôtures afin notamment 
d’empêcher l’effet de bout de clôture. 

 • Mener des études sur l’effet de la longueur des clôtures; 
par exemple, installer des clôtures assez longues pour 
que les concentrations de mortalité routière animale 
observées aux extrémités de clôture (à cause du 
déplacement des tentatives de franchissement) soient 
compensées par une réduction de la mortalité animale 
dans les tronçons de route clôturés.

Figure 8. Photo d’une martre d’Amérique utilisant un ponceau de 
drainage ordinaire le long de la route 381 (à deux voies). 
Le collier émetteur est visible sur le cou de l’animal.
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Introduction
There  is  increasing  concern  about  the  effects 
roads  have  at  reducing  connectivity  for  wildlife 
populations.  Studies  have  shown  that  wildlife 
mortality for many species has increased with the 
presence  of  roads  in  the  landscape.  Roads  are 

barriers  to  animals  by  limiting  their  movements 
and  reducing  the  quality  and  the  accessibility  of 
the  habitat  that  they  need.  Connectivity  is 
important  for many ecological  processes  such as 
access  of  animals  to  resources  on  both  sides  of 
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Roads and traffic negatively impact many wildlife
populations because they increase wildlife mortality, are
barriers to animal movement and reduce the amount and
quality of available habitat. There is increasing concern
about the reduction in connectivity for wildlife across
roads. If efforts are not made to reduce these effects
there could be severe consequences for ecological
processes and wildlife populations, such as higher
mortality, higher vulnerability of the populations,
unbalanced sex ratios, lower reproduction rates, reduced
gene low, loss of biodiversity, and shifts in community

Monitoring the use and effectiveness of wildlife passages for 
small and medium-sized mammals along Highway 175: 

Main results and recommendations 

• During the widening of Highway 175 between Québec 
City and Saguenay from two to four lanes (in 2006 -
2011), 33 wildlife underpasses for medium-sized and 
small mammals were constructed along the highway 
between km 60 and km 144. 

• They are among the first designated wildlife passages 
for medium-sized and small mammals in the province 
of Québec. 

• About two thirds (133 km) of the total length of HWY 
175 between Quebec and Saguenay (210 km) 
traverse the Réserve Faunique des Laurentides
(RFL). Large parts of the road are directly adjacent to 
the Parc National de la Jacques-Cartier (PNJC).

• Exclusion fences for medium-sized mammals were 
placed on both sides of each passage entrance. They 
are about 100 m long on either side, 90 cm high with a 
6 cm x 6 cm mesh size. 

Jochen Jaeger, Ariel Spanowicz, Jeff Bowman, Anthony Clevenger

No 8 – December 2017 

- News	Bulletin	-

1Photos: Concordia University

composition (van der Ree et al. 2015). Many effects have
a response delay, i.e., they become visible only after
some time (several years or several decades). Mitigation
measures are measures taken to alleviate, at least to
some degree, these negative impacts.



19

Contents lists available at ScienceDirect

Journal of Environmental Management
journal homepage: www.elsevier.com/locate/jenvman

Research article

How do landscape context and fences influence roadkill locations of small
and medium-sized mammals?
Judith Plantea, Jochen A.G. Jaegera,b,∗, André Desrochersc
a Concordia University Montréal, Department of Geography, Planning and Environment, Montréal, Québec, H3G 1M8, Canada
b Loyola Sustainability Research Centre, Concordia University Montréal, 7141 Sherbrooke St. West, Montréal, Québec, H4B 1R6, Canada
cUniversité Laval, Centre d'étude de la forêt, Faculté de foresterie, de géographie et de géomatique, Québec, Québec, G1V 0A6, Canada

A R T I C L E I N F O

Keywords:
Detection probability
Fence-end effect
Road ecology
Road mitigation
Traffic mortality
Hotspots
Mitigation effectiveness
Wildlife-vehicle collisions

A B S T R A C T

Road mortality is the most easily visible effect of roads and traffic on wildlife populations. Mitigation measures
such as fences and wildlife passages have been applied to reduce these effects. During the widening of Quebec's
Highway 175 from two to four lanes between 2006 and 2012, 33 wildlife passages designed specifically for small
and medium-sized mammals were installed under the road in combination with short fences. This study ex-
amined the effectiveness of the fences at reducing the number of small and medium-sized mammals killed along
a 68 km section of the road while controlling for the potential confounding effects of landscape variables.
Repeated daily mortality surveys were conducted by car during the summers of 2012–2015 to measure roadkill
occurrence and detection probability. A total of 893 dead animals from 13 taxa were detected. Roadkill oc-
currence was significantly greater at fence ends than in fenced sections and unfenced sections (fence-end effect),
indicating that the fences were not long enough to discourage animals from moving along the fence to the fence
ends. Greater length would be required to meet the target of reduced road mortality. Shrubby vegetation in the
median strip separating the two directions of the highway was associated with high roadkill occurrence for
medium-sized species. Roadkill detection probability for all species combined was 0.72, ranging from 0.17 for
small mammals (< 1 kg) to 0.82 for medium-sized mammals (> 1 kg). To reduce road mortality, when wildlife
passages are constructed along with new highways or retrofitted to old highways, fences either should be
continuous or sufficiently long to encourage passage use rather than movement around the fence ends. Future
road mortality studies should be combined with data about wildlife abundance and detection probability to more
accurately estimate the effects at the population level.

1. Road mitigation measures and the fence-end effect

Roads are widely considered to be a major source of disturbance to
wildlife, e.g., by decreasing the quantity and quality of habitat and by
creating a barrier or filter to wildlife movement (Fahrig and Rytwinski,
2009; Forman et al., 2003). However, the most directly observable ef-
fect of roads on a daily basis is the wildlife mortality associated with
road crossing attempts. Road mortality can have a negative effect on
population persistence (Hels and Buchwald, 2001). To reduce roadkill,
wildlife passages, exclusion fences, warning signs, increased artificial
lighting, modifications of the landscape, and various other measures
have been developed (Glista et al., 2009). Exclusion fencing and wild-
life crossings appear to be most effective for reducing collisions be-
tween wildlife and vehicles (Forman et al., 2003; Rytwinski et al.,
2016). However, according to a meta-analysis of 50 studies (including

99 effect size estimates) by Rytwinski et al. (2016), fences are much
more important, while the addition of wildlife passages makes little
difference. Many species experience lower mortality in fenced sections
of roads (Bouffard et al., 2012; Clevenger et al., 2001; Dodd et al.,
2004). However, high roadkill levels at the ends of the fences have
sometimes been observed (Clevenger et al., 2001; McCollister and van
Manen, 2010). This can occur when animals encounter a fence and
choose to move along it until they find an opening to cross the road.
Thus, fences can cause a displacement of roadkill locations to the ends
of the fences instead of actually reducing mortality (“fence-end effect”;
Cserkész et al., 2013; Huijser et al., 2015).

Road mortality locations can also be influenced by landscape con-
text. For example, roadkill numbers are higher when roads are closer to
the forest (Barthelmess, 2014; Clevenger et al., 2003). Vegetation cover
can provide protection to animals when they approach the road

https://doi.org/10.1016/j.jenvman.2018.10.093
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R O U T E S  E T  P E T I T E  E T  M O Y E N N E  F A U N E

C l ô t u r e s  e t  p a s s a g e s  f a u n i q u e s  p o u r  l e s  p e t i t s   
e t  m o y e n s  m a m m i f è r e s  l e  l o n g  d e  l a  r o u t e  1 7 5   

a u  Q u é b e c  :  q u e l l e  e s t  l e u r  e f fi c a c i t é  ?
J o c h e n  A . G .  J a e g e r ,  A r i e l  G .  S p a n o w i c z ,  J e f f  B o w m a n  e t  A n t h o n y  P .  C l e v e n g e r

R é s u m é  
A u  Q u é b e c ,  c e r t a i n s  d e s  p r e m i e r s  p a s s a g e s  f a u n i q u e s  p o u r  l e s  p e t i t s  e t  m o y e n s  m a m m i f è r e s  o n t  é t é  i n s t a l l é s  l o r s  d e  l ’ é l a r g i s s e m e n t  
d e  l a  r o u t e   1 7 5 .  L ’ e ffi c a c i t é  d e  1 8  s t r u c t u r e s  e t  d e s  c l ô t u r e s  p r è s  d e  l e u r  e n t r é e  a  é t é  é v a l u é e  g r â c e  à  u n  s u i v i  c o n t i n u  p a r  d e s  c a m é r a s  
d e  s u r v e i l l a n c e  e t  d e s  e n q u ê t e s  s u r  l e s  a n i m a u x  f r a p p é s  p a r  l e s  v é h i c u l e s  a u  c o u r s  d e s  é t é s  d e  2 0 1 2  à  2 0 1 5 .  L a  p l u p a r t  d e s  e s p è c e s  
o n t  u t i l i s é  p l u s  s o u v e n t  l e s  p o n c e a u x  s e c s  e n  b é t o n  e t  c e u x  a v e c  p i e d  s e c  d e  t y p e  t a b l e t t e  d e  b o i s  i n s t a l l é e  e n  p o r t e - à - f a u x  q u e  l e s  
p o n c e a u x  a v e c  p i e d  s e c  d e  t y p e  t a b l e t t e  d e  b é t o n .  I l  y  a  e u  s i g n i fi c a t i v e m e n t  p l u s  d e  m o r t a l i t é  r o u t i è r e  a n i m a l e  a u x  e x t r é m i t é s  
d e s  c l ô t u r e s  q u e  d a n s  l e s  t r o n ç o n s  d e  r o u t e  c l ô t u r é s  e t  c e u x  n o n  c l ô t u r é s .  L a  m o r t a l i t é  r o u t i è r e  a n i m a l e  é t a i t  m o i n d r e  d a n s  l e s  
t r o n ç o n s  d e  r o u t e  c l ô t u r é s  ( e t  a u x  e x t r é m i t é s  d e  c l ô t u r e s  c o r r e s p o n d a n t e s )  o ù  l a  f a u n e  u t i l i s a i t  p l u s  s o u v e n t  l e s  s t r u c t u r e s .  B i e n  
q u ’ e n  g é n é r a l ,  l e s  p a s s a g e s  i n s t a l l é s  a i e n t  é t é  c o u r o n n é s  d e  s u c c è s ,  p l u s i e u r s  e s p è c e s  u t i l i s e n t  p e u  o u  p a s  c e s  s t r u c t u r e s ,  e t  d e s  
a m é l i o r a t i o n s  s o n t  n é c e s s a i r e s .  N o u s  p r é s e n t o n s  p l u s i e u r s  r e c o m m a n d a t i o n s  v i s a n t  à  a m é l i o r e r  l ’ a t t é n u a t i o n  d e  l ’ i m p a c t  d e s  
r o u t e s  s u r  l a  f a u n e ,  a i n s i  q u e  d e  f u t u r s  p r o g r a m m e s  d e  s u i v i  e t  d e  r e c h e r c h e .

M o t s  c l é s  :  c o l l i s i o n s  v é h i c u l e s - f a u n e ,  é c o l o g i e  r o u t i è r e ,  e ffi c a c i t é  d e s  m e s u r e s  d ’ a t t é n u a t i o n ,  m e s u r e s  d ’ a t t é n u a t i o n  l e  
l o n g  d e s  r o u t e s ,  m o r t a l i t é  r o u t i è r e

A b s t r a c t
S o m e  o f  t h e  fi r s t  d e s i g n a t e d  w i l d l i f e  p a s s a g e s  f o r  s m a l l  a n d  m e d i u m - s i z e d  m a m m a l s  i n  t h e  p r o v i n c e  o f  Q u é b e c  ( C a n a d a )  w e r e  
i n s t a l l e d  d u r i n g  t h e  w i d e n i n g  o f  t h e  h i g h w a y  R o u t e  1 7 5 .  Th e  e ff e c t i v e n e s s  o f  1 8  p a s s a g e s  a n d  s h o r t  f e n c e s  o n  e i t h e r  s i d e  o f  t h e  
e n t r a n c e s  w a s  e v a l u a t e d  t h r o u g h  c o n t i n u o u s  c a m e r a  m o n i t o r i n g  a n d  r o a d k i l l  s u r v e y s  c o n d u c t e d  o v e r  4  s u m m e r s  ( 2 0 1 2 - 2 0 1 5 ) .  
M o s t  m a m m a l  s p e c i e s  u s e d  c o n c r e t e  p i p e  c u l v e r t s  a n d  w o o d e n  l e d g e  c u l v e r t s  m o r e  o ft e n  t h a n  c o n c r e t e  l e d g e  c u l v e r t s .  R o a d k i l l  w a s  
s i g n i fi c a n t l y  g r e a t e r  a t  f e n c e  e n d s  t h a n  w i t h i n  f e n c e d  a n d  u n f e n c e d  s e c t i o n s ,  a n d  w a s  l e s s  i n  t h o s e  f e n c e d  r o a d  s e c t i o n s  ( a n d  a r o u n d  
t h e  a s s o c i a t e d  f e n c e  e n d s )  w h e r e  w i l d l i f e  p a s s a g e s  w e r e  m o r e  f r e q u e n t l y  u s e d .  W h i l e  t h e  p a s s a g e s  w e r e  s u c c e s s f u l  i n  g e n e r a l ,  
s e v e r a l  s p e c i e s  o n l y  u s e d  t h e  p a s s a g e s  i n f r e q u e n t l y  o r  n o t  a t  a l l ,  a n d  f u r t h e r  i m p r o v e m e n t s  a r e  n e e d e d .  S e v e r a l  r e c o m m e n d a t i o n s  
a r e  m a d e  c o n c e r n i n g  w a y s  t o  i m p r o v e  t h e  m i t i g a t i o n  o f  t h e  i m p a c t  o f  r o a d s  o n  w i l d l i f e ,  a n d  f u t u r e  m o n i t o r i n g  a n d  r e s e a r c h .

K e y w o r d s :  m i t i g a t i o n  e ff e c t i v e n e s s ,  r o a d  e c o l o g y ,  r o a d  m i t i g a t i o n ,  t r a ffi c  m o r t a l i t y ,  w i l d l i f e - v e h i c l e  c o l l i s i o n s

J o c h e n  J a e g e r  e s t  p r o f e s s e u r  a g r é g é  a u  D é p a r t e m e n t  d e  
g é o g r a p h i e ,  u r b a n i s m e  e t  e n v i r o n n e m e n t  d e  l ’ U n i v e r s i t é  C o n c o r d i a .  
S e s  t r a v a u x  p o r t e n t  s u r  l a  f r a g m e n t a t i o n  d u  p a y s a g e ,  l ’ é c o l o g i e  
r o u t i è r e  e t  l ’ é t a l e m e n t  u r b a i n .

j o c h e n . j a e g e r @ c o n c o r d i a . c a  

A r i e l  S p a n o w i c z  e s t  a s s i s t a n t e  d e  r e c h e r c h e  d a n s  l e  l a b o r a t o i r e  
d u  D r  J a e g e r  a u  D é p a r t e m e n t  d e  g é o g r a p h i e ,  u r b a n i s m e  e t  
e n v i r o n n e m e n t  d e  l ’ U n i v e r s i t é  C o n c o r d i a .  E l l e  a  c o m p l é t é  s o n  
b a c c a l a u r é a t  e n  g é o g r a p h i e  e n v i r o n n e m e n t a l e  a v e c  m e n t i o n  e n  
2 0 1 6  e t  a  c o m m e n c é  s e s  é t u d e s  d e  m a î t r i s e  à  l ’ É c o l e  p o l y t e c h n i q u e  
f é d é r a l e  d e  Z u r i c h  ( E P F Z )  à  l ’ a u t o m n e  2 0 1 8 .

a r i e l . s p a n o w i c z @ g m a i l . c o m

J e f f  B o w m a n  e s t  c h e r c h e u r  a u  m i n i s t è r e  d e s  R e s s o u r c e s  n a t u r e l l e s  
e t  d e s  F o r ê t s  d e  l ’ O n t a r i o  e t  p r o f e s s e u r  a d j o i n t  à  l ’ U n i v e r s i t é  
T r e n t ,  à  P e t e r b o r o u g h .  S e s  r e c h e r c h e s  p o r t e n t  s u r  l ’ é c o l o g i e  
d e s  p o p u l a t i o n s  f a u n i q u e s  e t  l ’ é c o l o g i e  à  l ’ é c h e l l e  d u  p a y s a g e .

J e f f . B o w m a n @ o n t a r i o . c a

A n t h o n y  P .  C l e v e n g e r  e s t  c h e r c h e u r  a u  W e s t e r n  T r a n s p o r t a t i o n  
I n s t i t u t e  d u  M o n t a n a  S t a t e  U n i v e r s i t y  ( B o z e m a n ,  M o n t a n a ) .  I l  a  é t é  
r e s p o n s a b l e  d e s  é t u d e s  à  l o n g  t e r m e  é v a l u a n t  l ’ i m p a c t  d e s  r o u t e s  
s u r  l a  f a u n e  t e r r e s t r e  e t  l ’ e f fi c a c i t é  d e s  m e s u r e s  d ’ a t t é n u a t i o n  
c o n ç u e s  a fi n  d e  r é d u i r e  l a  f r a g m e n t a t i o n  d e s  h a b i t a t s  f a u n i q u e s .

a p c l e v e n g e r @ g m a i l . c o m  

M i s e  e n  c o n t e x t e  e t  o b j e c t i f s  
À  m e s u r e  q u e  l a  b i o d i v e r s i t é  d i m i n u e  à  l ’ é c h e l l e  

m o n d i a l e  ( T i t t e n s o r  e t  c o l l a b . ,  2 0 1 4 ) ,  l e  d é v e l o p p e m e n t  d e s  
r o u t e s  s e  p o u r s u i t  à  t r a v e r s  l e  m o n d e ,  c e  q u e  L a u r a n c e  e t  
c o l l a b .  ( 2 0 1 7 )  a p p e l l e n t  u n  «  t s u n a m i  d ’ i n f r a s t r u c t u r e s  » .  P a r  
c o n s é q u e n t ,  l e s  b i o l o g i s t e s  d e  l a  f a u n e ,  l e s  i n g é n i e u r s  e n  g é n i e  
c i v i l ,  l e  g r a n d  p u b l i c ,  l e s  p l a n i fi c a t e u r s  e t  l e s  d é c i d e u r s  s o n t  d e  
p l u s  e n  p l u s  p r é o c c u p é s  p a r  l e s  e f f e t s  n é f a s t e s  d e s  r o u t e s  e t  d e  l a  
c i r c u l a t i o n  r o u t i è r e  s u r  l e s  p o p u l a t i o n s  f a u n i q u e s .  D e s  m e s u r e s  
d ’ a t t é n u a t i o n  e f fi c a c e s  d e  l ’ i m p a c t  d e s  r o u t e s  s u r  l a  f a u n e  s o n t  
i n d i s p e n s a b l e s ,  t a n t  p o u r  e n r a y e r  l e  d é c l i n  d e  l a  b i o d i v e r s i t é ,  q u i  
f a i t  p a r t i e  d e s  o b j e c t i f s  d e  b i o d i v e r s i t é  i n t e r n a t i o n a u x  d ’ A i c h i  
é t a b l i s  p a r  l a  C o n v e n t i o n  s u r  l a  d i v e r s i t é  b i o l o g i q u e  ( T i t t e n s o r  
e t  c o l l a b . ,  2 0 1 4 )  q u e  p o u r  a s s u r e r  l e  m a i n t i e n  à  l o n g  t e r m e  d e s  
s e r v i c e s  é c o s y s t é m i q u e s  e s s e n t i e l s .  L e s  r o u t e s  e t  l e  t r a fi c  r o u t i e r  
o n t  d e  g r a v e s  e f f e t s  ( d o n t  l a  m o r t a l i t é  r o u t i è r e  a n i m a l e )  s u r  d e  
n o m b r e u s e s  p o p u l a t i o n s  f a u n i q u e s ;  i l s  c o n s t i t u e n t  d e s  o b s t a c l e s  
a u  d é p l a c e m e n t  d e s  a n i m a u x  e t  r é d u i s e n t  l a  q u a n t i t é  e t  l a  
q u a l i t é  d ’ h a b i t a t s  d i s p o n i b l e s  ( J a e g e r  e t  c o l l a b . ,  2 0 0 5 ) .

C e s  e f f e t s  p e u v e n t  a v o i r  d e  g r a v e s  c o n s é q u e n c e s  
s u r  l e s  p r o c e s s u s  é c o l o g i q u e s  e t  l e s  p o p u l a t i o n s  f a u n i q u e s  :  

Factors influencing the discovery and use of wildlife
passages for small fauna

April Robin Martinig* and Katrina B!elanger-Smith

Department of Biology, Concordia University, 7141 Sherbrooke Street West, Montreal, QC H4B 1R6, Canada

Summary

1. While many studies have looked at how large mammals respond to road mitigation mea-

sures, few have examined the effects on smaller mammals.
2. We investigated the effectiveness of three different types of wildlife passages along High-

way 175 in Quebec, Canada, for small- and medium-sized mammals (<30 kg) using infrared
cameras. Wildlife passages (n = 17) were monitored 24 h a day 7 days a week from 2012 to
2015. Two research questions were addressed: (i) What influences passage discovery and use?

and (ii) does it differ between species? Global and species-specific models were produced for
both discovery and use. A linear mixed-effects model was used for the discovery data

(log-transformed counts), and a generalized linear mixed model was used for the crossing
data (binary response).
3. Species’ responded to the passages differently, with discoveries increasing overall and in
particular for marmots Marmota monax as latitude increased. Pipe culverts were significantly
more likely to be discovered by micromammals and wooden ledge culverts by red squirrels

Tamiasciurus hudsonicus. Older passages were discovered less in general, with the exception of
marmots. Marmots were also the only species to show a difference in crossings by passage

type, favouring pipe culverts. Passage use was less likely with a median present for all models,
except squirrels. More open passages had higher use overall and particularly for marmots

and weasels Mustela spp.
4. Synthesis and applications. By separating animal responses to wildlife passages into two
types (discovery and use), we have shown it is possible to incorporate multiple dimensions

into post-mitigation evaluation. This study highlights how transportation agencies can engi-
neer more effective wildlife passages by minimizing the barrier effect of the structures them-

selves and constructing more passages better suited to the needs of the species they are
targeting. To benefit the most species, it is recommended that future projects contain a diver-

sity of open, single segment passages requiring long-term monitoring.

Key-words: animal movement, Canada, connectivity, habitat fragmentation, mammals,

mitigation measures, road ecology, wildlife crossing structure

Introduction

Fragmentation of habitat due to development is recog-

nized as a major threat to biodiversity (Forman &

Alexander 1998). Road infrastructure not only reduces

the quantity and quality of the remaining habitat, but also

acts as a barrier to wildlife movement and increases mor-

tality due to vehicle collisions (Forman & Alexander

1998; Fahrig & Rytwinski 2009). These effects can mean a

reduction in access to resources, limited gene flow and

restricted dispersal for species that are unable to over-

come the presence of roads (Forman & Alexander 1998;

Glista, DeVault & DeWoody 2009). In an attempt to mit-

igate these consequences, it is becoming increasingly com-

mon to include wildlife passages along with road

development (Clevenger & Waltho 2000; Glista, DeVault

& DeWoody 2009).

An abundant body of literature has examined road

management and mitigation for large mammals because

of collisions with motorists (Clevenger & Waltho 2000;

O’Connell et al. 2006; Glista, DeVault & DeWoody

2009). Fewer studies have focused on small- and medium-

sized mammals (Clevenger, Chruszcz & Gunson 2001;

McDonald & St. Clair 2004; Bellis et al. 2013). Yet,*Correspondence author. E-mail: aprilmartinig@hotmail.com
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a b s t r a c t

The data presented here consist of the locations of 839 roadkill
points from four years (2012–2015) of roadkill surveys for small
and medium-sized mammals (under 30 kg) from a four-lane
highway in Quebec (Highway 175) during the months of May to
October. Seventeen species or species groups were identified, all
local to the area, and none of which were identified as species at
risk, threatened, or endangered. The GPS coordinates of each
roadkill event are given, along with the date, time of day (morning
or evening), location (northbound or southbound lanes) and spe-
cies (where possible). Within the surveyed road, 18 wildlife pas-
sages with 100m fencing on each side of the passage entrances
were built for small and medium-sized mammals. The GPS coor-
dinates of the 18 passages and the end of each corresponding fence
are also provided.

& 2018 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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33L E  N A T U R A L I S T E  C A N A D I E N ,  1 4 3  N O  1     H I V E R  2 0 1 9

É C O L O G I E  R O U T I È R E :  P R I O R I T É S  P O U R  L E  Q U É B E C

d u  s u d  d u  Q u é b e c .  P a r  l e  b i a i s  d ’ u n e  s t r a t é g i e  d e  c o n s e r v a t i o n  
t r a n s f r o n t a l i è r e ,  c e t  o r g a n i s m e  d e  b i e n f a i s a n c e  p r o c u r e  a u x  
c o l l e c t i v i t é s  d e s  C a n t o n s - d e - l ’ E s t  l e s  m o y e n s  d e  m a i n t e n i r  e t  
d e  r e s t a u r e r  u n  m i l i e u  d e  v i e  q u i  r e s p e c t e  l ’ é c o l o g i e  d e  l a  r é g i o n  
d a n s  u n e  p e r s p e c t i v e  d e  d é v e l o p p e m e n t  d u r a b l e  ( G r a t t o n ,  
2 0 1 2 ;  G r a t t o n  e t  H o n e ,  2 0 0 6 ) .  D e p u i s  1 5  a n s ,  C o r r i d o r  
a p p a l a c h i e n  o f f r e  u n e  a s s i s t a n c e  t e c h n i q u e ,  d e s  c o n s e i l s  e t  d e  
l ’ e x p e r t i s e  a u x  o r g a n i s m e s  d e  c o n s e r v a t i o n ,  a u x  p a r t e n a i r e s  e t  
a u x  i n t e r v e n a n t s  q u i  p a r t a g e n t  s a  v i s i o n .  

D e s c r i p t i o n  d e  l ’ a i r e  d ’ é t u d e
L e  t e r r i t o i r e  s u r  l e q u e l  œ u v r e  C o r r i d o r  a p p a l a c h i e n  

c o m p r e n d  u n  s e g m e n t  d e  l a  c h a î n e  d e s  A p p a l a c h e s  q u i  
c h e v a u c h e  l a  f r o n t i è r e  c a n a d o - a m é r i c a i n e  ( f i g u r e  1 ) .  A u  

V e r m o n t ,  c e  s e g m e n t  c o r r e s p o n d  a u x  m o n t a g n e s  V e r t e s  q u i  
s ’ é t e n d e n t  a u  s u d  j u s q u ’ a u  m o n t  M a n s f i e l d  e t  a u  C a m e l ’ s  
H u m p ;  a u  Q u é b e c ,  l e s  m o n t a g n e s  V e r t e s  s ’ é t e n d e n t  j u s q u ’ a u  
n o r d  d u  m o n t  O r f o r d ,  d a n s  l e  s e c t e u r  d e  R i c h m o n d .  C e  s e g m e n t  
p a r t i c u l i è r e m e n t  n é v r a l g i q u e  a  é t é  i d e n t i fi é  c o m m e  l ’ u n  d e s  
l i e n s  c r i t i q u e  p o u r  l e  m a i n t i e n  d e  l a  c o n n e c t i v i t é  é c o l o g i q u e  à  
l ’ é c h e l l e  d e  l ’ é c o r é g i o n  d e s  A p p a l a c h e s  n o r d i q u e s  e t  d e  l ’ A c a d i e  
p a r  l ’ o r g a n i s m e  t r a n s f r o n t a l i e r  D e u x  p a y s ,  u n e  f o r ê t  ( A n d e r s o n  
e t  c o l l a b . ,  2 0 0 6 ;  G r a t t o n  e t  B r y a n t ,  2 0 1 2 )  a i n s i  q u e  p a r  l ’ i n i t i a t i v e  
S t a y i n g  C o n n e c t e d  ( G r a t t o n  e t  L e v i n e ,  2 0 1 8 ) .

L e  t e r r i t o i r e  d ’ a c t i o n  d e  C o r r i d o r  a p p a l a c h i e n  
c h e v a u c h e  l a  r é g i o n  d e  l ’ E s t r i e ,  q u i  c o m p t e  p r è s  d e  9 3  %  
d e  t e r r e s  p r i v é e s  ( C R R N T  d e  l ’ E s t r i e ,  2 0 1 0 ) ,  e t  c e l l e  d e  l a  
M o n t é r é g i e  E s t ,  q u i  e n  c o m p t e  9 7  %  ( C R R N T  M o n t é r é g i e  E s t ,  

F i g u r e  1 .  N o y a u x  d e  c o n s e r v a t i o n ,  a i r e s  p r o t é g é e s  e t  f r a g m e n t a t i o n  d u  t e r r i t o i r e  à  l ’ é t u d e  p a r  l ’ a u t o r o u t e  1 0  ( k i l o m è t r e s  6 8  à  1 4 3 ) .

Daguet et Lelièvre
(2019),
Appalachian 
Corridor

A 10 
(Estrie & 
Montérégie Est)

Road mortality 
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CONCLUSION	& RECOMMENDATIONS

v Train	underpasses,	 low-traffic	road	underpasses,	and	water	culverts	can	serve	as	wildlife	crossing	
structures	for	numerous	species	of	medium	to	large	mammals.

v Logistic	regression	analysis	for	events	occurring	within	each	structure	individually	did	not	show	that	
increasing	levels	of	human	activity	at	underpasses	decrease	the	likelihood	 of	mammal	discoveries	of,	
or	use	of	crossing	structures,	nor	 increase	aversion	at	individual	 crossing	structures.	

v However,	no	mammal	crossings	were	observed	at	the	underpass	with	the	highest	degree	of	human	
activity,	where	237	humans	passed	per	day	at	road	underpass	 (site	3).		Comparisons	between	
passages	could	not	 statistically	be	made	due	to	low	sample	size	of	observed	underpasses	 (n	 =	9)	of	
diverse	structure	types.	

Ø Temperature	is	likely	responsible	 for	increasing	both	human	and	mammal	presence	at	crossing	
structures	(Figure	2).	Other	co-variables,	such	as	water	level	and	structure	type	are	likely	important.	

Ø This	study	is	being	continued	 for	another	year	to	account	for	these	co-variables	and	increase	mammal	
observations.	

Ø To	increase	the	use	of	the	existing	underpasses by	medium	and	large	mammals,	we	supply	the	
following	recommendations:

i. To	facilitate	mammal	use	of	culverts	and	decrease	mortality,	 fencing	should	 be	
installed	along	A-10-est	in	areas	of	high	animal	activity	and	mortality	hotspots	
(Daguet 2015),	notably	within	km	80-85,	94-106	and	109-115

ii. The	addition	of	dry	paths	within	all	water	culverts	to	allow	for	year-round	access
iii. The	addition	of	an	earthen	path	at	the	train	underpass	of	site	1,	to	encourage	use	by	

hooved	animals	which	show	aversion	to	large	gravel
iv. Notwithstanding	 recommendations	 for	wildlife	mitigation	measures	in	existing		

structures,	the	construction	of	new	purpose-built	wildlife	structures	should	be	
considered	whenever	possible	on	critical	sections	of	A-10	est

BACKGROUND
Ø Roads	and	highways	have	rapidly	become	ubiquitous	 features	in	developed	 landscapes	around	 the	

world.	From	the	year	2000	to	2009,	the	rate	of	paved	road	development	globally	was	1.3	million	
additional	 lane-km	per	year	(Dulac 2013).	

Ø In	order	 to	track	suitable	climate,	terrestrial	species	globally	are	rapidly	moving	 northward	at	a	rate	of	
16.9	km	/	decade	(Chen	et	al.	 2011).	

Ø The	addition	of	 fencing	and	crossing	structures	to	highways	is	shown	to	decrease	roadkill by	83%	for	
large	mammals	(Rytwinski et	al.	2016)

Ø If	human	use	of	crossing	structures	is	a	deterrent	for	specific	wildlife,	 it	may	defeat	all	efforts	to	mitigate	
the	effects	roads	on	these	populations.	

Ø Extending	across	83	million	acres,	the	Northern	Appalachian	/	Acadian	ecoregion	 retains	the	largest	
expanse	of	intact	forest	in	the	contiguous	 United	States	(Anderson	2006)	– which	has	now	been	
bisected	by	a	high	 traffic,	four	lane	highway,	autoroute 10	est.		

METHODS
Ø Spanning	 75	km	between	the	towns	of	Granby	and	Sherbrooke,	 QC,	four	sections	of	Highway	10	East	

were	selected	(A-D),	where	the	predicted	wildlife	corridors	were	intersected	by	the	four-lane	highway	
(see	map	below;	Daguet et	al.	2015).	

Ø All	underpasses	within	these	sections	with	a	minimum	opening	 area	of	1.5	m2 were	deemed	
accessible	and	suitable	for	use	by	medium	to	large	sized	mammals	(n =	9).

Ø Reconxy Hyperfire HC600	motion	and	infrared	detection	cameras	were	used	for	continuous	
observation	of	animal	and	human	activity	at	all	crossing	structures.	

Ø Logistic	regression	analysis	was	ran	for	the	effect	of	human	activity	on	the	probability	of	presence,	 full	
crossing,	and	aversion	of	each	species	mobility	guild	 individuals.	Analysis	was	conducted	at	3	temporal	
divisions:	weekly,	daily,	and	daylight/night	 activity.	

v We	predicted	that	high	rates	of	human	activity	would	result	in	low	rates	of	discoveries	and	full	
crossings	of	the	passage	by	mammals,	and	high	rates	of	passage	aversions.

Wildlife corridor  
(version 0.19.8) 

Forest habitat 
(version 7.3) 

Appalachian Corridor region 

A B C 
D 

1. What	diversity	and	frequency	of	mammal	use	is	seen	at	each	underpass?
Over	a	maximum	period	of	315	continuous	observation	days	at	each	underpass,	a	total	of	1450	
individuals	 from	9	mammalian	species	were	observed	 (Table	1).

Train	underpasses	(sites	1	and	4)
Ø The	highest	diversity	of	mammal	species	was	seen	at	train	underpasses,	with	7	species	of	large	and	

medium	mammals	using	the	underpasses	 to	cross	highway	10	est.	White-tailed	deer,	 red	fox	and	
bobcat	were	the	most	frequent	users.	

Ø On	average,	2.7	and	4.1	mammals	crossed	the	underpass	per	week	at	site	1	and	4,	respectively.
Ø 86.9%	and	94.1%	of	crossing	structure	approaches	resulted	in	full	crossings	through	 the	

underpasses	at	site	1	and	4,	respectively.

Road	underpasses	(sites	3	and	5)
Ø No	mammals	were	observed	 to	use	the	underpass	at	site	3	to	cross	– this	is	likely	due	to	the	average	

use	by	1690	cars	per	week.	
Ø Site	5,	where	only	200	cars	passed	per	week,	displayed	high	use	by	raccoon	and	red	fox,	with	an	

average	presence	of	19	individuals	per	week.
Ø Less	than	one	deer	per	week,	on	average,	was	detected	at	the	road	underpass,	 and	of	these,	78.6%	

crossed	through	 the	structure.

Water	culverts	 (sites	2,	6,	7,	8,	and	9)
Ø At	all	culvert	sites	(except	site	9)	raccoon,	red	fox	and	woodchuck	had	crossing	success	rates	of	

100%,	and	were	seen	in	the	highest	numbers	and	frequencies.
Ø Deer	were	never	observed	 to	use	circular	water	culverts	to	cross,	although	 one	attempt	was	made	

at	site	2	(see	photo	below,	 right).	During	 the	months	of	 July	and	August,	when	a	dry	path	was	
present,	deer	successfully	crossed	through	 the	large	box	culvert	(site	6).

Ø Weekly	crossings	at	culverts	ranged	from	4.2	to	0	mammals	per	week.

RESULTS
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2. Does	human	activity	decease	mammal	use	at	crossing	structures,	and	at	what	temporal	division	 is	
this	seen	(ie.	per	week,	per	day,	during	daylight	or	night	hours)?

Ø No	significant	effects	were	found	 for	weekly,	daily,	daylight	hour	or	nightly	human	activity	on	 the	
likelihood	 of	mammal	use	or	aversion	at	crossing	structures.

Ø Weeks,	days,	and	nights	with	high	human	activity	displayed	increasing	likelihood	 of	presence	of	
medium	and	large	mammals.
(Site 1,	weekly activity :	n =	32,	β =	0,233,	SE =	0,0994,	z =	2,349		,	p < 0,02;	site 4,	nightly activity: n =	223,	β =	0,356,	SE =	0,137,	 								
z =	2,607,	 p < 0,01;	site	5,	daily activity :	Figure 2,	below)

Ø The	observation	 that no	mammals were detected using the	high-use	road	underpass at	site	3	is very
likely due	to	human activity (237	humans passing	per	day);	there is great structural	similarity to	the	low-
use	road	underpass at	site	5,	yet weekly human activity is much lower,	and	mammal use	is very high	
(Table	1).	

Can	passages	be shared by	humans and	wildlife?	
How	human co-use of	underpasses affects	the	tendency of	mammals to	cross	beneath a	high	traffic highway
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Fig.	1.	Average	annual	roadside	mortality	along	A-10-est,	QC,	within	the	Appalachian	Corridor	
region	(see	map	below).	Data	collected	by	MTMDET	from	2005	to	2016.		

Species Total	number	of	medium	and	large	mammals	detected	at	crossing	structures

Train	underpass Road	underpass Culvert

1 4 3 5 2 6 7* 8* 9*

Black	bear - - - - 1	(100%) - - - -

Bobcat 2	(100%) 20	(100%) - 1	(100%) - - - - -

Coyote 2	(100%) 1 (100%) - 4	(100%) - - - - -

Deer 58	(78%) 91	(92%) 1	(0%) 26	(79%) 39	(0%) 83	(12%) 1	(0%) 17	(0%) 2	(0%)

Fisher 1**	(0%) 1	(100%) - - - - - - -

Mink - - - - 27 (4%)*** - 2	(100%) 1	(0%) -

Raccoon 5	(100%) 21	(95%) - 586	(99%) 41	(100%) 252	(90%) 10	(100%) 4	(100%) 24	(0%)

Red	fox 32	(97%) 2	(100%) - 2 (100%) - - 3	(100%) - 1	(0%)

Woodchuck 4	(100%) 5	(100%) - - 1	(100%) - 1	(100%) - -

TOTAL 104	(87%) 141	(95%) 1	(0%) 619	(99%) 110	(40%) 336	(68%) 17	(94%) 24	(19%) 27	(0%)

Daily	human	

activity

5.1 3.4 237.3 29.2 0.1 1.5 0.3 2.3 0.2

Table	1.	The	total	number	of	individuals	detected	 at	each	crossing	structure	for	each	 species	 of	medium	 and	large	
mammals.	 The	number	in	brackets	represents	the	percentage	 of	full	crossings	by	mammals	 per	confirmed	approaches	 at	
crossing	structure.

* Sites 7, 8, and 9 were observed for only 6 weeks between July and August 2017
** The fisher observed at site 1 was visually observed at site. 
*** The mink at site 2 had an ice burrow within the culvert, but only crossed to the other side of the culvert on one occasion. This is likely because the other end of the culvert was barricaded by a wall of ice from highway run-off. 
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Fig.	2.	Logistic	regression	analysis	on	the	probability	of	medium	and	large	mammal	presence	(1)	or	absence	(0)	explained	by	daily	
human	activity	(left)	or	observation	day	(right)	at	road	underpass	site	5.	Days	with	high	numbers	of	humans	at	the	road	underpass	
had	an	increased	probability	of	mammal	presence	at	underpass	(n =	216,	β =	0.0421,	SE =	0.0101,	z =	4.159,	p <	0.001).	
Observation	day	(from	October	2016	to	May	2017)	did	not	 significantly	explain	the	likelihood	of	mammal	presence	
(n =	216,	β =	-0.003,	SE =	0.0024,	z =	-1.408	,	p =	0.16).	

Daily human activity Observation day

Data collected by 
MTQ (2005-2016).
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CONCLUSION	& RECOMMENDATIONS

v Train	underpasses,	 low-traffic	road	underpasses,	and	water	culverts	can	serve	as	wildlife	crossing	
structures	for	numerous	species	of	medium	to	large	mammals.

v Logistic	regression	analysis	for	events	occurring	within	each	structure	individually	did	not	show	that	
increasing	levels	of	human	activity	at	underpasses	decrease	the	likelihood	 of	mammal	discoveries	of,	
or	use	of	crossing	structures,	nor	 increase	aversion	at	individual	 crossing	structures.	

v However,	no	mammal	crossings	were	observed	at	the	underpass	with	the	highest	degree	of	human	
activity,	where	237	humans	passed	per	day	at	road	underpass	 (site	3).		Comparisons	between	
passages	could	not	 statistically	be	made	due	to	low	sample	size	of	observed	underpasses	 (n	 =	9)	of	
diverse	structure	types.	

Ø Temperature	is	likely	responsible	 for	increasing	both	human	and	mammal	presence	at	crossing	
structures	(Figure	2).	Other	co-variables,	such	as	water	level	and	structure	type	are	likely	important.	

Ø This	study	is	being	continued	 for	another	year	to	account	for	these	co-variables	and	increase	mammal	
observations.	

Ø To	increase	the	use	of	the	existing	underpasses by	medium	and	large	mammals,	we	supply	the	
following	recommendations:

i. To	facilitate	mammal	use	of	culverts	and	decrease	mortality,	 fencing	should	 be	
installed	along	A-10-est	in	areas	of	high	animal	activity	and	mortality	hotspots	
(Daguet 2015),	notably	within	km	80-85,	94-106	and	109-115

ii. The	addition	of	dry	paths	within	all	water	culverts	to	allow	for	year-round	access
iii. The	addition	of	an	earthen	path	at	the	train	underpass	of	site	1,	to	encourage	use	by	

hooved	animals	which	show	aversion	to	large	gravel
iv. Notwithstanding	 recommendations	 for	wildlife	mitigation	measures	in	existing		

structures,	the	construction	of	new	purpose-built	wildlife	structures	should	be	
considered	whenever	possible	on	critical	sections	of	A-10	est

BACKGROUND
Ø Roads	and	highways	have	rapidly	become	ubiquitous	 features	in	developed	 landscapes	around	 the	

world.	From	the	year	2000	to	2009,	the	rate	of	paved	road	development	globally	was	1.3	million	
additional	 lane-km	per	year	(Dulac 2013).	

Ø In	order	 to	track	suitable	climate,	terrestrial	species	globally	are	rapidly	moving	 northward	at	a	rate	of	
16.9	km	/	decade	(Chen	et	al.	 2011).	

Ø The	addition	of	 fencing	and	crossing	structures	to	highways	is	shown	to	decrease	roadkill by	83%	for	
large	mammals	(Rytwinski et	al.	2016)

Ø If	human	use	of	crossing	structures	is	a	deterrent	for	specific	wildlife,	 it	may	defeat	all	efforts	to	mitigate	
the	effects	roads	on	these	populations.	

Ø Extending	across	83	million	acres,	the	Northern	Appalachian	/	Acadian	ecoregion	 retains	the	largest	
expanse	of	intact	forest	in	the	contiguous	 United	States	(Anderson	2006)	– which	has	now	been	
bisected	by	a	high	 traffic,	four	lane	highway,	autoroute 10	est.		

METHODS
Ø Spanning	 75	km	between	the	towns	of	Granby	and	Sherbrooke,	 QC,	four	sections	of	Highway	10	East	

were	selected	(A-D),	where	the	predicted	wildlife	corridors	were	intersected	by	the	four-lane	highway	
(see	map	below;	Daguet et	al.	2015).	

Ø All	underpasses	within	these	sections	with	a	minimum	opening	 area	of	1.5	m2 were	deemed	
accessible	and	suitable	for	use	by	medium	to	large	sized	mammals	(n =	9).

Ø Reconxy Hyperfire HC600	motion	and	infrared	detection	cameras	were	used	for	continuous	
observation	of	animal	and	human	activity	at	all	crossing	structures.	

Ø Logistic	regression	analysis	was	ran	for	the	effect	of	human	activity	on	the	probability	of	presence,	 full	
crossing,	and	aversion	of	each	species	mobility	guild	 individuals.	Analysis	was	conducted	at	3	temporal	
divisions:	weekly,	daily,	and	daylight/night	 activity.	

v We	predicted	that	high	rates	of	human	activity	would	result	in	low	rates	of	discoveries	and	full	
crossings	of	the	passage	by	mammals,	and	high	rates	of	passage	aversions.

Wildlife corridor  
(version 0.19.8) 

Forest habitat 
(version 7.3) 

Appalachian Corridor region 

A B C 
D 

1. What	diversity	and	frequency	of	mammal	use	is	seen	at	each	underpass?
Over	a	maximum	period	of	315	continuous	observation	days	at	each	underpass,	a	total	of	1450	
individuals	 from	9	mammalian	species	were	observed	 (Table	1).

Train	underpasses	(sites	1	and	4)
Ø The	highest	diversity	of	mammal	species	was	seen	at	train	underpasses,	with	7	species	of	large	and	

medium	mammals	using	the	underpasses	 to	cross	highway	10	est.	White-tailed	deer,	 red	fox	and	
bobcat	were	the	most	frequent	users.	

Ø On	average,	2.7	and	4.1	mammals	crossed	the	underpass	per	week	at	site	1	and	4,	respectively.
Ø 86.9%	and	94.1%	of	crossing	structure	approaches	resulted	in	full	crossings	through	 the	

underpasses	at	site	1	and	4,	respectively.

Road	underpasses	(sites	3	and	5)
Ø No	mammals	were	observed	 to	use	the	underpass	at	site	3	to	cross	– this	is	likely	due	to	the	average	

use	by	1690	cars	per	week.	
Ø Site	5,	where	only	200	cars	passed	per	week,	displayed	high	use	by	raccoon	and	red	fox,	with	an	

average	presence	of	19	individuals	per	week.
Ø Less	than	one	deer	per	week,	on	average,	was	detected	at	the	road	underpass,	 and	of	these,	78.6%	

crossed	through	 the	structure.

Water	culverts	 (sites	2,	6,	7,	8,	and	9)
Ø At	all	culvert	sites	(except	site	9)	raccoon,	red	fox	and	woodchuck	had	crossing	success	rates	of	

100%,	and	were	seen	in	the	highest	numbers	and	frequencies.
Ø Deer	were	never	observed	 to	use	circular	water	culverts	to	cross,	although	 one	attempt	was	made	

at	site	2	(see	photo	below,	 right).	During	 the	months	of	 July	and	August,	when	a	dry	path	was	
present,	deer	successfully	crossed	through	 the	large	box	culvert	(site	6).

Ø Weekly	crossings	at	culverts	ranged	from	4.2	to	0	mammals	per	week.

RESULTS
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2. Does	human	activity	decease	mammal	use	at	crossing	structures,	and	at	what	temporal	division	 is	
this	seen	(ie.	per	week,	per	day,	during	daylight	or	night	hours)?

Ø No	significant	effects	were	found	 for	weekly,	daily,	daylight	hour	or	nightly	human	activity	on	 the	
likelihood	 of	mammal	use	or	aversion	at	crossing	structures.

Ø Weeks,	days,	and	nights	with	high	human	activity	displayed	increasing	likelihood	 of	presence	of	
medium	and	large	mammals.
(Site 1,	weekly activity :	n =	32,	β =	0,233,	SE =	0,0994,	z =	2,349		,	p < 0,02;	site 4,	nightly activity: n =	223,	β =	0,356,	SE =	0,137,	 								
z =	2,607,	 p < 0,01;	site	5,	daily activity :	Figure 2,	below)

Ø The	observation	 that no	mammals were detected using the	high-use	road	underpass at	site	3	is very
likely due	to	human activity (237	humans passing	per	day);	there is great structural	similarity to	the	low-
use	road	underpass at	site	5,	yet weekly human activity is much lower,	and	mammal use	is very high	
(Table	1).	

Can	passages	be shared by	humans and	wildlife?	
How	human co-use of	underpasses affects	the	tendency of	mammals to	cross	beneath a	high	traffic highway
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Fig.	1.	Average	annual	roadside	mortality	along	A-10-est,	QC,	within	the	Appalachian	Corridor	
region	(see	map	below).	Data	collected	by	MTMDET	from	2005	to	2016.		

Species Total	number	of	medium	and	large	mammals	detected	at	crossing	structures

Train	underpass Road	underpass Culvert

1 4 3 5 2 6 7* 8* 9*

Black	bear - - - - 1	(100%) - - - -

Bobcat 2	(100%) 20	(100%) - 1	(100%) - - - - -

Coyote 2	(100%) 1 (100%) - 4	(100%) - - - - -

Deer 58	(78%) 91	(92%) 1	(0%) 26	(79%) 39	(0%) 83	(12%) 1	(0%) 17	(0%) 2	(0%)

Fisher 1**	(0%) 1	(100%) - - - - - - -

Mink - - - - 27 (4%)*** - 2	(100%) 1	(0%) -

Raccoon 5	(100%) 21	(95%) - 586	(99%) 41	(100%) 252	(90%) 10	(100%) 4	(100%) 24	(0%)

Red	fox 32	(97%) 2	(100%) - 2 (100%) - - 3	(100%) - 1	(0%)

Woodchuck 4	(100%) 5	(100%) - - 1	(100%) - 1	(100%) - -

TOTAL 104	(87%) 141	(95%) 1	(0%) 619	(99%) 110	(40%) 336	(68%) 17	(94%) 24	(19%) 27	(0%)

Daily	human	

activity

5.1 3.4 237.3 29.2 0.1 1.5 0.3 2.3 0.2

Table	1.	The	total	number	of	individuals	detected	 at	each	crossing	structure	for	each	 species	 of	medium	 and	large	
mammals.	 The	number	in	brackets	represents	the	percentage	 of	full	crossings	by	mammals	 per	confirmed	approaches	 at	
crossing	structure.

* Sites 7, 8, and 9 were observed for only 6 weeks between July and August 2017
** The fisher observed at site 1 was visually observed at site. 
*** The mink at site 2 had an ice burrow within the culvert, but only crossed to the other side of the culvert on one occasion. This is likely because the other end of the culvert was barricaded by a wall of ice from highway run-off. 
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Fig.	2.	Logistic	regression	analysis	on	the	probability	of	medium	and	large	mammal	presence	(1)	or	absence	(0)	explained	by	daily	
human	activity	(left)	or	observation	day	(right)	at	road	underpass	site	5.	Days	with	high	numbers	of	humans	at	the	road	underpass	
had	an	increased	probability	of	mammal	presence	at	underpass	(n =	216,	β =	0.0421,	SE =	0.0101,	z =	4.159,	p <	0.001).	
Observation	day	(from	October	2016	to	May	2017)	did	not	 significantly	explain	the	likelihood	of	mammal	presence	
(n =	216,	β =	-0.003,	SE =	0.0024,	z =	-1.408	,	p =	0.16).	

Daily human activity Observation day

LoScerbo et al. (subm.)
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Total hourly human (grey bars, left axis) and mammal activity (black bars, right axis), 
pooled for all sites (n = 9).

LoScerbo et al. (subm.)
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a b s t r a c t

An experimental approach to road mitigation that maximizes inferential power is essential to ensure that
mitigation is both ecologically-effective and cost-effective. Here, we set out the need for and standards of
using an experimental approach to road mitigation, in order to improve knowledge of the influence of
mitigation measures on wildlife populations. We point out two key areas that need to be considered
when conducting mitigation experiments. First, researchers need to get involved at the earliest stage of
the road or mitigation project to ensure the necessary planning and funds are available for conducting a
high quality experiment. Second, experimentation will generate new knowledge about the parameters
that influence mitigation effectiveness, which ultimately allows better prediction for future road miti-
gation projects. We identify seven key questions about mitigation structures (i.e., wildlife crossing
structures and fencing) that remain largely or entirely unanswered at the population-level: (1) Does a
given crossing structure work? What type and size of crossing structures should we use? (2) How many
crossing structures should we build? (3) Is it more effective to install a small number of large-sized
crossing structures or a large number of small-sized crossing structures? (4) How much barrier
fencing is needed for a given length of road? (5) Do we need funnel fencing to lead animals to crossing
structures, and how long does such fencing have to be? (6) How should we manage/manipulate the
environment in the area around the crossing structures and fencing? (7) Where should we place crossing
structures and barrier fencing? We provide experimental approaches to answering each of them using
example Before-After-Control-Impact (BACI) study designs for two stages in the road/mitigation project
where researchers may become involved: (1) at the beginning of a road/mitigation project, and (2) after
the mitigation has been constructed; highlighting real case studies when available.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Roads and traffic have negative impacts on a wide range of an-
imals (reviewed in Trombulak and Frissell, 2000; Spellerberg, 2002;
Fahrig and Rytwinski, 2009; Benítez-L!opez et al., 2010; Rytwinski

and Fahrig, 2012; van der Ree et al., 2015a). The main focus of
road ecology research is to quantify these negative impacts, with
the aim of avoiding, minimizing, mitigating, or offsetting negative
impacts on individuals, populations, communities, and ecosystems
(van der Ree et al., 2011). Options to avoid or mitigate these
negative impacts are numerous and have been widely and
increasingly implemented around the world (van der Ree et al.,
2015b). Examples of mitigation measures include: animal* Corresponding author.
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detection systems, wildlife warning signs, changes in road-verge
management, measures to reduce traffic volume, speed and/or
noise, temporary road closures, wildlife crossing structures, wildlife
fences [e.g., barrier fencing (or exclusion fencing) that prevents
wildlife from accessing the road, or funnel fencing that primarily
funnels animals to wildlife crossing structures but can also prevent
wildlife from accessing the road], wildlife reflectors, wildlife re-
pellents, and modified road designs/viaducts/bridges/lighting
(Clevenger and Ford, 2010; Huijser and McGowen, 2010). Wildlife
crossing structures (e.g., under- or over-passes: amphibian tunnels,
badger pipes, ledges in culverts, land bridges, rope bridges, glider
poles), combined with fencing to prevent mortality and funnel
wildlife towards crossing structures, have gained considerable
recent attention by transportation agencies because they enhance
landscape connectivity without affecting traffic flow (van der Grift
et al., 2013).

There is compelling evidence that many wildlife species regu-
larly and frequently use crossing structures (reviewed in van der
Ree et al., 2007), and that well-designed and maintained fencing
greatly reduce rates of wildlife mortality and funnels animals to-
wards the crossing structures (reviewed in Glista et al., 2009).
Unfortunately, documenting use of a crossing structure (i.e., ‘suc-
cess’ at the individual level) is so far removed from higher level
quantities of interest (i.e., population size and persistence), that
such studies provide little information as to whether the structure
actually mitigates the effect of the road enough to ensure a viable
population (van der Grift et al., 2013). Consequently, the influence
of these mitigation structures on population viability is unclear for
most road-affected species.

Ultimately, wewant to be confident that the predicted impact of
a road on awildlife populationwill be at least partially mitigated by
the proposed road design and that the investment in crossing
structures and/or fencing is justified. For example, if the mitigation
for an endangered species is ineffective such that the population of
the target species declines, the road agency must respond and
retrofit the road or modify the mitigation structures. In such cases,
it is essential that road agencies have reliable evidence to make
informed decisions about which feature of the road or mitigation
should be implemented or modified and by how much.

Here we identify seven key questions road planners commonly

have about crossing structures and/or fencing that for many species
and structure types remain largely unanswered at the level of ul-
timate concern (e.g., population or community) and at the required
level of certainty by existing research (Box 1). These questions must
be answered not only so that resources for road mitigation are
allocated in the most effective manner, but that they indeed have
the predicted (desired) effect.

There are twomain reasons why these questions have remained
unanswered. First, the existing approach to road mitigation is to
simply adopt current best-practice in terms of the type, number,
and location of mitigation. While this approach identifies the best
known mitigation for installation, it does not explicitly facilitate
learning about the effectiveness of mitigation because the mitiga-
tion was installed to solve a problem, not generate new informa-
tion. Second, studies evaluating the effectiveness of mitigation
structures have low inferential strength, and, as such, compara-
tively low predictive power. For example, studies often lack: (1)
comparisons between treatment sites (also referred to as ‘impact’
sites in Before-After-Control-Impact (BACI) study designs
(Roedenbeck et al., 2007; van der Ree et al., 2015b)) and control
sites (i.e., sites that have not been affected by the treatment e these
will vary depending on the question and goals of the road mitiga-
tion, but may include e.g., road-free areas, areas with narrow or
low-traffic volume roads, unmitigated roads, and/or unmanipu-
lated mitigation measures; see section 5 on experimental designs
for more detail); (2) data on population sizes or trends prior to
mitigation; (3) replication in both space and time; and (4)
randomization of treatment and control sites across the pool of
potential study sites. Moreover, many study designs confound
mitigation variables (e.g., overpass width, density of shrubs at
culvert entrance) such that their independent effects cannot be
evaluated (reviewed in van der Ree et al., 2007; Glista et al., 2009).
For road agencies tomake informed and reliable decisions, we need
to improve the rigor of studies that evaluate the effectiveness of
mitigation measures.

Ways to improve the quality and impact of road ecology
research and monitoring have been previously discussed.
Roedenbeck et al. (2007) provided a research agenda for road
ecology, identifying relevant questions (e.g., Under what circum-
stances do roads affect population persistence?, and Under what
circumstances can road effects be mitigated?), and specifying a
hierarchy of study designs for answering these questions. van der
Grift et al. (2013) used the principles outlined in Roedenbeck
et al. (2007) to propose a methodological framework for
increasing the inferential strength of mitigation monitoring
schemes. Lesbarr!eres and Fahrig (2012) proposed the use of such
monitoring schemes as a type of experiment, but they did not
suggest associated experimental protocols. van der Ree et al.
(2015b) summarises these papers into an accessible format for
practitioners. Here, we set out the need and standards for using
experimental approaches to road mitigation to improve knowledge
on the influence of mitigation structures on wildlife populations.
We first demonstrate the need for an experimental (manipulative)
approach to road mitigation projects. We then outline the road/
mitigation project stages and describe how flexibility in experi-
mental design depends on the stage in the road project at which
researchers become involved. We provide experimental ap-
proaches to answering each of the questions in Box 1, highlighting
real case studies when possible, and we conclude with a discussion
of potential issues in using experimentation to evaluate the effec-
tiveness of crossing structures and fencing.

2. Why we need an experimental approach to road mitigation

Most road agencies currently evaluate the effectiveness of

Box 1
Seven key questions road planners commonly have about
crossing structures and fencing.

Questions road planners have about mitigation structures:
Question 1

Does a given crossing structure work? What type and size (width,
height and length) of crossing structures should we use?

Question 2

How many crossing structures should we build?
Question 3

Is it more effective to install a small number of large-sized crossing
structures or a large number of small-sized crossing structures?

Question 4

How much barrier fencing is needed for a given length of road?
Question 5

Do we need funnel fencing to lead animals to crossing structures, and
how long does such fencing have to be?

Question 6

How should we manage/manipulate the environment in the area
around the crossing structures and fencing?

Question 7

Where should we place crossing structures and barrier fencing?
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Abstract

Roads and traffic affect animal populations detrimentally in four ways: they decrease habitat amount and quality, enhance
mortality due to collisionswith vehicles, prevent access to resources on the other side of the road, and subdivide animal populations
into smaller and more vulnerable fractions. Roads will affect persistence of animal populations differently depending on (1) road
avoidance behavior of the animals (i.e., noise avoidance, road surface avoidance, and car avoidance); (2) population sensitivity
to the four road effects; (3) road size; and (4) traffic volume. We have created a model based on these population and road
characteristics to study the questions: (1) what types of road avoidance behaviors make populations more vulnerable to roads?;
(2) what types of roads have the greatest impact on population persistence?; and (3) how much does the impact of roads vary
with the relative population sensitivity to the four road effects?
Our results suggest that, in general, the most vulnerable populations are those with high noise and high road surface avoidance,

and secondly, thosewith high noise avoidance only. Conversely, the least vulnerable populations are thosewith high car avoidance
only, and secondly, high road surface and high car avoidance. Populations with low overall road avoidance and those with high
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Insight

The Rauischholzhausen Agenda for Road Ecology

Inga A. Roedenbeck 1, Lenore Fahrig 2, C. Scott Findlay 3, Jeff E. Houlahan 4, Jochen A. G. Jaeger 5, 
Nina Klar 6,7, Stephanie Kramer-Schadt 7, and Edgar A. van der Grift 8

ABSTRACT. Despite the documented negative effects of roads on wildlife, ecological research on road
effects has had comparatively little influence on road planning decisions. We argue that road research
would have a larger impact if researchers carefully considered the relevance of the research questions
addressed and the inferential strength of the studies undertaken. At a workshop at the German castle of
Rauischholzhausen we identified five particularly relevant questions, which we suggest provide the
framework for a research agenda for road ecology: (1) Under what circumstances do roads affect population
persistence? (2) What is the relative importance of road effects vs. other effects on population persistence?
(3) Under what circumstances can road effects be mitigated? (4) What is the relative importance of the
different mechanisms by which roads affect population persistence? (5) Under what circumstances do road
networks affect population persistence at the landscape scale? We recommend experimental designs that
maximize inferential strength, given existing constraints, and we provide hypothetical examples of such
experiments for each of the five research questions. In general, manipulative experiments have higher
inferential strength than do nonmanipulative experiments, and full before-after-control-impact designs are
preferable to before-after or control-impact designs. Finally, we argue that both scientists and planners
must be aware of the limits to inferential strength that exist for a given research question in a given situation.
In particular, when the maximum inferential strength of any feasible design is low, decision makers must
not demand stronger evidence before incorporating research results into the planning process, even though
the level of uncertainty may be high.

Key Words: road ecology; research agenda; experimental design; hierarchy of study designs;
methodological standard; before-after-control-impact design; before-after design; control-impact design;
inferential strength; weight of evidence; uncertainty; landscape scale; extrapolation; population
persistence; road networks; road effects; mitigation; decision making

INTRODUCTION

Mobility of people and goods is an essential
component of the modern world, with its emphasis
on globalization and economic opportunity.
However, the transportation infrastructure that
enhances connectivity among human settlements
often results in decreased connectivity among
remaining natural habitats and wildlife populations.
It is estimated that the transportation infrastructure
affects at least 19% of the conterminous land area
of the United States (Forman 2000) and 20% of the
Netherlands (Reijnen et al. 1995). Areas larger than
100 km² that were unfragmented by roads decreased
from 22% to 14% of the total land coverage of the

old West German states between 1977 and 1998
(Bundesamt für Naturschutz 1999), and this trend
is very likely to continue in most parts of the world
(e.g., NRTF 1997).

Although there is now a growing body of evidence
of the negative impacts of roads on wildlife
(Trombulak and Frissell 2000, Underhill and
Angold 2000, Forman et al. 2002, Sherwood et al.
2002, Spellerberg 2002), ecological research has
had comparatively little effect on decision making
in transportation planning (OECD 2002, UBA
2003). In part, this reflects the fact that, in the face
of compelling economic and social arguments for
road siting, design, and construction, the effects on

1University of Giessen, 2Carleton University, 3University of Ottawa, 4University of New Brunswick at Saint John, 5Concordia University, 6Freie Universität
Berlin, 7UFZ Centre for Environmental Research Leipzig-Halle, 8ALTERRA Wageningen
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Evaluating the effectiveness of road mitigation measures
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Abstract The last 20 years have seen a dramatic increase in efforts to mitigate the
negative effects of roads and traffic on wildlife, including fencing to prevent wildlife-
vehicle collisions and wildlife crossing structures to facilitate landscape connectivity.
While not necessarily explicitly articulated, the fundamental drivers behind road mitigation
are human safety, animal welfare, and/or wildlife conservation. Concomitant with the
increased effort to mitigate has been a focus on evaluating road mitigation. So far, research
has mainly focussed on assessing the use of wildlife crossing structures, demonstrating that
a broad range of species use them. However, this research has done little to address the
question of the effectiveness of crossing structures, because use of a wildlife crossing
structure does not necessarily equate to its effectiveness. The paucity of studies directly
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Habitat loss and deterioration represent the main threats to wildlife
species, and are closely linked to the expansion of roads and human
settlements. Unfortunately, large-scale effects of these structures
remain generally overlooked. Here, we analyzed the European trans-
portation infrastructure network and found that 50% of the conti-
nent is within 1.5 km of transportation infrastructure. We present
a method for assessing the impacts from infrastructure on wildlife,
based on functional response curves describing density reductions in
birds and mammals (e.g., road-effect zones), and apply it to Spain as a
case study. The imprint of infrastructure extends over most of the
country (55.5% in the case of birds and 97.9% for mammals), with
moderate declines predicted for birds (22.6% of individuals) and
severe declines predicted for mammals (46.6%). Despite certain limi-
tations, we suggest the approach proposed is widely applicable to the
evaluation of effects of planned infrastructure developments under
multiple scenarios, and propose an internationally coordinated strat-
egy to update and improve it in the future.

anthropogenic development | birds | Europe | mammals | road-effect zone

Habitat loss and degradation are the primary drivers of the
decline and extinction of wildlife populations in terrestrial

ecosystems (1), with the main precursors of these impacts being
roads and human settlements (2). If current trends continue, by
2030, urban areas will increase by 1.2 million km2 globally and,
by 2050, our planet will accommodate more paved-lane kilo-
meters than required to reach Mars (3, 4). The largest expected
infrastructural undertakings will occur in developing nations (3,
4), including many regions that sustain exceptional levels of
biodiversity and vital ecosystem services. These structures will
alter ecological conditions, cut through highly suitable habitat,
and further reduce the populations of many wildlife species (5–
7). However, large-scale consequences of these trends remain
unknown (8). Global and continental schemes for prioritizing
road building have recently been proposed to limit the envi-
ronmental costs of infrastructure expansion while maximizing its
benefits for human development (9, 10). The refinement of these
zoning plans would greatly benefit from more detailed estimates
of the imprint of infrastructure on wildlife populations. Human
footprint models combine spatial data regarding human activities
with assessments of their effects to estimate their overall impact
(11–13). The burgeoning availability of detailed geospatial layers
of infrastructure contrasts with the lack of quantification of their
effects, which still relies on expert knowledge and is mostly based
on single species or local studies (14). As a result, mapping of the
area of influence of infrastructure ranges from a few hundred
meters (15) up to 50 km (10, 11, 16, 17).
The main difficulty in quantifying the area of influence of

infrastructure on wildlife, that is, the area over which the eco-
logical effects extend into the adjacent landscape [e.g., “road-
effect zone” (2)] has been the lack of reliable distance thresholds
for these effects (18). Most effects on local species abundances
occur within a specific distance from the infrastructure and level
off as distance increases (19, 20). For instance, this decrease in
population density varies by taxonomic class, with mammals
being affected over larger distances than birds (21).

The objective of our work is to assess the spatial extent of the
impacts from infrastructure on wildlife populations at a large scale,
based on taxa-specific functional distance-decay curves (Fig. 1). We
first examine the pervasiveness of transportation infrastructure in
Europe, a continent with extensive data and broad variability in
both infrastructure development and wildlife distribution, and
then, using Spain as an example, we explore how the pervasiveness
of infrastructure translates into the distribution of six emblematic
species of the Iberian fauna, pointing out large-scale effects and
strengthening the evidentiary basis of impact assessments on
wildlife at regional or national scales. Finally, we present a method
to model the area of influence of infrastructure and apply it for
birds and mammals in Spain. Worldwide, the Mediterranean Basin
is the biodiversity hotspot most affected by urban expansion (4);
thus, our results for Spain may help predict the level of threat for
other biodiversity hotspots undergoing rapid development.
Our results reveal both the pervasiveness of human infrastructure

and its negative influence on wildlife populations, particularly
among wide-ranging mammals. Despite its limitations, our approach
may represent a useful tool for conservation and land management,
enabling (i) assessments of the human footprint of infrastructure
or wilderness mapping, (ii) the definition of roadless areas, and
(iii) projections of future human influence under alternative sce-
narios, as well as supporting strategic infrastructure planning.

Results
How Far to the Nearest Infrastructure? Almost a quarter of all land
area in Europe (22.4%) is located within 500 m of the nearest
transport infrastructure, and 50% is within 1.5 km (Table S1).
For the EU-28 (the 28 member states currently forming the
European Union), these numbers are almost identical (22.8%
and 1.5 km, respectively). Ninety-five percent of all Europe is

Significance

Nature is increasingly threatened by rapid infrastructure ex-
pansion. For the first time, to our knowledge, we quantify the
high pervasiveness of transportation infrastructure in all Eu-
ropean countries. Unfortunately, spatial definition of the areas
ecologically affected by infrastructure at large scales is com-
plicated. Thus, we present a method for assessing the spatial
extent of the impacts on birds and mammals at regional and
national scales. As an illustration, its application to Spain
shows that most of the country is affected, predicting moder-
ate and severe declines for birds and mammals, respectively.
The lack of areas that could be used as controls implies that
scientists may no longer be able to measure the magnitude of
road effects on wide-ranging mammals in most of Europe.

Author contributions: A.T. designed research; A.T. performed research; A.T. analyzed
data; and A.T., J.A.G.J., and J.C.A. wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.
1To whom correspondence should be addressed. Email: aurora.torres@mncn.csic.es.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1522488113/-/DCSupplemental.

www.pnas.org/cgi/doi/10.1073/pnas.1522488113 PNAS Early Edition | 1 of 6

EC
O
LO

G
Y

EN
VI
RO

N
M
EN

TA
L

SC
IE
N
CE

S



25

Route 138

48

49L E  N A T U R A L I S T E  C A N A D I E N ,  1 4 3  N O  1     H I V E R  2 0 1 9

É C O L O G I E  R O U T I È R E :  P R I O R I T É S  P O U R  L E  Q U É B E C

d e  l a  s i t u a t i o n  p r è s  d e  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s  s u r  l a  
r o u t e  1 3 8  o ù  u n e  p r o b l é m a t i q u e  d e  c o l l i s i o n s  a v e c  l e s  o r i g n a u x  
( A l c e s  a m e r i c a n u s )  a  é v o l u é  e t  a m e n é  l e  M T Q  à  s e  r é a j u s t e r  
p o u r  t r o u v e r  u n e  s o l u t i o n  s a t i s f a i s a n t e .  U n e  d i s c u s s i o n  d e s  
p r i n c i p e s  à  c o n s i d é r e r  d a n s  l e s  a m é n a g e m e n t s  s u i t  c e  r é s u m é .

C o n t e x t e  g é o g r a p h i q u e  e t  f a u n i q u e

L a  r o u t e  1 3 8 ,  q u i  c o n s t i t u e  l e  l i e n  r o u t i e r  p r i n c i p a l  
e n t r e  l a  v i l l e  d e  Q u é b e c  e t  l ’ e s t  d e  l a  p r o v i n c e  a u  n o r d  d u  
fl e u v e  S a i n t - L a u r e n t ,  t r a v e r s e  u n  s e c t e u r  m o n t a g n e u x  e n t r e  
S a i n t - T i t e - d e s - C a p s  e t  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s ,  u n e  z o n e  
p r o p i c e  à  l a  r e p r o d u c t i o n  e t  a u x  d é p l a c e m e n t s  d ’ o r i g n a u x .  
D ’ u n  c ô t é  d e  l a  r o u t e ,  u n e  b a n d e  d e  t e r r e s  p u b l i q u e s  d e  4 6  k m 2  
d é s i g n é e  s o u s  l e  n o m  d e  F o r ê t  h a b i t é e  d u  M a s s i f  ( F H M )  b o r d e  
l e  fl e u v e ,  q u i  c o n s t i t u e  u n e  b a r r i è r e  n a t u r e l l e  a u  d é p l a c e m e n t  
d e s  o r i g n a u x  ( fi g u r e  1 ) .  S u r  c e t t e  p r o p r i é t é  d u  g o u v e r n e m e n t  
d u  Q u é b e c ,  t o u t e  f o r m e  d e  p r é l è v e m e n t  f a u n i q u e  e s t  i n t e r d i t e  
e n  v e r t u  d e  l a  L o i  s u r  l a  c o n s e r v a t i o n  e t  l a  m i s e  e n  v a l e u r  d e  l a  
f a u n e .  L a  F H M  e s t  p e u p l é e  d e  f o r ê t s  m a t u r e s  e t  d ’ a n c i e n n e s  
c o u p e s  f o r e s t i è r e s  e n  b a n d e s  o u  e n  d a m i e r s ,  q u i  o f f r e n t  d e  
b o n s  c o u v e r t s  d ’ a b r i s  p o u r  l ’ o r i g n a l  c o n t r e  l e s  p r é d a t e u r s  
a i n s i  q u ’ u n  a c c è s  f a c i l e  à  d e s  p a r t e r r e s  d ’ a l i m e n t a t i o n  d a n s  
l e s  s e c t e u r s  e n  r é g é n é r a t i o n  ( D u s s a u l t  e t  c o l l a b . ,  2 0 0 5 ;  M R C  
d e  C h a r l e v o i x ,  2 0 1 6 ) .  D e  l ’ a u t r e  c ô t é  d e  l a  r o u t e  s ’ é t e n d  l a  

S e i g n e u r i e  d e  l a  C ô t e - d e - B e a u p r é ,  p r o p r i é t é  d u  S é m i n a i r e  d e  
Q u é b e c  q u i  s e  c a r a c t é r i s e  p a r  d e  g r a n d e s  s u p e r fi c i e s  s a u v a g e s  
q u i  p r o c u r e n t  d e s  h a b i t a t s  d e  p r é d i l e c t i o n  p o u r  l ’ o r i g n a l ,  
n o t a m m e n t  p o u r  s o n  a l i m e n t a t i o n .  C e  t e r r i t o i r e  p r i v é  d e  
p r è s  d e  1  6 0 0  k m 2  a  p o u r  p r i n c i p a l e s  v o c a t i o n s  l ’ e x p l o i t a t i o n  
f o r e s t i è r e ,  l a  c h a s s e  e t  l a  p ê c h e .  D a n s  l e  s e c t e u r  r o u t i e r  a s s o c i é  à  
c e t t e  z o n e ,  l e  d é b i t  j o u r n a l i e r  m o y e n  a n n u e l  d e  l a  r o u t e  1 3 8  e s t  
d e  6  6 0 0  v é h i c u l e s  p a r  j o u r ,  m a i s  i l  a t t e i n t  8  9 0 0  v é h i c u l e s  p a r  
j o u r  e n  é t é  ( G .  L a n g e v i n ,  M T Q ,  c o m m .  p e r s . ) .  C e s  d é b i t s  s o n t  
s t a b l e s  d e p u i s  2 0  a n s ,  a l o r s  q u e  l e s  d e n s i t é s  d ’ o r i g n a u x  d a n s  c e  
s e c t e u r ,  q u a n t  à  e l l e s ,  p r o g r e s s e n t .  S e l o n  d e s  i n v e n t a i r e s  r é a l i s é s  
d a n s  l a  S e i g n e u r i e  d e  l a  C ô t e - d e - B e a u p r é ,  o n  y  r é p e r t o r i a i t  e n  
m o y e n n e  1 0 , 6  o r i g n a u x / 1 0   k m 2  à  l ’ h i v e r  2 0 0 4 ,  a l o r s  q u ’ e n  2 0 1 3  
c ’ é t a i t  p l u t ô t  1 4 , 8  o r i g n a u x / 1 0  k m 2  ( L a n g e v i n  e t  B a s t i e n ,  2 0 1 3 ) .

P r o b l é m a t i q u e

L e  s e c t e u r  d e  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s  s u r  l a  
r o u t e  1 3 8  e s t  p r é o c c u p a n t  d e p u i s  p l u s i e u r s  d é c e n n i e s  e n  
r a i s o n  d e  n o m b r e u s e s  c o l l i s i o n s  i m p l i q u a n t  e n  m a j o r i t é  
l ’ o r i g n a l .  L o r s  d ’ u n e  s é a n c e  d ’ i n f o r m a t i o n  e t  d e  c o n s u l t a t i o n  
o r g a n i s é e  e n  d é c e m b r e  2 0 0 3  p a r  l e  M T Q ,  d e s  é l u s  l o c a u x  e t  
d e s  f o n c t i o n n a i r e s  m u n i c i p a u x  o n t  e x p r i m é  u n  s e n t i m e n t  
d ’ i n s é c u r i t é  e t  l e  s o u h a i t  d ’ a m é l i o r e r  l a  s é c u r i t é  d e  c e  t r o n ç o n  
r o u t i e r .  U n e  t a b l e  d e  c o n c e r t a t i o n  s u r  l a  g e s t i o n  d e  l a  g r a n d e  

F i g u r e  1 .  C a r t e  d e  l ’ e m p l a c e m e n t  d e s  d i f f é r e n t e s  p h a s e s  d u  p r o j e t .

M
TQ

Fences installed in 2007 (phase 1) for moose: 6.3 km 

Fence-end effect: new hotspots at the fence ends

Extension of the fence, modification of fence ends, 2 large underpasses. 

Lafrance & Alain (2019) 
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t r a v e r s é e s ,  a m é n a g é e s  p o u r  l e s  p e t i t s  e t  m o y e n s  m a m m i f è r e s ,  
p r é s e n t e n t  d e s  v a l e u r s  d ’ i n d i c e s  d ’ o u v e r t u r e  a u s s i  b a s s e s  
q u e  1 , 3  e t  u n  d é g a g e m e n t  v e r t i c a l  i n f é r i e u r  à  l a  h a u t e u r  
m o y e n n e  d ’ u n  o r i g n a l  m â l e  a d u l t e  ( f i g u r e  3 ) .  I l  s e m b l a i t  
d o n c  q u e  l ’ o r i g n a l ,  a u x  d e n s i t é s  r e n c o n t r é e s  à  c e t  e n d r o i t  a u  
Q u é b e c ,  s ’ a v e n t u r e  d a n s  d e s  s t r u c t u r e s  p l u s  f e r m é e s  q u e  l e s  
p o p u l a t i o n s  d ’ o r i g n a u x  c i b l é e s  a i l l e u r s  d a n s  l e  m o n d e .

D e s  p a s s a g e s  i n f é r i e u r s

L a  p r o b l é m a t i q u e  d ’ e f f e t  d e  b o u t  r e n c o n t r é e  s u r  l a  
r o u t e  1 3 8  à  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s  s e m b l a i t  p o u v o i r  
ê t r e  r é s o l u e  e n  a m é n a g e a n t  d e s  p a s s a g e s  f a u n i q u e s  d e  f a i b l e  
i n d i c e  d ’ o u v e r t u r e .  A i n s i ,  e n  2 0 1 4 ,  u n e  d e u x i è m e  p h a s e  d e  
t r a v a u x  a  é t é  r é a l i s é e ,  s o i t  l a  c o n s t r u c t i o n  d e  d e u x  p a s s a g e s  
i n f é r i e u r s  p o u r  l a  g r a n d e  f a u n e .  C e u x - c i  o n t  é t é  p l a c é s  p r è s  
d e s  k i l o m è t r e s  4 2 9  e t  4 3 6  ( f i g u r e  1 ) ,  l à  o ù  s e  t e r m i n a i e n t  
l e s  c l ô t u r e s  i n s t a l l é e s  e n  2 0 0 7 ,  u n  s e c t e u r  o ù  l e s  t r a v e r s é e s  
d ’ o r i g n a u x  é t a i e n t  p l u s  f r é q u e n t e s .  L e s  p a s s a g e s  s o n t  d ’ u n e  
l o n g u e u r  d e  2 6 , 6  m ,  d ’ u n e  l a r g e u r  d e  s e u l e m e n t  6  m  p o u r  u n e  
h a u t e u r  d e  4 , 0  m  ( k i l o m è t r e  4 2 9 )  e t  3 , 8  m  ( k i l o m è t r e  4 3 6 ) .  
L e u r  i n d i c e  d ’ o u v e r t u r e  e s t  d e  0 , 9  c h a c u n  ( fi g u r e  3 ) .

F i g u r e  2 .  F r é q u e n c e  t o t a l e  e t  e m p l a c e m e n t  d e s  c o l l i s i o n s  i m p l i q u a n t  
u n  o r i g n a l  s u r  l a  r o u t e  1 3 8  e n t r e  l e s  k i l o m è t r e s  4 1 9  e t  4 4 3 ,  
d e  2 0 1 0  à  2 0 1 3 .  L e s  s t a t i s t i q u e s  d ’ a c c i d e n t s  p r o v i e n n e n t  
d e  l ’ e n s e m b l e  d e s  b a s e s  d e  d o n n é e s  d i s p o n i b l e s ,  s o i t  
c e l l e s  d e  l a  S o c i é t é  d e  l ’ a s s u r a n c e  a u t o m o b i l e  d u  Q u é b e c  
( S A A Q ) ,  d u  r e g i s t r e  d e s  c a r c a s s e s  e t  d e s  s y s t è m e s  
«  M o n i t o r i n g  »  e t  «  S A G E  »  d u  M T Q .

F i g u r e  3 .  I l l u s t r a t i o n  d e s  i n d i c e s  d ’ o u v e r t u r e  [ l o  =  ( l a r g e u r  ×  h a u t e u r ) / l o n g u e u r ]  a s s o c i é s  à  d i f f é r e n t s  p a s s a g e s  i n f é r i e u r s  a m é n a g é s  
p o u r  l a  f a u n e  t e r r e s t r e  :  a )  p a s s a g e / 2  p o n t s  d e  l a  d é c h a r g e  d u  L a c  à  N o ë l  ( r o u t e  1 7 5 ,  k i l o m è t r e  9 4 ) ,  l o  =  ( 2 7 , 0  ×  7 , 5 ) / 5 0  =  4 , 0 ;  
b )  p a s s a g e / 2  p o n t s  d u  r u i s s e a u  T a c h é  ( r o u t e  1 7 5 ,  k i l o m è t r e  7 4 ) ,  l o  =  ( 3 5 , 5  ×  9 , 5 ) / 4 5  =  7 , 5 ;  c )  p o n t s  c h a u s s é e  d e s  c ô t é s  e s t  
[ e n  a v a n t - p l a n  :  I o  =  ( 9 , 1  ×  2 , 5 ) / 1 3  =  1 , 7 ]  e t  o u e s t  [ e n  a r r i è r e - p l a n  :  I o  =  ( 9 , 3  × 1 , 8 ) / 1 3  =  1 , 3 ]  d u  r u i s s e a u  B u r e a u  ( r o u t e  1 7 5 ,  
k i l o m è t r e  8 6 ) ;  d )  p a s s a g e  f a u n i q u e  ( r o u t e  1 3 8 ,  k i l o m è t r e  4 3 6 ) ,  l o  =  ( 6  ×  3 , 8 ) / 2 6 , 6  =  0 , 9 .

M
TQA

C

B

D

I o  =  1 , 7

I o  =  4 , 0
I o  =  7 , 5

I o  =  0 , 9

I o  =  1 , 3

51L E  N A T U R A L I S T E  C A N A D I E N ,  1 4 3  N O  1     H I V E R  2 0 1 9

É C O L O G I E  R O U T I È R E :  P R I O R I T É S  P O U R  L E  Q U É B E C

t r a v e r s é e s ,  a m é n a g é e s  p o u r  l e s  p e t i t s  e t  m o y e n s  m a m m i f è r e s ,  
p r é s e n t e n t  d e s  v a l e u r s  d ’ i n d i c e s  d ’ o u v e r t u r e  a u s s i  b a s s e s  
q u e  1 , 3  e t  u n  d é g a g e m e n t  v e r t i c a l  i n f é r i e u r  à  l a  h a u t e u r  
m o y e n n e  d ’ u n  o r i g n a l  m â l e  a d u l t e  ( f i g u r e  3 ) .  I l  s e m b l a i t  
d o n c  q u e  l ’ o r i g n a l ,  a u x  d e n s i t é s  r e n c o n t r é e s  à  c e t  e n d r o i t  a u  
Q u é b e c ,  s ’ a v e n t u r e  d a n s  d e s  s t r u c t u r e s  p l u s  f e r m é e s  q u e  l e s  
p o p u l a t i o n s  d ’ o r i g n a u x  c i b l é e s  a i l l e u r s  d a n s  l e  m o n d e .

D e s  p a s s a g e s  i n f é r i e u r s

L a  p r o b l é m a t i q u e  d ’ e f f e t  d e  b o u t  r e n c o n t r é e  s u r  l a  
r o u t e  1 3 8  à  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s  s e m b l a i t  p o u v o i r  
ê t r e  r é s o l u e  e n  a m é n a g e a n t  d e s  p a s s a g e s  f a u n i q u e s  d e  f a i b l e  
i n d i c e  d ’ o u v e r t u r e .  A i n s i ,  e n  2 0 1 4 ,  u n e  d e u x i è m e  p h a s e  d e  
t r a v a u x  a  é t é  r é a l i s é e ,  s o i t  l a  c o n s t r u c t i o n  d e  d e u x  p a s s a g e s  
i n f é r i e u r s  p o u r  l a  g r a n d e  f a u n e .  C e u x - c i  o n t  é t é  p l a c é s  p r è s  
d e s  k i l o m è t r e s  4 2 9  e t  4 3 6  ( f i g u r e  1 ) ,  l à  o ù  s e  t e r m i n a i e n t  
l e s  c l ô t u r e s  i n s t a l l é e s  e n  2 0 0 7 ,  u n  s e c t e u r  o ù  l e s  t r a v e r s é e s  
d ’ o r i g n a u x  é t a i e n t  p l u s  f r é q u e n t e s .  L e s  p a s s a g e s  s o n t  d ’ u n e  
l o n g u e u r  d e  2 6 , 6  m ,  d ’ u n e  l a r g e u r  d e  s e u l e m e n t  6  m  p o u r  u n e  
h a u t e u r  d e  4 , 0  m  ( k i l o m è t r e  4 2 9 )  e t  3 , 8  m  ( k i l o m è t r e  4 3 6 ) .  
L e u r  i n d i c e  d ’ o u v e r t u r e  e s t  d e  0 , 9  c h a c u n  ( fi g u r e  3 ) .

F i g u r e  2 .  F r é q u e n c e  t o t a l e  e t  e m p l a c e m e n t  d e s  c o l l i s i o n s  i m p l i q u a n t  
u n  o r i g n a l  s u r  l a  r o u t e  1 3 8  e n t r e  l e s  k i l o m è t r e s  4 1 9  e t  4 4 3 ,  
d e  2 0 1 0  à  2 0 1 3 .  L e s  s t a t i s t i q u e s  d ’ a c c i d e n t s  p r o v i e n n e n t  
d e  l ’ e n s e m b l e  d e s  b a s e s  d e  d o n n é e s  d i s p o n i b l e s ,  s o i t  
c e l l e s  d e  l a  S o c i é t é  d e  l ’ a s s u r a n c e  a u t o m o b i l e  d u  Q u é b e c  
( S A A Q ) ,  d u  r e g i s t r e  d e s  c a r c a s s e s  e t  d e s  s y s t è m e s  
«  M o n i t o r i n g  »  e t  «  S A G E  »  d u  M T Q .

F i g u r e  3 .  I l l u s t r a t i o n  d e s  i n d i c e s  d ’ o u v e r t u r e  [ l o  =  ( l a r g e u r  ×  h a u t e u r ) / l o n g u e u r ]  a s s o c i é s  à  d i f f é r e n t s  p a s s a g e s  i n f é r i e u r s  a m é n a g é s  
p o u r  l a  f a u n e  t e r r e s t r e  :  a )  p a s s a g e / 2  p o n t s  d e  l a  d é c h a r g e  d u  L a c  à  N o ë l  ( r o u t e  1 7 5 ,  k i l o m è t r e  9 4 ) ,  l o  =  ( 2 7 , 0  ×  7 , 5 ) / 5 0  =  4 , 0 ;  
b )  p a s s a g e / 2  p o n t s  d u  r u i s s e a u  T a c h é  ( r o u t e  1 7 5 ,  k i l o m è t r e  7 4 ) ,  l o  =  ( 3 5 , 5  ×  9 , 5 ) / 4 5  =  7 , 5 ;  c )  p o n t s  c h a u s s é e  d e s  c ô t é s  e s t  
[ e n  a v a n t - p l a n  :  I o  =  ( 9 , 1  ×  2 , 5 ) / 1 3  =  1 , 7 ]  e t  o u e s t  [ e n  a r r i è r e - p l a n  :  I o  =  ( 9 , 3  × 1 , 8 ) / 1 3  =  1 , 3 ]  d u  r u i s s e a u  B u r e a u  ( r o u t e  1 7 5 ,  
k i l o m è t r e  8 6 ) ;  d )  p a s s a g e  f a u n i q u e  ( r o u t e  1 3 8 ,  k i l o m è t r e  4 3 6 ) ,  l o  =  ( 6  ×  3 , 8 ) / 2 6 , 6  =  0 , 9 .
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I m p a c t s  d e  l ’ a j o u t  d e  p a s s a g e s  f a u n i q u e s   
e t  d u  p r o l o n g e m e n t  d e  c l ô t u r e s  a n t i c e r v i d é s   

s u r  l a  s é c u r i t é  r o u t i è r e  d e  l a  r o u t e  1 3 8   
à  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s  

M a r t i n  L a f r a n c e  e t  É r i c  A l a i n

R é s u m é
À  e n v i r o n  7 0   k m  à  l ’ e s t  d e  l a  v i l l e  d e  Q u é b e c ,  l a  r o u t e   1 3 8  t r a v e r s e  l e s  m u n i c i p a l i t é s  d e  S a i n t - T i t e - d e s - C a p s  e t  d e  P e t i t e - R i v i è r e -
S a i n t - F r a n ç o i s .  C e  t e r r i t o i r e  o ff r e  d e s  h a b i t a t s  e x c e p t i o n n e l s  p o u r  l ’ o r i g n a l  ( A l c e s  a m e r i c a n u s ) ,  c e  q u i  f a v o r i s e  l ’ o c c u r r e n c e  
d e  c o l l i s i o n s  e n t r e  v é h i c u l e s  e t  o r i g n a u x  a n n u e l l e m e n t .  L e  m i n i s t è r e  d e s  T r a n s p o r t s  d u  Q u é b e c  ( M T Q )  a  i n v e n t o r i é  l e s  
p i s t e s  e t  l o c a l i s é  l e s  c o l l i s i o n s  a v a n t  d ’ a m é n a g e r ,  e n  2 0 0 7 ,  d e s  c l ô t u r e s  a n t i c e r v i d é s  a fi n  d e  s é c u r i s e r  l e  t r o n ç o n  r o u t i e r  l e  p l u s  
p r o b l é m a t i q u e  ( 6 , 3   k m ) .  A u  c o u r s  d e s  a n n é e s  s u i v a n t e s ,  l e  n o m b r e  d ’ a c c i d e n t s  a v e c  l ’ o r i g n a l  s ’ e s t  a c c r u  s i g n i fi c a t i v e m e n t  à  
l ’ e x t é r i e u r  d e  l a  s e c t i o n  c l ô t u r é e .  E n  2 0 1 4 ,  l e  M T Q  a  p r o l o n g é  l e s  c l ô t u r e s  d a n s  l e s  d e u x  d i r e c t i o n s ,  c o r r i g é  l e s  e x t r é m i t é s  d e  
c e l l e s - c i ,  p u i s  a m é n a g é  d e u x  p a s s a g e s  i n f é r i e u r s  p o u r  l a  g r a n d e  f a u n e  c a r a c t é r i s é s  p a r  u n  f a i b l e  i n d i c e  d ’ o u v e r t u r e .  L e  M T Q  
é m e t t a i t  l ’ h y p o t h è s e  q u e  m a l g r é  d e s  d i m e n s i o n s  i n f é r i e u r e s  à  c e l l e s  s u g g é r é e s  d a n s  l a  l i t t é r a t u r e ,  l ’ o r i g n a l  u t i l i s e r a i t  c e s  
p a s s a g e s .  D e p u i s ,  u n e  r é d u c t i o n  i m p o r t a n t e  d e s  c o l l i s i o n s  a v e c  l ’ o r i g n a l  a  é t é  o b s e r v é e  d a n s  c e  t r o n ç o n  r o u t i e r  e t  l e s  d e u x  
p a s s a g e s  i n f é r i e u r s  s o n t  r é g u l i è r e m e n t  t r a v e r s é s  p a r  d e s  o r i g n a u x .

M o t s  c l é s  :  c l ô t u r e s  a n t i c e r v i d é s ,  i n d i c e  d ’ o u v e r t u r e ,  p a s s a g e  f a u n i q u e ,  o r i g n a l ,  s é c u r i t é  r o u t i è r e

A b s t r a c t
A p p r o x i m a t e l y  7 0   k m  e a s t  o f  Q u é b e c  C i t y  ( C a n a d a ) ,  h i g h w a y  R o u t e   1 3 8  p a s s e s  t h r o u g h  t h e  m u n i c i p a l i t i e s  o f  S a i n t - T i t e - d e s - C a p s  
a n d  P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s .  Th i s  r e g i o n  i n c l u d e s  p r i m e  h a b i t a t  f o r  m o o s e  ( A l c e s  a m e r i c a n u s ) ,  a n d  s e v e r a l  m o o s e - v e h i c l e  
c o l l i s i o n s  o c c u r  t h e r e  a n n u a l l y .  I n  a n  a t t e m p t  t o  i m p r o v e  r o a d  s a f e t y ,  t h e  p r o v i n c i a l  m i n i s t r y  r e s p o n s i b l e  f o r  t r a n s p o r t ,  t h e  
m i n i s t è r e  d e s  T r a n s p o r t s  d u  Q u é b e c  ( M T Q ) ,  m o n i t o r e d  m o o s e  t r a c k s  a n d  i d e n t i fi e d  t h o s e  a r e a s  w h e r e  m o o s e - v e h i c l e  c o l l i s i o n s  
o c c u r r e d .  I n  2 0 0 7 ,  u n g u l a t e  e x c l u s i o n  f e n c e s  w e r e  e r e c t e d  t o  s e c u r e  t h e  m o s t  p r o b l e m a t i c a l  6 . 3   k m  s e c t i o n  o f  r o a d .  H o w e v e r ,  
o v e r  t h e  f o l l o w i n g  y e a r s ,  t h e  n u m b e r  o f  m o o s e - v e h i c l e  c o l l i s i o n s  o u t s i d e  t h e  f e n c e d  s e c t i o n  i n c r e a s e d  s i g n i fi c a n t l y .  I n  2 0 1 4 ,  
t h e  M T Q  e x t e n d e d  t h e  f e n c e s  i n  b o t h  d i r e c t i o n s ,  m o d i fi e d  t h e i r  e n d s ,  a n d  b u i l t  2  u n d e r p a s s e s  f o r  l a r g e  w i l d l i f e .  A l t h o u g h  t h e  
l a t t e r  h a d  l o w e r  o p e n n e s s  r a t i o s  t h a n  t h o s e  s u g g e s t e d  i n  t h e  l i t e r a t u r e ,  t h e  M T Q  h y p o t h e s i z e d  t h a t  m o o s e  w o u l d  s t i l l  u s e  t h e m .  
S i n c e  t h e n ,  t h e r e  h a s  b e e n  a n  i m p o r t a n t  r e d u c t i o n  i n  t h e  n u m b e r  o f  m o o s e - v e h i c l e  c o l l i s i o n s  a l o n g  t h i s  s e c t i o n  o f  r o a d ,  a n d  
m o o s e  r e g u l a r l y  u s e  t h e  u n d e r p a s s e s .

K e y w o r d s :  m o o s e ,  o p e n n e s s  r a t i o ,  r o a d  s a f e t y ,  u n g u l a t e  e x c l u s i o n  f e n c e ,  w i l d l i f e  u n d e r p a s s

M a r t i n  L a f r a n c e  e t  É r i c  A l a i n  s o n t  r e s p e c t i v e m e n t  b i o l o g i s t e  e t  
t e c h n i c i e n  d e  l a  f a u n e  à  l a  D i r e c t i o n  g é n é r a l e  d e  l a  C a p i t a l e -
N a t i o n a l e  d u  m i n i s t è r e  d e s  T r a n s p o r t s  d u  Q u é b e c .

m a r t i n . l a f r a n c e @ t r a n s p o r t s . g o u v . q c . c a  

I n t r o d u c t i o n
L ’ a p p l i c a t i o n  d e  m e s u r e s  d ’ a t t é n u a t i o n  s u r  l e s  r o u t e s  

d u  Q u é b e c  p o u r  l a  p r é v e n t i o n  d e s  c o l l i s i o n s  a v e c  l a  f a u n e  e s t  
r e l a t i v e m e n t  r é c e n t e .  L e s  p r e m i è r e s  c l ô t u r e s  d ’ e x c l u s i o n  p o u r  l a  
g r a n d e  f a u n e  e n  b o r d u r e  d ’ a u t o r o u t e s  f u r e n t  é r i g é e s  a u  m i l i e u  
d e s  a n n é e s  2 0 0 0  ( d e  B e l l e f e u i l l e  e t  P o u l i n ,  2 0 0 4 ) .  L a  m i s e  e n  
s e r v i c e  e n  2 0 0 7  d u  t r o n ç o n  d e  l ’ a u t o r o u t e  R o b e r t - C l i c h e  
( 7 3 )  e n t r e  S a i n t - J o s e p h - d e - B e a u c e  e t  B e a u c e v i l l e  f u t  l ’ u n  d e s  
p r e m i e r s  s e g m e n t s  r o u t i e r s  s o u s  l a  g e s t i o n  d u  m i n i s t è r e  d e s  
T r a n s p o r t s  d u  Q u é b e c  ( M T Q )  à  ê t r e  s é c u r i s é  p a r  d e s  c l ô t u r e s  
d ’ e x c l u s i o n  m é t a l l i q u e s  d e  2 , 4  m  d e  h a u t e u r  ( J .  B é l a n g e r ,  M T Q ,  
c o m m .  p e r s . ) ,  s o i t  d u  t y p e  a c t u e l l e m e n t  e n  u s a g e .  À  l a  m ê m e  
é p o q u e ,  d e s  c l ô t u r e s  s i m i l a i r e s  é t a i e n t  é r i g é e s  e n  b o r d u r e  d e  
l a  r o u t e  1 3 8  e n t r e  l e s  m u n i c i p a l i t é s  d e  S a i n t - T i t e - d e s - C a p s  e t  
P e t i t e - R i v i è r e - S a i n t - F r a n ç o i s  e t  e n  b o r d u r e  d e  l a  r o u t e  1 7 5 ,  d a n s  
l a  r é s e r v e  f a u n i q u e  d e s  L a u r e n t i d e s .

É C O L O G I E  R O U T I È R E :  P R I O R I T É S  P O U R  L E  Q U É B E C

D i f f é r e n t e s  c o n d i t i o n s  e n v i r o n n e m e n t a l e s  m o d u l e n t  
l a  v a r i a b i l i t é  d e s  c o r r i d o r s  d e  d é p l a c e m e n t  d e  l a  f a u n e  d e  
p a r t  e t  d ’ a u t r e  d ’ u n e  e m p r i s e  r o u t i è r e .  L e s  d é p l a c e m e n t s  s o n t  
é g a l e m e n t  i n fl u e n c é s  p a r  d e s  l i m i t a t i o n s  p h y s i q u e s  t e l l e s  q u e  
d e s  c l ô t u r e s  d ’ e x c l u s i o n .  C e l l e s - c i  m o d i f i e n t  l e s  h a b i t u d e s  
d e  d é p l a c e m e n t  d e  l a  f a u n e  e t  c o n d i t i o n n e n t  l e s  t r a v e r s é e s  
d ’ u n e  r o u t e .  A i n s i ,  i l  i m p o r t e  d ’ é v a l u e r  l ’ e f f i c a c i t é  d e  c e s  
a m é n a g e m e n t s  e t  d e  v é r i fi e r  l a  p e r t i n e n c e  d e s  p r i n c i p e s  q u i  
o n t  i n fl u e n c é  l e u r  c o n c e p t i o n .  C e t  a r t i c l e  s e  v e u t  u n  r é s u m é  
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56 L A  S O C I É T É  P R O V A N C H E R  D ’ H I S T O I R E  N A T U R E L L E  D U  C A N A D A

d e  l a  c h a u s s é e  s u r  l e  t r o n ç o n  2  e t  l a  m o i t i é  n o r d  d u  t r o n ç o n  3  
( c o n s t r u i t s  d e  2 0 1 0  à  2 0 1 6 ) ,  q u e  l ’ e n j e u  d e  l a  p r o t e c t i o n  d e  
l ’ h a b i t a t  d u  c e r f  s ’ e s t  i m p o s é  ( fi g u r e  1 ) .

C o n t e x t e  f a u n i q u e

S u r  9 0  %  d e  s a  l o n g u e u r ,  l e  t r a c é  a u t o r o u t i e r  e n t r e  
S a i n t e - M a r i e  e t  S a i n t - G e o r g e s  f r a n c h i t  d e s  f o r ê t s  m i x t e s  d e  
c o n i f è r e s  e t  d e  f e u i l l u s  q u i  f o r m e n t ,  e n  p l u s i e u r s  e n d r o i t s ,  u n e  
m o s a ï q u e  d ’ a b r i s  e t  d e  s i t e s  r i c h e s  e n  n o u r r i t u r e ,  a d é q u a t e  
c o m m e  h a b i t a t  d ’ h i v e r  p o u r  l e  c e r f .  Q u a t r e  z o n e s  d e  r a v a g e  
s o n t  i d e n t i fi é e s  s u r  c e t t e  d i s t a n c e  d o n t  d e u x  p l u s  f o r m e l l e s  :  l e  
r a v a g e  d e  l a  r i v i è r e  C a l w a y  e t  c e l u i  d e  l a  r i v i è r e  F a m i n e .  A u  
m o m e n t  d e  l a  c o n c e p t i o n  d u  t r o n ç o n  3 ,  a u  d é b u t  d e s  a n n é e s  
2 0 0 0 ,  l a  s u p e r fi c i e  d u  p r e m i e r  r a v a g e  é t a i t  e s t i m é e  à  1 5  k m 2 ,  
e t  l e  n o m b r e  d e  c e r f s  l e  f r é q u e n t a n t ,  à  p l u s  d e  3 0 0  ( T e c s u l t  
E n v i r o n n e m e n t  i n c . ,  2 0 0 2 ) ,  c e  q u i  é q u i v a u t  à  u n e  d e n s i t é  

d e  l ’ o r d r e  d e  2 0  c e r f s / k m 2 .  C e  r a v a g e  e s t  
a u j o u r d ’ h u i  t r a v e r s é  s u r  u n e  l o n g u e u r  d e  
6  k m  p a r  l ’ a u t o r o u t e .  V e r s  2 0 0 1 ,  a u  m o m e n t  
d u  d e r n i e r  i n v e n t a i r e  p r é c é d a n t  l ’ é t u d e  
d ’ i m p a c t  s u r  l ’ e n v i r o n n e m e n t  d u  t r o n ç o n  4 ,  
l e  r a v a g e  d e  l a  r i v i è r e  F a m i n e  s ’ é t e n d a i t  
p e r p e n d i c u l a i r e m e n t  à  l ’ a x e  r o u t i e r  s u r  
3 2  k m 2 ,  e t  l a  d e n s i t é  d e  c e r f s  y  é t a i t  e s t i m é e  
à  2 7 , 9  c e r f s / k m 2  ( G e n i v a r ,  2 0 0 9 ) .  L e s  2  a u t r e s  
z o n e s ,  s i t u é e s  à  l a  h a u t e u r  d e  V a l l é e - J o n c t i o n  
e t  d e  B e a u c e v i l l e ,  é t a i e n t  d a v a n t a g e  d e s  
r e g r o u p e m e n t s  d e  p e t i t e s  a i r e s  d ’ h i v e r n a g e  
u t i l i s é e s  à  u n  d e g r é  v a r i a b l e  s e l o n  l e s  a n n é e s  
p r é c é d a n t  l a  c o n c e p t i o n  d e s  p r o j e t s  ( J . - F .  
D u m o n t  e t  B .  L a n g e v i n ,  m i n i s t è r e  d e s  F o r ê t s ,  
d e  l a  F a u n e  e t  d e s  P a r c s  [ M F F P ] ,  c o m m .  p e r s . ) .

P h a s a g e  d e s  é t u d e s

L a  d e s c r i p t i o n  d u  c o n t e x t e  d u  p r o j e t  
d e  c o n s t r u c t i o n  d u  t r o n ç o n  3  e s t  i m p o r t a n t e ,  
c a r  c e l u i - c i  c o n s t i t u e  l a  p r e m i è r e  p h a s e  d e s  
t r a v a u x  d e  c o n s t r u c t i o n  d e  l ’ a u t o r o u t e  7 3  à  
t r a v e r s  l e s  h a b i t a t s  m e n t i o n n é s  p r é c é d e m m e n t .  
L e  s a v o i r - f a i r e ,  a c q u i s  p e n d a n t  l a  r é a l i s a t i o n  
d e  c e  t r o n ç o n ,  a  é t é  a p p l i q u é  d a n s  l e  c a d r e  d u  
p r o l o n g e m e n t  d u  t r o n ç o n  4  e t  d u  d o u b l e m e n t  
d u  t r o n ç o n  2 .  

L a  s e c t i o n  n o r d  d u  t r o n ç o n  3 ,  e n t r e  
S a i n t - J o s e p h  e t  B e a u c e v i l l e ,  a  é t é  c o n s t r u i t e  à  
1  c h a u s s é e  d e  2  v o i e s  d e  c i r c u l a t i o n ,  a l o r s  q u e  
l a  s e c t i o n  s u d  l ’ a  é t é  à  2  c h a u s s é e s  d e  2  v o i e s .  
A u  m o m e n t  d e  l a  c o n c e p t i o n  d e  c e  t r o n ç o n ,  l e  
r i s q u e  d e  c o l l i s i o n s  r o u t i è r e s  i m p l i q u a n t  d e s  
c e r v i d é s  é t a i t  u n e  p r é o c c u p a t i o n  g r a n d i s s a n t e  
e n  C h a u d i è r e - A p p a l a c h e s .  L a  p r é s e n c e  d u  
r a v a g e  d e  l a  r i v i è r e  C a l w a y ,  d a n s  l ’ a i r e  d ’ é t u d e  
d u  t r a c é  r o u t i e r  p r o j e t é ,  a  f o r c é  l e  M i n i s t è r e  à  
a b o r d e r  c e t  e n j e u  d e  f r o n t .

U n e  r e v u e  b i b l i o g r a p h i q u e  a  d o n c  é t é  
r é a l i s é e  a f i n  d ’ a n a l y s e r  l e s  c a r a c t é r i s t i q u e s  
d e  p r o j e t s  s i m i l a i r e s  a u  C a n a d a  e t  a i l l e u r s  

d a n s  l e  m o n d e  ( T e c s u l t  E n v i r o n n e m e n t  i n c . ,  2 0 0 3 ) .  D e s  
i n v e n t a i r e s  a é r i e n s  e t  t e r r e s t r e s  c i b l é s ,  p e n d a n t  q u a t r e  h i v e r s ,  
o n t  p e r m i s  d e  m i e u x  c o n n a î t r e  l ’ u t i l i s a t i o n  d u  r a v a g e  p a r  l e s  
c e r f s  d a n s  d i f f é r e n t e s  c o n d i t i o n s  ( T e c s u l t  E n v i r o n n e m e n t  
i n c . ,  2 0 0 2 ) .  É g a l e m e n t ,  l e  M i n i s t è r e  a  c o n v e n u  a v e c  l e  M F F P  
d e  s u i v r e  c o n j o i n t e m e n t  l ’ e f f i c a c i t é  d e s  a m é n a g e m e n t s  
q u a n t  à  l a  s é c u r i t é  r o u t i è r e  e t  à  l ’ a t t é n u a t i o n  d e s  i m p a c t s  s u r  
l ’ h a b i t a t  n a t u r e l  p e n d a n t  7  a n s ,  y  c o m p r i s  d e u x  h i v e r s  a v a n t  
l a  c o n s t r u c t i o n  r o u t i è r e  e t  d e u x  h i v e r s  a p r è s  l ’ o u v e r t u r e  d e  
l ’ a u t o r o u t e  à  l a  c i r c u l a t i o n .  C e  s u i v i  a  p e r m i s  d e  c o m p a r e r  
c e r t a i n s  p a r a m è t r e s  a v a n t ,  p e n d a n t  e t  a p r è s  l a  c o n s t r u c t i o n  
( L a v o i e  e t  c o l l a b . ,  2 0 1 0 ) .  S e s  p r i n c i p a l e s  c o n c l u s i o n s ,  d é j à  
p u b l i é e s  d a n s  L e  N a t u r a l i s t e  c a n a d i e n  ( L a v o i e  e t  c o l l a b . ,  
2 0 1 2 ) ,  s o n t  q u e  l a  s u p e r fi c i e  d u  r a v a g e  e s t  r e s t é e  r e l a t i v e m e n t  
s t a b l e ,  e t  q u e  l e s  c e r f s  s o n t  d e m e u r é s  fi d è l e s  à  l e u r s  d o m a i n e s  

F i g u r e  1 .  C a r t e  i l l u s t r a n t  l e s  t r o n ç o n s  2 ,  3  e t  4  d e  l ’ a u t o r o u t e  7 3  c o n s t r u i t s  d e  2 0 0 4  
à  2 0 1 6  ( d é l i m i t é s  p a r  l e s  l i g n e s  o b l i q u e s )  a i n s i  q u e  l ’ e m p l a c e m e n t  d e s  
r a v a g e s  d e s  c e r f s  d e  V i r g i n i e  t r a v e r s é s  p a r  l a  r o u t e  ( z o n e s  o m b r é e s ) ,  d e s  
p a s s a g e s  d é d i é s  e t  d e s  p o n t s  p e r m e t t a n t  l e u r  p a s s a g e  ( t r i a n g l e s ) .

A 73

Road construction, 50 km long

Wintering habitat used by 
white-tailed deer (orange)

High fences, jump-outs, 
wildlife crossings (triangles)

(2004-2016)
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P a r  c o n s é q u e n t ,  l e  c o n c e p t  d u  s a u t o i r  a  é t é  m o d i f i é  
c o m m e  s u i t  :  h a u t e u r  d u  m u r e t  d i m i n u é e  à  1 , 5  m ,  n e t t o y a g e  
d e s  b u t t e s  e t  d e s  r a c i n e s  a u  p i e d  d u  m u r e t  e t  a m é n a g e m e n t  
d ’ u n e  t r a p p e  d e  s a b l e  p o u r  a t t é n u e r  l ’ i m p a c t  d u  s a u t ,  h a u t e u r  
d e  l a  c l ô t u r e  m é d i a n e  r e h a u s s é e  à  1 , 2  m  e t  f i n  d e  l a  c l ô t u r e  
d ’ e x c l u s i o n  s u r  l e  d e s s u s  d u  m u r e t  ( p l u t ô t  q u ’ à  s o n  p i e d ) .  
M a l h e u r e u s e m e n t ,  c e t t e  d e r n i è r e  m o d i fi c a t i o n  a  e n t r a î n é  d e s  
i n t r u s i o n s  d a n s  l ’ e m p r i s e  r o u t i è r e ,  c a r  d e s  c e r f s  d e  V i r g i n i e  o n t  
u t i l i s é  l ’ e s c a l i e r  f o r m é  p a r  l ’ e x t r é m i t é  d u  m u r e t  p o u r  g r i m p e r  l e  
l o n g  d e  l a  c l ô t u r e  d ’ e x c l u s i o n  e t  a c c é d e r  a u  p l a t e a u  d u  s a u t o i r .  

D a n s  l e s  p r o j e t s  s u b s é q u e n t s ,  l e  c o n c e p t  d e  s a u t o i r s  
u t i l i s é  p r é s e n t e  d o n c  l e s  c a r a c t é r i s t i q u e s  d e  l a  s e c o n d e  v e r s i o n ;  
t o u t e f o i s ,  l a  c l ô t u r e  d ’ e x c l u s i o n  l e  l o n g  d e  l a  p e n t e  d u  s a u t o i r  
s e  t e r m i n e  d o r é n a v a n t  p a r  u n e  s e c t i o n  q u i  d é b o r d e  d u  m u r e t  
v e r s  l ’ e x t é r i e u r  a fi n  d e  f e r m e r  l ’ e s c a l i e r .

L ’ e m p l a c e m e n t

L e s  s a u t o i r s  o n t  é t é  e s p a c é s  d ’ a u  p l u s  8 0 0  m .  L o r s  d e  
l a  c o n c e p t i o n  d u  p r o j e t ,  l ’ e x p é r i e n c e  a c q u i s e  a u  N o u v e a u -
B r u n s w i c k  d a n s  l e  c a d r e  d e  l a  c o n s t r u c t i o n  d e  l ’ a u t o r o u t e  
T r a n s c a n a d i e n n e  a  é t é  m i s e  à  p r o f i t  e t  i l  a  é t é  d é c i d é  d e  n e  
p a s  d é t e r m i n e r ,  s u r  l e s  p l a n s ,  l e s  e m p l a c e m e n t s  p r é c i s  d e s  
s a u t o i r s  ( Y .  L e b l a n c ,  c o m m .  p e r s . ) .  L e  c h o i x  fi n a l  a  p l u t ô t  é t é  
f a i t  e n  c h a n t i e r  a fi n  d e  p r o fi t e r  d ’ u n e  v u e  d ’ e n s e m b l e ,  u n e  f o i s  
l e s  t r a v a u x  d e  d é b o i s e m e n t  r é a l i s é s  e t  l a  l i m i t e  d e  l ’ e m p r i s e  
m a r q u é e  s u r  l e  t e r r a i n .  C e l a  a  p e r m i s  d e  s é l e c t i o n n e r  l e s  
m e i l l e u r s  s i t e s  :  e n  c o n t r e b a s  d e  l a  c h a u s s é e ,  v i s - à - v i s  d e s  
s e n t i e r s  o u  d e s  t r o u é e s  d a n s  l e s  b o i s é s  a d j a c e n t s  à  l a  r o u t e ,  p r è s  
d e s  p o n t s  e t  d e s  p o n t s  d ’ é t a g e m e n t ,  e t c .  

L a  v é g é t a l i s a t i o n

F i n a l e m e n t ,  a f i n  d e  m a x i m i s e r  l e  s u c c è s  d e  
f r a n c h i s s e m e n t  d e s  r a m p e s  d e  f u i t e ,  u n  e f f o r t  i m p o r t a n t  a  é t é  
a p p o r t é  à  l e u r  v é g é t a l i s a t i o n .  L e  b u t  é t a i t  d ’ y  c r é e r  d e s  r e f u g e s  d e  
v é g é t a t i o n  p e r m e t t a n t  a u x  c e r f s  d e  s ’ y  a b r i t e r  e t ,  a i n s i ,  d e  m i e u x  
p e r c e v o i r  l ’ o u v e r t u r e  v e r s  l a  f o r ê t  ( fi g u r e  3  C  e t  D ) .  S u r  l a  b a s e  
d e  l ’ e x p é r i e n c e  a c q u i s e  a u  fi l  d e s  p r o j e t s ,  d e s  e s s e n c e s  a r b u s t i v e s  
à  c r o i s s a n c e  r a p i d e  o n t  é t é  c h o i s i e s ,  d o n t  l e  p h y s o c a r p e  à  f e u i l l e s  
d ’ o b i e r  ( P h y s o c a r p u s  o p u l i f o l i u s )  e t  l e  c h è v r e f e u i l l e  d e  T a r t a r i e  
' L i b e r t é '  ( L o n i c e r a  t a t a r i c a  ' F r e e d o m ' )  a i n s i  q u e  d e s  c o n i f è r e s  
( m é l è z e  l a r i c i n  [ L a r i x  l a r i c i n a ] ,  é p i n e t t e  b l a n c h e  [ P i c e a  g l a u c a ] ) .  

L e s  p a s s a g e s

L e s  c h o i x  d e  s i t e s  e t  d i m e n s i o n s

A u  t o t a l ,  s u r  l e s  2 1  k m  d ’ a u t o r o u t e  c l ô t u r é s  e n  q u a t r e  
t r o n ç o n s  d i s t i n c t s ,  d e u x  p o r t i q u e s  ( p o n c e a u x  r e c t a n g u l a i r e s  
d e  g r a n d e  d i m e n s i o n )  d é d i é s  à  l a  f a u n e ,  c i n q  p o n t s  a u - d e s s u s  
d e  r i v i è r e s  e t  d e u x  p o n t s  d ’ é t a g e m e n t  a u - d e s s u s  d e  r o u t e s  
à  t r è s  f a i b l e  d é b i t  r o u t i e r  o n t  é t é  a m é n a g é s  a f i n  d ’ a s s u r e r  
l a  c o n n e c t i v i t é  d e s  h a b i t a t s  d e  p a r t  e t  d ’ a u t r e  d u  c o r r i d o r  
a u t o r o u t i e r  ( f i g u r e  4 ) .  L e  t e r r a i n  s o u s  l e s  a u t r e s  s t r u c t u r e s  
s i t u é e s  à  l ’ e x t é r i e u r  d e  c e s  z o n e s  a  a u s s i  é t é  r é a m é n a g é  p o u r  
f a v o r i s e r  d e s  t r a v e r s é e s  s é c u r i t a i r e s .

L e s  v a l l é e s  d e  c o u r s  d ’ e a u  c o n s t i t u e n t  s o u v e n t  d e s  
c o r r i d o r s  d e  d é p l a c e m e n t  p r é f é r e n t i e l s  p o u r  l a  g r a n d e  f a u n e  

( T e c s u l t  E n v i r o n n e m e n t  i n c . ,  2 0 0 3 ) .  C e l a  s ’ e s t  l a r g e m e n t  c o n fi r m é  
l o r s  d e s  i n v e n t a i r e s  d e  p i s t e s  e t  d e  s e n t i e r s  d ’ h i v e r  r é a l i s é s  a v a n t  
l a  c o n s t r u c t i o n  d u  t r o n ç o n  3  ( T e c s u l t  E n v i r o n n e m e n t  i n c . ,  2 0 0 2 ) .  
A i n s i ,  l e s  p o n t s  d e s  r i v i è r e s  C a l w a y  e t  d e s  P l a n t e  ( fi g u r e  4 A )  s o n t  
d e s  o u v r a g e s  d e  t r è s  l o n g u e  p o r t é e  ( 1 2 0  e t  1 7 7  m ,  r e s p e c t i v e m e n t )  
q u i  p e r m e t t e n t ,  m o y e n n a n t  d e s  a m é n a g e m e n t s  a p p r o p r i é s ,  l e  
p a s s a g e  d e s  c e r v i d é s  ( L a v o i e  e t  c o l l . ,  2 0 1 0 ) .  I l  e s t  à  n o t e r  q u e  l a  
p o r t é e  d e  c e s  p o n t s  r é s u l t e  p r i n c i p a l e m e n t  d ’ u n e  f a i b l e  c a p a c i t é  
p o r t a n t e  d e s  s o l s .  S o u s  l e  p o n t  d e  l a  r i v i è r e  F a m i n e  ( fi g u r e  4 B )  
d a n s  l e  t r o n ç o n  4 ,  u n  r e p l a t  a  é t é  a m é n a g é  à  m i - p e n t e  d ’ u n  h a u t  
t a l u s .  À  c h a c u n  d e s  p a s s a g e s ,  d e s  s e c t i o n s  d e  f o s s é s  p r o t é g é s  p a r  u n  
e m p i e r r e m e n t  d e  g r o s  c a l i b r e  o n t  é t é  r e m p l a c é e s  p a r  d e s  t u y a u x  
r e c o u v e r t s  d e  t e r r e  p o u r  f a c i l i t e r  l e s  d é p l a c e m e n t s  d e s  o n g u l é s .  

F i g u r e  4 .  P h o t o s  d u  p o n t  d e  l a  r i v i è r e  d e s  P l a n t e  ( A ) ,  d u  p o n t  d e  l a  
r i v i è r e  F a m i n e  ( B )  e t  d u  p a s s a g e  d u  r u i s s e a u  D o y o n  ( C ) .
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C o n c e p t i o n  e t  c o n s t r u c t i o n  d e s  a m é n a g e m e n t s  
r e l a t i f s  a u x  c e r f s  d e  V i r g i n i e  l e  l o n g  d e  l ’ a u t o r o u t e  

R o b e r t - C l i c h e  ( A - 7 3 )  a u  Q u é b e c
P i e r r e - M i c h e l  V a l l é e ,  J a c q u e s  B é l a n g e r  e t  J a c q u e s  F o r t i n

R é s u m é
D e s  m e s u r e s  d ’ a t t é n u a t i o n  d e s  i m p a c t s  e t  d ’ i n t é g r a t i o n  à  l ’ h a b i t a t  h i v e r n a l  d u  c e r f  d e  V i r g i n i e  ( O d o c o i l e u s  v i r g i n i a n u s )  o n t  
é t é  a p p l i q u é e s  à  u n  p r o j e t  a u t o r o u t i e r  d e  p l u s  d e  5 0   k m  d a n s  l a  r é g i o n  d e  l a  C h a u d i è r e - A p p a l a c h e s ,  a u  Q u é b e c .  D e s  c l ô t u r e s  
h a u t e s ,  d e s  r a m p e s  d e  f u i t e  o u  s a u t o i r s ,  d e s  p a s s a g e s  f a u n i q u e s  e t  d ’ a u t r e s  m e s u r e s  o n t  é t é  c o n ç u s  e t  c o n s t r u i t s  e n  p l u s i e u r s  
s é q u e n c e s  s u r  u n e  p é r i o d e  d e  1 2   a n s ,  s o i t  d e  2 0 0 4  à  2 0 1 6 .  O u t r e  l a  d e s c r i p t i o n  d e s  a m é n a g e m e n t s  e t  d e s  e n j e u x  p r o p r e s  à  
c h a c u n ,  l ’ a r t i c l e  e x p o s e  d i ff é r e n t s  p r o b l è m e s  r e n c o n t r é s  a i n s i  q u e  l ’ é v o l u t i o n  q u ’ i l s  o n t  i n d u i t e  d a n s  l a  c o n c e p t i o n  e t  l a  m i s e  
e n  p l a c e  d e s  a m é n a g e m e n t s .  D e s  s u g g e s t i o n s  s o n t  é n o n c é e s  à  l ’ i n t e n t i o n  d e s  c o n c e p t e u r s  d e  p r o j e t s  r o u t i e r s  i n c l u a n t  d e  t e l l e s  
m e s u r e s .  E l l e s  s o u l i g n e n t  n o t a m m e n t  l ’ i m p o r t a n c e  d e  d é t e r m i n e r  l e u r  e m p l a c e m e n t  s u r  l a  b a s e  d ’ o b s e r v a t i o n s  f a i t e s  s u r  l e  
t e r r a i n ,  a v a n t  e t  p e n d a n t  l a  r é a l i s a t i o n  d e s  t r a v a u x ,  e t  c e l l e  d ’ é m e t t r e  d e s  d i r e c t i v e s  p r é c i s e s  d a n s  l e s  d o c u m e n t s  c o n t r a c t u e l s  
e t  l o r s  d e  l a  s u r v e i l l a n c e  d e  c h a n t i e r ,  a fi n  d e  f a v o r i s e r  l e  m a i n t i e n  d e  l a  v é g é t a t i o n  a u x  a b o r d s  d e s  a m é n a g e m e n t s .

M o t s  c l é s  :  a i r e  d ’ h i v e r n a g e ,  c l ô t u r e  à  c e r v i d é s ,  p a s s a g e  f a u n i q u e ,  r a m p e  d e  f u i t e ,  r o u t e

A b s t r a c t
D u r i n g  t h e  c o n s t r u c t i o n  o f  a  5 0  k m - l o n g  s e c t i o n  o f  h i g h w a y  i n  t h e  C h a u d i è r e - A p p a l a c h e s  r e g i o n  o f  Q u é b e c  ( C a n a d a ) ,  
m e a s u r e s  w e r e  t a k e n  t o  m i n i m i z e  t h e  i m p a c t  o f  t h e  p r o j e c t  o n ,  a n d  t o  f a c i l i t a t e  i t s  i n t e g r a t i o n  w i t h i n ,  w i n t e r i n g  h a b i t a t  
u s e d  b y  w h i t e - t a i l e d  d e e r .  H i g h  f e n c e s  a n d  j u m p - o u t s ,  a s  w e l l  a s  s a f e  w i l d l i f e  c r o s s i n g s  a n d  o t h e r  m i t i g a t i o n  m e a s u r e s  w e r e  
d e s i g n e d  a n d  c o n s t r u c t e d ,  i n  s e v e r a l  s t a g e s ,  o v e r  t h e  1 2 - y e a r  p e r i o d  f r o m  2 0 0 4  t o  2 0 1 6 .  Th i s  a r t i c l e  p r o v i d e s  a  d e s c r i p t i o n  
o f  t h e  d i ff e r e n t  s y s t e m s  u s e d  a n d  t h e  i n h e r e n t  c h a l l e n g e s  o f  e a c h .  E m p h a s i s  i s  p l a c e d  o n  t h e  v a r i o u s  p r o b l e m s  e n c o u n t e r e d  
a n d  t h e  a l t e r a t i o n s  t h a t  w e r e  m a d e  w i t h  r e g a r d s  t o  t h e i r  d e s i g n  a n d  i n s t a l l a t i o n  t o  o v e r c o m e  t h e s e .  S u g g e s t i o n s  a r e  
p r o p o s e d  f o r  t h e  d e s i g n e r s  o f  i n f r a s t r u c t u r e  p r o j e c t s  s e e k i n g  t o  i m p l e m e n t  s i m i l a r  m e a s u r e s ,  i n c l u d i n g  t h e  i m p o r t a n c e  o f  
d e t e r m i n i n g  t h e  b e s t  l o c a t i o n  b a s e d  o n  fi e l d  o b s e r v a t i o n s  m a d e  b e f o r e  a n d  d u r i n g  t h e  c o n s t r u c t i o n  p h a s e ,  a n d  o f  i s s u i n g  
c l e a r  d i r e c t i v e s  i n  a l l  c o n t r a c t s  a n d  s i t e  s u r v e i l l a n c e  d o c u m e n t s ,  t o  e n s u r e  t h e  p r o t e c t i o n  o f  s u r r o u n d i n g  v e g e t a t i o n  c o v e r .

K e y w o r d s :  d e e r  f e n c e s ,  h i g h w a y ,  j u m p - o u t ,  w i l d l i f e  c r o s s i n g s ,  w i n t e r i n g  a r e a

P i e r r e - M i c h e l  V a l l é e  e t  J a c q u e s  F o r t i n  s o n t  r e s p e c t i v e m e n t  
b i o l o g i s t e  e t  t e c h n i c i e n  d e  l a  f a u n e  à  l a  D i r e c t i o n  g é n é r a l e  d e  
l a  C h a u d i è r e - A p p a l a c h e s  d u  m i n i s t è r e  d e s  T r a n s p o r t s  ( M T Q ) .

p i e r r e - m i c h e l . v a l l e e @ t r a n s p o r t s . g o u v . q c . c a

J a c q u e s  B é l a n g e r  e s t  b i o l o g i s t e ,  r e t r a i t é  d u  M T Q .  

I n t r o d u c t i o n
L e s  a i r e s  d e  c o n fi n e m e n t  h i v e r n a l  d u  c e r f  d e  V i r g i n i e  

( O d o c o i l e u s  v i r g i n i a n u s ) ,  o u  r a v a g e s ,  s o n t  d e s  h a b i t a t s  
e s s e n t i e l s  q u i  d o i v e n t  ê t r e  p r o t é g é s  a u  s e n s  d u  R è g l e m e n t  s u r  
l e s  h a b i t a t s  f a u n i q u e s 1 .  L o r s q u ’ i l  e s t  i n é v i t a b l e  d ’ y  c o n s t r u i r e  
u n e  i n f r a s t r u c t u r e  r o u t i è r e ,  d i f f é r e n t e s  m e s u r e s  d e  g e s t i o n  
p e u v e n t  ê t r e  a p p l i q u é e s  à  l a  f o i s  p o u r  a t t é n u e r  l e s  e f f e t s  s u r  
l e s  c e r f s  e t  l e u r  h a b i t a t  e t  p o u r  r é d u i r e  l e s  r i s q u e s  d ’ a c c i d e n t s  
i m p l i q u a n t  c e s  a n i m a u x .

L e  p r o p o s  d e  c e t  a r t i c l e  e s t  d e  p a r t a g e r  l ’ e x p é r i e n c e  
a c q u i s e  p a r  l e s  a u t e u r s  d e p u i s  p r è s  d e  2 0  a n s ,  a u  f i l  d e  l a  
c o n c e p t i o n ,  d e  l a  c o n s t r u c t i o n  e t  d u  s u i v i  d e  4  t r o n ç o n s  d ’ u n e  
m ê m e  a u t o r o u t e  a m é n a g é s  a u  m i l i e u  d e  p l u s i e u r s  h a b i t a t s  
d ’ h i v e r  d u  c e r f  d e  V i r g i n i e .

C o n t e x t e s  g é o g r a p h i q u e  e t  h i s t o r i q u e

L ’ a u t o r o u t e  R o b e r t - C l i c h e  ( A - 7 3 )  p r e n d  s o n  o r i g i n e  
i m m é d i a t e m e n t  a u  s u d  d e  l a  v i l l e  d e  Q u é b e c ,  s u r  l e  t e r r i t o i r e  

1 . L e  R è g l e m e n t  s u r  l e s  h a b i t a t s  f a u n i q u e s  ( c h a p i t r e  C - 6 1 . 1 ,  r .  1 8 )  
d é c o u l e  d e s  a r t i c l e s  1 2 8 . 1 ,  1 2 8 . 6  e t  1 2 8 . 1 8  d e  l a  L o i  s u r  l a  c o n s e r v a t i o n  
e t  l a  m i s e  e n  v a l e u r  d e  l a  f a u n e  ( c h a p i t r e  C - 6 1 . 1 ) .

d e  l a  v i l l e  d e  L é v i s ,  d a n s  l a  r é g i o n  a d m i n i s t r a t i v e  d e  l a  
C h a u d i è r e - A p p a l a c h e s .  À  p a r t i r  d u  c r o i s e m e n t  d e  l ’ a u t o r o u t e  
T r a n s c a n a d i e n n e  ( A - 2 0 / J e a n - L e s a g e ) ,  e n  d i r e c t i o n  d e  l a  
f r o n t i è r e  a v e c  l ’ É t a t  d u  M a i n e  a u  s u d - e s t ,  e l l e  p e r m e t  d e  r e l i e r  
l e s  p r i n c i p a l e s  v i l l e s  d e  l a  r é g i o n  d e  l a  B e a u c e ,  s o i t  :  S a i n t e -
M a r i e ,  B e a u c e v i l l e  e t ,  d e p u i s  2 0 1 6 ,  S a i n t - G e o r g e s .  I l  e s t  
i m p o r t a n t  d e  n o t e r  q u e  l ’ A - 7 3  e t  s e s  a m é n a g e m e n t s  s ’ i n s è r e n t  
d a n s  u n  m i l i e u  a g r o f o r e s t i e r  d e  t e n u r e  p r i v é e .

L ’ a u t o r o u t e  à  2  c h a u s s é e s  d e  2  v o i e s  c h a c u n e  s u r  8 8  k m  
d e  l o n g u e u r  a  é t é  c o n s t r u i t e  p a r  l e  m i n i s t è r e  d e s  T r a n s p o r t s  
( c i - a p r è s  l e  M i n i s t è r e ) ,  e n  p l u s i e u r s  é t a p e s  d e p u i s  l e s  a n n é e s  
1 9 7 0 .  C ’ e s t  p a r t i c u l i è r e m e n t  a u x  p r o l o n g e m e n t s  3  e t  4  
( c o n s t r u i t s  d e  2 0 0 4  à  2 0 0 7  e t  d e  2 0 1 0  à  2 0 1 6 ,  r e s p e c t i v e m e n t )  a u  
s u d  d e  S a i n t - J o s e p h - d e - B e a u c e ,  a i n s i  q u ’ a u  r é c e n t  d o u b l e m e n t  

L E S  R O U T E S  E T  L A  G R A N D E  F A U N E

Vallée et al. 
(2019)
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Figure 3. Locations of moose- and white-tailed deer-vehicle collisions on the 85/185 road axis in 
southeastern Québec, Canada between 1990 and 2015. 
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5340 L A  S O C I É T É  P R O V A N C H E R  D ’ H I S T O I R E  N A T U R E L L E  D U  C A N A D A

D é t e r m i n a t i o n  d e s  f a c t e u r s  s p a t i o t e m p o r e l s  
e x p l i q u a n t  l e  r i s q u e  d e  c o l l i s i o n  r o u t i è r e  a v e c   

d e s  c e r v i d é s  s u r  l ’ a u t o r o u t e  C l a u d e - B é c h a r d  ( 8 5 )  
a u  T é m i s c o u a t a

J é r ô m e  L a l i b e r t é  e t  M a r t i n - H u g u e s  S t - L a u r e n t

R é s u m é
U n e  s t r a t é g i e  e ffi c a c e  d ’ a t t é n u a t i o n  d e s  c o l l i s i o n s  r o u t i è r e s  i m p l i q u a n t  l a  f a u n e  r e q u i e r t  d e  b o n n e s  c o n n a i s s a n c e s  d e s  f a c t e u r s  
p o u v a n t  e x p l i q u e r  p o u r q u o i ,  o ù  e t  q u a n d  c e l l e s - c i  s e  p r o d u i s e n t ,  a fi n  d ’ a m é l i o r e r  l a  s é c u r i t é  r o u t i è r e .  L e s  c o l l i s i o n s  r o u t i è r e s  
i m p l i q u a n t  d e s  c e r v i d é s  s o n t  r e c o n n u e s  p o u r  ê t r e  i n fl u e n c é e s  n o t a m m e n t  p a r  d e s  c a r a c t é r i s t i q u e s  t e m p o r e l l e s  ( p h a s e  d u  j o u r ,  
s a i s o n ,  p é r i o d e  b i o l o g i q u e )  e t  s p a t i a l e s  ( t o p o g r a p h i e ,  c o u v e r t  f o r e s t i e r ) .  C e s  f a c t e u r s  p e u v e n t  i n fl u e n c e r  l e  c o m p o r t e m e n t  
d e s  c e r v i d é s ,  l a  c a p a c i t é  d e s  c o n d u c t e u r s  à  d é t e c t e r  l e s  a n i m a u x  s u r  l a  c h a u s s é e  e t  l e u r  t e m p s  d e  r é a c t i o n .  N o u s  a v o n s  é v a l u é  
l ’ e ff e t  d e s  d i ff é r e n t e s  c a r a c t é r i s t i q u e s  s p a t i o t e m p o r e l l e s  s u r  l e  r i s q u e  d e  c o l l i s i o n s  a v e c  l ’ o r i g n a l  ( A l c e s  a m e r i c a n u s )  e t  l e  c e r f  d e  
V i r g i n i e  ( O d o c o i l e u s  v i r g i n i a n u s )  s u r  l ’ a u t o r o u t e  C l a u d e - B é c h a r d  ( a x e  r o u t i e r  8 5 / 1 8 5 )  r e l i a n t  R i v i è r e - d u - L o u p  ( Q u é b e c )  a u  
N o u v e a u - B r u n s w i c k ,  p o u r  l a  p é r i o d e  d e  1 9 9 0  à  2 0 1 5 .  N o t r e  c a p a c i t é  à  i d e n t i fi e r  l e s  p r i n c i p a u x  f a c t e u r s  e x p l i q u a n t  l a  d i s t r i b u t i o n  
s p a t i o t e m p o r e l l e  d e s  c o l l i s i o n s  d i ff é r a i t  e n t r e  l e s  e s p è c e s ,  e t  é t a i t  m e i l l e u r e  p o u r  l ’ o r i g n a l  q u e  p o u r  l e  c e r f .  L e s  f a c t e u r s  i d e n t i fi é s  
d a n s  n o t r e  é t u d e  p e u v e n t  c o n t r i b u e r  a u  d é v e l o p p e m e n t  d ’ u n e  s t r a t é g i e  d ’ a t t é n u a t i o n  p o u r  l ’ a u t o r o u t e  C l a u d e - B é c h a r d  e t  à  
l i m i t e r  l e  r i s q u e  d e  c o l l i s i o n ,  p r i n c i p a l e m e n t  a v e c  l ’ o r i g n a l ,  t o u t  e n  a p p o r t a n t  d e  p l u s  a m p l e s  c o n n a i s s a n c e s  s u r  l a  r é p a r t i t i o n  
d e s  c o l l i s i o n s  r o u t i è r e s  a v e c  l e s  c e r v i d é s  d a n s  u n  p a y s a g e  a g r o f o r e s t i e r  h a b i t é  s u p p o r t a n t  d e  f o r t e s  d e n s i t é s  d e  c e r v i d é s .

M o t s  c l é s  :  c e r v i d é s ,  c o l l i s i o n s  r o u t i è r e s ,  c o n n e c t i v i t é  é c o l o g i q u e ,  c o m p o r t e m e n t  f a u n i q u e ,  s é c u r i t é  r o u t i è r e

A b s t r a c t
A n  e ff e c t i v e  m i t i g a t i o n  s t r a t e g y  t o  r e d u c e  c o l l i s i o n s  b e t w e e n  w i l d l i f e  a n d  v e h i c l e s ,  a n d  t o  i m p r o v e  r o a d  s a f e t y ,  r e q u i r e s  p r e c i s e  
k n o w l e d g e  o f  w h y ,  w h e r e  a n d  w h e n  s u c h  c o l l i s i o n s  h a p p e n .  C o l l i s i o n s  w i t h  c e r v i d s  a r e  k n o w n  t o  b e  p a r t i c u l a r l y  i n fl u e n c e d  
b y  d i ff e r e n t  t e m p o r a l  ( e . g . ,  t i m e  o f  d a y / n i g h t ,  s e a s o n  a n d  b i o l o g i c a l  c y c l e )  a n d  s p a t i a l  ( e . g . ,  t o p o g r a p h y  a n d  f o r e s t  c o v e r )  
c h a r a c t e r i s t i c s .  Th e s e  f a c t o r s  c a n  i n fl u e n c e  c e r v i d  b e h a v i o r ,  t h e  a b i l i t y  o f  d r i v e r s  t o  d e t e c t  a n i m a l s  o n  t h e  r o a d ,  a n d  d r i v e r  
r e a c t i o n  t i m e .  Th e  p r e s e n t  s t u d y  e v a l u a t e d  t h e  e ff e c t  o f  s p a t i o t e m p o r a l  c h a r a c t e r i s t i c s  o n  t h e  r i s k  o f  c o l l i s i o n s  w i t h  m o o s e  
( A l c e s  a m e r i c a n u s )  a n d  w h i t e - t a i l e d  d e e r  ( O d o c o i l e u s  v i r g i n i a n u s )  o n  t h e  C l a u d e - B é c h a r d  H i g h w a y  ( H i g h w a y  8 5 / 1 8 5 ) ,  l i n k i n g  
R i v i è r e - d u - L o u p  ( Q u é b e c ,  C a n a d a )  w i t h  t h e  p r o v i n c e  o f  N e w  B r u n s w i c k ,  b e t w e e n  1 9 9 0  a n d  2 0 1 5 .  A b i l i t y  t o  i d e n t i f y  t h e  m a i n  
f a c t o r s  i n fl u e n c i n g  t h e  s p a t i o t e m p o r a l  d i s t r i b u t i o n  o f  c o l l i s i o n s  d i ff e r e d  b e t w e e n  s p e c i e s ,  a n d  w a s  h i g h e r  f o r  m o o s e  t h a n  f o r  
d e e r .  F a c t o r s  h i g h l i g h t e d  i n  t h e  s t u d y  c o u l d  h e l p  d e v e l o p  a p p r o p r i a t e  m i t i g a t i o n  m e a s u r e s  f o r  t h e  C l a u d e - B é c h a r d  H i g h w a y  t o  
h e l p  l i m i t  t h e  r i s k  o f  c o l l i s i o n ,  m a i n l y  w i t h  m o o s e .  Th e  s t u d y  a l s o  p r o v i d e s  a d d i t i o n a l  k n o w l e d g e  o n  t h e  d i s t r i b u t i o n  o f  v e h i c l e  
c o l l i s i o n s  w i t h  c e r v i d s  i n  a n  i n h a b i t e d  a g r o f o r e s t r y  l a n d s c a p e  h o l d i n g  a  h i g h  d e n s i t y  o f  t h e s e  a n i m a l s .

K e y w o r d s :  a n i m a l  b e h a v i o r ,  c e r v i d s ,  e c o l o g i c a l  c o n n e c t i v i t y ,  r o a d  s a f e t y ,  w i l d l i f e - v e h i c l e  c o l l i s i o n s

J é r ô m e  L a l i b e r t é  e s t  c a n d i d a t  à  l a  m a î t r i s e  à  l ’ U n i v e r s i t é  d u  
Q u é b e c  à  R i m o u s k i  ( U Q A R )  d a n s  l ’ é q u i p e  d e  r e c h e r c h e  e n  g e s t i o n  
d e  l a  f a u n e  t e r r e s t r e  d i r i g é e  p a r  M a r t i n - H u g u e s  S t - L a u r e n t .  I l  
d é t i e n t  u n  b a c c a l a u r é a t  e n  b i o l o g i e  d e  l ’ U Q A R  a i n s i  q u ’ u n e  
t e c h n i q u e  e n  m i l i e u  n a t u r e l  d u  C é g e p  d e  S a i n t - F é l i c i e n .  

M a r t i n - H u g u e s  S t - L a u r e n t  d é t i e n t  u n  d o c t o r a t  e n  b i o l o g i e  d e  
l ’ U n i v e r s i t é  d u  Q u é b e c  à  M o n t r é a l  ( U Q A M )  e t  e s t  p r o f e s s e u r  
t i t u l a i r e  e n  é c o l o g i e  a n i m a l e  à  l ’ U Q A R .  I l  y  d i r i g e  u n  p r o g r a m m e  
d e  r e c h e r c h e  v i s a n t  à  m i e u x  c o m p r e n d r e  l e s  i m p a c t s  d e  
l ’ a l t é r a t i o n  d e s  h a b i t a t s  s u r  l ’ é c o l o g i e  d u  c a r i b o u  d e s  b o i s ,  d u  
l o u p  g r i s ,  d e  l ’ o r i g n a l ,  d u  c o y o t e  e t  d e  l ’ o u r s  n o i r  e n  g e s t i o n  
e t  c o n s e r v a t i o n  d e  l a  f a u n e  t e r r e s t r e .  

m a r t i n - h u g u e s _ s t - l a u r e n t @ u q a r . c a

É C O L O G I E  R O U T I È R E :  P R I O R I T É S  P O U R  L E  Q U É B E C

I n t r o d u c t i o n
L e  n o m b r e  d e  c o l l i s i o n s  i m p l i q u a n t  l a  f a u n e  a  

l a r g e m e n t  a u g m e n t é  d u r a n t  l e s  d e r n i è r e s  d é c e n n i e s  d a n s  
l ’ h é m i s p h è r e  n o r d  ( p .  e x .  H u i j s e r  e t  c o l l a b . ,  2 0 0 8 ;  S e i l e r  e t  
c o l l a b . ,  2 0 0 4 ) .  C o m p t e  t e n u  d e  l ’ e x p a n s i o n  a n n u e l l e  d u  r é s e a u  
r o u t i e r  ( H a w b a k e r  e t  c o l l a b . ,  2 0 0 6 ) ,  i l  e s t  j u s t i fi é  d e  c r o i r e  q u e  
c e t t e  t e n d a n c e  p e r s i s t e r a  p o u r  l e s  a n n é e s  à  v e n i r  ( v a n  d e r  R e e  
e t  c o l l a b . ,  2 0 1 5 a ) .  C e t t e  a u g m e n t a t i o n  d u  n o m b r e  d e  c o l l i s i o n s  
a v e c  l a  f a u n e  p e u t  ê t r e  p a r t i e l l e m e n t  e x p l i q u é e  p a r  u n e  h a u s s e  
d u  d é b i t  r o u t i e r  e t  u n e  m o d i f i c a t i o n  d u  c o m p o r t e m e n t  e t  
d e s  d e n s i t é s  r é g i o n a l e s  d e s  p r i n c i p a l e s  e s p è c e s  f a u n i q u e s  
i m p l i q u é e s  ( G r o o t  B r u i n d e r i n k  e t  H a z e b r o e k ,  1 9 9 6 ;  S e i l e r  e t  
c o l l a b . ,  2 0 0 4 ) .  E n  2 0 0 3 ,  p r è s  d e  4 5  0 0 0  c o l l i s i o n s  i m p l i q u a n t  
l a  g r a n d e  f a u n e  s e  p r o d u i s a i e n t  s u r  l e s  r o u t e s  c a n a d i e n n e s .  

Laliberte & St-Laurent (2019)

Risk of collisions with moose 
and white-tailed deer (1990-
2015), 
as affected by:
- Sinuosity
- Rain
- Distance to habitat patch
- Elevation
- Slope
- Forest cover
- Wetlands
- Distance to salt pool
etc.
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Risk of collisions with moose 

and white-tailed deer (1990-

2015), 

as affected by:

- Sinuosity

- Rain

- Distance to habitat patch

- Elevation

- Slope

- Forest cover

- Wetlands

- Distance to salt pool

etc.

Construction of 8 underpasses for large mammals (dear, moose, bear) and 14 wildlife 

passages for small and medium-sized mammals is planned on a 40 km stretch 
along the TransCanada Highway (85) being upgraded from 2 to 4 lanes. 

Funding is also planned for future monitoring.
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Route 245

Robidoux
(2019)

85L E  N A T U R A L I S T E  C A N A D I E N ,  1 4 3  N O  1     H I V E R  2 0 1 9

P a s s a g e  à  t o r t u e s  d e  l a  r o u t e  2 4 5  à  B o l t o n - E s t  
( E s t r i e )  :  u n  b e l  e x e m p l e  d e  p a r t e n a r i a t

C l é m e n t  R o b i d o u x

R é s u m é
L a  d y n a m i q u e  d e s  p o p u l a t i o n s  d e  t o r t u e s  r e p o s e  s u r  u n e  g r a n d e  l o n g é v i t é  d e s  a d u l t e s  a fi n  d e  c o m p e n s e r  l e  f a i b l e  
r e c r u t e m e n t  e n  j e u n e s .  D e s  p e r t e s  d ’ i n d i v i d u s  o c c a s i o n n é e s  p a r  u n e  m o r t a l i t é  e x c é d e n t a i r e ,  c o m m e  l a  m o r t a l i t é  r o u t i è r e ,  
n e  p e u v e n t  ê t r e  c o m p e n s é e s  r a p i d e m e n t  e t  e x p o s e n t  l e s  p o p u l a t i o n s  à  d e s  d é c l i n s  o u  m ê m e  à  d e s  e x t i n c t i o n s  l o c a l e s .  
E n  2 0 1 2 ,  u n e  é t u d e  a  d é b u t é  a fi n  d e  d o c u m e n t e r  l a  m o r t a l i t é  r o u t i è r e  d e s  t o r t u e s  l e  l o n g  d e  l a  r o u t e   2 4 5 ,  i d e n t i fi é e  
c o m m e  u n e  m e n a c e  p o u r  l e s  p o p u l a t i o n s  d e  l a  r i v i è r e  M i s s i s q u o i  N o r d  a d j a c e n t e .  A p r è s  2  a n s ,  l e s  d o n n é e s  r e c u e i l l i e s  
p e r m e t t a i e n t  d ’ i d e n t i fi e r  c e r t a i n s  s e c t e u r s  a c c i d e n t o g è n e s .  P a r a l l è l e m e n t ,  u n  p a r t e n a r i a t  e n t r e  l e s  i n t e r v e n a n t s  l o c a u x  
e t  r é g i o n a u x  ( m i n i s t è r e  d e s  F o r ê t s ,  d e  l a  F a u n e  e t  d e s  P a r c s ,  m i n i s t è r e  d e s  T r a n s p o r t s  d u  Q u é b e c  [ M T Q ]  e t  m u n i c i p a l i t é  
d e  B o l t o n - E s t )  a  p e r m i s  d ’ e n t r e p r e n d r e  d e s  m e s u r e s  p o u r  r é d u i r e  l a  m o r t a l i t é  r o u t i è r e  d e s  t o r t u e s  d a n s  l e s  s e c t e u r s  
n é v r a l g i q u e s .  L e  M T Q  a  e n s u i t e  i n t é g r é  p l u s i e u r s  é l é m e n t s  f a v o r i s a n t  l e  p a s s a g e  s é c u r i t a i r e  d e s  t o r t u e s  à  s e s  t r a v a u x  
d e  r é f e c t i o n  d ’ u n  p o n c e a u  s i t u é  d a n s  u n  s e c t e u r  a c c i d e n t o g è n e .  L a  p a r t i c i p a t i o n  d e s  p a r t e n a i r e s  à  t o u t e s  l e s  é t a p e s  d u  
p r o j e t  a  é t é  d é t e r m i n a n t e  d a n s  l e  s u c c è s  o b t e n u  j u s q u ’ à  p r é s e n t ,  e t  c o n t i n u e r a  d e  l ’ ê t r e  p o u r  l e s  é t a p e s  à  v e n i r .  

M o t s  c l é s  :  c o n n e c t i v i t é ,  m o r t a l i t é  r o u t i è r e  a n i m a l e ,  p a s s a g e  f a u n i q u e ,  r o u t e  p r o v i n c i a l e ,  t o r t u e

A b s t r a c t
T u r t l e  p o p u l a t i o n  d y n a m i c s  r e l y  o n  t h e  l o n g e v i t y  o f  a d u l t s  t o  c o m p e n s a t e  f o r  l o w  j u v e n i l e  r e c r u i t m e n t .  C o n s e q u e n t l y ,  
t h e y  c a n n o t  r e c o v e r  r a p i d l y  f r o m  t h e  l o s s  o f  i n d i v i d u a l s  c a u s e d  b y  e x c e s s  m o r t a l i t y ,  s u c h  a s  r o a d k i l l ,  w h i c h  e x p o s e s  
t h e m  t o  s i g n i fi c a n t  p o p u l a t i o n  d e c l i n e s — a n d  c a n  p o t e n t i a l l y  l e a d  t o  l o c a l  e x t i n c t i o n .  I n  2 0 1 2 ,  a  s t u d y  w a s  i n i t i a t e d  t o  
d o c u m e n t  t u r t l e  r o a d k i l l  r a t e s  a l o n g  R o u t e  2 4 5  ( a  r e g i o n a l  r o a d  i n  t h e  E s t r i e  r e g i o n  o f  Q u é b e c ,  C a n a d a ) ,  i d e n t i fi e d  
a s  a  t h r e a t  t o  t u r t l e  p o p u l a t i o n s  i n  t h e  a d j a c e n t  M i s s i s q u o i  N o r d  R i v e r .  T w o  y e a r s  o f  d a t a  c o l l e c t i o n  w e r e  s u ffi c i e n t  
t o  i d e n t i f y  s o m e  o f  t h e  p r o b l e m  a r e a s .  I n  p a r a l l e l  w i t h  t h e  s t u d y ,  a  p a r t n e r s h i p  w i t h  l o c a l  a n d  r e g i o n a l  s t a k e h o l d e r s  
( i n c l u d i n g  t h e  M i n i s t è r e  d e s  F o r ê t s ,  d e  l a  F a u n e  e t  d e s  P a r c s ,  t h e  M i n i s t è r e  d e s  T r a n s p o r t s  d u  Q u é b e c  [ M T Q ]  a n d  t h e  
m u n i c i p a l i t y  o f  B o l t o n - E s t )  w a s  i n i t i a t e d  t o  i m p l e m e n t  r o a d k i l l  m i t i g a t i o n  m e a s u r e s  i n  t h e  m o s t  s e v e r e l y  i m p a c t e d  
a r e a s .  T o  f a c i l i t a t e  t h e  s a f e  p a s s a g e  o f  t u r t l e s  u n d e r  R o u t e  2 4 5 ,  t h e  M T Q  i n t e g r a t e d  s e v e r a l  o f  t h e s e  m e a s u r e s  i n t o  i t s  
s c h e d u l e d  c u l v e r t  r e p l a c e m e n t  w o r k .  A l l  p a r t n e r s  p l a y e d  a  k e y  r o l e  i n  t h e  s u c c e s s e s  a c h i e v e d  a n d  w i l l  c o n t i n u e  t o  b e  
i n v o l v e d  d u r i n g  t h e  o n g o i n g  m o n i t o r i n g  p h a s e .

K e y w o r d s :  c o n n e c t i v i t y ,  p r o v i n c i a l  r o a d ,  r o a d k i l l ,  t u r t l e ,  w i l d l i f e  p a s s a g e

C l é m e n t  R o b i d o u x  e s t  b i o l o g i s t e  e t  c o o r d o n n a t e u r  à  l a  
c o n s e r v a t i o n  p o u r  C o r r i d o r  a p p a l a c h i e n ,  u n  o r g a n i s m e  d e  
c o n s e r v a t i o n  à  p o r t é e  r é g i o n a l e  œ u v r a n t  d a n s  l e s  C a n t o n s - d e - l ’ E s t .

c l e m e n t . r o b i d o u x @ c o r r i d o r a p p a l a c h i e n . c a

I n t r o d u c t i o n
L ’ u r b a n i s a t i o n ,  l ’ a g r i c u l t u r e  à  g r a n d e  é c h e l l e  e t  

l ’ i n d u s t r i a l i s a t i o n  o n t ,  a u  c o u r s  d e s  d e r n i è r e s  d é c e n n i e s ,  
e n t r a î n é  d e s  c o n s é q u e n c e s  s i g n i fi c a t i v e s  s u r  l e s  m i l i e u x  n a t u r e l s  
d u  s u d  d u  Q u é b e c  —  n o t a m m e n t  l a  f r a g m e n t a t i o n  d e s  h a b i t a t s  
( C o r m i e r  e t  c o l l a b . ,  2 0 1 2 ) .  P o u r  f a i r e  f a c e  à  c e t t e  p r o b l é m a t i q u e ,  
p l u s i e u r s  s o l u t i o n s  p e u v e n t  ê t r e  m i s e s  d e  l ’ a v a n t ,  y  c o m p r i s  
u n e  b o n n e  p l a n i fi c a t i o n  d u  r é s e a u  d ’ a i r e s  p r o t é g é e s  v i s a n t  l a  
c o n s e r v a t i o n  o u  l a  r e s t a u r a t i o n  d e  m i l i e u x  n a t u r e l s ,  a i n s i  q u e  l e  
m a i n t i e n  o u  l a  r e s t a u r a t i o n  d e  l a  c o n n e c t i v i t é  e n t r e  c e s  m i l i e u x  
( G r a t t o n  e t  c o l l a b . ,  2 0 1 1 ;  B e c k m a n  e t  c o l l a b . ,  2 0 1 0 ) .  C e  s o n t  
n o t a m m e n t  l e s  o b j e c t i f s  c i b l é s  p a r  C o r r i d o r  a p p a l a c h i e n ,  u n  
o r g a n i s m e  d e  c o n s e r v a t i o n  q u i  a  p o u r  m i s s i o n  d e  p r o t é g e r  l e s  
m i l i e u x  n a t u r e l s  e t  l a  b i o d i v e r s i t é  d e  l a  r é g i o n  d e s  A p p a l a c h e s  
d u  s u d  d u  Q u é b e c .  C o r r i d o r  a p p a l a c h i e n  œ u v r e  d a n s  l a  r é g i o n  
t o u r i s t i q u e  d e s  C a n t o n s - d e - l ’ E s t ,  u n e  r é g i o n  m a j o r i t a i r e m e n t  
m o n t a g n e u s e  o ù  d e  v a s t e s  v a l l é e s  a b r i t e n t  d ’ i m p o r t a n t e s  
p o p u l a t i o n s  d e  t o r t u e s .  L ’ o r g a n i s m e  s ’ i n t é r e s s e  d e p u i s  2 0 0 2  à  

l a  p r o t e c t i o n  d e s  p o p u l a t i o n s  d e  c e s  r e p t i l e s  s u r  s o n  t e r r i t o i r e  
d ’ a c t i o n ,  p a r t i c u l i è r e m e n t  c e l l e s  d e  t o r t u e  d e s  b o i s  ( G l y p t e m y s  
i n s c u l p t a ) ,  u n e  e s p è c e  d é s i g n é e  m e n a c é e  a u  C a n a d a  e t  
v u l n é r a b l e  a u  Q u é b e c  ( C O S E P A C ,  2 0 0 7 ;  G a z e t t e  o f fi c i e l l e  d u  
Q u é b e c ,  2 0 0 5 ) .

L e s  a m p h i b i e n s  e t  l e s  r e p t i l e s  s o n t  p a r t i c u l i è r e m e n t  
s e n s i b l e s  a u x  m o d i f i c a t i o n s  a p p o r t é e s  à  l e u r  e n v i r o n n e m e n t  
n a t u r e l  ( D e s r o c h e s  e t  R o d r i g u e ,  2 0 0 4 ;  E r n s t  e t  L o v i c h ,  2 0 0 9 ) .  
A u  Q u é b e c ,  c o m m e  a i l l e u r s  d a n s  l e  m o n d e ,  l e s  a m p h i b i e n s  e t  
l e s  r e p t i l e s  c o n n a i s s e n t  u n  d é c l i n  m a j e u r ,  s u r t o u t  e n  r a i s o n  d e  l a  
p e r t e  e t  d e  l a  m o d i fi c a t i o n  d e  l e u r s  h a b i t a t s ,  r é s u l t a n t  n o t a m m e n t  
d u  d é v e l o p p e m e n t  u r b a i n  e t  d e s  a c t i v i t é s  a n t h r o p i q u e s  c o n n e x e s  
( G i b b o n s  e t  c o l l a b . ,  2 0 0 0 ;  O u e l l e t  e t  c o l l a b . ,  2 0 0 5 ;  S e b u r n  e t  

R O U T E S  E T  P E T I T E  E T  M O Y E N N E  F A U N E

Turtle mortality 2012-2014
- Roadkill mitigation measures
- MTQ: scheduled culvert replacement work
- Partnerships with local and regional 
stakeholders  
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R O U T E S  E T  P E T I T E  E T  M O Y E N N E  F A U N E

F i g u r e  1 .  E m p l a c e m e n t  d e s  t o r t u e s  o b s e r v é e s  s u r  l a  r o u t e  2 4 5  p o u r  l e s  a n n é e s  2 0 1 2 ,  2 0 1 3  e t  2 0 1 5  ( s e c t e u r  d e  l ’ é t a n g  P e a s l e y ,  m u n i c i p a l i t é  d e  B o l t o n - E s t ) .
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R O U T E S  E T  P E T I T E  E T  M O Y E N N E  F A U N E

88 L A  S O C I É T É  P R O V A N C H E R  D ’ H I S T O I R E  N A T U R E L L E  D U  C A N A D A

d e s  g r a v i è r e s  e t  d e s  s a b l i è r e s  d e  c e  s e c t e u r  a  é t é  e n t r e p r i s e  e n  
2 0 1 5 .  L e s  t r a v a u x  d e  S i r o i s  e t  V a l l i è r e s  ( 2 0 1 5 )  o n t  p e r m i s  d e  
c o n fi r m e r  q u e  l ’ u n e  d e  c e s  g r a v i è r e s  é t a i t  e f f e c t i v e m e n t  u t i l i s é e  
p a r  l a  t o r t u e  d e s  b o i s ,  l a  t o r t u e  p e i n t e  ( C h r y s e m y s  p i c t a )  e t  
l a  t o r t u e  s e r p e n t i n e  ( C h e l y d r a  s e r p e n t i n a )  p o u r  l a  p o n t e .  L a  
p r é s e n c e  d ’ u n  s i t e  d e  p o n t e ,  c o m b i n é e  à  l a  v é t u s t é  d u  p o n c e a u  
s o u s  l a  r o u t e  2 4 5  q u i  n e  p e r m e t t a i t  p l u s  u n  l i e n  a q u a t i q u e  
a d é q u a t  e n t r e  l e s  p o r t i o n s  e s t  e t  o u e s t  d u  m i l i e u  h u m i d e ,  
p o u v a i e n t  e x p l i q u e r  l ’ a b o n d a n c e  d e  t o r t u e s  s u r  c e  t r o n ç o n  d e  
r o u t e ,  p a r t i c u l i è r e m e n t  p e n d a n t  l a  p é r i o d e  d e  p o n t e .  L ’ o b j e c t i f  
d e s  3  p a r t i e s  é t a i t  d e  c o n c e v o i r  u n  a m é n a g e m e n t  q u i  r é p o n d r a i t  
à  l a  p r o b l é m a t i q u e  e t  q u i  s e r a i t  b a s é  s u r  d e s  d o n n é e s  p r o b a n t e s  
i s s u e s  d e  p r o j e t s  s i m i l a i r e s  r é a l i s é s  a i l l e u r s .  I l  s ’ e s t  t o u t e f o i s  a v é r é  
q u e  p e u  d ’ e x p e r t i s e  e x i s t a i t  a u  Q u é b e c  d a n s  c e  d o m a i n e .  D e s  
c o n t a c t s  o n t  a l o r s  é t é  é t a b l i s  a v e c  d e s  p r o f e s s i o n n e l s  d e  l ’ É t a t  
d u  M a s s a c h u s e t t s  ( D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  D i v i s i o n  o f  
F i s h e r i e s  a n d  W i l d l i f e ,  U n i v e r s i t y  o f  M a s s a c h u s e t t s ) .  P l u s i e u r s  
s i t e s  a m é n a g é s  a u  M a s s a c h u s e t t s  p o u r  l e  p a s s a g e  d e s  t o r t u e s  o n t  
é t é  v i s i t é s  a fi n  d ’ o r i e n t e r  l e  p r o j e t  d e  l ’ é t a n g  P e a s l e y  à  B o l t o n -
E s t ,  n o t a m m e n t  p o u r  c o n n a î t r e  l e s  c a r a c t é r i s t i q u e s  p h y s i q u e s  
d e s  p a s s a g e s  à  t o r t u e s  e t  l e s  c l ô t u r e s  l e s  p l u s  e f fi c a c e s  p o u r  l e s  
d i r i g e r  v e r s  c e s  s t r u c t u r e s  ( J a c k s o n ,  2 0 0 3 ;  S i e v e r t  e t  Y o r k s ,  2 0 1 2 ;  
Y o r k s ,  2 0 1 5 ) .  À  l ’ é t é  2 0 1 7 ,  l e  r e m p l a c e m e n t  d u  p o n c e a u  5 4 7 7 - 0  
e t  l ’ a m é n a g e m e n t  d ’ u n  p a s s a g e  t e r r e s t r e  p o u r  l e s  t o r t u e s  o n t  é t é  
r é a l i s é s  s o u s  l a  s u p e r v i s i o n  d u  M T Q .  D e s  c l ô t u r e s  d e  d é v i a t i o n  

o n t  a u s s i  é t é  i n s t a l l é e s  d e  p a r t  e t  d ’ a u t r e  d e  l a  r o u t e  2 4 5 .  U n  
p o n c e a u  p r é f a b r i q u é  e n  b é t o n ,  d e  2 , 5  m  d e  h a u t  p a r  2 , 5  m  d e  
l a r g e ,  a  r e m p l a c é  l ’ a n c i e n  p o n c e a u  d ’ a c i e r  ( f i g u r e  2 a ) .  C e t t e  
n o u v e l l e  s t r u c t u r e  d ’ e n v i r o n  2 0  m  d e  l o n g  c o n s t i t u e  l e  p a s s a g e  
a q u a t i q u e .  L e  p a s s a g e  t e r r e s t r e  a m é n a g é  u n e  v i n g t a i n e  d e  m è t r e s  
p l u s  a u  n o r d  e s t ,  q u a n t  à  l u i ,  c o n s t i t u é  d ’ u n  t u n n e l  p r é f a b r i q u é  
e n  b é t o n  p o l y m è r e  d e  m a r q u e  A C O ,  l i v r é  e n  s e c t i o n s  d e  5 0  c m  
d e  l a r g e  p a r  3 2  c m  d e  h a u t  e t  d e  1  m  d e  l o n g  ( fi g u r e  2 b ) .  C e  
t u n n e l  d e  1 2  m  d e  l o n g  a  é t é  p o s i t i o n n é  a u  n i v e a u  d e  l a  r o u t e ,  
e t  s a  p a r t i e  s u p é r i e u r e  e s t  a j o u r é e  a fi n  q u e  l a  l u m i è r e  p u i s s e  y  
p é n é t r e r .  D a n s  l e  b u t  d e  m a i n t e n i r  l e s  t o r t u e s  à  l ’ e x t é r i e u r  d e s  
v o i e s  d e  c i r c u l a t i o n  e t  d e  l e s  i n c i t e r  à  u t i l i s e r  l e s  p a s s a g e s  q u i  
l e u r  s o n t  d é d i é s ,  u n e  c l ô t u r e  d e  d é v i a t i o n  d ’ u n e  h a u t e u r  t o t a l e  
d e  1 2 0  c m  ( e n f o u i e  s u r  u n e  p r o f o n d e u r  d e  5 0  c m ,  a v e c  7 0  c m  
h o r s  s o l )  a  é t é  i n s t a l l é e  d e  p a r t  e t  d ’ a u t r e  d e  l a  r o u t e  ( fi g u r e  2 c ) .  
C e t t e  c l ô t u r e  e s t  c o n s t i t u é e  d ’ u n  g r i l l a g e  à  m a i l l e s  d e  1 2 , 7  m m  
d e  d i a m è t r e ,  e t  s a  p a r t i e  s u p é r i e u r e  e s t  r e c o u v e r t e  d ’ u n e  t ô l e  
l i s s e  d e  1 5  c m  d e  l a r g e  a fi n  d e  d i s s u a d e r  l e s  t o r t u e s  d e  g r i m p e r  
p a r - d e s s u s .  E n v i r o n  2 0 0  m  d e  c l ô t u r e  o n t  a i n s i  é t é  i n s t a l l é s  
s u r  c h a q u e  c ô t é  d e  l a  r o u t e ,  d e r r i è r e  l e s  g l i s s i è r e s  d e  s é c u r i t é .  
P a r  a i l l e u r s ,  p o u r  p e r m e t t r e  a u x  t o r t u e s  q u i  s e  t r o u v e r a i e n t  
m a l e n c o n t r e u s e m e n t  s u r  l e s  v o i e s  d e  c i r c u l a t i o n  d e  r e t o u r n e r  
d a n s  l e  m i l i e u  n a t u r e l  d e  f a ç o n  s é c u r i t a i r e ,  7  é c h a p p a t o i r e s  
c o n s t i t u é e s  d e  t r o u é e s  d e  1 5  c m  d e  h a u t  p a r  1 , 8  m  d e  l a r g e  o n t  
é t é  p r a t i q u é e s  d a n s  c e t t e  c l ô t u r e .  C h a q u e  t r o u é e  a  é t é  a m é n a g é e  

F i g u r e  2 . P h o t o g r a p h i e s  d u  p a s s a g e  à  t o r t u e s  d e  l a  r o u t e  2 4 5  à  B o l t o n - E s t :  a )  p o n c e a u  p r é f a b r i q u é  e n  b é t o n ;  b )  t u n n e l  p r é f a b r i q u é  
e n  b é t o n  p o l y m è r e ;  c )  c l ô t u r e  d e  d é v i a t i o n  e t  é c h a p p a t o i r e .
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n Rodney van der Ree, Daniel J. 
Smith, Clara Grilo (eds.) (2015): 
Handbook of Road Ecology:       
An international practitioner’s 
guide.

n 63 chapters
n 100 authors from 25 countries
n Case studies from many 

countries    

56

n Road Ecology is �the sleeping giant of
conservation biology�
(Forman 2002)

Recommended reading: 

n Special issue on Road Ecology in the 
journal Ecology & Society: 
www.ecologyandsociety.org/

n First Road Ecology Conference in 
Quebec was on 24-27 May 2011:
“Routes et faune terrestre : de la science 
aux solutions”
www.uqar.ca/routes-faune-terrestre/
-> Special issue in Le naturaliste canadien

(2012): 

www.gpe.concordia.ca/about/facultystaff/jjaeger.php
www.fragmentation.de
http://www.glel.carleton.ca

http://www.ecologyandsociety.org/
http://www.uqar.ca/routes-faune-terrestre/
http://www.gpe.concordia.ca/about/facultystaff/jjaeger.php
http://www.fragmentation.de/
http://www.glel.carleton.ca/
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NUMÉRO SPÉCIAL
Colloque sur l’écologie routière  
et l’adaptation aux changements climatiques : 
de la recherche aux actions concrètes

• CONNECTIVITÉ ET ADAPTATION AUX CHANGEMENTS CLIMATIQUES
• ÉCOLOGIE ROUTIÈRE : PRIORITÉS POUR LE QUÉBEC
• LES ROUTES ET LA FAUNE
•  CONNECTIVITÉ AQUATIQUE ET GESTION DES EAUX DE SURFACE
• IMPLICATION DES MUNICIPALITÉS ET DES COMMUNAUTÉS

Second conference about road ecology in 
Québec (2017): “L’écologie routière et 
l’adaptation aux changements climatiques : 
de la recherche aux actions concrètes”

-> Special issue in Le naturaliste canadien, 
Hiver 2019, vol. 143(1).
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Global Trend: Wildlife Corridors

• 2010 – Australia, 1st transcontinental wildlife corridor.

• 2016 – The Nature Conservancy: Protecting wilderness 
corridors will be essential to preserving biodiversity.  As 
climate change disrupts habitats, species will migrate and 
will have to navigate through human settlement areas. 

• 2016 – Resolution 40-3: Ecological Connectivity, 
Adaptation to Climate Change, Biodiversity Conservation

• 2017 – International Union for Conservation of Nature 
(IUCN) World Commission on Protected Areas (WCPA) 

• Links landscapes, reducing fragmentation and enabling 
migratory flows essential to a functioning and resilient system. 









Conserve biodiversity through 
ecosystem or landscape-based 
management.





Southern Ontario Road Network

© Eco-Kare International











Connectivity elements are extremely important to 
maintain biodiversity. Keeping Nature in Our Future, 2014



Provincial Policy Statement, Natural Heritage Reference Manual: 
Section 3.4.6.2

Linear infrastructure (e.g. roads) crossings should be kept to 
a minimum and incorporate suitable design and mitigation 
measures (e.g. provide appropriate wildlife crossings) to 
maintain linkages between and among natural heritage 
features.





The Province will map a Natural 

Heritage System for the GGH to 

support a comprehensive, 

integrated, and long-term 

approach to planning for the 

protection of the region’s natural 

heritage and biodiversity. 

Directs municipalities to apply 

appropriate policies to maintain, 

restore, or enhance the diversity 

and connectivity of the system. 



Connectivity will be 

maintained or, where 

possible, enhanced for 

the movement of native 

plants and animals 

across the landscape. 



Greenbelt

2 Million acres 

of protected 

environmentally 

sensitive areas 

and farmlands.



Supporting Connectivity

Every application for development or site 
alteration shall identify planning, design 
and construction practices that ensure 
that no buildings or other site alterations 
impede any hydrological functions or the 
movement of plants and animals among 
key natural heritage features, key 
hydrologic features, and adjacent land 
within Natural Core Areas and Natural 
Linkage Areas. 

Projects will allow for wildlife movement. 



Additional Ontario Acts

• Fish and Wildlife Conservation Act
• Specially Protected Species – aims to preserve wildlife

• Conservation Authorities Act
• Balance human, environmental, and economic needs

• Lake Simcoe Protection Act
• Connectivity to allow for the movement of plants and animals

• Niagara Escarpment Planning and Development Act
• Maintain a continuous natural environment and ensure 

development is compatible with the natural environment



Endangered Species Act, 2007

Purpose: Protection and recovery of Species at Risk and 
their habitat. 



ESA Implementation
Road improvement activities with the protection of reptiles 
and amphibians and benefits provided through the 
installation of fencing and improved passage.





CAUTION

CONVENTION CONSERVATION



City of Guelph Official Plan

Recommended Natural Heritage Action Plan, 2018

Section 6A.4: Wildlife Crossing Locations

The City will implement species-appropriate mitigation measures 
to minimize the impacts to wildlife and property damage.

Ontario’s land use planning system gives municipalities 
the major role in planning decisions. 



Transportation Budget 2019-2028
Ten Year Capital Budget & Forecast 

Roseville Rd Turtle Crossing 
Previous Unspent Approvals: $50,000

2019 New Request: $150,000

2020: $50,000

Total = $250,000

Recommendation (Sept. 2018)

That Regional Council approve the installation of two wildlife 
tunnels and directional fencing to address the two highest 
priority turtle crossing locations along Roseville Road at Barrie’s 
Lake.



Local, community-based natural resource management agency.



SAR Recovery Strategies specifically 

identify roads as a threat.







www.roadsandwildlife.org



*Dynamic documents.  We are always learning and improving.





Route Alignment
• Technically Preferred Route



GIS Analysis  - Hotspots



Bowman and Cordes, 2015
Circuitscape

Modelling Landscape Permeability for Wildlife Movement 



Wildlife Crossings & Fencing



Passage Design
• Approach

• Aspect Ratio

• Line of Sight

• Light

• Moisture

• Bottom substrate

• Hydrology 



Road Closures “The reaction was positive towards the road 

closure last year and shows how the community 

will support steps to protect the local 

environment,” City of Burlington.
*Collect Data



Road Design



Mountable Curbs



Ecological Road Effect Zone

Seiler 2001, adapted from Van der Zande et al. 1980 and
Forman and Alexander  1998



Light Mitigation

• Full cutoff street lighting
• Especially important in residential neighbourhoods 

where light at night may impact human health. 

• Dimming, motion detection, colour, etc.

Full Cutoff Street Light



Vegetation Management/Grading

• Blade height (Mow to a min. of 20 cm)

• Schedule



Kingston Public Works alters road work 
schedule to reduce impact on turtle nests

• Started regular road maintenance grading earlier 
to get it done in sensitive areas before the start of 
nesting season, which goes from mid-May into 
September. 

• To further minimize impacts, Public Works is 
training staff to identify nesting areas.

• “We can then mitigate our impact as much as 
possible but also preserve public safety.”

Bill Linnen, Director, Public Works

© Gerald Rollins



Construction Methods
• Minimize spread of invasive species

• Phragmites australis control



Herbicide/Insecticide/Ice Control 



Habitat Creation/Protection



Monitor



Maintenance
• Once mitigation is installed, budget for monitoring 

and maintenance of the infrastructure within the 
road right of way.

• Fencing – repairs, maintain vegetation

• Culverts – clean out, approach



Putting health at the Centre:
Climate change, biological diversity and social 
factors influencing the health and wellbeing of 
current and future generations.
(WHO, 2016)



Community Engagement

• Educate

• Empower

• Stewardship



The Public CARES!



Citizen Science
• Collect Data

• Road Ecology Ambassadors

• Motivate Municipal Action



10th Year Review of ESA

These changes propose to gut the cornerstones of the law 
that made species recovery and survival possible. 

This move is regressive and dangerous.

Condemn these changes in the strongest possible terms, 
and call for the Government to reconsider immediately.





ontarioroadecologygroup@gmail.com

Thank you



Road-Connectivity Planning 

in S. Ontario 
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Outline
• Southern Ontario

– Many roads, jurisdictions, and biodiversity

– Focus on reptiles and amphibians for this 
presentation = puts scale into perspective

• Integrating connectivity into transportation 
planning

– Timeline

– Methodology 

– Guideline documents

• Where and what

– Mitigation strategies



Southern Ontario harbours the largest 

species diversity and road density in Canada….



Turtle Distribution (10 x 10 km grid cells, 

data source Ontario Herpetofaunal Atlas-2010)



Snake Distribution (10 x 10  km grid cells, 

data source Ontario Herpetofaunal Atlas-2010)



Amphibian and Skink Distribution (10 x 10 km grid cells, 

data source Ontario Herpetofaunal Atlas-2010)



Municipal Roads Planned Super Highways……





2008 – Ontario Road Ecology Group

development of a predictive model

for wetland-forest animals across all roads 

2009 – Eco-Kare International

2010-2014 – MTO Road Ecology Strategy: provincial scale

2010-2014 – MNRF academic and research collaboration: 

using circuitscape

2013 – Oakville Road Ecology Strategy 

2015 – Conservation Authority planning: watershed scale, e.g., 

TRCA, CLOCA, Halton, Raisin, Lake Simcoe, Credit Valley

2019 – Grand River, Norfolk County integrate all methods from 

above





I. Preliminary planning •Species at risk-

e.g. blanding’s turtle OR common 
species – e.g. Spring peepers, 
wood frogs

•Wetlands and forests are easily 
identified geospatially

•Region of peel, e.g. municipal or

Watershed scale



IIb. Habitat Suitability Mapping



IIc. Overlay other models, mapping



amphibians and reptiles were more likely to 

cross roads in areas of high current density 

=yellow areas

Currently expanding on these methods in 

the Grand River watershed



Effective 





Validation



Wildlife on Road Data Collection

Adopt-A-Crossing



• Implementation and involvement of stakeholders

Good Start But:

Road In 

NHS

Habitat

Score

Circuit 

Density

Verified Mitigation 

Strategy

MTO Maps



What type of mitigation strategy?

-Decreased traffic volume, i.e. traffic calming

-Maintain road as gravel

-Signage plus speed bumps

-Several underpasses with fencing



Crossing Structure-Underpass



Fencing Design-All types







Guideline documents



Best Management Practices

• Ontario Ministry of Natural Resources and Forestry 

2016

– Amphibians and reptiles 

» Gunson, K.E., Seburn, D., Kintsch, J., and Crowley, J. 

2016. Best management practices for mitigating the 

effects of roads on amphibian and reptile species at 

risk in Ontario. Submitted to the Ministry of Natural 

Resources and Forestry. Queen’s Printer for Ontario. 

112 pp (also available in French).

Available for download online at 

https://eco-kare.com/news/





Towards a co-ordinated connectivity strategy for southern

Ontario……



Thank-you!


