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ABSTRACT. Road ecology has developed into a significant branch of ecology with steady growth in the
number of refereed journal articles, books, conferences, symposia, and “best practice” guidelines being
produced each year. The main objective of thisspecial issue of Ecology and Society isto highlight the need
for studies that document the population, community, and ecosystem-level effects of roads and traffic by
publishing studies that document these effects. It became apparent when compiling this special issue that
there is a paucity of studies that explicitly examined higher order effects of roads and traffic. No papers
on landscape function or ecosystem-level effects were submitted, despite being highlighted as a priority
for publication. The 17 papersin thisissue, from Australia, Canada, the Netherlands, and USA, all deal to
some extent with either population or community-level effects of roads and traffic. Nevertheless, many
higher order effects remain unquantified, and must become the focus of future studies because the
complexity and interactions among the effects of roads and traffic are large and potentially unexpected.
An analysis of these complex interrelations requires systematic research, and it is necessary to further
establish collaborative links between ecologists and transportation agencies. Many road agencies have
“environmental sustainability” as one of their goals and the only way to achieve such goalsisfor themto
support and foster long-term and credible scientific research. The current situation, with numerous small-
scale projects being undertaken independently of each other, cannot provide the information required to
guantify and mitigate the negative effects of roads and traffic on higher levels. The future of road ecology
research will be best enhanced when multiple road projects in different states or countries are combined
and studied as part of integrated, well-replicated research projects.
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INTRODUCTION network and traffic volumes are still increasing,
particularly in eastern Europe, China, India, and
Humans are responsible for the current Latin America

unprecedented rate of biodiversity loss across the

globe with climate change, pollution, and the loss,
fragmentation, and degradation of habitat being the
major drivers of extinction (Vitousek et al. 1997).
Roads and other linear infrastructure are a major
cause of habitat loss, fragmentation, and
degradation and are ubiquitous in most landscapes
around the world. Worldwide, there are aready an
estimated 750 million vehicles travelling on
approximately 50 million km of public road (T.
Langton, personal communication), and the road

Linear infrastructure is important for society
because it provides connectivity for people.
However, linear infrastructure also exerts
significant negative effects on adjacent habitats,
wildlifepopulations, communities, and ecosystems.
Research about the ecological effects of roads and
traffic on the natural environment began in 1925
when Dayton Stoner documented the 225 traffic-
killed vertebrates from 29 species that he observed
during a632 miletripin lowa, USA (Stoner 1925).
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The term “road ecology” was first used in German
(“ StralRendkologie”) in 1981 (Ellenberg et al.), and
was later translated into English by Forman et al.
(2003) for their book Road Ecology: Science and
Solutions. Since the mid 1990s, there has been a
rapid increase in the number of studies,
publications, and symposia, particularly from
Europe, North America, and Australia. These
include major national and international reportsand
best practice guidelines (luell et a. 2003, Trocmé
et a. 2003, Nationa Research Council 2005,
Clevenger and Huijser 2009), regular dedicated
conferences such as the biennia International
Conference on Ecology and Transportation
(ICOET), Infra-Eco Network of Europe (IENE),
and symposia and special issues of peer-reviewed
journals, e.g., Biological Conservation (Mader
1990), Conservation Biology (Hourdequin 2000),
GAIA (Jaeger et al. 2005), and Naturschutz and
Landschaftsplanung (Roedenbeck and Jaeger
2006).

The overall aim of road ecology research is to
quantify the ecological effects of roads, with the
ultimate am of avoiding, minimizing, and
compensating for their negative impacts on
individuals, populations, communities, and ecosystems.
This research has demonstrated the numerous and
diverse effects of roads and traffic on plants and
animals, with most studies focusing at the level of
theindividual animal. Theseeffectsincludetheloss
and fragmentation of habitat, increased rates of
wildlife mortality because of collison with
vehicles, alterations to light, moisture and wind
regimes dueto the creation of edges, pollution from
traffic, eg., light, noise, and chemical, and
facilitating the spread and dispersal of weeds and
feral animals. Roads also affect the aesthetic and
recreational quality of landscapes for humans (Di
Giulioand Holderegger 2009). Consequently, roads
have been described as the single most destructive
element in the process of habitat fragmentation
(Noss 1993) and their ecological effects are
considered “the sleeping giant of biological
conservation” (Forman 2002:viii).

Understanding the impacts of roads and traffic at
higher levels is necessary for a number of good
reasons. Most governments have agreed that
conservation of biodiversity is important and
thereforeroad agenciesmust endeavor to ensurethat
they are contributing to achieving this goal.
Counting the number of dead animals on the side of
theroad or measuring thesize of theecol ogical road-
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effect zonewill not, by itself, inform whether roads
and vehicles are endangering the existence of
populations or species. The important parameter
must be the long-term viability of adjacent
populations, and this requires data on the sizes of
thepopulations, vital rates, andlevel of connectivity
among subpopulations. Similarly, acritical question
when evaluating mitigation works is the extent to
which populations have become more viable, and
whether they arenow sufficiently viable, not simply
how many animals pass through an underpass (van
der Reeet a. 2007). The extent to which theresults
from the numerouslocal studiescan beextrapolated
to larger spatial and temporal scales is unknown.
Therefore, animportant next step isto evaluate how
the density and configuration of entire road
networks affect the functional relationships within
and among ecosystems at the landscape scale.
Answers to this question will inform cumulative
environmental assessments and transportation
planning (Roedenbeck et al. 2007). Roads also
affect humansin arange of ways but little research
on this topic has been completed (Di Giulio and
Holderegger 2009).

Reducing the negative effects of roads and traffic
will only be possible if more dialogue is achieved
between the scientific community and the planners
and political decision makers(Fig. 1). Themajority
of peopleintheworldliveincitiesandincreasingly,
their encounters with wildlife involve animals that
have died after collison with vehicles. Novel
approaches to engage the public, and hence,
governments, are required. A recent example was
an award-winning exhibitionin the Whyte Museum
in Banff, Alberta, Canada in 2006 of images of
wildlife using the now famous overpasses and
underpasses in Banff National Park. A second
example was a creative arts competition as part of
the IENE 2010 conference for Hungarian school
children to portray the conflict, and solutions,
between roads and wildlife (Fig. 2).

ABOUT THISISSUE: THE EFFECTS OF
ROADSAND TRAFFIC ON POPULATIONS,
COMMUNITIES,AND ECOSYSTEMS

The two main objectives of this specia issue of
Ecology and Society were to (1) highlight the need
for studies that document the population,
community, and ecosystem-level effects of roads
and traffic, and (2) publish studies that document
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Fig. 1. Society’ s ability to address the negative effects of road networks on wildlife populations and
ecosystems depends on the perception of the ecological effects and risks. As the perception of the effects
by society has been severely limited (as indicated by the dotted line), alternative approaches may be
required that would be based on more indirect indicators of ecological risk and on the precautionary

principle.
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these effects. The special issueconsistsof 17 papers
from four countries, i.e., Australia, Canada, the
Netherlands, and U.S.A., that all deal to someextent
with either population or community-level effects
of roads and traffic. It became apparent when
compiling the special issuethat thereisapaucity of
road ecol ogy studiesthat explicitly examined higher
order effects of roads. No papers on landscape
function or ecosystem-level effectswere submitted,
despite being highlighted as a priority for
publication.

The specia issue begins with a synthesis paper
(Fahrig and Rytwinski 2009) and ends with an
insight paper (Simmons et a. 2010). The synthesis
is an appropriate first paper because it assesses the
widely held assertionthat “ therearevery few studies
that assess the popul ation-level effects of roadsand
traffic.” The assertion was found to be partly true
and partly false; the authors located 79 studies that
providedataon population-level effects(abundance
and density) but found that in most cases, the
population-level effect was‘hidden’ in many of the

apers reviewed. Nevertheless, Fahrig and
Rytwinski (2009) found that overwhelmingly, roads
and traffic had a negative effect on animal
abundance, with negative effects outnumbering
positive effects by afactor of five. The final paper
in the special issue reviews some of the genetic
methods used in road ecology and provides an

insight into how conservation genetics can be better
utilized in future studies. Simmons et al. (2010)
argue that conservation genetics is a rapidly
evolvingfield andthat many of thewidely perceived
limitations to the use of genetics are either
misconceptions or no longer apply. They conclude
with strong recommendations that genetic
approaches be combined with field studies to
increase theinferential strength of whichever study
design is adopted (sensu Roedenbeck et al. 2007).

The road-effect zone is the distance from the edge
of theroad over which significant ecological effects
can be detected (Forman and Alexander 1998).
Eigenbrod et al. (2009) quantified threshold effects
of a motorway on anuran populations in Canada,
and Bissonette and Rosa (2009) investigated the
effects of a motorway on the composition and
abundance of a small-mammal community in the
deserts of Utah, USA. Eigenbrod et al. (2009) were
the first to quantify the road-effect zone on the
speciesrichness and rel ative abundance of anurans,
and found strong negative effects for four of seven
species, extending 250—1000 m fromtheroad edge.
They concludethat although most anuransarelikely
to have reduced abundances near motorways, the
extent and causeof thisrelationshipwill vary among
species (Eigenbrod et al. 2009). In contrast,
Bissonette and Rosa (2009) found that roadside
vegetation in desert environments often provides
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Fig. 2. Runner up of the "On Dangerous Roads' Competition organized by Varangy Akcidcsoport
Egyesiilet for the 2010 Infra-Eco Network of Europe Conference showing an overpass used by wildlife.
An ongoing project in the Netherlands is studying the effectiveness of an overpass for amphibians, in
combination with fences along the road. This overpass is equipped with a cascading series of small
ponds fed with water pumped into the highest pond in the center of the overpass.

suitable habitat for small mammals. Only 2 of 13
speciesof small mammal swere never captured near
roads, and the remaining 11 species’ numberswere
either similar or more abundant near the road than
further away.

V egetation adjacent to roads often provides habitat
(e.g., Bissonette and Rosa 2009), and in some
landscapes, even the majority of habitat (van der
Reeand Bennett 2003). Wildlifethat usethishabitat
will experiencetraffic noise and may be affected by
it. Anthropogenic noise hasthe potential to severely
disrupt the communication of species by acoustic
interferenceor masking. Threestudiesinthisspecial
issueinvestigatethiseffect onfrogsandbirds. Parris
and Schneider (2008) found that the Grey Shrike-
thrush (Colluricincla harmonica) sang at a higher
frequency in areas with traffic noise than the Grey
Fantail (Rhipidura fuliginosa) and that the
probability of detecting either species declined
substantially withincreasing traffic noiseandtraffic
volume. The effects of traffic noise on frogs were
assessed by Parriset al. (2009) inan urbanlandscape

in southeast Australia and by Hoskin and Goosem
(2010) in tropica rainforest in northeastern
Australia. One species of urban frog in and around
Melbourne called at a higher pitch in traffic noise,
while the second species studied may also call at a
higher pitch, but more data is required to be sure
(Parris et al. 2009). Litoria rheocola in tropical
rainforest also called at a higher pitch when closer
to the road, as well as calling at a higher rate when
near roads (Hoskin and Goosem 2010). The
abundance of some species of rainforest frogs was
also lower near roads.

A significant proportion of the road ecology
literature is focused on evauating the use and
effectiveness of mitigation measures that aim to
restore connectivity for wildlife or reduce rates of
animal-vehiclecollisions. A review presented at the
ICOET conference in 2007 concluded that most
studies in the scientific and grey literature had
focused almost exclusively on documenting rates of
use of wildlife passages, and that few had explicitly
evaluated the effectiveness of mitigation measures
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at enhancing population viability (van der Reeet a.
2007). In this specia issue, five papers have
addressed the topic of mitigation of road effects on
wildlife in differing perspectives. Thorne et al.
(2009) highlight the importance of landscape-scale
planning to better integratethe needsof wildlifeinto
regional transportation plans. Using two examples
from California, USA, they show how road projects
can benefit financially and ecologically when road
agencies and conservation groups collaborate early
inthe planning stages. Approximately 1 —2 million
mammal-vehicle collisions occur annually in North
America, causing in excess of 200 human fatalities
and over onebillionU.S. dollarsin property damage
eachyear (referencesin Huijser et al. 2009). Huijser
et a. (2009) reviewed the effectiveness and cost of
13 measures considered effective at reducing
collisions with large ungulates and found that for
many sections of road, the effectiveness, measured
as money saved, exceeds the costs to install the
mitigation. The results of their cost-benefit model
suggeststhat there must be many locationsin North
America where the mitigation measures are cost-
effective, and thereby would save society money
and improve road safety for humans and wildlife if
implemented more often. At asmaller spatial scale,
Grosman et al. (2009) combined real data on the
movement of moose (Al ces al ces) with agent-based
computer simulations to investigate if the removal
of salt poolsor their relocation from adjacent to the
highway to 100— 1500 m away from the road would
result in fewer moose-vehicle collisons. Their
model predicted that the removal of salt poolsfrom
near the edge of the highway would result in an
almost 50% reduction in moose-vehicle collisions
(Grosman et a. 2009).

The viability of populations adjacent to wildlife
crossing structures is one of the fundamental
measures of success of mitigation (van der Ree et
al. 2007). Two papersin this special issueexplicitly
investigated the increase in the viability of a
population of wildlife after mitigation (Taylor and
Goldingay 2009, van der Ree et a. 2009). Taylor
and Goldingay (2009) used population modeling to
assess the viability of the Greater Glider
(Petauroides volans) in Brisbane, a rapidly
urbanizing area of Australia. They concluded that
evenarelatively low rateof dispersal acrosstheroad
was sufficient to substantially reduce the risk of
extinction of the smaller subpopulation isolated by
the road. Similarly, van der Ree et a. (2009) used
population viability modeling to assess the
effectivenessof under-roadtunnelsinstalledin 1985
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to restore connectivity for the critically endangered
Mountain Pygmy-possum (Burramys parvus;
Mansergh and Scotts 1989). They found that the
tunnels reduced, but did not completely eliminate
the negative effect of the road, with the density of
the population affected by the road still 15% lower
than a comparable undivided population nearby
(van der Ree et al. 2009).

Themajority of studiesthat assesstheuseof wildlife
crossing structures have utilized two primary
methods to detect and record wildlife passage,
namely remotely triggered cameras, and/or the
detection of tracks in a suitable substrate (van der
Reeet a. 2007). Clevenger and Sawaya(2010) have
used the suggestions of Simmons et a. (2010) and
tested the feasibility of a noninvasive genetic
sampling approach to identify the speciesaswell as
the sex, individual, and relatedness of different
individuals using the crossing structure. The
technique, if successful, would beapplied at alarger
scaletodeterminethelevel of geneticfragmentation
and natural and anthropogenic factors influencing
gene flow. They tested their approach on Black
Bears (Ursus americanus) and Grizzly Bears (U.
arctos) at two underpasses in Banff National Park.
Hair was collected from 90% of crossing events
(determined from cameras), and 70% of hair
samples had sufficient DNA for extraction,
resulting in the identification of five individual
bears at each underpass, and highlighting the
potential of this method for population-level
analysis of the efficacy of wildlife crossing
structures (Clevenger and Sawaya 2010).

Thereis still a paucity of data on the behavior and
movement of animals near roads. Bouchard et al.
(2009) evaluated the behaviora response of the
Northern Leopard Frog (Rana pipiens), a species
knownto benegatively affected by roadsandtraffic.
They studied the movement of frogs during their
spring migration and also undertook short distance
tranglocations of migrating frogs and found frogs
near roads with more traffic took longer to move
and tended to deviate more from straight-line
movements when released near roads (Bouchard et
al. 2009). The combination of the Northern Leopard
Frog's apparent inability to avoid roads and their
dow rate of movement make them highly
vulnerable to road mortality. The second study in
this specia issue on the movement behavior of
wildlife near roads was for the Squirrel Glider
(Petaurus norfolcensis) in southeast Australia (van
der Reeet a. 2010). The authorsfound that the size
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of thegapinthecanopy wastheprimary determinant
of the rate of crossing in their study, with similar
rates of crossing across the dual-roadway with tall
treesin the median and across single-lane roads. In
this study, traffic volume, i.e., approximately 5000
vehicles per day per roadway of which about 25%
occurs at night when the gliders are active, did not
appear to greatly influence crossing rates.

The traffic volume on minor roads is expected to
continue to increase in areas with high human
population densities because existing motorways
are nearing capacity and the minor roads are
expected to accommodate the excess flows
(references in van Langevelde and Jaarsma 2009).
Traffic calming is aregiona planning approach to
concentratetheseflowsonto afew roads, and ensure
low-volume and low-speed roads are maintained.
The conclusions of population viability modeling
suggest that the results are species specific and
depend upon the size of the traffic-camed area as
well as the area and quality of habitat (van
Langevelde and Jaarsma 2009).

ROAD ECOLOGY: THE ROAD AHEAD

Theresearch presented in this special feature shows
that road ecology is moving toward larger scales.
However, it also became evident while compiling
this special issue that many higher order, e.g.,
population, community, ecosystem, or landscape-
level, effects remain unquantified. These higher
order effectsmust becomethefocusof futurestudies
because the complexity and interactions among the
effects of roads and traffic arelarge and potentially
unexpected. An analysis of these complex
interrelations requires systematic research. Therefore,
a promising avenue to further develop the field of
road ecology isto establish collaborative linkswith
road and transportati on agencies. Experience shows
that the level of engagement with each local, state,
or national road agency depends largely on the
presence of interested people, rather than an
institutionalized approach to environmental
matters. However, ingtitutional mandates are
important as they are often a precondition for
interested people to spend their efforts during work
hours on these issues. Many road agencies have
“environmental sustainability” asone of their goals
and the only way to achieve such goalsis for them
to support and foster long-term and credible
scientific research. Every road project isessentialy
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an experiment and when combined with other road
projects, they become replicated. The challengewe
face as researchers is to (1) use good scientific
approaches to design studies that are scientifically
robust and maximize the individual value of each
road project within alarger experimental scope; (2)
ensureour researchisapplied and hastangiblevalue
for road agencies and for ecological outcomes; (3)
addressthe higher order effectsof roads, traffic, and
mitigation measures.

This special feature demonstrates that the emerging
field of road ecology is confronted with many
Important unanswered questions. Research needsto
addresslarge spatial and temporal scalesthat arenot
compatible within most postgraduate programs,
I.e, single MSc or PhD theses, or short-term
research contracts. The synergistic effects of roads
and other factors that operate simultaneoudly, e.g.,
agricultural intensification and increased urbanization,
have rarely been investigated. However, empirical
studies are limited by the delayed response of
wildlife to many environmental changes, i.e., there
Is an extinction debt such that wildlife populations
will continueto declinefor many years, inthe order
of decades, beforethey will reach anew equilibrium
(Tilman et al. 1994, Findlay and Bourdages 2000).
This lack of knowledge is often used as a
justification to build more roads by arguing that not
enoughisknownand moreresearchisneeded before
road construction may slow down. This constitutes
a “fragmentation spiral” (Jaeger 2002), because
research has been unable to catch up with the
ecological effects of the rapid increase in road
densities. This dituation is contrary to the
precautionary principle and flies in the face of the
principles of sustainability. The use of computer
models may help overcome these limitations. For
exampl e, simul ation model shave demonstrated that
there arethresholdsin the effects of road density on
the viability of wildlife populations above which
populations are prone to extinction (Jaeger and
Holderegger 2005, Frair et al. 2008). In addition, a
research approach is required that will address the
remaining uncertainties that to a large degree are
irreducible, eg., through building on the
precautionary principle (e.g., Jaeger 2002). This
would open up promising new lines of action for
landscape management. For example, the German
Federal Environment Agency recently suggested
that region-specific limits to control landscape
fragmentation should be introduced (Penn-Bressel
2005).
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With this issue, we hope to contribute to the field
of road ecology and to highlight both its appealing
theoretical insightsand its high practical relevance.
Most importantly, we hope that this specia issue
will inspire further research in road ecology at the
scale of populations, communities, and ecosystems.
We are looking forward to these exciting research
studies to come.

Responsesto this article can be read online at:
http: //mww.ecol ogyandsociety.org/vol 16/issl/art48/

responses/
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