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ABSTRACT

Road networks play a significant role in shaping the ecological environment.
Many roads were built before the rise and spread of ecolqgesrvation through
society. Somdli-considered road projects act as barriers to fauna movement. WVCs
occur when animals attempt to cross roads to reach different habitat patches. Many
animals in humalominated landscapes are exposed to a high riskuE W
However, despite high occurrence rates, WVC mitigation measures have not been
implemented widely. There seems to be a consensus of opinion that in most cases
WVCs do not demand immediate action because they do not impose significant
impacts on the totgopulations of species, and a species often found killed on roads
may simply reflect the presence of large thriving populations. There is-a long
standing method to identify the alarm threshold for W¥ @se proportion rather
than the total number of a padption killed in WVCs is used as an indicator. WVCs
that involve mediumand smaksize animals get even less attention because they do
not lead to high economic and human health costs. This opinion discourages efforts
toward WVC mitigation.

This dissertion exploresolutions for WVC by focusing on the underlying

ideology of urban plannind he prevailing anthropocentric ideology is challenged by

Xiv



deep ecology and is proposed as a complementary approach to conventional
economic analyses used by urbamplars This complementary approach addresses
the deficiency of current decisianaking processes in urban plannibgep ecology
presentsa new scenario to develop WVC mitigation strategy

The premise of this research is that planning departments cousthaunid
play leading roles in mitigating WVCs. Every stage of WVC mitigadiquanning,
designing, constructing, and maintainngequires interdisciplinary collaboration.
Political ecology encourages an integration of politics and environmental science.
Uban devel opnpernotd uhcaesd 6a séoccoi al and ecol ogi ca
distinctive distribution of effects on and in the natural and social worlds (Byrale
2002).Planners can be especially creative in combining procedural and substantive
skills fromonceseparated disciplines and, thus, become leaders in the battle against
WVCs. In addition, only the planning department through its regulatory powers, has
the ability to enact standard rules to ensure that the benefits -biumean life will
not be igrored.

llluminated bydeep ecologythis dissertation offers a new perspective to
examine WVC8 all life forms should be examined in terms of what is ethically right
instead of what is socieconomically manageablBeep ecologistave been
characterizedadquesting for ways to |iberate and c
consciousnesso ( De erificizdthe doindn@nthrogocentrgg 1 7) . The
paradigm anguggest alternative visions of mamnature This research offers initial

efforts in this directia. Theoretically deep ecology maintains that #muman beings

XV



are equal in fundamental worth in biosphéypplied in urban planningd,propose to
deploydeep ecologyot toadvocateanabsolutesgalitarianisminsteal, | suggest its
useto offera strongmotivation to develop a WVC mitigation stratégjo preserve
life and reduce suffering rather than maintain the local ecosystem or reduce economic
lossesAt least for the purpose of this dissertation, this is the interpretation | have
used to characterizieep ecology in practice.

Urban planning has a long tradition to serve human beltwplogiesare
normalized as the fate of urban developrdeathecessity regardless of its
implications for justice (Byrnet al, 2002).This research questiotiss strandf
urban policy research, and examines vddased biases in the current paradigm of
urban planning research. Through introducing deep ecology to urban planning, this
dissertation suggests that urban planning research should spur a paradigm shift from
antlropocentrism to ecoentrism. The new paradigm calls for planners to be more
respectful of the intrinsic value of life, and to pay more attention tehonoman
species. The motivation to mitigate WVCs should be not only to ensure human safety
but also to sae animal lives. It is necessary to understand that humans and wildlife
share a common need to move. Wildlife issues should be considered during every
stage of road planning to improve the ecological outcome of a road.

Under the new paradigm, this dissgidn develops a WVC mitigation
framework. The frameworldsesecological informatiorio developeffective local
WVC mitigation measureand describes how to implement themlocal existing

roads.The ecological information includes knowledge aboutthe folwi ng: a)

XVi
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crossingoehavios. Knowledge of whether animals would avoid roads, how they
choose crossing locations, frequency of crossings, behavioral mechanisms in response
to approaching vehicles, and numbers of documented WVCs forms the pi@mise
the deployment of mitigation measures. b) Typipa@csesbehavior and habitat
characteristics. These information sources
and help us to choose appropriate mitigation measures. Only with respect for life and
profound ecological understandings will we be able to design sufficient and effective
mitigation measures to fight WVCs on existing roads.

As an application of the framework, this dissertation develops detailed
speciesspecific mitigation strategies for fomefjuent WVC victim speciés
European badger, eastern gray squirrel, house sparrow, and northern leopard frog. All
the four species are frequent WVC victims, but due to their small body sizes, as well
as their population abundance, they have receivedditéation for WVC mitigation.
They are still crossing roads without any protection. The strategies developed under
the new paradigm contain detailed information on preparation, development, and

implementation

XVii



Few forces have been more influential in nfigidig the earth than transportation.

----Ullman, 1956

Humanity is but a part of the fabric of life dependent on the whole fabric for our
very existence. As the most highly developed-tmhg animal, we must recognize
that the unknown evolutionary destinies of otliierflorms are to be respected, and

act as gentle steward of the earthdéds commu

-—-—-Gary Snyder fAFour Chan

Life must ultimately be what compels us to change, if anything is going to.

----Foder, 2008



Chapter 1

INTRODUCTION

This chapter provides background information about the rationale for and

significance of the research topic.

1.1 Background

Roadways are a common spatial element everywhere that humans have settled.
Many countries have given ooe two percenof their land to these linear
infrastructures (Forman, 1998; ver der Real.,2009). To carry increasing traffic
volume, existing roadways are straightened and widened and new ones are
constructed. Developing countries are expanding ragdwetworks into remote areas
to connect them physically with cities. The length of roads in China today is 45 times
what it was 60 years ago (News.cn, 2015). By 1995, India had only 200 miles of
highway, and no expressways. Today the country has thedskegast road network
in the world, though it is notorious for its poor quality (National Highways Authority
of India [NHAI], 1998, 2015). Roadway expansion is much slower in developed
countries, however, the number of motor vehicles is also increagiiyraGreat
Britain has increased its road length by only 2.4% over 20 years, but its motor vehicle

traffic increased by 18% in same period (Department for Transport, 2014, 2015).



Between 1997 and 2007, the length of roads in the U.S. increased by gnly 2%
however, the number of miles traveled per vehicle increased by 18.7% and the
number of miles driven per capita doubled over the last generation (Barthelmess and
Brooks, 2010; Wheeler and Beatley, 2009). It is expected that over the next 20 years,
moreca s wi | | be built t ha n-yaaristorh(€he Warltl o i
Bank, 2015). With motorization and urbanization on the rise, the expansion of
roadways and increased traffic volume are expéctsath of which will add to
environmental burden

Roadways are one of the most visible manifestations of social, economic, and
political decisions that lead to landscape change; they also appear to have the upper
hand over other anthropogenic causes in ecological disturbance (Coffin, 2007). A
suite ofecological impacts by roadways on species, soil, and water have been
presented by researchers. Wildlfehicle collision (WVC) is frequently mentioned
due in part to the high risk posed to animals that attempt to cross roadways, which
i ncr e as esssceptipileyaa pepsilétion decline, or even extirpation. Almost all
published papers reviewing the ecological effects of roads note the importance of
WVC (e.g, Feyet al,, 2015).

Roadways also can create habitat for many plants and animals. Some small
mammals and insects use roads as a linear habitat to move and disperse, while some
birds use roadside vegetation for breeding, foraging, and resting (Coffin, 2007;
Erritzoeet al, 2003; Taylor, 2007). Generally, roadways appear to be relatively

unimportant as conduits of fauna movement, and are inhospitable and even lethal for

ndus



wildlife population. In addition to producing dangerous wildlife corridors, roadways
slice fragments habitat by dividing it into smaller, spatially disjointed landscape units
(Forman, 1998; Theobaldt al.,1997).

Habitat integration is crucial for biological dispersal and the basic mechanism
of dispersal is movement from one place to another. Animals addressed in this
research are capable of locomotion and movement is esseitialftmess of an
individual and to the stability of a local ecosystem. Roadways cut through animal
home ranges prevent animals from reaching other habitat patches to find food, mate,
or avoid predat® reducing species viability; are/enleading toloca population
extinction.Furthermore, fragmentation reduces the probability of recolonization in
the event that a species disappears from a given patch of habitat (Thetailald
1997).

Roadways act as barriers to fauna movement either through mdrtatity
WVC during crossing attempts or through behavioral avoidancegtrady 2015).
Thedifferent responses of species to roadways depend on their specific behavioral
characteristicdf individuals avoid approaching or crossing roads, their movements
can potentially be directed away from roademe mayry to cross to disperse to
different habitat patchesvhichexposeshemto a high risk of WVC. WVC is among
the major causes of death for many animals in hudeaninated landscapes.g,

Forman and Abeander, 1998; Langevelde and Jaarsma, 2009; Trombulak and Frissell,
2000). It has become disturbingly famiBaeven acceptabdefor drivers seeing

wildlife flattened on the road or lying battered on the shoulder. The natural defense



mechanisms of many anitsaare useless against this artificial danger: hedgehogs roll
up into a ball and rely on their spines for protection; deer and rabbits freeze; turtles
retreat into their shells. These sééfense behaviors have been developed over
centuries to counter thienatural predators. Vehicles are another mattey move
at a speed not possible for most things in nature, and often animals have no concept
of the speed at 60 mph (Grant, 2004). Natural defensive behaviors cannot resist the
crushing force of a vehicle

Even if an animal is only hurt, it is likely to die later from the injury or from
shock (Taylor, 2007). According to the Humane Society of the United States (2012),
over one million animat birds, reptiles, mammals, and amphib@rese killed
every day a roads of the country, the equivalent of a collision every 26 seconds. This
number has grown in recent yea@alifornia Roadkill Observation System, 2013;
Gaskill, 2013; Lister, 2012). Germany has over a million WVCs every year (Koch,
2013). Victims inWVCs not only include the animals killed, but also those litters or
juveniles that become orphans and subsequently die. It is estimated that at least 10%
of all litters in the Netherlands are lost because lactating females are killed on roads
(Dekker and Bkker, 2010).

As a governmental agency, the planning department often impacts natural

ecosystem in urban development, but they also have unique opportunities to

! According to Barthelmess arBtooks(2010) becausef the time lag between mortality events and

the opportunity taletect them, especially femaltsized carcasseshatremain on the road for less

time, road mortality may bendeestimated in most surveys. For example, only 7% to 67% of the total

road victims are found even when patrolling the road by foot @very 24 hours (Barthelmess and

Brooks, 2010 Hels and Buchwald2001;).Dekker and Bekker (2010) also mention that the number of

victims may underestimate the true figure because
all animals hit by cars are foundo (p. 85).



compensate loss through mitigation strategies (Thetra&,2009). Planners can be
especial creative in combining the procedural and substantive skills from once
separated disciplines and, thus, become central players in the battle against WVC. In
addition, only the planning department, through its regulatory powers, has the ability
to enact sindard rules to ensure that the benefits ofmaman life will not be

ignored (Ernst, 2009).

The premise of this research is that the planning department can be an
important driving force behind increased WVCs. The ideal role of a planning
department iso address wildlife protection with dual strategies: 1) to manage and
resolve confliod whether the planner should be a neutral moderator, or a wildlife
advocate is a longtanding debate, and this research will not address it; and 2) to
promote an effects solution. Planners have substantive knowledge of how cities,
roads, economies, and ecologies interact (Campbell, 1996), so they can put forth
specific, farreaching strategies that promote creative technical, architectural, and
institutional solutionsFor mi ti gati ng WVC, those approact
contributions involve land use, crossing infrastructure design. As with other
environmental problems, government intervention is essential for finding a solution to
WVC. This position is based lessideology than in the realization that government
intervention is the only viable option to bring about significant change (Ernst, 2009).

A common analytical approach to setting environmental standards requires
some consideration of costs and benetiitis, methodology has some intrinsic flaw to

discourage the development of an effective mitigation strategy.



1.1.1 Beyond the economic valuation
The Good Road Guide,he Uni ted Kingdom Hi ghways Ag
environmental design guide for interban roads (Degptment for Transportation,
1996), mentioned implementation of badger WVC mitigation measures. The guide
noted that the exclusive fencing intended to guide badgers to crossing tunnels is not
effective and is an unnecessary expense. Instead, the guidstsuggesome
vegetation around the tunnel entrance to make it attractive to badgers to use was all
that needs to be done. This advice idhceived and not based on the available
information. In most situations badgers are reluctant to use-voaetinnels and
have to be forced to do so at first, making exclusion fences necessary (Royal Society
for the Prevention of Cruelty to Animals [RSPCA], 1994).
This is a typical case in WVC mitigatiolm most cases Urban Planning
department uses economic vdlaa as a decision aid for environmental policy (Braur,
2003). Thedecisiema ki ng process i s not based on the
ecological information, but relies heavily on an economic standard which developed
on marketing mechanism.
Theeconomic approach ensures an fiobjecti\
those norhuman lives remain a low prioritfhe sacrifice of ecologies for salled
Adevel opment 0 cWWeespediatly those that doma mduce high

economic and human akh costs, are imbued with insufficient sense of urgency.



1.1.2 Consideration for the intrinsic value of life

Beyond the | inear | and roads occupy, th
landscapes and ecosystems with primary, or direct, effects, as wetiawdary, or
indirect, effects. In the United States, as of the earl\c2htury, there are 6.5 million
miles of public roads (Lister, 2012). These roads impact an estimated 15% to 22% of
the land mass in the United States (Barthelmess and Brooks,Bxiriett, 1991,
Forman, 1998; Forman and Alexander, 1998). WVC is frequently mentioned as one
of the main road effects, however, there seems to be a consensus that in most cases
WVC does not demand immediate action. Most scholars share the opinion that a
species often found killed on roads may simply reflect the presence of large thriving
populations, and WVC hardly imposes significant impacts on the total population of
species€.g.Forman, 1995; Hels and Forest, 2001; Hodson and Snow, 1965). In this
resar cher 6s opinion, this point is insuffici
WVC. There are three reasons for this position.

First, despite the overall pattern, in some instances WVC can be catastrophic
to a speciesd t o tetal 20p9pHormanandiAlexandé¢r,B@8;c h ar d
Glistaet al, 2009; Langevelde and Jaarsma, 2009), especially for species with low
reproductive ratés The evidence for this statement is solid. For example, in the
United States the Florida panth&e(is concolor coyir) lost 50% of its population in

WVCs (Harris and Gallagher, 1989); in Great Britain, 50,000 badkie$ meles

2|f a significant proportin of a population is killed in WVC, and this increased mortality is not
compensated by birth and immigration rates, population persistence can be compromiseeét(aheger
2005). Those with a huge total population and high reproduction will be rejaitisginsitive to WVC
mortality, the location with declined population can be recolonized rapidly (Forman and Alexander,
1998).



were lost to collisions, which equated to 49% of all adult andgrostrgence cub
fatalities (Clarkeet al.1998); and WVC led to the deoé of populations of barn owl
(Tyto albg and little owl in Western Européthene noctug(Orlowski, 2008).

Harris and Scheck (1991) noted an unpleasant fact thatetsdd accidents are the
primary source of mor t alandendarigered vemtébtateso f

Second, WVC leads to high rates of injury, or death, for vehicle occupants. In
the following chapters, it becomes clear that an anthropocentric planning approach
has significant limitations as to addressing WVC causes hwglslef individual and
property damage, although human mortality is far less than animal mortality. A
staggering US$8 billion is spent every year on recovering WhdGced damages
(Lister, 2012). There were approximately 200,000 Wii@uced traffic accidds in
2012 in Germany, in which 20 people were killed, and 615 were injured, incurring
about half a billion euros in insurance losses (Koch, 2013). Losses are increasing
because of increasing traffic volume and expanding road networks. Given the
consistentncrease in WV@nduced damages, it is necessary for federal agencies and
state departments of transportation, responsible for everything from planning to
engineering roads, to develop an appropriate WVC avoidance strategy.

Third, the intrinsic value dffe cannot be measured by economics statistics
alone. Incomplete evaluation of wildlife is responsible for decisions in disfavor of
WVC. Economic values are derived from individual preferences and are based on an
anthropocentric ethic. However, wildlif@s its intrinsic value which is not

measurable in conventional economic terms, and the loss of life is irreversible
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(Brauer, 2003). Aldo Leopold, the father of modern environmental philosophy,
appealed for natural resources to be examined in terms ofsadthically right
instead of what is solely economicallyrighi A t hi ng i s right when i
preserve the integrity, stability, and bea
p. 22425). From this perspective, the absolute number of livesddstrthan the
percentage of the local population (obtained by dividing the number of victims by
population size in census years) shdwdattended td=or example, 159,000
mammals and 653,000 birds are killed in WVCs annually in the Netherlands (Bennett,
1991); seven million birds in Bulgaria (Forman, 1995); and five million frogs and
reptiles in Australia (Forman and Al exande
major factor justifying implementation of W\/@itigation measures should be an
absolutenumber of victims rather than a mortality rate. Beyond showing its
ecological value, an animal should be treated as a life first.
All existing life formsareunique componerbf the world and essential
contributos to the diversity of natur& his viewpoint isembodied byan ecosophy
deep ecology which is an important theory illuminating this research. Deep ecology
is famous for its opposition to industrialization (Kvaloy, 1993); however, the
characteristic principle applied in this research is biospaleggalitarianism (Devall,
980; Naess, 1973; Naess, 1993). More than a sentiment of affection for wild creatures,
this principle involves a deegeated respect for ways and forms of life. Applied in
this particular issue, the motivation to mitigate WV@irnst to preserve life rather

than maintain the local ecosystem or reduce economic losses.



1.2 An Ecocentric Research fpproach

WVC is the cumulative result of three factors: (1) road scheme, including
roadside vegetation cover, width of the road segntexitic volume, speed limigtc
(2) adjacent landscape characteristics, including the location of roads, the surrounding
terrain, density of the road amlet wor k, and
physiological characteristics. We should rethink tredrdesign and plan based on
the emerging principles on road ecology. Due to the existing knowledge gap
concerning WVC mitigation, the objective of this research is to evaluate all three
factors, with emphasis on the third. To better avoid WVC, it is hapess
understand that humans and wildlife share a common need to move, and to rethink
the humardominated traffic model. Animal distribution and movement patterns
should be a part of the local context in WVC mitigation strategy development.

Specieécrossingbehavios, especially theiperformance and reaction to
roads supply essential information for implementation and management of WVC
mitigation measures, and improve planning for future roads (Fetdsr,1999;
Mazerolleet al, 2005). The performa&e and reaction of wildlife populations that
inhabit the surrounding landscapes determine the location and frequency of WVCs.
Interspecific sensitivityo human disturbance dictates whether animals will access
roadways. For instance, chipmunKainias stiatus) and whitefooted mice
(Peromyscus leucopuappear to avoid roads consistently (van der Ree, 2010). Some
species do not show a strong awareness of roads. For example, the squirrel glider

(Petaurus norfolcensjswhich has high disturbandeleranceor noise, pollution,
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and light may cross roads. Whiigled deer ©Qdocoileus virginianpoften feed on

grassy road shoulders and, as a result, is frequently hit by vehicles @Dzley

1974). Knowledge of whether the animals would avoid roads, honcti@ose

crossing locations, frequency of crossings, behavioral mechanisms in response to
approaching vehicles, and numbers of documented WVCs forms the premise for the
deployment of mitigation measures.

In addition to crossing behaviorghelogy’ also phys a role. Typicalgecies
behavior and habitat characteristics may be used to predict reactions to roads and to
choose appropriate mitigation measures. For example, arboreal mammals such as
greater glidersRetauroides volanause gliding locomotion to ave between trees,
and depend on tree cover for movement across their home ranges. As a result, wildlife
crossing structures built over a road as a WVC mitigation measure may not facilitate
their movement, whereas rope bridges that link tree canopies aceas might be
more effective (Taylor and Goldingay, 2009). Animals that arenadging or slow
moving, and those who seasonally cross roads to reach mating or nesting sites, are
more likely to participate in WVCs. It is important to consider individuas pe ci e s 0
behavioral characteristics. Seasonality of animal movements and dispersal helps
planners to make informed choices. Therefore, it is critical to integrate scientific
research findings and field work in ethology with WA&@oidance strategy

developnent.

% Ethology isfithe scientific and gbctive study of animal behavicusuallywith a focus on behavio
under natural condition$t is a combination of laboratory and field science, with strong ties to other
disciplines (e.g., neuroanatomy, ecology, evolutiolerriamWebster. Retrievedn Oct. &', 2016)
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Another road effect noteworthy here is wildlife behavioral modification due to
the roadway interruption. Such changes likely occur over a short term (some
generations) (Baguette and van Dyck, 2066y. many species, the behavioral
modification is \ery often the first response to hurratered conditions. Such
modi fications can potentially I mprove an o
they are confronting roads; however, not all behavioral modification are beneficial
(Wong and Candolin, 201550or example, birds are known to change their calls in
response to the disturbance of rgathted noise (Jaeget al, 2005); black bears
(Ursus americanydearn to avoid WVC during maturation; and amur tigers
(Panthera tigris altaicaroam more often nedigh-WVC hotspots to eat carrion
(Coffin, 2007). The ecological effects of behavioral change are probably greater than
those of WVC (Forman and Al exander, 1998).
modification should be considered during the development o€Wh\figation
strategy.

1.3 Fill the Gap

1.3.1 Spur a paradigm shift to save lives

@Political ecologpemerges in the 196@sd 1970sluring the growing
concern about human impacts on the biophysical environfpeatRussett, 1967;
Wolf, 1972; Miller, 1978Cockburn and Ridgeway, 1979 refers to the social and
political conditions surrounding the causes, experiences, and management of
environmental problems (Forsyth, 2008gientific understanding, especially

ecological understanding is an important too dealing with environmental
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problemsln the framework of political ecologgecologyis therefore inherently
(oliticab( For syt h, 2003). As Paul Sears states,
continuing critique cfologpdSedsslo9apdd-12at i ons wi
Somehow that knowledge must be integrated with political insight, and tempered with
respect for the biosphere (Ludwagal., 2001).
Political ecology, on the other hand, emphasihas natural resources have
intrinsic value It takes natural resources as fAcomr
(Byrneet al.,2006).Environmental conflicts are often presented as technical debates
among rival policy advocates, but the source of environmental conflicts run far
deeped a valuebased debate lies at the heart of environmental conflicts (Ernst,
2009). Layzer (2006) explains it this way:

Environmental policy disputes are, at heart, contests over values. To
the casual observer, these conflicts may appear to revolve around
arcane techical issues, but almost all of them involve a fundamental
disagreement over how human beings ought to interact with the
natural world. Even though environmental disputes are grounded in
conflicting moral beliefs, the participants in environmental policy
contests rarely make valtdmased arguments. Instead, they define
problems in terms of science, economics, and risks associated with

environmental issuep.1-2)

To encourage planners to be more active contributors in wildlife conservation,
it is imperative to address the valmased bias in the current paradigm of urban
planning. A shortcoming of society is that as it strives to sustain its political and

economic systems, it often neglects to sustain the ecological system (Campbell, 1996).
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Today most wildfe species are greatly influenced by human activities, either directly
or indirectly. Their survival is no longer mainly dependent upon their ability to adapt
to changing conditions, but is | argely
(Neal, 1986). Idividuals from other species cannot speak up for their fair share of
resources. The goal in planning is therefore to enact a broader agenda: to seek and
sustain the balance point, which may vary from case to case, between human and
wildlife.

Planners workor wildlife protection in complicated scenarios. In most
situations, this objective is in conflict with others. Planners therefore face significant
constraints when pursuing this environmental goal. This conflict is not a superficial
one arising simply 'm personal preference, nor is it merely a conceptual clash
among the abstract notions of ecological and planning logic, rather, the source of
environmental conflicts typically run deeper. In the future these conflicts will reach
the historic core of planng (Campbell, 1996).

Various ideologies or movements have emerged to reinforce the importance of
wildlife preservation in urban planning, most of them, including the most faéhous
sustainabilityd have not gone deep enough to reach the root of the problem
shallownes®f these environmental ideologiesplains why much more need to be
done to counter increasing rates of WVC. There is no quick fix, because this
shallowness is intrinsic to the methodology of research and predaisimg. It is
time to e-examine our methods to ensure they are adequate for these new

requirements (Ludwigt al, 2001).
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The motivation to explore WVC mitigation measures should be not only to
ensure human safety but also to save animal lives. WVC mitigation research and
practce can be undertaken only with tight restrictions under a htdoamnated
paradigm. Introducing points of view from philosophies or theories that criticize that
paradigm will help to spur a paradigm shift, which is necessary to explore solutions

for WVC.

1.3.2 Develop a framework for specigsecific WVC mitigation strategy

development

Costbenefit analysis tries to mimic a market scenario by setting an economic
standard for measuring the success of environmental projects and programs
(Ackerman and Heinzbng, 2002). Even without formal cebenefit techniques,
development of environmental regulations has almost always involved consideration
of economic costs. An intrinsic flaw of this approach is that the value of natural assets
cannot be fully interpred by the monetary indicators. An incomplete evaluation of
nature is responsible for decisions in disfavor of nature conservation (Brauer, 2003).

The objective of this research is to suggest solutions from an urban planning
perspective. Planners need bettols to understand regions not just as economic
systems, or static inventories of natural resources, but also as wildlife habitats and
ecological system# political ecology approach requires an interdisciplinary
methodology to solve problemBhe soldion is developed mainly based rather on
economic standard analysis, but on the analysis of the ecological information of the

victim species in WVC. Bridging the chasms between planning and natural science is
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essential due to linguistic differences whielflect separate value hierarchies are a

major obstacle to common solutions (Campbell, 1996is research seeks a more

politically aware approach to environmental explanation (Forsyth, 2B@3jc

bi ol ogi cal knowl edge of iesa tdoldor mgitgationplpre ci e s 0
development and helps planners find ways to avert more destructreatfétir WVC

mitigation. As Habermas (1971) noted, the study of nature leads to knowledge of

what nature is, and to instruction on how man is to condogdif in accordance

with nature.

Ecological information collected about animals for developing a mitigation

strategyfalls to the following categories:

1 Roadcrossingbehaviors These are the animal sdé rea
staying, or crossing) when theyteract with roads (Oudejaesal, 1996).
Accurately understanding animal sé <c¢cros
behaviors to road conditions (vehicle time gap, speed limit, road width,
etc.) are essential to determining what mitigation measures sheuld
taken and to designing appropriate crossing infrastructures.

In addition, road crossing occurs at times of normally high activity for a
species (Oxlegt al, 1974). The biology of a specific species influences
crossing behavior. Annual activity patterand life cycle of the target
species determines optimal timing for implementation of some temporary
or seasonal mitigation measures like traffic calming or temporary

exclusion fences.
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1 Habitat characteristics. Natural habitat has an ordered spatiahgatie
emerges from disordered initial conditions through a@ejénization
process (Rietkerk and van de Koppel, 2008). The structure and dynamics
of habitats are complex due to the interactions between speciesyétod
connections across trophic lesgand landscape modulations induced by
biotic-abiotic interactions (Giladt al.,2004). We can apply habit
characteristics in mitigation infrastructure design to create an environment
to which the animals have already adapted.

1 Speciegypical behavios that possibly affect WVC occurrence. Species
typical behavior patterns, which are so characteristic of a given species
that they can be used to help identify that species, can offer important
information for the development of WVC mitigation meastirésefield
of behavioral ecology that has concentrated most explicitly on species
typical behaviors igthology which originated in Europe in the 1930s as a
branch of zoology concerned with animal behavior in the natural
environment. Early ethologists, incind Konrad Lorenz and Nikolaas
Tinbergen (the fieldbs main founders),
fish, reptiles, and birds and found that many aspects of their behavior are
quite predictable. Different individuals of the same species produce

idenical responses to the same environmental stimuli (Gray, 2002).

* Speciegypical behavior can baffectedby environment context charg&nown as malleability.
However,despite such unexpected malleability, the system producing siiggiesl behaviors
normally works adequately for the continuation of the species (Schneider, 2003).
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Although ethological studies have rarely considered direct behavioral
response to roads, studies of speciesbo
reference information for predicting road sstng behaviors. For example,

whether animals cross roads depends on their ability to perceive habitat

boundaries in natural environment. Avoidance of, or reluctance to, cross

the boundary of a suitable habitat likely implies small possibility of-road

crosing. This work wild/l take an overvie
collect useful information. Individuals with extreme performances or that

undertake exceptional activities are not considered.

Basic biology of the species. It is necessary to undetshentarget

speciesb6 basic biology when developing
the occurrence of WVC has obvious seasonal patterns for some species.

These patterns are consistent with species phenology. Habitat preference

informs the design of aficial crossings for a specific species.

The mmpensabn ratedetermines whether WVC affects a local species on

the population level. Effects of WVC depend on interactions between

species mortality in WVC and reproductive and immigration rates. When

mortality cannot be compensated by the reproductive or immigration rate,

the local species population decreases. For some species, roads seem to

have very little negative, or even positive, effects on population size

(Bouchardet al, 2009).
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Once a road hdseen constructed and the ecological corridors have been
inappropriately interrupted, the situation cannot be totally redeemed. After all,
ecological corridors are not as simple as several crossings that can be restored easily.
Therefore, emphasizing ecologl considerations in the panstruction stage of
roads is the most efficient way to compensate for negative influences. For existing
roads, mitigation is a prominent attempt to compensate for detrimental ecological
impacts. In some situations, mitigati measures are able to reduce WVC mortality to
an acceptable level. It is crucial to implement the right mitigation measure in the right
context, and design it in such a way to maximize its benefits.

This research focuses on negative WVC impacts oniegistads, and how
they might be considered in urban planning. Using a framework to develop a
mitigation strategy is important, rather than taking unsystematic or piecemeal
measures. The specific measures taken will vary among taxa and may also vary
amonglandscapes, but they can share a common framework febgtsep strategy
development. The framework includes the following four elements: 1.Landscape
characteristics of the putative WVC hotspots. 2. Effective mitigation measures based
on speciespecifcs. 3. Monitoring and maintenance. 4. A decigiogking process to
implement WVC mitigation strategies in practice.

This framework focuses on the most relevant components and restrictions in
WVC mitigation, but does not consider specmssitespecificdetails. It is general,

simple, and parameter sparse and can be called a conceptual model. This framework
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only serves as a base for a more detailed strategy, which includes specific details in a

local context.

1.3.3 Develop speciespecific mitigation stri@gies for four selected species

WVC mitigation strategy can be developed on multiple sciadscape scale,
state scale, community scale, species sesteln some cases, developiag
systematioNVVC mitigationstrategyon landscape scalemore effetive. This
research is conducted on a species level. It refidsological knowledge and
wildlifeds behavioral characte.Thissti cs to d
speciesspecific research approahlghlightstheimportance ofntegrating biological
knowledge into WVC mitigationThe research offered in the dissertation does not
preclude the need for research at other scales; rather, it hopes to offer a compelling
case for one scale and hopes that researchers will continue to conduct research at
othe scales.

Given that we cannot study every species in every situation of interest, it is
important to predict and define which species are most likely to come in contact with
vehicles so we can tailor specific mitigation measures to thhimdissertation
describesour specieghat arevulnerableto WVC, and develops tactical mitigation
measures for each of them.

Mammals, amphibians, reptiles, and birds are all potential WVC victims, but
various surveys have indicated that they are victimized at diffexted (Ashley and

Robinson 1996; Kiokoet al, 2015). Insects are victims too, but little information can
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be found in the published literature. Among the large pool of candidates, this research
selects two mammals, one bird, and one amphibian as tpeyees to develop
speciesspecific WVC mitigations for them. The four species share the
following three characteristics: 1. They are widespread and abundant, with well
established biological knowledge. 2. Identified involvement in WVC based on the
published empirical information. 3. Distinctive locomotion patterns, indicating the

needs for distinctive mitigation measures.

Table 1.1: The Four Chosen $ecies

Abundance
Frequency (Concern on the
Species found Class Locomotion Foraging || UCNGs R
P dead in time List of
WVC Threatened
Specieg)
European badger : .
urop 9 Frequent | Mammalia Terrestrial Nocturnal Least concern
(Meles meles
Easj[ern gray s.quwrel Frequent | Mammalia Arboreal Diurnal Least concern
(Sciurus carolinens)s
H rrow . .
ouse Spa 0. Frequent Aves Aerial Diurnal Least concern
(Passer domestics
Northern Leopard N Aquatic & _
Frog Frequent | Amphibia . Diurnal Least concern
. - Terrestrial
(Lithobates pipiens

A variety of mitigation infrastructure® (g, tunnels, pipes, underpasses,

overpasss, median plantings) have been used to enhance animal movement and to

® The International Union for Conservation of Nt andNatural Resources (IUCK016a, b, ¢, d)
Red list of Threatened Species (also known as the IUCN List or Red DatddListjed in 1964, is the
world's most comprehensive inventory of the global conservation status of biological species.
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lessen WVC occurrence. At present, more than 40 types of mitigation measures have
been used aimed at reducing WVC (Huijseal.,2009). Mitigation infrastructures,
especially crossirgand exclusionary fences, have been proven as solutions to WVC
by practical experience. In some cases they havepegtact success rates for

preventing WVCs (Lister, 2012). However, there have been failures. It is not unusual
to hear claims that thesgpensive features primarily benefit feral species,

particularly mammalian predators. Whether the measures are successful depends on
fauna movement patterns. To maximize the benefits of these measures, research
should be done on the behavioral patternsuafet species to identify main

determining factors, and then these factors should be considered in combination with
traffic safety, economic and other social influences.

There is no single best design model that can be applied to all scenarios;
facilities must be designed with site conditions and wildlife dynamics as essential
considerations. Different species preferentially use different crossing types, and some
species require particular features of the passages: many small mammals do not swim
through irundated culverts, but use ledges attached to the inside walls along which
they can walk; amphibians use only moist structures. The most successful crossings
are those aimed at mitigating WVC for individual species. In this dissertation, a set of
computer nodels of speciespecific mitigation infrastructures are developed with the
following considerations:

1 Choice of the right type of infrastructure. The first step in model

development is to define a specific facility type for the target species.
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Currently here is a consensus that the proper crossing structures for
amphi bians are culverts, for arboreal
poleso are best, for big mammals overp
roads should be built.
1 ConstructionCertain atttutes of the crossing structures influence usage
patterns (Woltzt al, 2008). Numerous field studies have confirmed that
different species favor different dimensions: larger mammals are much
more likely to use larger structures; small mammals are nmalg lio use
smaller passages. Poles should high enough for animals to remain above
passing vehicles when they glide to a second pole or a tree (Clevenger and
Waltho, 2005; MaCalkt al.,2010; Mateet al.,2005). By studying the
target s p e cpatersdverdyebody gsizepdcharbctestics of
their natural habitathis dissertation will produce a set of architectural
drawingswith the detailed dimensions pfoposed infrastructure
In most cases natural materiatebelieved to benost attrative tofacility
users. However, other factors such as economy, safety, and sometimes aesthetics also
influence material choices. This research does not use these considerations.
Construction materials are chosen to wildlife preferences. Light permgébitso
an i mportant design considerationocadThe | ig
crossing structures (Wol&t al., 2008). A set of construction documents will be
produced to describe the construction requirements for a crossing strusinge,

acceptable industry practices.

23



Specific designed el ements known as
crossing structures, will encourage wildlife use. This furniture is added to make the
infrastructure more attractive to the target species. ¥ample, a wet culvert with an
artificial pond to attract toads, and overpasses with intentional planted vegetation as
foraging resources to attract herbivorous mammals. Appropriate furniture is a
significant means to enhance animal use.

Themodels are deslopedwith AutoCAD and Vectorworks as the main
software, an@mploya usercentered design (UC@RpproachUCD was initiated in a
computer laboratory in the 1980s. It is a both a philosophy and a methodology, which
centers on the needs, wants, and linotet of end users of a product. UCD requires
designers to not only analyze and foresee how users are likely to use a product, but
also to test the validity of their assumptions with regard to routine user behavior in
the real world (Abrast al, 2004). Usrs deeply influence how a design takes shape.
Most architecture schools have at least one or two courses on architecture and human
behavior to develop skills for incorporating behavioral factors in the design process.
Such courses come under the labelssar requirements, behavioral determinants of
design,or environmenbehavior studies in architectu(®oore 1979. UCD is the
guiding principle for designing the mitigation models in this rese&HC
mitigation facility isa special typef infrastrudure, the user of it is wildlife. bv to
meet the target spect@seeds and how tencouragehem to usehe facilityare

prioritiesof thedesign
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Thesespeciesspecificmodels, whiclkcontain detailed informatioaboutthe
specificprojecs, are develogkin an ideal research scenafibiey are designed to
benefit politicallyfavored groups through its decisiofifiese modelwill need to be
modified to responddtlocal site conditions in practice.

1.4 Outline of Chapters

This dissertation is organized faflows.

Chapter 2: Research Design and Methodologyrhis chapter describes how
the researcrs carried outidentifiesthe research phasesd speciesthe
methodology. The interdisciplinary research questions invedtiga¢epresented
along withcriteriafor selecting datand the outconsof the researchotential
ethical considerati®in carrying out the research are highlighted.

Part A: Research Design

-- Developa new paradigm

-- Developa mitigation strategy framework under the presented
paradigm

-- Apply theframework

Part B: Methodology

-- Literature Review

-- Data Collection

-- Case Stug

-- Computeraided Model Development
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Chapter 3: Literature Review and Conceptual Framework A thorough
and comprehensiveview d transportatiorplanning andethology literature is
carried out tacharacterize theurrent state of WVC mitigation researdtentify
blank spacesandprovide a stepping stone for this studye advantages and
disadvantages of the main reseaxpproacharediscussedandthe potential
contribution ofthisresearch to the currebbody ofknowledge body is identifiedDn
the basis othis information, a conceptutkmework for the dissertation is
constructed.

Chapter 4: Paradigm Shift Fromthe conceptudrameworkconstructedn
chapter3, this chaptemoves on tdahe necessity dfiggeringa paradigm shift in
planning even though sustainability has been an important issue in develogment
new paradigm based on an ecological view is defified.new paradigm and its
constiutive characteristicare usedo anticipate possible changes in existing WVC
mitigation strateges The potential ethical controversynbodiedn the new paradigm
is presented.

Chapter 5: Mitigation Strategy Framework. This chapter develops a WVC
mitigation strategyrameworkguided by the new paradigm principles presented in
Chapter 4andintroduces when and how trsebiological informatiorwhen
developingeffective local WVC mitigation measures eristinglocal roads. The
chaptersupplies a generaldmework and guidance, but not specific details. This
frameworkis an easy way fogovernmentgencies, planners, and designers to

develop mitigation stratégs for local species
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Chapter 6: Speciesspecific Mitigation Strategies for Four SpeciesThis
chager applies the framework developed in Chapter 5. Fequent WVCvictim
speciestheirbehavioralkcharacteristics anappropriatespeciesspecificWVC
mitigation measureare identified The specific mitigation strategies contain detailed
information onimplementation of mitigation measures. If a crossing facility is
presented as an appropriate mitigation measure for a specific species, detailed
crossing structure models are developed with the help of computer. Design details of
scale, material, shapejldlife furniture, and so on are all presented.

Chapter 7: Conclusion and Recommendationslhe study closes with a
thorough overview of the research, draws appropriate conclusions, reiterates the
unique research perspective spurred by the paradigmastdfpresentgossible

future research questions.
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Chapter 2

RESEARCH METHODOLOGY AND DESIGN

Linking the traditionally separate intellectual traditions of critical social
theory and environmental science is one of the more fruitful aspects of recent
interdisciplirary thought (Campbell, 1996). WVC has an interdisciplinary nature,
with aspects of urban planning and ecological implications. This research first
presents an inquiry into the dominant philosophy in urban planning. This human
dominated philosophy is theabof the problem. Then a new paradigm is set up,
which integrates the world views of environmentalists and social theorists. This
paradigm presents a new methodology for problem solving. The research develops a
WVC strategy using knowledge of species draimported from ecology and
biology, and provides a framework to guide government agencies in local mitigation
strategy development. In this, efficient and rational data collection from related
literature is a crucial step. The framework will be corded based on the
information gained from this data collection. To achieve this, a series of methods will
be applied, including literature review, data collection and analysis, case study and
model construction. The details around application of theseoaethill be discussed

in the third section of this chapter.
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2.1 Methodology

This research applies mixed methods. Qualitative methodology presents an
inquiry, in which the knowledge claims are made based primarily on constructivist
perspectives that comeofn social and historical construction (Creswell, 2003). This
research applies both qualitative and quantitative analysis to investigate biological
information for specific species and gathedapth understandings of behavioral
patterns and preferencé&ata collection involves gathering numerical and textual
information so that the final database represents both qualitative and qualitative

information (Creswell, 2003).

2.1.1 Qualitative methodology to set up a new paradigm

Inquiry on the dominant paragin is based primarily on constructivist
perspectives. The qualitative analysis overviews the theories and philosophies that,
intentionally or not, contribute to humaominance. This inquiry is used as a
theoretical lens and overarching perspective tecotlata with which to construct an
alternative. Diverse theories, ideologies and views from philosophy, sociology, and
even religion are addressed in chapter 4. These data are collected to advocate against

humancentered ideology. The qualitative approattbws room for innovation.

2.1.2 Mixed methods using biological information to develop WVC
mitigation measures

The new paradigm includes the pragmatic assumption that an efficient
mitigation measure must be designed with UCD principles, which takeginal

facts, preferences and needs of the species as the most important standards in
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choosing the right measures. The behavioral patterns of wildlife to a great extent
determine the effects of WVC mitigation strategies, so there is a need to examine
causs that influence outcomes (Creswell, 2003).

The quantitative analysis overviews basic biological knowledge about and the
behavioral patterns of the target species; the qualitative analysis investigates common
conservation measures developed for them byigowent or conservation
organization, as well as laws and regulations in place to protect them. This research
bases inquiry on the assumption that collecting diverse types of data best provides an
understanding of a research problem (Creswell, 2003). tlidg begins with a broad
survey to generalize useful information in chapter 3. Data interpretation is based on
the presence of a W\/@iitigation target: to decrease road mortality under the
premise that any measures will not deter or block species movameny different
habitat patches.

Data are sourced are from literature and media, including public and official
documents. Data include numeric information measured by biologists with
instruments and textual information resulting from field observation and
interpretation. The collected data are streamlined to a definite pattern as the primary
basis for interpretation. Interpretation transforms these data to a set of determinant
principles for WVC mitigation design how do the data affect WVC mitigation
stratgyy development? How are the mitigation designs applied to attract the target

species to the designed WVC crossing infrastructure and to avoid WVC? Through a
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framework the data are interpreted and introduced into the process of WVC
mitigation strategy devepment.

2.2 Research Design

2.2.1 Present an inquiry on the dominant philosophy in urban planning

There are multiple reasons for frequent WVCs; however, the ignorance of the
planning department is largely responsible (Ernst, 2009). Faced with increasing
wildlife mortality in WVCs, planning departments have not done enough. Instead,
much of the work is being done by nrgavernmental organizations, community
groups, and local wildlife conservation organizations. The root of this ignorance is a
humancenterd paradigm that traditionally dominated planning. This paradigm leads
to an arrogant optimism about human abilities to dominate and even reprogram nature,
imposing the structural methods and theories that do not fit wildlife populations
(Lesbarreres andafrig, 2002; Forman, 1998). Current WVC ntiign research and
practice danot go far enough in advocating for an action agenda to help WVC
victims.

A paradigm constructs the framework of concepts, results, and procedures
within which subsequent work isrgctured (Kuhn, 1962). Planning within such a
paradigm hardly takes wildlife into consideration in the policymaking process. Thus,
unless local WVCs pose serious impacts on humans, few measures are taken to avoid
them. In recent years, diverse theoriegehldeen presented by scholars to counter this
dominant ideology, and have significantly influenced on WVC research. In the

practice, however, planning is still influenced by this traditional and rigid framework.
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To better solve this problem, it is necegdarthink outside the box. Only by doing
this, will all life forms be valued and will mitigation attract more resources and

attention.

2.2.2 Set up a new paradigm

The subjective mindset is woven into the fabric of science and serves an
inevitable componerof its structure. Schumpeter (1949) noted that the human mind
is scientific knowledge too. The key to spurring a paradigm shift is to change the
value system, which guides people to solve a problem.

An efficient solution must be found under a new pagawhich objects to
the humardominated ideology and which does not exclude other life forms from
consideration. Planners must realize that each dead animal on the road means there is
something wrong with the way they build roads, and that something teelbddixed
(Downer, 2014). Decreasing WVC is not the sole responsibility of biologists or
conservationists; the solution cannot be found and implemented without the
involvement of planning departments. This research borrows points from a variety of
philosophies, ideas, and even religions to spur a paradigm shift. The new paradigm
establishes the groundwork for development of a methodology and governs the

choice and use of methods.

2.2.3 Develop a solution under this new paradigm
Under the new paradigm, theotivation for mitigating WVC is not only to
protect people but also to protect wildlife. It is wildlife on which the mitigation

measures should focus. The approach to this problem should be explored based on
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scientific knowledge of the essence of wildlffom biology. This knowledge forms
the base for further demonstration, and finally for construction of the system.

The intent of the new paradigm is to suggest planning that focuses not only on
human society but also on wildlife population. The resedestelops a general
framework showing how to apply biological knowledge of spetip&al behaviory
and habitat characteristits develop speciespecific mitigation measures. The
framework consists of stdpy-step instructions that can be used direictlgractice.

The framework is constructed in a utopia, which does not consider social or
economic restrictions. In the real world, financial considerations would dictate that

most mitigation strategies be developed to address more than one species.

2.2.4Apply the solution

In Chapter 6, examples of framework use are presented. The framework
developed is speciespecific, and is applied to four species that are frequent WVC
victims on a local scale. The framework includes a behavioral checklist with
predeéermined questions. The data collected from the checklist are the main source of
information for exploring specific mitigation measures. The prerequisite for
i mpl ementing mitigation measures 1 s to
different habitapitches.

Methods to assess the effectiveness of these measures will be addressed for
each species. However, these spespeific mitigation strategies are only presented

on a theoretical level.

® The behavior p&rns that are so characteristic of a given species of animal that they can be used to
help identify that species are called spetygécal behavior (Gray, 2001).
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Table 2.1 Research Design

Reseach stage Activity Data source Output Impact
. . Humancentered ideology | Literature review from The necessity to | Encourge
Inquiry on the dominant | . . . : X
ignores the welfare of the | sociology, philosophy and | spur a paradigm | planning

paradigm

nonhuman beings

urban planning

shift

Set up a new paradigm

Involve all life forms into
consideration in the plannin
process

Philosophy, environmental
revolution theories, and
some religious vies

Present a new
paradigm for
problemsolving

Present the solution

Construct a general
mitigation framework that
develops speciespecific
measures based on
behavioral characteristics
and basic biology

1 Biology
1 Ethology
1 Strategy development

A general streegy
framework for
WVC mitigation
which supplies a
stepby-step
instruction

Apply the solution

Choose four species and
develop mitigation strategie
for each of them using the
framework presented in
Chapter 5

WVC mitigation plans and
conservation planof
specific species

Detailed mitigation
strategies for:
1 European

badger
1 Eastern gray
squirrel
1 House sparrow
1 Northern

Leopard frog

departments to
allocate more
attention and
resources to WVQ
mitigation to save
lives




2.3 Research Methods

2.3.1 Criteria for information selection

Data collection is the heart of research. The consideaasbéint of information
available today necessitates setting a standard to find reliable, relevant information. The
criteria are applied to the following topics:

1 Species selection.

The rationale for defining frequent WVC victims has already been given
elsewhere; thus, three criteria are used to evaluate whether a species qualifies as a
frequent WVC victim are: (1) the total number of individual losses in WVC; (2) the ratio
of victims to the local population; and (3) annual human fatalities and proeniyges.

1 Behavior selection.

Species behavior is an approach to WVC reduction in this research. However, not
all species behaviors are related to WVC. The behaviors to be studied aceossng
behavior, including reactions to roads and wildlife craggsinuctures; and species
typical behavior that potentially affect WVC occurrence and development of WVC
mitigation measures.

T WVC countermeasures

To date, various mitigation measures have been implemented, some of which
have been evaluated by ecologisi®ugh field work; some have been presented in
research but not applied in the real world. There is no unified standard for evaluating
WVC mitigation measures, so the selection criterion for cases studied in this research are

the general principles foesearch data selection: reliability, accuracy, and evidence.

35



2.3.2 Sources of data and information

Three major sources of data relating directly to this study exist in the
interdisciplinary areas of planning and ecology: 1) Relevant scholarly artigisnining,
ecological, zoological, and environmental journals; 2) Project documents and national
development plans published by government department that aim to reduce WVC. Most
of these documents can be gotten from the website of Department of Tramspoatad
3) websites established by environmental organizations, professional associations or
research centers to address WVC (like the California Roadkill Observation System,

http://www.wildlifecrossing.net/californiabr Critter Crossings,

http://www.flwa.dot.gov/environment/crittercrossings/intro.gfnor published, broadcast,

or online journalism concerning WVC. Often the sources in the third category describe
events instead of gathering accurate data or providing profound insights. However, these
dat sources have the latest information on implementation of WVC measures and public
reactions.

Biology and ethology are wetleveloped fields, so information collected in these

disciplines is trustworthy.

2.3.3 Development of a strategy framework

The nextstep after data collection is analyzing and using the information. A
standard outline is employed to assess the information, and-laysségp framework for
mitigation strategy development is based on the information. This framework is easy and

fast to @ply in practice for future users.
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2.3.4 Expect outcomes

Three outcomes of the research are 1) a new research paradigm that counters
humandominated planning patterns; 2) a framework for WVC mitigation strategy
development; and 3) detailed mitigation sttaes for the four species that are based on
the presented framework.

3D models are designed based on the central principles developed from behavior
analyses of the target species in this research. The photorealistic rendered images will be
presented thriegh computer modeling and rendering with AutoCAD, Vectorworks, and
Photoshop. The 2D and 3D models that created in this research supply a tangible
representation of a structure (including wildlife crossings, fencings, and plantings) and a

landscape networlclearly showing landscape plans and construction/planting details.

37



Chapter 3

LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK

This chapter contains@mprehensive teérature review on WVC from urban
planning and ecological research communities to underthenclirent state of
knowledge and existing gapBhe main topicsef literature review are the ecological
effects of roadsspecies that are most frequently mentioned bgarchersyildlife
behaviorghat may relatéo WVC occurrence aniehplementation ofitigation measures
road schemethatmayinfluence WVC; andmplementation and evaluation of various
mitigation measureghis review addresses the necessity of combitiiegknowledge

from urbanplanning and ecology.

3.1 Literature Review

3.1.1 State of currg knowledge

As early aghe 1960s, the high wildlife mortality rate in WVCs drew attention
from biologists asevidenced by a number of research papers publishezentific
journals and ed#d volumes. For example, Hodson and S(t®65)estimatedhat13%
of the English population of house sparroRagser domesticliglied in WVG very year
(Orlowski, 2008). Naess (1973) stated tlwetds may be the single most destructive
element in the process of habitat fragmentation and pose a major threat tepeciey

(Jaegeet al, 2006). Current ecological knowledgboutroads clustersaround five
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major topics: (1) roadsideind adjacent strips; (2) road and vehicle effects on
populations; (3) water, sedimenthemicals, and streams; (#gad network; and(5)
transportation policy and planning (Forman and Alexander, 1998¥ fits into the
second category but is not a hot tofBarthelmess and Brook8010)statel that only
little is known about the impaxdf WVCs on wildlife and themajority of current
research focieson ungulates due to high economic and human health eestsléRee,
2010. The gaping hole iknowledgeon this issueepreserda researclopportunity

The environmental issues of transportation systm of interest to researchers,
but are relegated tbé margins of the field. In the ®@entury, environmental topics
drewmore attentionbuthave beemddressg on a much larger scaleéke the ecological
effects of landscape ahge, habitat fragmentation resulting franbanizatia, andthe
negative effects aleforestation. Alough the research on the ecological effects of roads
is far from welldeveloped, there is@nsensughat it is an important direction for future
research. Coffiff2007) has recommended tha@nsportatiorgeographershould develop
robust quantitative methods model, explain, and predictteractions between roadway
networks andthe landscapdt is reasonable to believe that the underlying trend is
positive.

Ecologist Richard T.T. Forman wahe first © addresroad ecologicaéffects as
an interdisciplinary topic. He realized ttogpicwasa fs | ee® i mfg @orasndr vati o
ecology(Forman, 1998p. 207. Formandeveloped a bodgf science around road
ecological effect and named ibad ecologyRoadecology is built on the mounting
evidence that roads have dramatic effects on the ecos/sieyrbisect. Road ecology

positsthat the ecological effegtof roads araot only limited tothe linear area alongside
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the road, but also exterd 00m away andmpactwetland drainage, stream
channelizationsalinity of surface water bodieand so onForman mentioned WVC as
one of the effectdbut did not paynuchattentionto the topic. He stated that WVC may
be a premier mortality source local spots, buhatit hardlyinfluencedpopulation size.
Road ecology attempts to quantégological effects otheroad effect zone and the
creatureshat inhabitit.

Road ecology is rooted in ecology, geography, enginegamgyplanning. Forman
advocaedthat populabn ecologiss, stream biologist foresters, engineers, geographers,
wildlife ecologists, conservation biologists, landscape architects, and gaime
together to work ogolutiors. The publication of his book RO
consolidatiorof this endeavor at a new conceptual scale, under the auspices of an
interdisciplinary scientific umbrellao (Coff

Ecological principles are increasingly important in environmental transportation
policy. Contrasting approaches are highlightediffeidnt countries affected by local
contexts and public pressure. In Australia, policies focus on biodiversity conservation,
andecologstscommonly work side by side with planners and designers in transportation
departments at all levels of governmenuit&h policy focuses on roadside vegetation,
road kill, animal movement patterrasd nature restoration, which alese tothe
proposed topiof this dissertationResearch and practice on mitigation systéon
animals and water flows is especially anthis and pioneeringy the United States
Environmental activists and scientists wor&sgly with engineers and policy makers at
local and national levels; in the United States, environmental transportation policies focus

on vehicle pollutantxr engineeing solutions foisoil erosion and sedimentation; to a
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great extentpolicies ignorebiotic road effects, including WVC mitigation (Forman and

Alexander, 1998)n2 005, the U.S. government passed

Efficient Transportatiok g u i t yecdménding that early environmental impact

assessmestind planning should help guide the development of roads (Tkoaig

2009).

3.1.1.1 Ecological effects of roads

Roals negatively interrugbiotic and biotic components thfe ecosyem they

cross. Eological effects are addressed frdifierentperspectives ifiterature The

effects can bsystematizeé into the two general categoriestmbtic and abiotic, anthese

areshown it in Table3.1.

Table 3.1 Road Effects

Type Effects Results
Degradinghabitat quality
(pollution, habitat loss, habitat
fragmentation, human activit -
g disturbanch Y| Reduced wildiife
Biotic Population subdivision re%%%lgiatg)nuls;i%;n
Road Invasiwe species introduction ers?stgnce
Effect Fauna movemeriiarrier P
Resourcénaccessibility
WVC
Hydrologic system disturbance :
Abiotic Sediment erosion Environmental

Interruption ofdeposition dynamics

conflict

These effects are not independehe¢achother. They are correlated and

sometimes compensatory. For examplepecies with higlavoidance ofoad noise, road

surface, light or cawill choose not to crosd his bult-in avoidancdessens WVC
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mortality but increasethe barrier effectwhich leads to habitat loss, resource
inaccessibilityand population subdivision. ThuBese populations are actually most
vulnerable to roadsven though they do not have high WVC mortalitgegeet al,
2005). Someffects are interrelated. For example, b&fC mortality and resource
inaccessibility contribute to population subdivision (Ford and Fahrig, 2008; Jdeger

2005).

3.1.1.2Frequent victim species

There isa consensus that slemvoving animals andrban adapts’ sufferthe
most loss of livesrom WVCs (Coffin, 2007)Urban adapters have a shorter escape
initiation distance when approached by humans or vehicles, thus they are especially
susceptible to WVC;ddy size and diet have influences too. Ford and F&ig7)
found that mammals of abolif06 kg bodymass were hit more frequently; Oxlet/al
(1974) also indicated that small forest mammals and medized mammals are
severely affected by WVC. étbivores are more likely than carniver® be struck by
cars (Ford and Fahrig, 2007); diurspecies are more vulnerable than nocturnal species
(Hels and Buchwald, 2001); and species with high vagility are at a disadvantage because
they are more likely to encounter roads and incur WVC mortality (Carr and Fahrig, 2001).
When aspecies tharequently encountes roadshas a loweproductiverate population
size iseasily influenceqBarthelmess anBrooks, 2010). Special attention should be

givento speciesvith these characteristics.

"There is a analogy between wildlife adaptationrtiads andinother humamodified landsaped urban
areas. Some speciage urban adagts, able to develop habitsin urban areaand to have apparent
tolerance for humansgthers are repelled by the disturbasmeturban landscape
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There is difficulty in comparing fgalished WVC occurrence fregncies across
different speciebecausdow the rates are calculated laskandardization. Many studies
have documented absolute numbers of animdkdkih WVCs €.g, Bouchardet al.,

2009; Jaegeet al, 2005 Langevelde and Jaarsma, 2))Gthd soméave estimated the
proportion of animals killeédrom alocal population€.g, Clarke et al, 1998 Huijser and
Bergers, 2000; McCaét al, 2010). Glculation methoddiffer, too. In some research the
frequency is calculated based mtal victim nunbersand the length of road that are
surveyedin other studies the rate is provideglcomparingpbserved victimsvith the
number oflocal populationand in some studies rates are providedieisurvey
methods are not described (BarthelmessBrmodks, 20D). In addition, Hels and
Buchwald(2001)questiomdthe accuracy of victim counting in W\&ih most field
surveysbecause theictims thatdisappar from roads before counting are ignorad a
result ofthe different calculation methods aredated inacaracies the mostfrequent
victim species can bestinedonly coarsely

Amphibians and reptile®\mphibians and reptile species, which méreguently
and fa through the landscapareslow and show no obvious road avoidance, therefore
they areoften becone WVC victims (Boucharcet al, 2009 Gibbs, 1998 WVC is the
greatest road efée on amphibians, especially owmo-lane roads with low to moderate
traffic and geographicallgroximity to ponds and wetlands (Forman and Alexander,
1998.

Mammals Small manmals including porcupineg&(ithizon dorsatury) raccmns
(Procyon lotoy, cottontailsrabbits(Sylvilagus floridanuk striped skinksNlephitis

mephitig, andhedgehogsHrinaceus europaeidrequently come into contact with
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vehicles. Ungulates includirdeer Odocoileus spp, elk (Cervus &phug, andmoose
(Alces alcepare addressed in many studies. Althouglgulatesare not the most frequent
victims of WVGs, literature aboutitem is most abundant becawesdisionsin which
theyareinvolved causéhe most human fatalitieend economic logs In the United
Statesthese collisions were estimated to cause 211 human fatalities, 29,000 human
injuries and over one billion dollars in property damage annually (H@jssr2009).
Arboreal mammals are al$requent road traverseiT hey are very clumsy whehey are
moving on the ground and highly vulnerable to road kill. Some arboreal mammals like
red squirrelsTamiasciurus hudsonicusay spend time on the grouasd part otheir
usual activities and lseme frequent WVC victis Contrasting opiniongxist about
WVC mitigation forthe arboreal mammslSome evdence shows that arboreal mammals
avoid roads due to thadk of protective cover oveoad surface(Bouchard et al., 2009)
so keepingoads cleafrom plant cover in WVC hotspotsducesccidentsThere isalso
growing recognition that specific crossing structures are needed to meet the needs of
arboreal mammals due to their specific movement pat(€aylor and Goldingay, 2009).
Van derReeetal. (2010)suggestdplaning trees in the median strip to reduce the
gliding distance for squirrel gliders

InvertebratesWVC rates forinvertebrates are far higher than for vertebrates
(Seibert and Conover, 1991; Huijsdral, 2009).

Birds: Low-flying birds are most susceptible to W\VThe louse sparrowRasser
domesticul Eurasian treeparrow(Passer montanysndbarn svallow (Hirundo

rustica) are noted as frequent spedidked in WVC.

44



Insects Insects are killeth prodigious numbersattestedo bywindshield counts

(Forman and Alexander, 1998). Howevesearch on insects has been larggipred.

3.1.1.3 Roadway schema#ecting WVC occurrence

As mentioneckarlier, roadways are not homogenedeaturesor animals to
cross.Some vpographt features and road construction variables are considered
especiallyconducive to WVC occurrence (Findetral, 1999).Severaroad schemeare
addressed frequently in the reviewed literature

Speedimit: Vehicle speedirectly relates to WVC frequencBirds and small
mammals are morgusceptible to WVC mortality amigh-speed roasi reptiles and small
mammalsare mosfrequentlykilled on slowspeed roads (Forman antéeRander, 1998).
Hels andBuchwald(2001)notead theexception that some small aninsglecies, with
may remain still under a passing vehicle without getting hurt, do not follow thisagener
trend Gunther(1995)suggestshatwhen the speed limit is lower than 45 mph, WVC
may be reduced significantly

Limiting vehicle speed is a commontigation measureSpeed limis can be
enforcedthrough road desigregrvesand width)or condition (smoothnessPostedspeed
limits, whicharecommonly usedare acknowledgeldy Gunteret al.(1998)as a measure
hasfithe least amount of influence over iaa speed (p. 35)

Traffic volume:For many species, the heavy stream of traffic may be a strong
deterrent to crossg roads/Abbottet al.,2012; Orlowski, 2008)According to Forman
(2000) roads with lower traffic volumproduceafilter effect andncur WVCs, whereas
roadswith highertraffic volumemay produce a barrier effeethich blocks wildlife

corridors and subdivespopulationsFor example, ears cross a highway primarily at
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night to avoid thelaytimetraffic peak (Lewiset al, 2011) andbird mortality ratesin
WVC showclear differencefor roads with different traffic volunsgOrlowski, 2008).
Traffic volume has little effect on gliding mammals because thmlycome dowrto
the groundyan derReeet al.,2010).However, statisticallgignificant corelation
coefficients betweetraffic volume and mortality levedre lacking fomost species.
Traffic volume and speed are evaluated in combination in most reseagck@rman
and Alexander, 1998; Reijnet al, 1996).

Traffic noise: Traffic noise isa major causef road avoidance. It also leads to
degradation of avian communities near busy roads (Forman, 2000; Forman and
Alexander, 1998).

Roadsidecover type mowing regimes and planting desigaleng roadsaffea
accessibility forsonme speciesespecially birds and insects (Coffin, 2007).

Contradicbry conclusionsave been drawn aboilie influences ofoadside
planting cover on birdehiclecollision. Someaesearch hastatel that the presence of
high hedgerows, treeand embankmes (>3 m) forces birds to fly higheandavoid
WVCs (Hodson, 198 Pons, 2000 ConverselyOrlowski (2008)drew an opposite
conclusionfrom field work study.He concludel thatthe level of losses of birds is
positively correlatedvith the number of reardived stock and the length of roadside tree
belts and hedgerows becasseh vegetatioencouragebirds to nest, breed and rest
there thus, exposinghe birds to thelanger of WVCsThe discrepancy probably is the
consequence afifferentvegetation stictures, planting species, doird species

abundancenearroadks.
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Roadside plantinglsoaffects the visibility olaroadsegmentWoods or gullies
immediately adjacent to the road may obstruct the visibility of motorists and/or wildlife,
prolong the resptse time of crossing wildlifeand in turn, increasaVVC occurrence
(Finderet al, 1999).

Proximity to natural esourcesNaturalresources include agricultural laadd
wild landscapedyut exclude builup areasA roaddescribed as being near natural
resourcess adjoining or close enough to affect some natural ecosysBservations
suggest that the spatial arrangement of resources including food, anateshelter
around aoadway is a deciding factor in WVC occurrence (Coffin, 2007).

All road lengtlsin rural areas and 25% of road lergith urban rees are roughly
estimated to be near natural resources (Forman, 2006l i®ads produce the greatest
ecological effectsRural roads with high speed limits and infrequent traffic have the most
WVCs (McLendon, 2012)Finderet al.(1999)suggestdthat public recreational land
within a 0.8 km radius adiroad segment oreased the probability of deer vehicle
collisions Forest roads hawbemost obvious ecological effects (Forman and Alexander,
199B; Lewiset al.,2011).

Roaddesign and physicaluglity: Road designincluding width, heighébove
gradeandplantings along median stripgdetermines whether and which species sek
it asacorridor ora barrier. Miteriak and techniqugused in costruction determinéhe
disturbance effect afoad segments.

There are many other factdtsatinfluence WVC occurrenceatlandscape scale,

such adandscape patterms whichthe roads situatednatural habitat quality, and
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abundance of wildlife populi@ns aroundroads. Tlesefactors will not be discussed

this workbecausehe focus is on mitigation measures atlteal level

3.1.14 Characteristics of the adjacent landscapedfiatt WVC occurrence

The landscape determiaéhe distribution ofesources in the environment,
influencing the composition, abundance, and mobility of species, and consequently the

seasonal and spatial patternd\C (da Rosa an8adger, 2012).

3.1.1.5 Behavioral characteristics that may relate to WVC mitigation nesasur
S p e chelmdodal characteristiexhibit specific patterns. Understanding and
analyzing these pattermsthe targetedpproach of this research to explareeffective
WVC mitigationstrategy Information on animal behaviors constructs a strongogicel
base whiclallows landscape and transportation planners to locate mitigation facilities,
determine management activities, aaduce the potential for WVCs duripge-
construction road planning.
Crossing behaviors determinmssing hotspots. Craeg hotsmts can be defined
based orempirical data oprior WVCs (e.g, Hels andBuchwald 200%, Lewiset al,
2011), can be predictedbyar get speci esd6 rout éqRbbdtehavi or a
et al, 2012Hels andBuchwald 200). Frequent crasing points are useftb identifya
focus for WVC avoidancmanagement art locatepossible crossing facilities.
Theoretically when the resourcasedistribued on both sides of roadspssingoehavior
will be more likelyto happen (da Rosa aBadger, 2012).
In addition tocrossng behaviors, understandiagn i mal sd r outi ne beha

performance under natural circumstances also provides promise for a detailed and
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efficient mitigation response. Taking bats as an exarsplag typical behaviat
charateristics may guide a W\-@voidanceplan and appropriate road design.

1 When bats commute between their roosting and forging gugoftenfly
following linear features, such as hedgerows, waternays woodland edge
Also, vertical landscape featurasay provide a source of food, shelter from
wind, and cover fronavian predation. Therefore, plantings may be designed
to bea linearsothey can be used as visual orientation cues bring bats to
mitigation facilities or away from collisions

1 A gap as littleas10mmay deter a bat from its flight path.

1 Bat patterns of lovgpeed and altitudead toprefeence forunderpasss
rather tharoverpases. Qverpasses are perceived by batsasopen, lacking
guiding or shiering vegetation or structure.nderpassg particularly along
rivers attractfrequent bat activityThis highlights themportance of

underpasses asitigation measurefor bats(Abbott et al, 201p

3.1.1.6 Mitigation measures

Most mitigation measures have been developed for ungulatesrgaccé@nivores;
few are available for small mammals and biideployed in the right place and
established with thproper context, sonreasures can négeliminate WVCs.
Mitigation measures currently in use gengrédll into two categories: modificain of
motorist behavior omodification of animal behavior (Glis&t al, 2009).

())Modif i cati on of motoristds behavior

49



Public awareness programBrograms have been developed to increase public
awareness of WVCandprovideuseful information that enadd drivers to adjust their
driving habits and beafer on the road.

Warning signs fowildlife crossing: Over thelast decade, installment wildlife
signage permanently or seasonally, has been the dominant practice bypldmciing
agencies to mgate WVC (Knapp and Witte, 2003f collisions are concentrated at a
certain time ofyear,or at certain spotsyarning signagés feasible Warning signs are
relatively cheapd.g, $500.00 each) and easy to erect (Andreial., 2011).

Traffic calming Inthe 1970s, traffic calmingvas proposed to lessen WVC et
Netherlands (Langevelde and Jaarsma, 2009). Traffic calming usesrsgaethg
measures such as speed bumps and raiseeci®gslings, either temporarily or
permanently, to reduce vehicle sge@s well as volumes. Traffic calming is proven to
reduce WVC mortalitgiramatically forindividual animals. Howevegffect on total
population persistence hamet been documented (Langevelde and Jaarsma, 2009;
Langeveldest al, 2007). Determining tféic -calming locatiosis a key stemdopting
this measure. Langevelde and Jaarg087)suggestdthat the maximum time for
leaving the calmed area to continue on the nearestrmzagd is 3 minutes

Closure or removal of some roadstosingroad segmestin specific seas@can
be usedo avoid of wildlife crossingush hoursThis measure corresponds to WVC
peaks andis mostly used whetraffic calmingis not effective.

WVC occurrence for most specigsfers seasonally, anfdequency peaks ithe
periods ofhighest animal activity (Barthelmess and Brooks, 201®)réedng season or

mating season, a speci esdadwuaythatwagreziougle may
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out of their habitat border. For example, porcupiggl{izon dorsatumexperience a
high salt drive in springcausing them to move neaads taconsume residual road salt.
This behavior leads to a WVC pekspringfor porcupinegBarthelmess anBrooks,
2010). In this case, temporary closure of an involved road segment waalaskel
mitigation measureédtherfactors mayalsoincur WVC peaks. Permanent closure is
needed when bottlenecks apparently cannot be overcome by mitigation (Forman and
Alexander, 1998).

TechnologyWildlife reflectors or mirrorsandanimal detection systesian be
used to pr ol onimgeswhenvehidas sndountee caosstragimat.

Technology measures haadvantage in implementation, economy, and human
resources, andrewidely usedhowadaysalthough the déctiveness of such measures is
largely unknown (Glistaet al, 2009 Romin and Bissonett, 1996

(2) Modification of animabehavior

Animal behavior is not malleable. Howevéris possible taegulate their
movemento some extent through deditate design and management. Crossingtsires
aim to mitigate WVC impacts by providing safe passage for wildlife across roads (Soanes
et al, 2013) This methodot only serves to less&dVCs, but alsoeconnect$andscape
fragmented by roads, enhasgene flow and fasa movement, and furtheeduceshe
possibility of population subdivisioi€rossing structures are acknowledged as the most
effective mitigation measure to reduce WVC mortality. Ratigl.(2012) posited that if
crossing structures occur repeatedly, they can reduce the WVIGrrateentire road.
However, crossing structures cannot completéilminatethe barrier effect, especially

the target species that are vulnerable to road disturbance (Sbvahe2013).
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The firstpurposebuilt wildlife passagevereplacedin Europein the mid20"
century and a wide range of crossing facilities have sinen lietegrated in new road
planning and existing road upgrades, with clear evidence of userfayn species(g,
Clevenger and Waltho, 200boster and Humphrey, 1995; Jaegaal., 2006 Yaneset
al., 1995). Alhough these measurieaveproven to be more effectiythey are less
frequentlyused than thosthatwork on drivers (Grosmaet al, 2009).Examples of
crossing facilities include

OverpassAn overpass is a land bridgepe or wooden canopy bridge that
crosse®ver a road. When designeddamplemented strategically, averpass can be
strong in appearance and function (Taylor and Goldingay, 2009; Lister, 2012). Overpass
width can beup to 200m and these structuresegareferred by widganging large
species such ateer, moose, and beamtil 1998, there have beapproximately 6
overpasses North America and 17 in Europe (Forman and Alexander, 1998).
Overpassesnprove environmental awareness because they abéevesrd noteworthy to
motorists (Lister, 2012).

UnderpassTunnels, ecopipesnd underpassedl carry animals under roads
Tunnels are generally 3fin to100 cm wideandare designed for amphibians and small
mammals; ecopipes, witn averagdiameterof 40 cm, are for miegsize mammalsand
underpassesyhich aregenerally 8n to 30 m wide and at least 2r& high, are for large
mammalsTunnels and ecopipeseless costly to build andremore commonly used by
a widevarietyof species.

Exclusionaryfencing Fences and barrier wakksealwaysusedin conjunction

with passages. They helpkeep animals off the road, streé@ina movement toward
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the crossing structureand prevenanimalsfrom accessing roads. Fen@exsl barrier

walls have been prowmeeffective in reducing wildlife road mortality. For example, in the
Paynes Prairie State Preserve, Floridase measureeducel wildlife mortality in
collisionsby 93.5% (Glisteet al, 2009).

Inappropriate usénowever, may lead to a greater barrigeet on fauna
movement. In caseghereresources are on both sgde a road, fencings only
beneficialif accompanied bg crossing structure (Jaegetral, 2006).Fences create an
impermeable barrigo wildlife movementwhich may aggravate populahcand habitat
fragmentatiorandalso make recolonizaticafterlocal extinction impossible (Grosmat
al., 2009; Jaegest al, 2006).

Unfortunately, the most promising measures often are the least used. For example,
many U.S. states used warning signd public awareness programs to resist increasing
WVC, although the effectiveness of such measures was largely unknown to them.
Conversely, relatively few U.S. states use wildlife crossings, fences to reduce WVC, even
though these measures are proved mifeeteve (Romin and Bissonette, 1996; Gilster
al, 2009).Crossing structures are a promirsatation for the WVC probia, though
nonfunctioning crossing structures are prevalent (\Wail&d., 2008). Most studies have
documented increased animal movetsextross roads through observations of yese
very few studiehave quantified an increase in the viability and survival of wildlife
populations before and after implementation of crossing strucividsout such
comparisons, evaluation of the mitigatieffectiveness of a crossing is not possible.
Research methoder evaluationare far from formalied Most researcks primarily

documented through photographic records or the footprint detection rather than
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guantitative modelingvan derReeet al.,2009). An important concern in evaluation of a
facility is that considerable periods of time may be required before animals are
sufficiently familiar with the structures to use theBall and Goldingay, 20084untet

al., 1987). Clevenger and Waltif®005) ravesuggestd thatthis period is normally two

to four yearsConsequently, the placement of many crossing structures lacks a strong
experimental basis and, as such, conclusions regarding effectiveness of these structures
are limited (Soanes and van deeR2009;Taylor and Goldingay, 2009).

Even so, confidence in the field work carried isuncreasingLister(2012)has
evaluated mitigation structurasd concludethat they successfullg-habituate
landscapé¢hatwas fragmented bgroad network. Somstudes haveasserdthat even a
low rate of dispersal across a roadway using crossing structures is sufficient to reduce
WVCs to an acceptable level and further reduce the probability of extincteloasl
population (Lister, 2012; Taylor and Goldang 2009,van der Reet al.,2009). Lister
(2012)explainedhat with appropriate design, mitigation measures can reduce WVCs by
80% to 100%. In another exampleftar the implementation & mitigation facilitythe
median population size pygmy possum(Burramys parvuswasrestored to 85% of its
populationprior to road constructiofvan derReeet al, 2009)

The inclusion of wildlifecrossing structures in the design and construction of new
roads and roads upgrades is increasingly comwvemdeReeet al, 2009).They are
built and implemented in a variety of sizes and designs. Europe has hundreds of wildlife
crossing facilitied usually referred to as e@uct® while North America has relatively
few (Lister, 2012). In response to public concerng awaeasingly conspicuous WVC,

government agencies have begun to include a variety of mitigation measures in their
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transportation planning and designsome countriesThe Transportation Equity Act for
the 21st Century (TAR1) enacted in 1998sU.S. Public Law 105178 expanded
transportatiorenhancements (TE) funds use to support innovative financing alternatives
including projects to reduce vehiataused wildlife mortalityl SDT, 1998).To date,
however, WVG havenot always been included in safetyalyses by transportation

agencies (Huijseet al, 2009).

3.1.2 Reasons for a disciplinary combination

WVC is the most drastimanifestatiorof the conflict between development and
conservation. Beigi1993)presenédan example of such conflict: InstateHighway 15
is constructed ithe Palomar Range southernCalifornia This area is the onlgorridor
for the localcougar Eelis concolo). The roadoresens aformidable barrier to wildlife
movement, and remosgéhe possibilityfor adjacent areato supply immigrants to the
cougar population in the Samdaa Mountain Rangelhe highwaywhich has been
constructedicross dauna movement corridpnasbecomea WVC hotspot.

WVC is seen as an inevitable result of road extension. However, these uasti®rtun
accidentgotentiallycould be mitigatedThe gnorance of notmuman species plays a
significant role in increasing numbers of W¥Gafe and efficient human mobilitytise
goalof transportation planning (Forman, 1998% Lesbarreres and Fahrig (Z)tated,
adding even a relatively small amount of money to road construction budgets for WVC
mitigation measures remains low on the priority list for urban planners. This situation
typically arises from the assumption that we cannot have a meaningftl @ff road

planning.A new vision for future transportation planning should involve ecological
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consideratioeand emphasizéhati hu mans and wil dl i fe share
(Lister, 2012 p. 21). This ideology profoundly differs from the traditioraaie.

A single mitigation measure cannot accomplish mbholvever, no matter how
iconic it is (Lister, 2012). Insteadhitigation measuresiust be planned at landscape
scaleto work as a systenMitigation measures should be setppropriate locations
across a continenthis is whyurbanplanners need to be involved in this work.

An analytic boundary has been observed between social and ecological spheres.
The influence of human beings on wildlife, and vice versa, is recognized in the paradigms
of socid science. But the architectures of social and natural order are understood as
maintained by relations and rules that are distinct to each sphere @&win€002).
Ecologists have developed a mature knowledge boayndWVC, and have some
experiencevith building, monitoringand evaluating mitigation infrastructurdhese
studes, howeverfocus on ecological effestwhile generally ignang anthropogenic
causessuch as land use intensification and urbanization (Coffin, 2007). Traditipnally
urbanplanning is carried out to satisfy human neest®logical consequences are, at best,
a residual concerib.ack of professional ecological knowledgeatedifficulty when
plannersattemptto develop successful mitigation strategissessments completeal t
date suggest that nonfunctioning mitigation measures are prevalent. Failures (temporary
or permanent) appear to stem from inadequate consideration of placement, architectural
design, and behavior of target species (Weital, 2008).Better resaition of wildlife T
developmentonflicts requires that ecological knowledbeintegratedwvith urban

planning An interdisciplinary research approach is imperative for developing effective
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solutiors, becausecology or social science alone cannot provide compferxmation
about development influengen wildlife (Niemela, 1999).

Current knowledge and models provide theoretical and practical tools to improve
WVC-avoidanceplanning.This literature reviewhowever,highlights thenecessityof
developng a transdsciplinary knowledge body to bridge the existing gap. As Coffin
(2007)statal, although sustainablerbanplanning has developeseadilysincethe 1960s,
this work is only beginning to find its way into WVC mitigation (Fornsml, 2003).
Answersabouthow best to mitigate WV@&ave to come collectively from government
officials, landscap@lannersarchitects, transportation expemgplogists, and residents.

Clearly there is potential for a collaborative effort both in practice and research.

3.1.3 Poential contribution of this research

Theunique perspective of this stuthyto narrowingthe research gap hysing
specieSbehaviorapatterndo develop mitigation stratezs

WVCsresultfrom inappropriate and unmanaged interactibetween wildlife
ard traffic. To minimize impa& focus should beplit evenlybetweerthese two factors.
Introducing knowledgefowildlife behavior to plannermcreaseshe possibilityof

eliminaing WVCs in thefuture.

3.2 Conceptual Framework

This research is carriemit undeithe macro concepof sustainability. From the

perspective of urban planning, WVC mitigation emphasilagseasinghe negative
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Figure3.1: Conceptual Framework
Source: prepared by the author

impacts of roads; from the perspective of conservation, it aims to protect wildlife from
the disruption of road#\s aresult ofthe interdisciplinary attribussof WVC, two

conceptd urban sustainability and deep ecoldggre used as guiding ideologies to
address this isswendprovide amethodology to seek solutions. This section will address
the merits and demerits ofatiwo theoriesn a conceptual framework (Figure 3vthich

will help us to understanithe nature othe WVC problem ando find appropriate

solutions
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3.2.1 Urban sustainability

Sustainabilityis presented with a wide contexgenerallyit refers to adngterm
stable relationship between human and environmental systems (Alberti, 1996). A United
Nations Conference ithhe 1980sdescribedhe need for a development paradigm based
on this new term (Wheeler and Beatley, 200Vhen gplied inurbanplanning,
sustainability influences multiple dimensiosisch asand use, urban design,
transportation, environmental justice, architecture, building construction, environmental
planning, resource use, and urban ecology.

Planners face tough decisions about wheeg #tancon protectingthe ecological
environment, promoting economic growth, and advocdbtingocial justice.
Sustainability offes an alluring, holistic wayo evace these conflicts (Campbell, 1996).
Sustainability stimulates a new planning pattern ithizgrates environmental
consideratioainto planning proceduse The ecological dimension afcity is
emphasized by many scholars in the process of creating a sustainable environment. In the
late 19" and early20" centuries, urban reformers and humastivists articulatta
vision of community that extended beyond huméamshis view, dties were reshaped
into sites for the performance of charity and compassion for the w&iake thena
variety of theories ha been developed under the influené¢e¢his concept, such as smart
growth, new urbanism, ecologicalie low impact developmepand so on (Benson,
2013; Jabareen, 2008pwman and Jennings, 2008).

Sustainability is inadequatbowever for solving problems when nemuman
species are inveed. The concepif sustainabilityis built on an optimistic hypothesis

that economic development and environrakobnservatiorcan workin harmony, and
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relies ontechnology to extend the environmental resource base to accommodate future
growth (World Conmmission on Environment and Development, 1987, York, 2Q#)n
Byrneet al.(2002) impressively describe the intrinsic flaw of sustainability (p. 286):

The contemporary world political presumes that sustainability is a scientific,
technological, and ecomaic matter. Although, this presumption is typically
manifested in economic terms and thus continues to be most concretely presented
in discussions of tradeffs between environmental protection and material
progress, its deeper implication is the demisamf idea of the inviolability of

nature.

All environmental components are discussed in term of economics or resources.
As Lafferty (1998)stated, he concept of sustainabilifgils to touch the root dhe
environmental problem buattempts to theoretittg obscure the basic contradiction
between the finiteness of the earth, vatmatural selregulating system operating with
limits, and the expansionanature of industrial societyAccording tohow it was defined
in 1987,sustainable developmené¢edgso meet the neetthatrepresents the dominant
worldview of technocratiindustrial societiesAligned with traditional development
patterns, this conceptgards humans as isolated and fundamentally separate from the
rest of naturgas superior to the resft creation (Devall and Sessions, 1985).

Applied inurbanplanning, this ideologgffectsplanning research and practice
significantly, with devotion to human welfaré& developsecology as a sciendbat
provides rules for engineers, and provides anddaasis for action by those who would
manage the environment. This prenpsesentsa formidable obstacle to sahg
environmental problemgspecially when wildlife is involved/arious kinds of wdlife

have their own lifestyles and movement masl@eindcannot be treated simply as

60



resources. As Devall980)commened, sustainabilitydels reformwhile necessarys
not sufficient

Sustainabilit is light greenLight greerideologyproduce instrumental
environmental policiethatrespoml to clearlydefined threats to domestic public health.
By contrast, dark greddeologyexpreses an environmental etfconethat
encompassedut goes beyonalomestic health, safetsgnd amenity coneas (Vogel,
2001). Dark green advocates g8wmlngdownofciviizat i on t o preserve Ear
and biodiversityDirected by this ideologygur first ecologichpriority must be to
preservealll the species, sufpecies, varieties, communities, and ecosystems that we
possibly ca (Worster, 1995).

A new paradigm isequired to supply a new conceptual and philosophbiasé
anda new environmental ethic to address the negative impacts of development on
wildlife, including WVC. Thus, the concept of deep ecology is introducadidoesshe

deficiengesof urban sustaiability.

3.2.2 Conservative biology

Biological and ecological knowledge, whishintended to lead to
recommendations for actiois,widely employed in situations of economic or social
interest to mankind; th knowledge also engages and inspires decisiakers,
communities, and individual supporters to protect wildlife and wild places. This provides

the content ofppliedecology. This kind of ecologys a practical and intellectual

8Upon a capital approach, fitshterroen ga rseu sfitweeianka bsiulsittayi on.a bwe
states that Ahuman capital o can substitute fAnatur al C
capitalo cannot substitute finatural capitalo. However

environmental ethic. Thus both are realized as light green.
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approach, a discipline, rather than a coherent body of generalizedekigewDuring the
past 30 years, new frontiers have been explored in applied edolagg use and
development surveyconservation and management, the exploitation or control of
invasive plants and animals, and so on (Soule, 1986). In practice the idistbetiveen
pure and applied ecology is one of convenience and not of scientific merit or status
(BuntingandWynne Edwards, 1964).

Conservation is an important subdiscipline of applied ecologyE&nghis losing
its diversity of lifeata rate higher #natanytime in human history (Reid, 1995). The
extinction rate was approaching 1000 times the background extinction tiage2é
century (Environment Nes\Service, 1999), ancdontinues toncrea®. The International
Union for Conservation of NatufdlUCN) added more speciesits Red Listof
Threatened Speci@s July, 2012and reveaddthat about 31% of global species are
currently threatened with extinction, with @éingcritically endangeredl the final
classification prior to extinction. In addin, 9% ofthe globalspecies are listed as
endangered and 16% are vulnerable (Knight, 2012). The draosdiofwild
ecosysters whichhas beemoted by conservation scientists as the sixth mass extinction,
has contributed to povergndstarvation, ad will reset the course of evolution on this
planet(Center for Biological Diversity, 2016More than species loss, however,
conservation scientists note that the sixth mass extinction is a biodiversity crisis requiring
far more action than a priority fas on rare, endemior endangered species. Concerns
for biodiversity loss cover a broader conservation mandate that looks at various
ecological processes, such as dispersal, migration, demographics, effective population

size, inbreedinggtc (Molnaret d., 2004) Every species makesirreplaceable
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contribution to genetic, speciemnd ecosystem diversity within an area, biome, and
planet.

Since the mie2d" century, conscious efforts have taegiindividual species and
their natural habitats for consation (Rabinowitz, 1986). The emergence of the term
conservation biology hegalto crystallize the modern era of conservation (Coetka.,
2013). Soule(1986)characterized conservation biology aséuebased andcrisis
oriented discipline bywritg t hat #Aits relation to biology,
anal ogous to that of surgery tBologistsgai ol ogy a
help increase the efficacy of wildlife management; biologists can improve the survival
odds of speciesinjeopady ; bi ol ogi sts can hel.phismi tigate
science requires its practitioners to act before knowing all the facts and to tolerate
uncertainty(cited in Wiederholet al, p. 437.

Conservation biology ianinterdisciplinary subjectrdwing on natural and social
sciencesgroundedn theassumption that science can provide both the advice and the
motivation needed for people to start acting in a new way (Haila, 1889 .discipline
it reaches beyond biology into subjects such aegbphy, law, economics, anthropology,
arts and educatiorhowever, biology and ecology are of pamgimportance to the
practice and profession of conservation biology (Gretm., 2006).

Conservation science is a field that has inherently includedhwalues from its
inception and conservation decisions are often influenced by values of scientists, as well
as the general public alike (Wiederheital, 2015) As Takacsnod fAwe can find i
what we want, and can justify many courses of actionii t s Takacsn£966, . 99

Science is not a neutral withesscomservation biologyboth reasorandsensitivityare
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essential to accomplish the conservatimasion Conservatiorbiologistswork in a
scientifically ethical manndpo seekan equitéble solution for ecosystenasd society.
They advocate measurgmtwill deliver the greatest good for the greatest number of
people for the longest tim&ome conservation biologists who fall into the dark green
camp, such as Aldo Leopo{d949) haveenphasizd that nature has an intrinsic value

that is independent of anthropocentric utilitarianism.

3.3.3 WVC as an interdisciplinary subject

The presented conceptual framework shows that this research will explore
solutions for WVC through an interdiscipéry approach under a wildlfeiendly
ideology.Knowledge and ideology are essential for this reseArtimterdisciplinary
approachs appropriately applied in this reseatdcaus&VVC hasbeen neglected in the
traditional disciplinary structure ofansportation planning. WVC reflects a conflict
between humasand wildlife,andcan be understood only by combining the perspectives
of planning and ecolog

UnderstandingVVC involves combiningeveralacademic disciplines.
Development omitigation measresrequiresscientific knowledge from transportation
planning, architectural design, and conservation biology. Researchers from different
disciplines pool their knowledge and approaches and modify them so that they are better
suited to this problenSuchcombinationencouragesot onlythe cooperationof planners
and ecologists to wortoward acommon goal, but alsie introduction of methods and

insights from other disciplirsgo traditional fields of study.
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Mitigation measure develamentrequiresscientific knowledge from multiple
disciplines; implememttion ofthe measureequiresa dark green ideologyatis more
wildlife friendly than the current dominant one. The socially constructed view of nature
traps planners in a classic battle of man vensuigre (Campbell, 1996).

An ideology with sentimerfor wildlife ensures better consequensef WVC
mitigation strategpsby setting a lower threshold of implementation, increasing bsdget
and making stricter regulations. Mumfq®74)notel that the &tal weaknss of
religions is they create coherent transcendental world picture that did sufficient justice
to the existential and subjectively unadtele facts of human experien¢®wever, this
weaknesss overcorrectedy the organization of physicahd corporeal activities
(Mumford, 1974).

The concept of sustainability puts an end to this tendevegrdmindlessness by
advancing a development patténatdoes not compromise the ability of future
generations to meet their own neetise world is &cing an environmental crisis of
historic proportionshowever, andhat crisiscalls for sensibilitythatwould reconnect
people to the physical world (Gore, 2007). Deep ecology, as a dark green ideology,
encouragebumanity toencompasall life forms onEarth.Neither an entrenched
prejudice nor an extreme sentimentaliigwever, contributes tan ideal conservation

outcome. Seekinglaalance between them is necessary.
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Chapter 4

PARADIGM SHIFT

This chapter addresses the reafonand necessitgf spuring a paadigm
shift in mitigating WVCs. A paradigm modéor sciencevas first presented by
Thomas Kuhr(1962)in his workThe Structure of Scientific Revolutiohstroducing
a new paradigm to a scientific community opap new understandinglat
scientistshadnever before considered valid (Kuhn, 2R6As discussed earlier, the
unsatishctorystate of WVC mitigations largely due to an anthropocentric ideology
thattraditionallyhasdominatel planning.This researcladdresssthe problem with
the current padigm, and then advocata new paradignthatsupplesstronger

motivation and defiremore efficient solutions for WVC mitigation.

Scientific progress changes relationsthptween humaand other life forms.
In huntergatherer societies, hunmsmobtain teir food directly from nature by hunting
wild animals and collecting wild plants. The ability of hurgetheer societies to
coexist with wildlife is attributable to their attitusland belie$ toward naturewhich
areoften ermedanimism. Agrarian soeties tend to have greater negative impacts on
wildlife because their mode of procuring food involves manipulation of natural

ecosystemsSince thenhuman society has been distancing itself from the natural
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world. As techniques for planting and harvestimgcome more advanced, nearly all
food comes from humamanipulated agricultural ecosystemsile natural
ecosysteraprovide only a small proportion of food. Denser human settlements may
overexploit wildlife in thar surroundingsAgrarian societiedowever, are generally
confined to certain habitat types amdintainlarge undisturbed areas that provide
habitat for wildlife (Orland, 2015).

The overwhelming influence of sciencesimbodied byhe Industrial
Revolution.Three hundred years of industriation havedramaticallychanged
social and ecological relations (Byraeal, 2002).Science offezd humars an
unprecedentedlguick way to achieveaneconomic boom, as wellssignificantly
improvethe humarability to dominate nature. Overwhelming teology
significantlychange human society, anihe humarworldview has becomebsessed
with economics and endless grow8ucial sciencés distinguished from natural
science as if they were two separate realms of reality. Science is an agent that actively
strives for domination over nature and a tool to breakdisat by nature (Haila,
2000). Industrialization brings a series of natural and social problems, but science is
seen as panacea for them. As Buckminster Fuller ckdimechnology has given us
the power of Goddfted inSessios, 2014 p.110),it also gives humasthe ability to
disrupt originalecologc al patterns and amikadbeaaipstms. A FoO
of nature, nowha'as t he expl oi t er ,pol204.Daringitmae 06 ( Whi t e
period, technique andrationalitywerebrought into every area of human life,

including the social sciense

67



Humars exertpower over nature, including over other life forrike attitude
of humars toward other lifforms,however, is determined not only Hyet
development of science, but alsothg human value system. Domination and
exploitationhave beemeferred toas anthropological constarity philosophers and
sociologistssuch as William Leiss, Max HorkheinendEdmundHusserl (Leiss,
1974).This corstancy is the driving force the development of science and
technology. Leiss recognidéhat themodern era in Europe brought about a critical
shift in the relationship between hunsamd nature (Haila, 200030meauthorsfeel
thatpositions of humadomination of nature and subordirwat to nature have thrived
simultaneously througiut most of human history (Passmore, 1980).

It is difficult to determine which attitudeasbeenconstant in human history,
and if this alencompassing attitude had evbeanged; if it had ever changed, it is
also difficult to determine at which point it changed, ametherit changed
completely, or has changed only in details (Haila, 20860¢e the 1960s when
ecological crisisentered the vocabulary of Western environtaksm, there has been
a widely accepted conclusion that the progressive, secular, materialist philosophy on
which our modern life rests is destructive to the whole fabric of life on the planet, and
that humannature dualism is harmful and should be d@ragled (Haila, 2000;
Worster, 1995). This change amethical values systemwhich is necessary to

explore an efficient WVC mitigation strategy called a paradigm shift in science.
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4.1 ScientificParadigm Shift

4.1.1Subijectivity in science
Mumford (1974) has described the migdf humarsasia my st ery as

profound as the forces that bind together the components of the atom and account for

the character and behavior of the el ements

orients scientific activities ian apprpriatedirection to help to attain its essence:
humanity (Habermas, 197 Human minds woveninto the fabricof science ands a
crucial partof the structur®f scienceA human mind cannot be probed by any
instrument but it finds expression in the v@akystenof humanity The
manifestations of the value system are embodied in religion and art, in ritual and
social custom, and also in science.

Thehumanvalue system, which shouftovideenlightenment, was replaced
by instruction in control over natuead objectified processasthe beginning othe
IndustrialRevolution (Habermas, 1971). Technology overthrows everything that
prevents the internal logic of its development r educes t he human
inserted i nt(p. 13b)Thid nmathinaiabitizes ite avo equilibrium
and programsutonomouslyHabermas, 191). The laws of selfeproduction
demandhata society looks after its survival on the escalating scale of continually
expanded technical control over nature.

We are unavaiably influenced by technologgsMcLuhanremarkedfiwe
shape our tools and afterwamls toolsshape ug(cited in Lapham1995. p. 343

However,it is humarto determine the way to use technology, when to use it, and
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whether to use it; humamlso inervene in technological developmems Sarah
Miller (1997)statel, there is a loss of human involvementheshaping of
technology and societyhis shapindails to take into account thite human mind is
not fixed and human society is dynamic (Greg®02;Miller, 1997).Therefore, even
significantly affected by technology,is human subjectivity and concisenesther
than technologyhatdetermines the development of culture and science.
Scientific activitiesfall into two categorieghe firstinvestigate facts or
develogs tools; the second evaluatide resultdy some moral or culturatandards.
Both categories are unavoidably affected by human subjectivéferencesand
choices The ideological biaef individuals or groupsmay bendruthsto make them
supportan idea or an intereddeologicalbiasis moreprevalenin social sciencg
whichlack a prevailingparadigm This charactéstic of social scienceblurs the
demarcatiorbetweertruth andfalsénood Schumpete(1949)describd the scietific
systemasa combination of facts and value judgmeHKisowledgenot onlycontains
observed facts and propositions, but also interpretations from our predecessors as well
asin ideas that float around us in the puldansciousnes$ocial scienceis full of

human ideologicabias(Schumpeter, 1949)

4.1.2 A paradigm pattern
The development of a science ahdknowledge that it produces is not
divorced fromasocial context (Foster, 200&ach isdeeply affected by the

dominant value system a specific historial period.ldeas ardnidden in research,
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but it influences the practice of research and must be identified (Creswell, 2003).
Thomas Kihn (1962)adopedthe conceptof aparadigmto explain the subjective
impulsesand motivatios hidden in research.

Paradi gm ex pl a ithatsvarrpnés @ Iremnforses theenevei n g
from motivation to actionA paradigm determines and produces various concepts,
laws, theoriesand views in natural and social sciendevery stage of the
developmenof ascientific paradigm is modified by dreams, wishes, impulaes,
religious motives that spring directly, not from the practical needs of productivity, but
from mands uncons cipoeuating pavadignf sets up a unffi€dl 7 4 ) .
standard for tb whole scientific community, which makes its members work on the
same problemgadithin those areas to which the paradigm directs the attention of the
group, science leads i detail of information and to a precision of the observation

theorymatchthatcould be achieved in no other vie)Kuhn, 1952, p. 498.

4.1.3 Paradigm shift

The development of a paradigm is an evolution from weak to strongo and
being weak againwhich is analogous ta life cycle Before the paradigm pattern is
formed, the sciengerovince is inastate of disorder and diversitsalledby Kuhn
(1962) thepre-paradigm state. During this perianumber ofparadigm candidates
coexistandcompee with one ather.When one of thgaradigmcandidates
occupieghe dominant position anunifies the scientific worldhe paradignphases

coming(Kuhn, 19@).
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A full cycle of paradignshift consists ofour phases

1. Paradigm phase At this stageone paradignwins the competitionbecause
it is more successfu@t solving puzzles. In thdeginning of this period, the paradigm
may be accepted by onbyminority in a scientific community, ui laterit will be
exteneéédand developd Meanwhile scientists become less tolerafiother theories.
The new paradignpresents guidancer the comnanity to do furtheresearchand
sets up a new world view for its members. No challenge to the princspdiswed
until ananomalyemerges.

2. Crisis stage When an anomaly isacknowledgedby the majority of a
scientific community the paradigm will exgrience a series of attackem members
who were its advocate€arly attacksmay put the focus onparadigm rules; but
following attackswill involve some minor or nibso minoralternatearticulationsof
the paradigmThrough this proliferation of diverge articulations the rules of the
paradigmwill be broken, and finally the paradigm will be abandoned by the group
(Kuhn, 1962).

Normal science is a puzzsolvingprocessWhenananomaly emerges, the
scientific community expects a modification of theséixg paradigm. Wen the
anomaly is significant enoughagcrisiswill emerge andhitiate a paradigm shifiAs
Kuhn (1962)presentd, if an anomalhas the potential to develago acrisis, it
mustbe more than just an anomaNormally there is a longeriodbetweerthe

disappearance of thédogparadigm and thestablishmenbf a new paradigm. In this
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senseacrisisnot only acts amotivation towreckthe old paradigmbut also
providesessentiatiata for a paradigm shift.

3. Revolutionary stage A crisis serves as prerequisitgo arevolution. In
the revolution stage number of paradigmandidategmergeThe state of the
scientific community at this stagessnilarto that inthe preparadigm periodWhen
one of the candidaswins the competibn, the revolution stageomes to its encA
new paradignmay emergdefore a crisis hasilly developedindividuals who are
young or new t@ communitytend to challenge the world view and rules determined
by the old paradigm.

4. New-paradigm stageWhenthe old idea has gone far enough, a new
constellation of ideas, a new whole culture, and a different cast of characters will
occupy the center of the stage and present a new drama (Mumford, 1974). Eventually
a new paradigm is formet@he new paradigm isaban articulation or extension of
the old onelt totally changsthe way people think about or interact with things. It
reconstructshe scientificcommunity and changele basic ideologyf thefield.

When the new paradigm is set tipe view, methodsand goal®f the profession will

be significantly changed
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Figure4.1: Duck-rabbit optical illusion used by Khun to demonstrate the way in
which a paradigm shift could see the same information in an grdifedrent way
Picture source: https://upload.wikimedia.org/wikipedia/commons/4/45/Duck
Rabbit_illusion.jpg

Thomas Kuhr(1962)presentdtwo necessary conditions to spur a paradigm
shift. First, an achievemeist reachedhatsuccessfully attracts an enduring group of
adherents; seconthe new paradigns sufficiently operended to leave all sorts of
problems foraredefined group of practitioners to resolve (Kuhn,2)98 the early

stage othe development ad paradigmthe emergencef alternativess easywhen

the prevailing paradm is fully developegts toleranceoward thealternatives
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becomes lowemhen a paradigm becosmeveak a crisis emergeand one of the

alternatives may become stronger &ndlly substitutefor the old paradigm.

4.1.4 Paradigm shift in sociology

A paradigm shift insocial scienceés not as drastic as matural sciencen
most cases the paradigm exists asraulativeeffect According to the Kihnian
paradigm shift theory, a theory becomes a prevailing paradigm only if it could
substitutefor all othe alternatives. Once a prevailing paradigm is set up, the
preceding antitheses are abandoned, and all other antitheses are ignored or neglected
(Bronfenbrenner, 1971). Howevé§,u hn 6 s par adi gm model i's sug
modified when it is adapted in socgdience. Irthe history of social scienci,is
dialecticsrather thara substitutiorthat acts athemain method of developmerithis
means that the emergence of new theories does not l#esbtzandoment ofold
ones Dialectics hints that there exisnore than onerevailingtheoiesat the same
time in a scientific are&ubstitution in social science only occurs in some extreme
situations. The new theory often emerges as a compound, or a mixture of the old ones.
A dialectic state is a more commorsigen method of paradigm shift than an obvious
shift from old to newThe relationship among tlo®-existingtheories is
sophisticated they may contest, contrary or compleménthis research, the
relationship between the two paradigimsnthropocentrismrad ecocentrisi@ is

complementary to each other.
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A social science paradigm is an expression of the dominant value siisgeem.
impossiblefor social sciehststo set up ainified standard to judge right or wrong.
People have to make choices among diffeparadigms based on faith.

The emergence of a new ideology is relatively easier in a social sthemce
in natural scienceHowever, to make itself visible and acceptable to the majority of a
community, a value system needs to undergo a long periodujation and
experimental testing. When it gains support from the majority of a community, it will
be a part of a stable tradition and be put in a system of education. Throughalontinu
institutional extension, this value matsenough to make significasbcial changes.

Social science deals with much more complicated objextinamdoesnatural
science. The aim is not only to alter the way we look at the worl@gl&ato alter the
world. Social scientists not only work on puzaAelving but alsavork to persuade
ruling authoritesto enforce their thegs. In applied science, a paradigm not only
affecs the scientific community, but also the publid is realized through a process
of incorporation: at first the gap between the original apparitiongnéutions and
public life is bridged. Then ideas are spread from an internal, private environment to a
public world. Finally ideas are materialized through transformation of the physical

environmenby practical means and symbolic expressions (Mumfb®d4).

4.2 TheProblem with the Current Paradigm in Urban Planning
Social sciencealeals witha dynamic social structurand diverse value systems

and, thusit lacks aprevailingparadigmin its differentbranches. Aheory may be
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acceptedn onedomainbut denied in otherdn addition,the participantsn social
science are not only scientists lalgoall citizens with their different backgrouns
so it is impossible to set up a conserthasconsolidates thiyaltiesand
commitments of all participdas (Wolin, 1968).

The goal or urban planning is to alter the future, an inherently‘ased
decision procesi this means it is informed by social paradigmiis paradigm
determines how the resources will be allocated during theagbaving proces
Therearethreeexistingdimensions of the plannirgpal: social, economjand
environmental. The topic of this research belonghk thethird one.

The previouschapter reviewed a number of planning thegmdsch aimed to
preserethe urban ecologal environmenthowever, most of these green theories are
too light to generate efficient planning policies in practice. They are still affected by
anthropocentrism, which entails a hurhemture dualism. Anthropocentrism is
shared by many branches in sbscience. This ideology has been a dominant
paradigm in modern western thought since Descartes. It jushibésiman
domination of natureAlthoughthis ideology is too comprehensive to generate
tactical concepts, theoriesr principles, it deeply &cts thought patterns and
decisionmaking processs As a result othe domirmtion of this ideologyplanners
are often in conflict with environmentalists and ecologists over urban ecological
conservation issues.

This paradigm does not create a supporivgronment for WVC mitigation.

Planning agencies are focusmubuilding bigger, better, safand more efficient
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roads to cater for growing demand for vehicle movement. Although planning
agencies are being challenged to respond to community and gowexpectations
to protect the environment, environmental issues are not on their priority list. When
devel oping WVC mitigation plans, the quest
reasonabl e a mitigation measueagobdor a part
value?6 6Can it be construwtsed fwitthlkeo utoadd®md
(Roberts and Sjolund, 2015).
4.2.1 Anthropocentrism is the root of @tywvildlife conflict
Environmental problems, similar to other tgé social problems, riset
public attention through a process of clammaking in which particular social actors
promote viewshatare contested by other social actors (Haila, 1999). There is an
anthropocentd ideology rooted in the fundamental struggle between human
civilization and the threatening wildernekatexpressgitself in various ways.
Cities havea long tradition to be planned as locas@rhere production,
consumption, distribution, and innovation take placeity is in competition with
others for markets andduastries (Campbell, 1996 city is planned to meet human
needs, while hardly consideg the welfare of other life form&Vildlife suffers
habitat loss, pollutionnvasivespeciesand numerous other disturbancasdthe
structure of native vegetatiamalsofrequently altered. For example, trees within 50
m of a house are thinned to create a defensible space against wildfire (Thet@tbald
1997). In addition, ecological impacts of cities extend far beyond the urban fringe to

surrounding riversghe oceanandtheatmosphere (Platt, 1994). Roads as an urban
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infrastructure extend far frothe urban fringes and go deep into the wild. They
disturb the larger ecosystem upon which all species ddpetidturbing the
spontaneous harmoniesnature

Urbandevelopment is open to humanldlife conflicts. Various
environmental conservation efforts are made to solve these conflicts. Economic
standards are widely used as an indicator to transform environmental problems into
policy. The most common method igtbostbenefit analysis. Economic indicator
allows crosssectoral decisions, and it act as an indicator to prove whether
environmental policy fits the needs of public preference (Brauer, 2003). Economic
analysis has had its successes and made its comnipiibffers a way for us to reach
a given environmental goal most efficiently and cheaply (Ackerman and Heinzerling,
2002). However, this evaluation method is realized quite problematic in principle for
three reasons. First, nature is not for boughtsamhd. Most cosbenefit analysis
places use values (direct values) and-nsa values (indirect values) on natural assets.
Use values refer to consuming value, as well as ecological servicessamalue
refer to the existence of a value even thougividdals do not intend to sue the
resource but feel a 0lossé6 if it would dis
Bergh, 2001). In this analysis framework, the 1use value, which refers to the
intrinsic value of life is interpreted incompletely. Thematized cost and benefit
excludes questions of fairness and morality. Second, some environmental damage,
such like wildlife and biodiversity loss, is irreversible. Understanding the

irreversibility reveals limitations in the economic valuation proceso(Sahet al.,
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2009). Third, as a market valuation mechanism, this approach focuses on increasing
efficiencyd on getting the most desirable results from the least resources.
Nevertheless, the objective of environmental policies should be effectiveness rather
than efficiency. Consequently, the standard economic approach to valuation suffers
from some fundamental flaws so that it is inaccurate and implausible. Without a
doubt, a fully economic valuation will subject to much scientific debate due to that
these nao-market resources cannot be analyzed in an economic framework. This
decisionmaking process must make some room for-goantitative considerations

(Ackerman and Heinzerling, 2002).

4.2.2 Shallowness of the dominant urban ecological theories
Beyond ths mainstream ideology, there are some voices calling for wildlife
conservation during the process of urban development. As early as 1865, George
Perkins Marsh addressed the human impact on @aiarsoderntermsc i t i e s 6
ecological footprint in his treatseMan and Nature, or Physical Geography as
Modified by Human Actio(tited inPlatt 1994). Marsh made a pioneering attempt to
awaken the publito the danger of imprudéwmperations antb present suggestions to
restore the spontaneous harmony of naiMarsh, 1865p. Prefaceill).
Inspired by the utopian noveboking BackwardBellamy, 2008 andby
Henry George'§1886)work Progress and Povertfebenezer Howard presented his
GardenCitymodda ficombi nati on éoof ttoo wne tagitdn ctohuen tfrfy
of Naturd f r esh air, sunlight, breathing room at

(Howard, 2008p. 113. In his model, to a large extemrban green spaces are
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planned to create a rural atmosphere rather than to preserve decreasing ecological
spaceHowar d6s opinion appGyBeautful Mooempnt oponent s
which flourished concurrently. Urban green spaesrealizedasnecessary in every

city by these likeminded professionalsiot onlyto balance the paved areas of streets

and sidewds, butalso as a channel to resist squalor, density, ugliaesis,

oppressionand everto help to create urban virtue. The landscape architect and

reformer Frederickaw Olmstead and his associates invented the-kveilvn park

and boulevard system to eodty the philosophy that the beauty of urban open spaces
creatspeace and healforci t y dwel |l ers (Harrisburgdbés Ol d
1994). Directed by purely aesthetic neoclassicism, urban green spaces are designed to
supply visual pleasure withterminable lush greenery and rows of mature trees

spaced at equal distances frome awother (Van Nus, 1975). The narrow view of
beautyasorderliness overemphasizes urban embellishment whileirgptbre

biodiversity potential ohnurban area. Only witthe growth ofenvironmental

movements did urban ecologginattention. Pioneered by Richard Forman,

ecological terms and theories were introduced to the field of landscape ecology to

describe the ecological value of urban lands. Some planneeistaidcus on

sustaining natural regenerative processethdi970s the importance of urban

biodiversity gained wide public awareneasdecological knowledge started to be

imported into the planning area and applied to landscapes in and around metropolitan

areas (Beatley, 2009). The planning departmeamneto the defensef nature through
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the work of park planners, eaity proponents, greebelt planners, and modern
environmental planners (Campbell, 1996).

Sincethe 1980s sustainabilityhas been introduced urbanplanning.A plan,
policy, or strategyis evaluatecggainsthecriterion of acting toward future
generations. Urban sustainabilitgsbecome a common goal of all the different
branche®f social and natural scienceéss a longrange goal it is avorthy one, for
planners do need a vision of a more sustainable urban society. Grittics @ncept
point outthat it sets a goal far into the future, and emementlyconflicting interests
will seem to converge along parallel lineger a long timpandthat sustainabilitys
too malleablé it mears many things to many people without requireng
commitment to any specific policieSustainabilitypecomes a parameter of the
debate, almost certain to be integrated into any future scenario of development
(Campbell, 1996). Until nowplannershave not hadoncrete strategies to achieve
sustainable development.

This environmental consideration is still hurm@enteredAnthropocentrism,
which views humans as separfitem and superior to the rest of natuisethe root of
theenvironmental problem because it leads to the growth dependeneeard
important, it separashuman society from natural systems. Cities are a main method
for realizng this rift (Marx, 1906;York, 2003). Nature, in this paradigm,asly a
storehouse of resourgeghich should be developed to satiffig everincreasing

numbers of humans arldeir everincreasing demands (Devall, 1980). This ideology
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is disastrous not only for most ntmman life forms but also potentially for the
human race itself.

Environmental problemattended tdoy sustainabilityproponentbecause they
destroy ecosystem integrity, reduce biodiversity, occupy haartdpump CQ into
the atmospheravhich will in due courseompromiséhumanexistenceThe
obsesion with human benefitalls intoquestion whether these theories can develop
a useful model to guide wildlife presatonplanning practice Unlike indigenous,
sustainable communitiete modern peoplehoose an environmeaily friendly
practice volutarily, becauséhere is no immediate survival or market imperative to
do so (Campbell, 1996). Thus, a spiritual transformation is the prerequisite for an
environmental transformation. As Wors{@B77)stated (p. 338)

All science, though marily conce n e d wi t lecomdsénplatedsat, 0
some point with the "@yht." The continuing environmental crisis makes it
obvious that man's moral visions and utopias are little more than empty
enterprise when they depart too far from nature's ways. This isndjer
lesson we have learned from studying the effects of men's hands on
environment. An ecological ethic of interdependence, man in nature may be

the outcome of a dialectical relation between scientist and ethicist.

4.3 Implications of Deep Ecologys aComplementary Paradigm in

Urban Planning

4.3.1 Deep ecology
According to terminologyhatis currently populain American universities, a

distinction must be made between shallow or environmentalist ecobgyh is
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based on the old anthropocentrism, dedp or biocentriecology To deal with
humari wildlife conflicts effectively in urban areas, we must take a step in the
direction of deep ecologwhich attributes moral significance to certain nonhuman
beings. In the framework of deep ecology, anthreptiecsm is thus discredited,
becausanimalsaffordedthe sameonsideratioras men, within the sphere of moral
consideration.

The concept of deep ecology was coinedi®Norwegian philosopher Arne
Naess in 1973. He statéhat man irthe environmenis one of the knots in the
biospherical netwhich iswovenby all organisms. Once the net does not exist, all the
knots are no longer the same thaiilyaess, 1973). Economics is treated as a small
subbranch of ecology and will assume a rightfully minoerwmi this new pattern.
The fAFou @ lgpablsiyer by Gary Snyder in the 1978sone of the
most prominent statementsagepecology (Devall, 1980). This ideology advocates
biocentric equalitywhich sharply contrasts with anthropocentrism a®ed view
dominating technocratimdustrial societies.

Charles Taylof1985)views humaea s  fingepreting animals citéd in
Haila, 1999. p. 167)Vhatever human beings do is influenced by their view of
themselves (Haila, 1999). American enviromtadist Aldo Leopold1949)expressed
this intuition when he said humans are plain citizens of the biotic commurity in

Sand County Almanad his selfinterpretation gives us a reason to respect all human

° The Four Changes essay addesthree prominent American shortcomings: population, pollution,

and consumption Snyder presents solutions bamilemiaon a
long urbanizing civilization tradition into a new ecologicaignsitive, harmongriented, wildminded
scientific/spiritual cultureo.
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and nonhuman individuals in their own rigiistead of setting up hierarchies of
species with humans at the top (Devall and Sessions, 1985). Tom (R88&h
author of a famousssayentitledThe Case for Animal Rightdefen@&dthe notion
thatananimal is the subject of its own lif&n animalpossesss the right to livethat
is to say, concretely, the right not to be deprived by others of the pleasure of its own
future (Ferry, 1995).

Deep ecology emphasizes the powerful spiritual link between humans and
nature, reminihg us of the interdependency sppeciesandshowing us how different
life forms interact witrone awther and their environmesinh a complex web of
connections. This perspective stresses the connsetmongspecies, including
humansand tothe environmental conditions that suppdktige on earth (Campbell,
1996; Ernst, 2009). Yrjo Haila, a more extreme deep ecology advocatoedrisest
there is no difference between ecological and social processes. Both are regular part
of the energyconversion process enecosystem (Hailal,999; Haila, 1998a, b).
Haila explairdthis point in this wayHaila, 1999, p. 170)

éwe cannot objectify everything. But t hen
rest of the world becomes blurred. It is the act of objectification that creates
the boundaryDualism between us and the world, culture and nature, seems

necessary in ordeghat we be abletodoorthitkknyt hi ng at al | é

As a philosophy brimming with feminine emotion, deep ecology rethinks the
idea of nature and se#s appreciation as a histoalty evolved sensibility (Campbell,
1996). Unlike light green ideologies, deep ecology is based less on a responsibility

based approadind more ora rightsbased approach. It argues for an ecocentric
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world view that puts the Earth first (Ernst, 2009; 8®#ss 1992). This ideologwi

realized as @aradigm shift rather than reformist environmentalism because it attacks
the premise of the anthropocentrism paradigm and attempts to present alternatives of
thinking (Kuhn, 1962; Devall, 1980).

Althoughwe turnto natural science to understand the context, dynamics, and
effects of humaiwildlife conflicts, we must turn to social norms to decide what
balance is fair and just (Catogdl, 1996). Thereés some controvegsaroundwhether
deep ecology is operationaloi@e critics ® deep ecology insist this concept is too
spiritual and religious to bimerules ofthegame. Deep ecologists have limited
themselves to critiques of the dominant social paradigm and to suggesting alternative
visions of marn-nature withouspecifying how these visions may be realized
(Devall, 1980). On the other hand, supporters of this ideology including William
Ophuls, E.F.Schumacher, George Sessions, Theodore Roszak, Paul Shephard, Gary
Snyder, and Arne Naess, have in one way or anodpeesedthe hope that deep
ecology can be a revolutionary metaphysics, epistemology, cosmalod)y
environmental ethics (Devall, 2005).

It must be recognizeithat deep ecology, which calls for a radical
egalitarianism political implementatipwould reqiire agreementhatwould be
difficult to reach it is difficult to break down into concrete, shaerm steps in
practice. However, any concept fully endorsed by all parties must surely be bypassing
the heart of the conflict (Campbell, 1996). Unlike ithea of sustainability, which

lends itself nicely to meeting adinecommon ground of competing values systems,
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deep ecology will be particularly effective if it acts as a lightning rod to focus
conflicting economic, socighnd environmental interests. Timore it stirs up

conflicts and sharpens the debate, the more effective it will be (Campbell, 1996). In
thepoint of viewof this researchethis theoryis operational and it must move well
beyond environmental education and moral suasather,it shoud make use of all

the political tools at their dispos&leep ecologyrings a sense of urgency and

outrage to the policy realm (Ernst, 2009). Deep ecology, if redefined and incorporated
into a broader understanding of political conflicts, can becomevarpd and useful

organizing principle for planning.

4.32 How deep ecology will affeairbanplanning

Planners deal with multiple objectives, whetedemonstrated ifigure 3.
Planners stand at every moment at the center of the polygon. In an ideil worl
planners could achieve a balance among the different objectives. In practice, however,
professional and fiscal constraints drastically limit the leeway of most planners.
Planners confront deegeated conflicts among economic, sq@ald environmental
interests that cannot be wished away through admittedly appealing images of a
community in harmony with nature (Campbell, 1996). In most casesatere
common interests and planners will invariably create a development scheme that

harnms someinterests.
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Figure4.2: The Conflicting Goals of Urban Planning. This figure shows the muitiple
dimensional conflicts in contemporary environmental disptde planners. Deep
ecology aims to increasing the weight on the environmental dimension in such col

Taken from:Campbell, 1996, p. 298

The social dimension of environmental conflictéosnd inthe development
conflict (Campbell, 1996). In a healthy environment, all competing actors
complemenbne amther, while each fulfills its niche in the overall system. When
each group playsstrole, the policy process moves forwartrementally, but at a
steady pace (Ernst, 200®eep ecological doctrines prioritize equality for all species
which means human and other spedeserve equal rights and opportunities.

Introducing deep ecologwpto urban planning does not aim to realizing extreme
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species egalitarianisrmstead, itsets an objectivior development: during the
process of the social construction of nature, planaersequired téry their best to
avoid the materialistic pitfabf arrogantly denying any aspects of nature beyond the
labor theory of value (Campbell, 1996)eep ecology gives a reasorplanners to
give serious consideration to the utilitarian pringjiplecording to which one must not
onl y | ook o tinteressobutalso anoréd genetalgosmeshould try to both
diminish the total suffering in the world as much as possible and increase the quantity
of well-being (Ferry, 1995).

Anthropocentrism is shown to be problematic because it values human,
usually,economic factors above environmental ofiéss problem isatthe core of
the deep ecology critiqu&nder the anthropocentric paradigm, people pay attention
to environmental problems by seeing themselves as victims whose health was
endangeredlhe ®lflessessderived from deep ecology advocates for fairness
between humasand wildlife. This expansion of equity to include other species
creates the possibility for contradictions. However, as Cam(@896)statel, the
choice between an anthropocentri@arecocentric world view is a false one. We are
all unavoidably anthropocentric; the question is which values and priorities we will
apply to the natural and the social world around us. Singed(inFerry, 1995)
rightfully insisedt h at At hotequalityioinalt lifedeings is not a description
of an alleged actual equality among humans, it is a prescription of how we should
treat ot(Reery, 1985¢.138. hisoducing deep ecology to urban planning

does not aim to reakza radical egltarianism, buto move the discipline toward
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wildlife -friendly practica in an evolutionary progression. This ideology helps
planners place more weight on ecological benefits when using the traditiorial cost
benefit model to make a decision. Almost evglanner holds dual world views.
Their different position®n conceptions of nature, uses of nature, and how they
incorporate nature into their value systems determine where they will stand in the
frequent clashes between hurmand natureThe ntroductionof deep ecology urges
plannergo slide nearer to the ecological pole along the ecori@nmogical

spectrum. The dialectic paradigm avoids a dichotomous, Jalagdkvhite view of

urban planning.

Peopl e 0 ssofthatdrearashapad byrtheir sociabtion. We are all
unavoidably anthropocentric; the question is which values and priorities we will
apply to the natural and the social world around us (Campbell, 1996). Deep ecology
offers individual planners one more option. They do not have to standeotitse
conflict orbea neutral mediator; instead, they can identify their specific loyalties and
roles in these conflict3 hey can jump into the fray and promote their own visions of
ecological conservation.

Applied in urban planning, deep ecology ersuthat nature is treated as a
formidable preexisting conditiothatcannot be easily altered. As Caft875)statel,
there is wisdom inhe stability of natural process Respect for the
to reproduce the lifsupport systems of thgarth should be internalized into the
planning process (Haila, 1999.city always poses a threat to nature. The process of

urban planning@imsto minimize this threaand urban design shoulebrk with not
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against nature (Capra, 1913evall, 2005). Urbanmace should not be plannedaas
economic space of highways, market areas, and commuter zonas armatological
space of greenways, river basins, and ecological niches (Campbell, 1996). For
example, théow-impact designmmodel, whichis affected by dee ecology, suggests

that support systesr{food production, fresiwater, and wastewater treatment) are
designed to work with the patterns and processes of natural systems, with a focus on
an integrated approach (Newman and Jennings, 2008). There asthaldbeories

like ecocity, green infrastructur@r megacity thaall aresupported by this ideology.

Deep ecology may change significantly the way planners deal with problems
involving native wildlife and plants. Newman and Jenni(®308)insisedthatonly
deep ecology is involved in the decisioraking processwith consideration of all
living organismdike humars, animas, plantsor microbes, and nonliving components
including material®r energy flows interactingsin any other ecosystem, the
soluions can be identified (Newman and Jennings, 2008; \éical, 2007). Today,
this ideology has not been realiz&sprinciples or strategies. However, to some
extent it liberates ecological consciousness and makes a principle change, even
though sometimecompromise is inevitable.

Under deep ecology, life is considem@simore than an economic termaor
statistic. Any existing life form stands as a unique component of the world and makes
an essential contribion to the diversity of naturéther creature should nobe
treaedassubordinatesf humars, buthumansshould take responsibility for their

well-being. Even though in most cases priority is given to economic growth, a tree
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should not beut down,or a raccoon excluded from its original homathout
deliberate consideration. The object of planning is not to maximize human benefits at
any price, but to seek a balance between human and other life. When dealing with
humari wildlife conflicts, planners shouldttend tahe interactios betweernumans
and wildlife and understanthe myriad processes that support life. A renewed view o
the relationship between hunsaand wildlife isatthe center of this new paradigm.
Widespread deployment of this innovative tactic may change théwagnglan
and degin, and with this,changee opl eb6s | i festyl e

Ecology has a closer relationship with this concept. The scientific discipline of
ecology is one of the five sourd8sor the deep ecology movement. As earlytas
1970s, some ecologissuch as Donald WorsteMurdoch and Connell, expressed
similar opinion thaecology was not a scientleatwas operno co-operationwith
engineers who want to enhance, manage, or preserve the biosphere, but a knowledge
body for conservationisandmembers of theublic tosustain the original harmony
(Worder, 1994). The introduction of ecological knowledge is necessary to set up this
new paradigm in plannind\ deep ecological position heplanners better interpret

research results in natural science.

10 The other four sources presented by Devall (1980) are found in the flux of Eastern spiritual

traditions into the West, whiichegan in the 1950s with the writings of such people as Alan Watts and

Daisetsu Suzuki; thesrev al uati on of Native Americans during the
traditiond of Western religious andtomdntanasophical t
sense of place in their work such as Ansel Adams, Morris Graves, and Larry Gray.
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4.3.3Deep ecologyn WVC mitigation

Guided by anthropocentric ideologies, including light green theories, the top
priority in WVC mitigation is to reduce human injuries and economic damage.
Economic valuation of WVC is anchored in an economic perspective, based on the
impads of wildlife loss on human welfare. Economic valuation of wildlife loss leads
to monetary indicators, regarded as a common unit for comparison and ranking of
alternative WVC mitigation measures (Nunes and van den Bergh, 2001), There are
some intrinsic faws in the economic valuation approach, appearing whenever it is
applied to any complex environmental problem (Ackerman and Heinzerling, 2002).
For wildlife, mitigation measures witlotbe implemented until the population loss in
WVC significantly impactshe total population. There is a leegisting method to
identify the alarm threshold for WV,@vhich wasstated by DunthorandErrington
(19649 as fithe number of a given species killed by traffic within a particular area has
l'ittl e i nt rroporson ofthe iminadiate gogulatiorpso killed has more
meanin@ (p. 180. Consequentlythere isa high threshold to implement WVC
mitigation measures.

Wildlife is not a commodity and does not have a price. Dunthorn and
Errington (1964onclude by cosidering the implicatiosof deep ecology for WVC
mitigation. The introduction of this ideology exteutthe environmental agenda
which was limited and narrowly focused. Under the new paradigmironmental
politics and policies would vary ia) the reldive political salience of environmental

issues over timd)) the willingness of planners to adopt innovative regulatory policies
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and programsand ¢ the emphasis on protecting nature for its own sakedyog
2001).

Traditionally, institutional decisiomaking in modern human societies
assumes that all relevant dimensions, including natural resources and wildlife, can be
assessed in terms of economic value rdce creaesmarkets for everything
(KamppinemandWalls, 1999). Deep ecology suggests thatfirst ecological
priority must be p-speceg vaneties, gomianitids,asdp eci e s,
ecosystems that we popsld]. bndeydeepacology,( Sessi ons
wildlife is set as a boundary condition for decision making. The idbawidary
conditions in decision making is that things that are too valuable or even beyond
valuation are set aside, and decisions are made in such a way that these conditions are
not violated (Rescher, 1982). From the perspective of deep ecology, wildlifd
be regarded as naregotiableandnot for sale, anthatshould guarantee preservation
(KamppinemandWalls, 1999).In this scenario, the objective of WVC mitigation
strategy is not to reduce economic loss, or maintain population size, but rather to
eradicate WVC to save life.

Deep ecology serves as a strong motivation for plarshépgrtments to fight
against WVClIntroducing deep ecology torbanplanningprovidesa sound reason
for the planning department to enact more ambitious and strictdat@yustandards
to protect the welfare of animals and to end cruelty to them, and it will ctia@ge
view of the planning departmenf WVC mitigationasan expensive burden to

maintain. Therés evidence showing that WVC mitigation regubais areenacte

94



morestrictly, and WVC mitigation infrastructures are implemented more frequently
in countries labeledsdeepecologica) such as Australia, Scandinavian natidhs,
United States, and Canddé&/ogel, 2001).

Through emphasizing the value of everyiwdual life, not onlyof humars
but alsoof wildlife, the strategy framework sets animals as the diehtirban
planning and the useof WVC-mitigation infrastructure design. According to the
principles of UCD, studycis peci es 0 b as bebavibral charactgnstica nd it s
is an important stgpng stonein seekng solutionsto WVCs. This researchsas a
methodology that embraces badfite subjectivity of humanity and the objectivity of
ecological knowledge. This can come about, not by dismissingréiumanity or
science, but by first detaching them from the obsolete ideological matrix that limited
their field of interaction. Deep ecology is based on the cognitive model that wildlife is
intrinsically valuable it ensursthat ecological consideratis have direct input
during the planning proceddrban plannershould increastheir motivationto learn
when they are solving tkeinterdisciplinary problem The ability of learningan
turn into a strategic advantage in practieer WVC, urban plamers should be well
informedaboutwildlife movement issues and basic biological knowledbéeh
ensurs an improvedperformanceand a more effective outcome

Deep ecology emphasizes that an effective WVC mitigation strategy should

rely on a nfatombra soefd ofi irnefgourl ati on, the essence

“"According to Vogel, Ain dark green countries, envi
express an environmental etline which encompassestlgoes beyond domestic health, safety and

amenity concerns. By contrast, in light green countries, environmental politics and policies tend to be

more instrumental; they are more lightly to represent responses to clearly defined threats to domestic
publicheal t h. 0 (Vogel, 2001. p. 6).
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the best available methods for controlling WVC. Deep ecology places the
effectiveness rather than economic efficiency as the top priority of a mitigatian plan
This ideology should best be regaddas complementary, nguantitative methods

for assessment of WVC mitigatiolm what follows, a strategy framework will be
presentedThe strategy gives a cleaut ideafor how deep ecology should affect

strategy
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Chapter 5

MITIGATION STRATEGY FRAMEWORK

This chaptempresentsa WVC mitigation strategframework. The framework
has beemlevelopedinder theguidanceof thenew paradigm principles presented in
Chapter 4The frameworkusesecological informatiorio developeffective local
WVC mitigation measureand describe how tamplement thenon local existing
roads. The frameworikcludesstepto-stepguidanceto develop speciespecific
mitigation strateps

This mitigation strategy framework can be used by governagaricies,

planners, and designers to dp mitigation stratagsfor local affected species

An ecocentered ideology requireschangeto thetraditional conservation
approach and to the wayork isdesigred, delivered,and evaluatg WVC mitigation
strategy planning develspptions and a@ins to enhance survivédr, and reduce
threats tothe target species. The development of this mitigation framework is based
on principles olurbanplanning, as well as we#stablished ecological and biological
knowledge. The framework is designed tarkvout detailson mitigation strateggnd

to narrow the gap between theory and practice.
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To maximize effectiveness, the mitigation strateggtesigned with two
characteristics. The first is that itgpeciespecific. In practicethe strategynay be
modified to accommodate multiple species duewverlappingWVC hotspds and
financialconsideratioa In addition, the framework is developedan ideal scenario
to obtain better accordance with the targets, and circumstimabe wildlife are
optimizedwithout emphasizing realistic spatial and economic limits. In this scenario,
themaximum positive wildlifedirected efforts were taken.

The second characteristic of the designed framework is it explores the
possibility of reducing WVC to zero. This stand is also should be included in the
assessment process. The planning department is encouraged to pursue those measures
that will achieve this objective. Even if this standard is not adopted in practice, it

forces the planning department to consider apigon.

5.1 From Human-centered toWildlife -centered T herapy

There are two premises of this framework: firgtmanshave selfless moral
consideréonstoward noshuman entities. In real lifpeopleare unavoidably
anthropocentricseeing the world frora humanperspectiveJudgemerg about what
is valuable for its own sake begin frahre understanding and experience of what is
valuable tahe individual(Campbell, 1996; Hughes, 2000). This framework is
constructed in a scenaiimwhichhuman privilegediminishes This ececentric view

ensures that the involved wildlitee giveras much attention gessible
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Second, in order to avofdvoritism, all speciesire treatee@qually in this
framework. In reality, some creatures are more valuable tharsdtteemally
species with higher degreef selfawareness and greater capasitor meaningful
relationsipswith others get more attentiofor WVC, speciethathavea higher
possibilityfor causng human and vehicle damage are given more attention and ar
addressed more frequently. For example, a survey found that 1,600 billion insects are
killed on roads every year the Netherlands (Messenger, 2010). In spite of this
astonishing number, little hi®endone to prevent or reduce these little deaths
beause the insects at@o small to lead to any human or economic lasgractice,
admittedly, it is hard for us to treat an insect as serious as asiaegmammal, this
framework insists that at least in ttesearchon WVC mitigation, the same time and
attention should be given to all speci€bis frameworkdoes not consider species
differences. Instead, itecognizeghat all beings have a similar right to life, and mere
membership inthe humarbiological species cannot be a morally relevant criteioon
this right (White, 2009).

This framework takes a step from a hurtamtered towardneco-centered
ideology. Developed undemew paradigm, the framewohiasthe following
characteristicavhich are distinctive fronprevious framework characteristics

1 It guarantees that WVC mitigation efforts receive more attention and

resources. Currently the mainstream attitude toward WVC mitigation is
that the more damage it has caused to human, the more attention it can get.

The spiritual transformatioim the nev paradignmakesthe wildlife killed
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in WVC not just a number, or a sign of local abundance, or a fasketto
speculataboutfinancial damage or human injurigsachWVC victim

mears that individualswith the capacity for experiencing pleasure or pain
have gone. From this perspective, the purpose of WVC mitigation is to
avoid suffering and savevis. This reasoning is sound enough to require
more efforts from scientific research and in practice.

It guarantees that all victim species can get atten@amently, big and
medium body size species and species on the IB&iN. ist are given

more attention and mitigation efforts. From a deep ecology perspective, all
life has the same intrinsic value and should have equal oppa@siait
salvation.

It lowers the threshold for initiating a WVC mitigation strategy. Currently
the two determining factors in starting a mitigation strategy®re

whether WVG have led to high economic less and (2vhether WVG
negatively affect local wildlife populatienesgecially when the affected
speciesarelisted as endangered. From the perspective of deep ecology,
mitigation measures are taken not only to reduce economic loss but also to
prevent sufferingnd death. Mitigation needs to deneevenif wildlife
deatls in WVCs arenot enough to influencelocal populationThe
motivation to mitigate WVGs significantly enhanced in this framework

It guarantees that more resources will be distribtaédlVVC mitigation

strategy implementation. Financial and humaoueses considerations
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are main restrictiosito develojng mitigation strategies. WVC mitigation

is givenalow priority onurbanplanning department work schedsile

From the perspective of deep ecology, it is not appropriate to assign an
economic value ttfe. Admittedly, in practiceit is impossible for us to
savea squirrelat any priceAs addresseith Chapter 4this ideology offers

a value system rather than assertedsfddie deep ecologigteterSinger
(1990)assemredt h ag londias we remembtiiat we should give the

same respect to the lives of animals as we give to the lives of those
humans at a similar mentavlee | , we shal | not go far
It guarantees more effective WVC mitigation measures will be explored.
Deep ecologywhich respect andpaysattention to noshuman entities
supports an animalentered design method. This method changes
anthropocentric design attributes and placement strategies, and further
maximizes ecological retuson investmergin WVC mitigation. For
example, biologisHaraWoltz and ler colleagues created a series of
behavioral choice arenas to identify particular preferences that might
stimulate amphibians to use reabssing structures (Wol&t al, 2008).
Their experiments make a significant coodition to the design of more

effective crossing structures.
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5.2 Organizational Structure

WVC mitigation is an interdisciplinary toptbatneeds a network of partners

working toward the same goal. The network comprises diverse governmental,

academicandnongovernmental organizatioaswell as thepublic. The

recommended organizational structur@®¥VC mitigation committee is described

in Figure5.1:

Steering
Committee

* Urban planning
department from
local government

Partnership Community

* Transportation agency

Science « Sustainable development
Community '\ department

«Local department of fis|
and wildlife

«Scientists, specialized
technical expertise in: '\ NGO
«Ecology & Biology research
center in university
*Transportation research center
in university
*Government & NGO
«Architectural design and engineering
organizations

*Volunteer

Figure5.1: Organizational Structure
Source: Prepared by the author

Advisory
Group

« Local expert
*Public

The main roles and functions of the four organizationgsifellows
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Steering CommitteeThe steering committee is composed of staff from the
local urbanplanning department. The committee directs a project from start to
completion. The steering committee is central to the development and implementation
of a specific WVC mitigation strategysltole is to ensure the achievement of project
outcomes. This work may include tasks such as:

1 Providing input abouthe development of the strategy

1 Setting and approvintpevision, goalsand priorities of the strategy, and

defining detailed steps for filver implementation

1 Staff direction

1 Defining andhelping to achieve the outcomes

1 Identifying the priorities in theroject where the most energy btiman

and financal resources should be directed

1 Identifying potential risks in case the mitigat measuredo not work

1 Making a timeline to maior the quality of the project after it is

implemented

Science CommunityWVC mitigation needs professional knowledge of
planning, ecology, road safeBnd architecture. The science community is organized
on an experbased modedndformed by members from variodssciplineswho can
serve as the most readily available source of knowledge. The respaasitifihe
science communitinclude the following

1 Developing and providinfpr specific science needs

1 Participaing in committees or in work groups
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1 Helping to predict risksf the strategy

AdvisoryGroup: These bcal exped are individualswith a holistic
understanding of the local ecological environment or a specific local species. They
have abovaverage knowlegk. This experiencebased knowledgef local expers
primarily supplies information on species, their distribugj@nd migration activities
Somelocal experts may focus on the processes that drive change in ecosystem. If
knowledge about specific resoaecor processes is required then it is important to
select and work with such local experts (ChalnagrdFabricius, 2007)The public
plays an important role in reporting WVC occurresyeehich help to define WVC
hotspos and help in the monitoring proceafter the strategy is implemented. Only
by working with local experts and residents on more practical strategies can the
problem of WV be successfully addressed and resolved.

The advisorygroupcan add value to the science community. Its
responsibilites areas follows

1 Coordinating science needs and strategy development

1 Collecting data through a WVC reporting system

1 Participating in the project funding process

1 Helping to monitor the project

Partnership Community The development and implementation/é¥/C
mitigation strategieseeds coperation from variouorganization both governmental

andnongovernmentallhepartnership communitgooperatewith the steering
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community to achieve th&/VVC mitigationgoal. The responsibilities of the
partnership commmity areas follows
1 Set priorities othemitigation strategy

1 Support strategy implementation

5.3 WVC Mitigation Strategy Framework

This WVC mitigation strategy framework has two distingingh
characteristicthatare not occupied bgrior strategies. Fst, it emphasizes the
leading role of government in WVC mitigation strategy development; second, it
stresses the importance of ecological information during strategy development. The

development process is shomrFigure 52.
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Step 1: Data Collection

*All species are impacted by WVC
eNumber of victims

sPeak time of WVC for every species
*Putative WVC hotspots

Step 2: Prepare

*When the absolute number of victims
is high, initiate WVC mitigation for this
species

Step 3: Set Goals and

Objectives

*Reduce WVC victims to an acceptable
level in short term

¢Diminish WVCin long term

Step 4 Plan Actions

eAfter doing literature review and
research on the target species’
biological information, develop plan
actions to diminish WVC, and further
remove the possibility of local
extinction

Step 5 Implement actions

eThe planning department is

and acting as the corresponding
authority

Step 6 Monitoring and
maintenance

eMaintenance
¢l ong-term monitoring after
implementation

Step 7 Capture and share
learning

Figure2.2: Steps to Develop a Mitigation Strategy
Source: Prepared by the author
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5.3.1Data collection
The data needed for WVC mitigation strategy development include:
Specied all the species affected by WVC; numbdrow many deaths have been
reported in a year; seasdrrhe time of peak WVC occurrences; although it is
difficult to record the exact time, in most cases the month in which the WVC
occurs can be identified; locati@rwhere the WVC occurs or where the dead
body is foundThere are two dusteps to data collection, a public reporting
system and a field survey:
f Build a public reporting systeth Crowdsourcing data from volunteers
are an important source for fast and lasgale WVC data collection. This
system will be especially useful ifkeeps working for years. Anyone,
mainly cyclists and pedestrians, but even people in cars, can report a
sighting. A local online or telephone reporting system administered by the
urban planning department for notification of a WVC occurrence should
be esablished. The reporting system should be established together with a
roadkill salvage system. The following factors should be included in the

public reporting system:

1 Species
U Name.Foran online repoimg system, pictures of different

speciexan bepresatedfor users to choos&igure 5.3gives

12 Currently there are no largeale WVC reporting systems in the world, and no standardized
protocols. But some local WVC reporting systems have already been established (McLendon, 2012).
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an example from thRoadkilland Widlife Salvage repomg
systemunder the Idah®epartment offish andGame (2015)

U.SA.

Species *

Start typing any part of a species name, or pick from common roadkill. Choices will appear, please select one.

(]

A ’ . o Y
o 4 - i ‘4* - . h‘l‘g'._ i
-._}'r-"‘ i B . (e . % D)

. ey : ‘Jl iy ¥ "‘, ‘J:;

-

MULE DEER WHITE TAIL DEER A1 S HotsE corofe

PORCUPINE

Figure5.3: A Species Report that Supi&ketches of Animals to Help Users Define
Victim Species
Photo Source: https://idfg.idaho.gov/species/roadkill/add

U How confident the user mboutthe species nam@ number of
options are given for @ss to choose froml 6 m absol utely
certainto Please help me identify

U Species account, either by a description, a photogaayzh
video.Uploadinga photo is highly recommended.

1 Where

The location where the WVC victim is found. The website should

offer diversewaysfor users t@rovidethe locatione.g.,click a

location on an electronic map; select a highway and enter a mile

maker or mile segment; use GPS coordinatisegmodern web
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browsers and mobile devices to loctite WVC or describe the
surroundhg environment.

T When
Record the date and time when they find the WVC victim.

1 Conduct a field survey. A Geographic Information System (GIS) computer
model can be used to organalected data. The model should capture,
manipulate, display, and combineasipl information such as species
distribution, ecological corridors, attractive elements for the target species,
and existing road$2utative WVC hotspots are intersections of roads with
speciesd6 movement paths, and road segn
species habitat. Results from the public reporting system should also be
used to define potential hotspots.

1 The first purpose of the field survey is to supplgreaccurate
information aboutmportant ecologicatharacteristics, especially
those that camot be detected on satellite maps.

1 The second purpose of the field survey is to ensure the validity of
putative WVC hotspots througbad survey. Bad survey should
be conductedegularly by professionals on foot, by bicycle, or by
car to search for WVCietims. Foot or bicycle patrolling is
recommended for all species, while car patrolling is only suggested
for large animals. There is evidence that a walking survey can

record 5.5 times more WVC victims than driving in a car, even at
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speeds less than 40 kmFoot patrolling also can recattte taxa
of victimsthat areotherwise overlooked (Puky, 2005). The timing
of a road survey should correspond to the peak sdasVCs
with the target species. Patrolling will ultimately determine and
prioritize WVC lotspots.
Outcome: Researchers learn which species are involved in WVCs, the
number of victims, the peak time (includisgasonal peak and daily pgak
WVC occurrence and the putative WVC hotspots. Through-teng data
collection, accurate spatial paths of target species road mortality can be
determined. GIS is an important tool in developing spespegific mitigation
measures.
Species specialists should be brought in as early as possible in the
planning and design of mitigation measures to en$igreneasures will function

as intended.

5.3.2Prepare
Once the steering committee identifies ittng@actof WVC on a specific
speciesand determinet developa mitigation strategy. Aheads dowaattitude is
recommended to ensufee execution of the mgationstrategyto be operatdon
ficruise contrad underan ececentricideology.
1 Set up the project. The number of deathd the behavioral characteristics
of the target species determine what kind of mitigation measure should be

taken. The planning gartment should statthe set up.
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1 Assemble an appropriate team based on the organizational structure
presented in sectionX.Scientists and local expength professional

knowledge bthe target species should be includedhe team.

Outcome: this stepitiates the WVC mitigation strategy.

5.3.3Set goals and objectives

Goals and objectives help the steering committee measure the extent to which

the aims are being achieved. This step incluttesfollowing

1 Develop a qualitative description of the dedifuture state of the target
species.

1 Define the agreedponvision in operational terms to help direct
implementation, includingudget deadlins, andgoals.

1 Specify indicators by which succesfsthe strategy can be evaluated. The
most direct resulsireduedwildlife deaths. With the help @ public
reporing system, it is easy to evaluate the success of the implemented
mitigation measures

Outcome both longterm vision and shottierm motivation are set for the

strategy. It helps the steering conttee to organize time and resources so that they

can maximize the effectiveness of the strategy.

5.3.4Plan actions
This step involves determining what ne¢al be done to achieve the desired

outcomes, as well as how outcomes will be monitorée.sub-steps including:
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1 Identify possible actions to achieve specific objectives, then describe

which actions could be taken and when.

1 Literature review. Mitigation efforts have been undertaken in many

places. These activities are especially active in Europearrmsun

such as Germany, England, Norway, Finland and the Netherlands.

Evaluation of the effectiveness of these mitigation projects or

descriptions of their experiences may be found in news,

governmental reports, and research papers. Evaluation is essential

to ensure that successful measures are widely adopted, and
unsuccessful ones are not repeated (Soetreds 2013). Tablé. 1

gives a general review on the most widehplemented mitigation

measures.

Table 5.1 Common WVC Mitigation Measures

Measures

Example

Warning Signs

(Photo surce:

http://www.vetstreet.com)

Target )
Cost ) Effectiveness Approach
species
Low. Around Feasible when Changing
US$500 (Safety | All species | implemented on Drive
) accurate WVC )
Signs, 2016) hotspots behavior
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Target

Measures Example Cost ) Effectiveness Approach
species
o Low. Around $500 i
Speed Limit ) All species
(Safety Signs, 2016)
(Phob ource:
http://canmua.net)
Can help to reduce
Traffic Calming Medium All species | WVC mortality of
individual animals
dramatically
(Photo suree:
http://www.autoevolution.
com)
Public
Awareness Medium All species
Programs
L 4 The most effective
Closure or _ 3 WVC mitigation
Removal of ROAD CLOSE . . measurghowever,
» HES CHASMIGRATIO! Medium All species ) )
Specific Road E i e pou it can be used in
Segments only afew
(Photo surce: situations
http://flickrhivemind.ne}
Wildlife . Animals
Reflector Medium with acute
night vision
(Photo surce:
http://balizamiento.com)
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Target

Measures Example Cost ) Effectiveness Approach
species
Medium.Around
Animal US$300,000; the cos _
) can drop to Medium to
Detection US$70,000 to large
System US$80,000 if widely | mammals
m adopted The New
s York Times2013).
(Photo surce:
http://www.nytimes.com
Medium to high.
|| Overroad crossing
with fences can cost
(Photo surce: -
) ) http://theg6group.com/rog upl\ll\_/ard Of.US$_25' 8 ) )
Animal Crossing | d.html) million apiece, All species High
e underroad tunnels
cost lesd aslittle as
US$10,000 (Gaskill,
2013;The New York Changing
Times 2013). ]
ani ma
o behavior
(Photo surce:
http://www.wilderutopia.c
om)
Fencing High High

L]fce:
http://www.wilderutopia.c
om)

1 Researcharget species biologicatformation and typical behavior

This ecocentric approach encompasses a shift to more strategic,

accountablgand adaptive actiadriven by science. Every species
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http://theg6group.com/road.html
http://theg6group.com/road.html

has specific behavioral patterand habitat preferensgand

mitigation measuemust be deelopedwith a speciespecific

approach. For example, an eigbot fence is high enough for most

mediumsized mammals, but a moose can jump over itEedme

trapped on a highway'fie New York Time2013).Biological

informationthatmay benefit mitighon measure development is

listed inTable5b.2.

Table 5.2 Ecological Information that M ay Contribute to WVC Mitigation

Research Scope

Type

How Doeslt Help?

WVC Patterns

Reactionof the animato roads and
traffic: crossing, stopping orstaying
on the roa@

Determine the mitigation approach:keep
animals offroads or facilitaterossing

Peak time/season of WVC

Determire the implementation periods for

occurence mitigation measures and when maintenan(
starts.

Characteistics of WVC hotspots: 9 Help to define local hotspots

road schemeandadjacent landscape §  Modify the physical environment of

of a specific road segmerand so on.

WVC hotspots to remove factottsat are
attractve to wildlife

Habitat

Characteristics

Variables such aBumidity, 1 Determine which type of crossing
temperature, light intensitgy spatial infrastructure should be used
relationships  Construct a similar environment tioe
natural habitat arounol on the crossing
infrastructure
Vegetation coerd species, height, | 1 Remove plantingalong roadside to
richnessetc. avoidattractinganimals
9 Placenative plants near the crossing

entrance and on the crossing to
encourageise.

Hydrological characteristiés water
bodysize and depth; phosphorous

and nirogencontents

Profound effec$ on some reptiles and
amphibians
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Speciestypical
Behavioral

Characteristics

Locomotion pattern

Determine speed limis and crossing
infrastructure design

Natural defensive behavior

Predictsreactiors to oncoming traffic

Body size

Determines the size of crossing infrastruct

Timing of daily activities

Determines the type of crossing
infrastructure andiming of traffic calming
implementation

Foraging pattern

Suggestsneasures tpreventroads or
roadsids from bemming foraging site

Behavioral modification in response

to roads

Gives more information to the design of
mitigation measures

Life Cycle

Breeding season

1 Animals tend to be more active in
breeding season, which implies higher
wvC

1 Juveniles are always expally fragile to
WVC. Strictmeasuresieed to be taken
for WVC mitigationwhenjuvenilesare
involved.

Seasonal migration pattern

Frequent road crossing is possible in
migration season

Hibernation

1 No mitigation measure negtb be taken
during hibenation period

1 Maintenance of mitigation measare
should start before the hibernation per
ends.

1 Predict outcomes. Assessing the likely impact of alternative courses of

action based on the local context. It is necessary to make comprehensive

assessmermf an integral part of mitigation practice. It avoids the wasteful

and ineffective use of resources.

The traditional cosbenefit approach needs to be challenged under the

deep ecol ogy

deol ogy. Deep ecol

price tag The outcome should be measured mainly by its effectiveness

rather than its cost.
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1 Decide actions and strategies. Selecting the final strategy from the
available alternatives.

OutcomeThe mitigation measures are finally determiaed ready for being

implemented.

5.3.5Implement actions

Now the planning works put into practice through the development and

implementation of specific work planshile ensuring sufficient resources and
capacity.

1 Develop work plans, timelingand budgets. The planning dejpaentis
responsile for implemening the planand acting as theorresponding
authority. Define what activities are required, by whom, whed how
Involvementby thetransportation department, environmental
organizations, volunteerandsometimes eveconstruction companies
expected in the process.

1 Implement the strategy. Proneatonditions under which implementation
is likely to occur.

OutcomeThe process of executing mitigation actions.

5.3.6Maintenance and monitoring

1 Maintenance. Most mitigetn measures need to be maintained on a
regular bas. For example, entransef animal crossings need to be

cleanedf snow to makehemvisible:; animal reflectors need to be
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cleaned regularly tetayreflective;andfences need to be checkied

holes.

Monitoringoutcomes. Monitoring includes tracking WVC occurresce
afteramitigation strategy is implemented, identifying new threats, and
evaluating theffectivenes®f themitigation process throughout the
project.The effects of WVC mitigation measunesl reveal themselves
slowly, thus monitoring should be long term.

Various monitoring techniques have been used to document wildlife use of
structures (Brman 20), such as visual observations, tracking beds,
passive datéogging radio receiver systesrcameras and counters,
telemetry,or trapping and tracking studiegisual observations, cameras

and counters, and tracking studies are used to determine use by medium
and large species, trapping are usedifoall mammals and herpetofauna
(Andrewset al, 2011 Tonjes and Smith, 20L1A combination of

monitoring techniques across a variety of taxa is recommended to evaluate
crossing use (Bellis, 2008). In addition, public involvemeitl large

scale monitoring prograsis recommended.

A beforeandaftercomparison is the main monitoring approach to

estimate the efficacy of implemented mitigation measures. The monitoring
process, in conjunction with pimplementation surveys, is necessary to

assess the effectiveness of the mitigation strategy (Aditabt 2015). If

118



the situation has not changed sufficiently, the current mitigation strategy is
deemed ineffective and should be improved (MITRE, 2013).
Outcome:This crucial stage after WVC mitigation strategy implementation
evaluates efficacy and ensuthat they hold up well
5.3.7Capture and share learning
This step involveslisseminatingesultsto key external and internal audiences
to promote learning. The experierstgplies a template to recognize and organize the
common steps in practice, and t@axne actual conflicts that may possibly happen.
Outcome:The results of anitigation strategyaresummarizdand
disseminatd andthenthe informations publistedin public media, government

repors, or research journate guide practitioners and infim future planning efforts.
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Chapter 6

SPECIESSPECIFIC MITIGATION STRATEGIES FOR

FOUR SPECIES

This chapter is an application of st#&mn the framework developed €hapter
5, plan actionsdevelopngami t i gati on strategy based
ecological ad biological information. This chapter defines finequent WVC
victim speciesexplores their behaviorakcharacteristicsanddevelofs appropriate
WVC mitigation measures based on their spespexifics.The strategies contain
detailed information onngparation, developmerdnd implementation. Hcrossing
facility is presented as an appropriate mitigation meadetajled crossing structure
models are developed with th&l of computetechnology Design detail®f scale,
materiak, shape, wildlifdfurniture, and so on are all presented in the models.

Mammals, amphibians, reptiles, and birds are@hmonWVC victims. In
different surveys on WVC victims each claksmonstratedifferent percentageof
victims, but normally they are all involved éhleyandRobinson, 1996; Kiokoet al,
2015). Insects are definitely important victims,tbot little information can be found
in published literature, thussects ar@ot addressed in this paper. Tbar targeted
speciesvere selected because thaag widespread and abundamcognized as

frequentlyinvolved in WVC based on published empirical informatiamd
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distinctive in movement pattesnlrhe species are twmammalstheEuropean badger
(Meles melesand eastern gray squirr@diurus carolinens); a bird, thehouse
sparrow Passer domesticyisand an amphibiarnhe northern leopardrog

(Lithobates pipiens Speciesspecific mitigation measures are developed based on
established ecological and biological knowledgleemitigation measures presed

in this chapteare unproven, and further research is required before widespread
implementation.

As addressed before, the most effective mitigation measures should be
developed based on the species specifics. Due to being considered for one species,
some contradictions may appéaa mitigation measure may be favorable for one
species but harmful for anoth@hese modelthat presented in this chapter wiked
to be modified to respond tocal ecological environmenPlanners should have
comprehensivi&nowledge on local species, and their relationship with roads. Those
measures that presented in the following strategies are designed only for the target
species. When the presented measures may harmful for other species, they should be

avoided.

6.1 EuropeanBadger (Meles melek

6.1.1 Basc biology

M. meleshas a stocky body with short robust limbs and a short Aalllts
weigh from 6.6kg to 17 kg; average weight is 1&g for males and10.8kg for

females. Body lengtls range fromb6 cm to90 cm. Tail lergth ranges from 11.5 cm to
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20.2 cm (Pearce, 201%Vang, 2011). Badgers can run or gallop d4t3bkm/h (16

19 mph) for short periods of time. Badgers are nocturnal. During summer they come
out oftheir sett(den)before duskbut emergefter darkin the est oftheyear (Neal,
1986).M. meledives in most of Europe, excluding northern Scandinavia, Iceland,
Corsica, Sardiniaand Sicily. They can also be found in parts of Asia (Neal, 1986;
Wildlife Online, 20144. M. meless classified as least concernte IUCN Red List.

Its densities have increased in Europe over the last decade bietapsatected by

law (IUCN, 2016a; Wang, 2011).

6.1.2M. melesand WVC

Given the variation in number, size, and use of roads across the world it is
perhaps not suring that there is considerable variation in WVC mortality.
However, WVC as a main reason for local population decline is frequently mentioned
in scholarly papers and news (e.g., Dekker and Bekker, 2010; Lankesated 991;
Neal, 1986; Royal Society fahe Prevention of Cruelty to Animals [RSPCA], 1994;
Vink, 2008; Wildlife Online, 2010). Hitting a badger, which may reach up to 17 kg in
weight, or attempts at avoidance, can cause serious accidents and endanger human
life (RSPCA, 1994). The characteitst of the occurrence ®f. melesNVC are:

1 There is astrongseasonal sketo badger road deaths. Most happen in

spring. Alsoa fewresearchote the seasonal peak is summer (Wildlife

Online, 20449).
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1 WVCsare nversely related to how busy the roads aiegl8-lane roads
cutting through countryside have the most WVC. High traffic loads may
discourage badgers from attempting to cr¥ggdlife Online, 2014
1 Ruralroads havemore badger WVE(Neal, 1986.
Currently used mitigation measures include theofeilhg: warning signs;,
speed limits on road stretches with frequdnimelesNVVCs; closure of certain
stretches of roads during the night or in periods when badger activity is frequent (van
Apeldoorn, 1998; Dekker and Bekker, 2010); badger reflectors madwamt small
posts placed at certain points along roads to aim headlights at badgers as they cross,
scaring them away from roads; and badger tunnels. Currently used badger tunnels are
small and round, with a diameter ofi&0 cm, constructed of concretesteel.
Badgers are also adapted to existing infrastructures such as bridges and viaducts

(Dekker and Bekker, 2010).

6.1.3M. melesscologyand WVC mitigation suggestions

Most WVCs occur wherM. meleds foraging. This specidsashigh tolerance
for humandisturbance.M. melesdoesnot avoid roadintentionally when they are
foraging. Sa@ h e s peactorste watsandthe characteristics of foraging
activities,may offer important informatiofor developng an appropriate WVC

mitigation strategyseeTables 61).
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Table 6.1 M. melesEcology and WVC Mitigation Suggestions

Behavior

WVC Mitigation
Observations and
Suggestiors

M. melesalwaysselecs habitat near
roads or other linear corridors
(DekkerandBekker, 2010).

This tendency makes
badgercommon victims of
WVCs.

M. melesdoesnot avoid

Reaction on | If there is an ample supply of food,
Roads M. meleswill tolerate a tremendous | roads wherit is foraging.

amount of upheaval (Pearce, 2011) WVC hotspots may occur
M. meleshas beenobserved crossg | when roads crodss home
roads frequently (HelandBuchwald,| ranges.
2001).
Primary foraging aresinclude short | When preferred foraging
grazed or mown grassland, golf areas are adjacent to road:
course, and broadleaved woodland| WVCs area possihlity .
(>80% broadleaws); secondary
foraging areainclude arableland,
rough grassland, scruand mixed
woodland Scottish Natural Heritage
2015.
M. meless omnivore.lts primary Plant vegetatiothatdoes

Foraging diet consistof terrestrial worms, not produce grainguts, or

pattern insects, reptilg carrion etc. Plant fruit, and renove fungus

foods are roots and tubers, seeds,
grains, nuts and fruigndfungus
(Wang, 2011). Wornrich soil is

attractive tavl. meles.

alongside road& make
road segments less

attractive toM. meles.
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M. meledollows the same track to
important foraging and feeding aree
with rich resources, even when wee
earlier the tracksvereploughed in
and apparently destroyed. Tpath
system near a permanently occupig
sett changes very little over years.
Neal (1986 observed &M. melegath
systemthathardly changed over 30

years.

Makeuse of a path,
artificial, natural, or a
combination of both, to leaj
M. meledo crossing

infrastructure.

Familiar landmarks$ke a shrub, tree,
ditch, or sudden twist can work as
signposts for thél. melego pinpoint

anexact location (Neal, 1986).

Set landscape marks arout
the track to makéhe track

easyto be found

Main tracksare1Gi 15cm (4 6 in) in
width, and do not turn or twist

rapidly (Pearce, 2011). The main pa
may be followed for 30G3400m
without difficulty (Neal, 1986).

An artificial path should be
designed similar ta natural
path. The length ahepath
can reach 20fn, but avoid
sharp turs. The width
should be 1015cm.

M. melesknowledge of a path systel
is related to maze learning in other
animals. If aM. meless frightened
near a sett, it rushes for home along
one of these paths rather than
choos$ng a possibly shaer route.
The learning of a path system has

survival value by enabling the anim

to find the safety of the sett quickly

Design a network to funnel
M. meledrom its setts to
other fields to avoid WVC.
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(Neal, 1986).

Habitat

Characteristics

M. meless creature of habit,
although there are exceptions (e.g.,
Pearce, 2011). Territory size depen
on food quality and abundance as
well as the amount of area suitable
for excavating burrows (Wang,
2011).M. meleswill extendtheir
home territory when food avability

is low.

During suchperiods more
attention neesito be paido
WVC mitigation.

Most M. meledive in countryside,
urban residents were found to be of
limited occurrence. The cities and
towns that dideportresident urban
badgers are normallydated in areas
where badgers are numerous in the
neighboring countryside (Harris,
1984).

Country roads may have
moreM. melesWVC
occurrence than urban

roads.

IdealM. meleshabitat is undulating
pastureland dotted with woods,
hedgerowsand copses (Peze,
2011).

Land patches with these
characteristics nesdo be
markedin GIS.

M. meledive in setts. Their den
consistf one main sett and severa
outliers (Appset al, 2002;Lankester
et al, 1991).

Design the interior
environment and the size ¢
acrossing structuren a
similarwayto the tunnels o]

a natural sett.

FrankLast, who is a/1. melesexpert,

claims thatM. meleds more

Ideally, M. melegaths

could bedesigredfor
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territorial during seasons when food
resources arscarceorin the early
part of the year when the dominant
boaris marking its territoryK. Last,
Personal communication, June 18t}
2015). In additionM. melesmoves
from one group to another to pair uj
for breeding, which prevents
inbreeding.

Neal (1986)notel thatterritories
overlapped where population
densitesarehigh, and territory
boundaries were not well defined.
Underthesesituatiors, different

groupsmayshare the same path.

distinctive group. Financial
or physicalrestrictonsoften
dictatea common path fo
M. meleggroups that inhabi
the same area.

Define foraging aresfor
different groups during
seasons when food
resources arscarcebecause
M. meledgs more territoral

atsuchtimes.

M. melesprefers open habitats.

Clearance of a few square
meters bvegetation to
improve visibility of the
entrance wilimprovetheir
use of the crossing (Kinley
andNewhouse, 2009).

M. melesuses both natural and
artificial tunnels. In the wildM.
melegakes refuge from time to time
in large,unusedconcrete draiage
pipes, culvertsand other tunnel

shaped infrastructures.

An underground crossing i
ideal forM. melesBeyond
intentionallydesignedM.
melestunnels, culverts,
drainage pipesand other
existing infrastructures can
be retrofitted or redesigned

for use byM. meles
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M. melesadaps to landscape change

quickly and well (Pearce, 2011).

M. melescan be rerouted
intentionallyaway from

danger

M. melesnormally does natravel too
far fromsetts(Neal, 1986)

When the distance betwee
amain sett an@roadwayis
longer than the maximum
distancea M. meleswill
travelaway fromthe sett

WVCs rarely occur.

Others

M. meleshas short, but extremely
strong, limbs and strong claws &
feet (Neal, 196). These
characteristics make the animal an
efficient digger. They can move
heavy materials in confined spaces
(Leach, 2008).

M. melescan dig
underneath fences used to
prohibit them from crossing
roadways. Fences need to
be anchored in the ground
with a rightangle bend in

toward the field.

M. melesclimbs occasionally, up to §
m on a sloping tree trunk. Vertical,
slippery surfaces are impossible for,
them to climb (Pearce, 2011).

When fences are not tall
enoughM. melescanclimb
over them. Common fence
material like galvanized
wire netting is easy favl.
melesto climb. Slippery or
solid fences can prevent.
melesfrom climbing.
ExclusiveM. meledences
need to be anchored in the
ground, tall, slipperyand

solid.

WhenM. melescannot see through

Solid wood or concrete
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an obstaclef assumeit to be an
impenetrable wallhat they cannot g¢
through (Pearce, 2011j.will look

for a way to go around.

panels without gaps are
appropriate materials for al

exclusion fence

TheM.

most important sense (Neal, 1986).

m esensesod ssnell is its

M. meles marks its territory with
scent (either urine or a hormonal
secretion from glands located eithe
side of the anus and at the base of
tail) and dung pit§Wildlife Online,
201438). M. melescontinues using an
old path after a landscape change,
presumabl because the scent lingel
even thought all visual signs of the
path are gone (Neal, 1986).

M. melesuses dung pits dug beside &
path, especially at some obvious
landmark such as a hedgerow, a la
or the edge of a wood, to matk
territory. These dungit scent signals
are always found a considerable
distance away from a sett (Neal,
1986). A weltdefined area can have

many dung pits.

Scentmark designed paths
or crossings tencourage
use byM. melesSome soil
from latrinesor the spoil
heap owidethe sett
entrance, both of which are
impregnated wittM. meles
scent, can be usédr this
purpose. Each visiting
animal will deposit more
scent, and eventually the
crossing will be accepted
(Pearce, 2011).

Put dung into mammade
pits near landmarks beside
constructed paths. For a
newly constructed path, th¢
density of artificial dung
pits should be relatively
high to make the scent
obvious.

Pits should be the same si;
as natural ones, preferably)|
near or under a plant to he

the scent last longer.
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M. mdesis aversdo strong sunlight.| Reflectos areuseful for
Strong light make#. melesuryits | deterringM. melesrom
head shidd its eyes with pawspr roads.Reflectorsto direct
retreat into a dark corndvl. meles | headlighs of oncoming
hasgood eyesight in low intensity | traffic might serve aan
light or atnight. Anythingthat alarm forM. meles
reflects any remaining light is often | attemptingo cross the roag
noticed at once (Neal, 1986). The light should last until

the car has gone.

M. meles hadeen observedsing A treetrunk can be used as
fallen trees as bridges to get across a ledgen a culvert

stream or ravine (Neal, 168

6.1.4 Suggestions forl. melesWVC mitigation strategy development

6.1.4.1 Data collection

Data retrievedrom the public reporting system should be viewed with
caution, because mah. melesvehicle collisions may not be reported because they
do not lead to severe crashes.

Field surveys may require repetition in spring and summer. In addition to
countingM. melesdeaths, a field survey develops a green network that includes the
following information:

1 All sett entrancg whether they are currently active or nmgcauseéM.

melesmove from one to another according to circumstances. They may

reuse abandoned sefi¢eal, 198; Pearce, 2011; RSPCA, 1994).
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1 M. meledoraging areas, latringand paths. For areasth multiple
resident groups, edait markingtechniqueto determine particular
foraging areafor each group.

1 The routes visited often byl. meledn travding from setts to foraging
areas should be located. This information is essential to determibesihe
locationfor construction of therossing structure.

6.1.4.2 Plan action options

(1) Public awareness and education progfdm

Such gprogram aims to iprove understandingjof roadrelated problems
through general messages in the media, videos, brochures, parstiebsimper
stickers (US. Department of Transportati@nd Federal Highway Administratipn
2008). Successful public education programs havedtential tolaunchmore
complex mitigation projects (Puky, 200%)ocal people as well as the general public
should be involved in theducatiomprogram. To ensure effectivess of the
education program, different strategies rhayequiral for differentgroups as

summarized imMable6.2

13 A public awareness and educatioogram is recommended for all four species in this chapter. The
common principles are stated here and will not be repeated for the following three species.
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Table 6.2 Public Education Program

Source: Puky, 2005

Target Group Education
Children 1 Personal experience
1 Releasing their own abilities, and that they can havq
positive influence
. 1 Road impac on a specific species
General public and 1 Peak timeand seasaof species activity
WVC hotspot locations
Local peopke J : : e
Peop 1 Locatiors ofimplementedVVC mitigation
infrastructures
Decisionmakers T Concise text
1 List of completed actions
1 Reviewof implemented measures

Issueghat should be highlighted in the public education program irechire

following:

1 Important bcal areafor M. melesVVCs. Encourage drivers to slow

down when driving through areas with melescrossing warning sign

(RSPCA, 1994)

1 Local shortgrazed or mown grasslandhatis knownM. meleshabitat

1 WVC occurrencehave a seaonal peak in spring to summer

1 M. meless nocturnal. The daily peak time Bf. melesactivities isfrom

duskto dawn

(2) M. melescrossing warning signs

Install traffic signage at WV@otspots to make drivers awareMdf meles As

a result of the strong seasonal skewloimelesNVVC, seasonal warning signage
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should be installed for use at night from early spring to late summer. In areas where
high WVC mortality is recorded, the warnisgnage should be kept year round.

(3) Traffic calming

Use speedreducing measures such as speed bumps, either temporarily or
permanently, to reduce vehicle speaddvolumes M. melesare hard tseewhen
they areactiveatnight. Thus, a low speed litnfrom 15 25 mph, is suggested.

(4) Removng grass verges on roadsides near WVC hotspots

Roadside vegetation is kept short and good place to search for earthworms,
the mainstay of th®l. mele® s d i et .thathttraccsiMsmeledo troads p
egecially when drought conditions prevaiVidlife Online, 201438). Remove grass
verges along roadsides within B0of hotspots. Remove wormich soil and
vegetation cover on roadsidesai@ventthem frombecoming a trap for foraging.
meles

(5) M. melegeflector

Reflectorsscatteteadlightbeans off the road, thereby deterg M. meles
from crossng at night.

Althoughreflectos arewidely implemented mitigation measwrior deer,
there is little evidence that they help reduce badger WVC (RSBRZ94).Some
evidencenasshown thatM. melegnay soon become accustomed to the presence of

reflectors(Wildlife Online, 20144).
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Badger reflectors should be 30 cm high with either a stainlesostael
dimpled mirror reflector, staggered along both sides ofs@ad 5m intervat. Figure

6.1gives an example of badger reflector design:
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Figure6.1: Badger Reflector Design
Source: Prepared by the author

vegetation in spring and sumnfer 2 m around the post to ensuhereflectionis



not blocked In addtion, stainless reflectesmeed to be cleaned regularly to make it

work effectively.

(6) Fencs

There are many types of recommenéiting but there is no firm
information on the effectiveness afiyof them. No fence is absolutely. meles
proof. Theoetically any soligpanelwith aslippery surface could be used as an
exclusion fencéor M. melessuch as concrets hard wood. Badger fence produced
by TWIL Group™*is made of 2.5 mm diameter beziwelatedwire and come in rolls
25 metes long and 148m high. It can be fitted to specially made ligigight metal
posts or to conventional wooden posts. This fencing is easily installed and relatively
cheap (RSPE, 1994).

SometimedM. meleds very determined to crosand it is good at digging, so
it is important thaainy type offence is at least 128m high, dug 5@m into the
ground with a right angle bend in toward the field (RBPT994).Fences should be
higher and dg deepeat WVC hotspos whereM. melesare likely to make a
determined effort to oss.

Fence dsign principles inclug

1 Tryto endafence atahedgeine, and turn it back along the far side of

the hedge for a short distance (R2R@994).

1 Nettingshould bdurned outward at soil level and covered.

1 TWIL Group Export Limited was set up in the U.K. and has since dissolved. It produced specially
designed badger fencing.
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TR solid board fence with slippery surface.

.y At least 125cm high. The fences should
TS be higher and dig deeper on WVC hotspot

where badgers are likely to make a

Under-road tunnel entrance, == determined effort to cross.

30-45cm high. The tunnel should T

be designed with flat earth floor

Escape gate to avoid badgers being trapped o
on the road. It is designed with one-way gate

and at a 15-meter interval.

Attach metal web under the fence board.
Make it dig at least 50 cm into the ground
with a right angle bend in towards the =
ﬁeld. = o

Figure6.2: Exclusion fence Mde of Solid Board
SourcePrepared by the author

(7) Artificial badger path
Designed corridors should incorporate existing badger paths, and connect
badger setts to funnelovementsA connection is establisheingfeatures such as
hedges, treg ripalian strips and shrub lines (Scottish NaaliHeritage, 2015).
Toenhanceac or ri dor 6s | eadi fing orlsame atherilioear, us e
feature low walls or fencing should be placed on either side of paths, to lead badgers
to the crossing entrancehe corridors need to beft undisturbedy coveringwith

plenty of plantings and ensng no public access.
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(8) Crossing
Crossings together with guiding fences are the most frequently implemented
mitigation measures for mammals. These have provenedfibent to decreask!.
melesWVCs (Dekker and Bekker, 2010; Kinley and Newhouse, 2009; ¥irs,
2008). Since 1990 such measures have become an integrated part of roadway
construction and renovation projects in the Netherlands (Finch, 2000; Virtg). 2@0
maintain the effectiveness of crossings as mitigation measures, the following
requirements need to be satisfied:
1 The entrance of the crossing is visible. Grass and snow may obscure the
tunnel entrance (KinlegndNewhouse, 2009). Keep a few squaretens
near the crossing entranclear ofvegetation to increase its visibility. A
clear entrance will encoura@® meledo use it.
1 Exclusion fencas needed in associated with the crosstogguideM.
melegto the crossing tunnel and avoid crossingat @her pointThe
|l ength of fence depends on the size o0f
normally at least a set of 10@®long fences are needed (RIRQA994).
To a large extent, successful use of these crasdeqgends on fencing
quality.
1 Adequatenumbes ofcrossings are neededvén though crossings are
not designed foM. melegpurposelythey will decrease WVC

significantly.Kinley and Newhouse (2008Jiggestdthat a spacing of
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500m between crossingaay be appropriatsome other researchers
recommend a shorter distancE50' 300m (Clevenger and Waltho, 1999

Crossings that could be usedMy melesnclude existing crossing

infrastructures and specially designiddmelegunnels.

(a) Existing crossing infrastructures

M. meles crossings may uegisting infrastructures. Intentionally constructed

underground tunnels are expensive (RSPCA, 1994). When crossing infrastructures
exist near badger habitats, they can be usddl aselescrossings. As discussed

before, badgers have been observed usieggtto cross. If there is an existing
crossing near a WVC hotspot, it can be retrofitted to act as a mitigation structure.
Infrastructures that can be used as crossindd.byielesnclude the following:

9 Drain pipes. Concrete drain pipes with aperture dians no less than 60
cm can be used &8. meledunnek. Pipeswitha A U0 or AVO shape
have flat bottora Retrofitting them to permi¥. melego move on a dry,
safe surface is important (Kinle;mdNewhouse, 2009) o avoid slipping,

a gravel soakway or drainage section is recommendeduiding path to
direct badgesto the pipe entrande also needed

1 Culvers. M. melescan swim but it prefers other meanstossa stretch
of water (Neal, 198). It is important tcadda ledge no less than 5m
wide, at least 30nm higher than the water levele@osure it stays dry
during the wettest part of the yed@he surface of the ledgdould be a

natural material to attradd. meledo use itandprevent thenirom losing
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their balance when crossing.tree trunk or lodge is ideal to be used as a
ledge forM. melego cross the culvert.
1 A natural gully.A drainage systens requiredo ensure that there is no
risk of flooding (RSP@, 1994). A ledge is needed to h&lp melescross.
1 Overpasses and ungeisses built for livestock and farm machinery can be
used ad. melescrossing.
(b) DesignedVl. melegunnel
When there is no existing crossing near the WVC hot$potelescrossings
should be designed and constructed. NormalM; anelescrossing is dgigned as a
tunnel, similar to the tunnels in a sett. The design principles of a consthMicteeles
crossing include the following:
1 Concrete sewer pipes have been usedunnels inM. melescrossings
and artificial badger setts. Concrete is immensibngandnot easyor
M. meledig throughso it is recommender use in badger crossiag
The bottom ofa concreteipe is slippery andifficult for M. meleswvalk
through Thus purposely constructed badger tursslesuggested to be
designedn a lorseshoe shapwith the bottom open. This allow.
melesto walk on flat earthSoil is a natural materiahatis more
acceptable foM. melesIn addition,soil is permeablgand thisreduces
the risk of flooding.
1 Most crossinguse a concrete pipe thia diameter of 60@nm (Neal,

1986; RSPQ\, 1994) much bigger than natural tunsé&h M. melessetts
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which are typically300' 350mm (Pearce, 2011Rig tunnek allow wind
and dust inwhich will prevent usdy the badgersM. mele$ s
underground environent is damp and dust freghich is good for their
nostrils (Pearce, 2011). Thuanunderroad tunnel should be designid
be300'450mm in height.
1 Topographical characisticsshould beconsideredo guide the selection
of sites for new crossings. Whaatrain dictates thatl. melesapproacha
road from below, they are molikely to find the entrance @nunder
road crossing (KinlegndNewhouse, 2009).
(9) Scentmarking technigugto rerouteM. meles
M. melesare scentensitive. Smearg some subsinceimpregnated with
badgerscent around the crossing entranodalong the designed badger path may
encourage use
Such suibstancs include the following
1 Dung fromdung pit
1 Spoilsfrom heag around the settsliscarded bedding (may include dry
grassstraw leavesetc.),or badger hair
This is all the encouragement badgers require, but for extra insurance, people
can lay a trail of peanuts frobadgersets to the crossing entrance along the designed
path.Place the peanulate in the evening when rebbirds have finished feeding.

Repeat it for several nights. See if the badgers are finding and taking thédood

141



leave them to it and do not watch for long because human scent will deterahem
the new path (Pearce, 2011).
(10) Construct a networto funnel movementf M. meles
The ani mal 6s natur al habitat i1 sA a netwo
new planned network should be designed to funnel movement to avoid bes&zl
on thenaturalnetworkthat was investigatetthrough field work All WVC mitigation
measures should be considered as part of the netiigtke 6.3shows an example

of anetwork.
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(12) Translocate the badger group

When it is impossibléo implementa mitigation measuréor a specific WVC
hotspot, and an alternative sett (sometimes malatificial sett) exists withiM.
me | sehenie range, tan benecessary to translocate an entire group of animals
threatened by a road scheme (Neal, 188&8PQ\, 1994).

The mainmeanof translocation is to stink thd. melesout. It is best to wait
until all the occupants have left, between 23:00 and midnight. Be¢igntrance is
stuffed with newspaper soaked in diefsil or someother repellent and then hgy
pluggedwith earth.M. meleswill detect the smell when thegturnlater in the night.
They will not attempt to r@pen the holes, butstead willgo tothe alternative sett.
Translocation should not be used between February and May when youmgagubs
presen{Neal, 1986). Translocation is a last resort as a WVC mitigation measure.

Figure6.4shows an evaluatiorf the presented plan optiobased on deep
ecology principlesThe options with high effectiveness are mideely to eliminate
WVC in long term. These options should be highly recommended for implementation,

especially when local WVCs frequently occur.
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Increasing Economic Gost

0 Install fences and
badgercrossings

. . 0 Construct a network to
0 Remove roadside grass funnel movement of

0 Install badger reflector badgers

0 Public education
program

0 Warning signs
0 Speed limit

Increasing Effectiveness

Figure6.4: Evaluation of The Presented Plapt@ns
Source: Prepared by the author.

The final mitigation strategy depends individual site circumstances (Barker,
2009). The mitigation committee sHdwse the risk assessmeamid survey
information to design an effective mitigation strategyNormelesEconomic
valuation could be used to rank the mitigation measure optiomgvery loss of an

animal in WVC should be paid attention by planners.
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Can WVC benitigated through
removing grass verges near WVC
hotspots?

Erect a warning signage on the
WVC hotspots

Using speedreducing measures such
as speed bumps andaised levet
crossings, eithertemporarily or
permanently, to reduce vehicle speeds
as well as volumes

Remove grass verges

Seta warning signage on
WVC hotspots

Using traffic calming on specific

road stretches

No

Construct a network that consists of
M. melessetts, paths, crossings to
funnel the animals to cross road

through a safe crossing.

Figure6.5: Decisionmaking Process on WVC Mitigation Measureshbarmeles

Source: Prepared by the author
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6.2 EasternGray Squirrel ( Sciurus carolinenss)

6.2.1Basc biology

S. carolinensiss a mediurrsized tree squirrel (Hinterlanh o 6 s , 2W6;0
Lundgren, 2011). The total length of the adult ranges froorm3&@o 525 mm
including a bushy tail, and the weight ranges from @a®750g. (BioKids, 205a;
Gareth Stevens Library, 2009; Koprowski, 1994; Smithsonian National Museum of
National History, 2016)S. carolinensiss native toareaseast of the Mississippi River
in theUnited States. This adaptable species has been introduced to sometparts of
western United States and some areas of Canada. It has also been introduced to
Ireland, Britain, and South Afric&. carolinensiss classified as Least Concern on

the IUCN red list IUCN, 2016b).

6.2.2 S. carolinensigand WVC

Squirrel family as a wholis frequently mentioned as a WVC victim in
surveys and reports. For example, the date from the Isle of Wight shows that of the
158 gray squirrels (including eastern and western gray squirrels) found dead between
September 2008 and October 2009, 123 (7886)been hit by cars (Wildlife Online,
2014%); The Roadkill Observation System reports that squirrels turns out to have the
third highestabsolute number aVVC fatality of all the speciesin some states of
the U.S. such like Maine it stands as the tigtim (Good2Go, 2013). As a member
of squirrel family,S. carolinensiss on the victim list in WVC survey conducted in

various locations. For example, in a research committed in a suburban garden in
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England, WVC casualties account for 55%#6 of the totahdult mortality
(Shuttleworth, 2001)S. carolinensistands more than 20% of mammal WVC victims
inOxleyetal 6 s sur vey iehal CF4),&hnsqurres (iInauding
eastern gray squirrel and western gray squirrel) account for 17% of allfat#i@ies
in Sl aterds st-Wdes(Saem2002ct ed i n mid

The reasons wh$. carolinensiss a commonWVC victim are easy to

identify:

1 S. carolinensiss abundant in cities. The species hasnurbanized for
more than a century (Benson, 20I3)e urban landscape witls
systematic and continuous green network is an ideal prefdatohabitat
for S. carolinensisSmall lots with singlefamily homes surrounded by
gardens and trees and urban parks provide a set of protected enclaves large
enoughto harbor substantial squirrel populasom urban areg S.
carolinensispopulatiors areabundant in parks, college campgsand
cemeteries (Williamson, 1982/1983).

1 The typical defensive behavior 8f carolinensiswhich has been well
adapted to theinatural predators, increases thigielihood of beinghit by
cars. When chased by predators, it degdg and fro in an attempt to eut
maneuver the predator. When it resssiinilarly to the threat of an
oncoming vehicle, this stratediyat issuccessfuin the natural world
quickly becomes fatahs the animals dodge directly under a wheel (Grant,

2004; ThoringtorandFerrel, 2006).
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1 Even though itis a tree squirr8l, carolinensispends a lot of time
foragng on theground especially in spring andisxmer when food in the
canopy is relatively scarce. Humprovided food and intense hoarding
activitiesin autumn increase its time spemthe ground

1 Greater movements occur in fragmented woodlands than in areas of more
continuous woodlands. Fragmentaddscapgalways correlate with
roads in urban arsa

1 Trees and plaston roadsideandin the medianstrip, especially nutand
acornbearingspeciesare attractive shelter and food sosrice S.
carolinensis

Characteristics 06. carolinensi®VVCs areoutlinedas follows:

1 WVC casualkesshow a strong seasonal pattern, with a peak in the autumn
months. High WVC occurrence in autumn is associatigit he speci es 0
intense foraging and hoarding activities and the population peak as a result
of young waning (Brandkt al, 1991;Shuttleworth, 2001). In this season,
theadultS. carolinensi®ften makes longlistance journeys to exploit
known sources of natural or supplemental foldteir hoarding behavior
could lead squirrels to cross roads more fretjyevhile searching for a
location to cache foodVVVCs in winter are not significant. This
phenomenon is attributable to a reduction in the amount of time animals

are active out of the nest (Shuttleworth, 2001).
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1 The daily peak timér WVC is about 2h after sunrise and & before
sunset, whicloftencoincides with rush hours when maximum traffic
occurs. High traffic volume leads to more W¥(Shuttleworth, 2001).

1 Juveniles areparticularly vulnerable to WVC. Experience is imporiast
many roaekilled S.carolinensiswould seem to b&affic-inexperienced
youngindividuals(Slater, 2002). Juvenilgispersatontributes
significantly to WVC mortality (Koprowski, 1994). The juvenile dispersal
rate is affected by population density. In urban hahigtsardinensis
juvenile dispersal may occur more often, and the dispersal distance is
farther.

Common mitigation mesures for squirrel WVC angarning signs and areal
rope bridges. Rope bridges for squirrels have been used in some locations with
varying succesfRed Squirrels Northern England [RSNE], 2016). The first squirrel
bridge was documented in 1963 in Longview, Washington, U.S.A. The mini
suspension bridge spans 18 m and is made of aluminum piping covered with a retired
firehose. Others have followed inet UK, Belgium, France, and the Netherlands
(Berlin, 2014).

However, WVC mitigation measures for squirrels are not as widely developed
or implemented as for larger animals. One important reason is that compared with its
high reproductive rates, WVC moiitgtlis sustainable in this abundant species (Glista
et al, 2007).S. carolinensiss considered an invasive species in some districts, so

conservation efforts always excluties species. In additiols. carolinensiss not a
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menace to road safety dueitotiny body size. Research is needed to further develop

effective approaches to mitigation. Generally, mitigation measures to r8duce

carolinensisWVC should be similar to mitigation measures for endangered arboreal

species. Nevertheless, it is essa#itt consideS. carolinensi8s s peci fi ¢ movem
patterns due to its large amount of foraging time on the ground.

6.2.3S. carolinensigcologyand WVC mitigation suggestions

Table 6.3: S. carolinensis€Ecology and WVC Mitigation Suggestions

WVC Mitigation
Behavior Observations and
Suggestiors
There are conflicting statements | ThoringtonandFerrel6 s

about squirrel reactions to roads.| (2006) work impliedhe
Some research found that they h| feasibility of aerial passage
no sense of roads during-tme- as WVC mitigation
ground travel and that 25% of structure.
squirrels are killed duringpad
Reaction to | crossings (Ryan and Carey, 1995
Roads
while others stated that squirrels
become more skilled in road
crossing with age. Squirrels avoi(
vehicle predation by crossing
roads on wires or other means

(Thorington and Ferrell, 2006).

151



A study inthe U.K. found that
gray squirrels ugkthe canopy of
trees along the edges of redd
move betweemadjacentvoods
(Michael, 2005).

S. carolinensisloes noavoid
roads, which implies the
possibilityof construaing an
aerial bridge for them to

crossover.

During dispersal movements,
squirrelsdo not avoid roads. (Fey
et al, 2015).

DispersingS. carolinensigre
highly susceptible to WVC.

A combination éroad width,
traffic volume and vehicle speed
affectssquirrelWVC occurrence
(vander Ree, 2006).

Traffic calming could be a

useful mitigation approach.

S. carolinensishows a stronger
tendency to cross roads with
clearance™ between 14nd35m,
andcross wider roads less

frequently (Oxleyet al, 1974).

Higher WVC mortalitymay
occuron narrow roads (14
35m) running through
woodlands in parks,
campuss,and residential
areas than on wideoads.It
makes sense to focus
mitigation measures on
narrower roads in such

locations

BThe

term

fi r asasdd her¢ refers tathedistance an animatdhenove between

vegetatednargins to crosaroadway. Clearance may be equivalent to rigfatvay, but this is not

always the case (Oxlest al, 1974).
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Breeding and
Nesting

S. carolinensigan breed twice a
year if food is abundant. The first
litter is born in spring and the
second in summer. Only 2566
squirrel Kits survive to one year o
age (Koprowski, 1994).
Juvenile disprsal happens 9220
days after birth.

More juveniles will be on
roads 3i 4 months after the
local breeding season. Morg
mitigation efforts should be

undertakerat this period.

Mating chasesesult inincreased
activity of local populatios
(Oxleyet al, 1974).

Mating chases may cause
WVC.

In spring and summeusuallyS.

carolinensisbuilds nests made of
leaveson branchesThis kind of

nest i s al sim ca
winter, it builds new nests in holes
in trunks and thick branches of
trees. The dy is big enough to be
noticeable. In winter several

squirrelsmay share the same nes

Human observers can
identify the presence @&.
carolinensighrough this
noticeable sign. In winter a
drey or den implies more

than one animal.

Leaf nests are most eft found
high up inlarge pine, hemlock,
maple, birchpr oak trees. The ne
consists of a platform of twigs on
tree limb, a compacted base of
decaying matter, an outer shell o
twigs and leaves, and a lining of
shredded material. (Hinterland
Wh o 6 s 201B; &Koprowski,

Rest statios designed
similarly to natural nest
could be set along aerial

bridges.
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1994).

S. carolinensipopulatiors are
abundanin forests withtree
cavities(Williamson, 1982/1983).

Mature tres with cavities arg

attractive fomesing.

Foraging
Pattern

S. carolinensiss diurnal. They are
generally active throughout the
day, while activity diminishes to
about four hours or less (in the
mornings) in winter, before
increasing again to between thre
and eight hours (Wildlif®©nline,
2014).

Raise public awareness of
daily peak timefor foraging

activities.

Main food sourcefor in different
seasonfclude the following
Spring® buds of several types of
hardwood treegarticularly
maple. Squirrels lick the sweet sg
that leakdrom cracks in the bark
of maple trees (Lundgren, 2011).
Summed winged seeds of maple
and elm, together with a wide
variety of berries, fungiand other
wild fruits.

Autumnd acorn and hickory nuts,
Winterd Food stored during
autumn and sometimes food
suppkemens from humansS.

carolinensisoften takes advantagt

Mapleseedn summeriree
budsin spring, acorn and
hickory nutsin autumn, and
bird feeders in winter are
attractive toS. carolinensis
Road stréches with
hardwood treearoundthem

aresensitive aresfor WVC.
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of bird feeders @.a food source
(Lundgren, 2011

Squirrelsare more commowhere
supplemental food is available
than wherat is not, particularly
during harsh or snowy winterS.
carolinensigopulatiors are
abundant in sites with llfeeders
(Benson, 2013Bowersand
Breland, 1996). Human food was
also provides a yeaound source
of nourishment that partly makes
up for the paucity of natural food,
Supplement food increases
foraging time on the ground.
Availability of supplemeral food

is a factonin high WVC mortality
in urban areas (Shuttleworth,
2001).

Avoid humanprovided food
and other supplement food
sources like birdeedes that
attract squirrels to cross
roads.

In spring, habitat quality
experiences a seasonal change,
which may makeS. carolinensis
roam further to seek food
(Thompson, 1977).

In spring the animals may
travel further from their

home trees.

WVCsoccur whersquirrelsforage
on the woodland floor. Activity on
the ground is increased when fog
in the canopysd relatively scarce.

S. carolinensislso spensla lot of

A squirrel bridgethat
connects the canomcross a
roadmay not be adequate tdg
mitigate WVC.

In autumn and earlyinter
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time ontheground when scatter
hoarding of food is intense
(Shuttleworth, 2001).

when hoarding activities are
intense, WVG occur more
often.

S. carolinensigats a lot and store
fat during the warmer months. In
autumn its rate of food
consumption exceeds energetic
needs by 32% (Koprowski, 1994
In winter it climbs out of & nest
every few days to search for fres
food or for food it hid away earlie
(Gareth Stevens Library, 2009).

S. carolinensistays active
all winter, although it is not
as active as in summdue to
the stored fat in its body.
This sluggishness increase
the likelihood ofWVC in
winter. Mitigation measures

are still needed in winter.

S. carolinensisonsumes twice as
much as food at <€ as
individuals at 24C. Maximum
body mas®ccurs inautumn and

winter (Koprowski, 1994).

Its sluggishmovement in
auumn and winter make

themmore likely to be hit

S g u i dietactivitydatteris are
bimodalfrom spring to autumn,
peaking about 2 h after sunrise &
2i 5 h before sunset; a unimodal
pattern occurs in winter with a
peak 24 h before sunset
(HinterlandWh o 0 s
Koprowski, 1994).

S. carolinensiss most active in
summer (Demer, 2006).

Wh o,

Increasedctivity is
associated witimcreased
WVC. Spreadnformation
aboutpeak foraging time
throughpublic education
systensg to improve

awareness.

156



Greatermovements would occur i
fragmented woodland than in are
of more continuous woodland
(Tayloret al, 1971).

Urban areas have more
fragmented landscapes.
carolinensigan urban areas
have greater movements,
which implies higher WVC

occurrence.

From late autumn to winter,
squirrels spent most of their time
traveling on the groundligging
and foraging for buried acorns.
Travel decreasdn late spring and
summer, then increasm late fall
(RyanandCarey, 1995).

Autumn is the peak tim@r
S. carolirensiswVC.
Increased foraging time on
the groundmay be one

reason.

S. carolinensiss especially
attracedto sugary beveragand
mi | k
2016).

(Hinterl an

Outdoor drinkingountains
and trash cans containing
food waste may attract
squirrels.Design barriers

around these attractors.

Movement
Pattern

Squirrelsspend most atheir lives
in trees, wherégheymove about
with great agility. A continuous
tree canopy alloweasy travel

from tree to tree.

Aerial crossing structures
should be designdaetween
trees to help squirrels move
above traffic.

Extension of crossirgto
adjacent forests can

encouragelse

S. carolinensi®iasgreat mobility
and can reach speegls to 25km
per hourSquirrelscan jump about

four feet high, or nine feet

There are no experimental
data on how fa6.
carolinensiscan jump or

glide. A continuous crossing
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horizortally with no incline
change. They can glideiefly
(Hinterl and Who
Squirrels in the Attic, 2016).

structure is appropriate for it

safe moverant.

S. carolinensisuns along branche
and leap between trees on
familiar paths Pathway have
squirrel scent marks to help them
easily find their way (Gareth
Stevens Library, 2009).

Scentmark designed squirre|
passageto improvetheir

effectiveness

S. carolinensi@ s dfeet are

strong and flexiblgallowing them
to climb and hold on to slippery
surfaces. They are frequently
observedwallkiga | ong wi
l i ghtning spe,pd

700).

Telephone and eleatrpower
lines can be usedarossing
structurs for S. carolinensis
even though these facilities
arenot specificallydesigned

as squirrel passages.

There are many records 8f
carolinensisswimming
(ThoringtonandFerrel, 2006).

Culverts with water can be
used as tunnefor squirrels

to cross under roads.

Habitat
Characteristics

Densitiesof the squirrelare
highest in habitats composed of
trees that produce storable foods
such as oak, hickorand walnut
(Koprowski, 1994).

A land patch with a diversityf
of nutbearing treg can

supportalarge population.

Although undisturbed forests are
t he s gfavorite habitatdits
population density is much highe

near human settlements, and is

Urban parks, reserves,
campussmayhostlargesS.
carolinensigpopulations.

Roads running through or
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especially highn heavily forested
urban and suburban sites (Bowe
andBreland, 198).

along these landscape
patches need special attent
in WVC mitigation strategy

development.

S. carolinensisbundance in urba
areas is signifiaatly correlated
with basal area, tree density, and
number of oaks per h&#/henthe
diameter at breast heigfa.b.h.) of
all species of oak trees reaches 4
cm, they produgacorns at the
average for the species
(Williamson, 1982/1983).

WV C hotspot idenfication
in urban area is associated
with basal area, tree density

presence ofnature oaks.

S. carolinensigprefersto nestin
treesgreaterthan 31 cm in
diameter. Oaks and pines are
usually chosen as nest trees
(Williamson, 1982/1983).

Mature trees wh diametes
greaterthan 31 cm in
woodland patcheare

attractive tcS. carolinensis

A minimum of 8.5m“ha of basal
area in trees of segmoducing
size’is theideal habitat size to
sustainreasonablé&. carolinensis
densities (Williamson, 1982/1983

Roads running through or
along these areas are putati
WVC hotspots.

Typical sigrs of S. carolinensis
inhabitationaregnawed husks anc
shells of nuts around the base of
tree, especially acorns, hickory

nuts, walnuts, beechnytend

These signs should lsedin
afield survey to identify
local habitats 08.

carolinensis
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pecans (Hinted n d Wh 0 0 S

2016).

Following a period of expansion,
the area used Wfy. carolinensis
individualsappears to stabilize arn
remains identical in both extent
andlocation throughout life.

Each squirrel occupies an averag
home range ofi13 aades(0.4i 1.2
ha) in areas with high population
densityand50 aces(20 ha) in
areas with low population density
Its ranges greatestiuring spring
(Thompson, 1977). caroinensis
possesssa strong homing
tendency and
4.5 km (Koprowski, 1994), but its
maximum travel distande 180m

(Tayloret al, 1971).

ma

It is possible to draw a rangg
for S. carolinensigctivity.
Drawing the activity range o
S. carolirensiscan help
identify potential WVC
hotspots. In urban areas
whereS. carolinensislensity
is high, the range is about 1
acre. The activity range &.
carolinensiscan be drawn as
a circlewith the home tree a
thecenter and the maximum

travel distancestheradius.

Male squirrelhome rangeexpand
significantly during the summer

mating period (Thompson, 1977)

Enlarge the home range $f
carolinensigo 3 acres in
summemwhen designing a

mitigation strategy

Plantings in parking lots and on
stree edges can provide adequat

habitat for squirrels, which might

be attracted from nearby forests

Roadside trees near forgst
may attracS. carolinensis
for nesting These nest

locationsincrease the
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(Williamson, 1982/1983).

possibility of WVCs.

Nest boxs offered by squirrel
lovers are crucial to the
establishment of squirrel
populations in a specific landscay
patch (Benson, 2013).

Nest boxes should not be
installedin locations that

mayinduce high WVQates

Social
Behavior

S. carolinensifiasa home range,
but territoriality is not evidenced
and many home ranges may
overlap (Hinter
2016; Koprowski, 1994)S.
carolinensisfreely cross
overlapping home range
boundaries when foraging and
feeding (Thompson, 1977).

Many individualsmay shae
the same corridgy crossing

structure, and rest statias

The largest increments are adde
to subadulsqurrelsbhome range
between the agef 90 and 120
days, which corresportd
dispersal activities (Thompson,
1977).Juvenile dispersal
contribues to high mortality
during the first year of life
(Koprowski, 1994).

Subadults activg expand
their home range The
periodof maximum home
range expansion batin
summer for sprindgporn
animals, and autumn for
summesborn animals
(Thompson, 1977).
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Population density affects In urban areawith largeS.
dispersal rates (Oxlest al, 1974).| carolinensispopulatiors,
dispersal happens more

frequently.

UrbanS. carolinensisndividuals | Supplemersl food from
areso tame that they will come | humars attractsS.

and take nuts out dfumanhand | carolinensisactivities.Use
Others (Benson, 2013). public education programse
educate peopleotto lure

animals into crossing road

6.2.4 Suggestions f@. carolinensi$VVC mitigation strategy development

6.2.4.1 Data collection

Data that neesko be collected for developing appropriate mitigation
strategesfall into two categoriesaumbersof WVC-killed S. carolinensisnd
geographical rangef routine activity. Through data collectiowVC hotspots can
beidentifiedin a GIS system. The two approaches for data collectioasaf@lows
1 Public reporing system. The majority of carcasses are discovered as a
result of reports made by local people (Shuttleworth, 2001). Public report
system acts as an essenti@ormation source irs. carolinensisvVvC
research. Squirrel bodies remain visible on roads after WVC for an
average of 2.7 days. This is realized as long enough for many carcasses to
be reported by members of publ&:. carolinensiss easily to be reeded

by the nonrprofessional public due to its abundance in an area.
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Nevertheless, there is still high possibility to unrdstimated the number

of WVC-killed S. carolinensisThat is because 1) carcasses may have
gone unreported; 2) the passage of vekiolay render them shapeless

and unrecognizabl&) the carcasses may get eaten by scavengers before
being reportedand4) theS. carolinensisvho is struck by vehicles but is

able to move unseen is not included (Shuttleworth, 2001).

Field survey. The fst object of a field survey is to collect information on
WVC-killed S. carolinensisField surveys can be conducted with the help
from professionals, local experts, or the public. Patrolling potential WVC
hotspots on foot or by bicycle once every 24 hauesutum to look forS.
carolinensiscarcasses is recommended. Data can be collected weekly. The
patrolling should be committed in autumn when has been proven to be the
WVC peak season. Mortality may increase in areas where roads fragment
or isolate areasf home ranges. Special attention should be given to the
road segments that run through patches with sufficient food, shelter, and

protection from predation.

Possible WVC hotspots may be found at the followed following locations:

T
il

Road stretches where fdoesources can be found in adjacent land patches.
Road stretches with nubr acornbearing treebeing planted on both sigle
of a road segments.

Narrow roads with road clearances of 38 m (Oxleyet al.,1974)
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1 Road sections with widgrassy mediastrips that encourage crossing
attemptgClevengetet al, 2003;Snyder, 2014)

1 Areas wherelaundantS. carolinensipopulatiors have been observeds.
carolinensids easily observed in urban areas, so the sight records (tracks,
live observation, and WV4Ills) of S. carolinensisnay give reliable
information on range (Taylaat al, 1971)

The secongburpose of the survey is to locate the important ecological
elements fofS. carolinensisThese elements are not included in regular geographic
informationsydems or satellite photos, but are helpful to identify home nge
foragng sites, and activity range

1 S. carolinensisiests. Normally it nests in leaf dreys on branches in spring
and summer, in tree cavities in winter. Dreys are big enough to be
noticealte and they often are found on the top of large pine, hemlock,
maple, birch, and oak trees. Rather than the continuous, undisturbed
woodl ands, the speciesbd6 population den
near human settlements

1 Vegetation composed of abwamd and diverse plant and mature tree
species, especially mastoducing trees like oaks.

1 Mid-aged, mature, or old trees with theib.h.reaching3lcm. Special
attention should be given when the d.b.h. of the 1beating trees reach
43cm.

1 Abundantnestboxes supplied by squirrel lovers.
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On the basis of collected information, a rough estima carolinensis
home ranges can be drawn. The home range o
covers in its dayo-day travels. An inherent property of honamge is that it is fixed,
in the sense that the animal does not wander through a space at random but repeatedly
covers the same gener al ,hpaly Mathémaficlal houn and
expressions of home ranges are circular (Calhoun and Casby, 18%8)gh some
researchers have recorded that ranges tend to be elongated (Mohr and Stumpf, 1966).
For the purposes of this research only a rough conclusion is needed, so a circular
shape is used. Taking the home tree as the center and the maximum traneédis
180 nd as a radius, draw a circle to defilne home range. In spring, the home range

may extend due to a seasonal change of habitat quality.
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Figure6.6: Typical Home Range @&. carolinensis
Adapted from photo source: http://bct.ecoassedu/wp

content/uploads/2014/07/IDBnages_+7.jpg.
6.2.4.2 Plan action options

(1) Public education program

Ryan and Carey (1995) reported that raising public awareness of the presence
and status of locé. carolinensipopulations, as well as basnformation on WVC
avoidance strategies, through brochures and posted road signs maySeduce
carolinensisWVC rates. Elements to cover in a public education program include the
following:

1 Local sensitive aredor S. carolinensi$VVC3 encourage drivers slow

downin wooded areas (RSNE, 2016)
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1 WVC occurrence has a seasonal peak in autumn

1 The daily peak timefor S. carolinensisctivity are2 h after sunrise and 2

h before sunset

1 Supplemental feedingpportunities offered by squirrel lovers should not
be located in positiathatencourage road crossifigSNE, 2016 see

Figure 6.7.

. Trash bins that would entice squirrels to cross roads

Figure6.7: An Example of Roadside Attractants forcarolinensis
Source: Prepared by the author.

(2) Clear roadsideof food and water resources

Remove frequently vised roadside food waste stations and water sources
around WVC hotspots. Focus should be put on the trasmeamrestaurargand
transportatiorstatiors. Drinking fountainsor puddlesnext to curbsnayalsoattractsS.
carolinensis

(3) Traffic calming
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1 Warning sigage Warning signs are widely used for mitigate WVC $or
carolinensi® s r & feddquirrel&ciurus vulgarisin some locations,
but rarely forS. carolinensisThe warning sign fo8. carolinensishould
be similar to those for red sqrets. Signs should be erected in selected
WVC hotspots. Avoid an over proliferation of the warning signs, Over
proliferation of signs can significantly dilute their effectiveness. The signs
could be designed as a 3.3m galvanized post with a triangulasrptiss
top. The triangular post is 600mm, constructed from aluminum, and
display a squirrel motif (RSNE, 2016). The post is also can be attached on

a roadside tree.
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SLOW'DOWN

Gray
Squi.rrels

Figure6.8: Example Warning Signage f&: carolinensis

Adapted from photo sooes:http://hildakean.com/?page_id=18&2
http://i.istockimg.com/file_thumbview_approve/42966650/3/stpbktc42966650
red-squirrelwarningsign.jpg

1 Speed limis. Traffic volume and vehicle speed are prove affectS.
carolinensisNVC occurrence(van derRee, 2006).

1 Road closureduringWVC peak seasanClose roads in WVC sensitive
areas, mainly in forests and parks, to all vehicular traffipeak seasons
(Fitzpatricket al, 1993). Roaslcanbe reopenedat the beginning of

winter.
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(4) Clear road vergestidentified WVC hotspots

S. carolinensisleatts in WVCs aremost frequent on trefginged roads.
Elevated roads or roads with a verge width in excess of h@d fewer WVGthan
roadswith close vgetation(Slater, 2002; Snyder, 2014). Clegyroad vergesf
vegetatiorto more than 1on is an effective approach for roads segm#rasrun
through continuous woodland&n aerial bridges recommendetb mitigate the

barrier effect of roasl

A

k \ | Squirrel Foraging Site

— — [ —  — Road Clearance >10m

Veggie-free Area :

\\ Squirrel Habitat

Figure 6.9: Road Verge Clearance
Source: Prepared by the author

(5) Design median strgto beless attractive t&. carolinensis
A wide variety of berries, fungand other wilgplantsare important food

sources for this species, especially in summer. Avadtpigspecies thabear fruit

in median strip.
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Road sections with widgrassy medians apossibleWVC hotspots. A widg
vegetated median geenas a safe zonay S. carolinensisis itdecreassthe distance
the animal has to cross at one time to hesafety.Consider replacing theedian
with ahard surface if necessary. When it is not possible to remove plamithe
median placea warning sig or construct alternative crossings.

(6) ImplementS. carolinensigrossings to facilitate crossing betas

S. carolinensifias beembservedisingexisting aerial and underground
passages to crossads Thus there are two options to construcSagarolinensis
crossing aerial bridges and underground tunnels.

(a) Aerial bridges

S. carolinensispends mdof its life in trees, where it moves around with
great agility.A continuous tree canopy allows easy travel from tree to tteeever,
the ani mal 6s movement can [athe $amerteight. ed by ev
Although not widely implemented f&:.carolinensis aerial bridgearea common
WVC mitigation measure for some arboreal spediles the squirrel glider Petaurus
norfolcensi$, to combathabitat fragmentatiorvan derRee €ited inGray, 2006)
statel thatanaeria | bri dge iemoveeahifasoff thewaad ancdrediive
ri sk of (m2.Rdpe midgesnesekativelyinexpensivelf they are used
extensively aerial bridgesanreduce WVC ratesignificantly. Some studies have
observed that aerial bridges are used by adlgnammals to cross roads. Regular
usage by certain individuals are identifigdg.,Ball andGoldingay, 2008; Gray,

2006; Soaneandvan der Ree, 2009; TaylandGoldingay, 2013)However, the
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effectiveness amany of them are yet to be fully determdn@all andGoldingay,
2008;van derRee, 2006)Aerial bridges may be an effective WVC mitigation
measurdor the following reasons

1 Mostarboreaimediumsized mammals have been recorded crossing aerial
bridges. This indicates that this kind of crossiraymvork well forS.
carolinensig(Teixeiraet al, 2013).

1 S. carolinensiss an adept climbeso itwould haveno physical difficulty
in usng these aerial crossings.

1 S. carolinensisloes not avoid treem road verges. A study ithe U.K.
foundthat grg squirrels useéthe canopesof trees along road verges to
move betweemdjacent patches ofoods (Michael, 2005).

1 S. carolinensisuns along branches and leaps between trees on familiar
paths, which means thatteran initial period of habituation tat#icial
crossings, an increase in crossing freqyesdkely to occur (Soanesnd
van der Ree, 2009)

1 S. carolinensiswvoids vehicles predation by crossing roads on existing
wires orby other means. Thimdicates that it mayse a bridge which is
desgned for it.

1 During dispersaljuveniles commonly use habitat elements not preferred
by adults, suggesting they may be willing to use artificial structures to

cross roads (BalndGoldingay, 2008).
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Existing infrastructure like a couple of telephone pokas be strung with
rope and used as aerial bridgesSorcarolinensiswhen no such infrastructure exists
near WVC hotspots, or where existing infrastructure is not sufficient to facilitate
movement, installation of an aerlaidge is recommended. Figu6é.10shows design

models for canopy bridges.

(3]
(1)
© Mesh Bridge
@ Rope Ladder Bridge
) € X-shape Bridge

Figure6.10:Models of Squirrel Aerial BridgeTaken fromRSNE, 2016, p. 2
Design principles of an aerial bridgelude the following
1 Meet minimum height requirements set by local planning deyesutis
(RSNE, 2016); normally® 12 m, depending on local topography (Soanes
and van der Ree, 2008)
1 Feederor feeding platforns should be installedt either end of the bridge
andreplenishedegularly to attract use, especialythe first monthsafter

installment (RSNE, 2016)
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1 Whenthe aerial bridge is installed above a rtfaatis widerthan5 m,
design resting statiomaade of natural materiavery 5m along the bridge
to preventS. carolinensigrom falling off. The stations could be

constructed wh natural material to make thenore acceptable by the

squirrels.

@ Rest station made of wood panel.
The rest stations are installed every
5m along the aerial bridge

@ Steel wires

e Netting of marine grade ropes between the two steel wires
provides a flat surface for squirrels to cross

o A green plastic cover provides the crossing squirrel a protection
from predation. The cover starts 3m away from the bridge end to prevent
squirrels from crossing on the cover

© rence that made of ropes prevents crossing squirrels falling off from the bridge

Figure6.11 Aerial Bridge Design
Source: Prepared by the author

91 Design a cover to provide protection from predation (BatlGoldingay,

2008)
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1 A webof aerial bridgs should extendrbm all mature home trees to
roadside trees or polesdinto the canogsof trees in adjacent land
patchesThe end of the bridge web should be attachesl warolinensié s
home trees if possible, while all the home trees which are mature and
healthy inan area should be included in the bridge web. A single rope
(manila, hemp, polypropylene, and hempex are all suitable materials) or
liana, 15 30 mm in diameter, is sufficient to connect trees on the same
side of the road (RSNE, 2016).

This web of bridgess installed to guid&. carolinensiBs movement . The
bridges serve as guiding paths to the roaubsing structure. Singlepe

and singlepole overpasses in the web are not needed to be designed as

stable as the roactossing bridge.

Figure 6.12 and Fige 6.13give an example of an aerial bridge web

design.
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Veggie-free Area
Aerial Bridge as a Road-crossing Structure |

Hardwood Pole
Single-rope Bridge “ ‘ e ;

Home Tree

Figure6.12:Site Plan for an Aerial Bridge Web
Source Prepared by the author.
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g
0 An areial bridge running between a tree and a pole

) Q A hardwood pole that is similar in texture to standing dead trees

: 9 ‘Asingle rope extending from the top of the pole. The rope provides
~ apassage between the bridge and surrounding trees

Figure6.13:3D View of an Aerial Bridge Web
Source: Prepared by the author

1 Take advantagef existing power poles when constructing the bridge web.
When mature trees are absatitnportant points of the web, or if the
roadside home trees need regtilemmingin a district,apoleis required
Polesshould bemore than 3@m in diameter and bied 1.5m into the
ground.Hardwood poles are similar in texture to standing dead trees,
which are regularly used 8. carolinensi¢Bal andGoldingay, 2008;
RSNE, 2016).

1 A fence or clearance of roadsidegetatiorshould be implemented in

associatiorwith aerial bridgs. As stated before, roads with a vevgeder
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than10m had fewer WVGthan roadsvith close vegetatianThese
measuresvill discourages. carolinensigrom crossng onthe ground

(b) Undergroundunnels

Anunderground passage or tunney also be used as a crossing structure.
Becausanost WVG occur in fragmented landscapenderground tunnghrean
appropriate optiofor squirrels, with theismall body size Squirrels have been
observedisingunderroad tunnels to cross roads (Rket al, 2016;Puiget al,

2012).

Retrofitting existing underground infrastructures sastrain pip& orstream
culvers asS. carolinensipassages is an easy way to construct a squirrel tunnel. Any
existing tunnel witran openindarger than 13@y 130mm canbe used bys.
carolinensis’. There areeportsof S. carolinensiswimming thus occasional water
will not prevent them from usingculvert. Plantest al. (2016)reporedthat a
wooden ledge extending from a culvert can t&lparolinensis¢o find and use the
passagePositionng awooden or rock ledge on one sideadfinnelor culvertis
suggestedb facilitate useThe ledge does noieed to be attached to the wall.

Intentionallydesigned squirrel tunrseshreneeded when there are no exigt
underground tunnels in the area. A squirrel tunnel impleatientshouldadhere to
the followingguidelines:

1 Use wood or stone in the underground passagenwlatea natural

environmentleaves can blaid on the ground surface emcourageise

17130 by 130 mm is the smallest dimension of a squirrel trap.
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1 Tunnd height should b&00G' 500 mm, andwidth shouldbe 250 350 mm;
in districts where the average body siz&o€arolinensiss larger, a
largertunnel should be used

1 Feeders should be installateither end of the tunnel, ameplenished
regularly to encotage use, especially the first monthsafterinstallation

1 Keep the road vergeear the tunnetlearof vegetationor convert the
verge to gravel or other neregetative surface to encourage squirrels to
seek an alternativerossng method

(7) Exclusionfences

A seasonag¢xclusion fencés suggested at WVC hotspatsautumnwhensS.

carolinensisspendsalarge amount of its time ahe ground.Design principles foa

seasona¢xclusion fencenclude the following

1 Materials with smooth and solid surfaseichasrigid plasticor polythene
are recommended to block squirrels from roégsause they can climb;
buta mesh fence made of thptastic has been proven effective in practice
(Fogle, 2014)You should specify larger grid size for these plasticdsnc
They are notorious snake killers when the grid size is large enough for the
snakeds head to move through, but

body. The snake becomes trapped and starves to death.
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Jio iﬁ?an'lil Siliegon

Figure6.14:Thin-Plastic Mesh Fence
PictureSource:http://www.hobbyfarms.comfaheapway-to-keepsquirrelsout-of-
your-garden/

1 The fence should be installed at least 2way from the nearest plantings
to preventS. carolinensigrom leapingoverthe fence
1 Becauses. carolinensiss a good diggeihury the fencé&0 cminto the
ground with a right angle bend toward the fieht the bottom
1 Fenceheightshould be at least 2 m (SFGATE, 2016)
(8) Monitoring
Monitoring crossing use supplies important information for maintenance,
modification, evaluationand further implementatioMonitoring a single constructed
crossing structure for a short duratemables evaluation of the resuliie time
neededor squirrek to adaptvaried widelyamong sites, with one squirrel bridgas

not used until 11 months after construction. A monitoring period of attieastears
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is recommendetb allowS. carolinensiso habituate to the crossing structures
(Soanesndvan der Re, 2008). There are multiple monitor methadsluding the
following
1 Hair tubes set at the emdf the bridge (RSNE, 2016). Some hair tubes have
glue muff at entrance and exit, @sticky patclwhich placed inside the tube
to catch hair from any anim#iat enters the tube. This hair can then be DNA
tested to confirnmow many individualfias used the bridge
1 Remotely triggerednfrared, 24hour cameras at either end of the crossing
with infrared beam sensors plasageryone to four meters along the ssing
enable a series of consecutive phpttamped with date and tinte,record
an animal's crossing (Soaresdvan der Ree, 200& okochi andBencini,
2015.
1 Identification of some individualwith unique markigs(e.g., ear notches)
canconfirmregulr and repeated use of the crossings

The evaluation of the presentedploptions is shown in Figure 6.15
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Increasing economic cost

‘ 0 Temporal road closure

0 Rope bridge to

‘ . facilitate crossing
0 Clear road verges behaviors

0 Redesign median strips & A web of aerial bridges

0 Public education
program

0 Warning signs
0 Speed limit

Figure6.15 Evaluation of The Presented Plaptidns
Source: Prepared by the author.

The decisiormaking process is shovwn Figure 6.16
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Clear roadside and dsign

| Can Vt\;VC bedrrf('jt'gftel*); ; the median strip to make it
ciearing he roaaside from 0?) less attractive toS.
resources at WVC hotspots? raralinancic
No

Can squirrel warning signs be Placewarning signs at
installed at WVC hotspots? WVC hotspots

Clear road vergeof vegetation

Can oad vergesbe clearedat
to more than 10m

identified WVC hotspot®

9

Set a speed limit at WVC
Can aa speed limit b set at WVC hotspots
hotspots?

Implement aerial bridge web

around the WVC hotspotgo
facilitate crossing An exclusion
No fence or vegetation clearance is
recommended for implementation
in association with the bridae web

Figure6.16 Decisiormaking Process on WVC Mitigation Measures Sor
carolinensis
Source: Prepared by the author
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6.3HouseSparrow (Passer domestic)s

6.3.1Basc biology

P. domesticuss a small bird with a typical lgth of 14 16 cm, wingsparof
191 25cm, and mass of 288 g (Brazil, 2009)P. domesticuss native to Europe and
Asia,and isnow introduced to most parof the world. It is the most widie
distributed wild bird on the planet and most often in confli¢hywieople (Hadidian,
1997;Royal Society for the Protection of BirdR$PH, 2015). Mosmemberof this
speciesaarenon-migratory.P. domesticubas a long history of coexistence with
humars andis rarely found away from villages, towr® cities. It lives in settings
ranging from isolated rural farms to urban centers (Brazil, 2B@6yclopedia of Life
2016).

P. domesticubas an extremely large range astisted as least concern on
thelUCN RedList (IUCN, 2016c; Serest al, 2012). However, acading to
provisional data for 21 countries from the Hauropean Common Bird Monitoring
SchemeP. domesticupopulation has been undergoing a moderate decline since the
early 1980s in several parts of the globe (Sezeas, 2012). The population loss i
major urban areas has been even more pronounced, amountiri@®885 during
the last 2040 years (Anderson, 2008gres®t al, 2012). There is no consensusaon
possible cause. Numerous hypotheses have been put foandsdveral mention

traffic. As Bergtold(1921)statel, not only did the replacement of the horse by motor
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vehicles remove a great source of food from the spaftbwt the faster moving
traffic made the streets less safe to feed in and were presumably responsible for a
disproportionamortality of the n&e young birds (Bergtold 1921; HeijandMoeliker,

1986).

6.3.2P. domesticuand WVC

Birds are addressed as important vistimmost multiple taxa WVC studies
(Jacobsen, 2005). Unsurprisingly,adsird that istightly linked to hunars, P.
domesticuss frequently involved in WV& In most research dA. domesticus
population decline, WVC is nadentifiedas a dominant factor, but WVC does
outrank many other sources of direct anthropogenic mortality such as predation by
outdoor domestic catsor collisions with buildings (Coffin, 2007; Loss al, 2014).
Some studies assert that the negative impact of WVC mortality is seriously under
estimatedé€.g.,Moller et al, 2011). In England, 13% of tlie domesticupopulation
was killed byWVC in 1960 1961 (HodsonandSnow, 1965); A German study
undertaken during 1972976 found that about 5% of the lo€aldomesticus
population were killed in WVCit was also found that nearly &l. domesticus
juveniles are killedby vehiclesnear Copentgen, Denmark (Erritzoet al, 2003).
This passerine is involved in WVi@ore commonly than others in the genus
(DunthornandErrington, 1964Erritzoeet al, 2003; Hodson, BD; Perisand

Pescador, 2004although always in numbers lower than those seendn

18 Spillage from horse nosebags and undigested seeds in their droppings were essential sources of food
for P. domesticugBergtdd, 1921; SummerSmith, 1963). Replacement of horses by cars had a
negative effect on the food supply of house sparrows (Anderson, 2006).
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passerines, such as barn owlgt6 albg or nightjars Caprimulgus spp(Perisand
Pescador, 2004T.he following aresome biological characteristitisatleadhouse
sparrowgo become WVC victirg
1 Small body size and gray coloration mdkedomestushard to detect by
divers, especially itow-light environmens.
1 This bird prefers habitain human settlementspits flight routes
frequently intersect with roads. According to Erritatel, 2003,
territories 150200 m from the road are risk zesmfor small birds. About 5%
of theP. domesticupopulation lives in this WVC risk zone
1 P. domesticuss not shy and thus may react less when a car appears
(Erritzoeet al, 2003). Its ability to learn to cope with the danger of traffic
is weak'® But al® there is research shows thettanP. domesticusnay
learn to deal with vehicless a result of dense traffic (Odzuck, 1975).
1 P. domesticufrequently visits roads.
1 P. domesticuforages in flocks during the nébreeding season. When
flocks are alarmed cantake a long timdor them allto crossaroad to
safety (Erritzoeet al,, 2003).
Somewhat surprisingly, the patterns of WVC Rordomesticysor for birdsin
general are not well addressed in research. As a consequence, only a few

characteristicef P. domesticu8VVCs could beidentified

9 Some authors have stated that there does not yet appear to be any sign of traffic awareness among
most species ofitels. They cannot recognize traffic as a potential danger even though they have
experienced many WVC casualties (Dunthorn and Errington, 1964).
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T Juvenilesare more freque/VC victims than adult bird® (Erritzoeet
al., 2003;Losset al, 2014; Robinsoet al, 2005). There is logical and
experimental evidence supporting this conclusion. Juveniles denot
have full flightcapabilitiesand lack experienda dealing with oncoming
vehicles. In Denmark’2% of WVC victims in Augusivere young birds
(Erritzoeet al, 2003. In Russia50i 90% of all birds killed on roads
between April and October areyngbirds (Hansen, 1969, 1982).

1 Most WVCs happen in spring and summerisigeak is conneetwith
two activities: the first is breeding activities and reduced attetaion
surroundingsthe second is dispersal and inexperience of young birds
(Erritzoeet al, 2003).Also, the summer harvestan important facton
WVCs. Insummey cereal seeds, growing coand other cropattract
birds to fly across roads (Erritze¢ al.,2003).

91 Daily WVC peaks occur at about 12:00 (Erritzgel.,2003), which may
relake to freqent human activity at that time.

1 Smaller road# rural aregresent a greater danger to birds, because the
birds there are not familiar with traffl©dzuck, 1975).

1 Road characteristics, such as speed limit, traffic dermitpadside

plantings, have substantial influence up@ndomesticu8vVVC (Erritzoeet

2 Erritzoeet al.(2003)raise questions about this conclusion due to the time restriction on determining
ages of WVC victims. It is only during or just after the breeding seasanatye research can be done.

At this time, young birds appear in great numbers and differ significantly in plumage from the adults.
During the late autumn and wither, after moultings ibot possible to distinguish between young and
maturehouse sparrowsithout an internal inspection of the gonads.
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al., 2003)WVCsarerare on roads with a speed limit belowlt/h, and
startto increase at a speed of IG@&/h. Nevertheless, evidence shows that
even a lower speed can be fataPtadomescus (Erritzoeet al, 2003).

The current knowledge regarding bird WVC mitigation measisraot fully
developed. Therare numeroulteraturecitationsaboutthe impacts of roads on birds
but only a few offer suggestions for mitigation or review tfiectiveness of the
relatively fewexistingmitigation measures (Jacobson, 2005; Zuberogeits,
2015).After identifying WVC hotspots, mitigation suggestions for birds inelud
reducing speed linsf erecting sigato alert drivers, and placing fligheflectors
along roadsides to force birds to fly above vehicle height (Baadl, 2001;Gomeset
al., 2009; Los=t al, 2014; Ramsden, 2003)anvder Reeet al.(2009)recommendd
that WVC mitigation for flying bird should be similar to that for baasid butterflies.

Most of these suggestions have not been put into practice. WVC mitigation
measures for biare not implemented as widely as for mamniBterearehardly
any WVC mitigation projectsor P. domesticusvorldwide. There are a number of
reasons for this(a) P. domesticu8VVCs normally do not induce serious human
injury or financiallosses. (bJP. domesticuss so abundant that it is beyond the reach
of conservation bads, and WVC mortality does not impoasignificant impact on
the localpopulation. In addition?. domesticusraditionally has beemisidentified as

a pest to agriculture. In areas where it has been introdacedmesticuss cited by
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some as the reaséor population declineof some native bird speciéSits invasive
naure often gives it an unpleasant association (Bell, 2011; The Hufaamnety of
the United States, 2014}) Most researcln bird victims of WVCis conductedy
ornithologists. Their research presents cewfit’VVC victims and describes the
effect of WVCon avian mortality, whiléackinganalysis of the results or suggestions
for mitigation (Erritzoeet al, 2003;Moller et al, 2011).(c). (d) Mitigation measures
for birds, especially for those like. domesticusvith low, erratic flight patterns, are
nat aswidely developed or deployed as for large mammals. This phenomenon is
largelybecausd i r ds 6 abil ity to fly renders nearly
(Erritzoeet al.,2003).

The magnitude oP. domesticumortality in WVCs highlights he needor
mitigation measureBoth research and practice need be further developed. Increased
attention should be given to documenting which regions are most vulner#ble to

domesticu®WVC, andto research on mitigation measures.
6.3.3P. domesticuscologyand WVC mitigation suggestions

Table 6.4 P. domesticu&cology and WVC Mitigation Suggestions

WVC Mitigation
Behavior Observations and
Suggestiors
_ Sparrove havehigh tolerancdor traffic P. domesticushows no
Reaction
to Roads | hoise (PerieandPescador, 2004p. obvious avoidance of roads

% However, this idea is not proven, and is doubted by many (The Humane Society of the United States,
2012).
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domestica forages near roads and redst
roadside trees (Gilbert, 198

andis thereforehighly
susceptible to WVE

P. domesticuss more abundant near high
traffic roads with concentrated human
activities (Rerisand Pescador, 20RBusy
routes where there are lays or bus stops
with litter bins are worked over byuse
sparrowqGilbert, 1989).

Bus statios, train statios,
and operair restaurargtin
urban area are potential WV
hotspots. A fencehouldbe
installed near stations to
increase flight heighand
preventP. domesticufrom
flying into roads

In suburban and rural aga
roads running through
agricultural land are putative
WVC hotspots.

Increagdtraffic speed and volume lead tg
high WVC mortéity (Losset al, 2014).

Traffic calming may be
implementechat P. domesticug

hotspots.

When sparrows foragn flocks on roads,
theirescapdlights may takealonger time;

and juveniles react more slowly.

Cleaing food resourcefrom
roads and roadsid¢o
preventP. domesticufrom

flying into the road.

Most WVCs occur on the verge of roads
due to lack of good siglmes (Dunthorn
andErrington, 1964).

Wider, straighter roads have
fewerWVCs.

WVC mortality rates are higher for juveni
birds becausthey lack experience.

Fledglings need special
attention in WVC mitigation
strategy development. WVC
mitigationmeasureshould

be taken during nesting
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season.

During fledging season, sparrow parents
continue to feed their young. (Arnold,
1992).P. donesticusparents are found to

feed their fledglings on road

Strict regulations or rules are
needed to mitigate WVC

during this season.

Life
Cycle

Breeding season varies geographically.
Residents in temperate latitudes have a
single reproduction seasorattextends
from early or midspring through late
summer; in tropical or subtropical areas,
clutch initiation has been reported in evel
month of the year, but theegetwo peaks
of clutch initiation: one preceding and ong¢
after the summer rainy season @&nson,
2006; Arnold, 1992).

WVC mitigation
implementatiomeeds to
consider théocal context
mitigation measures should

be enhanced for fledglings.

WhenP. domesticushicks are14i 17 days
old, they arefully fledged and ready to
leave the nest (Arnd] 1992). Fledging anc
juvenile P. domesticubave high mortality
rates. Most fledglings leave their nash

summer (Gurney, 1896).

Fledging birds are especially
vulnerableto WVC. Roadside
trees with sparrow nests ne¢

special mitigation attention.

Each nestling can consume as many as
3,000 to 4,000 insects during its first mon
(Dixon, 2010).As growing young chicks
need constarfeeding theparents make as
many as 300 trips a day to the nest with
food (Arnold, 1992).

The frequent trips increase
the possibilitythat theparent
will be involved inmWVC.
In summer, attractive
foraging areas folP.
domesticusinclude
agricultural and garden aea|

to find caterpillars, Japanese
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beetles, aphids, cutworms,
army worms, and locusts
water areafor wata-beetles
(Anderson, 2006)and
roadside or median green
belts where numerous insec
are found During spring,
roadside lands and nests ha|
high potential to become
WVC hotspotsVegetated
areain the middleof the
road or alongheroadsideare
attractve to P. domesticus
especially in spring and
summer Flight diverting
measures shouloe

implemenkd at these times

Foraging
pattern

Vegetable material comprises more than
90% ofP. domesticuannual diet. Animal
food occurs in the diet priamily during the
breeding season, peaking in summer due
the egglaying females need high protein
and nutrient demands of egg formation
(Anderson, 2006). Also the insects are
needed in the followed feeding activities

theP. domesticuparents.

In summerP. domesticus
need more insects as food.
Garders or vegetation attract

P. domesticus

P. domesticubasarobust immune system
Its foraging behavior is extremely

opportunistic. They occasionally feed on

Clear road and roadside
from attractiondor sparpws,

including food and water.
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discarded food and refuse, even on road
carcases(Dixon, 2010; Gavetand
Wakeley, 1986). Garbage containers,
outdoor restaurantand other
establishments with leftover food and
crumbs are attractive sites for sparrow
flocks (Anderson, 2006).

Setstrictrules for seed
transportation.

Roadside trash cass$iould
havespecial desigsto keep
P. domesticuaway from

roack.

P. domesticuforages ortheground, in
trees and on shrubgDccasionally it catche

insecskin the air

Manage road and roadside

vegetation

The

behavior usually occurs in open, exposed

h o u s egrosnolfaragmg w 6

areas (Anderson, 2006), which may
increase the probability of early detection
of an approaching predator.

Roads with concealp
vegetation inhibit birds from
foraging in flocks. Design
concealing vegetatioior
WVC hotspots tgprevent

birds fromstaying for long.

House sparrowsisit openair restaurargto
forage onleftovers and dropped crumbs.
(The Humae Society of the Unied States,
2012).

When operair restaurarstare
locatal near roadsefficient
clean up, trash remay; and
fendng around trash
receptaclesvill discourage
sparrows

Remove inviting nesting sise

around restaurast

Althoughsparrows arepportunisti¢ oats,
wheat, milletsorghumand cracked corn
are favorite food In suburban area
sparrows arenost abundantearwheat

growing farms. Roads running through th

Road stretches running
through oats, wheat, millet,
sorghumor cornfields are

putative WVC hotspots.
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wheat feldsoffer a greater variety of food
e.g, spilt grain after harvest (Anderson,
2006;Erritzoeet al, 2003).

Research on sparrows in Hamburg,
Germanyfoundthat 54% of adult sparrow
foodwasprovided directly or indirectly by
humans; it consisted primarily of wild bird
seed and human refuse (Keltiagd
Laxson, 2010).

Reduce feeding opportunitie

along roadin urban area.

Salt used to de&e roads in winter attracts
P. domesticus?. domesticuiocks are
commonly struck by &hicles as they
consume saih roadways (Keltingand
Laxson, 2010MineauandBrownlee,
2005). Tkey consume salt to fill a
physiological need and to provide grit to
the gizzard and the crop. Road salt
consunption not only leads to an increase
in WVC mortdity, but also causes salt
toxicity (Kelting andLaxson, 2010).

Set traffic calming measures
and warning signs when largd
flocks of P. domesticuare

observed consuming salt on

specific road stretch.

After rainfall, earthworms in the saihay
bewasled onto roads. In damp weather,
more earthwormsamne to the surfac& he
heat oftheroad attracts many inseasad
many birc thatforage on them (Erritzoget
al., 2003).

In sensitive area fd?.
domesticusVVC, set barries
around median strgwith

large earthworm populati@n

P. domesticugends to stay low and will be
attracedto food sourcesn theground.

Water or foodhatis near suitable shelter

Hedgerows along roads or in
the median, roadside

plantings,or buildingsall
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such as a low shrub or dense thicket is m
attractive. Vigilance increassvith distance
to protetive cover (Anderson, 2006).

serve as protective cover.

P. domesticusisesprinklersand water

fountainsas a source afater.

WhenP. domesticuactivity
is frequently obsendearound
anexisting water sprinkler,

set barriers around it.

Foraging activity peakimmediately after
sunrise, followed by a decline in feeding
activity until shortly before sunset, when
second peak occurs.

Includeinformationabout
sparrow foragig timesin
driver education progras
and public awareness

campaigns

Nocturnal foraging occurs wheh
domesticugeeds on insects attracted to
lights (Anderson, 2006.

Street lights attractparrows

Grit with diametes ranging from0.1i 2.4
mm, colored green, whiteor yellow are
attractiveto P. domesticusGrit is a

prominent component ¢f. domesticus
dietsthataids mechanical brealown of

food in the ventriculus (Anderson, 2006).

Set strict restrictions on road
transportation to avoid
leakage ofyrit from
containers during

transportation.

Habitat

The only habitatsvherethe house sparrow,

is not foundare dense forest and tundra.

Roads running through dens
forestare unlikelyto induce
WVCs.

In warmer areas?. domesticusay build
its nestsn the open, on the branches of
trees, especially evergreens and hawthot

Cavities and holes are preferred for nest

Prevent sparrows from
nesting in traffic
infrastructurs on road.

Dedggn these infrastructures

195



sitesin cold weatherP. domesticusess
most commonly in holes or crevices in
buildings or other human structures, in
vines on the exteor walls of buildingsjn
holes in trees, and nestboxes.
Thebacks of highway signs, billboardsd
traffic lights are all potential nasg sites
(Anderson, 2006Arnold, 1992).

like bridgesor street lights
near or on roads without
platforns, cavities, crevices.
Build nest boesfor P.
domesticusn areas far away
from roads t@reventthem
from using traffic
infrastructurefor nesting
Roadside treewith sparrow

nests need special attention

Nest height varigfrom 1.5 32m, most of
which fall in the 35 m range (Anderson,
2006).

Artificial P. domesticusest
boxesshould be sedt3i 5 m
heighs.

P. domesticubas loose coloniesith
central neshg sites. Peripheral sitegre
located within 25n of the colony center
(SummersSmith, 1963).

In suburban areabird
house designed foP.
domesticusestsshouldbe
set at least 2B away from
roads to keep flocksom
roosting on the roadside.

P. damesticusstrongly prefesto nest
within 400m of buildings (Anderson, 200€
The Humae Society of the United States,
2012).

Set bird housenear human
dwellings toimprove nest bo

occupation.

A national survey of nesting opportunitieg
for P. domesticsiin buildings found that
they were much more likely to nest in old
buildings (pre 1919) and in more recent
buildings (pre 1965) if they had not had

roof repairs, which reduce access to eavg

Roal segments with old
buildings on either side may

be frequently visited.
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and roof spaces for nesting birds (Robins
et al, 2005).

P. domesticuflies straight and fast. Due t
their preferencéor feeding ortheground,
they do not fly high. The habit of flying in
compact flocks at no great ét lead to
them being WVC victims (Dunthorand
Errington, 1964).

This flight patterrmeansP.
domesticuss commonly
involved in WVGs. Regular
flight diverting measures do

not work well for them.

As flocking birds,P. domesticusnay not
be able teeadly fly between a food source

and shelter.

Flock foragingincreases the
possibilityof involvementin
WVCs. Special attention
should be paid when large

flocks are observed.

pjigetlr; P. domesticuforage primarily within a 8 | When grain/wheat fieldare
km radiusof their feeding and roostg sites| locatal within 3 km of
during most of the year (Anderson, 2006) urban/suburén ares, daily
In late summer and autumn, flocks move| movement between roosting
regularly from their roosting sites in urbarn and foraging sitgoccussin
and suburban ars#o grain fields (North, | late summer and autumn.
1968, 1973). Putative WVC hotspatoccur
whereflight routes cross
roads. WVC mitigation
measures need to belate
summer and autumn
Sparrow flocks engaga social activities | Clear road androadsides of
such as dust, mydr water bathing to puddles and samailesin
best?g\i/?clw remove lice and other tiny insects that | sensitive aresfor WVCs.

sometimes live on their skin or feathers.

They may drink from and bathe in puddle
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along or on roads (Anderson, 2006; Arno
1992;Erritzoeet al., 2003)

Social foraging is a common feature amo
sparrows. In late summer and through th
fall and winter,P. domesticugathers in
large flocks ofupto several hundred.
During the day they forage arad night

they roost in trees and on buildings.

This foraging pattern makes
P. domesticupopulatiors
easy to observe in an ardes
a result ofits erratic flight
pattern, areswhere large
flocks are observedre

sensitive aresfor WVCs.

Large floclks areoften observed near grain
fields at harvesttime and usually include

many juveniles (Anderson, 2006).

Roads running through or
near grain fieldin late
summer and autumn need

special attention.

Others

Buildings or treeshat are20i 25 feet high
are the favorite cover fa?. domesticus
whenever danger, real or imaginary,

threates (DunthornandErrington, 1964).

With food resources on one
sideand20i 25 feet high
buildings or trees on the
other,P. domesticusayfly
back and fah continually
creating aVVC hotspot.

6.3.4 Suggestions fét. domesticu8VVC mitigation strategy development

Most WVC mitigation measures (e.g., exdilg fences and crossings) that

have been widely applied for mammuaigl not work for wide-rangingbirds with an

ability to fly. Current WVC mitigation measures for birds are developed for species
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with direct, rapid flightnhotfor species with small body sizand slow or meandering
flight patterrs, such a$. domesticugkociolek et al, 2015). WVC niigation
measures for this species are restricted to changing human beloayigeentive
measures. Kocioleet al statelt hat At he best practice of Dbi
roads i s to avoid attractingetailbep. to the
287).

6.3.4.1 Data collection

There are two methods tack P. domesticu8VVC victims: public repoihg
systens and field surves. A field surveyconsists opatrolling potential WVC
hotpotsonfoat once every 24 hours to look fBr domesticusarcassedRatrolling
shouldoccurin late summer and autumn whendomesticuare more active and
juvenile populatios arehigherthan usualA field surveyalsocan locateP.
domesticusests in roadside trees and buildidgsing nesting season

P. domsticusvictims of WVCs are easily undeestimated eveii data
collectionis actively pursuedThis bird is too small to induce an accideand their
carcasses are neasilynoticed beforeéheybegin to decompose. In addition,
scavengers pick up smallricarcasses rapidly, often within minutes (Jaonps
2005). WVC mitigation stratégsshould be initiated before an alarming numdsier
victims has beemeacled

As a result otheir erratic flight patters) it is not easy to define WVC
hotspotdor P. donesticus Evidencehasshown, howeverthat the frequency of

finding a particular species as WVC victiis connected with its population density
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in thesurrounding landscape (Erritzeeal, 2003). From this perspectiv&pecial
attention should be given areas where large flocks have been observed. Information
shouldbe collected from local experts, residemisd local research departments.
In areas where larggarrowpopulatiors have been observed, the following
localesmaybecome WVC hotspofer P. domesticus
9 Busor train statios along road
1 Openair restaurarstnear roadswhereleftovers and dropped crumps are
attractive food sources
1 Open trash along roads
1 Road segments with treaadold buildings (pre 1965)ithout roof
repairs
1 Road segmentsith hedgerows on roadsides or wahiegetatednedian
thatmayharborinsects and produce seeds
1 Road segments with food resources on onead0i 25 feet high
building or trees on the othdretween whichP. domesticumayfly back
and forth continuajl
1 The vergsof road segments wheRe domesticutacks goodines ofsight
1 Areasaround streetligistduring summer wheR. domesticuparents need
to foragefor animal food to feed their nestliagbecause streetlightract

large numbesof insects
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1 Insuburban and rural areas, road segments running through fayinlaind
orchards, oheavilyvegetaédareagErritzoeet al.,2003) grain fields
near harvestttract argeP. domesticufiocks with many juveniles

1 Whereroads areat the same level or highthan surrounding argairds
fly low to theroad surfacevhencrossing the road

1 P. domesticuforages close to roosting sitesxceptin late summer and
autumnwhenlarge flocks move regularly from roosting sites to grain
fields; sometimexrossng roads WVC mitigation measures need to be

taken asuch times (see Figure 6.fof an example)

WVC sensitive area |:| Roads needed to implement mitigation measures

Figure6.17:Using the Maximum Flight Distance to Define W\Hbtspots
Adapted from photo sourceSoogle Maps

1 |If the road is at the same level or Ingy than the surrounding area, birds
crossing the road will fly low to road surface and are more possible be

killed in WVC.
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1 Two subspecies of H®. D. bactrianugwhich breeds in the Central Asia)
andP. D. parkini(which breeds in Kashmir, Nepal) are matpry in large
flocks and they tend to use the same route year by year. When their

migration route crosses with roads, WVC may occur.

6.3.4.2 Plan action options

Evidencehasshown that young birds are especially fragile to WVC due to
lack of experienceandbecausgarents fed themon roadsPlanned mitigation
actions should be enhanced Rardomesticufiedglings and juveniles. According to
S e e (198 research, fledgling populatieneacha peak 35 weeks after the
summer solsticeSurvivingfledglings grow to be juvenik and the juvenile
population peakin latesummer and autummhichis alsothe peak time foP.
domesticuWVCs (Losset al, 2014).

As stated before, mitigation measures are mainly preventifgeEus on
changing human behavior.

(1) Public education progran

Raidng public awareness of the following issues may contribute significantly
to P. domesticu§VVC mitigation:

1 Locations where large flocks have been observed

1 Peak timesfor foraging activityy immediately after sunrisand shortly

before sunset

1 Redudng feeding opportunities on roads

1 Redudng speedimits when largeP. domesticufilocks are observed
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(2) Clear roads and roadsides of feeding and nesting opportuaities
discouragd®. domesticufrom spenahg time nearor on roads. Birds are more likely
to collide with traffic when they forage, roost, or nest near roads (Zuberogfodtia
2015).

1 Clean up operair restaurargtalong roadsind erecprotective barriesto

make the birds fly higher to avoid traffic

1 Build bariersaround open trash cans or water sprinklers, especially those

near operair restaurants and transportation statfGri2oles or wider posts
that produceheillusion of a solid barrier can be used instead whll.
Install flags on the barriers to irease visibility and prevent birds from
flying through the barriers, althoudihe effective@essof this measures
unknown(Erritzoeet al, 2003;Kociolek et al, 2015; Zuberogoitiat al,

2015).See Figures 6.18, Figure 6.48d Figure 6.2@or examples

2 Buildings or trees 25 feethigh arefavorite cover folP. domesticu¢DunthornandErrington,
1964). So the height of protective cover is set as 20 feet for the barrier design in this research.
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e,

= ez

H=20-D*tgx

1/

F: the lowest safe flight path from protective cover to the top of the barrier
D: distance between the roadside tree and protective barrier
H: height of the protective barrier

Figure6.18:Height of Barrier for an Opeair Restaurant on a Road without a
Median
Source: Prepared by the author.

5 h

N’\
» 5”%

Barrier

Figure6.19:Height of Barrier for a Median Strip and Trash Bins
Source: Prepared by the author.
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1. Pole barrier along an open air
restaurant

2. Pole barrier around a trash can
3. Plastic barrier along the median
green strip

Figure3.20: 3D View of Barriers for a Road with Opeir Restaurant, Trash Bins,
and a Median Strip
Source: Prepared by the author

(3) Manageroads,medians roadside greenbsjtand vegtativecover to
reduce their attractivenessRo domesticusThere are two approaches to achieve this
end. First, construct barreiP. domesticuseeds more insects as food in summer, so
the barrier could be installed in summer, and removed during autumn and winter.
Vegetatedarea thatproduce seeds afdrborinsects (caterpillars, Japanese beetles,
aphids, cutworms, army worms, and locusts) are aitegict P. domesticus
especiallyin spring and summegecond, avoid planting species that provide
resources (e.ginsects, seeds, fruits) tnake oadside and medhnsless attractivéo
birds. The attractiveness of readesand verge can be reduced by modifying

maintenance prograsiiKociolek et al, 2015).Exotic, ornamerdl, or evergreen

205



plants harbolessinsect faunandlimit the availability of food foP. domesticusso

they are recommendddr median strig (Arnold, 1992;Seres®t al, 2012). In some

cases, it may be appropriate to convert the verge to graaabttrer norvegetative

surface (Kociolelet al, 2015).

T

Removebird breeders or feeding statinom roadsids, roofs of adjacent
buildingsandgardensvhich are near to roadsspecially in late autumn
and winter wherP. domesticusegularly use$eeders

Removepuddles on roagiand avoidblacingfountains near roadsecause
P. domesticufrequenty drinks from sprinklers, puddlesr fountains
Clearsandfrom roadgo preventP. domesticufrom stayingon the road
Enactstrict regulations for road transportatishould beo avoid leakage
of grain and grit on roads

Erectbarries aroundnediarsin WVC hotspotswvith moist climate and
large earthworm populatisnafter rainor in damp weather, earthworms

cometo the surfacand may attrad®. domesticus

(4) Naie P. domesticufiedglings are especially vulnerable to WVC.

Remove inviting nesting si@ong roads to reduce the possibility of fledglings

encountering vehicles.

T

Close cavitie®nd cover ventsn the outer wadl of buildings that face
roads(The Humae Society of the United States, 2QE2e Figure 6.21

What should be mentioned herehattwhen these nesting opportunities
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along roads are removed, place artificial nest boxes at least 50 m away

from roadgto supply safe nesting sites f@r domesticus

Figure6.21:Vent Cover
Source: The Humae Society of the United States

1 Avoid hollow cross poles for traffic lights, street signs, or billboaods
ledges under the eaves of buildings and railway station platfarrds
install covers on existing holes (Arnold, 1992)

1 Mow road vergesegularlyto reduce thi attraction forP. domesticus
mowing shouldoccurin nonnesting seasoio avoid killing eggs,
fledglings or adults (Kociolelet al, 2015; Jacolus, 2005)

1 Set atificial P. domesticusests at least 2\ away from roadsidgo

keep the flocks roosting on the same sitithe road because gripheral
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nest sites are located within aboutr2®f the colony centerset the bird

houses within 40@n of buildingsto improve occupatioiisee Figure 6.22

Artificial Bird Nest
eseseeDD<100M sososcessscasscccses @

o

v O
A E R RN RN NENRNEN] I EE N NN NN

& :
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Fa V2
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L 89,

DD: distance from the bird house to the nearest home dwelling

DR: distance from the bird house to the nearest road

Figure6.22:Location of an Artificial Nest foP. domesticus
Source: Repared by the author.

(5) Implement flight diverting measures

Flight diverting measures are commonly implemented for birds with direct
and rapid flight patterrbut this measure may also work fBr domesticusn some
circumstances. For example, whenhwigys run through the farm fields, flight
diverters may guid®. domesticuso fly above traffic or below the road through
bridges.To avoid collisiors with the divertersmarkthemwith flags or painthem

with brightc ol or s t o stand out in birdsod v
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(6) Plant concealing vegetation along the WVC hotpotsountry roads.
Road stretches running through the farmland that produces oat, wheat, millet,
sorghumor corn areP. domesticu8VVC hotspots Researciasproven that the
bi r d o sforagm@hdavir usually occurs in open, exposed a(Eagiolek et
al., 2015. Road stretches thateconcealed by vegetation cover may be avoided by
P. domesticufiocks, presumably because of the danger of undetected approach by
terrestrial predators (Andersd)06).To preventP. domesticuiocks from stayng
on road stretche$atrun through farmland, plamumeroudrees with big canopies
on theroadsids. These trees also serve as diverterencourag®. domesticufiocks

to fly overtraffic (see Figureés.23.

Non-agricultural Land . Farmland .’

Figure6.23:Plant Concealing Vegetation on WVC Hotpots
Source: Prepared by the author

(7) Traffic calming
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Researclnasshown that bird WVC may be related to traffic density and
speed, seaspand weather (Erritzoet al, 2003). Reducing theolume or speed of
traffic on a specific road stretch will lessen WVC (Kocio&lal, 2015) but
investigatiors of appropriate vehicle speedse lacking

1 Clossroad segmentthatrun throughP. domesticusigration corridors

1 Set traffic calming measuresich as reduced speed lisand warning

signswhen sltis used to dace roadsThere is large quantity of road slat
existing after the andcing operations in various weather events (snow,
freezing rain and sleet). If large flocksfdomesticusavebeen

observed and reported to consuming road salt on a specific road stretch, it
is suggested to set traffic calming measures such as reduced speed limit
post and warning signs until the salt disappears.

WVC mitigation measures forural areasnainly involve implementing flight
diverters. In urban areamitigation measure options ameorediverse.The evaluation

of the presented pheoptions are shown in figure 6.24
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Increasing Economic Gost

0 Implement flight
diverting measures

0 Build barriers around
open trash cans and
median stripes

0 Manage roads,
medians, roadside
greenbelts, and

& Public education vegetative cover 0 Plant concealing
program vegetation along the
WVC hotpots on country

0 Clear roads and
roadsides of feeding and
nesting opportunities

roads
0 Remove inviting

nesting site along roads

Increasing Effectiveness

Figure6.24:Evaluation of The Presented Plan Options
Source: Prepared bydfhauthor

The decisiormaking procestor WVC mitigation in urban areas is shown in

Figure6.25

211



Prompt clean up of operair

Can _WVC be mitigated through restaurants along roads; manage
clearing rqads and roaQSldess)f Yes medians,and roadside greenbelt

fee(.i|.ng and nesting . strips to reduce their attractiveness
opportunities for P. domesticus to P. domesticus

hotspots?
No
Can Warning Signs be placed at Erect Warning Signs at
WVC hotspots? Yes WVC

Implement flight diverting measures.
Build barrier s around open trash cars,
water sprinklers, and openair
restaurants that attract P. domesticus

No

Figure6.25:Decisionmaking Process on WVHMitigation Measures foP.
domesticus
Source: Prepared by the author.

In the research reviewddr this work there idlittle information regarding
impacts of WVC orP. domesticupopulationsor on the effectiveness of existing
mitigation measures devised to reduce WVC effects. Without these data, it is difficult
to promote an effective WVC mitigation strategy planners. This sectidras

presernedP. domesticu8VVC mitigation measures on a theoretical lebel further

testing is required before they can be recommended as effective agsroach
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6.4 Northern Leopard Frog (Rana pipien$

6.4.1 Basc biology

The rorthern leopard frogR. pigensg is a slim green or brownish frog. Its
normal body length is betweerabd9 cm, with a maximunoef 11 cm (Conantaind
Collins, 1998). It is a cool climate speciés range encompasses most of the
northern United States aimto Canada. The species also occurs in the soutbmest
United States and portions of the Pacific Northwest (LeoaaddcAllister, 1996;
SmithandKeinath, 2004)The population ofR. pigenshas declind sincethe 1960s
with somelocal extinctiors (UCN, 20164. It has been put on the provincial Red List
in British Columbia and is designated as endangered in southern Claunzitles still
widespread and common in many aréaspigersis listed bythe IUCN as Least
Concern (IUCN, 2016d; OhanjaniandPaige, 2004Species at Risk Committee,

2013).

6.4.2R. pigensand WVC

The suggested causes Rupipiens population decline include habitat
destruction, introduction of predators and competitors, pollution from pesticides, acid
precipitation, diseses and climate change. An additional factor is WVC mortélity
which is potentially important butasreceived little attention (Fahrigt al, 1995;
HelsandBuchwald, 2001). WVC mortality is a major factorRapipiers population
decline in Indianawhere the species is listed as a species of special conservation

concern (Glistaet al, 2007). HeleandBuchwald(2001)estimaté that the probability
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of amphibians getting killed on a secondary road ranged betw&ét%4 The rate
increases to §898% on man roadspther researchers have made similar conclusions
(Mazerolleet al, 2005; Pukyet al, 2003).R. pipiersis listedas an amphibian victim
in manyfield surveys(e.g.,BovbjergandBovbjerg, 1964; CarandFahrig, 1996;
Mazerolle, 2004; Woltet al, 2008).In afour-year survey conducted on a road
stretch adjacent to ponds in Ontafopipiers accounedfor 85.4% of all WVC
victims including amphibians, reptiles, birdgexd mammals (AshlegndRobinson,
1996); In Eigenbro@t al6 £008a)survey,a fourlane highway with an average
traffic volume of 18,300 vehicles/day adias a neacomplete barrier t&. pipiens
because of very high WVC mortality rates. The femd#iasare killed in WVG
duringbreeding season imply a more negative impacboal [populatios.
As a result ofts activity pattern, population structure, and preferred habitats,
R.pipiersis especially vulnerable to W\V.C
1 R.pipiers needs more than one habitaits various life stages to meet its
needdor foraging, breedingandoverwinteing. Breeding migration
routes can be as long as2km. The juxtaposition of different required
habitats in the landscape may necessitate seasonal movements. When
roadscrossits terrestrial habitat WVC mortality can be substantial
(Fahrigetal., 1995; HelsandBuchwald, 2001).
1 R.pipiersis a vagile amphibiathathas strong inherent power of
movement. It hakrgedispersal distansand high dispersal capabidis

More vagile species are more likely to encounter roads especially when
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they have no behavioral mechanisms for road avoidance &idffahrig,
2001).

1 Amphibians, includindR. pipiers, are especially vulnerable to W¥C
because they are characteristically slow. In most ¢dhsefsogcannot
realize the danger of coming vehiclegime to make successful attempts
to avoid them (AshlegndRobinson, 1996; HelandBuchwald, 2001;
LesbarrereandFahrig, 2012; Woltzt al, 2008).

1 The body size of this species is snaaitl,thus not easily avoided by
drivers (CarrandFahrig, 2001).

1 Because of construction considerations, roads are often situated along the
edges of geographical features that provide different habitatRfpipiens
(Puky, 2003), which increashe possibilityof frogsencounteng roads.

Somecharacteristics dR. pipiens WVCs includethe following

1 Traffic densitysignificantly impactsR. pipienrs WVC mortality. Road
surveyshaveshown that more frog bodies are found on roads with higher
traffic densitiegCarrandFahrig, 2001; Mazerollet al, 2005).Another
study concludedhat the number dR. pipiers victimsis greatest on road
with moderate traffidensity(approximately 1018 vehicles/h) (Mazerolle,
2004).

1 Inthenonmigration season, the daily peiakfrog activityoccurs just

after sunset (HelandBuchwdd, 2001).
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1 WVC mortality is high in late summer and fall due to migration activities
(Gibbset al, 2007; Glistaet al,, 2007).

1 R.pipiers WVC hotspots are associated with wetlands.

1 Warm, rainy nights in spring are always used by amphibians to migrate
backto breeding pondsesulting inmore WVG (Jackson, 1996).

1 WVC mortalityaffects morguvenilesbecaus¢heyareslower (Helsand
Buchwald, 2001). Juvenile dispersal is a major cause of WVC.

The seriousness of W\&or amphibias has been widely mognizel.
Preventing or reducing WVC mortality is an essential approfaotany conservation
activities carried out by NGOs and governmental agencies to resist local population
decline (OhanjaniaandPaige, 2004; Stankovet al, 2015). Current mitigation
recommendations include flashing warning signs, temporary traffis arng
migration,or exclusion fenceand passages (Barker, 2009). Flashing warning signs
operationduring peak migration hours are not effectidee tod r i vpeor ability to
noticeR. pipiers0 | i tiesakneht, bverdwith more care than normal. What is
more, some drivers deliberately kill frogs with their cars (Puky, 200%mporary
traffic ban is themost effective measurbowever, it is rarely a realistic option. In
some l@ations volunteeramphibian roagtrossing patrolare undertaketo
accomplish roadrossing during seasonal migration with the help t@mporary
exclusion fenceMore than 45,000 amphibians are carried over readsyyear by

volunteers in Slovenia @ngenret al, 2009;Stankovicet al, 2015).
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The most widely userhethodto reduceamphibian WVG s the constructon
of amphibian tunnels. Amphibian crossirgs/e been in usancethefirst amphibian
tunnel was created in 1968 Switzerland. The Ungd States build its first tunnel
near Amherst, Massachusetts in 1989 (Puky et al., 2003). Amphibians may use
wildlife overpasses if adequate fencing is provided, but in most casesroader
tunnels with moist environmesare preferred (Puky, 2005). Guidi fences and
underroad crossingarerecommended for locations where WVC mortality is
extensive (OhanjaniaandPaige, 2004; Stankovet al, 2015;Woltz et al, 2008).
Although underoad crossinghave becomeacommon practice in amphibian WVC
mitigation, improvemenis neededTherearenumerous amphibian crossing
infrastructures worldwidéhat havestogedfunctioningor never worked properly to
begin with In Hungary, for example, less than half of the amphibian mitigation
measures work properly (Ry 2005). Theefailures aremainly due toa lack of
knowledge among planners, which leadsriproperlyplanned and carried out

infrastructures (Stankoviet al., 2015).

6.4.3R. pipiers ecologyand WVC mitigation suggestions

R. pipienshaslow tolerancefor human disturbance. Normally it does not
forage oilive near roads, especially those with high traffic volengeasonal
migration and juvenile dispersal areetwo main reasons fdR. pipiers encountering
roads.Temporal movement pattegrhabitatcharacteristicsandlife cycle have the

most significant influenceon WVC mitigation strategy development for this species.
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Table 6.5R. pipensEcology and WVC Mitigation Suggestions

Behavior

WVC Mitigation
Observations and
Suggestiors

Reactionto
Roads

The typical behavior of amphibiarn
when fa@dwith an approaching
vehicle isimmobility (Mazerolleet
al., 2005).

The pause in activity at the
approach of a vehicle increases
the timethatR. pipiers spers on
roads, thus increasy the chance
of mortality. In some cases,
however, staying still could be a
better strategy than fleeimg a
zigzag routédMazerolleet al,
2005).

R. pipiers shows nawareness of
roads they are often observed
crossng busy roads (Camnd
Fahrig, 2001).

Althoughfrogs show low
tolerance to roads, they will not
avoid roads intentionally during

seasonal travel.

This species often crossroadsin
the same locatio(Puky, 2005).

This fidelity to crossing locations
makes it is possible to defife

pipiers WVC hotspots

R. pipiens population densies
decreas along roads (Popet al,
2000).

Crossing structures should start

points far from road edge

Traffic within a radius of 1.2 km
of ahome pond has a significant
negative effect oR. pipiers

abundance (&randFahrig, 2001;

Traffic can influence the
population abundance &.
pipiers out to at least 1.6m from
the populationThis also implies
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Eigenbrodet al, 2008b).

that the majority oR. pipiers
movemend occur within this
distance (CarandFahrig 2001).

Roads act as a complete or almo
complete barrier for amphibians.
There are findings showing genet
differentiation of amphibian
populations separated by major
highways (Eigenbroét al,

2008a).

Mitigation measureare necessar
to compensattor the barrier

effectof roads

R. pipiers move across roads
during the nightpeginning at dusk
During the peak of migration, they
may also move during the day
(Puky, 2005).

Warning signs may not work we
due tothis nocturnal movement
pattern. Flasing speed limit
signals should basedat peak
crossing timsto mitigate WVG.

Seasonable
Movement

The species is particularly mobile
during summer and fall, and musi
make long migrations to breeding
ponds and hibernation sites (Gibk
et al, 2007).

Seaonal movement is the main
cause of road crossing. Summe
and fall are peak season fr
pipiers WVC occurrence
Temporary mitigation measures
or aninfrastructure examination
should be started before the

earliest migration daten record.

R. pipiens routinely moves up to 8
km during yearly migrations
(Eigenbrodet al, 2008b).

The vagility of this species make
it vulnerable to high traffic
densities.

The distance between two habita
locations can be a few meters or

to several kilometers (Ohanjan

Map all possible habitats fét.
pipiersto identify WVC hotspots
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andPaige, 2004).

R. pipiersis one of the first March to May is the first

amphibians to emerge from migration peak oR. pipiers.
hibernation in the spring (Grahan] Mitigation infrastructure
1997). Spring migration occurs | examination and maintenance
when they abandon their should be started as early as
overwintering siés and head to | February.

breeding pondswhich is in April
in most areas (Ohanjanian and
Paige, 2004)Breeding season

occurs in spring to early summer.

Summer migration occurs in mid | Mid-summer is the second
summerR.pipierstravel 2 km | migration peak oR. pipiers.
from major waterbodies to
foraging areas (New Hampshire
Fish and Game Department, 201

Whenfall comes, the species Fall migration may occur as earl
moves from foraging sites to as August. August to November
overwinteringsites In British the third migration peak dR.

Columbia the migration back to | pipiers.
overwintering site may begin as
early as Augustwith thebulk of
the movement occurring in
September and Octot5ar
(OhanjaniarandPaige, 204).

ZBecausdR.pipiersd s range is restricted to dameiffeermei®e cl i mat e
the time of seasonal migrations across its range.
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This species exhibits strong fideli
to breeding and overwintering
sites,andgreat flexibility with
respect to foraging areas
(OhanjaniarandPaige, 2004).

Defining breeding and

overwintering sites is important.

Life Cycle

Breeding occurs from March to
June in nortarn parts of the range
andin any month in souttrn parts
of the rangg¢ConantandCollins,
1998).

Juvenile dispersal mayappen
over a longer perioth the

soutternparo f t he

S P
range.

Juvenile dispersal can produce
even higher peaka WVC during
summer (Puky, 2005).

Foraging activities and juvenile
dispersal both contribute to a

WVC peak in summer.

Juveniles tymally migrate to
feeding sites along larger, more
permanent bodies of watemnd
recentlymetamorphosed frogs wil
move up and down drainapasirs
and across land in an effort to
locate new breeding areddr(ted
StategrishandWildlife Service,
2016).

Juveniles arespecially fragile to
WVCsdue to their slow
movement. Roads adjacent to
water bodesneed special

attention.

Radiotelemetry work suggests th
frogs prefer to spend long periods
at the edgeof water bodies

(OhanjaniarandPaige, 2004).

Roads running through wetlandg
or adjacent to open ponds are
potential WVC hotspots.

R.pipiensneed to migrate among
different habitadto complete its
life cycle (Popeet al, 2000).

A road with contrasting habitat
patches on both sides may havse
mudh greater WVC mortality
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potential(Eigenbrod et al.,
2008a).

Generally itprefers to live where
there is a permanent body of
standing or slowmovingwater
(Amphibianweb, 2016)R. pipiers
requires three distinct habitat
types:

1 A breeding pond used in
the spring by adults and
through midsummer by
tadpoles
Grassy meadows or fields
for summer foraging
A slow-movingstream or
lake for overwintering
(Fahriget al, 1995; Popet
al., 2000;Smithand
Keinath, 2004).

Map these ar ea:;j

habitat in aGIS system.

Habitats with short (1580 cm tall)
vegetation appear to be preferred
Tall (>1 m) grass arsare
normally avoided (Ohanjaniaand
Paige, 2004).

Moist grasslands are possible
forging sites for the species.
Roads running through or
adjacento these areamay
possiby produce high WVQates
Theseneed to be highlighted in 3
GIS system.

Overwintering sites incluel
springs, streams, spillways below

dams, or deeper lakes and ponds

Hibernation ocursfrom October
to the followingMarch. During

this period no mitigation
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(New Hampshire Fish and Game
Department, 2015).

measursare needed.

AlthoughR. pipiers normally
hibernates in watdyodies, itcan
befound in someerrestrialsites
such as crevices (Emeey al,
1972).

In areas where thijshenomenon
has been recorded by researchg

crevices need to be mapped.

The species is primarily nocturna
but they are frequently encounter
by day during summer foraging
(Badger, 2005).

The probability of WVC reaches
peak just aftesunset (Helsind
Buchwald, 2001).

The species may move as much
1i 2 km between habitats (Pope
al., 2000).

A circle radiating from breeding
sites out to 1.5 km cdme used to
define possible foraging sites.

Non-seasonal movemestan

Summer foraging is not a triggef

Mlg;tetg;?}nt occur at nigpt or during the day. | for frequent crossing behavior
Generally, adulR. pipiersdo not | unless oads run through
move very far (i.e., 510 m, but important foraging habitats.
occasionally 100n) before they
return tothe original location
(OhanjaniarandPaige, 2004).
R. pipiersis a meadow frognd A guiding fence does not to be
not good at climbing. specially designed tpreventR.

pipiens from climbing.
R.pipiersis a solitary species R.pipierns do not cross roads in
outside of the keeding season. It | large group. It is easily
Social does notravelin large groups overlookedby motorvehicle
behavior

(Graham, 1997).

drivers.

R.pipiens does not establish

R.pipiens may share the same
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home range (Biokids, 2016b). In
breeding seasofrogsgaher at
communal ponds in the spring,

where males call to attract female

crossing infrastructure and path,

Others

Many vertebrates prey dR.
pipiers, particularly gartesnaks;
pike, pickerel, anddss and
bullfrogs (Gbbset al, 2007).

Preventinganimalsfrom preying
onR. pipiers at crossing tunnels

is important.

The skin of aquatic amphibians ig
prone to desiccatigmhus a
hydrated environment is preferreg
(Woltz et al, 2008).

The dehydration rate of the
anmal® skin is ¢
thesubstrate type a crossing
tunnel. A tunnel lined with sor
moist grass is preferred to bare
concrete (Woltzt al, 2008). A
tunnel with its bottom open to th
ground is goodor maintainng a

hydrated environment.

When frightened on landR.
pipiers often seeks water in a
series of zigzag jumps (Badger,
2005).

Placethe entrance of the tunnel

nearawaterbody.

Woltz and his colleagug2008)
proved experimentally thaR.

pipiers would cross a 9.in pipe.

This resultis encouraging becaus
roadcrossing structures are ofte

longer than 18.8.

R. pipiers prefers tunnelsvith
light penetrationpossiby for
visibility (Woltz et al, 2008).

Placelight reflectos for external
sources (e.g., sumoonlight) at
tunnelopenings, omstallinternal
light sources (e.g., solgpowered
bulbs).
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The species usually gravitate A light in the tunnemayact as a

toward heat (Myers, 2016). heatsource tattractR. pipiers.

When migratory conditions chang Installingheat sources in long
on a given nightR. pipiers will tunnels is recommended.
either turn back or seek shelter.
Frogs caught in the middle of a
long tunnel could be killed by
freezing temperatusdefore they
find appropriate shelter (Jackson,
1996).

6.4.4 Sggestions foR. pipiers WVC mitigation strategy development
R. pipiers requires various habitais different life stages. Redadlandscape
connectivity between required resources may significantly reduce the capacity of the
landscape to suppdr. pipiens populations (Popet al, 2000).Mitigation measures
should aim to rebuild and conserve safe corrittoasf aci | i t at e t he speci e

migratiors.

6.4.4.1 Data collection

Createa database dR. pipiers distribution and map its main habitats
includingcore ponds, preferred foraging sitesd known dispersal rowgéo further
define the movement range Rfpipiers at the local scaldRoad segments running
through its movement rangeepossible WVC hotspots. Information could be

gathered from the followm sources:
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1 Research prograsnThe population decline &. pipiersin many areas
has gained attention from local governnsamd NGOs. Various
conservatiomesearch programs have been launched (bagtate of
Washingtorhas conducted amnual field swvey since 1999 to monitor
the status oR. pipiers) (Leonard and McAllister, 1996 he species is
included in many research programs on amphibians. The research results
provide reliable information on the locatsof populations, main
breeding ponds, gsible foraging sites, overwintering locations, and
sometimes even WVC hotspots. Intensive consultation with experts is
recommended.

1 Field surveg. WVC victim repors arean important sourcir defining
hotspots. HoweveR. pipiers may be difficult to ntice due to the
deterioration of carcasses by traffic and weather, so a road survey
conductedby migration strategy development committee members is
recommendedlhe purpose dfield survey is twefold. The first is to
define locations wherR. pipiers has been frequently observed. Mark
locations of recent sightings Bf. pipienghrough communication with
zoologists andtherswi t hi n t he speAsurreyi@ hi storic
especially necessary when there is nagoimg research on locB.
pipiers popuktions. The second purposé¢ascomplete aioad survey for
WVC victims. Road survesareconductedat potential hotspotavhich are

selected after reviewing research results and public s2porpipiens
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does not migrate in large grouldee some othermphibians, so spatial
patterns of WVC cannot be detected with one survey (Laagah 2009).
Multiple road surveys are required. DeRdpipiensare easily missed
because thegre small and do not last loong roads (Puket al, 2003).A
walking or big/cling road survey i.5' 1 km segmergevery morning
during migration peakis recommended.

Though there might be slight alterations according to meteorological
conditions, normally crossing sitasespatially and temporally clustered dueRo
pipiend Bdelity to its habits and migration rowéPukyet al, 2003). With the help of
color aerial photos, local research prograamsl field surves, a thorough analysis of
alandscape with special emphasis on hydrological characteristics should be done in
GIS systemLandscape elements that should be marked in the GIS systieiche the
following:

1 Breeding sitesThese are arm, operwater bodiesvith 10i 65 cm deep
water in full sun on the north side of the p@amtiemergent, nofbroad
leaved vegetation fattachment of egg masses. These sites include lake
inlets, slow streams, pondmdtemporary wetlandihat holdwater until
at least late summer.

1 Foraging sitesPreferred summer foraging sites for the speareshnd
patches with some moisture, tydigaiparian habitatdike wet meadows,

pastures, hay fields, scrub vegetation, sedge meadows,
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drainage/irrigation ditche&reaswith short (1530 cm tall) vegetation
appear to be preferreand tall (>1 m) grass argare normally avoided.

1 Overwinterng sitesThese are grmanent bodies of water or strestimat

do not freeze to the bottom.

The proximity of natural and artificial bodies increases the probability of
WVCs. Causeway, for examplearesites where WVE&areclustered for these taxa.
The followingkinds ofroad segments need to be marked as potential WVC hotspots,
and further actiofineed to be implementedthese locations.

1 Roads running through wetlands, especially thmegento beR. pipiens

habitat

1 Roads withwetlands or other contrasg habitats on either side tiferoad

1 Roads within 1.5 knof known breeding pondsee Figuré.26)
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Figure6.26. Drawing a Home Range f&t. pipiens
Adapted from photo source: Google Maps

6.4.4.2 Plan action options

(1) Public education progms. Raisng public awareness of the following

issues may contribute significantly Ro pipiens WVC mitigation:

1 Peak WVC seasanFrom arly March to MayR. pipiens migrates from
overwintering sites to breeding paadh summer they move terrestrial
habitats to forage From Septembeb November they migrate back to
overwintering sites. WVC pealareparticularly active in summer and fall

1 Daily WVC peals. Daily peaks occurfter sunset, especialbn the warm

rainy nights. In migration seas®R. pipiers may cross roads in the

daytime.

229



9 Hibernation occurfrom October tahe followingMarch. Therearefew R.
pipiers crossing during this period

1 LocalR.pipiers habitas and WVC hotspots. Makibesewidely knownto
thepublic, and encourage them to proceetth extra caution when they
are passing these road segments during migration peak season

(2) Traffic calming

Speed limis. Set speed limitnear WVC hotspotw less than 15 mpls a

result ofits nocturnal movement pattesynrmount speed limit sigrelong with beacons

programmed to flasht nightduringR. pipiens migration seas®\(See Figuré.27).
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4. Warning Signage with Flashing Beacons

Speed Limit with Flashing Beacons p

Figure6.27: Examples of a Warning Signage and a Speed LimiRfqipiens
Adopted from photoaurce:https://i.ytimg.com/vi/hVbvKfGZ7xc/maxresdefault.jpg

Speed limit measusshould becombined with improved lightintp improve
drivergsight. Luminaries might be augmented with overhead ligittow-level
road lightscouldbe installedbn both sidegsee Figire6.28. Light intensitymust be
adjusted so it does not create excessive glare for drivers. At the same time, the

wattage should adequate light the road surface.
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Figure6.28: Road segment with Lovevel Lighting
Photo source: http://www.bermtoerist.org/jalbum/RW63/2008

Week50/slides/2008121210630.html

(3) Temporary road closuse

Temporaily close some road segmendsiringmigration seasai Road
closure is the best solution to protect r@adssing amphibiansiowever, there are
manydrawbacks tahis measure. It is only suitable for road segmeiitts low traffic
volume,where Arge migratingR. pipiens populations have been obsenadssing
for more than 2 yeam@nd where detoulis easily availableThis neasure should be

implemented when traffic calming not effective Road closure should correspond to

migration peakandbeas short as possible.
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(4) Exclusion fences.

In most casegxclusion fenceshouldbe combinal with crossing structuse
to keepR. pipiers off roads and lead them to crossings. Amphibian crossings may not
be effectivewithout a fence (Pukgt al, 2003;Woltz et al, 2008). Fences should be
erected as close to the road as possini®oth sideswith no gaps in them or
between fenceand crossings (Barker, 2009). There should be a path that is clear
from vegetation along the bottom of the fence to allow easy movemBnpigfiers.

R.pipiersis not a good climber she exclusion fencenly needs to bé5-60
cm high. Plastic meskwith mesh size of no more than 4 namconcretecan be used
Polythene fencecan be implemented tempatgy but need to berectedn every
migrationseason (Pukgt al, 2003). Polythene fenseanbe installed as an
experimend to investigate the viabtly of afence as a mitigation meastréefore a
permanent fence is installdéigure 629 shows several amphibian fences that made

of various materials.

233



Figure6.29: Exclusion fences Made of Various Mateirials

Photo Sources: http://www.nicolangalists.ca/2014/08/094fou-build-it-they-will -
comeour-newtoadletfenceat-kentuckyalleyneparkis-working-fine/;
https://www.kunststoffrohre
einecke.de/out/pictures/master/product/1/amphibiensehutz-1--2-5-10-60-
192cm-farbegrau_4480_0.jpghttp://contractecology.co.uk/amphibifencing/;
http://www.beilharz.eu/eamphibianprotectionfence.html.

The bottom 10 cm of the fence is buried into the ground so that frogs cannot
crawl under it. The ends of the fence are turned back against road in order to prevent

frogs from rounding theeihce (Puky et al., 20083ee Figure.30).
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The ends of the fence are turned back to the
habitat in order to avoid frogs passing by the
fence

P The bottom 10 cm of the
fence is buried into the

ground so that frogs
cannot crawl under it

Figure4.30: Ends of a Fence fdR. pipiens
Source: Prepared by the author.

Existingfences and tunnelsieed to be checked before the migration season
starts. In the temperate zookthe Northern Hemisphere, the most suitable time for
cleaning tunnels is from late Februaoyearly March (Pukyet al, 2003).

(5) Crossings

Approaches to construiey safeR. pipiens crossing are as follows:

(a) Existing passages

The presence of cugrts, drain pipes, viaducts, bridges, game passages
other potential crossing infrastructareduce amphibian WVC mortality (Langeh
al., 2009). Retrofittingexistingcrossing infrastructure to improve UsgR. pipiensis
an effective and econominitigation measurésee Figuré.31).

1 Design a dry ledgm existing culverts if therareno banks on either side
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Openspan crossings over a natural stregith wide banks on both

sides work for most species, including amphibians (Lesbaraeces

Fahrig 2012). For those without banks, the most common way to
retrofit an existing culvert is to design a dry ledge. The design needs to
balance minimal special requirements and hydraulic constrains.
Trocmeand Righett(2011)presented requiremesfor amphiban

culvert retrofitting: the minimum width afdry ledge is 0.4n, and the

minimum clearance ovexdry ledge is 0.6n.

T
's\“ L

Figure6.31: Two Examples of Existing Culverts

On the left the culvert is missing a dry ledge so it cannot be used as a crossing by R
pipiens. On the right there are wide banks on both sides of the culverinaed$t no
further modification. Taken fronTrocme et al 2011.

1 Design artificial water bodiesn overpasses or on either side of them
Overpasses designed as mitigatioe@asuesfor larger animals such as
mammals can also be usedRypipiens To improve use, small water

bodies coulde designedn each side, whiclwould probably improve
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the stepping stone function of the bridge,aviaduct for crossing
amphibians (Puky, 2(). Vegetation cover on the overpasses also can
help keep it moist.

1 New culvertsRequirements for dry ledge dimensions in new
construction are slightly larger than for retrofitted ledges. The

minimum width is 1 m, and the minimum clearance over the iedge

0.75 m(see Figure @2) (Trocme and Righetti, 2011).

Figure6.32: Culvert Retrofitting with Dry Ledge
Source: Prepared by the author

(b) Underground tunnels
Underground tunnslareeffective for WVC mitigaibn on twolane roads. It is

unclear whetér this technique will be as successful with large highways (Barker,
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2009). Tunnels should be considered as a mitigation measure when the road segment
is proven to be a WVC hotspot.

Current tunnels used in amphibian WVC mitigatssadivers in material
and shape. Sonmareconstructed out of round PVC pipe. For economic considerations,
concrete and polymer concrete are the most widely used construction regeerkas
et al, 2003). With the help of technology, some amphifraandly materials (e.g.,
ACO climate tunnels)hatcould allow rainfall and moisture to penetrate betteoare
the market. Thee materialeffer a better option.

As to the shape of the tunnegth rectangulaandcircular tunnels are
appropriate. The bottom should be lined witH,s@ater, or grass to create a hydrated
environment, as well as make a relatively flat surface to facilitate use. The ideal shape
of thetunnel is a horseshoe with the bottom ofeallow moisture from the ground
inside the tunnel.

There is no consensun aeal tunnel dimensienPukyet al. (2003)have
stated that larger tunnels are more frequently used by amphibians than smaller ones
The minimum diameter of tunnels is recommended to be 100 cm. When the tunnel is
longer than 20 m, the minimum size oéttunnel may be largeup to 200 cnby 150
cm or 200 cm in diametefunnek larger than 500 cm in diameter can maximize the
amount of ambient light inside the tunnels (Jackson, 1996; &uly 2003;Woltz et
al, 2008).

The following measures can besdsto improve the use of fentennel

systens:
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1 A path networkshould be used to guide frogs to the tunnel entrance
staring from its habitatEcological elements such as water bodied

grass are recommeedfor construding the networlk{see Figue 6.33).

Culvert
Tunnel

Fence

iNg N

Short vegetation
(15-30cm)

!

Tall vegetation

(>1m)

Breeding pond

Figure6.33: Path Network to Funn&. pipien'sMovement
Source: Prepared by the author

1 R. pipiensshows tunnel hesitation when light condis@menot good
inside. Adequate light in the tunnel can improve dsgyet al, 2003
Woltz et al, 2008) Tunnel segments could be equipped with slotted tops
to allow rain and light to enter (Jackson, 1996¢ht reflectos for
external sources (e.g., sumoonlight) at the tunnel openings, or internal
light sources (e.g., solgpowered bulbs, light shaftsoles)can be
installedin the tunnellnternal lightscan also serve a®urces of heat (see

Figure 6.343.
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Figure6.34:Lighting System foR. pipiensTunnel
Source: Prepared by the author.

1 Considering the long migration distance of the speciesmnidgximum
distance between tunnels is suggesteoe80i 100m (Pukyet al, 2003).
Tunnels can be more numerous throughout road networks in ecdipgical
sensitive area.

1 Keep the tunnel entrance lowtean or flush withgroundlevelto make it
easily accesible. The accessibility of the entrance is a key design issue in
keeping tunnels functional. If the entrance is above the ground, i.e., the
frogs need to jump or climb to reach it, thmgymove farther along the
fence without enterinthe tunne(Pukyetal., 2003).Regular maintenance

is necessary tpreventblockedentrancs.
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1 Set tunnel entranse&lose to existing water basto improve use.

1 R. pipiengequires wet conditions for their migratiofsinnels should be
neither completely waterlogged nmompletely dry (Barker, 2009and
built slightly abovethe water table, around 30@m. Tunnes with their
bottom open to the ground or with drainage holetheffloors are
recommendd In periods of drought, the system benefits from direct

connect to thground moistFigure 6.35s a 3D view of the tunndkence

system.

¢ nce and tunnel

§ o A path that is clear from vegetation along the

~ bottom of fence. It is covered by concrete slabs
Y

fl?path to tunnel entrance should be kept clear
| fromtall vegetation

L2

@ Water near tunnel entrance (natural or artificial)
to attract R. pipens

Figure6.35:3D viewof R. pipiensTunnel and Fence
Source: Prepared by the author.
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The evaluation of the presentedrplaptions are shown in figure 6.36

Increasing economic cost

‘ o Retrofitting the

existing passages,
‘ culverts and tunnels
OI Temporary road & Build fencetunnel
closures system

0 Exclusive fences

0 Public education
program

0 Traffic calming

Figure6.36:Evaluation of the Presented Plan Options
Source: Prepared by the author.
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The decisiormaking procestor WVC mitigationis shownin Figure 6.37

Can WVG be mitigated through
setting aspeed limit?

No

Can road segmentshat are
defined as WVC hotspots be
temporarily closed?

No

Are there existing
infrastructures near the WVC
hotspotsthat can be used as a

safe crossing?

No

Yes

Yes

Yes

Construct underroad tunnels and
fences to facilitateR.pipienO 8
migrations

Set speed limis during R.
pipiend O | ECOAOD]I

Set temporary traffic bars
on specific road segment

Retrofit existing passages and
construct guiding fences to
encourageR.pipiensto use them
to cross

Figure6.37:Decisionmaking Process on WVC Mitigation MeasuresRormipiens
SourcePrepared by the author.
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Chapter 7

CONCLUSION

7.1 Introduction

How do our current ecological science results apply to the diverse

types of roads and traffic levels crssossing the land? The ecology

of road segments and especially road networks in a landscage cri

out for studye. What i s tdnossing pti mum di ¢
structures for different wildlife types? How can the ubiquitous utility

poles along roads be used in mitigation solutions? To understand

roads and wildlife populations, the nooadkill dimensions now need

mu ¢ h greater emphasi sé. Thi s di mensi o

awaiting a few prescient researchers and leaders.

Richard TT. Forman (2015, Forward, p. 11

Road networks play a significant role in shaping the ecologivatronment.
Many roads were built before the rise and spread of ecological preservation through
society. Some Hconsidered road projects act as barriers to fauna movement. WVCs
occur when animals attempt to cross roads to reach different habitatspateimsy
animals in humalominated landscapes are exposed to a high risk of WVC.

However, despite high occurrence rates, WVC mitigation measures have not been
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implemented widely. There seems to be a consensus of opinion that in most cases
WVCs do not demahimmediate action because they do not impose significant
impacts on the total populations of species, and a species often found killed on roads
may simply reflect the presence of large thriving populations. There is-a long
standing method to identify tredarm threshold for WV the proportion rather

than the total number of a population killed in WVCs is used as an indicator. WVCs
that involve mediumand smalsize animals get even less attention because they do
not lead to high economic and human heedtsts. This opinion discourages efforts
toward WVC mitigation.

Various ideologies or movements that have emerged to reinforce the
importance of wildlife preservation have not reached the root of the problem.
llluminated bydeep ecologythis dissertationffers a new perspective to examine
WVCsd all life forms should be examined in terms of what is ethically right instead
of what is socieeconomically manageablBeyond a set of theoretical propositions
and ideasa political ecology approactanrefer tothe values guiding an
environmental movement (Atkinson, 1991 the framework of political ecology,
deep ecologyalls for achange in botideology and methodology respond tahe
wildlife lossin WVC. The motivation to develop a WVC mitigation stigyas first to
preserve life and reduce suffering rather than maintain the local ecosystem or reduce
economic losses.

This dissertation explores WVC mitigation from the perspective of urban

planning. The premise of this research is that planning depasimeauitd and should
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play leading roles in mitigating WVCs. Every stage of WVC mitigaiquanning,
designing, constructing, and maintainngequires interdisciplinary collaboration.
Planners can be especially creative in combining procedural and substéiigsve
from onceseparated disciplines and, thus, become leaders in the battle against WVCs.
In addition, only the planning department through its regulatory powers, has the
ability to enact standard rules to ensure that the benefits dfuroan life wil not be
ignored.
Urban planning has a long tradition to serve human being. This research flows
from this strand of urban policy research, and examines-based biases in the
current paradigm of urban planning research. Through introducing deep etmlogy
urban planning, this dissertation suggests that urban planning research should spur a
paradigm shift from anthropocentrism to esentrism. The new paradigm calls for
planners to be more respectful of the intrinsic value of life, and to pay moreoattent
to nonhuman species. The motivation to mitigate WVCs should be not only to ensure
human safety but also to save animal lives. It is necessary to understand that humans
and wildlife share a common need to move. Wildlife issues should be considered
during every stage of road planning to improve the ecological outcome of a road.
Under the new paradigm, this dissertation develops a WVC mitigation
framework. The frameworiantegrates environmental science andggatiy using
ecological informatiorio develg effective local WVC mitigation measurekhe
ecological information includes knowl edge

behavios. Knowledge of whether animals would avoid roads, how they choose
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crossing locations, frequency of crossings, bedralimechanisms in response to

approaching vehicles, and numbers of documented WVCs forms the premise for the
deployment of mitigation measures. b) Typiqaéciesbehavior and habitat
characteristics. These infor mandiomdsa sources
and help us to choose appropriate mitigation measures. Only with respect for life and
profound ecological understandings will we be able to design sufficient and effective

mitigation measures to fight WVCs on existing roads.

7.2 Findings andContributions

7.2.1 Acomplementary paradigindeep ecology

The root of most humémwildlife conflict lies in a dominant value systém
anthropocentrism. Traditionally, urban planning is a field that separates humans from
nature and promotes the development tiégiat the cost of natural environment
destruction. A road is built to improve human mobility, while hardly considering the
welfare of other life forms. Under this paradigm, wildlife is attributed little value,
particularly when set against economic béeefs a result of exclusion of wildlife
from the whole picture, urban planning is open to humaldlife conflict.

The economic valuation, which is derived from the anthropocentric ideology,
demands that the advantages and disadvantages of a WV Ciontgjastegy be
reduced to numbers, and then further reduced to dollars and cents (Ackerman and
Heinzerling, 2002). The value of life never has been subjected to rigorous economic

valuation. This feature of economic valuation makes it terrible way to dedisions
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about WVC mitigation, for both intrinsic and practical values. With this evaluation
approachthe key determinants of successful WVC implementation are whether the
WVC mitigation projects are cost effective and whether society can save money
through reductions in the rates of human death, injury, and property repair. In this
case, wildlife that is negatively affected by WVCs will not get enough attention and
protection unless serious economic or human life losses occur.
Lynch (1984) statedthat Once we can accept that the
farm and as susceptible of conservation and improvement, we work free of those false
di chotomies of city and country, artificia
(p. 257). The objective afrban planning is not to separate cities from nature, but to
minimize the threat that a city poses to nature. To deal with Humidfife conflicts
in urban areas, we must take a step in the direction of deep ecology, which attributes
moral significance tmonhuman beings. This ideology advocates biocentric equality
and stresses the connections among species, including humans, and to the
environmental conditions that support all life on earth. Nature is treated as a
formidable preexisting condition that ceot be easily altered, and wisdom in the
stability of natural processes should be respected. Anthropocentrism is thus
discredited in the framework of deep ecology, because animals should be given the
same consideration as humans, within the sphere of itgofiad impose a low impact
on wildlife should be one of the priorities of any urban planning and construction

project.
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Deep ecology can become a powerful motivation to spur a paradigm shift in
urban planning from anthropocentrism to ecocentrism. Thepaeadigm will help
planning research move directly away from anthropocentrism. Planning deals with
multiple objectives. In practice, planners confront deegted conflicts among
economic, social, and environmental interests. They cannot act as an eevitalish
because they face constant professional and fiscal constraints. It is reasonable for
planners to give serious consideration to the utilitarian principle, and in many
situations planners will create a development scheme that harms some @hterests
most cases, wildlife interests are sacrificed. An ecocentric paragigiet) is
illuminated by deep ecology, is not a description of an alleged actual equality
between human anlildlife, it is a prescription for how we should treat other beings.
It is hadly possible to realize a radical egalitarianism in our life, but the planning
community is encouraged to move the discipline toward wilditiendly practices in
an evolutionary progressioAt a practical level, deepcology sets an objective for
devebpment: during the process of social construction of nature, planners are
required to try their best to avoid the materialistic pitfall of arrogantly denying any
aspects of nature beyond the labor theory of value. Only with respect for all living
beings, ike humans, animals, plants, and even microbes, will a solution to human
wildlife conflict be identified.

From a political point of view there is certain need for priority setting due to
the time and money consuming way of environmental valuation (Br20@3).This

approach is incompleia valuating either the loss in WVC, or the benefits in
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developing WVC mitigation strategieBhe ecocentric paradigoontributes to WVC
mitigation strategy development in twofold: firgtacts as a strongnotivation b
mitigate WVCs Wildlife is protected for its own sake. Urban planners are obligated
to protect victim species, and they are willing to adopt innovative regulatory policies
and programs to avoid WVCs. WVC mitigation is not seen as an expensive burden,
buta necessary way to protect the welfare of animals and to end cruelty to them. In
the process of decision making, this new paradigm gives planners more political
support. The new paradigm is essential to ensure a WVC mitigation strategy is
implemented totte highest standard and to engender a process of innovation for
future projectsDeep ecology principles can be used to change assessments of
mitigation strategies by relying on ecocentric evaluation tools such as zero discount
rates Ecocentricism shouldct as a complementary paradigm to economic valuation.

Second, aecocentric paradigm ensures that ecological considerations are
involved in planning. The WVC mitigation plan should set animals as the clients of
urban planning and the users of WAGitigation infrastructure design. According to
the principlesofusect e nt er ed design, study of a speci ¢
behavioral characteristics is an important stepping stone in seeking solutions to
WVCs.

7.2.2 A mitigation framework

Economic valuatioris not reliable in developing effective WVC mitigation
strategy. Deep ecology, as a aunantitative approach, is used to complement the

traditional costbenefit analysis. This ideology emphasizes that wildlife is valueless,
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and the most effective WVC nigation measure should be taken to avoid any wildlife
loss in WVC.WVCs can be understood only by combining the perspectives of
planning and ecology. This dissertation designed a WVC mitigation framework
which puts the effectiveness rather than econonfiicieicy as its top priority. This
frameworkworks out details of mitigation strategy and narsiive gap between

theory and practice. It can be used by governragencies, planners, and designers
to develop mitigation strategs for local affected spede

This framework has two distinguishing characteristics that are not represented
by prior strategies. First, it emphasizes the leading role of the urban planning agency
in WVC mitigation strategy developme@overnmental intervention is necessary in
mitigating WVC.Ap anni ng agencyods work sWBould span
from planning and design, through construction, and into maintenance and
management. As a steering community, planning agencies need helps from the
following three areas: 1) the scierm@mmunity, which is comprised of scientists in
ecology, transportation, and architectural design; 2) the partnership community,
which is comprised of transportation agencies, NGOs, and volunteers; and 3) local
experts and the public.

Second, it stresselsd importance of ecological informationdeveloping an
effective mitigationstrategy. The ecological information that may contribute to WVC
mitigation includes:

T the target speciesd WVC patterns

i Habitat characteristics
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1 Speciegypical behavioral charaatetics

1 Life cycle

The research develops a general framework showing how to apply biological
knowledge of specietypical behaviors and habitat characteristeccdevelop species
specific mitigation measure$his framework is designed under a new, eca@ent
paradigm. It has the following characteristics, which are distinctive from previous
framework characteristics:

1 It guarantees that WVC mitigation efforts receive more attention and

resources.

1 It guarantees that all victim species can get attention.

1 It lowers the threshold for initiating a WVC mitigation strategy.

1 It guarantees more effective WVC mitigation measures will be explored.

The framework is developed in an ideal scenario, without being restricted by
social or economic limits. Ideally the miéition strategy should be species specific to
maximize its effectiveness, however, in practice financial considerations would

dictate that most mitigation strategies be developed to address more than one species.

7.2.3 Speciespecific mitigation strategsefor four species European badger,
eastern gray squirrel, house sparrow, and northern leopard frog.

As an application of the framework, this dissertation develops detailed
speciesspecific mitigation strategies for four frequent WVC victim speties

Europea badger, eastern gray squirrel, house sparrow, and northern leopard frog.
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The strategies contain detailed information on preparation, development, and
implementation.

All thefour species are frequent WVC victims, but due to their small body
sizes, as wkas their population abundance, they have received little attention for
WVC mitigation. They are still crossing roads without any protection. Under an
ecocentric paradigm, the total number of individual losses of a species in WVC is a
determinant in iniating a WVC mitigation plan. So through research on their
ecological and biological characteristics, this dissertation develops detailed WVC

mitigation plans for the four species.

WVC Mitigation strategy for European badgbtgles meles

1 Public awarenessnd education programs.

1 Remove grass verges along roadsides within 50 m of hotspots.

1 If WVCs do not decrease to an acceptable level, erect a warning signage
on WVC hotspots.

1 If WVCs do not decrease to an acceptable letatespeededucing
measures sudhs speed bumps and raised lesrelssings, either
temporarily or permanently, to reduce vehicle speeds as well as volumes.
A low speed limit, from 1625 mph, is suggested.

1 If WVCs do not decrease to an acceptable level, étentelegeflectors

at WVC hdspots to deter the animals from crossing at night.
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1 1f WVCs do not decrease to an acceptable level, construct a netwidrk of
melessetts, paths, crossings, and fences to funnel the animals to cross

roads at a safe crossing.

WVC Mitigation strategy for estern gray squirrelSciurus carolinensjs

1 Public awareness and education programs.

1 Clear roadsides and design median strips to make them less attractive to
this species.

1 If WVCs do not decrease to an acceptable level, erect warning signage and
set speedrits near WVC hotspots.

1 If WVCs do not decrease to an acceptable level, clear road verges of
vegetation to more than 10 m.

1 If WVCs do not decrease to an acceptable level, implement aerial bridge
web around WVC hotspots to facilitate crossing. An excluaoe or

vegetation clearance is recommended in association with the bridge web.

WVC Mitigation framework for house sparroRdsser domesticus

1 Public awareness and education programs.

1 Prompt cleanup of opeair restaurants along roads; manage roads,
medians roadside greenbelt strips, and vegetative cover to reduce their
attractiveness tB. domesticus

1 If WVCs do not decrease to an acceptable level, remove inviting nesting

sites, such as cavities and vents on the outer walls of buildings, hollow
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cross ples for traffic lights, and so on along roads to reduce the
possibility of fledglings encountering vehicles.

If WVCs do not decrease to an acceptable level, erect warning signs or
speed limits near WVC hotspots.

If WVCs do not decrease to an acceptabkelle@mplement flight

diversion measures.

For country roads that run through farmlands, plant concealing vegetation

along WVC hotpots.

WVC Mitigation Strategy for northern leopard frdggna pipiens
Public awareness and education programs.
Set speedihnits duringR. pipien® mi gr ati on peaks. The s
WVC hotspots should be less than 15 mph. Speed limit measures should
be combined with improved | ighting to
If WVCs do not decrease to an acceptable level, set tempaoaéiiy bans
on specific road segmerdsring migration seasons.
If WVCs do not decrease to an acceptable level, retrofit existing passages
and construct guide fences to encou@gpipiengo use them to cross.
Existing culverts, drain pipes, viaductsidges, and game passages all can
be potential crossings for the species.
If WVCs do not decrease to an acceptable level, construct-uoaier

tunnels and fences to facilita®e pipien mi gr ati ons. A path
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should be used to guide frogs to the turamdrancestarting from their
habitat. Ecological elements such as water bodies and grass are
recommended for constructing the network.

The mitigation measures presented in this chapter are unproven, and further
research is required before widespread@mgntation. The design and planning of
mitigation measures, for example, crossing structures, fences, and wildlife detection
systems, should evolve as our understanding and technology improves (van der Ree,

2015).

7.3Final Thoughts

7.3.1 The importancef @valuating the ecological impact of a road in the
preconstruction stage

Appropriate ecological input into a road project should occur at all stages
(Roberts and Sjolund, 20159)he WVC mitigation strategy addressed in this
dissertation involves mainly gbconstruction mitigation measures that are
implemented on existing roads, especially those that were built without solid
ecological considerations. Nevertheless, it is vital to include ecological considerations
in the preconstruction stage of road builgliThe profound ecological impact
generated by roads begins during the early stages of construction and progresses
through completion and daily use (Andreetsal, 2008). Preconstruction planning is
generally more economical and efficient than retrofttexisting roads. Ecological

outcomes, including WVCs, of a given road should be included during environmental
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impact assessments (Gils&tral.,2009 Roberts and Sjolund, 20L5%nce an
ecosystemdés structure and ftorestdre on are di s

Road development is often used as an indicator of socioeconomic
development (Selviat al, 2015). It is a costffective way to promote regional
integration and spur economic growth. The expansion of road networks is driven by
the needs afleveloping nations to improve transportation and energy infrastructures.

A preconstruction evaluation is especially important in developing countries where
road networks are rapidly expanding. The rate of major road construction in
developed countries, su@s in the United States, Australia, and Western Europe has
slowed, while it is rapidly increasing in developing countries, such as those of Asia,
South America, and Africa (van der Ree, 2015). Obsessed by pursuing an economic
boom, planning agencies tine developing countries typically neglect ecological
considerations in road construction.

Roads, especially those that penetrate relatively pristine regions, are seen in a
negative | ight because they open a Pandor a
AHabi faagmentati on equalp3)eRoddlessardasaven 6 ( T al
precious resources in the preservation of biology. As a result of the low level of
human disturbance, wide arrays of ecological processes are preserved. Roadless areas
are cruciafor keeping communities of life untrammeled by humans, and are

especially important for species that move across large habitats, such as brown bears,
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wolves, or elephants (Seleaal, 2015). The first road in any roadless &tés
ecologically dangeraj because it opens the land up for more roads and development,
and triggers significant lardse changes, resource extraction, and human disturbance.
Keeping roads out of surviving irreplaceable natural areas is among the most tractable
and costeffectiveways to protect crucial ecosystems (Laurence, 2015).

In the preconstruction stage, adjusting the spatial distribution of future land
use is a potential solution to control road network sprawl and conserve untapped
nature (Zhao & Peng, 2014 reservingemaining large, roaftee areas is an urgent
task in todayds worl d, espea,i2@b)lFgrthen devel
countries where roads are rapidly expanding, planners need to systematically evaluate
whether a road is really needed; aingb, explore alternative route options before
dissecting or eliminating roadless areas or increasing traffic volumes-indthe

areas.

7.3.2 An inquiry into modern models of development

Underlying this insight was a growing awareness that the msgjve,
secular, materialist philosophy on which modern life rests, indeed on
which Western civilization has rested for the past three hundred years,
is deeply flawed and ultimately destructive to ourselves and the whole
fabric of life on the planet. Thenly true, sure way to the

environmental goal, therefore, was to challenge that philosophy

4 Accordingto the Wilderness Act of 1964 in United Statesadless areas thatelarger than 2024 ha
areextremely ecologically important.filese areashould be protected fropermanent improvements
or human habitation (Selva et al., 2015).
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fundamentally and find a new one based on material simplicity and

spiritual richness.

Donald Worster (2014 jted in Sessiong.108)

A new paradigm is suggestedreducing WVCs, but individual problem
solving does not work well unless a major worldview is challenged. We need to see
the big picture. The modernist worldview that arose in tieatidl 18' centuries was
dominated by economics and endless growth. Theaause of the conflict between
humans and nature is in the anthropocentric value system. Nature, in the modernist
anthropocentrism, is only a warehouse of resources, which should be developed to
satisfy the eveincreasing numbers of humans and their-éwvereasing demands
(Devall, 1980)i Moder ni ty can be characterized as t
theory of natureds inexhaustibility at the
necessary to sustain ovetnlaD0d2 phélitan expect a
occurs at the expense of other species and the integrity of the ecosystem. The
anthropocentric ideology not only makes humans usurpers but advances this way of
life as our right (Butler, 2014). Wilderness and biodiversity protectiotsgoast be
curtailed and clearly tied to human interests in order to be accessible (John, 2014).
Human beings and the natural world are on an unsustainable collision course (World
scientistsd warning to humanitysno2017). Th
only for most norhuman life forms but also potentially for the human race itself. Our

entire system of orientation to nature must undergo a revolution (Ehrlich, 1991).
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Our authorized development is simplified to be a material growth. This
developmat pattern is projecting the American model of society onto the rest of the
world. In this model, great production is seen as the key to prosperity. Developing
countries are encouraged to follow the same path. Tradition, hierarchies, mental
habit® the textire of societied have been dissolved in mechanistic models.

Political ecology does not see development as solutions, but as the primary
sources of ecological problems (Byreieal, 2006).The development idea
incorporaesand irrevocablynodifies parts d the human biological heritage for
commercial ends, and it has caused serious social injustice and environmental
problems (Sachs, 2009). The modern development pattern should face inquiry before
it is introduced to developing countries. We should redhiaethe world is a
collection of homogeneous entities. Developing countries should respect their
traditional life styles, their deep structures of perception, and their relationships with
nature. A global system of mechanism and production will resalsimplification
of the biosphere and expanding environmental crisis (Sachs, 2009).

Techneoptimism is a deeply flawed worldviéwnot only morally and
ethically but also technologically (Ehrenfeld, 2014), and mitigation or restoration
never justifies whatve have done. We need a new way of thinking about the natural
world and our relationship with it. The development pattern should be transformed
fromagrowthor i ent ed expl oi t at i wsensitvg/hgrmeyyn t o an
oriented wildminded scientifies pi r i t ual cul tBEspe®alyinit Synder ,

deweloping countries, people and governnsdate a big challenge of meeting basic
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living standard, and it can be very hard fenvironmental conservatida get
adequatattention. In this scenario, theckl political authority should play a leading
role in environmental conservatidh.or exampl e, i n Chashaema 0 s
viewed as an important source of food, medicine and inc®his attitude towards
wildlife has changed significantly ineent yearsAccording to a survey conducted in
five cities in China in 20082.6% of people think wild animals are equal to human
beings and both deserve protection and reggéetnget al, 2008) It is important
for government authorities to adopt ma@s to promote this wildlife conservation
awareness in publ@nd not simply assume that the paramount goal is economic
betterment at any cost

Thefundamentakcological picture needs to be drawn by a great unraveling of
wild nature and indigenous humeommunities. Real sustainable development is

done without causing the extinction of others, and by allowing other life to flourish.
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