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Highwaysareincreasingly under stood asbarrierstowildlifeand pedes-
trian movement and assignificant causes of landscape fragmentation—
especially in suburban and periurban areas. FHWA's Transportation,
Community, and System Preservation (TCSP) Program encourages
innovative solutionsto reduce the impact of highways on the communi-
tiesthey link and traverse. This paper isbased on research and public
participation as part of an FHWA-T CSP sponsor ed feasibility study
for a combined wildlife and pedestrian crossing to mitigate highway
impactson wildlifeand recreation, and on the communities of Concord
and Lincoln, Massachusetts. Theinterdisciplinary study team included
representatives from landscape ar chitecture, urban planning, wildlife
biology, civil engineering, and landscape history. The study included
diver se public participation and collaboration throughout the project.
The paper definessignificant planningissueslikely to pertain to similar
projectsand offersatransdisciplinary method for conducting planning
or feasibility studies for combined wildlife-pedestrian crossings. The
method isinnovative for itsinterdisciplinary integration and itsinclu-
sion of public officials, nongover nmental representatives, citizens, and
other stakeholders. The study is being considered for further research
and possible implementation by FHWA with support from the host
communitiesand a private conservation organization.

In 2004, the FHWA awarded a Transportation, Community, and Sys-
tem Preservation (TCSP) program grant to fund afeasibility study for
acombined wildlife-pedestrian crossing of Massachusetts SR-2inthe
vicinity of Walden Pond in Concord and Lincoln, Massachusetts. The
TCSPwasauthorized by thefederal Safe, Accountable, Flexible, Effi-
cient Transportation Equity Act: A Legacy for Users(SAFETEA-LU).
The TCSP program provides research to investigate and improve the
relationships between transportation, community, and system preser-
vation plans and practices and to explore theintegration of transporta-
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tion programs with community preservation and environmental
activities. Since theinception of the program in 2001, thisisthefirst
project to consider a combined wildlife-pedestrian crossing (1).

The study was administered by Boston's regional planning
agency, the Metropolitan Area Planning Council (MAPC), which
contracted with an interdisciplinary team from the University of
M assachusetts Amherst to conduct the study along a2.5-mi (4-km)
section of SR-2 bordering Walden Pond State Reservation. Land
usein the study areaincludes protected and private forests, single-
family homes, condominiums, wetlands, and agricultural land. The
study areaincludesfour recently installed wildlife-crossing tunnels
beneath SR-2 (Figure 1).

The SR-2 study areais part of alarger cultural landscape of inter-
national significance. Thousands of people visit the areaannually to
learn about the American Revolution at the Minute Man National
Historical Park; to learn about Henry David Thoreau, Ralph Waldo
Emerson, the Transcendentalists, and Walden Pond and Walden
Woods; and to visit the historic towns of Concord and Lincoln. Other
people experience the study area by hiking the metropolitan Boston
regional Bay Circuit Trail and other recreationa trails in Concord
and Lincoln. The SR-2 corridor is a four-lane limited-access high-
way that acts as a barrier, separating Concord Center from Walden
Pond and negatively affecting the perception of the larger cultural
landscape both for residents of the areaand for the touristswho come
from all over the world to appreciate it.

The study analyzed wildlifedistribution in the study area by using
M assachusetts Natural Heritage dataand field wildlife monitoring of
species presence in the highway right-of-way zone and species use
of the existing tunnels by the Wildlife Passages Task Force (alocal
volunteer citizen group). The analysis determined that there were no
known endangered or state-listed speciesin the study areathat would
make use of an additional wildlife crossing. Furthermore, the moni-
toring found that the existing wildlife-crossing tunnels under SR-2
were being used successfully by amajority of species that might be
served by an additional crossing. However, the study concluded
that an additional crossing could serve as a demonstration project at
which arboreal species could cross. Such crossingshave not yet been
implemented in North Americabut are being used in Australia.

Three potential aternative crossing locations were explored and
analyzed [Figure 1, Sudbury River Bridge Underpass 1, Fitchburg
Railroad Bridge Underpass 2, Vegetated Overpass Structure 3,
and a no-build alternative (not numbered)]. The alternatives were
determined after the study team analyzed historical and new dataon
the study area including wildlife, traffic and highway information,
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FIGURE 1 Walden passage study area, land use, 1999.

adjacent land uses, recreational activities, and cultural landscape
significance. These aternatives were presented and discussed with
the steering committee and at public workshops.

On the basis of the study team’s investigations, input from the
steering committee, and significant input from citizens, a vegetated
overpass structure for pedestrian—recreational and wildlife use was
recommended (Figure 2). This combined wildlife—pedestrian pas-
sage is designed to demonstrate a passage structure for arboreal
species and provide significant recreational linkages with existing
locdl trails, the nearby Minute Man National Historical Park, and the
regional Bay Circuit Trail.

Onthebasisof thisproject, an outline-overview isoffered of issues
to beaddressed and methodsfor conducting feasibility studiesfor other
combined wildlife and pedestrian crossings. Transportation infrastruc-
ture, by definition, cuts across a heterogeneous matrix of land use and
ecosystems—particularly in urban and periurban areas. Conflicts (and
opportunities) with these diverseland uses areinevitable. The Walden
Passage Feasibility Study may serve asamode for planners, wildlife
biologists, engineers, and others who seek to reduce or mitigate con-
flicts for wildlife and pedestrian crossings and to find better ways to
integrate highways with the communities they serve—and separate.

KEY ISSUES IN PLANNING FOR COMBINED
WILDLIFE-PEDESTRIAN CROSSINGS

State highways with high traffic volumes may represent a significant
barrier for wildlife and human crossing. The loss of habitat connec-
tivity caused by roads disrupts the natural movement of wildlife and
causes physical isolation, increased wildlife mortality, and traffic haz-
ardsfor drivers. To mitigate the effect of mgjor highwaysonwildlife,

ecologists, landscape architects, and engineers have joined together
in projects across the United States and Europe to help wildlife gain
safe passage over and under roads (2). Open-space connectivity is
important not only for wildlife; it is also important for humans who
benefit from the opportunity to travel through connected and protected
green spaces for recreation or cultural landscape interpretation.

Passage structures for wildlife across roads and highways are
vaunted as partial solutionsto these problems. Passage structures can
take many forms, from broad overpasses, often known as“ecoducts,”
to underpasses that aim to allow movement of smaller species, such
as salamanders traveling to critical breeding ponds. Most of these
structures have been implemented in remote areas or in areaswith lit-
tle human traffic. Here, the main issues are examined that are to be
addressed for planning a joint wildlife passage and human recre-
ational corridor in a periurban location where large areas of remnant
open spaces are interspersed with towns and suburban devel opment.
Theissuesarediscussed in asuggested order of priority and relevance
to similar projects.

Wildlife and Need for Passage Structures

Themost direct and visibleimpact of roadsonwildlifeistheincreased
mortality from vehicles, commonly known as roadkill. Roadkill can
have a significant impact on local populations, especially when the
species are rare or have low recruitment rates (3). Slower-moving
organisms such as amphibians are more vulnerable to roadkill (4).
Aside from the effects on wildlife, there are human costs of roadkill.
In the United States, collisions with larger animals, most commonly
deer, have been estimated to cost over $1 hillion in vehicledamageand
personal injuriesand to result in more than 200 human fatalities annu-



Ahern, Jennings, Fenstermacher, Warren, Charney, Jackson, Mullin, Kotval, Brena, Civjan, and Carr 131

FIGURE 2 Conceptual design for Walden passage structure.

ally (5). Solutions to roadkill that protect both wildlife populations
and humans are therefore of paramount importance.

Highwayshaveimpactsonwildlifeat threeimportant levels of bio-
logica organization: individuals, populations, and metapopulations,
which are networks of interconnected populations (6). Ameliorating
road impacts at each of these levels represents a distinct set of goals
with distinct solutions. At the individual level, an important godl is
avoiding road mortality or providing access to a full home range or
critical habitat for oneindividua or a breeding pair. Reducing road-
kill may be of interest either for public safety (e.g., deer) or to protect
rare or endangered speciesinwhich every individual iscritical to per-
sistence of the species. Roadkill isthus also important at the popula-
tion level to prevent loss of whole populations from road mortality.
This is commonly a concern for amphibian and reptile species (4).
Fencing appears to be the most effective tool for preventing roadkill.

Other population level issues include maintaining population
continuity or providing access to vital habitats required by a popu-
lation, such as amphibian breeding habitat, turtle nesting habitat,
and snake hibernacula (6). Population continuity is of greatest sig-
nificance when habitat fragments are too small to support a breed-
ing population. In contrast, increasing connectivity through passage
structures will achieve the objective only if (a) the linked habitat
fragments acrosstheroad provide sufficient habitat to support aviable
population and (b) enough individuals pass through the structure to
maintain a cohesive gene pool.

At the metapopulation scale, issuesinclude maintaining geneflow,
supporting source-sink rel ationships among populations, and provid-
ing sufficient opportunitiesto recol onize habitat fragments after local

extinction events (6). Metapopul ation dynamics are of greater signif-
icance when habitat fragments are large enough to support small but
viable breeding populations but are vulnerable to genetic drift and
local extinction (7). Because metapopulation dynamics may require
only afew individuals per generation to move between populations,
achieving this objective does not require passage structures to be as
efficient asfor theindividua or population level.

Researchers are beginning to understand which features of passage
structures are important for successful mitigation of the impacts of
roads on wildlife. Effectiveness of passage structures is thought to
depend on species-specific responses of wildlife to a variety of pas-
sageway design variables, whichinclude crossing location, vegetative
cover, Size, openness(ratio of cross-sectional areatolength), substrate,
noiselevels, moisture, temperature, light, human disturbance, and the
placement and height of associated fencing (8-13). Wildlife over-
passes may accommodate more species of wildlife than underpasses
becausethey areless confining and quieter and maintain ambient envi-
ronmental conditions and because the structure itself can serve as
intervening habitat for small animals otherwise unlikely to movelong
distances(8). By contrast, underpassesarelikely to be better suited for
animalsthat prefer cover (8, 9), or semiaguatic organisms (10).

Impacts of Humans on Wildlife Use
of Passage Structures

Conventional wisdom holdsthat animalsarelesslikely to useawild-
life crossing in areas with high levels of human activity. Very little
empirical research exists, however, to support or reject this statement.
A review was conducted of examples of existing structuresthat com-
bine human and wildlife passage, research on the effectiveness of
combining the two, and information about the design of such struc-
tures. Wildlife crossingsare arel atively new phenomenon, especially
inthe United States. While there are numeroustunnelsand underpass
structures, there are still few examples of overpass structuresand even
fewer examples of structures that are designed for combined human
and wildlife use. Very few combined structures are monitored after
they are built for animal and human use (8, 10, 14, 15).

Most literature cites a study in Banff National Park, Alberta,
Canada (9), when discussing the human impact on wildlife crossings
(e.g., 10, 16, 17). The Banff study found that even the best designed
and landscaped underpasses may be ineffective if human activity is
not controlled. In crossings with higher human activity, carnivores
were less likely to use underpasses than were ungulate species.

More recent research reexamined the performance of wildlife
crossing structures at Banff National Park (9). They found that, con-
trary to their previous analysis, structural factors were the most
important onesinfluencing wildlife use of crossing structures. Land-
scape variables including human activity were of secondary impor-
tance (9). Human activity was quantified by counting the number
of people on foot, bike, and horseback. However, the researchers
pointed out that studies addressing the efficacy of wildlife structures
often led to spurious results because of the difficulty in separating
out confounding variables.

Phillipset al. (18) studied an underpasson I-70in Colorado. After
construction of a pedestrian—cyclist path next to I-70 on an elevated
bridge near the underpass, the researchers found that highway traf-
fic and the presence of humans walking near the crossing disturbed
deer trying to use the underpass. A temporary screen to reduce the
view of humans was installed and hel ped reduce the disturbance to
thedeer. Theresult of the |-70 Col orado study was arecommendation
for apermanent screen (18).
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South of Ocala, Florida, a combined wildlife, pedestrian, and
equestrian land bridge was completed in 2000 over I-75. This cross-
ing was 50 ft wide and designed so that wildlife and people share a
common path. Raised planters of native Floridavegetation line both
sides of the land bridge to screen the highway and to reduce high-
way noise. The central path is covered with crushed shellsfor com-
patibility with wildlife and trail users. Monitoring of the bridge
recorded sporadic use by avariety of medium-sized animalsand two
endangered species (V. Naylor, unpublished data).

In Europe, researchers have recently reviewed the use and effec-
tiveness of highway crossings to improve landscape connectivity
(2). The use of crossings was researched in Slovenia, Germany,
France, Switzerland, and the Netherlands. Research in France found
that an overpass was not used because of human presence and small
passage size (11). Researchers examining wildlife bridgesin Poland
found that only onein five wildlife bridges over a particular stretch
of highway was used by wildlife. The main reason for failure was
the lack of information about animal migration routes in the area,
which resulted in improper locations for the crossings. Two other
important reasons cited were the narrow structure of the bridgesand
their regular use by people (19).

Studies have shown that animals avoid the proximity of humans
at points where wildlife cross roads, preferring to approach roads
sheltered by tree and shrub cover (20-24). Human traffic has also
caused activity shifts or avoidance by sensitive species near trails
and increased numbers of unaffected or habituated species (25).

Issues of human activity clearly need to be considered in design-
ing any wildlife crossing structure. However, avariety of strategies
appear to be able to minimize human impacts on wildlife, particu-
larly in more developed areas where wildlife have fewer crossing
options or are aready habituated to human activities.

Community Planning

Understanding community planning issues, particularly with respect
to community—highway relations, is important to planning for com-
bined crossings. As with most community planning exercises, it is
advised to start with as complete as possible an understanding of the
nature and drivers of community change (e.g., land use change, new
development, popul ation change, economic development). Thisunder-
standing hel psproject plannersunderstand how these driversof change
could influence, or even be influenced by, a combined wildlife—
pedestrian passage. A well-established method for rapid assessment of
community issues is a strengths-weaknesses—opportunities-threats
(SWOQOT) analysis method. A well-conducted SWOT exercise is a
powerful strategy toidentify key issuesbut also to engage officialsand
stakeholders early in atransdisciplinary planning exercise.

In addition to the SWOT exercise, community issues can be
understood and documented by reviewing public documentsinclud-
ing census data, comprehensive plans, zoning plans, open space and
recreation plans, and economic development plans. Because com-
bined crossings are located within highway corridors, it is often
important to analyze specific land parcel s adjacent to the highway that
could changeinland use or to be devel oped for housing, commercial,
or industrial uses.

Cultural Landscape Issues

Cultural landscapes are the result of human- andscape interactions
over time. They may be read as narratives of the history of a com-
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munity and often contribute to a sense of place and regiona identity
(26). They range broadly in scaleand character and may berecognized
and vaued by communities, or not understood or even recognized as
cultural landscapes.

Issuesrelated to the interactions of cultural landscapes and high-
waysinclude potentid trail linkages, historic preservation, view shed
protection, architectural design control, and tourism. A combined
crossing hasthe potential to complement or detract from the cultural
landscape character and should be carefully analyzed and considered
in the planning process. Highways and highway crossings signifi-
cantly engage the landscape character and become an important
element in the cultural landscape character that must be addressed
in the planning process.

Highway Safety

A combined crossing project will affect traffic flow and safety on
theroadway. The project team should eval uate current and predicted
traffic volume, accidents, future highway repair or reconstruction
plans, and bridge work. An underpass crossing is not likely to be
visible and thus raises minimal concern for driver safety impacts.
Overpass crossings, however, should be designed and located so
as not interfere with existing ramps or intersections or decrease
vehicle safety by impeding vision or causing adistractionto drivers.
Appropriate distance between existing intersections and a proposed
wildlife-pedestrian overpass should be provided. Design issues,
such asavoidance of overpass midspan supports, can affect the over-
all safety of the project. Side abutments should be placed away from
existing or future roadway limits.

Project Cost and Funding

Combined crossings are expensive and vary in cost on the basis of
the topography and project scope. Preliminary cost estimates and
alternate plans can be essential to the success of aproject and should
be developed early in the process. Many factors influence the cost,
including type of crossing, length and width, earthwork for access
and integration, and, for overpass crossings, type of vegetation pro-
vided. Once preliminary cost information isin hand during the plan-
ning process, sources of funding can be explored, including FHWA,
SAFETEA-LU, TCSP, and stateand | ocal highway funds. Theamount
and source of funding for acombined crossing should also be under-
stood in the context of its potential impact on availability of funding
for other highway projects.

METHODS

This section introduces the more specific methods that were used
for conducting this planning exercise and that may be useful for
conducting similar crossing studies elsewhere.

Public Participation and Transdisciplinarity

The FHWA defines an effective public involvement process as
an open exchange of information and ideas between the public and
transportation decision makers [FHWA Sections 23CFR450.212(a)
and 450.316(b)(1)]. The overall objective of a project’s public
involvement processisthat it be proactive, provide complete infor-
mation and timely public notice, provide full public access to key



Ahern, Jennings, Fenstermacher, Warren, Charney, Jackson, Mullin, Kotval, Brena, Civjan, and Carr 133

decisions, and provide opportunities for early and continuing public
involvement. It also provides mechanismsto solicit public comments
and ideas, identifies circumstances and impacts that may not have
been known or anticipated by public agencies, and, by doing so, builds
support among the public, who are key stakeholdersin transportation
investments.

A planning process for a combined wildlife crossing should
be transdisciplinary, defined as a collaborative process in which
knowledge, information, and decision-making responsibility flow
between professionals and stakeholders and vice versa (27, 28).
Planning for complex projectslike acombined wildlife-pedestrian
crossing arguably requires a transdisciplinary approach that goes
beyond communication with stakeholders; it integrates them in
meaningful ways, more as peers in the process than as clients for
whom professionals and academics act—or to whom they provide
information.

Recommendationsfor transdisciplinarity in the context of planning
for acombined highway crossing include the following actions:

e Establishing a diverse project-steering committee with broad
representation, including community officials, leaders of non-
governmental organizations, state and federal legislators, interested
citizens, and project neighbors;

e Encouraging and recording stakehol der—participant contributions
from public meetings,

e Developing a publicity—communication plan to publicize
meetings and workshops in local and regional media;

e Maintaining avisible, accessible public project record;

e Providing ongoing public access to project documents, draft
reports, and references in the host—ocal community (e.g., public
library, school, town hall); and

e Maintaining an up-to-date project website, including project sum-
mary, schedule, contact information, downloadable draft documents,
maps and images, and address for e-mail communication.

Evaluating Need for Wildlife Passage Structure

The central issueto be addressed in relation to wildlifein afeasibility
analysisiswhether the addition of apassage structure would enhance
the existing potential for wildlife crossings. Answering this question
depends first upon knowledge of the species present and second on
quantifying their use of any other crossing locations or structures.

If mortality of wildlife attempting to cross highways is the pri-
mary issue, highway fencing is recommended as the primary miti-
gation solution to prevent wildlife-vehicle collisions. If the major
issue is the highway as barrier, passage structures may be consid-
ered. Ultimately, permeability is linked to mortality, and the two
principle mitigation solutions—fencing and passage structures—are
most effective when combined.

The framework in Figure 3 is presented as amethod for evaluating
aproposed crossing structure. The starting point should be an assess-
ment of the habitat surrounding the roadway (Figure 3, Item 1A). If
unique habitats exist on only one side of theroad, then it is necessary
to identify the species needing access to this unique habitat and the
frequency with which they would need to crosstheroad to accessthis

1A. Are there any unique habitats Yes
that only exist on one side of road? |

2. Identify species that need access to this habitat,
whether they would need to cross the road
and what the expected crossing rates would be

No l
Yes
1B. Are there any rare species? [————___

—_—

No

Community level analysis

4. ldentify size of smallest parcel of interest,
and compare to densities and home ranges of
local species to determine appropriate scale of
analysis for each species

Metapopulation

3. Conduct analysis of habitat needs and
movement patterns of rare species to determine
expected crossing rates for this species

7. Would reducing roadkill mortality without

Population o
M Individual
i
| 5. Monitor current crgssing rates aof species"f
6. Are current crossing rates sufficient? No
a few per
generation a few per

breeding cycle

a few per month

Yes

r

Barrier effect of road not likely to be
significant threat to maintaining wildlife

¥ increasing road permeability be sufficient
to maintain populations?

Yes
No k.

Fencing may be the
best solution

Additional passage
structures may be needed

FIGURE 3 Method for evaluating need for structure to enhance wildlife crossing.
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habitat (Item 2). Also required is athorough analysis of the needs of
any rare species present (Item 1B). If no rare species are identified,
then theemphasisis presumably on maintaining good connectivity for
asuite of animals representing multiple trophic levelsin the commu-
nity. To determineif thereis sufficient status quo connectivity, amet-
ricisused to determine the approximate expected rates of crossing for
each species (Item 4). These expected crossing rates should reflect the
appropriate scale of analysis for each species, given the size of the
habitat patchesin consideration. Once these expected rates have been
determined, monitoring of status quo crossing rates should be con-
ducted (Item 5) and compared with the predicted rates (Item 6). If the
present crossing rates exceed the expected rates, then the barrier effect
of theroadway is not likely to be a significant threat to the wildlife.
If the observed crossing rates are lower than expected, then further
action may be necessary. Further mitigation would entail a passage
structureonly if reducing mortality viafencing would not be sufficient
to mitigate the effects of the roadway on the population.

Design Considerations for Combined
Wildlife-Recreational Crossing Structures

Human use of combined structures is relatively straightforward to
attract. Successfully attracting wildlife is a more complex question.
Thereisagrowing body of research that examines the characteristics
of wildlife-crossing structuresthat are most frequently used by awide
variety of species (2, 12, 17, 29, 30). Researchers are quick to point
out, however, that the structural and landscape characteristics pre-
ferred by one species might not be the best for another species. It is
thereforeimportant to incorporateinformation about the speciespres-
ent and planned in designing a combined wildlife—recreational cross-
ing. Design considerations for combined human—wildlife crossing
structuresinclude those concerned with both location—context and the

specific design.

Locational-Context Considerations

A number of |ocational—context considerations should be examined
in designing a crossing, including the following:

1. Siting in the landscape context to be built in natural travel
corridors (e.g., stream valleys or migration routes),

2. Drift fencing to guide animalsto passageways,

3. Integration with roadsi de-andscape context (vegetation, topog-
raphy, moisture) and management of adjacent land use to support
human recreational use, and

4. Adjacent land usesand their potential for change and develop-
ment.

The locational—context features are similar to those listed earlier
solely for taking wildlife into account. Table 1 shows some of the

TABLE 1 Connectivity Objectives and Recommended Solutions
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ways that these design considerations have been implemented for
overpassesin Europe and North America. Only the Floridacrossing,
however, has targeted both humans and wildlife.

Specific Design Considerations

Particular of overpasses and underpasses fall into the category of
specific design considerations:

1. Overpasses. Shape (hourglass, straight), length, width, vegeta-
tion cover, soil depth, side walls and fencing, target species and
species expected, other users (pedestrians, equestrians, bicyclists),
and monitoring and

2. Underpasses. Openness (height, width, and length), substrate,
other users (pedestrians, equestrians, bicyclists), and monitoring.

Most previous studies of the use of passage structures aimed only
to determine which species were using a structure and how often.
These studies did not evaluate the effectiveness of the structures
at the population or metapopulation level. However, a number of
researchers have compared differing structures and their levels of
use (10, 12, 13, 30-36). From these were derived four main recom-
mendationsfor the design and implementation of passage structures
(Table1).

Engineering Design and Structural Principles
of Wildlife-Pedestrian Crossing

This section discusses general issues that may affect the structural
design of the wildlife—recreational crossing. Wildlife crossings can
consist of an overpass (bridge), an underpass, or an at-grade cross-
ing. Each of these structure types will have significantly different
design considerations and objectives. A successful design must sat-
isfy functional requirements and provide an aesthetically pleasing
structure at areasonable cost. Theideal solution would be one sat-
isfying al major design requirements, which will depend on issues
relating to the soil conditions and topography intheimmediate area.

The overall function of the crossing will drive most of the deci-
sions, asthe size of the structure must be determined on the basis of
requirements for the expected species’ use and the need for sepa-
ration of wildlife and human access. Overpasses can be designed
bridgelike with supports and decking or asafilled section with atun-
nel for vehicular traffic passing underneath. Thislatter type of struc-
ture works well when thein-fill required can be minimized, such as
when the roadway runs between two steep embankments. An under-
pass structurewould typically consist of aprecast culvert of required
dimensionsor provision for abridge structurein the highway design.

Cost can bereduced or minimized by decreasing theload, span, or
width of the structure. Shorter spans can be obtained in an overpass

Wildlife Objective Recommendation

Example Species

Reduce or avoid roadkill mortality
Accessto vital habitats
Population continuity

M etapopul ation dynamics

Passage for all or most animals

Greater importance of effective barriers than passage

Passage for enough individuals to maintain a cohesive gene pool
Occasional passage for asmall number of individuals, perhaps juveniles

White-tailed deer, Blandings turtle
Salamanders using vernal pools
Bobcat, bear, moose, fisher

Many small mammals, snakes, frogs

NortEe: Each objective addresses increasing levels of biological organization, from individuals to populations.
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through the provision of intermediate supports, though thiscan inter-
ferewith roadway safety and aesthetic concerns. Theleast width pos-
sible should be provided while still maintaining optimal function for
the structure. The width should be based on species use, whether
pedestrian use is anticipated, and methods of dividing the two uses
on the overpass.

Anoverpass must provideaminimum vertical clearance of approx-
imately 16 ft and 30 ft of clearance from the edge of thetraveled road-
way (37). Thefoundations for the structure have a significant impact
on overal cost, and requirements are related to soil conditions and
topography at the site. Certain structural configurations may lend
themselves to shorter construction times or to minimal interference
with traffic.

Theload that the structure must resist isdirectly related to accept-
able structural solutions. Higher load will result in higher costs and
may drive a solution toward certain materials or structural configu-
rations. The highest variable related to loads on the overpass is
the type of vegetation to be established on the structure. Larger veg-
etation will require thicker layers of soil to support root structure,
increasing the load on the structure. Decisions must be made on
whether larger vegetation (such astreesand shrubs) can be contained
at distinct locations along the span or whether design loads should
consider these to be sustainable over the entire area. Other issues,
such as the drainage system provided under the soil and control of
soil buildup, will also affect theloads considered in design. Loadsin
underpass structures are controlled primarily by vehicular loading
requirements as dictated by existing highway codes.

Aesthetics affect the functionality of the structure. Slender
structures are often preferred, as defined by the span-to-depth ratio,
because they giveasense of transparency that isgenerally pleasing to
users. A proposed structure should include several options that
provide aesthetic alternatives. Aesthetics for a combined crossing
project will be vary depending on whether a solution is an apparent
overpass-bridge type structure, has the impression of being anatural
feature that the highway passes beneath, or provides an underpass
that is not observable to highway traffic. The aesthetic appeal to
pedestrian trafficisalso essential, asthese userswill haveacloseview
of the structure. A structural solution should therefore address the
overall aesthetics of the structure aswell as the detailing, which will
be observed by pedestrians. Finally, the aesthetic features that are
incorporated into the structure must not in any way deter wildlife's
use of the structure. Presentation and discussion of design alternatives
inapublic forum are essential throughout the design process.

Significance of Cultural Landscape

The methods recommended for assessing cultural landscape signifi-
cance are based on cultural landscape assessment procedures of the
National Park Service (38). To consider how historical and cultural
valuescould congtructively inform the discussion of potentia locations
for a combined wildlife—recreational crossing, first principal themes
and periods of aregion’ shistory should be identified through relevant
literature, archival research, and interviews and public meetings. The
observation and description of existing landscape features and charac-
teristics can be enhanced and contextualized by referencing and
locating the sites of historical activities (during several periodsof sig-
nificance) as well as associations with cultural figures and literature.
Through examination of historical maps and photographs, quick com-
parisons can be made between the appearance of the landscape during
the historic periods and today.

Through public meetings and other contacts, local residents may
articulate their interest and knowledge of local history and of histori-
cal associationswith variousfeaturesand locationswithin and around
aproposed crossing.

Assessment of the significance of the cultural landscape should
also be considered in the context of planning a combined wildlife-
recreational crossing. In other words, if the cultural landscape was
found to be of great significance and possessed integrity, what are
the implications for the other location and design factors for a
combined wildlife—pedestrian crossing?

The analysis should also consider the locations and significance
of historical routes near or across the highway corridor and the rel-
ative significance of their associations. Theselocations can be cross-
referenced to the planning issues involving the different potentials of
alternative crossing locationsfor enhancing and interpreting the many
narratives and layers of significancethat occur inacultural landscape.

Evaluation of Alternatives

Multiple realistic and viable alternatives for combined crossings
should be developed in a transdisciplinary process with mutual col-
laboration of professional—academic experts, the public, and stake-
holders. Before evaluation of specific alternative types or locations,
theeva uation criteriashould be similarly discussed and agreed upon.
All discussions about the devel opment and eval uation of aternatives
should be part of atransparent, replicable, and public process, with
due consideration of potential impact on highway safety; passage
type (overpass, underpass, culvert, or other); potential wildlifeusage
(particular and target species, habitat linkage); impacts on neighbor-
hoods and adjacent land uses; archaeological resources, wetlands,
and sensitive ecosystems; trail connections; cultural landscapeinter-
pretation; aesthetics; and construction and maintenance costs. Alter-
natives may also be evaluated for their potential to demonstrate,
model, and test new approaches or designsfor combined wildlifeand
pedestrian crossings.

CONCLUSIONS

While the twentieth century was known for highway and infrastruc-
ture construction, the twenty-first century faces the challenge of inte-
grating highway infrastructure into communities and resolving some
of the conflicts and impactsthat highways cause. Managing or elimi-
nating conflicts of wildlife and pedestrian crossingsis one of the key
issues, and it will beincreasingly addressed in new and reconstruction
projects.

The Walden passage structure holds the distinct potential to sup-
port the central purpose of the FHWA'’ s TCSP program: “to address
the impacts of highways on communities.” Because of the unique
cultural landscape of the study area, a combined wildlife—pedestrian
passage aso holdsthe potential to provide atwenty-first-century solu-
tion to atwentieth-century infrastructure problem and thereby provide
acultural link with an important nineteenth-century environmental
philosophy.

Theauthorsbelievethat theissues addressed and the methods devel -
oped and applied to the Walden passage study can provide guidance
for similar projects elsewhere. Perhaps the key take-home message
from the Walden project is the value of a transdisciplinary approach.
The project’ s needs go beyond those of any few disciplines: they
demand a legitimate and sustained involvement of stakeholders,
decision makers, and others, each of whom both learns from and con-
tributes to the process. And if transportation infrastructure planning
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continuesto movein the direction of sustainability, transdisciplinarity
will likely become the norm.

ACKNOWLEDGMENTS

This research was supported by the Federal Highway Administra-
tion, Transportation Community and System Preservation Program.
The project was administered by Steven Winter of the Metropolitan
Area Planning Council, Boston, Massachusetts. The authors are
grateful for the cooperation of the Walden Passage Advisory
Board members, Lydia Rogers, the Wildlife Passages Task Force,
and the good citizens of Concord and Lincoln who contributed and
participated throughout the study.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

. Transportation Community and Systems Preservation Program. FHWA.

www.fhwa.dot.gov/tcsp/.

. Bank, F. G, C. L. Irwin, G. L. Evink, M. E. Gray, S. Hagood, J. R.

Kinar, A. Levy, D. Paulson, B. Ruediger, R. M. Sauvajot, D. J. Scott,
and P. White. Wildlife Habitat Connectivity Across European High-
ways. Office of Policy, FHWA. FHWA-PL-02-011, 2002. www.
international .fhwa.dot.gov. Accessed Feb. 25, 2007.

. Forman, R. T. T., and L. E. Alexander. Roads and Their Major Ecolog-

ical Effects. Annual Review of Ecology and Systematics, Vol. 29, 1998,
pp. 207-231.

. Hels, T., and E. Buchwald. The Effect of Roadkills on Amphibian Pop-

ulations. Biological Conservation, Vol. 99, No. 3, 2001, pp. 331-340.

. Conover, M. R., W. C. Pitt, K. K. Kessler, T. J. DuBow, and W. A.

Sanborn. Review of Human Injuries, IlInesses, and Economic Losses
Caused by Wildlife in the United States. Wildlife Society Bulletin,
Vol. 23, No. 3, 1995, pp. 407-414.

. Jackson, S. D. Overview of Transportation Impacts on Wildlife Move-

ment and Populations. In Wildlifeand Highways: Seeking Solutionsto an
Ecological and Socio-Economic Dilemma (T. A. Messmer and B. West,
eds.), Wildlife Society, Bethesda, Md., 2000, pp. 7—20.

. Hanski, I, T. Pakkala, M. Kuussari, and L. Guangchun. M etapopul ation

Persistence of an Endangered Buitterfly in a Fragmented Landscape.
Oikos, Val. 26, No. 1, 1995, pp. 21-28.

. McDonald, W., and C. C. St. Clair. Elements That Promote Highway

Crossing Structure Use by Small Mammals in Banff National Park.
Journal of Applied Ecology, Vol. 41, No. 1, 2004, pp. 82-93.

. Clevenger, A. P., and N. Waltho. Performance Indices to | dentify Attri-

butes of Highway Crossing Structures Facilitating Movement of Large
Mammals. Biological Conservation, Vol. 121, 2005, pp. 453-464.
Jackson, S. D., and C. R. Griffin. A Strategy for Mitigating Highway
Impacts on Wildlife. Wildlife and Highways: Seeking Solutions to an
Ecological and Socio-Economic Dilemma (T. A. Messmer and B. West,
eds.), Wildlife Society, 2000, pp. 143-159.

Van Wieren, S. E., and P. B. Worm. The Use of a Motorway Wildlife
Overpasshby Large Mammals. Netherlands Journal of Zoology, Vol. 51,
No. 1, 2001, pp. 97-105.

Clevenger, A. P., and N. Waltho. Factors Influencing the Effective-
ness of Wildlife Underpassesin Banff National Park, Alberta, Canada.
Conservation Biology, Vol. 14, No. 1, 2000. pp. 47-56.

Mata, C. Effectiveness of Wildlife Crossing Structures and Adapted
CulvertsinaHighway in Northwest Spain. Proc., International Confer-
enceon Ecology and Transportation, Lake Placid, N.Y ., August 24-29,
2003.

Romin, L. A.,and J. A. Bissonette. Temporal and Spatial Distribution
of Highway Mortality of Mule Deer on Newly Constructed Roads
at Jordanelle Reservoir, Utah. Great Basin Naturalist, Vol. 56, 1996,
pp. 1-11.

Underhill, J. E., and P. E. Angold. Effects of Roads on Wildlifein an
Intensely Modified Landscape. Environmental Review, Vol. 8, 2000,
pp. 21-39.

Smith, D. J. Ecological Effects of Roads: Theory, Analysis, Manage-
ment, and Planning Considerations. PhD thesis, University of Florida,
Gainesville, 2003.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

35.

36.

37.

38.

Transportation Research Record 2123

Cavallaro, L., K. Sanden, J. Schellhase, and M. Tanaka. Designing Road
Crossings for Safe Wildlife Passage, Ventura County Guidelines. Ven-
tura, Calif., 2005. www.bren.ucsb.edu/research/documents/corridors
brief.pdf. Accessed Aug. 1, 2008.

Phillips, G. E., W. Alldredge, and W. W. Andree. Mitigating Distur-
bance of Migrating Mule Deer Caused by Cyclists and Pedestrians at a
Highway Underpass near Vail, Colorado. 2001. repositories.cdlib.org/
jmie/roadeco/Philips2001a. Accessed Aug. 1, 2008.

Brodziewska, J. Wildlife Tunnelsand FaunaBridgesin Poland: Past, Pres-
ent and Future, 1997-2013. Proc., 2005 I nter national Conference on Ecol-
ogy and Transportation (C. L. Irwin, P. Garrett, and K. P. McDermott,
eds.), Center for Transportation and the Environment, North Carolina State
University, Raleigh, 2006.

Bashore, T.L., W. M. Tzilkowski, and E. D. Bellis. Analysis of
Deer—Vehicle Collision Sites in Pennsylvania. Journal of Wildlife
Management, VVol. 49, 1985, pp. 769-774.

Jaren, V. R., R. Anderson, M. Ulleberg, P. Pederson, and B. Wiseth.
Moose-Train Collisions: The Effects of Vegetation Removal with a
Cost—Benefit Analysis. Alces, Vol. 27, 1991, pp. 93-99.

Clevenger, A. P., B. Chruszcz, and K. E. Gunson. Spatial Patterns and
Factors Influencing Small Vertebrate Fauna Road-Kill Aggregations.
Biological Conservation, Vol. 109, 2003, pp. 15-26.

Seiler, A. Predicting Locations of Moose-V ehicle Collisionsin Sweden.
Journal of Applied Ecology, Vol. 42, 2005, pp. 371-382.

Malo, J. E., F. Suarez, and A. Diez. Can We Mitigate Animal—Vehicle
Accidents Using Predictive Models? Journal of Applied Ecology, Vol. 41,
2004, pp. 701-710.

Griffiths, M., and C. P. Schaik. The Impact of Human Traffic on the
Abundance and Activity Periods of Sumatran Rain Forest Wildlife.
Conservation Biology, Vol. 7, No. 3, 1993, pp. 623-626.

Cultural Landscapes Defined. Cultural Landscape Foundation. www.tclf.
org/whatis.htm. Accessed July 31, 2008.

Tress, B., G. Tress, and G. Fry. Integrative Studieson Rural Landscapes:
Policy Expectations and Research Practices. Landscape and Urban
Planning, Vol. 70, 2005, pp. 177-191.

Tress, G., B. Tress, and G. Fry. Clarifying Integrative Research Con-
ceptsin Landscape Ecology. Landscape Ecology, Vol. 20, No. 4, 2005,
pp. 479-493.

Evink, G. L. NCHRP Synthesis of Highway Practice 35: Interaction
Between Roadways and Wildlife Ecology, Transportation Research
Board of the National Academies, Washington, D.C., 2002. atfiles.org/
files/pdf/roadwaywil dlifeinteract.pdf.

Clevenger, A. P., B. Chruszcz, and K. E. Gunson. Drainage Culverts as
Habitat Linkages and Factors Affecting Passage by Mammals. Journal
of Applied Ecology, Vol. 38, No. 6, 2001, pp. 1340-1349.

Cain,A. T.,V. R. Tuovila, D. G. Hewitt, and M. E. Tewes. Effects of
a Highway and Mitigation Projects on Bobcats in Southern Texas.
Biological Conservation, Vol. 114, No. 2, 2003, pp. 189-197.
Henke, R. J., M. Connor, and R. Cavallaro. Wildlife Habitat Connectiv-
ity Study of the U.S. 85 Corridor, Colorado. Proc., 7th Annual Meeting
of the Wildlife Society (T. A. Messmer and B. West, eds.), Nashville,
Tenn., Sept. 12-16, 2000.

Land, D., and M. Lotz. Wildlife Crossing Designs and Use by Florida
Panthers and Other Wildlifein Southwest Florida. Trendsin Addressing
Transportation Related Wildlife Mortality, 1996, pp. 58-96.

. Pfister, H. P., V. Keller, H. Reck, and B. Georgii. Bio-Ecological Effec-

tiveness of Wildlife Overpasses or “Green Bridges’ over Roads and
Railway Lines. Bundesministerium fir Verkehr, Bau und Stadtentwick-
lung, Abteilung Strassenbau, Strassenverkehr, Bonn-Bad Godesberg,
Germany, 1997.

Rodriguez, A., G. Cremaand, and M. Delibes. Use of Non-Wildlife Pas-
sages Across aHigh Speed Railway by Terrestrial Vertebrates. Journal
of Applied Ecology, Vol. 33, No. 6, 1996, pp. 1527—1540.

Servheen, C., and J. Waller. Ecosystem Scale Linkage | dentification and
Implementation for Rocky Mountain Carnivores. Proc., 7th Annual Mest-
ing of the Wildlife Society (T. A. Messmer and B. West, eds.), Nashville,
Tenn., Sept. 12-16, 2000.

Bridge Manual: Part | and Part |1, Customary U.S. Units. Massachu-
setts Highway Department, Commonwealth of Massachusetts, Boston,
May 2005.

Page, R. R., C. A. Gilbert, and S. A. Dolan. A Guide to Cultural Land-
scape Reports: Contents, Process, and Techniques. Government Print-
ing Office, Washington, D.C., 1998.

The Ecology and Transportation Committee sponsored publication of this paper.



