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1 Guidelines Document Overview

1.1 Purpose

This document is designed to assist the Planning Division with conditioning discretionary land
use entitlement permits with appropriate mitigations to minimize adverse impacts to wildlife
movement corridors. Specifically, the document provides guidelines for designing roads and
associated crossing structures to accommodate safe wildlife passage through the surrounding
landscape. The recommendations provided herein are designed specifically for terrestrial animals
and do not provide mitigation measures for fish. Projects that may impact fish, particularly
steelhead trout, will require crossing structure mitigation, as dictated by the California
Department of Fish and Game (CDFG) and the National Oceanic and Atmospheric
Administration (NOAA). These requirements for fish passage must be included in addition to,
and not in lieu of, the required design elements in this document.

According to the U.S. Department of Transportation’s Federal Highway Administration, as of
1999, there are more than 3.9 million centerline miles of public roads that span the United States.
Each day, an estimated 1 million animals are killed on roads, making roadkill the greatest direct
human-caused source of wildlife mortality in the country (Forman 1998).

Road avoidance by species is an additional ecological impact. By impeding animal movement
and restricting habitat connectivity, roads fragment habitats and causes isolation, which leads to
problems such as inbreeding, resource depletion, reduction of biodiversity, and even extinction
of wild populations (Soule 2001).

Efforts to mitigate negative wildlife-roadway interactions increasingly incorporate the use of
modified culverts, pipes, and bridges as wildlife crossing structures. Most crossing structures are
engineered to prevent roads from inhibiting the flow of water. However, with proper refinements
and modifications these structures may also facilitate wildlife movement and habitat
connectivity. Though efforts to utilize this type of mitigation have been researched and discussed
since the mid 1970’s, much remains to be done to synthesize and incorporate the current
knowledge into planning policy.

The promotion of wildlife movement through crossing structures decreases wildlife mortality
from vehicle collisions. It may also enhance species viability in areas where roads have
fragmented habitat and restricted wildlife movement.

While the focus of this document is on the safety of wildlife, a compelling argument can be made
that motorist injuries and deaths associated with wildlife collisions and accidents attributed to
avoiding wildlife may be reduced. Documentation showed human fatalities and injuries were
dramatically reduced in some Canadian national parks after the installation of wildlife crossing
structures. No specific research was done on the number of injuries or deaths in Ventura County
related to wildlife/motorist conflicts, but it logical to assume that if the number of conflicts can
be reduced, so will the potential for injuries and deaths to humans.
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1.2 Document Organization

The document sections are organized as follows:

e Section 1: Explains the document purpose and organization, and includes important
definitions.

e Section 2: Details background information Ventura County policy authority to implement
these guidelines, and outlines existing wildlife corridor connectivity in Ventura County.

e Section 3: Provides mitigation design elements to reduce the negative impact of roads on
wildlife movement, including specific mitigation design elements for five wildlife
Functional Groups of species, as well as considerations for multiples species mitigation.

e Section 4: Describes additional considerations for mitigation, including maintenance and
monitoring, education and public outreach, and costs.

e Section 5: Provides a catalogue of various structure types and design features.

1.3 Definitions

Choke points
An area of narrow or impacted habitat that is constricted on opposite sides by development or
has an otherwise tenuous connection between habitat patches.

Connectivity
The degree to which the landscape facilitates or impedes movement of organisms among habitat
patches (Taylor and Goldingay 2003).

Crossing scenario

A collection of road design features intended to mitigate roadway impacts on wildlife, in
addition to or in place of a crossing structure. Design features may include such elements as
signage, speed control mechanisms, fencing, street lighting, and non-vegetated landscaping.

Crossing structure
A pipe, culvert, bridge underpass, or overpass which may be used by wildlife for passage over or
under a roadway. Many of these crossing structures are intended to facilitate water flow.

Crossing substrate
The surface material composing the bottom of a crossing structure.

Functional Group
A group of species that tend to prefer similar crossing structure design characteristics, as shown
below. This term is not a scientific classification system.

Functional Group Examples of Species*
Large Mammal Mountain Lion, Bobcat, Coyote, Deer
Medium Mammal Fox, Opossum, Rabbit, Raccoon, Skunk
Small Mammal Mouse, Rat, Squirrel
Upland Reptile Lizard, Snake, Tortoise
Riparian Reptile/Amphibian Frog, Toad, Turtle
Domestic Cat, Dog, Cow, Horse, Human

*List not comprehensive
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Landscape linkage

A large, regional arrangement of habitat (not necessarily linear or continuous) that enhances the
movement of animals or the continuity of ecological processes at the landscape level (Bennett
2003). A landscape linkage may include numerous wildlife movement corridors.

Openness ratio
A characterization of crossing structures and defined by the equation: (Height x Width)/Length

Riparian habitat
Plant communities next to and affected by rivers, streams, lakes, or drainage ways (U.S. Fish and
Wildlife Service/NWI 1997).

Wildlife movement corridor
Linear habitat whose primary wildlife function is to connect two or more significant habitat areas
(Harris and Gallagher 1989).
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2 Background

2.1 Ventura County Wildlife Movement Corridor Policies

There are a number of policies in separate County regulatory documents that support movement
corridors and, by extension, the development of wildlife crossing structures. For example, the
Ventura County General Plan, the overall guidance and vision for the County as set by its
citizens and elected officials, specifically calls for the protection of wildlife movement corridors
as stated in Goal 1.5.1:

Preserve and protect significant biological resources in Ventura County from incompatible land
uses and development. Significant biological resources include endangered, threatened or rare
species and habitats, wetland habitats, coastal habitats, wildlife migration corridors, and locally
important species/communities.

Another policy document is the Piru Area Plan, which provides land use guidance specific to the
north eastern portion of Ventura County. Two landscape linkages pass though this area. Goal
1.5.1(2) is to:

Protect the Piru Creek wildlife migration corridor between the Los Padres National Forest on the
north and the Santa Clara River and Oak Ridge Big Mountain habitat on the south.

These goals provide direction for the Ventura County Planning Division staff to review the
impacts of discretionary land use entitlements on movement corridors. When the Planning
Division receives discretionary land use entitlement applications, they review each project
according to the California Environmental Quality Act (CEQA) guidelines for potential impacts
to the environment, including movement corridors. The Planning Division and all other County
agencies adhere to the Ventura County Initial Study Assessment Guidelines when assessing a
project’s potentially significant impacts to the environment. These Guidelines assist County staff
with making mandatory findings of significance to the environment. CEQA Section 15065 (a)
states that a project has significant impacts when:

The project has the potential to substantially degrade the quality of the environment,
substantially reduce the habitat of a fish or wildlife species, cause a fish or wildlife population to
drop below self-sustaining levels, threaten to eliminate a plant or animal community, reduce the
number or restrict the range of an endangered, rare or threatened species, or eliminate important
examples of the major periods of California history or prehistory.

The Ventura County Initial Study Assessment Guidelines (2000) include language regarding the
importance and protection of significant biological resources, including movement corridors.
They define a movement corridor as:

An area as defined by a qualified biologist, which experiences recurrent fish or wildlife
movement and which is important to fish or wildlife species seeking to move from one habitat
area to another.

Designing Roads for Safe Wildlife Passage 4 Section 2: Background
Ventura County Guidelines



The Ventura County Initial Study Assessment Guidelines provide the following threshold
criterion, as determined by a qualified biologist, for impacting movement corridors:

A significant impact to a migration corridor would result if a project would substantially interfere
with the use of said area by fish or wildlife. This could occur through elimination of native
vegetation, erection of physical barriers or intimidation of fish or wildlife via introduction of
noise, light, development or increased human presence.

2.2 Wildlife Corridor Connectivity within Ventura County

According to Conservation International, the California Floristic Province (which includes
Ventura County) is one of the world’s top 25 most biologically diverse and threatened regions.
Thus, the loss of any landscape linkage in this region threatens some of the world’s rarest and
most precious biodiversity. Although Ventura County is highly fragmented by urbanization and
extensive road networks, there are multiple landscape linkages and wildlife corridors connecting
critical core habitats such as The Santa Monica Mountains to the south and The Los Padres
National Forest to the north. Consequently, the remaining wildlife connectivity paths in Ventura
County are a crucial last link to the Los Padres National Forest.

Preserving existing connectivity throughout the County is possible if key governmental entities
(e.g. Ventura County, CALTRANS, and local cities) take modest steps to minimize road
conflicts with wildlife. This can be achieved by creating strategically located and well designed
crossing structures. In fragmented landscapes, connectivity can be maintained through:

1. A close spatial arrangement of small habitat patches serving as stepping-stones;
2. Corridors that link habitats like a network; and/or
3. Artificial measures such as wildlife passages (Bennett 2003).

Several studies have delineated a number of landscape linkages and wildlife movement corridors
in Ventura County, identified some of the terrestrial species requiring connectivity, and
documented the important role of crossing structure design features in facilitating wildlife
movement.

The South Coast Wildlands Project (SCWP), a non-profit organization, iniated the South Coast
Missing Linkages Project in 2001. The resulting report, Missing Linkages: Restoring
Connectivity to the California Landscape (Penrod et al. 2001), focused on 15 of the 69 critical
landscape linkages most in need of protection in the South Coast region. Three of these 15
landscape linkages are located in Ventura County.

In 2002, the South Coast Wildlands Project and the UCSB Donald Bren School Group Project,
Wildlife Corridor Design and Implementation in the Southern Ventura County (Casterline et al.
2003), initiated a Geographic Information System (GIS) analysis to address the wildlife
connectivity needs and landscape linkage planning areas in Ventura County.

In 2003, a study entitled Use of highway undercrossings by wildlife in southern California (Ng et
al. 2004) attempted to determine if wildlife utilizes underpasses and drainage culverts beneath
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highways for movement. The study area encompassed the eastern edge of Ventura County along
three highways: US Highway 101, State Route 23, and US Highway 118. Each of these
highways borders the Simi Hills on the south, west and north, respectively. Even though these
crossings were not originally designed for wildlife movement, the study revealed that crossing
structures in these locations were used by various species, providing important, safe passage for
animals. The study also identified the importance of suitable habitat and fencing.

The map below (Figure 2.1) represents a collaboration of multiple organizations to identify some
of the locations landscape linkages and wildlife movement corridors in Ventura County. This
map does not comprehensively identify all wildlife connectivity areas of the County.

Figure 2.1: Landscape Linkages, Wildlife Movement Corridors, and remaining wildlife habitat in Ventura
(Ventura County, 2005)
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2.3 Wildlife Movement Corridor Assessment

As required by the Ventura County Initial Study Assessment Guidelines, a qualified wildlife
biologist will assess the proposed project area to determine if a wildlife movement corridor(s)
exists within the project site and/or the surrounding area, and if the project will adversely impact
the corridor(s). To function as a wildlife movement corridor an area must (Ogden 1992):
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Link two or more patches of isolated habitat;

2. Conduct animals to areas of suitable habitat without excessive risk of directing them into
a “mortality sink” — an unsuitable area where the death rate is higher than the rate of
replacement; and

3. Allow individuals of the target species to use the corridor frequently enough to facilitate
demographic and genetic exchange between populations.

To date, wildlife corridors in Ventura County have been identified by consulting with local
wildlife biologists and using least cost path modeling and suitability analysis. Several groups
have been involved in this process including the South Coast Wildlands Project (SCWP), the
Donald Bren School of Environmental Science and Management, Conception Coast Project, the
National Park Service, the California Department of Transportation, universities, and biological
consulting firms working in Ventura County.

Currently, a wildlife movement corridor rapid identification tool is being developed. This tool
will be used during the Initial Study Assessment and will assist consulting biologists in
determining if the project will impact a corridor and to what degree.

If a wildlife movement corridor is present and the project will adversely impact the corridor,
mitigation measures must be implemented or changes to the project design must be made. These
mitigation measures may include, but are not limited to, the design elements listed in these
guidelines.

The recommendations provided in this document are based on the assumption that mitigations
will be implemented in the most appropriate and desirable location within the impacted wildlife
movement corridor, as determined by a qualified wildlife biologist and through consultation with
appropriate regulatory agencies. Proper placement of wildlife crossing structures is one of the
most important considerations for successful mitigation. Most studies indicate that placing the
crossing structure near traditional movement routes will increase effectiveness. Studies
conducted in Florida determined that structures placed without regard to traditional movement
paths failed (Hartmann 2003).
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3 Mitigation Guidelines

The following guidelines for mitigation design shall be consulted once it is determined that a
project will impact a wildlife movement corridor.

3.1 Summary of Design Elements for Successful Mitigation

Wildlife crossing structures may consist of many shapes and sizes to accommodate the variety of
species that inhabit an area. Though each species has different specific needs, there are some
required design elements that serve to make road crossings more permeable for all species
(Figure 3.1). Specific design elements for successful crossing mitigation are detailed in Section
3.3.

o Su|tab|e Hab|ta‘t leading towards

fauna underpass
Funneling/Fencing  Fencing .’

[}
e Wildlife Accessibility
e Minimal Human Activity

Design elements necessary for successful mitigation: ' Guiding hedgerows ‘ ’

Additional highly recommended design elements:
e Traffic Control Measures
e Appropriate Road Design Elements
e Appropriate Structure Design (Shape, Size,
Noise, Temperature, Light, Moisture)

Figure 3.1: Example of a crossing scenario

Not all mitigation guidelines apply to all projects and should be applied to projects on a case-by-
case basis under the discretion of the consulting and in-house biologists and planners. In many
cases mitigation will be required for multiple Functional Groups. In these instances, designing a
cross-Functional Group structure will require the discretion and innovation of both planners and
biologists.

The success of a crossing structure can only be assessed through careful and consistent
monitoring (Hardy et al. 2003). It may take months or even years to fully asses the effectiveness
of a crossing structure. Monitoring and maintenance plans should be prepared to ensure that
mitigation systems continue to function over time. Maintenance of a crossing structure should
include clearing debris or other impediments to movement through the structure, maintaining the
surrounding fencing, vegetation, and habitat, as well as ensuring overall structural integrity.

For further discussion on development and implementation of maintenance and monitoring
programs, please refer to Section 4: Additional Mitigation Considerations.
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Table 3.1: Design Elements for Wildlife Functional Groups

Scale of Effectiveness

Minimum Required Best Non Applicable
| (| X
Functional Group
Mitigation Design Elements Large Medium Small Amphibians/ | 1204
Riparian .
Mammals Mammals Mammals . Reptiles
Reptiles

. Maintain Suitable Habitat

. Minimize Human Activity

. Funneling/Fencing

. Accessibility

. Vehicle Speed Reduction

. Wildlife Crossing Signs

. Non-Vegetated Roadway

. Noise Mitigation

Ol N[OOjU|h|[W|IN|PF

. Street Lighting

10. Appropriate Structure Type

Pipe culvert

Box culvert

Bridge Underpass

Overpass

11.Vegetated Structure Entrance

12. Structure height

13. Structure Openness

14. Field of view

15. Ledges

16. Consistent Internal Habitat

Natural substrate bottom

Natural lighting

Natural temperature

Reduced noise

Internal cover

Moisture

17. High frequency of placement

x|\ X x\goooodess OO0 s e0O0000n ==

X\ X|OOOOoooxeeO00csee00000nsmmn

B X OO0O00000xxaese00e00000ss =

Additional Considerations
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Education and Public Outreach | O |
Maintenance | | |
Monitoring | | |
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3.2  Summary of Wildlife Functional Groups

Individual species have different needs regarding crossing structure features. In particular,
physical characteristics such as size and substrate will be very important to some species, but
irrelevant to others. For example, research suggests that a moist substrate is essential for
amphibian use, while large mammals are generally indifferent to the substrate surface. To
accommodate these varying needs, specific design elements are provided for five different
wildlife Functional Groups.

Functional Groups are species which tend to prefer similar crossing structure characteristics.
Each project should be scrutinized by a consulting biologist to identify the specific species likely
to be present in the project area, and to determine the most appropriate mitigation actions. Table
3.1 summarizes the minimum required and best mitigation design elements for each wildlife
Functional Group, which are detailed further in Section 3.3. A summary of each wildlife
Functional Group is provided in the following sections.

3.2.1 Large Mammals

The Large Mammals Functional Group includes species such as mountain lion, deer, bear,
coyote, and bobcat. Large mammals generally stand at least 1.5 ft at the shoulder, and have a
length of at least 2 ft (not including tail). Large mammals are especially impacted by habitat
fragmentation because of their need for significant home ranges and slow population growth
rates, which results in lower population densities. Large mammals typically prefer large, open
crossing structures, such as bridge underpasses and box culverts (Singer and Doherty 1985,
Foster and Humphrey 1995, Reed et al. 1981, Clevenger and Waltho 2005, Jacobson 2002, Ng et
al. 2004, Barnum 1999, Cain et al. 2003). This conclusion is also supported by local field survey
results.

e . |

Figure 3.2: Large Mammals passing through box culverts

3.2.2 Medium Mammals

The Medium Mammals Functional Group includes species such as opossum, skunk, raccoon,
fox, and rabbit. Medium mammals generally range in height between 6 inches to 1.5 ft at the
shoulder, and range from 16 inches to 2 feet in length. Although local field survey results show
that medium mammals use a mix of crossing structure types, studies suggest that medium
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mammals may tend to prefer box or pipe culverts (Clevenger et al. 2003, Forman and Alexander
1998, Taylor and Goldingay 2003).

3.2.3 Small Mammals

The Small Mammals Functional Group includes species such as squirrels, rats, voles, and mice.
Small mammals are generally a few inches high and up to 16 inches long. Scientific studies and
local field survey results show that small mammals have a preference for using box and pipe
culverts.

3.2.4 Amphibians and Riparian Reptiles

The Amphibians/Riparian Reptiles Functional Group
includes species which prefer wet or moist environments
such as frogs, toads, salamanders, turtles and some species of
snakes. Although amphibians/riparian reptiles have been
known to use a mix of crossing structure types, they tend to
prefer small box or pipe culverts with moist substrates.

Figure 3.3: Salamanders exiting an
amphibian crossing

3.2.5 Upland Reptiles

The Upland Reptiles Functional Group includes classes of species which prefer dry, sunny
environments such as lizards, tortoises, and some species of snakes. Upland reptiles have been
known to use a mix of crossing structure types, including bridge underpasses, box culverts, and
dry pipes. However, local field survey results indicate a preference for box culverts to either
bridge underpasses or pipes.

3.3 Mitigation Design Elements

DE1. Maintain Suitable Habitat

Suitable habitat must be present on both sides of the road in the proximity of the crossing
structure. If the habitat is degraded in the location where the crossing structure is planned, the
habitat should be restored to its natural condition. If the construction of the project will degrade
the area, it should be returned to its original condition. Natural vegetation should connect the
larger habitat patch with the opening of the structure. This can be used as a mechanism to guide
animals towards the structure. The natural habitat of the wildlife corridor and vegetation at the
entrance of the crossing structure must be maintained.

Several studies suggest that natural vegetation surrounding and leading up to the entrance of a
crossing structure is important for wildlife usage (Smith 2003, Ng et al. 2004, Clevenger et al.
2001, Clevenger et al. 2003). Natural vegetation provides continuity of the habitat and may
encourage animals to approach a crossing structure, while abrupt changes in the vegetation may
discourage animals from approaching.

DE2. Minimize Human Activity

Minimize human activity by relocating human foot trails and restricting human use of
underpasses. Restrict access to corridor and crossing structures between dusk and dawn as this
will be a time of high animal activity. Prohibit the presence of pets (leashed or unleashed) in the
structure and within the corridor at all times. Post signs to indicate the existence of wildlife
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movement corridor and educate residents in the area regarding the purpose of restrictions of the
movement corridor.

Crossing structures may be ineffective if human activity is not controlled (Clevenger and Waltho
2000). By placing structures away from areas that are frequently used by humans and restricting
human use of passages, it is likely that the structures will be more appealing to wildlife
(Hartmann 2003).

DE3. Funneling/Fencing

Wildlife funneling, typically using fences, is necessary for effective crossing structures. Fencing
will guide animals towards a structure entrance and deter animals from approaching a roadway
(Bissonette and Hammer 2000, Cain et al. 2003, Clevenger and Waltho 2003, Dodd et al. 2004,
Feldhamer et al. 1986, Falk et al. 1978, Taylor and Goldingay 2003). Roadkill can be
dramatically reduced on roadways that have both fencing and crossing structures. In Wyoming,
road kills of mule deer have been reduced by 90% while there has been a 97% decrease in the
number of elk killed in Banff National Park in Canada (Hartmann 2003). In Paynes Prairie State
Preserve, Florida, roadkill mortality of all animals (excluding hylid treefrogs, which easily
trespass the barrier system) was reduced by 93.5% after construction of a barrier wall-culvert
system (Dodd et al. 2004).

Fencing is beneficial only when used in conjunction with an appropriate crossing structure. In
fact, extensive stretches of fencing may actually contribute to fragmentation and isolation. In
addition, studies suggest that predators have learned to use fencing as a trapping mechanism
(Hartmann 2003). In Banff National Park, coyotes have been observed running bighorn sheep
into the fence along the Trans-Canada Highway. In other areas, wolves and cougars have been
documented herding deer up against highway fencing (Foster and Humphrey 1995). For these
reasons, fencing should be used primarily as a means to funnel animals towards and into an
appropriate crossing structure.

Fence height and material are important considerations. Fence
height may range from 1.5 ft for smaller animals to a minimum of
8 ft for large mammals. Fencing material should not be penetrable
by the species of interest and be constructed of chain link, wood,
galvanized tin, aluminum flashing, plastic, vinyl, concrete, or a
very fine mesh (Figure 3.4). To prevent animals from digging
under it, fencing should be buried to a depth appropriate for the
type of species in the area (Jacobson 2002).

Figure 3.4: Fine mesh fence for
small animals

A preventative fence top such as barbed wire, lipped wall (Figure
3.5), or overhang is recommended to discourage animals from
climbing over the fence. Some animals have been observed
climbing vegetation growing along funneling mechanisms
despite the presence of preventative fence tops (Dodd et al.
2004). Routinely removing or trimming back vegetation acting as -
“natural ladders” decreases this risk. Though applying herbicide Figure 3.5: Llpped concrete wall
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along the funneling/fencing mechanism may temporarily resolve the problem, vegetation must be
regularly cleared, particularly during the growing season.

The extent of fencing is another important factor. Generally speaking, fencing should extend far
enough on either side of a structure to reasonably guide the species functional group of interest to
the crossing structure and away from the road. For large animals, this could be the entire length
of the parcel boundary, while smaller animals would likely require less. It may also be

- appropriate to fence up to a natural break in an animal’s
ability to traverse the landscape, such as a steep slope
or habitat edge. When extensive fencing is utilized on
only one side of a crossing structure, one-way gates or
escape ramps (Figure 3.6) should be included to prevent
animals from being trapped on the road (Bissonette and

L Wl Hammer 2000, Danielson and Hubbard 1998, Conover
Figure 3.6: One-way gate and escape ramp 2002).

Table 3.2 Functional Group Specifics for Fencing Application

Functional Group Fence Height Fence Material Buried Preventative Top
Large Mammals 8 ft Chain Link Yes Barbed Wire
Medium Mammals 3-6 ft Chain Link Yes Barbed Wire
Small Mammals 3-4 ft Fine Mesh Yes Overhang

- Galvanized Tin, Aluminum
g?nznfr']agzl tiles 15to 2.5t Flashing, Plastic, Vinyl, Yes Sver('ah daC\%II
b P Concrete, Very Fine Mesh PP
Galvanized Tin, Aluminum Overhana/
Upland Reptiles 15t0 251t Flashing, Plastic, Vinyl, Yes Lipoed V\Ellall
Concrete, Very Fine Mesh PP

Appropriate funneling mechanisms vary widely across functional groups. To accommodate
several species, a fine mesh fence or flashing is often applied to the bottom one-third to one-half
of a taller chain link fence to prevent both small and large animals from accessing the road right-
of-way (Figure 3.7). Additional measures include combining fencing for large mammals along
the road with lipped walls for amphibians and reptiles along the banks for the structure entrance
(Figure 3.8).

Figure 3.7: Wide mesh chain link fence for large Figure 3.8: Arch culvert with fence for large
mammals, with a fine mesh fence border for mammals and lipped wall for amphibians
small mammals and amphibians

——— o T
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DE4. Accessibility

A crossing structure must be accessible to the species that will
potentially use it. Avoid steep slopes leading to the structure.
The structure entrance should be flush with the ground and
should be large enough to accommodate the target species. An
example of an inaccessible structure is shown in Figure 3.9.

Incorporate measures to minimize erosion around the
structure entrances into the structure design. If a crossing
structure is used to convey water as well as to facilitate
animal movement, it should be designed to prevent water
from pooling inside or at the opening of the structure. Such
standing water will render the structure less accessible to
many animals (Figure 3.10).

Figure 3.10: Culvert with standing

DE5. Vehicle Speed Reduction

Reducing traffic speed can greatly reduce wildlife mortality from vehicle collisions and enhance
driver safety. Vehicle speed reduction may be achieved through reduced speed limit signs, speed

humps/cushions, rumble strips, and speed feedback signs.
Figure 3.11: Wildlife

DE6. Wildlife Crossing Signs crossing sign

Wildlife crossing signs inform the public of the potential presence of
sensitive, slow moving species on the roadway (Figure 3.11). This may
encourage drivers to slow down and be more observant of the roadway in
the area, thereby reducing mortality from animal-vehicle collisions.

DE7. Non-Vegetated Roadway

Vegetation along a roadway may be a food source or may provide cover from predators and may
encourage animals to approach the road. Therefore, the immediate roadside should have minimal
vegetation to discourage animals from approaching the roadway.

DE8. Noise Mitigation

Traffic noise should be reduced within 50 feet on either side of the structure. A noise level of 45
db or less in the vicinity of the crossing structure has been recommended (Rincon Consultants
2002). Traffic noise may discourage animals from approaching a structure, specifically animals
that are sensitive to noise and/or human presence. When choosing a material for a pipe or box
culvert, consideration should be given to materials that reduce noise transmission. Examples of
noise mitigation measures include sound walls, dense vegetation at the structure entrance, and a
smooth roadway to reduce noise from friction. Smoother, quieter road surfaces should extend an
appropriate distance on either side of the crossing. Traffic noise mitigation is especially
important on more heavily trafficked roads.
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DE9. Street Lighting

To encourage animals to approach a structure, it is recommended that street lighting in proximity
to the entrance should be removed or directed away from structure entrances (Reed et al. 1981,
Hartmann 2003, Jackson 2000).the road area should be unlit and resemble ambient conditions.
The darker the structure appears compared to the surrounding area, the more appealing it will be
to an animal.

Street lighting or headlight reflectors are recommended along the roadway at an appropriate
distance on either side of the structure. Headlight reflectors, placed along the roadside, are
designed to reflect the light from on-coming headlights into the surrounding landscape, which
may deter animals from approaching the roadway. If the surrounding area is artificially lit, the
animals may be drawn to the darker area of the structure entrance.

DE10. Appropriate Structure Type

There are four main types of crossing structures:
e Pipe culvert
e Box culvert
e Underpass
e Wildlife overpass

Many factors must be considered when determining which crossing structure is most appropriate
for mitigation, including road type, surrounding land use and hydrology, and which species may
use the structure. In general, larger structures such as underpasses and wildlife overpasses are
most appropriate for medium and large mammals, while smaller structures such as pipe or box
culverts are more appropriate for small mammals, reptiles and amphibians. The four main types
of crossing structures are described below.

Pipe Culverts

Pipe culverts (Figure 3.12) are made of smooth steel,
corrugated metal, or concrete material. Their primary
purpose is to convey water under roads, though a variety of
wildlife has been observed using them as passageways.
They typically range in size from 1ft to 6 ft in diameter and
are the least expensive wildlife crossing structure.

Box Culverts

Box culverts (Figure 3.13), used to transmit water during brief
periods of runoff, are usually dry for much of the year and are
used by a variety of wildlife (Rodriguez et al. 1996, Yanes et
al. 1995, Clevenger and Waltho 2000). Unlike a bridge, they
have an artificial floor such as concrete, though this floor may
be covered by sediment and/or vegetation. Box -culverts
generally provide more room for wildlife passage than large
pipes. Though they are less expensive than expanded bridges,
they may also be less effective than bridges (Beier 1995).

Figure 3.13: Box Culvert
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Underpass

When roads cross rivers and streams via a bridge, the | .
resulting underpasses can provide a passageway for
many wildlife species that may use stream corridors for
travel (Figure 3.14). These structures are generally
large areas that provide relatively unconfined passage |
for wildlife and water. Underpasses with open medians §
make the structure appear larger and more open, which
is preferred by larger animals, and provide a certain
amount of intermediate habitat for small mammals,
reptiles, and amphibians. However, open median
designs are much noisier than continuous bridges and
may be less suitable for species that are sensitive to human disturbance (Jackson and Griffin
2000). Human activity within or around underpasses may significantly reduce their effectiveness
for wildlife (Clevenger and Waltho 2000). While less expensive than overpasses, wildlife
underpasses are relatively costly compared to box or pipe culverts.

.14: Bridge n erpass

Figue

Wildlife Overpass

Wildlife overpasses (Figure 3.15) have been ﬁ
constructed in Europe, the U.S., and Canada. The g
most effective overpasses range in width from 165
ft wide on each end narrowing to 25-115 ft in the
center, to structures up to 650 ft wide. Soil on these
overpasses, ranging in depth from 1.5 to 7 ft, allows
for the growth of herbaceous vegetation, shrubs,
and small trees. Some contain small ponds fed by
rain water. Wildlife overpasses appear to
accommodate more species of wildlife that do =¢
underpasses. Primary advantages relative to
underpasses are that they are less confining, quieter,
and can maintain ambient conditions of rainfall, temperature, and light. Further, overpasses can
serve both as passageways for wildlife and habitat for small animals such as reptiles, amphibians,
and small mammals. By providing consitent habitat, overpasses may provide a feasible
alternative for various species to cross highways, especially small animals. The major drawback
is that they are expensive (up to $2 million dollars for a four lane divided highway (O’Malley
2004)). As a result, their use is usually reserved for areas that are identified and designated as
important travel corridors or connections between areas of significant habitat (Jackson and
Griffin 2000).

Fiaure 3.15: Bridae overpass

DE11. Vegetated Structure Entrance

In general, the crossing structure entrance should have dense vegetation near the entrance to
provide cover for animals. Further, this cover should extend from the main patch of habitat to
the entrance of the structure, in order to provide smaller animals with constant protection from
predators. Natural vegetation should surround the approach and entrance of a crossing structure
and must provide connectivity from the larger habitat patch to the structure entrance (Ng et al.
2004, Smith 2003, Clevenger et al. 2001, Clevenger et al. 2003).
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Vegetation surrounding the approach to the structure is an important consideration when
designing for multiple Functional Groups. While natural vegetation is important to maintain
habitat continuity, the type of vegetation can play an important role in structure use. Most small
mammals, amphibians, and reptiles will prefer low stature cover in the form of vegetation, rocks,
and logs to protect them from predators. Medium and large mammals that are prey species
(rabbits, deer) may be wary of using structures with extensive vegetation where predators can
hide. Eliminating potential predator ambush opportunities, while providing good visibility for
medium and large mammal prey species, will encourage their use of a crossing structure
(Jackson and Griffin 2000).

DE12. Appropriate Structure Height

Minimum structure heights for each Functional Group are as follows:
Large Mammals: 6 ft

Medium Mammals: 3 ft

Small Mammals: 1 ft

Amphibian/Riparian Reptiles: 1 ft

Upland reptiles: 1 ft

DE13. Structure Openness

The openness ratio of a crossing structure opening (Openness Ratio = (Height x Width)/Length)
is a function of structure length, which corresponds to the width of the roadway.

The minimum openness ratios for structures are as follows:
e Large Mammals: 0.75
e Medium Mammals: 0.4

The cross-sectional area of the structure entrance should become larger as the length of the
structure increases. Therefore, for large and medium mammals, structural dimensions are
determined by road width and appropriate structure openness ratio. Recommended cross-
sectional areas are provided in Table 3.3 and 3.4 below for different sized road ways.

Table 3.3: Recommended Structure Cross-Sectional Areas (CSA) for Large Mammals

Road Type Approx. Road Width Recommended CSA
2-lane road 30 ft 22 sq ft
4-lane road 60 ft 45 sq ft
6-lane road >75 ft 60 sq ft

Table3. 4: Recommended Structure Cross-Sectional

Areas (CSA) for Medium Mammals

Road Type Approx. Road Width Recommended CSA
2-lane road 30 ft 12 sq ft
4-lane road 60 ft 24 sq ft
6-lane road >75 ft 30 sq ft
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While openness is not as important for small mammals or amphibians and reptiles, tend to prefer
smaller cross-sectional areas more appealing for these Functional Groups. A cross-sectional area
of 2 to 9 sq ft for the structure entrance is highly recommended (Clevenger et al. 2001, Goosem
et al.2001).

DE14. Open Field of View

An open field of view must exist in order for large
mammals to use a crossing structure (Jackson 2000,
Jacobson 2002, Foster and Humphrey 1995). A large
mammal is more to likely pass through a crossing
structure if suitable habitat is clearly visible on the
other side (Figure 3.16). The need for an open field of
view also correlates with the preference for a large Figure 3.16: Underpass with open field of

openness ratio. view for large mammals

—

DE15. Ledges

Elevated concrete ledges (Figure 3.17), or “catwalks”,
lining one or both interior walls of the structure may
allow wildlife to pass through a crossing structure when
it is filled with water (Barnum 1999, Cain et al. 2003,
Forman and Alexander 1998, Hartmann 2003, Jacobson
2002). A ledge should line the entire length of the
interior, extend to a height above peak water flow, and
be covered with natural substrate consistent with the
external habitat. Interior ledges must be wide enough to g
accommodate species of concern. Figure 3.17: Elevated ledge with vegetation

Incorporation of ledges is recommended for structures that facilitate continuous or occasionally
heavy flow of water. Alternatively, if the dimensions of the crossing structure are too narrow to
accommodate an interior ledge, an additional elevated culvert may be incorporated to allow
animals to pass under a road when the existing structure is filled with water.

DE16. Consistent Internal Habitat

The following design elements are intended to create a natural environment within a crossing
structure. If the internal habitat of a structure is relatively consistent with the surrounding habitat,
then animals may be more likely to pass through a crossing structure.

Natural Substrate

It is recommended that the crossing structure incorporates a bottom lined with natural substrata
that is consistent with the external habitat surrounding either side of the structure and appropriate
for the Functional Group(s) of interest. While the literature and field observations do not
necessarily demonstrate that a natural substrate bottom is essential for animals to use a crossing
structure, some studies do suggest that providing a natural substrate throughout the entire length
of a crossing structure will maintain habitat continuity and, therefore, encourage animals to pass
through the structure (Yanes et al. 1995, Jackson 2000, Hartmann 2003).
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Natural Lighting

Acrtificial light deters animals from using a crossing structure (Reed et al. 1981, Jackson 2000,
Hartmann 2003). A crossing structure may look more appealing to animals if ambient lighting
conditions are maintained inside the structure. For instance, a larger cross-sectional area
entrance, ensuring a larger openness ratio or the use of open medians can achieve natural lighting
that will appeal to large mammals. Conversely, a smaller cross-sectional area entrance or low
stature vegetation, such as stumps, rocks, or shrubs, will achieve a darker environment more
likely to be favored by small mammals, amphibians, and reptiles. Skylights or slotted drains may
be incorporated into the design to allow natural light to enter a dark structure.

Natural Temperature

Animals will be more willing to use a structure if the internal temperature is consistent with the
external temperature (Jackson 2000). This can be achieved by including slotted grates above the
structure or designing crossing structures to be larger and more open. However, slotted grates
may increase traffic noise inside the structure if it is located below a heavily trafficked roadway.
In addition, larger structures may be uninviting to smaller animals that prefer smaller structures.

Reduced Noise

Human presence deters animals from using crossing structures (Clevenger and Waltho 2000,
Clevenger and Waltho 2005, Jackson 2000, Hartmann 2003, Smith 2003). Many animals are
sensitive to noise, especially from traffic and other human noise disturbance associated with
roads (Jackson 2000, Hartmann 2003). To reduce noise inside a crossing structure, consideration
should be given to materials that reduce noise transmission. For example, the selection of
concrete or plastic materials may be less noisy than metal materials. Dense vegetation adjacent
to the structure entrance that does not impede water flow, or sound walls on the road shoulder in
proximity of the structure, may also reduce exposure to noise.

Interior Cover

Small mammals, amphibians and reptiles usually prefer some type of low stature cover on the
interior of the structure to function as protection from predators (Smith 2003, Hartmann 2003,
Hunt et al. 1987). Typically, they will pass through a structure along the interior wall because it
may appear more protected. Vegetation or other naturally occurring substrate, such as tree
stumps, hollow logs, or rocks, will provide small animals with cover from predators,
encouraging them to pass through a structure.

Moisture

Amphibians and riparian reptiles use cover to protect themselves from the drying heat of the sun
and predators. These animals will readily use a crossing structure with a natural substrate if it has
adequate moisture and hiding cover that functions as protection. Low stature vegetation or other
naturally occurring substrate, such as tree stumps, hollow logs, or rocks, will provide amphibians
and riparian reptiles with cover, encouraging them to pass through a structure.

Because moisture is an important consideration for amphibians and riparian reptiles, a moist
substrate is a vital feature of a suitable crossing structure. However, standing water prevents
most species from utilizing a structure. Culverts that accommodate amphibians and riparian
reptiles must maintain moist travel conditions, without creating standing water or flooded
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conditions. Therefore, proper drainage of the crossing structure
is another important consideration. In larger culverts,
maintaining or replicating stream bed conditions facilitates use
by amphibians and riparian reptiles (Jackson and Griffin 2000).
Slotted drain culverts are successful in maintaining proper
moisture and drainage, while also providing ambient light
(Figure 3.18). Ongoing maintenance of these structures to clear
debris and maintain openness is essential.

Figure 3.18: Slotted drain culvert

DE17. Frequent Structure Placement

Travel distance between structures may influence structure use by medium mammals, for even
relatively mobile species.

For projects that span over 0.5 miles of roadway, structures frequency should generally be as
follows:

Medium Mammals: 500 to 1,000 ft

Small Mammals: 150 - 300 ft

Amphibian/Riparian Reptiles: 150 - 300 ft

Upland reptiles: 150 - 300 ft

3.4 Considerations for Multiple Functional Groups

While considering the variety of internal habitats preferred by different Functional Groups, it is
not surprising that the specific design elements for different species may be contradictory. For
example, open-top culverts may provide favorable lighting, temperature, and moisture conditions
for amphibians but may be too noisy for some mammals. Structures can be designed to facilitate
multiple Functional Groups by incorporating design elements preferred by each. For instance, a
large bridge underpass designed to facilitate the movement of large mammals could also
accommodate small mammals by incorporating low stature vegetation or other naturally
occurring substrate, such as tree stumps, hollow logs, or rocks, in the interior of the structure.
Similarly, a structure could accommodate small mammals, amphibians, and riparian reptiles by
maintaining moisture in the bottom of the structure but also providing a dry elevated ledge.

Alternatively, multiple structures in the same area could be incorporated to accommodate several
Functional Groups. A large box culvert that accommodates large and medium mammals could be
flanked by smaller pipes on either side to accommodate smaller mammals, amphibians, and
reptiles. This option addresses the need for different light, noise and moisture needs particularly
well.

Ultimately, there is no simple single approach to mitigation. A variety of alternatives can and
should be explored. A structure that incorporates as many mitigation design elements as possible
will most likely be the most successful at accommodating wildlife movement.
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4 Additional Mitigation Considerations

4.1 Public Education

— An additional element of a successful mitigation strategy is public
WILDLIFE CORRIDOR 8l education. Educating the local community about sensitive species in the
area provides citizens with a heightened awareness of the impacts of roads
on wildlife. For instance, a person driving on a road which crosses a
wildlife corridor may be more likely to respond to wildlife signs or traffic
control measures if he or she is educated about the sensitive wildlife in the
area. The importance of public education in mitigating wildlife-roadway
conflicts should not be underestimated and some form of public education
is strongly recommended.

Figure 4.1: Wildlife
corridor sign

Forms of public education and outreach may include, but are not limited to:
e Adopt-a-corridor program

Public educational seminars

Mail flyers

Local cable access TV commercials

Wildlife corridor signs (Figure 4.1)

Informative brochures

Volunteer programs

4.2 Maintenance and Monitoring

Prior to approval of projects that require wildlife corridor mitigation, a project-specific
maintenance and monitoring program must be developed. The party or parties responsible for
maintaining and/or monitoring the proposed mitigation should be specifically identified.

The maintenance and monitoring program must include the following elements:
Description of party/parties responsible for maintenance

Maintenance and monitoring schedule, including time frame and frequency
Maintenance procedures

Monitoring approach and procedures

Structure use can be monitored with a variety of tools and techniques such as gypsum track
plates, motion-detection cameras, and trap-and-release. The approach to structure monitoring
will depend on the type of crossing structure, as well as the targeted species. Individual species
behavior and spatial and temporal movement patterns will influence the monitoring technique
and frequency of observation. A qualified biologist should be consulted to develop a monitoring
program and determine an appropriate monitoring frequency and time frame. For best results,
long-term monitoring must be conducted to fully assess structure use and effectiveness (Barnum
1999, Hardy et al. 2003).
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The frequency and extent of maintenance will depend upon the type, size, and functionality of
the crossing structure. For instance, smaller structures or structures that also facilitate water flow
may require more frequent maintenance than a large, relatively dry bridge underpass. During
periods of heavy rain, water flow through culverts typically increases dramatically, causing silt
accumulations and erosion to occur. A heavy build-up of silt could eventually diminish the area
available for wildlife passage (Dodd et al. 2004), and erosion can greatly reduce accessibility,
especially for smaller animals. Furthermore, soil erosion occurring in the immediate proximity of
the crossing structure can reduce wildlife accessibility. Extensive erosion often results in perched
structures that are unsuitable for wildlife passage and deep gullies that destroy private property.
Ongoing maintenance efforts should include filling eroded landscape to match the grade of the
surrounding habitat and ensure wildlife accessibility into the crossing structure.

Funneling/fencing mechanisms will require regular maintenance because animals are likely to
attempt to dig under barriers and take advantage of holes. In addition, vegetation immediately
adjacent to the funneling/fencing mechanism that may act as natural ladders for an animal to
climb over must be removed regularly, particularly during the growing season.

4.3 Cost

Designing roads for safe wildlife passage is necessary to reduce wildlife-vehicle collisions and
maintain species biodiversity. Although the cost of mitigation can be substantial, the cost of
avoiding mitigation can potentially result in even greater long-term costs. Wildlife-vehicle
collisions constitute an estimated 4.6% of all U.S. automobile accidents, with more than 1.5
million accidents a year, 150 deaths, and $1.1 billion in vehicle damage (Perrin and Disegni
2003). Individual motorists usually pay at least $2,000 in vehicle repair every time they hit a deer
(U.S. Department of Transportation Federal Highway Administration 2000). Furthermore, the
benefits of reducing wildlife mortality and maintaining species biodiversity serve many interests
including tourism and recreation.

An important consideration in designing appropriate mitigations is short-term versus long-term
costs. Short-term costs include the initial installation or modification of a structure, fencing, or
the planting of native vegetation. Long-term costs include maintenance and monitoring. Some
structure designs may require greater up front costs that reduce the need for long-term
maintenance (erosion reduction). The lifetime cost of alternative crossing structures must be
considered to accurately assess the total cost of mitigation and the optimal structure design.

Wildlife passage construction requires creative thinking and innovative engineering design to
develop elements that reduce costs while benefiting wildlife. For example, many structures that
are installed to facilitate the flow of water can be modified to better accommodate wildlife
passage by incorporating a ledge. Additionally, rows of stumps and branches can be used in
existing underpasses to enhance movement and connectivity for smaller animals.

Table 4.1 provides a rough cost comparison of different mitigation types for large passages.
These estimates are based on engineering costs during the 1995-1997 Trans-Canada Highway
upgrade project, Banff National Park, Alberta, Canada (Forman et al. 2003).
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Table 4.1: Specifications and costs of mitigation large wildlife passages

Mitigation Type Dimensions (w x h) Materials Cost
Box Culvert: Concrete 10x 8 ft $575/ ft
Elliptical Culvert: Corrugated Metal 23 x 13 ft $1,100/ ft
Bridge: Open Span 39 x 16 ft $10,000 - $12,500 / ft
Overpass 170 ft wide $6,890 / ft
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5 Catalog of Structure Designs

5.1 Fencing Applications

Figure 5.2: Wide mesh chain fence for large Figure 5.3: Fine plastic mesh fence for small
mammals, with a fine mesh fence border for small animals and amphibians (Puky, 2003)
mammals and amphibians (FHWA/US DOT, 2002)
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Figure 5.4: Chain link fence for large animals Figure 5.5: Concrete trench and drop inlet with
overlaid with fine plastic mesh fencing for small one-way pipe for amphibian crossing (FHWA/US
animals and amphibians (Puky, 2003) DOT, 2002)

Figure 5.6: Fence for small animals and amphibians with turned-back end to prevent animals from
approaching the road (Puky, 2003)

Sl

Figure 5.7: Lipped walls for amphibians (Critter Crossings Website, 2002)
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Figure 5.8: Various deterrence and escape mechanisms (Wildlife Crossing Toolkit)
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5.2 Pipe Culverts
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Figure 5.11: Amphibian tunnel (Maibach, 2004) Figure 5.12: Pipe culvert with fencing for medium
mammals (NCHRP)
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Figure 5.13: Various types of box culverts
(Wildlife Crossing Toolkit)
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Figure 5.14: Small pipe culvert for small animals
and amphibians (Critter Crossings, 2004)
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5.3 Box Culverts

fiEpoog, Lo

Figure 5.15: Fenced underpass for large wildlife Figure 5.16: Box culvert underpass and fencing
(Defenders of Wildlife) for multiple species (Puky, 2003)

igure 5.8: Bx cIvert underpass with chain Iink

Figure 5.17: Lipped wall and box culvert for fence for large animals (Cemagref, 2002)
amphibians (Puky, 2003)
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Figure 5.19: Small box culvert for amphibians and Figure 5.20: Box culvert (National Cooperative
Highway Research Program (NCHRP))

small animals (Maibach, 2004)
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5.4 Ledges

Figure 5.22: Box culvert modified with ledge for small animal passage (Jackson, 2004)
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5.5 Underpasses

Figure 5.23: Underpass to accommodate large and medium mammals, with stumps and vegetative cover for
small animals (FHWA/US DOT, 2002)

- ¢ S
Figure 5.24: Creek underpass in Banff National Park, Canada (Clevenger, 2004)
http://www.pc.gc.ca/pn-np/ab/banff/docs/routes/chapl/secl/routeslb_e.asp
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Structure Type Description Image

The structure rests on
abutments with no intermediate
support columns. Also called
open span bridge.

Single span bridge

One or more intermediate
Multiple span bridge |support columns between
abutments.

Viaduct Long, multiple-span bridge

Same as viaduct, only often

Causewa
y over wetlands.

Figure 5.27: Common underpasses (Wildlife Crossing Toolkit)
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5.6 Overpasses
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Figure 5.28: Overpass in Banff National Park, Figure 5.29: Wildlife overpass (Deer-Vehicle
Canada (CPAWS, 2004) Crash Information & Research Center)
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Figure 5.30: Wildlife overpass to accommodate Figure 5.31: Wildlife overpass, or “green bridge”
multiple species (FHWA/US DOT, 2002) (NCHR)

Figure 5.32: Wildlife overpass (Jackson)
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5.7 Wildlife Crossing Signs

WILDLIFE CORRIDOR

Figure 6.33: Wildlife corridor informational
sign from Riverside, CA

Figure 6.37: Deer crossing sign with flashing

lights (Friedman, 2005) Figure 6.38: Seasonal crossing sign

Figur 6.39: Wildlife crossing sign for birds Figure 6.40: Salamander crossing
(Takahashi1999)
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5.8 Problems to Avoid

Figure 5.42: Culvert with standing water.

Designing Roads for Safe Wildlife Passage 36 Section 5: Catalog of Structure Designs
Ventura County Guidelines



6 References

6.1 Cited References

Aresco, M. J. (2003). Highway mortality of turtle and other herpetofauna at Lake Jackson,
Florida, USA, and the efficacy of a temporary fence/culvert system to reduce road Kills.
Unpublished, Department of Biological Science, Florida State University, Tallahassee, FL.

Bank, F., et al. (2002). Wildlife Habitat Connectivity Across European Highways. Federal
Highway Administration/US Department of Transportation, Office of International Programs.

Barnum, S. A. (1999). A Programmatic Agreement to Minimize Highway Project Impacts on
Canada lynx (Lynx canadensis) in Colorado. Third International Conference on Wildlife Ecology
and Transportation (FL-ER-73-99), Florida, Florida Department of Transportation.

Beier, P. (1995). Dispersal of juvenile cougars in fragmented habitat. Journal of Wildlife
Management 59: 228-237.

Benett, A. (2003). Linkages in the Landscape: The Role of Corridors and Connectivity in
Wildlife Conservation. IUCN Forest Conservation Programme: Conserving Forest Ecosystems.
Series 1.

Bissonette, J. and M. Hammer (2000). Comparing the effectiveness of earthen escape ramps with
one-way gates in Utah. Unpublished, USGS Utah cooperative Fish and Wildlife Research Unit,
Department of Fisheries and Wildlife, College of Natural Resources, Utah State University.

Brudin, C. (2003). Wildlife Use of Existing Culverts and Bridges in North Central Pennsylvania.
International Conference on Ecology and Transportation.

Cain, A. T., V. R. Tuovila, D. G. Hewitt, M. E. Tewes (2003). Effects of a highway and
mitigation projects on bobcats in Southern Texas. Biological Conservation 114: 189-197.

California Department of Transportation. (2004). District 7 profile.
http://www.dot.ca.gov/dist07/aboutdist7/facts/district_profile.shtml.

Carr, L. W. and L. Fahrig. (2001). Effect of road traffic on two amphibian species of differing
vagility. Conservation Biology 15(4): 1071-1078.

Casterline, M. et al. (2003). Wildlife Corridor Design and Implementation in Southern Ventura
County. Donald Bren School of Environmental Science and Management, University of
California, Santa Barbara.

Clevenger, A. and N. Waltho (2000). Factors influencing the effectiveness of wildlife
underpasses in Banff national park. Conservation Biology 14(1): 47-56.

Clevenger, A. and N. Waltho (2003). Long-term, Year-round Monitoring of Wildlife Crossing
Structures and the Importance of Temporal and Spatial Variability in Performance Studies.

Designing Roads for Safe Wildlife Passage 37 Section 5: Catalog of Structure Designs
Ventura County Guidelines


http://www.dot.ca.gov/d7/docs/2018%20D7%20Fact%20Sheet.pdf

Proceedings of the International Conference on Ecology and Transportation, Lake Placid, NY,
August 24-29, 2003.

Clevenger, A. and N. Waltho (2005). Performance indices to identify attributes of highway
crossing structures facilitating movement of large mammals. Biological Conservation 121(2005):
453-464.

Clevenger, A., B. Chruszuz, and K. Gunson (2001). Drainage culverts as habitat linkages and
factors affecting passage by mammals. Journal of Applied Ecology 38: 1340-1349.

Clevenger, A., B. Chruszuz, and K. Gunson (2003). Spatial patterns and factors influencing
small vertebrate fauna road-kill aggregation. Biological Conservation 109: 15-26.

Conover, M. (2002). Resolving Human-Wildlife Conflicts: The Science of Wildlife Damage
Management. Boca Raton, FL, Lewis Publishers.

Danielson, B. and M. Hubbard (1998). A Literature Review for Assessing the Status of Current
Methods of Reducing Deer-Vehicle Collisions. lowa, The Task Force on Animal Vehicle
Collisions, the lowa Department of Transportation, and the lowa Department of Natural
Resources.

Dodd, C., W. Barichivich, L. Smith (2004). Effectiveness of a barrier wall and culverts in
reducing wildlife mortality on a heavily traveled highway in Florida. Biological Conservation
118: 619-631.

Donaldson, H. (2003). The Bonneville Project: Sustainable Solutions for Gliders and Koalas.
Network. 18.

Fahrig, L., et al. (1995). Effect of road traffic on amphibian density. Biological Conservation
73(3): 177-182.

Falk, N. W., et al. (1978). Highway right-of-way fences as deer deterrents. Journal of Wildlife
Management 42: 646-650.

Feldhamer, G. A., et al. (1986). Effects of interstate highway fencing on white-tailed deer
activity. Journal of Wildlife Management 50(3): 497-503.

Forman, R. T. T. and L. E. Alexander (1998). Roads and their major ecological effects. Annual
Review of Ecology and Systematics 29: 207-231.

Foster, M. L. and S. R. Humphrey (1995). Use of highway underpasses by Florida panthers and
other wildlife. Wildlife Society Bulletin 23(1): 95-100.

Goosem, M., et al. (2001). Efforts to restore habitat connectivity for an upland tropical rainforest
fauna: A trial of underpasses below roads. Ecological Management and Restoration 2(3): 196-
202.

Designing Roads for Safe Wildlife Passage 38 Section 5: Catalog of Structure Designs
Ventura County Guidelines



Gordon, K. M. and S. H. Anderson (2001). Motorist Response to a Deer-sensing Warning
System in Western Wyoming. Proceedings of the International Conference on Ecology and
Transportation, Keystone, CO, September 24-28, 2001, Raleigh, NC: Center for Transportation
and the Environment, North Carolina State University (March 2002).

Hardy, A., A.Clevenger, M.Huijser, G. Neale (2003). An Overview of Methods and Approaches
for Evaluating the Effectiveness of Wildlife Crossing Structures: Emphasizing the Science and
Applied Science. Proceedings of the International Conference on Ecology and Transportation,
Lake Placid, NY, August 24-29, 2003.

Hartmann, M. (2003). Evaluation of Wildlife Crossing Structures: Their Use and Effectiveness.
Wildlands CPR website. Accessed January 2005.

Hunt, A., et al. (1987). Movement of mammals through tunnels under railway lines. Australian
Zoologist 24(2): 89-93.

Jackson, S. D. (1996). Underpass Systems for Amphibians. Trends in Addressing Transportation
Related Wildlife Mortality from the Transportation Related Mortality Seminar, Tallahassee, FL.

Jackson, S. D. (2000). Overview of Transportation Impacts on Wildlife Movement. Wildlife and
Highways: Seeking Solutions to an ecological and Socio-economic Dilemma. T. A. Messmer
and B. West, The Wildlife Society.

Jackson, S. D. and Griffin, C. R. (2000). A Strategy for Mitigating Highway Impacts on
Wildlife. Pp. 143-159 In Messmer, T.A. and B. West, (eds) Wildlife and Highways: Seeking
Solutions to an Ecological and Socio-economic Dilemma. The Wildlife Society.

Jacobson, S. (2002). Using Wildlife Behavioral Traits to Design Effective Crossing Structures.
Wildlife Crossings Toolkit, U.S. Department of Agriculture’s Forest Service.

Lesbarrers, D., T. Lode, and J. Merila (2004). What type of amphibian tunnel could reduce road
kills? Oryx 38(2): 220-223.

Little, S. J., et al. (2002). “Do wildlife passages act as prey-traps?” Biological Conservation
107(2): 135-145.

Lode, T. (2000). Effect of a motorway on mortality and isolation of wildlife populations. Ambio
29(3): 163-166.

McDonald, W. and C. St.Clair (2004). Elements that promote highway crossing structure use by
small mammals in Banff National Park. Journal of Applied Ecology 41: 82-93.

Merriam, G. (1984). Connectivity: A Fundamental Ecological Characteristic of Landscape
Pattern.  Proceedings of the First International Seminar on Methodology in Landscape
Ecological Research and Planning. International Association for Landscape Ecology, Roskilde,
Denmark. Theme 1:5-15.

Designing Roads for Safe Wildlife Passage 39 Section 5: Catalog of Structure Designs
Ventura County Guidelines



Ng, S., J. Dole, R. Sauvajot, S. Riley, and T. Valone (2004). Use of highway undercrossings by
wildlife in southern California. Biological Conservation 1115: 499-507.

O'Driscoll, P. (2004, 18 November). More Traffic, Animals Drive Up Collisions and Costs. USA
Today: A2.

Ogden Environmental and Energy Services Co., Inc. (1992). Baldwin Otay Ranch Wildlife
Corridor Studies. Prepared for Otay Ranch Project Team.

O’Malley, P.G. (2004) Managers Discover There's More to a Right-of-Way than Vegetation.
Erosion Control. March/April 2004.

Penrod, K., R. Hunter, and M. Merrifield. (2001). Missing Linkages: Restoring Connectivity to
the California Landscape, Conference Proceedings. Co-sponsored by California Wilderness
Coalition, The Nature Conservancy, U.S. Geological Survey, Center for Reproduction of
Endangered Species, and California State Parks.

Perrin, J. and R. Disegni (2003). Safety Benefits of UDOT Highway Program, Animal-Vehicle
Accident Analysis. University of Utah.

Pojar, T. M., et al. (1975). Effectiveness of a lighted animated deer crossing sign. Journal of
Wildlife Management 39: 87-91.

Puky, M. (2003). Amphibian Mitigation Measures in Central-Europe. Proceedings of the
International Conference on Ecology and Transportation, Lake Placid, NY, August 24-29, 2003.

Putman, R. J., et al. (2004). Deer and Road Traffic Accidents: A Review of Mitigation Measures:
Costs and Cost-Effectiveness. Report for the Deer Commission for Scotland, Contract RP23A.
Keystone, CO, September 24-28, 2001, Raleigh, NC: Center for Transportation and the
Environment, North Carolina State University (March 2002).

Reed, D. F., et al. (1981). Effectiveness of highway lighting in reducing deer-vehicle collisions.
Journal of Wildlife Management 45: 721-726.

Reeve, A. F. and S. H. Anderson (1993). Ineffectiveness of Swareflex reflectors at reducing
deer-vehicle collisions. Wildlife Society Bulletin 21: 127-132.

Rincon Consultants. (2002). Wildlife Management Plan for Torrey Pines Reserve.

Rodriguez, A., et al. (1996). Use of non-wildlife passages across a high speed railway by
terrestrial vertebrates. Journal of Applied Ecology 33: 1527-1540.

Romin, L. A. and J. A. Bissonette (1996). Deer-vehicle collisions: Status of state monitoring
activities and mitigation efforts. Wildlife Society Bulletin 24: 276-283.

Romin, L. A. and L. B. Dalton (1992). Lack of response by mule deer to wildlife warning
whistles. Wildlife Society Bulletin 20: 382-384.

Designing Roads for Safe Wildlife Passage 40 Section 5: Catalog of Structure Designs
Ventura County Guidelines



Shafer, J. A. and S. T. Penland (1985). Effectiveness of Swareflex reflectors in reducing deer-
vehicle accidents. Journal of Wildlife Management 49: 774-776.

Sielecki, L. E. (2000). WARS 2000: Wildlife Accident Reporting System, 2000 Annual Report.
British Columbia Ministry of Transportation and Highways, Environmental Services Section.
Victoria, B.C., Canada.

Singer, F. J. and J. L. Doherty (1985). Managing mountain goats at a highway crossing. Wildlife
Society Bulletin 13: 469-477.

Sipes, J. L. and J. Neff (2001). Fencing, wildlife crossings, and roads. Landscape Architecture
91(6): 24-27.

Smith, D. (2003). Monitoring Wildlife Use and Determining Standards for Culvert Design. Final
report presented to the Florida Department of Transportation for Contract BC354-34,
Department of Wildlife Ecology and Conservation, University of Florida, Gainesville, Florida.

Soule, M. (2001). Is Connectivity Necessary? Page 5 in Missing Linkages: Restoring
Connectivity to the California Landscape, Conference Proceedings. Penrod, K., R. Hunter, and
M. Merrifield.

Taylor, B. D. and R. L. Goldingay (2003). Cutting the carnage: Wildlife usage of road culverts in
north-eastern New South Wales. Wildlife Research 30: 529-537.

Ujvari, M., et al. (1998). Effectiveness of wildlife warning reflectors in reducing deer-vehicle
collisions: A behavioral study. Journal of Wildlife Management 62: 1094-1099.

U.S. Department of Transportation Federal Highway Administration (2003). Arizona's
Comprehensive Approach to Wildlife Protection and Habitat Connectivity on the State Route
260 Project, 20014.

U.S. Fish and Wildlife Service/National Wetlands Inventory (1997). A System for Mapping
Riparian Areas in the Western U.S.

Veenbaas, G. and J. Brandjes (2002). Use of Fauna Passages Along Waterways Under
Highways. Proceedings of the International Conference on Ecology and Transportation,
Keystone, CO, September 24-28, 2001, Raleigh, NC: Center for Transportation and the
Environment, North Carolina State University (March 2002).

Ventura County. (2000). Ventura County Initial Study Assessment Guidelines. Ventura County
Planning Division.

Ventura County Transportation Department. (2004). Ventura County Traffic Volume Table.

Wood, P. and M. Wolfe (1988). Intercept feeding as a means of reducing deer-vehicle collisions.
Wildlife Society Bulletin 16: 376-380.

Designing Roads for Safe Wildlife Passage 41 Section 5: Catalog of Structure Designs
Ventura County Guidelines



Yanes, M., J. Velasco, and F. Suarez (1995). Permeability of roads and railways to vertebrates:
The importance of culverts. Biological Conservation 71(1995): 217-222.

6.2 Additional References
Anonymous. (1998). Fence of Light Stops Deer. Technology News 2(7).
Answers.com website. Retreived April 14, 2005. http://www.answers.com.

Arizona's Comprehensive Approach to Wildlife Protection and Habitat Connectivity on the State
Route 260 Project. (2003). U.S. Department of Transportation Federal Highway Administration.
20014.

Austin, et al. (2003). Strategies for Restoring Ecological Connectivity and Establishing Wildlife
Passage for the Upgrade of Route 78 in Swanton, Vermont: An Overview.

Barnum, S. (2003). Identifying the Best Locations to Provide Safe Highway Crossing
Opportunities for Wildlife.

Boarman, W., M. Sazaki, W. B. Jennings (1997). The Effect of Roads, Barrier Fences, and
Culverts on Desert Tortoise Populations in California, USA. Proceedings: Conservation,
Restoration, and Management of Tortoises and Turtles - An International Conference, New York
Turtle and Tortoise Society.

Brown, D., J. Laird, W. Sommers, A. Hamilton (1999). Methods Used by the Arizona
Department of Transportation to Reduce Wildlife Mortality and Improve Highway Safety.
International Conference of Wildlife Ecology and Transportation, Florida.

Chilson, P. (June 2003). Right of Way. Audobon Magazine. Last retrieved on April 8, 2005.
http://magazine.audubon.org/cuttingedge/cuttingedge0306.html.

Clevenger, A. and J. Wierzchowski, B. Chruszcz, and K. Gunson (2002). GIS-generated, expert-
based models for identifying wildlife habitat linkages and planning mitigation passages.
Conservation Biology 16(2): 503-514.

Conservancy Installs Temporary Speed Bumps to Protect Foxes. (2004, 12 November). The
Catalina Islander: 7.

COST 341 (2003). Habitat Fragmentation due to Transportation Infrastructure. CD containing
products from the COST action 341. Compiled by J. Peymen, Institute of Nature Conservation,
Brussels.

Findlay, C. S. and J. Bourdages (2000). Response time of wetland biodiversity to road
construction on adjacent lands. Conservation Biology 14(1): 86-94.

Forman, R. T. T. (1995). Land Mosaics. The Ecology of Landscapes and Regions, Cambridge
University Press: Cambridge.

Designing Roads for Safe Wildlife Passage 42 Section 5: Catalog of Structure Designs
Ventura County Guidelines



Forman, R. T. T. and R. D. Deblinger (2000). The ecological road-effect zone of a Massachusetts
(USA) suburban highway. Conservation Biology 14(1): 36-46.

Gibbs, J. P. and W. G. Shriver (2002). Estimating the effects of road mortality on turtle
populations. Conservation Biology 16(6): 1647-1652.

Hels, T. and E. Buchwald (2001). The effect of road kills on amphibian populations. Biological
Conservation 99(3): 331-340.

Hoctor, T. S., M. H. Carr, et al. (2000). Identifying a linked reserve system using a regional
landscape approach: the Florida ecological network. Conservation Biology 14(4): 984-1000.

Institute, C. B. (2003). Wildlife Corridor Monitoring Study: Multiple Species Conservation
Program. San Diego County, California Department of Fish and Game: 92.

Jaeger, J. A. G. and L. Fahrig (2004). Effects of road fencing on population persistence.
Conservation Biology 18(6): 1651-1657.

Kline, Natasha C. (2001). The Effects of Roads on Natural Resources. A Primer Prepared for the
Sonoran Desert Conservation Plan. Pima County, Arizona.

Lake Jackson  Ecopassage Alliance. Last retrieved on March 3, 2005.
http://www.lakejacksonturtles.org/.

Little, S. (2003). The influence of predator-prey relationships on wildlife passage evaluation.
Proceedings of the International Conference on Ecology and Transportation, Lake Placid, NY,
August 24-29, 2003.

LSA Associates, Inc. (May 27, 2004). Final Wildlife Corridor Assessment Report: Ventura State
Route 118. Prepared for CalTrans District 7 Division of Environmental Planning.

LSA Associates, Inc. (July 25, 2003). Literature Review Paper: Ventura 118 Wildlife Corridor
Assessment Project. Prepared for CalTrans District 7 Division of Environmental Planning.

Lofvenhaft, K., S. Runborg, and P. Sjogren-Gulve (2003). Biotope patterns and amphibian
distribution as assessment tools in urban planning. Landscape and Urban Planning 68: 403-427.

Lopez, R., C. Owen (2003). Conservation strategies in the Florida keys: formula for success.
Proceedings of the International Conference on Ecology and Transportation, Lake Placid, NY,
August 24-29, 2003.

Marshik, J., et al. (2001). Preserving a Spirit of Place: U.S. Highway 93 on the Flathead Indian
Reservation. Proceedings of the International Conference on Ecology and Transportation,
Keystone, CO, September 24-28, 2001, Raleigh, NC: Center for Transportation and the
Environment, North Carolina State University (March 2002).

Designing Roads for Safe Wildlife Passage 43 Section 5: Catalog of Structure Designs
Ventura County Guidelines



Mata, C., I. Hervas, J. Herranz, F. Suarez, and J. E. Malo (2003). Effectiveness of Wildlife
Crossing Structures and Adapted Culverts in a Highway in Northwest Spain. Proceedings of the
International Conference on Ecology and Transportation, Lake Placid, NY, August 24-29, 2003.

Mazerolle, M. (2004). Amphibian road mortality in response to nightly variation in traffic
intensity. Herpetologica 60(1): 45-53.

McKnight, T. L. (1969). Barrier fencing for vermin control in Australia. Geographical Review
59: 330-347.

Meunier, F. D., J. Corbin, and C. Verheyden (1999). Effects of landscape type and extensive
management on use of motorway roadsides by small mammals. Canadian Journal of Zoology
77(1): 108-117.

National Research Council. (1995). Wetlands: Characteristics and Boundaries. National
Academy Press, Washington DC, USA.

National Research Council. (2001). Compensating for Wetland Losses Under the Clean Water
Act. National Academy Press, Washington DC, USA.

Payne’s Prairie Ecopassage Project. United States Geologic Survey. Last retrieved on March 3,
2005. http://cars.er.usgs.gov/Amphibians_and_Reptiles/Paynes_Prairie_Project/
paynes_prairie_project.html.

Pima County Environmentally Sensitive Roadway Guidelines (2002). Pima County Department
of Transportation and Flood Control.

Reed, D. F. (1981). Mule deer behavior at a highway underpass exit. Journal of Wildlife
Management 45(2): 542-543.

Reed, D. F., T. N. Woodard, T.M. Pojar (1975). Behavioral Response of Mule Deer to a
Highway Underpass. Journal of Wildlife Management 39(2): 361-367.

Scheick, B. K. and M. D. Jones. Locating Wildlife Underpasses Prior to Expansion of Highway
64 in North Carolina, North Carolina Wildlife Resources Commission, Plymouth and Bridgeton,
North Carolina. http://www.dot.state.fl.us/emo/sched/locate.pdf.

Spellerberg, 1. (1998). Ecological effects of roads and traffic: A literature review. Global
Ecology and Biogeography Letters 7: 317-333.

Taylor, P. D., L. Fahrig, K. Henein, and G. Merriam (1993). Connectivity is a vital element of
landscape structure. Oikos 68: 571-73.

Trombulak, S. and C. Frissell (2000). Review of ecological effects of roads on terrestrial and
aquatic communities. Conservation Biology 14(1): 18-30.

White, P. and M. Ernst (2003). Second Nature: Improving Transportation without Putting Nature
Second. Defenders of Wildlife: http://www.defenders.org/habitat/highways/secondnature.htm

Designing Roads for Safe Wildlife Passage 44 Section 5: Catalog of Structure Designs
Ventura County Guidelines



G:\Planning Division\Grants\Grants-Closed\SCAG 06-07 Roads\SCAG Roads and Bio 04-
05\Guidelines\Mitigation Guidelines Document LC_9-9-05.doc

Designing Roads for Safe Wildlife Passage 45 Section 5: Catalog of Structure Designs
Ventura County Guidelines



	1 Guidelines Document Overview
	1.1 Purpose
	1.2 Document Organization
	1.3 Definitions

	1  
	2 Background
	2.1 Ventura County Wildlife Movement Corridor Policies
	2.2 Wildlife Corridor Connectivity within Ventura County
	2.3 Wildlife Movement Corridor Assessment 

	3 Mitigation Guidelines 
	3.1 Summary of Design Elements for Successful Mitigation
	  

	3.2 Summary of Wildlife Functional Groups
	3.2.1 Large Mammals
	3.2.2 Medium Mammals
	3.2.3 Small Mammals
	Amphibians and Riparian Reptiles
	3.2.5 Upland Reptiles

	3.3 Mitigation Design Elements 
	Pipe Culverts
	Box Culverts
	Underpass
	Wildlife Overpass
	Natural Substrate
	Natural Lighting
	Natural Temperature 
	Reduced Noise 
	Interior Cover
	Moisture

	3.4 Considerations for Multiple Functional Groups 

	1  
	4 Additional Mitigation Considerations
	4.1 Public Education 
	4.2 Maintenance and Monitoring
	4.3 Cost
	Fencing Applications
	5.2  Pipe Culverts 
	5.3  Box Culverts
	5.4  Ledges
	5.5  Underpasses
	5.6 Overpasses 
	5.7  Wildlife Crossing Signs
	5.8 Problems to Avoid
	6.1 Cited References
	6.2 Additional References


