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Best Management Practices for Wildlife Corridors

I. Practices for roads, canals, and railroads that cross corridors

Impacts of Roads on Wildlife

While the physical footprint of the nearly 4 million miles of roads in the United States is
relatively small, the ecological footprint of the road network extends much farther. Direct effects
of roads include road mortality, habitat fragmentation and loss, and reduced connectivity. The
severity of these effects depends on the ecological characteristics of a given species (Table).
Direct roadkill affects most species, with severe documented impacts on wide-ranging predators
such as the cougar in southern California, the Florida panther, the ocelot, the wolf, and the
Iberian lynx (Forman et al. 2003). In a 4-year study of 15,000 km of road observations in Organ
Pipe Cactus National Monument, Rosen and Lowe (1994) found an average of at least 22.5
snakes per km per year killed due to vehicle collisions. Although we may not often think of roads
as causing habitat loss, a single freeway (typical width = 50 m, including median and shoulder)
crossing diagonally across a 1-mile section of land results in the loss of 4.4% of habitat area for
any species that cannot live in the right-of-way. Roads cause habitat fragmentation because
they break large habitat areas into small, isolated habit patches which support few individuals;
these small populations lose genetic diversity and are at risk of local extinction.

In addition to these obvious effects, roads create noise and vibration that interfere with ability of
reptiles, birds, and mammals to communicate, detect prey, or avoid predators. Roads also
increase the spread of exotic plants, promote erosion, create barriers to fish, and pollute water
sources with roadway chemicals (Forman et al. 2003). Recent studies demonstrate that vehicles
deposit 300 to 800 exotic seeds per square meter per year to roadside areas, often from several
kilometers away (von der Lippe and Kowarik 2007). Highway lighting also has important
impacts on animals (Rich and Longcore 2006).

Effect of roads
Characteristics making a species Road Habitat Reduced
vulnerable to road effects (from Forman  mortality loss connectivity
et al. 2003)
Attraction to road habitat *
High intrinsic mobility *
Habitat generalist *
Multiple-resource needs * *
Large area requirement/low density * * *
Low reproductive rate * * *
Behavioral avoidance of roads *




Mitigation for Roads

Clearly the most corridor-friendly road policy is avoid building any new roads in a wildlife
corridor. Where there are over-riding reasons to build or expand roads in corridors, wildlife
crossing structures can facilitate wildlife movement across roads; these structures include
wildlife overpasses & green bridges, bridges, culverts, and pipes. While many of these structures
were not originally constructed with ecological connectivity in mind, many species benefit from
them (Clevenger et al. 2001; Forman et al. 2003). No single crossing structure will allow all
species to cross a road. For example rodents prefer to use pipes and small culverts, while bighorn
sheep prefer vegetated overpasses or open terrain below high bridges. A concrete box culvert
may be readily accepted by a mountain lion or bear, but not by a deer or bighorn sheep. Small
mammals, such as deer mice and voles, prefer small culverts to wildlife overpasses (McDonald
& St Clair 2004). Some mammals avoid crossing 2-lane roads with less than 100 vehicles per
day (McGregor et al. 2008); thus crossing structures are needed to provide connectivity even on
lightly-used small roads.

Wildlife overpasses are most often designed to improve opportunities for large mammals to cross
busy highways. Approximately 50 overpasses have been built in the world, with only 6 of these
occurring in North America (Forman et al. 2003). Overpasses are typically 30 to 50 m wide, but
can be as large as 200 m wide. In Banff National Park, Alberta, grizzly bears, wolves, and all
ungulates (including bighorn sheep, deer, elk, and moose) prefer overpasses to underpasses,
while species such as mountain lions prefer underpasses (Clevenger & Waltho 2005).

Wildlife underpasses include viaducts, bridges, culverts, and pipes, and are often designed to
ensure adequate drainage beneath highways. For ungulates such as deer that prefer open crossing
structures, tall, wide bridges are best. Mule deer in southern California only used underpasses
below large spanning bridges (Ng et al. 2004), and the average size of underpasses used by
white-tailed deer in Pennsylvania was 15 ft wide by 8 ft high (Brudin 2003). Because most small
mammals, amphibians, reptiles, and insects need vegetative cover for security, bridged
undercrossings should extend to uplands beyond the scour zone of the stream, and should be high
enough to allow enough light for vegetation to grow underneath. In the Netherlands, rows of
stumps or branches under crossing structures have increased connectivity for smaller species
crossing bridges on floodplains (Forman et al. 2003). Black bear and mountain lion prefer less-
open structures (Clevenger & Waltho 2005). A bridge is a road supported on piers or abutments
above a watercourse, while a culvert is a round or rectangular tube under a road. The most
important difference is that the streambed under a bridge is mostly native rock and soil (instead
of concrete or corrugated metal in a culvert) and the area under the bridge is large enough that a
semblance of a natural stream channel returns a few years after construction. Even when rip-rap
or other scour protection is installed to protect bridge piers or abutments, stream morphology and
hydrology usually return to near-natural conditions in bridged streams, and vegetation often
grows under bridges. In contrast, vegetation does not grow inside a culvert, and hydrology and
stream morphology are permanently altered not only within the culvert, but for some distance
upstream and downstream from it.

Despite their disadvantages, well-designed and located culverts can mitigate the effects of busy
roads for small and medium sized mammals (Clevenger et al. 2001; McDonald & St Clair 2004).
Culverts and concrete box structures are used by many species, including mice, shrews, foxes,




rabbits, armadillos, river otters, opossums, raccoons, ground squirrels, skunks, coyotes, bobcats,
mountain lions, black bear, great blue heron, long-tailed weasel, amphibians, lizards, snakes, and
southern leopard frogs (Yanes et al. 1995; Brudin 2003; Dodd et al. 2004; Ng et al. 2004). Black
bear and mountain lion prefer less-open structures (Clevenger & Waltho 2005). In south Texas,
bobcats often used 1.85 m x 1.85 m box culverts to cross highways, preferred structures near
suitable scrub habitat, and sometimes used culverts to rest and avoid high temperatures (Cain et
al. 2003). Culvert usage can be enhanced by providing a natural substrate bottom, and in
locations where the floor of a culvert is persistently covered with water, a concrete ledge
established above water level can provide terrestrial species with a dry path through the structure
(Cain et al. 2003). It is important for the lower end of the culvert to be flush with the surrounding
terrain. Some cases located in fill dirt have openings far above the natural stream bottom. Many
culverts are built with a concrete pour-off of 8-12 inches, and others develop a pour-off lip due to
scouring action of water. A sheer pour-off of several inches makes it unlikely that many small
mammals, snakes, and amphibians will find or use the culvert.

Based on the small but increasing number of scientific studies on wildlife use of highway

crossing structures, we offer these standards and guidelines for all existing and future crossing
structures intended to facilitate wildlife passage across highways, railroads, and canals. These
recommendations apply with equal force to crossing structures across canals (see Section V).

1) Multiple crossing structures should be constructed at a crossing point to provide
connectivity for all species likely to use a given area (Little 2003). Different species prefer
different types of structures (Clevenger et al. 2001; McDonald & St Clair 2004; Clevenger &
Waltho 2005; Mata et al. 2005). For deer or other ungulates, an open structure such as a
bridge is crucial. For medium-sized mammals, black bear, and mountain lions, large box
culverts with natural earthen substrate flooring are optimal (Evink 2002). For small
mammals, pipe culverts from 0.3m — 1 m in diameter are preferable (Clevenger et al. 2001;
McDonald & St Clair 2004).

2) At least one crossing structure should be located within an individual’s home range.
Because most reptiles, small mammals, and amphibians have small home ranges, metal or
cement box culverts should be installed at intervals of 150-300 m (Clevenger et al. 2001).
For ungulates (deer, pronghorn, bighorn) and large carnivores, larger crossing structures such
as bridges, viaducts, or overpasses should be located no more than 1.5 km (0.94 miles) apart
(Mata et al. 2005; Clevenger and Wierzchowski 2006). Inadequate size and insufficient
number of crossings are two primary causes of poor use by wildlife (Ruediger 2001).

3) Suitable habitat for species should occur on both sides of the crossing structure
(Ruediger 2001; Barnum 2003; Cain et al. 2003; Ng et al. 2004). This applies to both local
and landscape scales. On a local scale, vegetative cover should be present near entrances to
give animals security, and reduce negative effects of lighting and noise (Clevenger et al.
2001; McDonald & St Clair 2004). A lack of suitable habitat adjacent to culverts originally
built for hydrologic function may prevent their use as potential wildlife crossing structures
(Cain et al. 2003). On the landscape scale, “Crossing structures will only be as effective as
the land and resource management strategies around them” (Clevenger et al. 2005). Suitable
habitat must be present throughout the linkage for animals to use a crossing structure.




4)

5)

6)

7)

8)

9)

Whenever possible, suitable habitat should occur within the crossing structure. This can
best be achieved by having a bridge high enough to allow enough light for vegetation to grow
under the bridge, and by making sure that the bridge spans upland habitat that is not regularly
scoured by floods. Where this is not possible, rows of stumps or branches under large span
bridges can provide cover for smaller animals such as reptiles, amphibians, rodents, and
invertebrates; regular visits are needed to replace artificial cover removed by flood. Within
culverts, mammals and reptiles prefer earthen to concrete or metal floors.

Structures should be monitored for, and cleared of, obstructions such as detritus or silt
blockages that impede movement. Small mammals, carnivores, and reptiles avoid crossing
structures with significant detritus blockages (Yanes et al. 1995; Cain et al. 2003; Dodd et al.
2004). In the southwest, over half of box culverts less than 8 x 8 ft have large accumulations
of branches, Russian thistle, sand, or garbage that impede animal movement (Beier, personal
observation). Bridged undercrossings rarely have similar problems.

Fencing should never block entrances to crossing structures, and instead should direct
animals towards crossing structures (Yanes et al. 1995, Gagnon et al. 2007). In Florida,
construction of a barrier wall to guide animals into a culvert system resulted in 93.5%
reduction in roadkill, and also increased the total number of species using the culvert from 28
to 42 (Dodd et al. 2004). Fences, guard rails, and embankments at least 2 m high discourage
animals from crossing roads (Barnum 2003; Cain et al. 2003; Malo et al. 2004). One-way
ramps on roadside fencing can allow an animal to escape if it is trapped on a road (Forman et
al. 2003).

Raised sections of road discourage animals from crossing roads, and should be used
when possible to encourage animals to use crossing structures. Clevenger et al. (2003)
found that vertebrates were 93% less susceptible to road-kills on sections of road raised on
embankments, compared to road segments at the natural grade of the surrounding terrain.

Manage human activity near each crossing structure. Clevenger & Waltho (2000) suggest
that human use of crossing structures should be restricted and foot trails relocated away from
structures intended for wildlife movement. However, a large crossing structure (viaduct or
long, high bridge) should be able to accommodate both recreational and wildlife use.
Furthermore, if recreational users are educated to maintain utility of the structure for wildlife,
they can be allies in conserving wildlife corridors. At a minimum, nighttime human use of
crossing structures should be restricted.

Design crossing structures specifically to provide for animal movement. Recent research
shows that traffic noise within an undercrossing can discourage passage by wildlife,
suggesting that new designs are needed to minimize vehicle noise in underpasses (Gagnon et
al. 2007). Ungulates prefer undercrossings with sloped earthen sides to vertical concrete sides
(Dodd et al. 2007). High openness ratio (height x width divided by length) promote animal
travel, and perhaps the best way to achieve this is to minimize the distance an animal must
travel within the structure (Dodd et al. 2007). Most culverts are designed to carry water under
a road and minimize erosion hazard to the road. Culvert designs adequate for transporting




water often have pour-offs at the downstream ends that prevent wildlife usage. At least 1
culvert every 150-300m of road should have both upstream and downstream openings flush
with the surrounding terrain, and with native land cover up to both culvert openings, as noted
above.

I1. Practices for streams in corridors

1) Retain natural fluvial processes — Maintaining or restoring natural timing, magnitude,
frequency, and duration of surface flows is essential for sustaining functional riparian
ecosystems (Shafroth et al. 2002, Wissmar 2004).

e Urban development contributes to a “flashier” (more flood-prone) system. Check dams
and settling basins should be required in all upstream urban areas of the watershed to
increase infiltration and reduce the impact of intense flooding (Stromberg 2000).

e Maintain natural channel-floodplain connectivity—do not harden riverbanks and do not
build in the floodplain (Wissmar 2004).

e Release of treated municipal waste water in some riparian corridors has been effective at
restoring reaches of cottonwood and willow ecosystems. Habitat quality is generally low
directly below the release point but improves downstream (Stromberg et al. 1993).
However in an intermittent reach with native amphibians or fishes, water releases should
not create perennial (year-round) flows. Bullfrogs can and do displace native amphibians
from perennial waters (Kiesecker and Blaustin 1998, Maret et al. 2006).

2) Promote base flows and maintain groundwater levels within the natural tolerance
ranges of native plant species — Subsurface water is important for riparian community
health, and can be sustained more efficiently by reducing ground water pumping near the
river, providing municipal water sources to homes, and reducing agricultural water use
through use of low-water-use crops, and routing return flows to the channel (Stromberg 1997,
Colby and Wishart 2002). Cottonwood/willow habitat requires maintaining water levels
within 9 feet (2.6 m) below ground level (Lite and Stromberg 2005).

3) Maintain or improve native riparian vegetation — Moist surface conditions in spring and
flooding in summer after germination of tamarisk will favor native cottonwood/willow stands
over the invasive tamarisk (Stromberg 1997). Pumps within %2 mile of a river or near springs
should cease pumping in early April through May, or, if this is impossible, some pumped
water should be spilled on to the floodplain in early April to create shallow pools through
May (Wilbor 2005). Large mesquite bosques should receive highest priority for conservation
protection because of their rarity in the region; mesquite, netleaf hackberry, elderberry, and
velvet ash trees should not be cut (Stromberg 1992, Wilbor 2005).

4) Maintain biotic interactions within evolved tolerance ranges. Arid Southwest riparian
systems evolved under grazing and browsing pressure from deer and pronghorn antelope—
highly mobile grazers and browsers. High intensity livestock grazing is a major stressor for
riparian systems in hot Southwest deserts; livestock should thus be excluded from stressed or
degraded riparian areas (Belsky et al. 1999, National Academy of Sciences 2002). In healthy
riparian zones, grazing pressure should not exceed the historic grazing intensity of native
ungulates (Stromberg 2000).

5) Eradicate non-native invasive plants and animals — Hundreds of exotic species have
become naturalized in riparian corridors, and a few, such as tamarisk and Russian olive, are
significant problems. Removing stressors and reestablishing natural flow regimes can help
restore riparian communities, but physical eradication of some persistent exotics is necessary




(Stromberg 2000, Savage 2004, but see D’ Antonio and Meyerson 2002). Elimination of
unnatural perennial surface pools can eradicate water-dependent invasives like bullfrogs,
crayfish, and mosquitofish.

6) Where possible, protect or restore a continuous strip of native vegetation at least 200 m
wide along each side of the channel. Buffer strips can protect and improve water quality,
provide habitat and connectivity for many species, improve quality of life for human
neighbors, and increase nearby property values (Fisher and Fischenich 2000, Parkyn 2004,
Lee et al. 2004). Recommended buffer widths to sustain riparian plant and animal
communities vary from 30 to 500 m (Wenger 1999, Fisher and Fischenich 2000, Wenger and
Fowler 2000, Environmental Law Institute 2003). At a minimum, buffers should capture the
stream channel and the terrestrial landscape affected by flooding and elevated water tables
(Naiman et al. 1993). Wider buffers are needed to protect edge sensitive bird species from
nest predation and parasitism. We recommend delineating a buffer that extends 200 m beyond
the annual high water mark on each side of the channel.

7) Enforce existing regulations. We recommend aggressive enforcement of existing regulations
restricting dumping of soil, agricultural waste, and trash in streams, and restricting farming,
gravel mining, and building in streams and floodplains. OHV travel in streams disturbs soils,
damages vegetation, and disturbs wildlife (Webb and Wilshire 1983).

I11.  Practices for urban development in corridors

Impacts of urbanization on wildlife habitat and connectivity

Urbanization includes not only factories, gravel mines, shopping centers, and high-density
residential, but also low-density ranchette development. These diverse types of land use impact
wildlife movement in several ways. In particular, urbanization causes:

e development of the local road network. Rural subdivisions require more road length per
dwelling unit than more compact residential areas. Many wild animals are killed on
roads. Some reptiles (which “hear” ground-transmitted vibrations through their jaw
(Heatherington 2005) are repelled even from low-speed 2-lane roads, resulting in reduced
species richness (Findlay and Houlihan 1997). This reduces road kill but fragments their
habitat.

e removal and fragmentation of natural vegetation. CBI (2005) evaluated 4 measures of
habitat fragmentation in rural San Diego County, namely percent natural habitat, mean
patch size of natural vegetation, percent core areas (natural vegetation > 30m or 96 ft
from non-natural land cover), and mean core area per patch at 7 housing densities
(Figure). Fragmentation effects were negligible in areas with <1 dwelling unit per 80
acres, and severe in areas with > 1 dwelling unit per 40 acres (CBI 2005). Similar
patterns, with a dramatic threshold at 1 unit per 40 acres, were evident in 4 measures of
fragmentation measured in 60 landscapes in rural San Diego County, California (CBI
2005).
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decreased abundance and diversity of native species, and replacement by non-native
species. In Arizona, some species of birds (Germaine et al. 1998) and lizards (Germaine
and Wakeling 2001) were absent as housing density increased. Similar patterns were
observed for birds and butterflies in California (Blair 1996, Blair and Launer 1997, Blair
1999, Rottenborn 1999, Strahlberg and Williams 2002), birds in Washington state
(Donnelly and Marzluff 2004), mammals and forest birds in Colorado (Odell and Knight
2001), and migratory birds in Ontario (Friesen et al. 1995). The negative effects of
urbanization were evident at housing densities as low as 1 dwelling unit per 40-50 acres.
In general, housing densities below this threshold had little impact on birds and small
mammals.

increased vehicle traffic in potential linkage areas, increasing the mortality and repellent
effect of the road system (van der Zee et. al 1992, Marsh 2007).

increased numbers of dogs, cats, and other pets that act as subsidized predators, killing
millions of wild animals each year (Courchamp and Sugihara 1999, May and Norton
1996).

increased numbers of wild predators removed for killing pets or hobby animals. Rural
residents often are emotionally attached to their animals, and prompt to notice loss or
injury. Thus although residential development may bring little or increase in the number
of the depredation incidents per unit area, each incident is more likely to lead to death of
predators, and eventual elimination of the population (Woodroffe and Frank 2005).
subsidized “suburban native predators” such as raccoons, foxes, and crows, that exploit
garbage and other human artifacts to reach unnaturally high density, outcompeting and
preying on other native species (Crooks and Soulé 1999).

spread of some exotic (non-native) plants, namely those that thrive on roadsides and other
disturbed ground, or that are deliberately introduced by humans.

perennial water in formerly ephemeral streams, making them more hospitable to bullfrogs
and other non-native aquatic organisms that displace natives and reduce species richness
(Forman et al. 2003).




e mortality of native plants and animals via pesticides and rodenticides, which kill not only
their target species (e.g., domestic rats), but also secondary victims (e.g., raccoons and
coyotes that feed on poisoned rats) and tertiary victims (mountain lions that feed on
raccoons and coyotes — Riley et al. 2007).

e artificial night lighting, which can impair the ability of nocturnal animals to navigate
through a corridor (Beier 2006) and has been implicated in decline of reptile populations
(Perry and Fisher 2006).

e conflicts with native herbivores that feed on ornamental plants.

e noise, which may disturb or repel some animals and present a barrier to movement
(Minton 1968, Liddle 1997).

e disruption of natural fire regime by (a) increasing the number of wildfire ignitions,
especially those outside the natural burning season (Viegas et. al 2003), (b) increasing the
need to suppress what might otherwise be beneficial fires that maintain natural ecosystem
structure, and (c) requiring firebreaks and vegetation manipulation, sometimes at
considerable distance from human-occupied sites (Oregon Department of Forestry 2006,
Syphard et al. 2007).

Unlike road barriers (which can be modified with fencing and crossing structures), urban and
industrial developments create barriers to movement which cannot easily be removed, restored,
or otherwise mitigated. For instance, it is unrealistic to think that local government will stop a
homeowner from clearing fire-prone vegetation force a landowner to remove overly bright
artificial night lighting, or require a homeowners association to kill crows and raccoons.
Avoidance is the best way to manage urban impacts in a wildlife linkage. Although some lizards
and small mammals occupy residential areas, most large carnivores, small mammals, and reptiles
cannot occupy or even move through urban areas. While mapped urban areas currently accounts
for less than 1% of the land cover, residential development may increase rapidly in parts of the
Linkage Design.

Mitigation for Urban Barriers

1) Integrate the Linkage Design into local land use plans. Specifically, use zoning and other
tools to retain open space and natural habitat and discourage urbanization of natural areas in
the Linkage Design.

2) Where development is permitted within the linkage design, encourage small building
footprints on large (> 40 acre) parcels with a minimal road network.

3) Integrate this Linkage Design into county general plans, and conservation plans of
governments and nongovernmental organizations.

4) Encourage conservation easements or acquisition of conservation land from willing land
owners in the Linkage Design. Recognizing that there may never be enough money to buy
easements or land for the entire Linkage Design, encourage innovative cooperative
agreements with landowners that may be less expensive (Main et al. 1999, Wilcove and Lee
2004).

5) Combine habitat conservation with compatible public goals such as recreation and protection
of water quality.

6) Each strand of the linkage design must be broad (typically 1-2 km for most of its length) to
allow a designated trail system without compromising the usefulness of the linkage for
wildlife. Because of the high potential for human access, the trail system should be carefully




planned to minimize resource damage and disturbance of wildlife. People should be
encouraged to stay on trails, keep dogs on leashes, and discouraged from collecting reptiles
and harassing wildlife. Traveling in groups should be encourage in areas frequented by
mountain lions or bears.

7) Where human residences or other low-density urban development occurs within the linkage
design or immediately adjacent to it, encourage landowners to be proud stewards of the
linkage. Specifically, encourage them to landscape with natural vegetation, minimize water
runoff into streams, manage fire risk with minimal alteration of natural vegetation, keep pets
indoors or in enclosures (especially at night), accept depredation on domestic animals as part
of the price of a rural lifestyle, maximize personal safety with respect to large carnivores by
appropriate behaviors, use pesticides and rodenticides carefully or not at all, and direct
outdoor lighting toward houses and walkways and away from the linkage area.

8) When permitting new urban development in the linkage area, stipulate as many of the above
conditions as possible as part of the code of covenants and restrictions for individual
landowners whose lots abut or are surrounded by natural linkage land. Even if some clauses
are not rigorously enforced, such stipulations can promote awareness of how to live in
harmony with wildlife movement.

9) Develop a public education campaign to inform those living and working within the linkage
area about living with wildlife, and the importance of maintaining ecological connectivity.

10) Discourage residents and visitors from feeding or providing water for wild mammals, or
otherwise allowing wildlife to lose their fear of people.

11) Install wildlife-proof trash and recycling receptacles, and encourage people to store their
garbage securely.

12) Do not install artificial night lighting on rural roads that pass through the linkage design.
Reduce vehicle traffic speeds in sensitive locations by speed bumps, curves, artificial
constrictions, and other traffic calming devices.

13) Encourage the use of wildlife-friendly fencing on property and pasture boundaries, and
wildlife-proof fencing around gardens and other potential wildlife attractants.

14) Discourage the killing of ‘threat’ species such as rattlesnakes.

15) Reduce or restrict the use of pesticides, insecticides, herbicides, and rodenticides, and
educate the public about the effects these chemicals have throughout the ecosystem.

16) Pursue specific management protections for threatened, endangered, and sensitive species
and their habitats.

IVV. Practices for canals in corridors

In deserts, some species may use canals as a water source, but canals have more negative than
positive impacts on wildlife. Desert mule deer, bighorn sheep, and Sonoran pronghorn have
drowned in canals (Rautenstrauch & Krausman 1989). Canals serve as significant barriers to
movement.

1) Ensure opportunities for wildlife to cross every canal in the linkage area. The most
permeable method is to bury these segments of the canal below ground. For narrow canals,
such as those irrigating fields, it may be cheaper to cover the canal with metal or concrete
slabs, and cover these plates with soil and vegetation. Larger canals are typically elevated on




levees that are hard for animals to climb. On such canals, underground siphons should be
used to create gaps that follow the natural contour of the land. Siphon gaps intended for
wildlife use should at least 40-50 m wide, have natural vegetation, and follow natural grade
of the surrounding landscape.

2) Install fencing on all areas of the canal which do not have crossing structures. This
fencing must keep animals away from canals where they are likely to drown (Rautenstrauch
& Krausman 1989). They should be high enough that deer can’t jump over the fence (Peris &
Morales 2004).

3) Provide alternative water sources adjacent to crossing structures (Rautenstrauch &
Krausman 1989). To discourage use of the canals as a water supply by deer and other
species, some canal water should be diverted to catchments where wildlife can drink without
risk of drowning.

4) Provide escape structures for deer and other species along any area of the canal which
does not have a crossing structure or fencing. Cable-and-float directors in conjunction
with stairs or ramps should be installed in the canal to direct deer to provide deer and other
species means of escaping the canal. In a study of desert mule deer use of the Mohawk
Canal, Rautenstrauch and Krausman (1989) found that deer swim an average distance of 947
meters before escaping via escape structures. They recommend escape structures should be
spaced 2 km apart or less and every section with a dam, siphon, or other hazard should have
more than 1 escape structure, with at least 1 structure upstream from the hazard.
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