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ABSTRACT
Wildlife crossing structures allow wildlife to safely cross highways by physically separating
wildlife and vehicles. Most wildlife underpasses and overpasses are intended to accommodate a
wide variety of species. However, their actual suitability for individual species depends on their
location (surrounding habitat) and structure type (e.g. underpass or overpass) and dimensions
(height, width, length). For some taxa, the habitat immediately adjacent to, inside, or on top of a
structure is critical as well. For instance, small mammals, reptiles, amphibians and many
invertebrates tend to avoid open areas because they require cover (e.g., live vegetation, tree
stumps, branches, or rocks) to reduce predation risk and because of the microhabitat it provides
(e.g. temperature, moisture). We investigated the effect of cover on the abundance and
movements of small mammals in ten large mammal underpasses (approximately 7 m wide, 4 m
high) along U.S. Highway 93 North on the Flathead Indian Reservation, Montana. In January
2012 we placed cover (dead tree branches) inside and adjacent to five of the underpasses
(“treatment”), while the other five underpasses served as control with no cover added. In fall
2012, we placed 30 small mammal live traps (Sherman) at each underpass site within three
zones: inside the underpass (6 traps), on each side of the underpass in the right-of-way (6 traps
on each side of the road), and beyond the right-of-way (6 on each side of the road). We
conducted a capture-mark-recapture experiment for five consecutive nights using non-invasive
and non-toxic markers (color codes on abdomen) and recorded the zone and side of the road for
each animal captured. The number of individual small mammals (all species combined) was
42.9% higher inside underpasses with cover compared to underpasses without cover. Twice as
many animals crossed the road at underpasses with cover compared to underpasses without
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cover. Finally, the number of individual animals that moved between the right-of-way (either
side of the underpass) and the zone inside the structure was 2.8 times higher with cover
compared to without cover. Results suggest wildlife managers can substantially increase
underpass use by small mammals at no or minimal cost by placing cover inside the structures.
Keywords: Barrier, Branches, Connectivity, Cover, Highway, Mice, Movements, Roads, Shrews,
Small mammals, Trees, Trunks, Underpasses, Voles
INTRODUCTION
The effects of roads and traffic on wildlife include direct habitat loss related to the footprint of
the road, direct mortality through collisions with vehicles, habitat fragmentation through creating
a barrier to animal movements, and a reduction in habitat quality in a zone adjacent to the road
(Forman and Alexander 1998). One of the most robust ways to mitigate direct road mortality and
the barrier effect of the road is wildlife fencing in combination with wildlife crossing structures
under or over the road (Clevenger et al. 2001, Huijser et al. 2009). The underpasses and
overpasses provide safe crossing opportunities for wildlife, allowing for daily, seasonal and
dispersal movements (Adams and Geis 1983, Forman 2000, van der Ree et al. 2007). Factors that
influence wildlife use of crossing structures include the location of the structure, the structure
type (e.g. overpass or underpass), dimensions of the structure, the presence and length of
associated wildlife fencing, surrounding habitat and vegetation, cover close to the entrances of
the structure, and human co-use of the structure (Yanes et al. 1995, Clevenger et al. 2001, Jaeger
et al. 2005, Dodd et al. 2007).
Although most crossing structures are designed for large mammals, highways are also a
substantial barrier for small mammals, reptiles and amphibians and invertebrates (e.g. Swihart
and Slade 1984, Goosem 2002, McGregor et al. 2008, McLaren et al. 2011). The open habitat
and unnatural substrate of highways much reduce the movements of small mammals as these
species tend to avoid open areas because of possible detection and capture by predators
(Diffendorfer et al. 1995, McDonald and St. Clair 2004). The open habitat and unnatural
substrate associated with highways isolate small mammal populations (Gerlach and Musolf
2000, Rico et al. 2009, McLaren et al. 2011), and small and isolated populations are associated
with lower population persistence (Davies et al. 2000, Hanski 2001).
While large wildlife underpasses may be effective for the species that they were designed for
(large mammals), they may not be suitable for small mammals if the underpasses lack cover and
only have bare soil or rocks inside the structure (Foresman 2004). Vegetative cover, including
grasses, forbs, trees, and shrubs, located near the entrance of crossing structures can increase
multi-species use of wildlife underpasses (Hunt et al. 1987, Clevenger and Waltho 2000, Bolger
et al. 2001, Foresman 2004, McDonald and St. Clair 2004). However, little or no research has
focused on cover inside underpasses and how that may increase the abundance and movements
of small mammals in and near underpasses. If the construction of wildlife crossing structures is
associated with general road reconstruction, it typically involves widening the highway and
removing some vegetation alongside the highway. The vegetation that is removed, specifically
tree branches and tree trunks, may be placed inside and adjacent to wildlife underpasses or on
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top of and adjacent to wildlife overpasses. Placing tree branches and tree trunks at and near
wildlife crossing structures actually may be less expensive than some alternatives, including
hauling the debris away, or burying or burning the material.
Tree branches and trunks may increase habitat quality for small mammals and increase small
mammal use of underpasses that are primarily designed for large mammals. We investigated the
effect of woody debris placed inside and adjacent to large mammal underpasses on the
abundance and movements of small mammals, particularly mice (Muridae), voles (Cricetidae)
and shrews (Soricidae). We hypothesized that underpasses with cover would have higher
abundance and movement of small mammals than those without cover. This would then indicate
that cover placed inside and adjacent to large mammal underpasses can make large mammal
underpasses more suitable for small mammals and reduce the barrier effect of roads and traffic
for small mammals at little or no cost. Although there are a several studies that have stressed that
wildlife use of structures, in general, is positively associated with cover near the entrances of
underpasses (Hunt et al. 1987, Clevenger and Waltho 2000, Bolger et al. 2001, Foresman 2004,
McDonald and St. Clair 2004), we think that our study is the first study that specifically
addressed whether placing cover in underpasses designed for large mammals increases the
suitability for other taxa such as small mammals.
METHODS
Study area
This study was conducted along a recently reconstructed section of U.S. Highway 93 North (US
Hwy 93) located on the Flathead Indian Reservation in northwest Montana. Reconstruction
included 13.4 km of road with wildlife fencing, and 40 wildlife underpasses and one wildlife
overpass (Huijser et al. 2013). The wildlife crossing structures were primarily designed for large
mammals including white-tailed deer (Odocoileus virginianus), mule deer (O. hemionus),
American black bear (Ursus americanus), mountain lion (Puma concolor), grizzly bear (Ursus
arctos), and elk (Cervus canadensis). The crossing structures receive substantial use by large
mammals but also by medium sized mammals including raccoon (Procyon lotor), striped skunk
(Mephitis mephitis), bobcat (Lynx rufus), northern river otter (Lontra canadensis), red fox
(Vulpes vulpes), coyote (Canis latrans), and also domestic dog (Canis lupus familiaris) and cat
(Felis catus) (Huijser et al. 2013).
Study design
We selected ten wildlife underpasses (each approximately 7 m wide (road length) and 4 m high).
All ten structures had natural or semi-natural vegetation (forests or semi-natural grasslands)
outside of the right-of-way. Some underpasses were constructed in 2006, while others were
constructed in 2009. The interior of the ten underpasses consisted of bare soil or rocks, with no
vegetative or woody cover or debris. We randomly selected five of the ten underpasses and
placed cover inside and adjacent to these structures in January 2012 (Figure 1). The remaining
five underpasses served as a control. Four of the five structures for each treatment (cover and

Connolly-Newman, Huijser, Broberg, Nelson, and Camel-Means

4

control) had a narrow ephemeral stream running through them (generally about 1 m wide) and
one of each type did not have a running or ephemeral stream.
The cover consisted of coarse woody debris (mostly tree branches) and was a mixture of blue
spruce (Picea pungens), black cottonwood (Populus trichocarpa), ponderosa pine (Pinus
ponderosa), and douglas fir (Psuedotsuga menziesii). To minimize the potential of reducing the
“openness” of an underpass for large mammals we placed the cover on only one side of the
crossing structure, snug against the wall (Figure 1). Inside the underpasses cover was placed
continuously without any breaks, but in the right-of-way it was placed in piles (approximately 1
m² in size at 3 m intervals) (Figure 1). By placing the tree branches in piles in the right-of-way
large mammals were able to continue to approach and leave the underpass from all directions.
Each structure was divided into 3 zones:
1. Inside underpass zone. This zone was generally dark and dry with bare soil and rocks and
no vegetation or cover for small mammals prior to us installing tree branches in five of
the ten structures.
2. In right-of-way zone. This zone extended from the underpass until the right-of-way fence
and generally consisted of herbaceous vegetation. However, at some structures shrubs
and trees were also present.
3. Beyond the right-of-way zone. This zone was located on the far side of the right-of-way
fence and consisted of either forests or semi-natural grasslands.
We placed 30 Sherman live traps at each underpass:
1. Six traps inside the underpass. The traps were placed in two lines along the two sides of
an underpass. Each line was about 6-8 m long and consisted of three traps. The middle
trap in a line was located in the center of the underpass.
2. Twelve traps in the right-of-way (six on each side of the road). At each side of an
underpass we placed the traps in two lines. Each line was about 6-8 m long and consisted
of three traps. The distance between the traps inside the structure and the traps in the
right-of-way was at least 10 m.
3. Twelve traps in beyond right-of-way (six on each side of the road). At each side of an
underpass we placed the traps in two lines. Each line was about 6-8 m long and consisted
of three traps. The distance between the traps in the right-of-way and beyond the right-ofway was at least 10 m.
The three traps in a line were placed about 3 m apart (± 1 m depending on the presence of a
suitable location for the traps). The distance between the lines in the same zone was about 7 m
(the width of the underpasses). The distance between the trap lines in the different zones was at
least 10 m but in some cases this distance was about 20 m. This 10-20 m buffer zone reduced the
likelihood that small mammals would use the cover provided by the live traps and the hay that
surrounded the traps (see later) as a stepping stone between the different zones (Andreassen et al.
1996, Wiewel et al. 2007, Yletyinen and Norrdahl 2007).
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Figure 1. Schematic representation of the highway, three sampling zones (inside structure, rightof-way, and beyond right-of-way), location of the cover (green “starry” symbols) for the five
treatment underpasses only, and locations of the live traps (white dots).
Live Trapping
We conducted the live trapping in September and October 2012, approximately nine months after
placing the cover in the five “treatment” underpasses. To allow small mammals to habituate to
the presence of the Sherman live traps, the traps were locked in the open position and baited with
dry oatmeal for one night prior to the actual trapping period (Renwick and Lambin 2011). During
the actual trapping period, all live traps had dry oatmeal and 6-8 cotton balls for bedding. Traps
were insulated by covering the outside of the traps with straw and by placing a cedar shingle on
the top of the trap. This further protected the animals from low temperatures and precipitation.
Traps were set in the evening and checked at first light the following morning for five
consecutive nights. The traps were closed during the day so that no animals would be caught
during the day and be present in the trap for more than 12 hours.
We used a non-invasive marking method (Ekernas and Mertes 2006). Animals that were captured
were marked with non-toxic permanent markers on the under belly. We used five different colors
to mark the animals based on where they were captured and recaptured: 1) inside underpass,2)
west side right-of-way, 3) east side right-of-way, 4) west side beyond right-of-way, and 5) east
side beyond right of way. If an animal was recaptured in a different zone than the zone of initial
capture, we gave the animal an additional color marking consistent with the zone where it was
recaptured. All captured and recaptured small mammals were identified (species, potential
previous markings), marked (unless the animal was recaptured in the same zone), and released at
the capture site. All animals were captured and handled in accordance with University of
Montana and Montana State University Institutional Animal Care and Use Committee protocols.
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Analyses
We calculated the total number of individual animals captured (all species combined) in each
zone at each underpass. However, since the “right-of-way” zone and the “beyond right-of-way”
zone each had 12 live traps and the “inside structure” zone only had six live traps, the totals for
each zone were standardized to six live traps. In addition, we calculated the movements of
individual animals between 1) the two sides of the road (i.e. originally captured in “right-of-way”
zone or “beyond right-of-way” zone on one side of the road and recaptured in one of these zones
on the other side of the road), and 2) the right-of-way (on either side of the road) and the zone
inside the underpass.
RESULTS
Deer mice and meadow voles formed the vast majority (91%) of all individual small mammals
that were caught in the live traps over five consecutive nights (Table 1).
Table 1. The small mammal species, total number of individuals (N) caught in the live traps and
percent (%) of all individuals trapped for all three zones combined (inside underpass, in right-ofway, and beyond right-of-way), over five consecutive trapping nights at the ten underpasses.

Individual captures (excl. recaptures)
Species

N

%

Deer mouse (Peromyscus maniculatus)

242

64.19

Meadow vole (Microtus pensylvanicus)

102

27.06

Long tailed vole (Microtus longicaudus)

9

2.39

Water shrew (Sorex palustris)

1

0.27

Shrew (Sorex spp.)

9

2.39

Bushy tailed woodrat (Neotoma cinerea)

4

1.06

Yellow pine chipmunk (Neotamias amoenus)

4

1.06

Red tailed chipmunk (Neotamias ruficaudus)

2

0.53

Short tailed weasel (Mustela erminea)

4

1.06

377

100.00

Total
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The mean number of individual small mammals caught per underpass location was higher at the
underpasses with cover than without cover in all three zones, though the standard deviations
were relatively large (Figure 2). The abundance of small mammals was 42.9% higher in the
“inside structure” zone, 31.1% higher in the “right-of-way” zone, and 19.2% higher in the
“beyond right-of-way” zone.

Mean number of individual animals captured
per six live traps per underpass (n)

30
Control (no cover)
25

Treatment (cover)

20

15

10

5

0

Crossing structure

Right-of-way

Beyond right-of-way

Figure 2. Mean number of individual animals (all species combined) per six live traps per
underpass in the three zones (inside the crossing structure, in the right-of-way, and beyond the
right-of-way) and accompanying standard deviation.
The mean number of animals that moved between the two sides of the road per underpass
location was twice as high at the underpasses with cover as at the underpasses without cover.
However, the absolute numbers were relatively low and standard deviations were relatively large
(Figure 3). The number of animals that moved between the “right-of-way” zone (on either side of
the road) and the “inside underpass” zone was 2.8 times higher at the underpasses with cover
compared to the ones without cover (Figure 3).
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Individual animals that movemed between
different zones (n)
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Control (no cover)
Treatment (cover)

7
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4
3
2
1

0
Across road

Between right-of-way and inside underpass

Figure 3. Mean number of individual animals per crossing structure that moved between the two
sides of the road (“across road”) or between the right-of-way (“right-of-way” zone on either side
of the road) and the underpass (“inside underpass” zone).
DISCUSSION
Results suggest that coarse woody debris was associated with higher abundance of small
mammals and that providing cover inside and adjacent to large underpasses may double or more
than double the movements of small mammals. Therefore providing cover in large underpasses is
likely to substantially increase connectivity for small mammals between areas on opposite sides
of highways. The absolute number of recorded movements is dependent on the length of the
capture-mark-recapture experiment. In our study, the length of the experiment was five
consecutive nights. A longer capture period would result in a higher absolute number of
movements recorded. However, the ratio of the movements at structures with and without cover
is what should eventually become stable and this ratio is what is of greatest interest in this study.
Small mammals readily use relatively small structures (<3 m in diameter), likely because of the
cover provided by the culverts or pipes themselves (Diffendorfer et al. 1995, McDonald and St.
Clair 2004). In addition, the presence of cover near passage entrances has been shown to increase
use by animals (Hunt et al. 1987, Clevenger and Waltho 2000, Bolger et al. 2001, McDonald and
St. Clair 2004). Nonetheless, even small diameter culverts or pipes can be made more attractive
to small mammals by providing narrow tubes attached to shelves intended for medium sized
mammals (Foresman 2004). Since the primary function of many small culverts or pipes is often
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to pass water, providing natural cover such as woody debris is not an option as the material could
plug the culvert or pipe.
Providing cover in underpasses designed for large mammals appears to be associated with a
substantial increase in the abundance and movements of small mammals. The costs are likely to
be minimal. If woody debris is readily available at the site, for example because of road
reconstruction and widening of the foot print of the road, it can even be considered a cost saving
as the alternatives (e.g. hauling the debris away, burying or burning the material) are likely more
expensive than placing the tree branches and trunks inside and adjacent to large underpasses.
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