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Introduction 

Roads and wildlife impact each other in mutually detrimental ways.  There are thousands of miles of 

permanent roads in Vermont (Anderson and Sheldon 2011), which along with associated development, 

are significant barriers for wildlife movement and a source of mortality for many species.  Also, vehicle-

wildlife collisions create extensive vehicle damage and human deaths (VT F&W).   In the United States 

overall, an estimated one to two million collisions occur each year between cars and large, wild 

animals1.   These issues affect the safety of wildlife and humans and impair the connectedness of 

habitats for wide-ranging terrestrial throughout and beyond Vermont, yet road corridor management 

options to encourage the movement of wildlife underneath through bridges and culverts instead of over 

roadways have not been thoroughly researched in the Northern Appalachians. 

The importance of this issue is also highlighted by the increasingly urgent conservation need for 

regionally connected habitat for wildlife.  By decreasing the habitat-fragmenting barrier effect of major 

road corridors, wildlife movement between large forested habitat blocks will increase, and this will help 

maintain genetic diversity of wildlife populations and enable movement-mediated adaptation to 

unpredictable habitat changes anticipated to occur because of climate change.  A statewide highway 

infrastructure managed to increase wildlife permeability is a key part of ensuring that habitats otherwise 

separated by road corridors are better linked, thereby tying together a habitat network that connects 

regionally significant habitat areas (such as between the Green and Adirondack Mountains). 

This project was an important component of a broader research effort (Marangelo and Farrell 2016) to 

address knowledge gaps regarding the permeability of major road corridors for cross-road movement of 

wildlife between habitats.  Specifically, this research used game cameras detect and assess the 

frequency of wildlife movement through bridges and culverts on major roadways in Vermont by wide-

ranging terrestrial mammals, enabling us to characterize the incidence and patterns of wildlife use of 

existing culverts/bridges on state highways in terms of differences between species use, groups of 

species, culvert/bridge size characteristics, and site characteristics.  Game cameras were oriented at 

transportation structure (bridge and culvert) exits and entrances at 23 sites in Vermont that possessed 

characteristics that, according the Passage Assessment System, (Kintsch and Cramer 2011 and Shilling et 

al, 2012), were likely to be used by wildlife for under-road movement.  Game camera data was used to 

determine whether these structures were being used by wildlife, and assess the possible effects of 

structural and site characteristics on the frequency and patterns of species use. 

An obvious prerequisite for the use of any culvert or bridge for under-road movement by wildlife is the 

presence of wildlife in habitats surrounding the bridge/culvert site.  Accordingly, a lack of use of a given 

culvert or bridge by wildlife could be either on account of the unsuitability of the structure for wildlife 

use, or simply because that wildlife were rarely present in habitats near the roadway.   To properly 

interpret data collected by cameras that were focused on culverts and bridges for Marangelo and Farrell 

(2016), we needed to assess the presence and abundance of wildlife habitats near monitored 

transportation structures.   

 
1 According to Wildlife-Vehicle Collision Reduction Study: Report to Congress (FHWA-HRT-08-034), an estimated one 
to two million collisions occur each year between cars and large, wild animals in the United States. This presents a 
real danger to human safety as well as the viability of some wildlife populations. 
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The project described in this report addresses this question.  Specifically, we purchased and deployed 24 

game cameras at 6 sites in habitat close to the road where other game cameras for the Marangelo and 

Farrell (2016) project were gathering data on under-road wildlife movement through transportation 

structures.   We also conducted winter tracking exercises both along the roadway and away from the 

roadway into surrounding habitat to get a more spatially comprehensive picture of wildlife presence and 

movement at these sites, both in habitats away from the road and along the road near the monitored 

transportation structures. 

Methods 

Site Selection and Game Camera Installation 

We used 6 of the 23 study sites used by Marangelo and Farrell (2016) to collect data on the presence of 

a variety of wildlife species in habitats near monitored culverts and bridges (Figure 1). 

ReConyx PC900 cameras were used to detect wildlife.  Twenty-four cameras were purchased, tested for 

reliability and consistency before deployment, and then mounted on trees in the best available habitat 

that appeared likely to be used by wildlife at distances of approximately 200 and 1600 feet away from 

transportation structures (Figure 2).    Sites were designed so that habitat-focused cameras were 

situated on transects perpendicular to the road that passed through the monitored transportation 

structure.  At a few sites, however, camera placement modifications needed to be made due to inability 

to get needed landowner permission on some parcels, and in one case, rescindment of camera siting 

permission in mid-project by a landowner.  Camera distances from roadways were also modified when 

features such as large rivers prevented us from siting cameras at the specified differences.   

Cameras were established in locations that appeared to favor wildlife movement (game trails, near 

wetlands, on seldom-used logging roads, forest openings, streambanks, etc), and were generally 

ǎƛǘǳŀǘŜŘ ŀǘ ŀ ƘŜƛƎƘǘ ƻŦ сΩ ŀōƻǾŜ ƎǊƻǳƴŘΣ ŀƴŘ ŀƴƎƭŜŘ ǎƭƛƎƘǘƭȅ ŘƻǿƴǿŀǊŘΣ ǎƻ ǘƘŀǘ ǘƘŜ ŘŜǘŜŎǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ 

of a given camera covered as much area as possible.  For cameras in areas that appeared likely to be 

visited by humans, we installed cameras out of arms reach, usually about 12-мрΩ ŀōƻǾŜ ǘƘŜ ƎǊƻǳƴŘΦ 

Cameras were mounted in metal security boxes, labeled, and locked with cable locks, and were visited 

approximately every 90 days to collect photographs and check on camera operability and battery levels. 

Cameras were set to take three photographs at a rate of 1 per second for each trigger.    

Setting up cameras in habitats away from roadways sometimes required that we obtain permission from 

multiple private landowners at a site.  We primarily intended to choose sites that would best represent 

the range of habitats and landuses that existed within the set of 23 sites used for Marangelo and Farrell 

(2016), from mixed agricultural/residential to entirely forested.   We also however needed to choose 

sites that involved the fewest landowner permissions possible, as we anticipated a greater probability of 

encountering non-cooperation as the number of needed landowner permissions increased. 

To collect wildlife tracking data, we visited each of the six sites twice during periods of adequate 

ǎƴƻǿŎƻǾŜǊΦ  ²ƛƭŘƭƛŦŜ ǘǊŀŎƪǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ƻƴ ǘǿƻ мсллΩ ǘǊŀƴǎŜŎǘǎ ς one along the roadway, centered on  
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Figure 1:  Map of all game camera site locations in Vermont from Marangelo and Farrell (2016).  Sites 

circled in red mark where data from habitat-focused cameras was collected for this project. 
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Figure 2:  Project site design in terms of camera locations and winter-tracking transects. 
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the monitored culvert or bridge, and the other perpendicular to the roadway, passing through the 

structure and each habitat-focused camera location (Figure 2).  Tracks were identified to species and 

recorded with a GPS device.  For tracks on transects along roads, we also recorded whenever evidence 

of wildlife crossing over the road was found.   

We recorded data for a set of 13 focal species consisting of larger wide to moderate-ranging terrestrial 

mammals, although a much larger set of terrestrial species (an additional 13 species, excluding humans) 

were detected by the game cameras and tracking exercises. 

Wildlife photos from cameras were collected every 3 months during the project, which also allowed us 

to address camera maintenance issues on a regular basis.  To standardize camera data into comparable 

units, we divided all focal species detections at a given camera by the number of days a camera was 

operational to derive a frequency of detection, and multiplied this number by 100 to produce easily 

ŎƻƳǇŀǊŀōƭŜ άŘŜǘŜŎǘƛƻƴǎ ǇŜǊ млл ŎŀƳŜǊŀ Řŀȅǎέ ŘŀǘŀΦ 

Results  
 

Habitat-focused cameras were established and photo data collection commenced at the six study sites 

in May and June 2015 (Table 1), and concluded in January 2017.  Landowner issues at one site (Site 2-90 

in Cabot, VT) necessitated removing and re-deploying 2 habitat-focused cameras to a 7th site (Site 16-13) 

in the spring of 2016 (Table 1).  Tracking exercises continued at Site 2-90 despite the camera removal, 

and no tracking occurred at Site 16-13. 

 

Table 1. Seven sites used to deploy hosted habitat-focused cameras and winter tracking exercises. 

Site Road Town Structure type 

16-13 VT 16 Glover Pipe culvert 

122-24 VT 122 Glover Box culvert 

2-90 US 2 Cabot Arch culvert 

12-92 VT 12 Elmore Box culvert 

15-51 VT 15 Wolcott Bridge Span 

7-110 US 7 Pittsford Box culvert 

73-5 VT 73 Sudbury Bridge Span 

 

 

We recorded 2,769 photo-detections of 13 focal species (Table 2) at all 7 project sites (including photos 

collected from structure-focused cameras that were part of the larger Marangelo and Farrell (2016) 

project).   An additional 13 secondary species of lesser significance to the objectives of this study were 

detected but not quantified (Table 3).    

Because mink are often difficult to differentiate between long-tailed weasel in game photos, and some 

long-tailed weasels can be hard to differentiate from ermine, we lumped these three species into a 

άǎƳŀƭƭ ǿŜŀǎŜƭέ ŎŀǘŜƎƻǊȅΦ  Mink tracks however are easier to differentiate from other weasels, so data  
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Table 2:  Number of game camera wildlife detections per focal species at 7 project sites. 

species 122-24 12-92 15-51 16-13 2-90 7-110 73-5 Total percentage 

black bear 4 12 1  1 4 2 24 1% 

bobcat 1 5 1  5 72 25 109 4% 

coyote 70 48 42  13 25 36 234 8% 

deer 143 130 231 82 288 808 393 2075 75% 

fisher 54 6 2 14    76 3% 

grey fox 2     3  5 0% 

moose  75 1   1  77 3% 

otter       22 22 1% 

red fox 4 2 19 16 12  9 62 2% 

skunk 6  2  5 1 4 18 1% 

small weasel 5 3 2 54 2 1  67 2% 

          

Total 289 281 301 166 326 915 491 2769   

 

 

 

 

 

Table 3: List of focal species and secondary species detected in game camera photos and tracking 
exercises. 

Focal species Secondary species 

Coyote Raccoon 

Deer Woodchuck 

Moose Domestic cat 

Black bear Domestic dog 

Bobcat Eastern cottontail 

Fisher Muskrat 

Grey fox Opossum 

Otter Porcupine 

Red fox Turkey 

Skunk Snowshoe hare 

Mink* Squirrels 

Long tailed 
weasel* 

Chipmunk 

Ermine*   
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from the winter tracking exercises report mink separately, but still lump long tailed weasels and ermine 

ǘƻƎŜǘƘŜǊ ŀǎ άǿŜŀǎŜƭ ǎǇΦέ 

Overall, deer were detected by game cameras in the largest numbers (Table 2), comprising 75% of all 

detections.  Coyotes were the next most frequently detected species, comprising 8% of all detections.  

All other individual species were detected at totals of less than 4% of all detections.  

Mean detection frequencies of different groupings of focal species (all focal species, focal species 

ǿƛǘƘƻǳǘ ŘŜŜǊΣ ŀƴŘ ōŜŀǊΣ ōƻōŎŀǘΣ ŦƛǎƘŜǊΣ ŀƴŘ ƳƻƻǎŜ όά..Caέύύ ŀƭƭ ƛƴŎǊŜŀǎŜŘ ŀǎ ŘƛǎǘŀƴŎŜ ŦǊƻƳ 

transportation structures increased (Table 3, Figure 3), illustrating the barrier effect of the road 

corridors that bisect the camera monitoring sites:  focal species were detected much more frequently in 

habitat away from the transportation structures than at the transportation structures.   

When structure-focused and habitat -focused detection frequency relationships were compared 

between sites, at sites where few or no through-passages (from Marangelo and Farrell 2016) were 

recorded by structure-focused cameras (Sites 15-51, 12-92, and 2-90), focal species detections from 

habitat-focused cameras were low compared to the other sites (Figure 4), suggesting that low numbers 

of through-passages at structure-focused cameras were not related to the abundance of species in 

nearby habitats.   

Also, a plot of through-passages frequencies (the frequency of animals using a structure to move under 

a roadway; from Marangelo and Farrell 2016) vs. detection frequencies from habitat focused cameras at 

the six sites with habitat-focused cameras by species illustrated that coyotes used structures for moving 

under roadways at a remarkably lower frequency than other species, compared to the frequency that all 

focal species were detected by habitat-focused cameras (Figure 5). 

Regarding species-specific patterns of detection frequencies and relationships with distance from 

monitored transportation structures, habitat-focused cameras recorded numerous bear and moose 

detections at some sites, while detections of these species at structure-focused cameras were rare (only 

2 bear; Table 2).   These two species were seldom detected by cameras at transportation structures and 

never used structures for moving under roadways (Marangelo and Farrel 2016). 

Also, because coyote through-passages were remarkably rare relative to the number of coyote 

detections from habitat-focused cameras, Figure 5 suggests that coyotes were not inclined to use 

transportation structures for road crossings compared to other species (using the best fit least-squares 

line Figure 5 as a reference).     This observation was significant in terms of the conclusions Marangelo 

and Farrel (2016) could draw, generalizing patterns of wildlife use of culverts and bridges by focal 

species groupings and the physical size of the transportation structures. 
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Table 4:  100 day detection frequencies of each focal species by site camera position (distance from the road). 

 
 

 
Figure 3: Mean 100-day detection frequencies (SEM) by distance from road for three different focal species groupings: all focal species, focal 

species except deer, and Bobcat, Black Bear, Fisher, and Moose (BBFM). 

site Total

dist. from road 0' 1600' 200' 0' 1600' 200' 0' 1600' 200' 0' 1600' 200' 0' 1600' 200' 0' 1600' 200' 0' 1600' 200'

black bear 0.1 0.2 0.4 3.2 0.8 0.2 0.3 2.8 0.2 0.2 0.1

bobcat 0.1 1.4 0.2 1.4 0.3 0.4 15.0 1.4 0.5 2.5 2.0 0.6

coyote 0.1 6.9 5.4 6.9 8.4 0.2 5.7 1.4 0.0 1.0 2.5 6.9 1.3 7.2 0.7 1.2

deer 17.8 7.5 0.2 24.2 18.1 32.6 9.9 0.2 33.5 5.3 2.7 70.4 28.8 280.7 20.4 34.0 27.3 17.1 11.0

fisher 4.6 0.9 1.1 1.0 0.9 0.4 1.5 0.4

grey fox 0.4 0.5 0.0

moose 25.1 3.8 0.2 0.2 0.4

otter 5.5 0.1

red fox 0.7 0.3 0.3 0.2 3.2 0.2 6.8 2.9 1.5 0.2 0.3

skunk 0.4 0.2 0.2 0.4 0.5 0.2 0.7 0.1

small weasel 0.6 0.4 0.2 5.6 0.2 0.2 0.4

Grand Total 5.9 26.2 15.2 0.6 60.8 33.7 0.7 42.7 11.3 7.6 33.5 12.1 0.8 5.4 76.1 29.4 305.8 23.6 36.0 43.0 20.7

73-5122-24 12-92 15-51 16-13 2-90 7-110
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Figure 4.  Plot of detection frequencies from structure-focused cameras vs. habitat focused cameras at 6 
sites with habitat cameras.  Data points labeled by their respective sites. 

 
Figure 5:  Plot of the number of through-passages vs. number of detections from all cameras at the 6 
sites with habitat-focused cameras.  Coyotes were detected with the fewest through-passages relative 
to the number of detections.   
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Tracking results 
 

Wildlife were detected crossing over roadways at all 6 sites during winter tracking exercises.  A sizable 

proportion (72%) of track observations along road transects were from a road crossing event, suggesting 

that wildlife approached roadways mostly to cross over them.   Also, a larger number of wildlife tracks 

were consistently detected away from the road compared to along the roads (Figure 6, Table 5), 

providing important confirmation that low through-passage frequencies at many sites from Marangelo 

and Farrell (2016) were not due to the absence of wildlife in nearby habitats.  Larger numbers of coyote 

tracks were identified than any other focal species, with deer tracks being nearly as numerous (Table 5).   

Together, deer and coyote comprised of 75% of all tracks identified.  There were many fewer tracks of 

all other focal species compared to deer and coyote, and bear was entirely absent from our tracking 

dataset due to its hibernation habits. 

 

 

 

Figure 6.  Tracking results (number of tracks identified) at each site.  Tracks were much more abundant 

on habitat transects through the woods compared to transects along the road.
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Table 5.  Number of tracks identified during winter tracking exercises by location (road transects, number of road crossings, and habitat 

transects) (2015 ς 2017). 

total

species
road 

tracks

road 

xing

habitat 

tracks

road 

tracks

road 

xing

habitat 

tracks

road 

tracks

road 

xing

habitat 

tracks

road 

tracks

road 

xing

habitat 

tracks

road 

tracks

road 

xing

habitat 

tracks

road 

tracks

road 

xing

habitat 

tracks

bobcat 1 1 3 5 8 5 3 8 30

coyote 41 30 100 7 6 38 23 18 47 22 19 126 3 3 33 3 3 54 497

deer 4 2 49 1 1 7 6 1 3 30 8 130 9 9 206 445

fisher 5 5 47 2 2 23 3 2 6 86

fox 7 6 9 1 1 5 4 2 16 17 16 27 1 87

mink 5 5 11 5 1 4 26

moose 5 5

otter 2 2

weasel sp. 1 1 7 1 1 14 3 3 37 1 1 65

total 58 44 212 18 17 106 39 26 114 69 43 288 12 12 250 8 6 69 1243

7-110 73-52-9015-5112-92122-24
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Road tracking transects revealed some interesting site and species-specific observations on road 

crossing patterns.  At Site 15-51 in Wolcott Vermont, road transects detected wildlife crossing only over 

a section of road east of the bridge where forest habitat abutted the road on each side (Figure 7).  

Crossings of cover -sensitive species, such as fisher, were concentrated here.  Also, almost no wildlife 

used the bridge to move under Route 15 (Marangelo and Farrell, 2016), suggesting there is limited 

movement/connectivity across the road here. 

At Site 12-92 (Elmore, VT), the culvert was used by wildlife very rarely (isolated incidences of a small 

weasel and deer using the structure, Marangelo and Farrell 2016), and tracking revealed sporadic road 

crossings by a variety of species (fisher, bobcat, deer, fox, coyote, small weasel; Figure 8), compared to 

an abundance of habitat tracking detections (Figure 8).  The road at this site is relatively lightly used, and 

bisects a large area of forested habitat, with no nearby development.  Moreover, the roadbed is fairly 

even with the surrounding forest.   It appears relatively easy and safe for wildlife to cross the road at this 

site, which they do, rather than using the structure to move under the road.   At Site 7-110, wildlife were 

detected along the road only rarely, and species that crossed the road were limited to deer and coyote 

(Figure 9), while a large number of a variety of wildlife tracks were detected in habitats away from the 

road.  This site is extremely busy traffic-wise, and thus a significant barrier for wildlife.  Despite being ill-

suited for wildlife movement, the culvert here occasionally passed deer and at least one bobcat 

(Marangelo and Farrell 2016), suggesting that the heavy road traffic volume forced wildlife to seek sub-

optimal under-road crossing locations such as the culvert.   At site 122-24, there was an abundance of 

tracked road crossings (Figure 10).  The road at this site was lightly traveled, so like Site 12-92, it 

appeared relatively easy for wildlife to cross over the top of the roadway here.  An interesting 

observation at this site is that fisher crossed the road only in the location of the culvert, and fisher were 

also detected using the culvert to move under the road with a fair degree of frequency (Marangelo and 

Farrell 2016).   So here, fisher appear to readily use the culvert to cross under the road yet also will walk 

over the road in the same location. 

Site 2-90 (Figure 11) features a near total absence of forest cover from roadsides near the culvert.  

Roadside tracks here found only crossings of coyote, deer, and fox, species that are not particularly 

cover-sensitive.  Site 73-5 (Figure 12) yielded surprisingly low number of road tracks and road crossings, 

which were in part attributable to marginal tracking conditions.  Interestingly, road crossings here were 

comprised mostly of a few bobcat tracks.  No tracking work occurred at our 7th site, (Site 16-13, Figure 

13), which was included in the project belatedly due to 2 cameras being removed from Site 2-90 due to 

landowner permission issues. 

Tracking data was most useful for illustrating some of the over-road wildlife crossing behavior at a given 

site.  Tracking results however are difficult to compare between sites, because results of any one 

tracking exercise can be highly influenced by weather and snow conditions, as marginal snow conditions 

can lower the number of track detections compared to ideal conditions: tracking exercises can either 

represent wildlife activity over a period of hours (if snow is new or rapidly changing) or a few days (if 

snow is ideal and has experienced little change over the days preceding the tracking work).  
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Figure 7:  Camera locations, and tracking results at Site 15-51, Wolcott, VT. 
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Figure 8:  Camera locations, and tracking results at Site 12-92, Elmore, VT 
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Figure 9:  Camera locations, and tracking results at Site 7-110, Pittsford, VT 
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Figure 10:  Camera locations, and tracking results at Site 122-24, Glover, VT 
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Figure 11:  Camera locations, and tracking results at Site2-90, Cabot, VT. 
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Figure 12:  Camera locations, and tracking results at Site 73-5, Sudbury, VT. 
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Figure 13:  Camera locations at Site 16-13, Glover, VT. 
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Discussion and conclusions 
 

This project provided critical context that provided key insights for interpreting data collected by 

Marangelo and Farrell (2016).    Project data definitively illustrated the barrier effect that roadways had 

for wildlife focal species, as many fewer animals were detected near roadways than away from 

roadways.  Also, project data clearly demonstrated that wildlife were present throughout all project 

sites, regardless of whether wildlife used transportation structure to cross highways or not.  This 

enabled Marangelo and Farrell (2016) to interpret the frequency of wildlife use of a given culvert or 

bridge for under-road movement as a function of either structure characteristics and/or site 

characteristics at a specific site, rather than an absence of wildlife in habitats near roadways. 

Habitat camera data and tracking data, when combined with culvert use data from Marangelo and 

Farrel (2016), also enabled us to come to somewhat surprising conclusions about coyotes with respect 

to their use of transportation structures for moving under roadways.  The abundance of coyotes in 

habitat tracking transects and habitat focused cameras, and the near-absence of use of transportation 

structures documented in Marangelo and Farrel (2016), suggested that coyotes in the northeast are 

much less prone to using transportation structures than in other areas of the country, probably due to a 

high degree of genetic introgression of eastern timber wolf genes into the genome of the eastern coyote 

(Monzon et al, 2014).   Therefore, it appears that coyote behavior with respect to use of transportation 

structures may be like wolf behavior in key ways. 

Wildlife tracking data, despite inherent interpretive difficulties noted earlier, revealed some interesting 

site specific patterns that are consistent with our working hypothesis regarding the importance of 

roadside forest cover in facilitating cross-road wildlife movement ς namely that cross-road movement of 

wildlife over the top of the road surface is greater in areas where forest cover exists on both sides of the 

road.  This appears to especially apply to cover-sensitive species such as fisher, but is still relevant to the 

broader set of focal species, even though less cover-sensitive species such as deer, fox, and coyote 

crossed roadways in a variety of roadside habitat settings. 

Also, in general, all wildlife focal species were detected crossing the roadways in this study, confirming 

the need for animals to be able to safely move across roads to access sufficient amounts of habitat.  This 

also encompasses the need for wildlife to cross road corridors as a way of enabling the ability to move 

across long distances in response to changing habitat conditions/disturbances, as will likely be 

encountered as climate change accelerates. 

This study also highlighted the importance of making our transportation systems more permeable for 

wildlife to safely move across, as unsafe crossings over the road appeared to be more frequent than 

crossings through culverts or bridges.  By installing bridges and culverts that wildlife will find more 

suitable for under-road movement, we can increase the permeability of roadways for wildlife in terms of 

giving animals safe and attractive under-road crossing options. 
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Appendix:  Select wildlife game camera photos 
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