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Introduction

Roads and wildlife impact each other in mutually detrimental wayigere are thousands of miles of
permanent roads in VermoriAnderson and Sheldon 2011), which along with associated development,
are significant barriers for wildlife movement and a source of mortality for many spesiss, vehicle
wildlife collisionscreate extensive ehicle damage and human deathsT F&W) In the United States
overall, an estimated one to two million collisions occur each year between cars and large, wild
animald. These issues affethe sakty of wildlife and humans and impair the connectedness of

habitats for widerangingterrestrial 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 imprtance of this issue @lsohighlighted by the increasingly urgent conservation need for
regionally connected habitat for wildlife. By decreasing the halfimmenting barrier effect of major
road corridors, wildlife movement between large forestedhat blocks will increase, and this will help
maintain genetic diversity of wildlife populations and enable movermartliated adaptation to
unpredictable habitat changes anticipated to occur because of climate change. A statewide highway
infrastructure nanaged to increase wildlife permeabilitya key parof ensuringthat habitats otherwise
separated by road corridoi@e better linkedthereby tyingtogether a habitat network thatonnects
regionally significant habitat areas (such as betweenGeen 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 forroad snovement of
wildlife between haliats. Specifically, this researaBed gamecamera detectand assess the

frequency of wildlifemovementthroughbridges and culverts on major roadwapsvermont by wide
ranging terrestrial mammals, enabling tescharacterize the incidence and patteroswildlife use of
existing culverts/bridges on state highways in terms of differences between species use, groups of
species, culvert/bridge size characteigst and site characteristics. Game cameras were oriented at
transportation structure (bridge ath culver) exits and entrances at 23 sites in Vermont that possessed
characteristics that, according the Passage Assessment Sykiatsch and Cramer 2011 and Shilling et
al, 2013, were likely to be used by wildlife for undevad movement.Game cameraata was used to
determine whetherthese structures were being used by wildlife, axsdesshe possible effects of
structural and site characteristics on the frequency and patterns of species use.

An obvious prerequisite for the use of any culvert odga for undefroad movement by wildlife is the
presence of wildlife in habitats surrounding the bridge/culvert si¢ecordingly, dack of use of a given
culvert or bridgeby wildlifecould beeither on account of the unsuitability of the structure foildlife
use, or simpt because that wildlife were rarepresent n habitats near the roadway. Pooperly
interpret data collected by cameras that were focused on culverts and bridgdédarangelo and Farrell
(2016) we needed tassesshe presence ad abundance of wildlife habitatsear monitored
transportation structures

1 According tawildlife-Vehicle Collision Reduction Study: Report to Con(ffeR¥AHRT08-034), an estimated one
to two million collisions occur each year between cars and large, wild animals in the Shaitesl This presents a
real danger to human safety as well as the viability of some wildlife populations.



The project described in this report addresses this question. Specifigaliirchased and deployetit
game cameras & sitesin habitat close to the road/here other game cagrasfor the Marangelo and
Farrell (2016) projeavere gathering data onnderroad wildlife movementhrough transportation
structures We also conducted winter tracking exercises both along the roadway and away from the
roadway into surrounding habitdb get a more spatially comprehensive picture of wildlife preseand
movement at these sites, both in habitats away from the road and along the road near the monitored
transportation structures.

Methods

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 specidga habitats near monitored culverts and bridg@&sgure 1)

ReConyx PC900 cameras were used to detect wildlifventy-four cameras were purchased, tested for
reliability ard consistency before deploymergnd then mounted on treem the best available habitat
that appeared likely to be used by wildlifedistances of approximately 2G@0hd 1600 feet away from
transportationstructures (Figure 2). Stes weredesigred so that habitatfocused cameras were

situated ontransects perpendicular to the road thpassed throughhe monitored transportation
structure. At a fewsites,however, cameraplacement modifiations needed to be made due to inability
to getneededlandowner permission on some parcels, and in one case, rescindment of camera siting
permission in mieproject by a landownerCamera distances from roadways were also modified when
features such astge rivers prevented us from siting cameras at the specified differences.

Cameras were establishedlocations that appeared to favor wildlife movement (game trails, near
wetlands, on selom-used logging road$orest openings, streambankstc), andwere generally

AAddzFr SR 4 F KSAIKG 2F ¢cQ 020S IANBdAzyRE FyR Fy3af:
of a given camera covered as much area as possible. For cameras in areas that appeared likely to be
visited by humans, we installed canas out of arms reach, usually aboutttdo Q ' 02 @S (G KS 3INEP d:

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 amy batads.
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 primarilyeinded to choose sites that would best represent

the range of habitats and landuses that existed within the set of 23 sites used for Méwaarg Farrell
(2016), from mird agricultural/residential to entirely forestedWe also however needed to choose

sites that involved the fewest landowner permissions possible, as we anticipated a greater probability of
encountering norcooperation as the number of needed landowner permissions increased.

To collect wildlife tracking data, we visited each of the $esdivice during periods of adequate
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Figure 1: Map of all game camera site locations in Vermont from Marangelo and Farrell S@4§).

circled in red mark where data from habitiicused cameras was collected for this project.
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Figure 2: Project site design in terms of camera locations and wiisieking transects.



the monitored culvert or bridge, and the other perpendicularti@ roadway passinghrough the

structure and each habitaiocused camera locatioffFigure 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 dossirg over the road was found.

We recorded data for a set of 13 focal species consisting of larger wide to modearafeg terrestrial
mammals, although a much larger set of terrestrial species (an additiorsglek3es excluding humans)
were detected byte game cameras and tracking exercises.

Wildlife photos from cameras were collected every 3 months during the project, which also allowed us
to addresscamera maintenance issues omegular basis.To standardize camera data into comparable
units, we diviled 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
O2YLJ NI o B2 4RSS mnn OF YSNI RI&aé¢ REGE O

Results

Habitat-focused cameragere establishe@dnd photodata collection commencedit the six study sites
in May and June 201&able 1)andconcluded inJanuary 2017 Landower issues abne site Site 290
in Cabot, VTiecessitated removing and+aeploying 2 habitafocused cameras to d"&ite (Site 1613)
in the spring of 2016 (Tablg.1Tracking exercises continued at Sité@despite the camera removal,
and no tracking occurred at Site-18.

Tablel. Seven sites used to deplbpsted habitatfocused cameraand winter tracking exercises.

Site Road Town Structure type
16-13 VT 16  Glover Pipeculvert
122-24 VT 122 Glover Box culvert
2-90 us 2 Cabot Arch culvert
12-92 VT 12 Elmore Box culvert
1551 VT 15  Wolcott BridgeSpan
7-110 usvz Pittsford  Box culvert
735 VT 73  Sudbury BridgeSpan

We recorded Z69photo-detections of 13 focal species (TaB)eat all 7project siteg(including photos
collected from structurgocused 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 (Tiale 3.

Because mink are often difficult to differentiate between letaged weasel in game photos, and some
longtailed weasels can be hard to differentiate from ermine, we lumped these three species into a
GavYl fft ¢S avnktgack®howeSearg dEBiap to differentiate from other weasels, so data
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Table 2: Number of game camera wikdliletections per focal species aproject sites.

species 122-24 1292 1551 1613 290 7-110 735 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 Chipmunk
weasel*

Ermine*




from the winter tracking exercises report mink separately, but still lump long tailed weasebs itk
023SGKSNI a oSl asSt aLlpe
Overall, deer were detected by game cameras in the largest nunfbalde 2, comprising 75% of all

detections. Coyotes werghe 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 specigssfiecies

gAUK2dziT RSSNE YR 0SINE 0602000 FTAaAKSNE FYyR Y22aS8s
transportation structures increaseddble 3, Figure)3illustrating the barrier effect of the road

corridors that bisect the camera monitoring sitesicdl species were detected much more frequently in

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

When structurefocused and habitaffocused detection frequency relationships were compared
between sites, asites where few or no throughassage¢from Marangelo and Farrell 201%jere
recorded by structurdocused cameras (Sites-B4, 1292, and 290), focal species detections from
habitat-focused cameras welew compared to the other site@-igure 4)suggesting that low numbers
of throughpassages atticture-focused cameras weneot related b the abundance of species in
nearby habitats.

Also, a plot ofhrough-passages frequencies (the frequency of animals using a structure to move under
a roadway; fron Marangelo and Farrell 2016) vs. detection frequencies from habitat focused cameras at
the six sites with habitatocused cameras by species illustrated that coyotes used structures for moving
under roadways at a remarkably lower frequency than other gsacompared to the frequency that all
focal species were detected by habifaicused cameras (Figugs.

Regardingpeciesspecific patterns of detection frequencies aradationships withdistance from

monitored transportation structures, habitgbcusal cameras recorded numerous bear and moose
detections at some sites, while detections of these species at struétaresedcameras were rare (only

2 bear; Table 2) These two species were seldom detected by cameras at transportation structures and
neverused structures for moving under roadways (Marangelo and Farrel 2016).

Also, lecause coyote througpassages were remarkably rare relative to the number of coyote
detections from labitat-focused cameras, Figuresbiggests that coyotes were not inclineduse
transportation structures for road crossings compared to other species (using thétdeastsquares
line Figure s a reference). This observation was significant in terms of the conclusions Marangelo
and Farrel (2016could draw,generaliang patterns of wildlife use of culverts and bridges by focal
species groupings and the physical size of the transportation structures.



Table 4:100 daydetection frequencies of each focal species by site camera position (distance from the road).
site 122-24 . 12-92 15-51 16-13 . 2-90 7-110 73-5 Total
dist. fromroad 0' 1600'200' 0' 1600'200' 0' 1600'200' 0' 1600'200' 0' 1600'200' 0O' 1600'200' 0' 1600' 200'

black bear 0.1 02 04 32 08 0.2 0.3 2.8 02 02 01
bobcat 0.1 1.4 0.2 1.4 03 04 150 14 05 25 20 06
coyote 0.1 6.9 54 69 84 02 57 14 0.0 1.0 25 69 13 72 07 1.2
deer 178 75 0.2 242 181 326 9.9 02 335 53 2.7 70.4 28.8 2807 20.4 34.0 27.3 171 11.0
fisher 46 09 11 1.0 09 0.4 1.5 0.4
grey fox 0.4 0.5 0.0
moose 251 3.8 0.2 0.2 0.4
otter 55 0.1
red fox 0.7 03 03 02 32 0.2 6.8 2.9 1.5 0.2 0.3
skunk 04 02 02 04 0.5 0.2 07 01
small weasel 0.6 0.4 0.2 5.6 0.2 0.2 0.4
Grand Total 59 26.2 152 0.6 60.8 33.7 0.7 427 11.3 7.6 335 121 08 54 76.1 29.4 3058 23.6 36.0 43.0 20.7
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Figure 3: Mean 10day detection frequencies (SEM) by distance from road for three different focal species groupings: all focal species, focal
species exceapdeer, and Bobcat, Black Bear, Fisher, and Moose (BBFM).
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Tracking results

Wildlife were detected assing over roadways at alkesduring winter tracking exercisesA sizable
proportion (72%)of track observations along road transewtsre froma road crossingvent, suggesting
that wildlife approabed roadways mostlto cross over them.Also, a larger number of wildlife tracks
were consistently detectedway from the roaccompared to along the roads (FigurgTable 5,

providing important confirmation that low throughassage frequencies at masiges from Marangelo

and Farrell (2016) were not due to the absence of wildlife in nearby habitaiger numbers ofayote
tracks were identified than any other focal species, with deer traeksgnearly 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 thernation habits.
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Figure 6. Tracking results (number of tracks identified) at each site. Tracks were mucbmuant
on habitat transects through the woods comgat to transects along the road.
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Table 5. Number of tracks identified duringnter tracking exerciselsy location (road transects, number of road crossings, and habitat
transects)2015¢ 2017).

122-24 iy 12-92 15-51 A 2-90 7-110 73-5 total
road road habitat road road habitat road road habitat road road habitat road road habitat road road habitat
species tracks xing tracks tracks xing tracks tracks xing tracks tracks xing tracks tracks xing tracks tracks xing tracks
bobcat 1 1 3 5 8 5 3 8 30
coyote 41 30 100 7 6 38 23 18 a7 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
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Road tracking transects revealed some interessitg andspeciesspecific observations on road
crossing patterns. At SitEb-51 in WolcottVermont 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 covesensitive species, such as fisher, were concentrated.héfso, Bnost no wildlife
usedthe bridge to move under Route IMarangelo and Farrell, 2016), suggesting there is limited
movement/connectivity across the road here.

At Site 1292 (Elmore, VT)he culvert was used by wildlife very rarely (isolatecidences of a small

weasel and deer using the structure, Marangelo and Farrell 2016), and tracking revealed sporadic road
crossings by a variety species (fisher, bobcat, deer, fox, coyote, small weasel; Figure 8), compared to
an abundance of habitat tking detectiongFigure 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 afelfsawildlife to cross the road at this
site, which they do, rather than using the structure to move under the roAt Ste 7-110, wildlife were
detected along the road only rarely, and species that crossed the road were limited to deer and coyote
(Fgure 9), while a large number of a variety of wildlife tracks were detected in habitats away from the
road. This site is extremely busy traffitse, and thus a significant barrier for wildlife. Despite being ill
suited for wildlife movement, the culvehtere occasionally passed deer and at least one bobcat
(Marangelo and Farrell 201,8uggesting that the heavy road traffic volume forced wildlife to seek sub
optimal underroad crossing locations such as the culvert. At site 222there was an abundae of

tracked road crossings (Figure 10). The road at this sitelightly traveled, so lik8ite 1292, it

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

observationat this site is thafisher crossedhe road only in tk location of the culvertandfisher were
alsodetected using the culvert to move under the road with a fair degree of frequéviayafigelo and
Farrell 2016). So here, fisher appear to readily use the culvert to cross under the rdaalsgewill walk

over the road in the same location.

Site 290 (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
coversensitive. Site 73 (Figure 12) yielded surprisingly low number of road tracks and road crossings,
which werein partattributable to marginal tracking conditions. Interestingly, road crosdiegswere
comprised mostly of a few bobcat trackio tracking work occurred at oui'ite, (Site 16L3, Figure

13), which was included in the project belatedly due to 2 cameras being removed from3Bitéu2 to
landowner permission issues.

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

site. Tracking results however are difficultdmmpare between siteqyecause results of any one

tracking exercise can be highly influenced by weather and snow conditions, as marginal snow conditions
can lowerthe number of trak detections compared to ideabnditions: 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 #ys greceding the tracking work).
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Discussion and conclusions

This project prowed critical context that pvided key insights fdnterpreting data collected by
Marangelo and Farrell (2016). Project data definitively ritistl 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, regardlessfavhether 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 undefroad movements a function of either structure characistics 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)alsoenabled us to come to seewhat 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-alesence 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 tankvolf 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 bdike wolf behavior in key ways.

Wildlife trackingdata, despite inherent interptéve 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 cressad wildlife movement, namely that crossoad movemat 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 cesamnsitive species such as fisher, but is still relevant to the
broader set of focal speciesyen though less covesensitive 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 rotalaccess sufficient amounts of habitat. This
alsoencompasses the need for wildlife to cross road corridors as a way of enabling thetalniibye
acrosdong distancedn responsdo changing habitat condititg/disturbances as will likely be

encountered as climate change accelerates.

Thisstudy also highlightethe importance of making our transportation systems more permeable for
wildlife to safely move acrosas unsafe crossings over the rogmpaared to ke more frequent than
crossings through culverts or bridgesy iBstalling bridges and culverts that wildlife will find more
suitablefor underroad movement, we camcrease the permeability of roadways for wildlife in terms of
giving animals safe and attractive uneead crossing options.
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Appendix: Select wildlife game camera photos
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