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dry movement suiaces, and variation in througbassage data among different design types illustrated
influence of interactions between structure design characteristics and movement surface availability
frequency of wildlife use. In particular, bridge sparferad the greatest number of movement surface typ¢
generally supported the highest througiassage frequencies, and was used by the most wildlife spe
Pipe and squash pipe culverts offered more limited thropgksage suitability for wildlife. Weene not able
to assess modern embedded box culvert designs due to enduringit®rhabitat disturbance from
construction activities, but our data from other structures suggest that they will prove valuable for w
through-passage once vegetation inregiruction footprints matures. Older flat bottom box culvert desig
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stream hydrology and movement surface type/availability in all struct@sigh types intended to featur
natural stream bottoms, where streamflow and deposition/erosion governs the formation and mainter
of movement surfaces of varying levels of suitability for wildlife movement. Project results also con
that the modfied Movement Guild framework presented in Marangelo and Farrell (2016) that re
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Abstract

This project gathered and analyzed gao®mmera data on the frequency of wildlife movement through bridges and
culverts in Vermont to generate resultmsed recommendations for improving the permeability of highways in Vermont
for wildlife. By better undestanding the characteristics of transportation structures that wildlife are more likely to use
for moving under roadways, state resource and transportation agencies will have a greater ability to manage roa
corridors in ways that can reduce the inheremttitat-fragmenting effects of the road network in Vermont. Specifically,
this project assessed the effects of different types of transportation structure designs on usability by wildlife for under
road movement (througipassage). 1,347 througtassage of a set of 13 focal species were recorded at 26 culverts and
bridges on busy road corridors in 2017 and 2018. A structure design classification system was developed that provid
explicit links between structure design types and a variety of movemeriace types used by wildlife for through
passage. Game camera data substantiated the ability of several structure design types to offer specific kinds of wildlif
usable dry movement surfaces, and variation in thropgissage data among different desigypes illustrated the
influence of interactions between structure design characteristics and movement surface availability on the frequency ¢
wildlife use. In particular, bridge spans offered the greatest number of movement surface types, generaliyesuibzo
highest throughpassage frequencies, and was used by the most wildlife species. Pipe and squash pipe culverts offer:
more limited throughpassage suitability for wildlife. We were not able to assess modern embedded box culvert design:
due to erduring onsite habitat disturbance from construction activities, but our data from other structures suggest that
they will prove valuable for wildlife througbassage once vegetation in construction footprints matures. Older flat
bottom box culvert design performed poorly in terms of wildlife use. Our results also suggest a relationship between
factors relating to stream hydrology and movement surface type/availability in all structure design types intended to
feature natural stream bottoms, where stredlow and deposition/erosion governs the formation and maintenance of
movement surfaces of varying levels of suitability for wildlife movement. Project results also confirmed that the modifiec
Movement Guild framework presented in Marangelo and Farrell§2@hat relates potential species use to culvert/ridge
size accurately reflected observed patterns of wildlife structure use, except for bears. A small number of bear througl
passages in this study suggests that bears should no longer be considered tra@pecies likely to use small size class
culverts.
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1. ProjectOverview

The rationale for this projecits rooted inthe evolving field of road ecology, which has thoroughly
demonstrated that roads and wildlife impact each other in mutually detrimental wayhkere are
thousands of miles of permanent roads in Verm@hnderson and Sheldon 2011), which, along with
associted developmentare significant barriers for wildlife movement and a source of mortality for many
species. Also, vehiclewildlife collisionscreate extensive vehicle damage and human deaths; eighteen
people have lost their lives in accidents with moaseecent years in Vermont, roughly averaging one
human fatality per yeafVT F&W) In the United Statesverall, an estimated one to two million collisions
occur each year between cars and large, wild anialhese issues affethe satty of wildlife and
humans and impairs a conservation value of increasing importance: the connectedness of forested
habitats for wideranging terrestrial throughout and beyond Vermont. This project represeatsaps

the most extensiveresearch effort todeveloproad corridor management optiont® encourage the
movement of wildlife underneath through bridges and culverts in the northeasteno dS§te.

Thisstudy builds on the preceding phase of this project (Marangelo and Farrell 2016), which generated
crucial insights about wildlife use of transportation structures in Vermont for threpagsage.
Specifically, we:

1) Set up a camera monitoring system to document relationships between wildlife use frequency
and specific design attributes of transpaiitan structures found among thg/pes of culverts
that wildlife has been shown to use to move under roadways fidanangelo and Farrell
(2016)

2) Interpret project results in a way that camform, influence, and improve regional decision
making and management actices in road corridors tdecrease the habitatragmenting effects
of road corridors for wildlife.

For example, if a stretch of road is known to have substantial wildlife movement over the roadday
nearby bridge, culvert or other structure is dfer an upgradeproject resultscould help make the case

for informing structure replacement or retrofit in ways that will provide greater opportunity tha
movenent of wildlife under the roadway. Similarly, where roads form riggrermeable wildlife
movement barriers between large blocks of forested habitats, detsed guidance on improving existing
culverts and bridges for wildlife movement may restore habitat connectivity in ways that can specify
benefits for individual wildlife species groups ofspecies.

The importance of this issue is augmented by the increasingly urgent conservation need to improve the
functionality of a regionally connected network of habitat for wildlife. By decreasing the habitat
fragmenting barrier effect of major road awtors, wildlife movement between large forested habitat
blocks will increase, and this will help maintain genetic diversity of wildlife populati@iter enabing
movementrelated adaptation needs that may arise in response to increasing rates of habhaage

! According tawildlife-Vehicle Collision Reduction Study: Repo@dagres§FHWAHRT08-034), 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.



driven by climate change. Statewide highway infrastructtitat is managed to increase wildlife
permeability in key areashereby better connectinpabitatsotherwiseseparated by road corridoris an
important part ofcreating andnaintaininga habitat network that links regionally significant habitat areas
(such as between the Green and Adirondack Mountains).

The first phase of this study (Marangelo and Farrell 2016) 1) substantiated a Passage Assessment System
Framework modifiedrbm Shilling et al (2012) for identifying potential species use based on structure size
characteristics; 2) found that site characteristics such as structural connectivity of forested habitats that
links habitat on either side of the road through a struetappeared to have a substantial influence on

the frequency of structure use by wildlife; and 3) hypothesized that a good deal of otherwise unexplained
variation in throughpassage data may be related to the influences of transportation structure
characeristics on wildlife througipassage frequency, and these characteristics are linked to specific
structure designs.

This study builds on the results of the preceding study by primarily addressing questions related to the
third Phase 1 study outcome. Wdgiour refined understanding of the effects of site characteristics on
wildlife structure use from Marangelo and Farrell (2016), for this study we sought to select a range of
different structure designs at structure sites that were most likely to be usedildlife for through
passage. Resulting througlssage data from these sites would is then used to better characterize the
effects of different structure design types on wildlife use for unterd movement.

2. Methods

2.1.Site Selection and Game Cameradlietion

We identified 26 bridges and culverts to collect data on wildlifugh-passagewith game cameras
(Table 1Figures 1, 2, 3, and,4vhere a throughpassage is the movement of an animal under a roadway
through a culvert or bridge. Cameras weetup at most sites in April 2016, with a small number of sites
being set up later that summerGmera data collection concled in December 2018.

To select study sites, we examined all bridges and culverts on state and interstate highways that intersect

a spatial data layethat identify a habitat network connedtg large forested habitat blocks in Vermont

(Vermont Agency of Natural Resources, 2016).  Our site selection process wasrbmsed & ¥+ G f  F€ |
screening criteria from the Passage Assesardgstem (PASS; Kintsch and Cramer 2011) that evaluates

OdzAff SN a F2NJ LRGSYdAlLt dzaloAtAdGe o& +aG tSrad 2yS
framework from Marangelo and Farrell (2016)) insights on wildlife/transportation structure use

generated by Marangelo and Farrell (2016), which suggested that a suite of structure and site
characteristics influenced the frequency of wildlife transportation structure use: the availability of dry
movement surfaces within a structure; movement surfasmposition; and the structural connectivity of

forested habitat through a transportation structure site linking larger forest blocks on either side of the
roadway (we screened out structures that featured discontinuous structural connectivity site
characteistics Marangelo and Farrell (2016)).

All structures visited were ranked from 1 to 4 based on PRSINA OSR ddzall oAf AG& ONRGS
discourage wildlife use:

91 Fluvial geomorphic characteristics that encourage or impair wildlife movement (e.g. perched
culverts, high gradient culverts, etc).

10



1 Upstream and downstream habitat/cover in proximity to the structure

Other nearby human uses/disturbances

9 Overall accessihii of culvert entrance and exits (blocking vegetation, steepness of the valley
walls surrounding the channel)

1 Water depth and water coverage (degree of inundation) inside of the structure (are there any
dry or shallow passable areas?)

1 Proximity and type oflevelopment to structure

=

We then developed a list of structure design types that we believed offered different kinds of movement
surface availability (Table thore detail in Appendix)Aand attempted to achieve, as much as possible,
equal representatiorof each design type in our set of sites selected for this study.

Tablel. Twentysixcamera sitegor monitoring wildlife use of transportation structuregth structure
size class and design type. More details are found in Appendix A

Structure Road Town Size class Design type

4-42 us 4 Bridgewater med/large span

7-195 us7 Sunderland small  squash pipe

7-23-8 us7 Manchester small pipe culvert

9-17 VT9 Woodford small pipe culvert

100118 VT 100 Killington med/lg  new precast box culvert
10047 VT 100 Wilmington med/lg  new precast box culvert
100-78 VT 100 Jamacia med/lg  spar*

100a8 VT 100a Plymouth med/lg  spar*

11315 VT 113 Vershire small squash pipe

11319 VT 113 Vershire med/lg  span

12224 VT 122 Glover small old boxculvert

12519 VT 125 Ripton med/lg  new precast box culvert*
12a10 VT 12a Braintree med/lg  span

13313 VT 133 Ira med/lg  span with footing shelf
1556 VT 155 Mt Holly small pipe culvert

16-13 VT 16 Glover small pipe culvert

17-24 VT 17 Starksboro med/lg  arch culvert

17-32 VT 17 Waitsfield med/lg  span

17-36 VT 17 Waitsfield med/lg  span

30-22 VT 30 West Townshend  small old box culvert

3047 VT 30 Winhall small new precast box culvert
9-25a VT 9 Searsburg med/lg  span

9-25b VT 9 Searsburg med/lg  span

91-17-2 191 Putney med/lg  "V" bottom box culvert
191a 191 Sheffield small pipe culvert

Union Street  Union Street Brandon med/lg  span

* new postlrenestructure

11
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Table 2. Structure design type categories used to guide study site selection processietéieare
found in Appendix B.
structure design type
old box culvert
"V" bottom box culvert
new precast box culvert
arch culvert
pipe culvert
squash pipe culvert
span
span with footing shelf

2.2.Data collection

ReConyxPC900 cameras were used to collect data on wildlife movement through transportation
structures. Cameras were mounted on trees, bridge piers, or bratgements. Since we used best
available mounting locations for cameras, there was a good deal ofiéyian the positioning on the
cameras with respect to structure openings. Cameras were oriented so that they would be triggered by
an animal movement within and, whenever possible, near structure openings. At smaller culverts, a
camera was focused dooth ends of the culvert to capture exits and entrances in either direction, thereby
creating redundant capability to detect througlassages. On larger bridge spans, up to six cameras were
deployed to achieve spatial detection capability across theemtidth of the structure on the exit and/or
entrance side, but without redundant (both entrance and exit) detection capability. Cameras were set to
take three photographs at a rate of 1 per second for each trigger, 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.

Winter wildlife tracking

We visited each of the 26 sites at least twice over the course of thegrtp collect tracking data on
wildlife movement on roadways. Tracking work was performed during periods of adequate snowcover in
the winters of 20162017, 20172018, and 20181 1 m ¢ ® 2AfREATS (N O1a 6SNB
along the roadway, entered on the monitored culvert or bridge. Tracks were identified to the lowest
possible taxonomic level (most often to species, small rodents were disregarded) and recorded with a GPS
device. Trackased evidence of successful wildlife road crossing neeorded for all terrestrial species.

O«
N

2.3.Data Management

We visually scanned all photos for the presence of wildidentified to species, andecorded each
detection in a database created for this projectOne detection was recordedfor each animal
photographed. If an identifiable individual was photographed within 10 minutes of its initial photograph,
we did not record a separate detection. Other than this detection recording rule, no effort was made to
link detections to specific individuals.

Somecameras were oriented such that they were liable to false triggers from leaves and vegetation
blowing in the wind, sunlight reflecting off water, etc., and would reders of thousands of photasver
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the 3month camera check interval. To process thebetps, we sometimes created an .avi movie file
from all the pictures and set a frame speed of 6 frames per second, which proved slow enough to identify
individual wildlife detections. This greatly improved our photo processing efficiency and helpedzainimi
processor fatigue.

We then cross referenced all detections at a site by date, time, and location to determine and code
individual wildlife through-passages with one wildlife througkpassage consisting of photographic

evidence of one animal completelyaving under a road through a transportation structure. Mink

(Neovison vison long tailed weaselsMustela frenatg and short tailed weaseldVi( erming were

sometimes difficult to differentiatéo species in game camera photos and were therefore comhimed

I aavyltf oSFasSteée OF i Pasray@wasirecotded ighd durdatdbasewhen at léaét N2 dz3
one photograph depicted an animal either entering or exiting a structure, providing there was no
subsequent photographic evidence of an immediaté dzNJ/ | NBdzy Ré¢ 6 So3ad |y Sy i NI
from the same end of the structure).

To calculate the frequency of structure use, the total number of threpgbsages at a site were divided
by the number of structure monitoring days (where one morniitg day = a day where at least one
structure-focused camera at a site was operational). Threpgbsage frequencies were reported per 100
monitoring days.

We recorded and analyzed detection and throyussage data for a set of 13 focal species (Table
comprised of larger terrestrial mammals that are mostly wideging and/or are of some conservation
interest.

Table 3: List of focal species and number of sites detected.

# of sites
Species detected
Coyote 13
Deer 17
Moose 1
Black Bear 10
Bobcat 12
Fisher 7
Grey Fox 5
Otter 4
Red Fox 11
Skunk 6
Small weasel 15
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3. Results

3.1.Wildlife Detections and Througtassages

Structurefocused game cameras recorded a total of 660,000 photos over 18,057 monitoring days across
all sites, yielding 1,641 detections of 13 focal species and 1,347 focal species themsglges (Table
examples of game camera photos can be foundppendixB). Detections of an additional 9 secondary
species were recorded (Taldg while small mammals (mice, voles, chipmunks, squirrels) and other birds
(wood duck, bald eagle, great blue heron, crows, ravens, woodcock, mergansers, swallows etc.) wer
photographed but not recorded. Raccoons were particularly abundant at most sites, having been
recorded using all structures in this study to move under roadways, including structures that had no
through-passage data of focal species.

There were substatial differences in mean species throughssage frequencies across all sitegre

5). Deer had by far the highest mean throyggissage frequency of all focal species (3.78 per 100 days).
Bobcat, fisher, small weasel, and coyote had more moderataititrpassage frequencies (between 0.15
and 0.64 per 100 days). Grey fox, red fox, skunk, otter, bear, and skunk all had low mean-pgasseye
frequencies (< 0.15 per 100 days), and only a small number of detections and no tpasggyes were
recordedfor moose.

Variation of site througipassage data

There was substantial variation of focal specie®ughpassage frequernes across all sitegFigure §.

Moderate or high througkpassage frequencies were recorded for the 13 sites (between 1.0 and 15.0
through-passages per 100 days). Site?58 and 442 hosted high througipassage frequencies (36.5

and 49.2 througkpassages per 100 days, respectively) compared to other sites, mostly due to a high
frequency of use by deer. Eleven of 26 sites had Mmwthroughpassage frequencies (>1.0 through

passage per 100 days), with two of these having no threpagsage use at all. This was surprising,
considering that we systematically selected sites that appeared most suitable for use by focal species for
throughlJr 34l 3S4>x olFaSR 2y 020K aFlFalFf FtlFgogaé ONRGSNR
unsuitability for wildlife use, and the refined understanding of the influence of site characteristics on
wildlife use from Phase 1 results (MarangeloandlFRaB f £ HamMc 03X gKSNBE airdsSa oAl
connectivity through a site were rarely used by focal species.

The large number of lowse sites prompted us to 1) investigate additional site characteristics that might
explain low wildlife througfpassage frequencies; and 2) incorporate data from Phase 1 (Marangelo and
Farrell 2016) from a subset of sites (TaB)ethat met Phase 2 site selection criteria into the current
analysis of the effects of structure design on focal species thrpagkage. T allowed us to increase
our sample size for our analysis on the effects of structure design on wildlife thymaggage frequency.

Site characteristics that inhibit wildlife througassage

Early on, we observed that wildlife througlassage was low orom-existent at sites that hosted new
culverts and bridges constructed to replace structures that failed in 2011 during tropical storm Irene. We
specifically sought to include these structures for this study because they were built to current
specificatiors that incorporate flood resiliency and AOP compatibility values. However, all these
structures lacked vegetation cover around stream entrances and exits, due to the footprint of structure
replacement construction work. There were 6 of these structuriim study (Table 1). All six of these
sites had very low focal species throdg@ssage frequencies (Figuske
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Table 4:Number of detectiongboth throughpassages and approaches) of focal spenjesite.
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Site

80
955

14
83

10
58

10

21
217

Coyote
Deer

35

20

26

42

53

386

Moose

26
160
107

1

Black bear

Bobcat
Fisher

30

21

44

47

62

17

13

0

Grey fox
Otter

19
81

12

31

13
18
100

Red fox
Skunk

30
176

30

0

Small weasel

82 49 1641
18057

1649

152 36

80 101

12
389

14
633

58
448

158

399 69 29 63 55 247
601 634

613

Total

573

608 1541 560 1272 428 630

609

612

453

453

357

586 611 1660 492 448

586

611

# days?

number of cameranonitoring days at a site

*Site carried over from phase 1 of this projeatlata reflects 4 years of camera monitoring
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Table 5: List of secondary terrestrial species detected by cameras.

Secondary
species

Raccoon
Woodchuck
Domestic cat
Domestic dog
Lagomorph
Muskrat
Opossum
Porcupine
Turkey

Table6. Phase 1 camera sites (Marangelo and Farrell 2016) from which data fron22Q@64vas used
for analysis of the effects of structure design on wildlifeough-passage.

Structure Road Town Size Designtype
class

11420 VT 114 Newark med/lg  span with footing shelf

4-12-17 us4 Ira small pipe

191bE [-91 Sheffield small pipe

191bW [-91 Sheffield small pipe

191-101-3s 1-91 Sheffield small pipe

4A-13 VT 4a Ira med/lg  span

191-101-2s [-91 Sheffield small pipe

10353 VT 103 Shrewsbury  med/lg  Vbottom box culvert

30-84 VT 30 Poultney med/lg  span with footing shelf

735 VT 73 Sudbury med/lg  span
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In addition to the posirene structures, there were still many additional lase sites. Upon further examination, these
sitesappeared to feature more development near transportation structures compared to sites with more wildlife use.
While our site selection process screened out potential sites with directly adjacent development, it would have beel
impossible to achieve the d&ed number of camera sites for this study if we had used stricter development criteria to
screen out all sites that had development in the vicinity. We instead assumed that the levels of development near th
camera sites we selected were not enough siobstantially impact the frequency of wildlife use of transportation
structures.

To assess the influences of nearby development on use of transportation structures by wildlife, we created an index
development influence at each site by 1) identifyinglijkmovement pathways through each site based on contiguous
forested habitat within the riparian corridors at each site (Figure 7). Likely movement pathways werdigiéimdd from

a visual assessment of orthophotos and LIARed hilshade data layerf®r pathway identification; 2) creation of a 50m
buffer around each dwelling unit (derived from an E911 spatial data layer for VT) within 300m of a culvert or bridge; <
intersecting these buffers with the movement pathways (Figure 8); 4) calculatitie oatio of the area of intersection

of 50m buffer around each residence with the area of the movement pathway. We plotted this index against through
passage frequencies of sites from both Phase 1 and Phase 2 of this project (Figure 9). Becausesmeith sit
development index > 0.1 had througlassage frequencies at or near zero, we selected 0.1 as a threshold to use to identify
sites where development likely suppresses throggissage frequencies (Figure 10). This threshold created development
index-based site groupings for throughassage frequency data that had significantly different means (p=0.0314; Wilcoxon
rank sum test, Figure 11)). We therefore excluded all sites from subsequent analyses on the effects of structure desi
on throughpassagavhere the development index was > 0.1.

Variation of througkpassage data by structure design

To assess the effects of structure design on wildlife threpagsage, we first needed to create a classification of structure
design types that explicitly ks common structure designs with the characteristics and availability of movement surfaces
(Table 7). To accomplish this, major design type distinctions needed to be differentiated irgoosyis according to the
differences in the characteristics of mawent surfaces that they offered (Table 7). This resulted in the creation of some
Y2@SYSyild &adz2NFI OS OFGS3az2NxASa GKIFIG ¢6SNBE SEOft dzaigsS (2
movement surface ipipe culverts movement surface categ&ida G KI G | LILISF NBR Ay Ydzf G A LJX
occurs in bothV bottom box culvert@and span with footing sheltructures); and design categories with multiple
movement surfacesspansg SNE O2 YLINA A SR 2F a0 NUzOG dzZKB & yE AT R Nd S BB yING H
surfaces).

We then compared wildlife throughassage frequencies of structure categorized by both structure design type and
movement surfaces. Both Phase 1 and Phase 2 sites were used for this analysis (Table 1 &)dekahlding all sites
with site characteristics that suppressed wildlife use: new @ste structures, sites with fragmented site structural
connectivity, or development indices > 0.1 (Figure 12).

Among design types, bopansandspan with footing salf categories had higher throughassage frequencies compared

to other design types (Figure 13)Old box culver® ¢ KA OK SEOf dzaAr @St é O2yaraisSR
movement surfaces (TabW®, had comparatively low through passage frequenciDifferences between the mean of the
four design categories that consisted of data from more than two sites were significant (ANOVA P=0.004), with paire
comparison tests indicating that the differences between the meanspahsand old box culverand spansand pipe
culvertss SNB aA3IYyAFAOLIYylG o6¢dzl SeQa LIrndnot YR LIandnnnoX N
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125 Meters|

125 Meters

Figure?. lllustration of the process used to identify likely movement pathways. a) visual identification of forest cover of
orthophotos that provides likely movement habitat across a road corridor; b) LIDAR hillshade layer was used to confirm
location of riparian corridor; c) polygon of most likely movement pathway was hand digitized from interpretation of a)

and b). Site 2140, Baintree.

125 Meters|

Figure8. lllustration of 50m buffers around all residences within 300m of a transportation structure (Sie012a
Braintree).
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Figure9. lllustration of the intersection of the mosikely movement pathway with 50m residence buffers considered
GAY Tt dzSYOSR o0& RS@St2LISyidéod 58S0St2LIYSyid AYyRSE F2NJ

GAGKAY |+ avyz2ad tA18te Y20SYSyid LIoBrated: (2 GKS G20l ¢
60
50| .
o 40
® 30 *
S
520*
g
10+
.. .
]
0 ' ® . oo. ®
0.0 0.1 0.2 0.3 0.4 0.5 0.6

development index

FigurelO. Scatterplot of througtpassage frequencies for each site against site development index. Shaded area
represents sites that we interpreted had low, developménpaired throughpassage frequencies, it threshold set

for all development indices >0.1.
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Figurell. Comparison of 100day througlassage frequencies of sites where the development index <0.1 vs >0.1.
Comparison includes sites from project phases 1 and 2, withRwstirene structures (6), structures with poor
movement surface availability (1), sites with fragmented structural connectivity (4) excluded. Difference between the
mean of both groups is statistically significant (Wilcoxon +sunk test, p=0.031).

Table 7: Structure design categories used for this analysis, predominant movement surfaces found within desig
categories, and comments on factors governing the relationship between structure design and movement surfac
availability in structures that othérA & S KIF @S y2 t! {{ aFr G+t Ftlgaé o{ KAT/
Appendix B.

relationships between design and movement  |# of Phase ]# of analysis
structure design type movement surface surface sites sites*
Will have dry movement surface unless structur
arch culvert dry or partially dry natural streambed |undersized 1 1
Flat concrete structure bottoms always wet - on
old box culvert sheetflow concrete dry if stream is annual. 3 3
"V" bottom box culvert |dry concrete Dry concrete along edges of culvert bottom 1 2
dry gravel/sand/cobble streambank |Low/moderate gradient stream 2 0
new precast box culvert - -
dry boulder/cobble High gradient stream 2 0
Will have dry movement surface unless structu
pipe culvert round pipebottom undersized r| 4 10
Will have dry movement surface unless structur]
squash pipe flat pipebottom undersized 2 1
Bank stabilization used under a majority of brid
riprap bank spans 3 1
From fine, fluvial-deposited sediment; low
span even streambank gradient rivers wher bank stabilization not need 2 2
Driven by stream hydrology: abnormally flashy
dry streambed streams with periods of no flow 2 2
Predominantly fine particle substrate; typically
level floodplain found under valley-spanning bridges 2 3
span with concrete Footings built on shallow ledge offer flat dry
footing shelf dry concrete movment surfaces at most river flows 2 2

* All sitesfrom Phase 1 and Phase®this study, excludingites that had 1) Fragmented structural connectivity; 2) Poor movement
surface availability; 3Jevelopment index >0.1.
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Figurel2. Throughpassage frequency data for all Phase 2 and Phase 1 (Marangelo and Farrell 2016) sites by site
characteristic category, with overlaid bgiots. Category specific results warged to justify excluding sites in the
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on the effects of structure design on througlassage frequency.
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Figurel3. Throughpassage frequency data points and box plots categorized by structure design type. Data point
markers correspond to specific movement surfaces. ANOVA means test (excluding categories with <3 data points)
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indicated significant differences beégn the means (p=0.004), with differences between spans and old box culverts and
ALl ya FyR LIALIS OdzZ gSNIa aA3IyAFTAOFLYy(d o¢dz1 SeQa LIrnonor

Becausespansare large size&lass structures large enough to allow deer movement along ethier focal species, and

deer represented a large proportion of overall throughssages in the dataset, we excluded deer from the data and re
ran the analysis.Spansandspans with footing shelvesntinued to perform well in terms of througpassage fquencies

when deer were excluded compared to other design types, but differences were not as large, and differences betwee
the 4 design categories with more than 2 sites weog quite statistically significant (ANOVA p=0.0564y(re 1%).

Throughpassa@e data fompipe culvertsvere remarkably consistent compared to other structure types.

While we had only one site withsgjuash pip&lesign (Site-19-5; an additionasquash pipsite (Site 113L5) was excluded

from the analysis due to nedoy developmet), this site had a remarkably high throughssage frequenoythe largest

of any culvert in either phase of this study. The scarcity of this design type prevented us from incorporating larges numbe
of this design type into this study.

Effects of Moverant Surfaces

When throughpassages between movement surface types were compared, movement surface categories that containe
primarily data fromspanstended to have higher throughassage frequencies, especially when deer were included in the
data (Figured5 and 160 @ Ly LJ NIGAOdzZ F NE GRNE AGNBFYOoSRéZ aS@Sy
categories featured higher througiassage frequencies, both including and excluding deer thrpaglage data.
Statistical comparisons between meanrdhghpassage frequency data were not attempted because of the
predominantly low sample sizes within each movement surface category.

Results from some movement surface categories reflected direct relationships with structure design types, as moveme
SINFI OS&a 6SNB AyidSaNIt LINIG&a 2F GKS &dNHzO0G dzNB & @ C2NJ S
old box culvertswith flat concrete bottom& 'y R G NB dzy R LJA LIS 6 2 (i pipe Yulvert& S NF R F & d
pipebottomé & | & 2y Bgdastfpezy R A Y

Throughpassage frequencies were enhanced at a small humber of sites by the existence of viable secondary moveme
surfaces (Figure 17). Most often, secondary movement surfaces were wet stream bottoms with substrateebf gr
cobble, and sand, and were used by deer. For example, Sit@9kBVershire hosted, in addition to the movement of
other focal species over the F@ap streambanks (bobcat, fisher, coyote, small weasel), deer moving over the inundated
streambottom under the bridge span. Througlassage frequency at this site is likely higher than what otherwise would
KFEIgS 0SSy NBO2NRSR 2@0SNJ GKS YFAY AGNARLINI LE Y20SYSyild ac
Sizebased Structure Design Factors

The relationship betweestream bankfull width and structure width intuitively would seem to influence over the amount
of dry movement surface availability in a structure: the wider a structure is with respect to the size of the stream, the
greater the availability consistentlyry movement surfaces for wildlife. To investigate this relationship, we calculated
stream bankfull width from hydraulic geometry equations for Vermont (using estimates of upstream watershed area usin

USGS streamstat$it{ps://streamstats.usgs.gov/s¥) and plotted bankfull width estimates against througassage
frequencies, excluding all sites in low wildlife use categories from Figure 12.

There was a significant linear relationship between thropgksag frequency and the ratio of structure width to stream
bankfull width (Figure 18; y=2.802852 + 11.409248* p=.0.0015). However, the strength of this relationship is heavily
influenced by the effect of bridggpans which had much higher througbassagdrequencies than other structure design
types, and whose larger througiassage frequencies were attributable to their ability to be used by deer. When spans
were excluded from the throughassage frequency data, there was no apparent relationship baiwe®ughpassage
frequency and structure width/bankfull width ratio (Figure 19). Nor was there a significant relationship when deer dats
were excluded (Figure 20).
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Figurel4. Throughpassage frequency data with deer excluded dox plots categorized by structure design type. Data
point markers correspond to specific movement surfaces. ANOVA means test (excluding categories with <3 data point
indicated that differences in category means were nearly significant (p=0.0504).
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Figurel5. Throughkpassage frequency data categorized by movement surface type, with data point markers
corresponding to specific structure design types. Movement surfaces that corresponded with bridge spans generally
had greaer throughpassage frequencies.
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Figurel6. Throughkpassage frequency data with deer excluded, categorized by movement surface type, with data point
markers corresponding to specific structure design typdsvement surfaces that corresponded with bridge spans
generally had greater througpassage frequencies.

Figurel?. lllustration of secondary movement surface at site-193Vershire. Most species used the riprap bank,
gKAES RSSNJ) dzaSR | agSi adGNBFYOoOSReé aSO2yRIEINE Y20SYSy
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Figurel8. Scatter plot of througipassage frequencies vs. structure width/bankfull width ratio. The linear relationship
between the two variables was significant {2:802852 + 11.409248% p=.0.0015).
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Figurel9. Scatter plot of througipassage frequencies vs. structure width/bankfull width ratio, excluding data from all
spans.
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Figure20. Scatter plot of througipassage frequencies vs. structure width/bankfull width ratio, excludlihdeer
through-passages.

3.2.Winter Tracking
Winter tracking efforts recorded 311 successful wildlife road crossings across all study sites between the winter of 201
17 and 201819 over 86 site tracking visits (Tabledétailed maps of tracking obseti@ns are in Appendix)C

Coyote road crossings caumbered all other species, accounting for over 44% of all detected road crossings8)Table
and crossed the road much more frequently compared to throepghsagesHigure 2). Conversely, only oneaose
crossing was detected during an informal site visit that was not part of the organized tracking effort. Tracking data we
particularly helpful in interpreting througpassage data by documenting wildlife activity around sites for which few
through-passages were recorded. For example, Site-12#n Braintree had surprisingly few wildlife throughssages

(with a development index > 0.1), 1, yet had 2 deer and 6 coyote road crossings in the vicinity of the stRigtmes22.

3.3.Movement Guilebased Aalytical Framework

A primary objective of Phase 1 of this project (Marangelo and Farrell 2016) was to test the Movement Guild analytic:
framework for identifying the most likely species use patterns of a given transportation structure based on size
characteristics.  For this analysis, we integrated Phase 1 and Phase 2 tipasggige data. ResultSidure 23 were
predominantly consistent with the movement guild groupings recommended by Marangelo and Farrell (2016).
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Table8. Number of winter roadrossing tracking detections at each site. Due to the difficulty of identifying every track
G2 aLISOASax a2YS 20aSNBIFGA2ya NS OflraarfTASR o0& (GKS f
were most strongly represented in thdataset, accounting for over 44% of all detected road crossings.

Small Gray Red
site Bobcat Deer Moose Ermine Fisher Mink weasel Coyote Fox  Fox Fox Otter Skunk Total
100-118 1 6 1 6 14
100-47 1 1 1 3
100-78 1 4 5
100-8a 1 2 2 5
113-15 1 4 5
113-19 1 2 2 5
122-24 1 4 9 2 2 18
125-19 1 2 3 5 11
12a-10 2 1 6 2 2 1 14
133-13 1 1 4 2 8
155-6 1 1 8 2 12
16-13 1 2 8 11
17-24 1 1 7 2 11
17-32 2 6 3 5 1 17
17-36 3 22 3 28
30-22 6 2 8
30-47 1 2 3
4-42 1 1 1 4 7
7-19-5 14 2 1 7 1 25
7-23-7 2 1 1 3 1 8
9-17 1 1 1 1 1 1 6
9-25a&b 2 2 2 8 14
191-17-2 5 4 3 12
191a 1 1 2 2 2 8 16
UnionSt 9 1 6 18 4 1 39
Total 18 33 2 36 33 3 138 10 2 31 1 4 311
150 species
° * Bobat
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125 e
« Gray Fox
* Otter
* Red Fox
100 Skunk

* Small weasel

road crossing
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Figure21. Scatterplot of number of detected road crossings vs number of thrpaglsages for each species. Coyotes
crossed the road much mofeequently than they used structures for througdassage, while deer had much lower
number of road crossings with respect to the number of detected thrgpagsages, possibly due to less movement of
deer in winter.
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Figure22. Map of focal species road crossings at Sitd@2(Braintree). This site had only 1 deer throygissage
during the project and had a relatively high development index. Road crossings denoted by red circles. Red circles
without a species identifier repsent crossings of nefocal species.
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Figure23. Mean species througpassage detections per site with Phase 1 data added (Marangelo and Farrell 2016) to
the current dataset. Movement guild species groupings appeamb¥laxis. HOHMC and AU guilds are expected to be
limited to using medium or large size class structures.
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Movement guilds were evelopedby Kintsch and Cramer (201t evaluatethe potential benefit of transportation
structure retrofit/replacementfor structure-specificwildlife passage mitigatioprojects in terms of potential species use.
This framework was modified for Vermont by Shilling et al (2012), and further refined by the results of Phase 1 of th
project (Marangelo and Farrell 2016). Phastu@ly results were consistent with this framework with one exception. We
observed six bear througpassages at four sites in our results, whereas in Phase 1, no bear thvasgages were
recorded. All bear throughassages were recorded at large sit@ss structures. Moreover, we have photo
documentation of a bear bypassing a small culvert in the process of crossing the road, with a both a first detection ar
return detection (Figure4). In this case, the bear chose to walk over the road rather gaess through the culvert. With

this limited set of observations, we recommend provisionally removing bears from the set of species that can be expecte
to use small size class structures. Bears are considered part of the AHMF movement guild, vexipbcieg to be able

to use structures in all size classes. Our data on bear thrpagbage provides no reason to expect that bears would be
unable to use medium sizgass underpasses, so we recommend a more flexible classification framework ofagdilds
species where bears are removed from the set of AHMF species expected to be able to use small size class structures
are retained in the set of AHMF species that can be expected to use medium and large size class structures. The revi
movement guld groupings appear in Tab®e

return trip (Site #19-5, squash pipg This culvert was regularly used by bobcat for threpgbsage.
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Table 9: Revised size class/movement guild species composition framework for potential focal species use c
transportation structures across a range of structure types and sizes based on results of the present study, with bear bei
removed from the set of AHMPpscies considered likely to use small size class structures. Derived by Marangelo anc
Farrell (2016) which in turn was a modified version of the initial groupings from Shilling et al (2012).

Size Clas{ Structure Movement guild species
Small | PiPe,box, and arch \oqerate Mobility Small Fauna (MMSF) small weasel, foX
d culverts; otter, fisher
Underpassi sc o A RS + yHR Adaptive High Mobility Fauna (AHMF) | lynx, bobcat
Medium _ otter, fisher
underpass begwr(]ae_nhmand y Width Aqantive High Mobility Fauna (AHMF) | lynx, bobcag bear
and height Adaptive Ungulates (AU) deer, moose
Moderate Mobility Small Fauna (MMsF)| SMall weasel, - fo
_ otter, fisher
Large Erfge sganj,é?rghe culvert. agaptive High Mobility Fauna (AHMF) | lynx, bobcatbear
underpass wide, '9 Adaptive Ungulates (AU) deer, moose
High Openness HigMobility Carnivores cougarwolf,
(HOHMC) coyote

4. Discussion
4.1.The effects of structure design on Focal Species Use of Bridges and Culverts in Vermont

Site characteristics

We anticipated that this research would improve our understanding of the complexity of the interacting factors that
influence transportation structure usability by wildlife, systematically building on insights gained from Marangelo anc
Farrell (2016). Ahwhile our results indeed achieved this objective, similar to Marangelo and Farrell (2016), we agair
needed to alter our analysis to incorporate new unanticipdetorsinfluendngthrough-passage data. We incorporated

the state of our understandingfahe effects of site characteristic gained from Marangelo and Farrell (2016) into our site
selection criteria for the present study, only to discover that there were additional unaccounted for site characteristics
(the influence of neasite development ad vegetative cover around structure ends) that were still influencing results
from the current project phase. Neither the current phase of this project nor its predecessor (Marangelo and Farrell 201¢
had as an explicit objective to better understand tbffects of site characteristics (such as structural connectivity of
forested habitat or nearby development) on wildlife use of transportation structures. Marangelo and Farrell (2016
started from the assumption that the existing Passage AssessmentiSgstmodified for Vermont by Shilling et al (2012)
provided enough information to select culverts and bridges for the project that would be most likely to be used by wildlife
The need to adjust our analysis to account for unanticipated influences onghipassage data reflects the complexity

of the interactingsite ofsite and structure characteristics that influence the frequency of wildlife threpagsage.

Our methods to develop an index of site development influence wassoryattempt to quantify a factor that appeared

to be influencing wildlife througipassage frequencies. Our distance threshold of 50m from a residence was-a best
judgement determination, as researching the effects of development on species movement patterns of multiple specie
and then integrating this research into a single distance humber was beyond the scope of thistadgsultingndex

of site development, while leavimguchroom for refinement, nevertheless proved useful in providing important insights
on a site chaacteristic factor that influences wildlife use of transportation structures.

Vegetative cover around structure ends proved to be another important site characteristic because it was completel
lacking from several sites that we explicitly targeted for firigiect: new culverts and bridges built to replace structures
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that failed during tropical storm Irene in 2011. An additional site withtlonwugh-passage frequency (pipe culvertl9)
also lacked vegetative cover around the downstream culvert end,gpesrtas well explaining itew through-passage
frequency

Indeed, the complexity of the relationships between site characteristics, structure characteristics, and tipasggge
frequency isperhaps bestllustrated by our ability, as with Site-1%7, to further interpret throughpassage data by
consideringhow a combination of sitespecific featuresat individual sitesnfluenced throughpassage frequency For
example, our general characterizationadfl box culvertss that they are poor for wildlife &s based on the premise that
0KS LISNLISGdzZ tfte ¢S aaKSSGFt2g O2yONB(GS¢ Y2@0SYSyid adz
However, there is one culvert in this category (Site-224dn Glover, VT) which has higher throyggssagerequencies

than others. This culvert hosts a much smaller stream, and portions of the culvert bottom are dry or nearly dry in th
summer months, allowing more frequent stream use.

Structure design

To facilitate our analysis, we have striven to credie tewest number of classification categorfes structure desigrior

the sake of developing a classification scheme ugeftitansportation infrastructure management. Enlarging the number

of categories (or further subdividing existing categories) dcoommodate most of the factors that we can identify by
drilling down into individual datapoints would create an unwieldly classification framework that would likely be less usefu
for transportation infrastructure management. Moreover, we struggled toagbimeaningful sample sizes within many

of the existing structure design categories, a problem that would only be compounded by a more complex classificatic
framework.

Indeed the result of a large number of Phase 2 sites with little fepmcies uséuri K SNJ F RRa& (2 2dzNJ 02
sites for wildlife passage are very rare, and nearly all potential sites around transportation structures have at least son
issues which can potentially suppress if not discourage wildlife use. Nevertheless,nwdistd some useful
generalizations on wildlife structure use for each of our structure design categories:

Spans

These designs appear best suited for maximizing wildlife thrgpagisage. Their large size is amenable to the broadest
set of wildlife speies for throughpassageRigure 2%, and they sometimes host more than one movement surface type.
Standard practices such as-rggpping streambanKshinder wildlife usability however, unless the hydrological conditions
under a bridge allow for the depdaiin of finder sediments that fill up lower elevation riprap crevices, or entirely preclude
the need for extensive bank armoring under the span. Sgpamsservevalleyspanningoadwayalignmentneeds. Such
spansare the largest of all, have very large structure width/bankfull width ratios (all >2.5 in this study), do not constrict
floodplains with abutments, and thus can offer the width of an entire floodplain for unoad wildlife movement.
Moreover, it is pgsible that our througtpassage frequency data underpresents wildlife use of the largéridgesin
particular, as cameras need to detect animals over longer movement detection fields than at smaller structures, makin
them less sensitive to detecting aifter species.

2 Current Mrans design specifications for new spans include depositing grubbing material over riprap above high water to provide ¢
better wildlife movement surface.
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Figure25. Examples of the variety of movement surface types sipainsOl y LINBE GA RS ® | LIISNI f ST
under valleyspanning bridge @ p 6> { SI NER O dzNH U & I LILIS A widfastiagl sYielvinaReNBarlyd (i NX
all throughpassages occurred on the streambed, which was typically entirely dry during summer months. Lower left:
GNRALINF L AGNBFYolry |l Y20SYSy( spamdbtlaprSectBide) Yavgrfight S@3% R ©
AGNBIFYolylé 2F T spadhatiidKRiotcdss andenticzyivierS/alley{Union Street, Brandon, VT).

Spans with footing shelves

Spans constructed on shallow ledge often feature exposed concrete footings, which create lévél ns f @S & ¢ G K|
use for movement. Older structures that are dramatically undersized for their stream can still support wildlife movemen
via footing shelvesStes 4al13 and 11420 from Marangelo and Farrell (2016); Figu®,Z2ven when the strcture
otherwise offers no other movement surface due to perpetual inundation. These structure types are relatively scarce, bt
illustrate how the offering of a dry, level, movement surface can create opportunity for wildlife thrpagbage in a
structure K & ¢2dzf R 20KSNBAAS 0SS dzydzal of So C220Ay3 aKSt @S
26). Results from these structures suggest that shelves constructed specifically to provide a usable movement surface
any type of structurean offer benefits of increased througlassage, given suitable site characteristics.

Two of the four spans with footing shelves (Sites-133and 3884) conveyed intermittent streamsAt these sitesgt 5 NE
AGNBlI YoSRae¢ ¢gSNBE (KS WR2UOBYEYS8 AWNGEKOHSS dz8 BBOOENBLa Ay 3
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Figure26. Bobcat through passagasspan with footing shelvestructure design types (Site 1-P0 (left) and 4&l3
(right)).

Old box culverts

These structures typically receive use by only species that tolerate wet movement surfaces. Their bottoms are flat at
unless they host an intermittent stream, feature a neavent surface characterized by the sheetflow of water over flat
O2yONBGS dzy RSNJ ySIENIXI & Ffft Tt 2g7).0mhgsRstriclus/afie espacklly Guurfdang &
throughout Vermont.

= 3 S T
Figure27. Examplesd@ f R 62 E Odzf OSNI & 6AGK @&&KSSiF-pWestGawishend) (i S ¢
and 1576 (Cambridge, Marangelo and Farrelll 2016).

E7s

New precast box culverts

We were not able to adequately assess wildlife use of these structures, becausetedl lzwmge construction footprints

that were cleared of all vegetationbyears ago and are just starting to recover. The cleared construction sites offered
little cover for wildlife, and thus these sites were seldom used by focal species. Howeverstituesares are likely to
offer superior wildlife througkpassage opportunity once woody vegetative cover regenerates on old construction
footprints, as long as stream processes allow for the development of dry substrate fine enough to be toleratedday hoov
species such as deer. Structures that need to accommodate high gradient streappeaeto be an exceptionffering
inferior dry movement surfaces of very coarse substrate (boulders and large cobble, as exemplified by Bi(Eigare

28), thatare not suitable for deer or moose (AU movement guild). In situations where it is desirable to maximize wildlife
movement opportunity, specific wildlifemovement design features should be consideredhigh-gradientsites, such as
specific movement sheés separate from the culvert bottom or especially large structure width/bankfull width ratios that
can accommodate some development of floodpihke features within the structure, approaching those more commonly
found on bridge spans (>1.Bigure 17.
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Figure28. Examples of different movement surface developmemtew precast box culvertdJpper right and left: High
water velocity during high streamflow events precludes the retainment of fine particles whthistructure, resulting in
a movement surface predominantly composed of bouldized particles. Site 307, Winhall. Lower left: movement
surface of finer particle substrate. Site 1D, Wilmington.

V-bottomed box culverts

These structures are vergne ¢ we found only 2 suitable for game cameras. By channeling water into the center of the
culvert, they offer superior dry movement surface availability compared to the wet flat bottoms of typicdd dfox
culverts(Figure ®). Project data probablgloes not reflect the potential of this design type for encouraging wildlife
through-passage, as both structures studied were much longer than most witdéfer poth were over 2353eet long).

Since newly constructed box culverts are likely to featem#bedded designs, and are thus more likely to have more
FIL@2NIro0fS Y20SYSy(d &adz2NFIFOSa GKIFIYy RNEB O2yONBGS 06CA 3d:
management of road corridors for increased permeability for wildlife appears questionable.

%

Figure29. Example of & bottom box culvet ¢ A G K G RNE O2y ONB (iS¢ Y20SYSyli2 adzN.
Putney.
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Pipe culverts

Corrugated metal pipe culverts were consistently used by smaller wildlife spedibsielatively low througkpassage
frequencies. They constitute the most numerous type of structure in this study, and were used by most species |
Movement Guilds (Table 8) that are expected to be able to pass through small size class structurenoMithelal for
wildlife passage, given favorable site characteristics and a not overly small width/bankfull width ratio, they provide ¢
limited degree of functionality for wildlife througpassage.

Squash pipes

These structures are rarely encounteredve identified only 2 that were suitable for cameras in this study. One of these
had a high development index, and the other (SHEHS; Figure 23 hosted the highest through passage frequency of any
culvert monitored during both phases of this study. Taiter site suggests thatquash pipesnaybe a superior design
compared to pipe culverts for wildlife throughassage.Squash pipebave a greater degree of dry movement surface
availability compared to equivalently sized round pipes, and the movemefacas that wildlife would use for through
passage are generally less curved.

Arch culverts

These bottomless culvert designs were rarely encountered during our site scouting efforts, and we identified only 2 fc
gamecamera monitoring sites, one of whichrgved unsuitable for wildlife movement because of the degree of
inundation.  We therefore have little data to substantiate their suitability for providing wildlife threpagsage.
However, provided that these structures are large enough with respetiidiv host streams to provide dry movement
surfaces and the gradient is not so steep so that a structure can retain a streambed of gravel, sand, and smaller cobbl
these structures will likely excel at providing throdggissage opportunity for wildlife.

Other structure characteristics

While it is likely that structures with wider structure width/bankfull width ratios are generally better for thrqagisage,

we cannot definitively conclude this based on our project data. As previously noted, the aigmibsitive relationship

in Figure 17s accounted for by deer througbassage, which predominantly used spans in this study. Spans tended to
have larger width/stream bankfull width ratios than culverts simply because longer bridges are often needsfdl to f
roadbed alignment needs, which sometimes requires spans over river valleys. It is possible that the lack of a positi
relationship when bridge spans (and deer) are excluded (Figures 15 and 16) may be influenced by-ttwoulgw
passage culvertwith ratios >0.8, one of which was much longer than ideal for wildlife use, and the other of which had
little vegetative cover on one end. In general, however it appears that rpgrey culvertswith lower width/stream
bankfullwidth ratios (between 0.5 and 1.0) are hydrologically variable enough to permit at least some wildlife movement
opportunity under typical lowflow conditions.

Comments on the influence dfeam gradient

Stream gradient interacted with design type in ways that appeared to influence the usability of transportation structures
by wildlife. Our PASI&ased (Shilling et al 2012) site screening criteria eliminateebi@dient road stream crossings from
camera nonitoring, simply because these crossings tend to have struétunedating deep, slow moving, or still water
that precludes wildlife use. Conversely, higher gradient stream road crossing settings may influence structure design i
way that reduces usality by wildlife. Newer ACGBompatible box culvert designs are typically embedded and feature
natural substrates designed to have characteristics similar to natural stream channels. In higher gradient settings, the
culverts often only retain bouldesized particles (Figure 25), which render a structure usable for a smaller variety of
species, excluding deer and moose. We monitored four newcast box culverts with an embedded substrate AOP
compatible design. While througtassage data at these site®re likely suppressed by the lack of vegetative cover from
the footprint of recent culvert replacement work, our understanding of wildlife movement surface suitability suggests that
high gradient structures would at the very least preclude deer use lsecafithe rough, coarsparticle substrate. If
wildlife passage optimization is desired at a propbstucture replacement site with a high gradient road stream crossing,
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the structure¢ whether it be a precast box culvert or a spanay need to be degned specifically to provide the kind of
even movement surfaces that would maximize the wildlife crossing value of the structure.

Insights from tracking data

Because each visit to a site to collect road tracking data occurs under different trackinjacmdind theseconditions

can change rapidly due to shifts in weather, temperature, and precipitation, the use of this data for bediteeen
comparisons is problematic. This data is instead best interpreted as offering a snapshot of incidencerofaver
movement of wildlife during a limited number of days during the winter, and species road crossing data is perhaps be
limited to comparisons with structure thougbassage data. Project tracking results illustrated that wildlife road crossing
activitywas notable as sites with low througlassage frequencies, both at sites that were development influenced (17
32 and 12al0) and sites that had less suitable movement surfaces (Si#23@nold box culvertg A G K & & KS S
O2y ONB G S¢ Y2 BEaaiihg mapslaNSppedi®) T

It is notable that coyote road crossings were particularly commadmey represented 44% of all the documented road
crossings (Table 7), while coyotes account for only 4.9% of all camera detections, and only 5.8% ofhiptssages.
Coyotes are clearly more comfortable crossing over roadways compared to under roadways. This is consistent with rest
from Marangelo (2017), which documented from habitat focused game cameras that coyotes were detected more
frequently avay from roads than near culverts compared to other species.

Not all speciespecific tracking data can be interpreted similarly however. For example, there are very few deer roac
crossings compared to the number of deer throyggmssagesHigure 20. t is likely that this difference is a result of
behavioral differences of deer in the winter vs. other months, with movement generally being greater in seasons that lac
Snow cover.

Inferences on the status of the suitability of transportation structwewvildlife throughpassage

Because there were more louse sites in our study than we expected, it is reasonable to suspect that existing
transportation structures on Vermont highways currenthsékves crossoad corridor focal species movement needs

noted earlier, roughly 10% of structures on highways that we considered for this study met our site selection criteria, an
a sizable proportion (43%) of the critefi@eeting sites were either not used at all (2 sites) or used minimally (9 sites). It
is therefore reasonable to conclude that roughly 4.3% of the transportation structures within highway segments that
intersect with connectivity spatial data layers in Vermont structures are currentlyswi#td for focal species through
passages in termsf site and structural characteristics.

Human site visitation and other potential influencing factors on focal species thpasgage

While we have clarified the effects of structure design, structure size, and site characteristics in this studynadditi
clarification could be gained by better understanding the effects of frequent human site visitation on wildlife use. In
particular,9te 9-25a in Searsbug VT is a large vadlpgnning bridge, under which is a large, level floodplain that appears
ideal for wildlife movement. However, this site had the lowest thropglssage frequency of all spans that hosted similar
Gt SOPSt FE22RLI I AYyé Y2@8SYSyld adaNFIFOSa o6ft26Sad RFEGE LR
structure being secifically designed with wildlife movement in mind. A nearby parking area off old Rt 9 encourages «
high frequency of human visitation at this site, which appears to deter wildlife use. Indeed, most of the documentec
wildlife movement at this site occred on the opposite side of the river, which featured only a sloping movement surface
composed of boulders and riprap, and little human visitation. This location is where a lynx was detected in 2015 &
VTF&W, using the same game camera.

Similarly, it ipossible that invasive species may form vegetation thickets around transportation structure that are difficult
for wildlife to move through. Several sites visited during study site scouting efforts for this study were potentiallg@npac
in this way byapanese knotweed and at least in one case, black swallowwort.
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4.2.Modified Movement Guild Transportation Structure Size Class Framework

Marangelo and Farrell (2016) concluded that a modified movement guild framework appeared to be useful for makin
predictive generalizations about species use of structures with specific size characteristics. These generalizations ¢
inform efforts to make targeted conservation investments to make structures more suitable for thyaggage use by
replacing or retrofittig structures to wildlifdriendly specifications.

Our recommendation of provisionally deleting bears from the list of AMFH species that are likely to use small structure
contrasts with the original PASS framework developed in the western US (Kintsataared 2011), where small size class
structures are considered usable by bears, and by at least one observation in Maine of a bear using a culvert to mo
under a roadway. The framework in Table 8, while presently useful for managing road corridor/ttatispor
interactions, should be left open to additional modification/revision if warranted by future observations.

Indeed, we are only able to attest to the usefulness of the movement -gtildtture size class relationships in terms of
the species that weletected using structures. For example, our modified framework (Table 8) was consistent with the
prediction that medium/large size class structures are potentially able to be used by the AU movement guild, but with the
qualification that this relationspiremains hypothetical for moose, as we did not record any moose thrpaghages.

A lack of our ability to characterize moose movement preferences is the most important deficiency of our dataset. Wit
the statewide moose population down to approximbt&,000 animals (VT Fish and Wildlife estimate), collecting data on
their preferences for structure use is difficult. The observation of fresh moose tracks around strudfune Bridgewater

(a large size structure with even substrate suitable for nepowhere the moose chose to cross over the road surface
rather than under the bridge, is the only datapoint on moose road crossing for this species in 4 years of effort.

4.3.Recommendations
Several recommendations can be derived from project results éveasing the usability of culverts and bridges by wildlife
for underroad movement in Vermont:

1 At sites where wildlife crossing is an important valueplant construction footprints ofny site where mature
vegetation was cleared for the constructiontbé replacement structure and/or temporary structure.
Currently,site construction footprints are planted with gragsnd sometimes a small number of widely spaced
trees)and then either left alone or, in some cases, mowetantings should ideally, aft&-10 years of
maturation, create enough coveo help facilitatewildlife movement, yet should not form thickets that might
impede movement through a structuredsthere is still debate ovebpest practices for ecological restoration
plantings,persons vith specific expertise should be consulted with to devedopstruction siteplanting
guidelines to promote the development of vegetative cover for wildlife.

o0 Also,wheneverpossible, prohibit mowing dhe construction footprint area There are 2 sitesdm the
current phase of the project where has been observed within the open construction footprints: Site
100-78 in Jamacia, and Site 2008 in Killington (where the land that is being mowed is part of Gifford
Woods State Park!)Mowing will preclude ta development of vegetative cover that will make structure
use by wildlife more likely.

1  Where costefficient road stream crossings are needed and there are lgaserity wildlife movement values
along a particular road corridor segment, consider usigash pipesnstead of roundipe culverts

1 Embedded stream crossingsriaw precast box culverthat host highgradient streams probably needs to be
specifically designed to offer a separate wildlife movement surface, as the structure will otherwise only offer
coarse boulder substrate that is suitable to fewer wildlife species for thrquagisage . This is especially true if
the structure is going to be large enough to allow the use of ungulates (deer in particular).
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1 Closely assess at the potential impacts of nearby development when deciding whether or not to make
conservationrelated investments in transportation structures for improving wildlife passage. The development
index offered by this project can be eitheragsfor this purpose or refined through further study.

5. Conclusions

Results from this study illustrate some important relationships between transportation structure design characteristics
and wildlife use of roagtream crossings for undeoad movement. Sgrifically, results illustrate how relationships
between structure design characteristics and wildlife throymgissage are more straightforward in nrembedded
culverts 6ld box culvertsV bottom box culvertipe culvertsandsquash pipesbecause movwaent surface availability

and substrate type for wildlife is a simple function of structure desygre and structure size with respect to its stream.
Conversely, the influence of structure design and other structure characteristics on wildlife thpasgage are more
complex in embedded culverts, bottomleasch culverts andspans where a given structure is by design intended to
NEGFAY a2YS ayl GdaNF f¢€ a0NBlIY OKIFIyySt OKI NI Ol $dsdageicdnO a d
be influenced by interacting factors that determine movement surface particle size characteristics, such as strear
hydrology, fluvial erosion/deposition processes, channel morphology, stream gradient at road stream crossings, ar
stream geomorphic reach furion. These factors can act in conjunction with structure size to determine the type and
availability of movement surfaces that able to be used by wildlife for threpagsage.

Despite this complexity, bridge spans were the most frequently used by thedbawrariety of wildlife species at the
greatest throughpassage frequencies. It is also likely that modern embedded concrete box culvert designs will eventuall
prove valuable for wildlife passage, particularly where stream gradients do not precludettiement of finer sand,
gravel, and cobble within a structurBut as noted earlier, we were unable to properly assess these structure designs, as
all such structures are relatively new andrrently feature sitesvhere vegetation cover for wildlifevas cleared by
structure replacement construction.

Though not a specific objective of this project, by necessity, we also refined our understanding of the influence of sit
characteristics on wildlife throughassage. We developed a method to quantitativedgess the influence of nearby
development on wildlife througipassage and applied this understanding to our analysis of the effects of structure design
on wildlife throughpassage by excluding data from sites that were ranked high in terms of our sgogdment index.

This study adds to the suite of site characteristics that should be considered when evaluating the usability of
transportation structure for wildlife througipassage: structural connectivity natural vegetation (Marangelo and Farrell
2016); and the influence of nearby development on the most likely wildlife movement pathway through aTdite.
development index developed for this study was rudimentary, so consideration should be given to refining it if explicith
used for evaluating a giw site for wildlife througfpassage suitability.

This study provides valuable information that can be used to help target locations for and specify the benefits o
investments in transportation infrastructure aimed at making bridges and culverts mofg tikbe used by wildlife for
crossing under highways. Our results generally support the use of the modified movemerstguwitdre size class
framework in Table 9 for identifying the sets of species that would potentially benefit from efforts to imgrewsability

of transportation structures by wildlife. his framework though not yet fully substantiated, appears usefulittntifying
species that wouldenefit from efforts to reconstruct or retrofit culverts in ways that encourage wildlife thgbu
passage.

Although not a primary objective of this project, our results enabled us to estimate that only 4.3% of the transportation
structures on state highways that occur spatial data layers that define a connected network of forested habitats ir
Vermort are currently usable by wildlife.
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Appendix A:Table of site and structural characteristics data ukedhis analysis.

traffic structure road elevation

development new post-lrene project volume structure structure strucutre width/bankfull  above movement
site design type movement surface index structure phase (AADT) length height  width structure size class  width surface structural connectivity
442 span even bank 0.23 2 4097 31.2 30 168 medium/large 2.50 35 diffuse
"2-83  span partially dry streambed 0.35 1 1091 31 12 29 medium/large 1.24 9.5 pinched
2-90 old cattle pass sheet flow concrete 0.14 1 3300 62 6.25 6 medium/large 1.21 15 fragmented
"12-92 old box sheetflow concrete 0.00 1 1091 30 5.5 11 small 0.58 6 diffuse
"7-19-5  squash pipe flat pipebottom 0.00 2 3800 176 4 8 small 0.76 8 diffuse
"4-12-7  pipe culvert round pipebottom 0.00 1 13398 311 6 6 small 0.77 12 pinched
"7-23-8  pipe culvert round pipebottom 0.00 2 2300 156 35 3.5small 0.68 15 diffuse
9-17 pipe culvert round pipebottom 0.00 2 4490 127 6 6 small 1.09 10 diffuse
100-118 new precast box coarse streambank 0.00 YES 2 3100 47 10 24 medium/large 1.09 15 diffuse
100-47 new precast box cobble/boulder bottom 0.00 2 2900 82 8 18 medium/large 1.33 15 diffuse
100-78 span riprap bank 0.15 YES 2 1200 31 15 237 medium/large 3.82 20 diffuse
100a-8 span riprap bank 0.00 YES 2 770 25 7 61 medium/large 1.70 10 pinched
103-53 V bottom box dry concrete 0.00 1 5903 280 10 15 medium/large 1.03 60 diffuse
113-15 squash pipe flat pipebottom 0.36 2 267 90 8 11 small 0.93 10 pinched
113-19 span riprap bank 0.00 2 267 37 16.6 70 medium/large 1.79 20 diffuse
114-20  span with footing shelf dry concrete 0.00 1 1010 22 5 19.5small 0.62 7 diffuse
114-22  old box sheet flow concrete 0.32 1 1010 62 6 7 small 0.53 16 diffuse
122-24  old box sheet flow concrete 0.00 land 2 640 39 4 4 small 0.80 9.5 pinched
125-19 new precast box cobble/boulder bottom 0.00 YES 1000 72 6 20 small 1.78 12 diffuse
12a-10 span coarse streambank 0.50 1033 33 7 22 medium/large 1.11 10 pinched
133-13  span with footing shelf dry streambed 0.07 land 2 1469 29.5 7.8 22 medium/large 1.05 10 pinched
14-102 arch wet streambed 0.00 1 1300 46 3 5 small 0.67 1 diffuse
15-51  span riprap bank 0.03 1 5125 26.4 35 128 medium/large 1.94 17 fragmented
155-6  pipe culvert round pipebottom 0.00 2 600 79 6 6 small 0.75 21 diffuse
15-76  old box sheetflow concrete 0.01 1 6348 60 5 4 small 0.40 18 fragmented
16-13 pipe culvert round pipebottom 0.00 land 2 1675 100 6 6 small 0.62 22 pinched
16-14  old box dry streambed 0.41 1 1675 62 4 6.5 small 0.86 14.5 pinched
17-24  arch dry streambed 0.16 2 791 22 10 74 medium/large 3.05 16 diffuse
17-32  span even streambank 0.47 2 1314 34 9 42 medium/large 4.51 12 diffuse
17-36 span riprap bank 0.37 2 2754 29 14 81 medium/large 1.86 18 pinched
30-22 old box sheetflow concrete 0.00 2 1072 132 6 10 small 0.67 40 pinched
30-47 new precast box cobble/boulder bottom 0.33 YES 2 2766 93 6 20 small 1.66 25 pinched
30-84  span with footing shelf dry streambed 0.04 1 1615 335 8 23.5medium/large 0.85 10 pinched
4a-13  span with footing shelf dry concrete 0.02 1 1867 33.5 9 13.5medium/large 0.70 10.5 pinched
7-110 old box wet streambed 0.01 1 8166 60.24 5.5 5 small 0.52 15.8 fragmented
73-5 span level floodplain 0.00 1 1400 32.2 5 235 medium/large 1.19 9 diffuse
9-25a  span level floodplain 0.01 2 3885 42 20 293 medium/large 3.02 30 diffuse
9-25b  span level floodplain 0.00 2 3885 42 20 276 medium/large 2.84 30 diffuse
191-101-2 pipe culvert round pipebottom 0.00 1 4802 38 7 7 small 0.79 19 diffuse
191-101-3 pipe culvert round pipebottom 0.00 1 4802 104 6 6 small 0.47 15 diffuse
i91-17-2 V bottom box dry concrete 0.00 2 16562 235 8 10 medium/large 0.60 20 pinched
191a pipe culvert round pipebottom 0.00 land 2 4802 190 5 5 small 0.77 43 diffuse
191bE  pipe culvert round pipebottom 0.00 1 4802 228 5 5 small 0.81 38 diffuse
191bW  pipe culvert round pipebottom 0.00 1 4802 180 5 5 small 0.81 25 diffuse
union st _span even streambank 0.00 2 356 27 10 136 medium/large 0.71 12 pinched




AppendixB: Select game camera photos

Deer at entrance to 191in Putney ¥ bottom box culvejt Didnot enter the structure.




Bobcat moving undespan133-13, Ira



Fisher apipe culvertl556, Mt Holly
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Coyote atspan100a8, Plymouth
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Fisher abld box culveri22-24, Glover
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Mik at Union Streespan Brandon

Bobcat atsquash pip&-19-5, Sunderland
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