


   

  

FOREWORD 

America’s highways allow people and products to travel to every corner of our nation. Along the 
way, these roads cut across the habitat of many native wildlife species. When these paths cross, 
collisions occur, and in greater numbers than most people realize. This presents a real danger to 
human safety as well as wildlife survival. State and local transportation agen
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EXECUTIVE SUMMARY 

America’s highways allow people and products to travel to every corner of our nation. Along the 
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certain species. This study identified 21 fede
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x WVCs occur more frequently in the early morning (5–9 a.m.) and evening  
(4 p.m.–12 a.m.), when deer are more ac tive and traffic volume is relatively high. 

x WVCs occur more frequently in spring and especially in fall, when animals move around 
more due to migration, mating, or hunting seasons. 

x The vast majority (as high as 90 percent in some states) of reported WVCs involve deer. 

x White-tailed deer-vehicle collisions are associated with diverse landscapes with abundant 
edge habitat (transitions from cover to more open habitat) and riparian habitat. 

WHAT ARE THE CONSEQUENCES? THE COSTS AND IMPACTS TO DRIVERS AND 
ANIMALS 

WVCs can have a broad range of consequences for both motorists and animals. Though human 
injuries and fatalities resulting from WVCs are re
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Figure ES9. Photo. A mule deer is hit by a vehicle in Big Bend National Park, TX  



 

 9 

WVCs have financial implications for public agencies as well. Law enforcement agencies face 
direct costs of investigation and traffic control following a collision. Transportation agencies 
typically are responsible for carcass removal and disposal costs and infrastructure repair costs, if 
necessary. Public agencies may incur some financial losses based on the monetary value of the 
animal itself, value associated with its hunting or license fees or recreational attraction for 
wildlife viewing. 

The best estimate of the total annual cost associated with WVCs, based on available data, is 
calculated to be $8,388,000,000. Collisions with deer constitute the single largest collision 
category involving human and vehicle costs. The average costs from a collision with a deer 
include the following: 
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Figure ES12. Photo. San Joaquin kit fox (copyright: Brian L. Cypher, California State 

University, Stanislaus, Endangered Species Recovery Program). 
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CAN THE NUMBER OF COLLISIONS 
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While correctly installed wildlife fencing is highly effective in reducing collisions, it must be 
carefully applied to avoid unintentional effects such as creating an absolute barrier that keeps 
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Figure ES16. Photo. Long bridge on Arizona Highway 260 constructed in such a way as to 

minimize the impact to soil and vegetation (copyright: Marcel Huijser). 
 

Reducing Wildlife Population Size 

Wildlife culling involves a substantial reduction in the population size of a particular species in a 
certain area. When used, this measure is typically applied to deer. Culling is sometimes done by 
re9TJ
-iTialhunteris hroughs ie9TJlees tg isaccsom89pplshseo byhir(ing )]TJ
0.0052 Tc -0.0050 Tw -13.47 -1.15 Td
[profess-iTias. Ttheeltim89in(ation ofdo(es(feim89ales)o )]TJ
0.0003 Tc -0.006 Tw 9.587 0 Td
[(is m)8oureeff(e)6(uctves hain thekiulling ofbuckso )]TJ
0.0093 Tc -0.0019 Tw -9.587 -1.15 Td
[(im)9ales)obeca usn thure isa g9TJl



 

 16 

 



 

 17 

Planning and Design Methods 

Integration of transportation planning and wildlife management on a regional or statewide level 
can help to reduce WVCs. These efforts do not generally reduce WVCs in a direct or easily 
quantifiable manner. However, by working together, planners from transportation, resource, 
park, and other agencies find opportunities to share information and make planning decisions 
that help prevent or reduce WVCs. Examples include: 

x Avoidance of key habitat. Some states have chosen to avoid impacts in the most sensitive 
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CHAPTER 1. INTRODUCTION 

In the recently enacted trans
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CHAPTER 2. CAUSES AND CHARACTERISTICS OF WILDLIFE-VEHICLE 
COLLISIONS 

The primary method of investigating the causes and characteristics associated with WVCs is to 
analyze data on previous collisions. This ch
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below, carcass counts are not always focused on safety and can include smaller animals since 
conservation concerns are also a reason to collect carcass data. This source of data may be 
sufficient for corridor or regional studies, but the lack of consistency in reporting methods limits 
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only be categorized as AVCs (not

http://www-fars.nhtsa.dot.gov/�
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by FHWA. Information can be found at http://www.hsisinfo.org

http://www.hsisinfo.org/�
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ftp://ftp.nhtsa.dot.gov/ges/�
http://www.bts.gov/�
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EVALUATION METHODOLOGIES 

The goal of the remainder of this section is to summarize how WVCs (or AVCs when crash data 
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Table 3. Total annual magnitude of WVCs from various sources. 

Source Annual WVCs 
HSIS 250,000 
GES 292,000 
Insurance claims 1,000,000 
Carcass counts 1,000,000 

 

Marcoux conducted a survey in Michigan and found that of the people involved in a DVC, only 
52 percent reported it to their insurance company.(6) This finding implies that the estimated 
WVCs are underreported. The carcass counts are also not likely to include all WVCs, since they 

are extrapolated from a mix of reported collisions and carcass counts as well as from 35 to  potential underreporting, 

>	f
d a t a . s o u e r c , e  e x e i n d i n g b a c k 5  t o 1 9 9 0 .  A u .  h o w n g  n   
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Note that a higher R-squared value (which ranges from zero to one) indicates there is a linear 
relationship. An R-squared value of one results from a perfect linear relationship. 

  

 

Figure 2. Graph. Total vehicle crashes. 
 

 

 

Figure 3. Graph. Total AVCs (including wildlife and domestic animals).  3 7 2 e a l  v a . s  p p e r f r  m

R  r e l a t i ( p  o n e w e a k  w  1 a l 5  0  T d e t e r m )  o w T w  1  = T d 
 2 , i o n s f 
 0  T c  0  T w  6 . 6 9  0  T d 
 ( R ) T j 
 / T T n g ) ] T J 2 
 1 2 . 0 0 0 1  T c  - 0 . 0 0 1 2  T w  0 . 6 0 2 0 5 c  w  1  = T d 
 2 , i o n s h i p .  A n  t . 6 9  0  T d  f r o m



 

33 



 

34 

00.05 0.1 0.15 0.2 0.25J A N F E B M A R A P R M A Y J U N J U L A U G S E P O C T N O V D E C

M

o

n

t

h

P

r

o

p

o

r

t

i

o

n

 

o

f

 

C

o

l

l

i

s

i

o

n

s

F A R SH S I SGES Figure 5  Graph. Annual distribution of AVCs.  
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SEVERITY 

Williams and Wells looked at 147 fatal WVCs from nine different regions and found that the 
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FACILITY TYPE 

Most studies that look at the types of roadways where WVCs occur report that they are most 
common on rural two-lane roads.
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road and traffic characteristics.(19) Traffic volume has a large effect on this probability, especially 
for slow-moving species.(19)  

Lower traffic volumes do not necessarily equate with fewer roadkills.(20) In fact, WVCs actually 
decrease when traffic volume increases to a high enough level that it is, in effect, a barrier (i.e., 
animals do not attempt to cross).
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91.7%

5.7%
2.6%

Large Domestic
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NUMBER OF VEHICLES AND COLLISION TYPE 

Almost all WVCs are single-vehicle crashes (HSIS 98.5 percent, GES 99 percent). However, 
FARS data indicated a slightly lower percentage than the HSIS and GES data sources; only  
85.6 percent of fatal AVCs were single-vehicle crashes. The proportion of FARS AVCs is lower 
than the other datasets (which include nonfatal crashes); however, this value is still much higher 
than the proportion for all FARS crashes, of which 56.9 percent are single-vehicle crashes. From 
the FARS data it can be seen that aside from collisions with animals, the two highest collision 
types for AVCs were hitting another vehicle or overturning (figure 20), which reinforces the 
hypothesis that swerving to avoid a WVC may result in a higher-severity collision. 
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over a large area does not necessarily result in a decrease in DVCs, and the reduction in 
population can be difficult to achieve and maintain, as is discussed further in chapter 7. Very few 
data exist on the effectiveness of population reduction programs in reducing WVCs, but one field 
test showed that a deer population reduction program in Minnesota reduced winter deer densities 
by 46 percent and DVCs by 30 percent.(52) 

DRIVER CHARACTERISTICS 

GES and HSIS data showed very little difference in the proportion of male drivers involved in 
WVCs versus all crashes. According to th
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x With deer (mule deer and white-tailed deer combined). 

x In areas with many transitions from cover to more open habitat, riparian habitat, shrub 
land (for white-tailed deer) and large drainages and known seasonal migration corridors 
(for mule deer). 

x Near forested cover and drainages. 

x On dry, straight roadways. 

x Single-vehicle collisions. 

This review also showed that the availability of consistent and detailed WVC data is limited, the 
data do not always distinguish between species or species groupsalways distinguish Wot always ft a 0 Td
[and the(datasuffverfrcom)8 seovehe 
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x In British Columbia, the costs for deer collisions with passenger vehicles were estimated 
at Can$1,222.(69) 

x The cost for deer collisions on average for different regions in the United States in 1993 
were estimated at $1,577.



 

52 

injuries for deer, 0.10 human injuries for elk, and 0.20 human injuries for moose. When these 
proportions are combined with the relative frequency for each of the three injury categories  
(51.4 percent for possible human injuries, 38.4 percent for evident human injuries, and 10.3 
percent for incapacitating or severe human injuries), it results in the cost estimates for human 
injuries by species presented in table 5. The costs of human injuries by species type are $2,702 
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compared with those in table 4. The costs in table 4 are for all AVCs, regardless of the species, 
while the cost estimates in this paragr
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SUMMARY 

The cost of WVCs is summarized in table 6. Bear in mind that this analysis is based on a series 
of assumptions and estimates that may need to be modified as more and better data become 
available. A national estimate of vehicle collisions with moose or elk is unavailable. However, 
is based ontotal estimate of one millied DVCs per year in the UnitbasStates, the estimated total 
cost associated with WVCs is calculated to be $8,388,000,000 (per year in the UnitbasSta). 
Note that collisions with smaller animal species (smaller than deer) and domesticated species 
(e.g. livestock) were not included in this calculation. 
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CHAPTER 4. IMPACTS TO WILDLIFE 

Roads and traffic can negatively affect wildlife in various ways, including habitat loss, reduced 
habitat quality, reduced habitat connectivity (and associated pote



 

58 

turtles including the box turtle (Terrapene ornata)), mammals (western European hedgehog), 
(Eurasian badger (Meles meles)), (otter (Lutra lutra)), (ocelot (Leopardus pardalis)), (Florida 
panther (Felis concolor coryi)), (Iberian lynx (Lynx pardinus)), (Florida Key deer (Odocoileus 
virginianus clavium
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documents. Other sources have to be included in determining whether the survival probability of 
a species is substantially impacted by road mortality. 

Even though the information available was carefully evaluated, the process of including and 
excluding species from the species listed in this chapter was at least partially subjective. Because 
of the diverse and inconsistent nature of the sources and data avai
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Table 7. Threatened and endangered species in the United States for which direct road mortality is among the major threats to the survival 
probability of the species—continued. 

Species 
Group Species Name 

Sources Justifying the Inclusion of 
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litter, handling by humans, collection by humans, and predation by common ravens (Corvus 
corax). (See references 96, 123, 125, 152, 154, and 155.) 
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Figure 23. Photo. Fences lead gopher tortoi
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Figure 24. Photo. A section of the Mobile Bay Causeway that has relatively many road-

killed Alabama red-bellied turtles (copyright: Marcel Huijser). 
 

 
Figure 25. Photo. Road-killed Alabama red-bellied turtle (copyright: Marcel Huijser). 

 

The northern population of the bog turtle (Clemmys muhlenbergii) is affected by habitat 
degradation and fragmentation from agriculture and development, habitat succession due to 
invasive exotic and native plants, and illegal trade and collecting.(130) In addition, roads 
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contribute “significantly” to mortality, especially where roads are adjacent to or within 
wetlands.(130) 

The copperbelly water snake (
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In Hawai’i Volcanoes National Park, the Hawaiian goose is attracted to roads because of feeding 
by park visitors, especially around parking areas (Kathleen Misajon, National Park Service, 
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Figure 26. Photo. “Do Not Feed Nene” sign (copyright: Hawai’i Volcanoes National Park, 

National Park Service). 
 

 
Figure 27. Photo. Hawaiian goose (nene) warning sign (copyright: Haleakala National Park, 

National Park Service). 
 

The Florida scrub jay (Aphelocoma coerulescens) is affected by habitat loss (housing 
developments, citrus-groves) and reduced habitat quality (disrupted fire regimes, human 
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disturbance), predation by nonnative species (feral cats) and roadkill. (See references 112, 139, 
140, and 159.) Annual mortality rates of the Florida scrub jay have been recorded to be 65 
percent higher in road territories compared 
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CHAPTER 5. MITIGATION METHODS THAT ATTEMPT TO INFLUENCE DRIVER 
BEHAVIOR 
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or at least tried as a case study, the exceptions being in-vehicle 

http://www.maine.gov/mdot/safetyoffice/maine-crash-data.php�
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January 25, 2007). The Iowa Departments of Tr

http://www.dps.state.ia.us/commis/ gtsb/deercrashes/index.shtml�
http://www.dps.state.ia.us/commis/ gtsb/deercrashes/index.shtml�
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Figure 29. Photo. Roadside billboard along highway in Jasper National Park, Canada 

(source: Parks Canada).  

http://environmental.ksc.nasa.gov/ projects/roadkill.htm�
http://environmental.ksc.nasa.gov/ projects/roadkill.htm�
https://www.fhwa.dot.gov/environment/wildlifecrossings/index.htm�
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Figure 30. Photo. Poster created by NASA’s John F. Kennedy Space Center as part of its 

RoadKill Prevention Program (source: NASA). 
 

Direct Benefits 

The Iowa Department of Transportation’s D

http://www.dps.state.ia.us/commis/pib/Releases/2006/10-05-2006_Deer.htm�
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Figure 31. Photo. Poster produced by the Maine Department of Transportation (source: 
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Indirect Benefits 
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STANDARD WILDLIFE WARNING SIGNS 

The standard deer warning sign in the United States is a diamond-shaped panel with a black deer 
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Direct Benefits 

Based on the available data, standard deer warning signs are concluded to be ineffective in 
reducing WVCs, in general, and DVCs, in specific. 

Most authors doubt the effectiveness of standard warning signs, but only two studies were found 
that had investigated the effectiveness, confirming the existing doubts. (See references 9, 38, 58, 
182, 185, 190, and 193.) 

Indirect Benefits  

No indirect benefits were identified in the literature review.  

Undesirable Effects 

As a general rule, unnecessary signs should be removed as they may distract drivers and require 
maintenance. However, standard warning signs may be required to reduce liability in case of 
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F i g u r e  3 5 .  P h o t o .  L a r g e  e n h a n c e d  w a r n i n g  s i g n
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Engineering, King Saud University, P.O. Box 800, Riyadh 11421, Saudi Arabia,  
+966-1-4677019, (fax +966-1-4673366), 

mailto:ahardy@coe.montana.edu�
mailto:lstanley@vtti.vt.edu�


 

 85 

SEASONAL WILDLIFE WARNING SIGNS 

Seasonal wildlife warning signs are only present at certain times of the year when animals cross 
the road most frequently, such as during a seasonal migration (figure 37). 

 

 
Figure 37. Photo. Seasonal deer migration si
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Figure 38. Photo. Animal detection system along Highway 191 in Yellowstone National 

Park, MT (
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Case Studies and Contacts 

For a general overview of technology, reliability and effectiveness, contact Marcel Huijser, 
Western Transportation Institute, P.O. Box 174250, Bozeman, MT 59717-4250, ̀6) 543-2377, 
mhuijser@coe.montana.edu. 

For information about a field study on the effectiveness of animal detection systems, contact 
Christa Mosler-Berger, Wildtier Schweiz, Strickhofstrasse 39, 8057 Zürich, 
Switzerland, wild@wild.unizh.ch. 

For more information about the animal detection system and wildlife fencing along State Route 
260 in Arizona, contact Norris Dodd, Wildlife Research Biologist, Arizona Game and Fish 
Department, Research Branch, P.O. Box 2326, Pinetop, AZ 85935, �928) 368-5675, 
doddnbenda@cybertails.com. 

Manufacturer: Terry Wilson, Sensor Technologies and Systems, Inc., 8900 East Chaparral Road 
Scottsdale, AZ 85250, �80) 483- 1997, �fax �80) 483-2011), terry_wilson@sensor-
tech.com, http://www.sensor-tech.com/  �accessed January 25, 2007). 

Manufacturer: Calonder Energy AG’s representative in USA: Willy Bärchtold, Swiss Army 
Vehicles, 1436 Van Asche Drive, Fayetteville, AR 72704, g9) 521-0056, cars@sav.ms. 

Direct Benefits 

The only available data on the effectiveness of animal detection systems show a reduction in 
collisions with large animals of 82 percent.orgnimergasor more datn 

mailto:mhuijser@coe.montana.edu�
mailto:wild@wild.unizh.ch�
mailto:doddnbenda@cybertails.com�
http://www.sensor-tech.com/�
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Guidelines 

It should be noted that many animal detection systems use signs that deviate from the MUTCD. 
Some states have adopted alternative signs into their state manual on traffic control. Care should 
be taken when the MUTCD is not followed exactly. It may degrade driver expectancy and could 
open the State DOT to liability issues. 

See Huijser and others for considerations for planning and design.

(197) 

IN-VEHICLE WARNINGS: ROADSIDE ANIMAL DETECTION SYSTEM LINKED TO 
ON-BOARD COMPUTER WARNING SYSTEM 

The concept of an animal detection system that is linked to an on-board computer warning 
system is described in Huijser and others.(197)





 

 92 

INCREASE VISIBILITY OF ANIMALS TO DRIVERS 

A driver’s ability to avoid a collision with an animal may be determined in a split second. Once 
drivers see a road hazard, it may take 0.7 to 1.5 s (depending on whether the hazard was 
anticipated or unexpected) to move their foot from the accelerator to the brake.(188) Depending on 



Given the paucity of information on the efficacy of
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Some sensitive species (e.g., Canada lynx, mountain lions (Felis concolor), bears, and gray 
wolves ( Canis lupus) may avoid light, which may result in an unintentional barrier effect for 
lighted areas.(222) In addition, roadway lighting may temporarily blind certain species as their 
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some cases, Putman and others summarize the potentially conflicting outcomes of reducing 
vegetation along roadways:  

“The management of roadside vegetation—and specifically, the clearance of woodland or scrub 
from a margin at the road edge—may have benefits both in increasing driver awareness of deer 
at the roadside, and increasing visibility of oncoming traffic to the deer themselves. In addition, 
removal of such vegetation and the cover that it provides may also reduce the probability of deer 
approaching so close to the road edge in the first place. The method and timing of removal of 
such vegetation may however be critical. While the removal of vegetation within transportation 
corridors may help improve driver and animal visibility, simple cutting of encroaching shrub and 
tree growth may at the same time increase the subsequent attractiveness of these cut-over areas 
as foraging sites by deer. Such measures might thus actually result in an increase in the number 
of deer utilizing the ro
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Guidelines 

No guidelines were identified in the literature review. 

INCREASE VISIBILITY OF ANIMALS TO DRIVERS: REFLECTIVE COLLARS FOR 
ANIMALS 

One of the mitigation measures under consideration at a location in Canada is to put collars with 

mailto:Conrad.Thiessen@gov.bc.ca�


 

 98 

INCREASE VISIBILITY OF ANIMALS TO DRIVERS: REDUCE HEIGHT OF 
SNOWBANKS 

Garrett and Conway suggested reducing the height of snow berms in order to increase drivers’ 
visibility of moose on the side of the road.(79) They acknowledge this practice would be 
impractical and expensive to employ on all streets, and thus this might be better applied in 
particular areas with high rates of moose-vehicle collisions. 

Case Studies and Contacts 
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Figure 39. Photo. Advisory speed sign in The Netherlands located at a gap in exclusionary 
wildlife fencing (copyright: Marcel Huijser). 

 

Under typical circumstances, the design speed, operating speed, and posted speed should be 
almost equal for a given roadway. With this in mind, there are effectively three ways to reduce 
vehicle speed: (1) reduce the posted speed, (2) reduce the design speed through traffic calming or 
redesign, and (3) post an advisory speed. 

REDUCE VEHICLE SPEED BY REDUCING THE POSTED SPEED LIMIT 

This mitigTc en entails reducing the posted speed. The ability to do this depends en who owns 
the roadway (state, county, city), as well as
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Indirect Benefits 
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obstructions such as trees closer to the roadway). In addition to the basic highway geometrics, 
there are numerous traffic calming methods used to slow vehicles down. These are typically used 
in residential neighborhoods or on a highway approaching a town, and rarely on major highways 
where most WVCs occur. Traffic calming treatments include speed bumps/humps, traffic circles, 
curb extensions, sidewalk extensions, raised medians, and rumble strips. 
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A third example is the installation of (1) rumble

mailto:Menna.Jones@utas.edu.au�
http://www.ite.org/traffic/tcstate.htm�


 

http://www.ltapt2.org/�
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CHAPTER 6.  MITIGATION METHODS THAT SEEK TO INFLUENCE ANIMAL 
BEHAVIOR 

These WVC reduction strategies are designed to change where,

http://www.swareflex.com/�
http://www.strieter-lite.com/�
http://www.strieter-lite.com/�


 

 110 

The Strieter-Lite company suggests there is scientific proof that their reflectors do work  
(78–90 percent reduction in DVCs) and that reflective luminance (brightness) is not a major 

http://www.swareflex.com/�
http://www.strieter-lite.com/�
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Direct Benefits 

Roadside reflectors and mirrors are categorized as “tried” (as defined by AASHTO Safety 
Strategy Groups) and “used with conflicting safety analysis results” in a critical evaluation of 
DVC crash countermeasures.(176)  

Indirect Benefits 

This mitigation approach allows for animal movements at grade and allows animals to change 
where they cross over time. 

http://www.strieter-lite.com/�
http://www.sav-a-life.com/�
http://www.irdinc.com/�
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communication). While it is recognized that the results may not apply to highways, a wildlife 
warning system was installe

http://www.sav-a-life.com/�
http://www.irdinc.com/�
mailto:office@wildwarner.at�
http://www.wildwarner.at/pages/31alhomepag.html�
mailto:emulka@jafatech.com�
http://jafatech.com/�
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Direct Benefits 

Deer whistles are categorized as “tried” (as defined by AASHTO Safety Strategy Groups) and 
“used with conflicting safety analysis results” in a critical evaluation of DVC crash 
countermeasures .(176) 

The effectiveness of the IRD system is inconclusive. Maintenance staff anecdotally felt the 
system was effective, but the data were inconclusive, possibly since not enough data were 
collected. Currently the IRD system is not in use.(Rob Bushman, IRD Inc., personal 
communication). 

The effectiveness of the WIWASOL-II system may be 8n–93 percent, but these results are 
currently unconfirmed.(270) 

Indirect Benefits 

This approach accommodates unrestricted animal movements at grade. 

Undesirable Effects 

Audio signals may frighten animals away in areas where there may be interest in establishing or 
improving habitat connectivity across a highway.  

Costs 

The Sav-A-Life Deer Alert individual vehicle-mounted devices cost $23.50 each.  

For a test installation of a roadside-based audio signal system along a 6-km (3.7-mi)-long road 
section, the costs were about €19.000.(270) 

Guidelines 

If auditory warnings are used, their frequency must be within the auditory range of the species, 
and they must not be drowned out by the surrounding road and vehicle noise. 

OLFACTORY REPELLENTS 

Olfactory repellents involve odorous chemical or organic compound applications along roadways 
to act as deterrents for wildlife.  

A literature review of capsaicinoids, synthesized animal odors, other animal products, garlic, 
particulates, soaps, thiram, bittering agents, na
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repeat applications, especially after precipitation events. (See references 22, 58, 61, 176, 216, 
277, and 278.) Future development of olfactory repellent measures requires further study of 
wildlife behavioral responses on a range of 

http://www.irdinc.com/�
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Direct Benefits 

Deer flagging models are categorized as 
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 121 

No studies were found that specifically an
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omnivores and carnivores, including some rare, threatened, or endangered species, may 
experience less road mortality as a  result of the removal of food sources along the roadway. 

Case Studies and Contacts 

For information about carcass removal efforts in New York State, contact Elisabeth Kolb, 
Maintenance Environmental Coordinator, New York State Department of Transportation, 
(845) 575-6158. 

Direct Benefits 

Carcass removal, as an element in “roadway maintenance, design and planning policies,” is 
categorized as “tried” (as de
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CHAPTER 7.  MITIGATION METHODS THAT SEEK TO REDUCE WILDLIFE 
POPULATION SIZE 

A comprehensive review by Knapp, Putman and others suggests that a reduction of the 
population size across a relatively wide area can be effective in reducing DVCs. (See references 
52, 53, 54, 58, 61, 62, and 311.) Nonetheless, actual data on the effectiveness of population 
reduction programs on WVCs are few. For example, a field test showed that a deer population 
reduction program in Minnesota reduced winter deer densities by 46 percent and DVCs by  
30 percent.(52) 

Deer population sizes, especially those of white-tailed deer, have grown substantially over the 
last century in the United States.(55) This population growth is especially apparent since the 
1960s.(55,57) This increase in population size was triggered by better protection, a matrix of 
habitat providing cover (forests) ective in reand food (agriculture, silviculture), the loss or decline of their 
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WILDLIFE CULLING 

Wildlife culling involves a substantial reduction of the population size through eliminating a 
large number of individual animals over a short period of time. This measure is typically applied 
to or proposed for deer. The culling is sometimes done by recreational hunters through increased 
quota; sometimes it is done by professionals, especially if there are refugia for the deer (private 
land, (sub)urban areas). (See references 52, 312, 318, and 319.)  

A field test showed that a deer population reduction program in Minnesota reduced winter deer 
densities by 46 percent and DVCs by 30 percent.(52) Sharpshooting by professionals over bait 

mailto:ewiggers@islc.net�
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Guidelines 

No guidelines were identified in the literature review. 

WILDLIFE RELOCATION 

Wildlife relocation involves the capture, transport,

mailto:jennifer.s.cromwell@aphis.usda.gov�
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Relocated individuals may compete with individuals that are already present at the release site, 
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between 30 and 70 percent of ecological carrying capacity is acceptable. However, it is only 

mailto:wdwalte@okstate.edu�
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The efforts will have to be repeated constan
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mailto:tcampbell@smokey.forestry.uga.edu�
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The effectiveness of electric fencing (ElectroBraid™) in keeping deer off runways at airports 
was studied by Seamans and VerCauteren, and their results could be applicable to preventing 

mailto:Tony.Clevenger@pc.gc.ca�
mailto:doddnbenda@cybertails.com�
mailto:pbasting@mt.gov�
mailto:thomas.w.seamans@usda.gov�
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x Access for people (hiking, biking, fishing) may be blocked by wildlife fencing.  

Wildlife underpasses and overpasses are tunnels and vegetated bridges designed for wildlife to 
allow them to cross the road. In addition, wildlife jump-outs are usually integrated with wildlife 
fencing. These features allow animals that do manage to cross the fence to escape from the 
fenced road and right of way. Other potential solutions for the unintended side effects described 
above are described in the next section “Addressing Undesirable Effects of
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Regular fence maintenance is critical in order to keep the fence functioning properly. Earth 
slumping on hill slopes, inadequate installation techniques resulting in gaps between ground and 
fence bottom, and breaches of the fence by the public (e.g., hunters, snowmobile operators) 
allow animals to gain entry to the right of way. Fence maintenance is a major concern because 
priorities and budgets change over time. Fence maintenance is usually neglis cd shortly after 
construction; meanwhile fence damage and gaps are a recurrent problem. 

ADDRESSING UNDESIRABLE EFFECTS OF WILDLIFE FENCING  

Absolute barriers such as wildlife fences increase the barrier effis s of a road, disruprent oi7ly, 
seasonal, and dispersal movements and potentially reducent the population survival probability 
of the species concerned. The species affis cd may include species that are not a safety threat or 
that may not even have a population in the immediate vicenity of the transportation corridor. 
Therefore absolute barriers, such as wildlife fencent, should always be accompanicd by safe 
crossing or escape opportunities for wildlife. The specific mitigation measures repor cd on in this 
section, by bw -20.8 ope-opeFasd on ihe iTj
-0.000 Tw -r tntenat,concsistof the feolow ng :<07 8>j
0/TT21 Tf
0 tCeat egaps an tencent,.<07 8>j
0/TT21 Tf
0 a sss and bver p sss .<07 8>j
0/TT21 Tf
0 tProvie sscape opportunities for wildlife. astuckin the irightof taysusung :
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SAFE CROSSING OPPORTUNITIES: GAPS IN FENCE 

Gaps in fences on opposite sides of the road allow animals to cross the road. In most cases such 
gaps are accompanied with wildlife warning signs, crosswalks for wildlife, wildlife warning 

mailto:john.bissonette@usu.edu�
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Figure 43. Photo. Gap in a wildlife fence accompanied by wildlife warning signs and 

advisory speed limit reduction, The Netherlands (copyright: Marcel Huijser). 
 

 
Figure 44. Photo. Gap in a wildlife fence combined with an animal detection system, 

wildlife warning signs, and advisory speed limit reduction, The Netherlands (copyright: Marcel 
Huijser).  
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Direct Benefits 

Wildlife fences may reduce road mortality by 80–99 percent but may increase the barrier effect 
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them toward the wildlife overpasses and underpasses.(368) In some cases wildlife fencing is only 
installed over relatively short distances funneling wildlife towards a crossing structure.(371) The 
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and the time since installation (learning curve for the animals).
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Case Studies and Contacts 

For information on crossing structures in Banff National Park, contact Tony Clevenger, Western 
Transportation Institute, (403) 609-2127, tony.clevenger@pc.gc.ca. 

For information on Florida crossing structures, contact Melissa Foster, University of Florida, 
Gainesville, FL. 

For more information on wildlife underpasses and one wildlife overpass along U.S. Highway 93 
on the Flathead Indian Reservation in Montana and on one wildlife overpass across Montana 
Highway 83 near Salmon Lake (in planning, under construction and completed), contact Pat 
Basting, Montana Department of Transportation, (406) 523-5872, pbasting@mt.gov. 

For more information about wildlife fencing and underpasses along State Route 260 in Arizona, 
contact Norris Dodd, Wildlife Research Biologist, Arizona Game and Fish Department, Research 
Branch, P.O. Box 2326, Pinetop, AZ 85935, (9a8 0 T ), conte lildlife 

mailto:tony.clevenger@pc.gc.ca�
mailto:pbasting@mt.gov�
mailto:doddnbenda@cybertails.com�
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(656-ft)-long tunnel (Terry McGuire, Parks Canada, unpublished data). Actual overpasses were 
estimated at Can$1,750,000 (Anthony P. Clevenger, Western Transportation Institute, Montana 
State University, personal communication).  

A proposed overpass across Montana Highway 83 near Salmon Lake (two-lane road) is 
estimated to cost $1,500,000–2,400,000.  

The costs for seven wildlife overpasses in The Netherlands ranged between €1,400.000 and 
€5,600,000.(372) 

Guidelines 

Recommended minimum dimensions for underpasses and overpasses have been suggested for 
some ungulate species, but the needs of wide-ranging species are vague at best.(166) The most 
comprehensive guidelines for designing wildlife crossing structures, including most below-grade 



mailto:pbasting@mt.gov�
mailto:john.bissonette@usu.edu�
mailto:hammer@wra-ca.com�


 

147 

For information on field observations from jump-out use along the Trans-Canada Highway, 

mailto:Tony.Clevenger@pc.gc.ca�
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gates are no longer recommended as wildlife can learn how to use them to get into the right of 
way, sometimes aided by hikers, fisherman, equestrians, and bikers who propped and tied the 
gates open (Bruce Leeson, 
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Figure 50. Photo. One-way Eurasian badger gate, The Netherlands (copyright: Marcel 

Huijser). 
 

mailto:john.bissonette@usu.edu�
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Guidelines 

See Bissonette and Hammer for guidelines.

mailto:bfleeson@shaw.ca�
mailto:Tony.Clevenger@pc.gc.ca�
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Figure 51. Photo. The boulder field at the fence end at Dead Man’s Flats along the Trans-

Canada Highway east of Canmore, Alberta002 Tw -16.305 t/TT0 1 Tf
12 0 0 12 45
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MITIGATION FOR FENCE ENDS: ANIMAL DETECTION SYSTEMS 

Animals may cross the road where fences end, whic

mailto:doddnbenda@cybertails.com�
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Case Studies and Contacts 

mailto:terry.mcguire@pc.gc.ca�
mailto:terry.mcguire@pc.gc.ca�
mailto:terry.mcguire@pc.gc.ca�
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For information on chestnut paling used in a deer exclusion fence to increase visibility for birds, 
especially capercaille, contact: John Dobson, The Croft, Balmoral, Ballater, Scotland, 
AB35 5TX, forestry@balmoralestate.co.uk. 

Direct Benefits 

There is no additional benefit from this alteration that further reduces WVCs as compared to the 

mailto:forestry@balmoralestate.co.uk�
mailto:pbasting@mt.gov�
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Indirect Benefits 
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Figure 52. Photo. Wildlife guard along U.S. Highway 93 on the Flathead Indian 

Reservation, MT (copyright: Marcel Huijser, WTI). 
 

Case Studies and Contacts 

For details on an electrified wildlife guard in Bangudieyn 

mailto:terry.mcguire@pc.gc.ca�
mailto:pbasting@mt.gov�
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Undesirable Effects 

Depending on the design, cattle or wildlife guards may be dangerous to pedestrians and cyclists 
and unpleasant to drivers. 

As mentioned above, depending on the design and target species, some cattle or wildlife guards 
may be fully or partially passable to certain wildlife species. 

Costs 

The reported cost of a specially designed w
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Figure 54o Photoo Swing gate in fence (spring loaded) allowing access for people, along the 

Trans-Canada Highway in Banff National Park, Alberta, Canada (copyright: Adam Ford, 
TCH research project/WTI-MSU). 

 

Case Studies and Contacts 

For details on an opening in a fence along U.S. Highway 93 (south), contact Pat Basting, 

mailto:pbasting@mt.gov�
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Costs 

No costs were identified in the literature review. 
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Figure 56. Photo. Large boulders placed in the right of way as a barrier to elk and deer 
with a view of State Route 260 (under construction) in Arizona (copyright: Marcel Huijser). 

 

Case Studies and Contacts 

For information about the use of boulders as an fencing along State Route 
260 in Arizona, contact Terry Brennan, Tonto National Forest, (602) 225-5375, 
tbrennan@fs.fed.us ; and Norris Dodd, Arizona ITj
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Guidelines 

No guidelines were identified in the literature review. 

LONG TUNNELS AND LONG BRIDGES OVER LANDSCAPE 

In this section, long tunnels (or landscape bridges) are defined as tunnels that are at least several 
hundreds of meters long, sometimes many kilometers. They may include “cut and cover” 



Case Studies and Contact  
 At one section of the U.S. 61 reconstruction project in Minnesota, Silver Creek Cliff, a tunnel was 
constructed. To meet the design standards for the reconstruction, the cliff top needed to be removed 
(estimated to be a million cubic yards of cut). Environmental and aesthetic concerns led to what was 
actually a less expensive solution. The Minnesota Departmente seTransportation was able to use the 
existing highway as a bypass during tunnel construction, which they would not have been able to do if a 
typical cut would have been used. This approach resulted in cost savingse seearthwork (to remove the cliff 
top which was estimated to be one million cubic yards (765,000 cubic meters)) and no need for a 
construction of a bypass (estimated at $2 million due to the terrain restrictions). Additionally, this 
alternative was a much more environmentally friendly and aesthetically pleasing. The tunnel was 
constructed using the new Australian Tunneling Method (Scott Bradley, Minnesota Departmente se
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CHAPTER 9. PLANNING AND DESIGN CONSIDERATIONS 

Many of the WVC mitigation measures discussed in this paper focus on spot or corridor 
solutions where WVCs are already a problem on existing roadways. However, integration of 
transportation planning and w
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used to identify potential future WVC problem areas, such as known locations of threatened and 
endangered species and known migration corridors.  

Ruediger has been involved in a number of regional and statewide wildlife habitat linkage 
plans.(383) In formulating such plans, he suggests us



mailto:steve.thomas@fhwa.dot.gov�
mailto:dan.smith@coe.montana.edu�
mailto:bruediger@fs.fed.us�
mailto:dwambach@mt.gov�
mailto:jburnim@wildlands.org�
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following Web sites: FHWA, www.fhwa.dot.gov/planning/, and American Planning 
Association, www.planning.org.(86,302,390) 

DATA COLLECTION AND MONITORING 

http://www.planning.org/�
mailto:WBranch@sha.state.md.us�
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leaps over the guardrail. If a steeper side slope is used, consider a landing on the top for 
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 CHAPTER 10. EVALUATION OF MITIGATION METHODS BY TECHNICAL 
WORKING GROUP 
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a properly designed evaluation component. Only after careful testing and 
evaluations show the strategy to be effective should broader implementation be 
considered. As the experiences of such pilot tests are accumulated from various 
state and local agencies, the aggregate experience can be used to further detail the 
attributes of this type of strategy so that it can be upgraded to a “proven” one.(397) 

Proven (P)—Those strategies that have been used in one or more locations and for 
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x Failed: Mitigation measures that have been used in one or more locations and for which 
properly designed evaluations have been conducted and show them NOT to be effective. 

The procedure for voting was as follows. The mitigation was described by the WTI-Berger 
Team. The panel members were asked to base their vote on the effectiveness in reducing DVCs. 
The vote was not based on mitigation for other effects related to roads and traffic (e.g., barrier 
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Table 10. Technical working group rankings. 
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Although the above table gives good insight into what works and what does not, most of the 
mitigations fall into the uncertain categories (demonstrated, attempted, or unknown). Also, it 
does not take into account costs of implementation, feasibility of implementation, and overall 
effectiveness. As a follow-up, the Technical Working Group was asked (by email) to categorize 
the same mitigation measures as the following: 

x Recommended for implementation. 

x 
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T a b l e  1 1 .  T e c h n i c a l  w o r k i n g  g r o u p  r e c o m m e n d a t i o n s .  

 Votes Received 

M e a s u r e  R e c o m m e n d e d  
F u r t h e r  

R e s e a r c h  
N o t  

R e c o m m e n d e d

M i t i g a t i o n s  t h a t  a t t e m p t  t o  i n f l u e n c e  d r i v e r  b e h a v i o r  

P u b l i c  i n f o r m a t i o n  a n d  e d u c a t i o n   7   S t a n d a r d  w i l d l i f e  w a r n i n g  s i g n s   2   L a r g e ,  n o n s t a n d a r d  w i l d l i f e  w a r n i n g  s i g n s  1  5    7    2  5  I n - v e h i c l e  ( v e h . )  w a r n i n g s :  R A D S  t o  o n - b o a r d     I n - v e h .  w a r n i n g :  o n - b o a r d  a n i m a l  d e t e c t o r s    7  I n c r e a s e  v i s i b i l i t y :  r o a d w a y  l i g h t i n g   7   I n c r e a s e  v i s i b i l i t y :  v e g e t a t i o n  r e m o v a l   7   I n c r e a s e  v i s i b i l i t y :  w i d e r  r o a d  s t r i p i n g               6  1  6  

2  2  6  

6  6  
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more) was required to make a positive recommendation for implementation of the mitigation 
measure. Also, a majority of votes (four or more) for “not recommended” resulted in the 
rejection of the mitigation measure. Finally, if a majority did not cast votes to recommend 
implementation, but at least four votes were divided between “recommended” and “further 
research,” the panel’s recommendation  was that further research should be undertaken for that 
particular mitigation measure. 

When interpreting the results, it is important to keep in mind that these opinions only relate to 
de fuand to mitigating DVCs. The opinions do not necessarily relate to oth fuspecies or 
mitigating oth fueffects associated with roads and traffic such as habitat loss, reduced habitat 
quality,uand barri fueffect (except for direct road mortality). The subsequent outcome of this 
process is as follows: 

x 
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x Mitigations that may be promising, but require further investigation include the 
following: 

o Reduce traffic volume on road network. 

o Reduce speed by reducing the posted speed limit. 

o Reduce speed by traffic calming or reducing the design speed. 

o 
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CHAPTER 11. GAPS IN CURRENT KNOWLEDGE 

This chapter summarizes the challenges that curr
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NEEDED TOOLS 

With respect to specific mitigation technology used, basic research needs to be conducted to 
understand how existing mitigation measures can be made more effective. There should be a 
continuous drive to make these measures cheaper, smaller, more robust, and as mobile as 
possible to address costs, landscape aesthetics, safety concerns, operation and maintenance 
efforts, and a highly dynamic environment. 

Modeling should be further developed and applied to assist in the optimization of the location, 
type, and dimensions of mitigation measures. Basic dron mtacon6(olercion misresn mquird to )obtrEanm6(ots)]TJ
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CHAPTER 12. COST-BENEFIT
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$18 per km ($30 per mi) per year.(195) The effectiveness of enhanced wildlife warning signs is 
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deer populations can double their populati
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