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Abstract

Animal-vehicle collisions affect human safety, property, and wildlife, and the number of animal-vehicle collisions has
been increasing in many regions across North America. For this project we investigated the reliability of nine different
types of animal detection systems from five different manufacturers with regard to system reliability. These systems
have the potential to improve human safety while not blocking or confining animal movements across the road.
However, reliable warning signs are essential as the effectiveness of these systems depends on driver response. To
investigate the reliability of the systems we constructed a controlled access test facility near Lewistown, Montana. The
systems were installed to detect horses and llamas that roamed in an enclosure. The llamas and horses served as a
model for wild ungulates. Data loggers recorded the date and time of each detection for each system. Animal
movements were also recorded by six infrared cameras with a date and time stamp. By analyzing the images and the
detection data, researchers were able to investigate the reliability for each system. The percentage of false positives
(i.e., a detection is reported by a system but there is no large animal present in the detection zone) was relatively low
for all systems (<1%). The percentage of false negatives (i.e., an animal is present in the detection zone but a system
failed to detect it) was highly variable (0-31%). The percentage of intrusions (i.e., animal intrusions in the detection
area) that were detected varied between 73 and 100 percent. The results suggest that some animal detection systems
are quite reliable in detecting large mammals with few false positives and false negatives, whereas other systems have
relatively many false negatives. We also surveyed three stakeholder groups—employees of transportation agencies,
employees of natural resource management agencies, and the traveling public—with regard to their expectations on the
reliability of animal detection systems. Based on the results from the survey, the researchers recommend the following
performance requirements for the reliability of animal detection systems: 1) Animal detection systems should detect at
least 91 percent of all large animals that approach the road; and 2) Animal detection systems should have fewer than
10 percent of all detections be false. The recommended reliability requirements of animal detection systems were
compared to the results of the reliability tests. Five of the nine systems tested met the recommended requirements.
The results of this study provide transportation and other agencies with the data to decide on minimum reliability
requirements for animal detection systems. Furthermore, the data show that some of the systems tested are quite
reliable and may be considered for implementation along a roadside where they can be investigated for their
effectiveness in reducing collisions with large wild mammals. However, experiences with installation, operation and
maintenance showed that the robustness of animal detection systems may have to be improved before the systems
can be deployed on a large scale.

Introduction

Animal-vehicle collisions affect human safety, property, and wildlife, and the number of animal-vehicle collisions has
been increasing in many regions across North America (Huijser et al. 2007). Here we investigate a relatively new
mitigation measure aimed at reducing animal-vehicle collisions while allowing animals to continue to move across the
landscape. We evaluated the reliability of a range of different animal detection technologies from different
manufacturers.

Animal detection systems detect large animals (e.g., deer (Odocoileus spp.), pronghorn (Antilocapra americana), elk
(Cervus elaphus) and moose (Alces alces)) as they approach the road (see reviews in Huijser et al. 2006, 2009a).
When an animal is detected, signs are activated, warning drivers that large animals may be on or near the road at that
time. Previous studies have shown variable effects of activated warning signs on vehicle speed: substantial decreases
in vehicle speed (=5 km/h (=3.1 mi/h)) (Kistler 1998; Muurinen and Ristola 1999; Kinley et al. 2003; Dodd and
Gagnon 2008); minor decreases in vehicle speed (<5 km/h (<3.1 mi/h)) (Kistler 1998; Muurinen and Ristola 1999;
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Gordon and Anderson 2002; Kinley, et al. 2003; Gordon, et al. 2004; Hammond and Wade 2004; Huijser et al.
2009a); and no decrease or even an increase in vehicle speed (Muurinen and Ristola 1999; Hammond and Wade
2004). This variability of the results is likely related to various conditions (see review in Huijser et al. 2009a):

The type of warning signal and signs.

Whether the warning signs are accompanied with advisory or mandatory speed limit reductions.

Road and weather conditions.

Whether the drivers actually see an animal.

Whether the driver is a local resident.

Perhaps the road length of the zone with the animal detection system and the road length that the warning
signs apply to (the more location specific the better).

e Perhaps also cultural differences that may cause drivers to respond differently to warning signals in different
regions.

Activated warning signs may also result in more alert drivers, which can lead to a substantial reduction in stopping
distance: 20.7 m (68 ft) at 88 km/h (55 mi/h) (review in Huijser et al. 2009a). Finally, research from Switzerland has
shown that animal detection systems can reduce ungulate -vehicle collisions by as much as 82 percent (Mosler-Berger
& Romer 2003). Preliminary data from Arizona showed a reduction of 91 percent (Dodd and Gagnon 2008).

Before animal detection systems can be effective, they must be able to detect large animals reliably. Therefore it is
important to know how reliable animal detection systems are when detecting large animals and to establish minimum
norms for system reliability. Until now, measuring and comparing the reliability of different animal detection systems
has been problematic due to the following factors:

Most systems have not been properly studied, or the results have not been published.

Different studies have evaluated systems with regard to different parameters.

Different studies used different methods.

Different systems have been evaluated under varying conditions (e.g., varying road and climate conditions).

For this study we investigated the reliability of different types of animal detection systems from different vendors at the
same site and under similar circumstances. A test facility (Roadside Animal Detection System (RADS) test-bed) was
constructed near Lewistown, Montana. Nine different animal detection systems from five different manufacturers were
installed to detect horses and llamas that roamed in an enclosure. Data loggers recorded the date and time of each
detection for each system. The animal movements were also recorded by six infrared cameras with a date and time
stamp. By analyzing the images and the detection data, researchers were able to evaluate the system for a variety of
reliability parameters. In addition, we recommend minimum standards for system reliability.

Methods
Test-bed location

The RADS test-bed is part of the TRANSCEND cold region rural transportation research facility and is located along a
former runway at the Lewistown Airport in central Montana (Figure 1). The test-bed location experiences a wide range of
temperatures, and precipitation ranges include mist, heavy rain, and snow; the topography is flat, and the rocky soil
does not sustain much vegetation that may obstruct the signals transmitted or received by the sensors. The test-bed
consists of an animal enclosure, nine different animal detection systems, and six infrared cameras with continuous
recording capabilities (Figure 2). The distance covered by the systems (except for System 9) was 91 m (300 ft) (from
the left to the right side of the enclosure).
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Figurel. The location of the test-bed along a former runway at the Lewistown Airport in central
Montana. The current municipal airport is located on the upper right of the photo.
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Figure 2. Test-bed design including an animal enclosure, the nine detection systems (open circles
represent the sensors), the six infrared (IR) cameras aimed at the enclosure from the side (solid
circles), and the office with data recording equipment. The arrows show the direction towards
which each sensor or transmitter is pointed.
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System .
number Manufacturer and ID System Signal type Maximum range Installation
(Figure 2) system name number type date
1 : Kgﬁgg) 7 ?J\?:r Passive IR 500 ft (152 m) 8‘298561'
. 200 ft (61 m)
Xtralis Area . Sep 21
2 5-6 Passive IR (one detector on each ’
(ADPRO) cover side) 2006
STS Break- Microwave radio 1
3 (RADS I) 1 |the-beam | (+35.5 GHz) /4 mi (402 m) Oct 19, 2006
STS Break- Microwave radio v
4 (RADS II) 2 the-beam (+ 35.5 GHz) Well over ¥2 mi (402 m) | Jul 19, 2007
5 Calonder Energy 1 Break- Laser iﬁtéb:tlkzgzr?;izz)s)_ Sep 21-22,
(CAL 92, LS-WS-WE 45) the-beam (300-350 m) 2006
Calonder Energy
6 (CAL 92, IR-204- 2 Area Passive IR 328 ft (100 m) 36221'22'
319/M3) cover 006
300 ft (91 m) (Note: 1 i
7 Camrix (A.L.ER.T.) (i)r\?:r 'RTLT;gglr;‘era unit detects both sides chégg’i'
&y of a road)
Xtralis Area 2001t (61 m)
8 (ADPRO) 1-2 cover Passive IR (2 detectors, one facing | Aug 8, 2006
each way)
9 Goodson Break- Active IR 90 ft (27 m) Dec 2006
the-beam

Table 1. The characteristics of the nine animal detection systems.
See appendix A for manufacturer contact details.

Animal Detection Systems

During the first five tests, which were conducted from January through May 2007, there were eight systems, all
installed parallel to each other (Table 1). Five of these were area-cover systems and the other three systems were
break-the-beam systems (Table 1). A second STS break-the-beam system was installed on July 19, 2007, resulting in a
total of nine systems. Two of the systems required two detectors to cover the 91 m (300 ft) distance. One of these
systems (System 8, Xtralis 1-2) had its two sensors installed on a pole in the middle of the 91 m (300 ft) distance, with
the sensors facing opposite directions (Figure 2). The other system (System 2, Xtralis 5-6) had a detector installed at
each end with the sensors facing each other (Figure 2). In addition, there was one system that did not cover the 91 m
(300 ft) and for which only one set of sensors was available (System 9, Goodson). This system was installed across a
shorter section, equivalent to the maximum distance for this particular system 27 m (90 ft) (Figure 2).

The six infrared cameras (Fuhrman Diversified, Inc.) were installed perpendicular to the detection systems on November
8-9, 2006. These cameras and a video recording system recorded all animal movements within the enclosure
continuously, day and night. The animal detection systems saved their individual detection data with a date and time
stamp. These data were compared to the images from the infrared cameras, which also had a date and time stamp, to
investigate the reliability of each system. Cones within the enclosure defined the detection zone for each system.

Area-cover systems are designed to detect animals within a certain area and range from a sensor. This area is typically
cone-shaped—narrow close to the sensor and wider as the distance from the sensor increases (Figure 3). All area-cover
systems tested in this study detect animals based on body heat and motion. Break-the-beam systems consist of a
transmitter that transmits a signal to a receiver. Break-the-beam systems detect animals when their body blocks the
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signal or when the signal received by the receiver is greatly reduced. The break-the-beam systems tested in this study
use infrared, laser or microwave radio signals.

The detection area is the area within which area-cover systems should detect large animals, and the detection line is the
line between sensors where break-the-beam systems should detect large animals (Figure 3). The detection areas and
detection lines were indicated by the manufacturers and were marked with cones that were visible on the images from the
individual cameras. Area-cover systems have relatively large, cone-shaped detection areas, whereas break-the-beam
systems have a detection line that is linear or mostly linear in shape. However, STS 1 break-the-beam system uses
microwave signals and has a 3° angle from the transmitter, which resulted in a detection area that was 2.4 m (7.8 ft) wide
at 91.4 m (300 ft) from the transmitter (Pers. com., Lloyd Salsman, Sensor Technologies & Systems, October 10, 2007).

Break-the-beam system

() Sensor

------------- Detection line

<:l Detection area

Figure 3. Schematic representation of break-the-beam and area-cover systems showing
the detection line (or center line) for break-the-beam and area-cover systems,
and the detection area for area-cover systems.

Animal Detection System Technologies

The Xtralis systems detect changes in infrared radiation (8-13um) (Pers. com., Andreas Hartmann, Xtralis, October 1,
2007), which allows the system to detect the motion of an object against a stationary background. Such motion leads
to changes in infrared radiation, which are processed by the system. Filtering and algorithms help distinguish between
large animals and other objects to help reduce or prevent false detections. The STS systems transmit microwave radio
signals (around 35.5 GHz) (Huijser et al., 2006). These signals are received by a sensor on the other end, and when an
animal or object passes between the sensors, the signal is reduced. If certain thresholds are met, the reduction in
signal strength results in a detection. STS 2 is more compact than STS 1 and has parts integrated into fewer
components. The detection line of the STS 1 system is about 2.4 m (7.8 ft) wide at 91.4 m (300 ft) from the transmitter
(Pers. com. Lloyd Salsman, Sensor Technologies & Systems, October 10, 2007). For the STS 2 system the detection
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line is 40.6 cm (16 in) wide consistently (Pers. com. Lloyd Salsman, Sensor Technologies & Systems, October 10,
2007). In addition, both the STS 1 and STS 2 systems have a wider detection area 4.5 m (15 ft) close to the sensors
(Pers. com., Lloyd Salsman, Sensor Technologies & Systems, October 10, 2007). Calonder Energy 1 transmits a laser
signal that is received by a sensor on the other end. When an animal or object blocks the laser signal, the system
reports a detection. Calonder Energy 1 was installed at 105 cm (41.34 in) above the ground. Calonder Energy 2 detects
changes in infrared radiation as a result of objects moving 0.2-5 m/s (8 in/s - 16.4 ft/s) (Pers. com., Giacomo
Calonder, Calonder Energy, September 22, 2006; Calonder Energy, not dated). Algorithms help distinguish between
large animals and other objects to help reduce or prevent false detections. This system was installed 3 m (9.8 ft) above
the ground, pointing downwards at a 3-5° angle. There is a blind spot of approximately 10-12 m (32.8-39.4 ft) directly
under the sensor, and the detection area is about 3 m (9.8 ft) wide at 100 m (328 ft) from the sensor (Pers. com.,
Giacomo Calonder, Calonder Energy, October 10, 2007). This blind spot is normally covered by another passive infrared
sensor with a range of 18 m (59.1 ft) (Pers. com. Giacomo Calonder, Calonder Energy, October 10, 2007). The Calonder
Energy 2 system (IR-204-319/M3) was discontinued in 2007 and Calonder Energy now offers an ADPRO unit from
Xtralis (Pers. com., Giacomo Calonder, Calonder Energy, October 9, 2007). The Animal Location Evasive Response
Technology (A.L.E.R.T.) system from Camrix uses a camera, optics, infrared illumination, and a computer to gather and
analyze digital imagery (Pers. com., Mike Doyle, Camrix, October 3, 2007). Advanced proprietary machine vision
algorithms process the images and decide whether a detection should be declared. The Goodson system (TM 1550)
transmits an infrared signal that is received by a sensor on the other end. Whenever an animal or object blocks the
infrared signal, the system reports a detection.

Wildlife Target Species and Models

In a North American setting, animal detection systems are typically designed to detect white-tailed deer (Odocoileus
virginianus) and/or mule deer (Odocoileus hemionus), pronghorn (Antilocapra americana), elk (Cervus elaphus) or
moose (Alces alces). For this study, which took place within an enclosure, two horses and two llamas were used as
models for these wildlife target species. Horses are similar in body shape and size to moose, whereas the body shape
and size of llamas is similar to deer (Tables 2 and 3). The body size and weight of the individual horses and llamas used
in this experiment are shown in Table 4.

Species Height at shoulder Length (nose to tip of tail) Source
Target species

Moose 195-225 cm (6'5"-7'5") 206-279 cm (6'9"-9'2") Whitaker (1997)
Elk 137-150 cm (4'6"-5') 203-297 cm (6'8"-9'9") Whitaker (1997)
White-tailed deer 68-114 cm (2'3"-3'9") 188-213 cm (6'2"-7") Whitaker (1997)
Mule deer 90-105 cm (3'-3'5") 116-199 cm (3'10"-7'6") Whitaker (1997)
Pronghorn 89-104 cm (2'11"-3'5") 125-145 cm (4'1"-4'-9") Whitaker (1997)
Models

Feral horse 142-152 cm (4'8"-5'") Whitaker (1997)
Quarter horse 150-163 cm (4'11"-5'4™) UHS (2007), Wikipedia (2007)
Llama 91-119cm (3'-3'11") Llamapaedia (2007)

Table 2. Height and length of wildlife target species and horses and llamas.
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Species Weight male Weight female Source
Target species

Moose 400-635 kg (900-1400 lbs) | 315-500 kg (700-1,100 Ibs) Whitaker (1997)
Elk 272-494 kg (600-1089 Ibs) | 204-295 kg (450-650 Ibs) Whitaker (1997)
White-tailed deer | 68-141 kg (150-310 Ibs) 41-96 kg (90-211 Ibs) Whitaker (1997)
Mule deer 50-215 kg (110-475 Ibs) 32-73 kg (70-160 Ibs) Whitaker (1997)
Pronghorn 41-64 kg (90-140 lbs) 34-48 kg (75-105 Ibs) Whitaker (1997)
Models

Feral horse 360-390 kg (795-860 Ibs) 270-340 kg (595-750 Ibs) Whitaker (1997)
Quarter horse 386-540 kg (850-1200 lbs) UHS (2007), Wikipedia (2007)
Llama 113-204 kg (250-450 Ibs) Llamapaedia (2007)

Table 3. Body weight of wildlife target species and horses and llamas.

Individual | Height at shoulder Weight
Horse 1 152 cm (5') 513 kg (1,130 lbs)
Horse 2 160 cm (5'3") 658 kg (1,450 lbs)
Llama 1 104 cm (3'5") 168 kg (370 Ibs)
Llama 2 110 cm (3'7%2") 213 kg (470 lbs)

Table 4. Body size and weight of the horses and llamas used in the experiment
(Pers. com., Lethia Olson, livestock supplier).

Test periods

There were eight test periods with test animals between January 10, 2007 and December 9, 2007. Each test period
with animals lasted 7-11 days. Camera images were recorded on site on a hard drive that is capable of storing 10-14
days of data. Camera images from selected time periods were reviewed and compared to the detection logs of the
individual systems to measure the reliability of each system. The selected time periods were based on a stratified
random selection with animals present: three, one-hour-long sections of video were randomly selected for each test day
for review. A total of 225 hours were analyzed for eight of the nine systems. The ninth system 9 (system 4, STS (RADS
I1)) was analyzed for 91 hours.

Reliability Parameters

The time periods reviewed were analyzed for valid detections, false positives, false negatives, and intrusions in the
detection area. These terms are defined below (see Huijser et al. 2009b for more details).

e False positives - A false positive was defined as “when the system reported the presence of an animal, but
there was no animal in the detection zone.” Thus, each incident in which a system’s data logger recorded a
detection, but there was no animal present in the detection zone of that system, was recorded as a false
positive. The date and time were recorded for all false positives.

e False negatives - A false negative was defined as “when an animal was present but was not detected by the
system.” However, due to animal behavior and the design of some detection systems (i.e., some systems are
desensitized by the continuous presence of an animal), there are several ways for a false negative to occur.
Therefore, various types of false negatives were distinguished and these were recorded separately.

e Intrusions in detection area - An intrusion was defined as “the presence of one or multiple animals in the
detection zone.” An intrusion began when one or more animals entered the detection zone and ended when all
animals left the detection zone.

Session 233 598 ICOET 2009 Proceedings



Results

The results of the reliability tests showed that different detection technologies differ in their reliability with regard to
detecting large animals and that some types of systems result in multiple detections if an animal enters the detection
zone whereas other types of systems result in one detection. The percentage of false positives (i.e., a detection is
reported by a system but there is no large animal present in the detection zone) and the average number of false
positives per hour was relatively low for all systems (<1%; <0.10/hr). The percentage of false negatives (i.e., an animal
is present in the detection zone but a system failed to detect it) and the average number of false negatives per hour
was highly variable (0-31%; 0-1.61/h) (all types of false negatives combined). The percentage of intrusions (i.e.,
animal movements across the detection line) that were detected varied between 73 and 100 percent. The results
suggest that some animal detection systems are quite reliable in detecting large mammals with few false positives and
false negatives, whereas other systems have relatively many false negatives. For more details on the reliability of
individual systems, please see Huijser et al. (2009b).

Three stakeholder groups—employees of transportation agencies, employees of natural resource management
agencies, and the traveling public—were surveyed with regard to their expectations on the reliability of animal detection
systems. We analyzed the data and calculated what reliability requirements would satisfy the majority (>50%) of each
of the three stakeholder groups. For more details on the calculation of the suggested minimum reliability requirements,
please see Huijser et al. (2009b). Based on the results, the researchers recommend the following reliability
requirements for the reliability and effectiveness of animal detection systems:

e Animal detection systems should detect at least 91 percent of all large animals that approach the road.
e Animal detection systems should have fewer than 10 percent of all detections be false.

The reliability of the nine different animal detection systems was compared to suggested reliability requirements (Table
5). Five of the nine systems tested met the recommended performance requirements for reliability. However,
experiences with installation, operation and maintenance showed that the robustness of animal detection systems may
have to be improved before the systems can be deployed on a large scale.

System Manufacturer and D Meets false | Meets false inltvrl:sei:)sn s rtl::rt:n?;:::tli
number system name number positives negatives detected norms
(Figure 2) (yes/no) (ves/no) (ves/no) (yes/no)
1 ( X%rs#%) 7 Yes No Yes Yes
2 ( /i(gsg%) 5-6 Yes No No No
3 (RSATDSS I 1 Yes No No No
4 (Rigg ) 2 Yes o " "
Calonder Energy
5 (CAL 92, LS-WS-WE 45) 1 ves ves Yes Yes
Calonder Energy
6 (CAL 92, IR-204-319/M3) 2 ves ves Yes Yes
! (ACLaEn RT) Yes o " e
8 ( ,:(I;rlfll?ls(’)) 1-2 Yes Yes Yes Yes
9 Goodson Yes Yes Yes Yes

Table 5. The reliability of each system in relation to the recommended minimum norms.
The percentage of intrusions detected is similar, though not exactly the same as the complement
of the percentage of false negatives (see Huijser et al. 2009b).
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Discussion and Conclusion
Based on the results of this study, the researchers concluded:

e The results of the reliability tests showed that different detection technologies differ in their reliability with
regard to detecting large animals and that some types of systems result in multiple detections if an animal
enters the detection zone whereas other types of systems result in one detection. This implies that care must
be taken in evaluating the reliability of different technologies, and in comparing them to other systems or
minimum performance requirements.

e The percentage of false positives and the average number of false positives per hour was relatively low for all
systems (<1%; <0.10/hr). False positives do not appear to be a major concern with regard to the reliability of
animal detection systems.

e The percentage of false negatives (all types of false negatives combined) and the average number of false
negatives per hour under the test circumstances was highly variable (0-31%; 0-1.61/hr). The percentage of
intrusions (i.e., situations where at least one animal was present in the detection area) that were detected
varied between 73 and 100 percent. The results suggest that false negatives are a major concern for some
animal detection systems but not for others.

e The recommended performance requirements for the reliability of animal detection systems were compared to
the results of the reliability tests. Five of the nine systems tested met the recommended performance
requirements for reliability. However, experiences with installation, operation, and maintenance show that the
robustness of animal detection systems may have to be improved before the systems can be deployed on a
large scale.

Biographical Sketches

Marcel Huijser received his M.S. in population ecology (1992) and his Ph.D. in road ecology (2000) at Wageningen
University in Wageningen, The Netherlands. He studied plant-herbivore interactions in wetlands for the Dutch Ministry of
Transport, Public Works and Water Management (1992-1995), hedgehog traffic victims and mitigation strategies in an
anthropogenic landscape for the Dutch Society for the Study and Conservation of Mammals (1995-1999), and
multifunctional land use issues on agricultural lands for the Research Institute for Animal Husbandry at Wageningen
University and Research Centre (1999-2002). Currently Marcel works on wildlife-transportation issues for the Western
Transportation Institute at Montana State University (2002-present). He is a member of the Transportation Research
Board (TRB) Committee on Ecology and Transportation and co-chairs the TRB Subcommittee on Animal-Vehicle Collisions.

Tiffany Allen received a BSc in fish and wildlife management from Montana State University in Bozeman, MT in 2006
and a BM in music theory from Furman University in Greenville, SC in 2004. She is currently a master’s candidate in
ecology at MSU and is a graduate transportation fellow with the Western Transportation Institute. Her current research
is on the effectiveness of wildlife mitigation measures, including wildlife underpasses, jump-outs and wildlife guards,
along Hwy 93 in Montana.

Matt Blank is an assistant research professor at the Western Transportation Institute and the Department of Civil
Engineering at Montana State University. Matt earned his Master of Science and Ph.D. in Civil Engineering at Montana
State University. He earned his Bachelor of Science in Geological Engineering at the University of Wisconsin-Madison.
His research focuses on the interactions of roads and riparian corridors with an emphasis on aquatic connectivity.

Mark Greenwood is an Assistant Professor of Statistics in the Department of Mathematical Sciences at Montana State
University in Bozeman, MT. He received a PhD in Statistics from the University of Wyoming in 2004. His research involves
nonparametric and nonlinear statistical methods with applications in geosciences, ecology, neuroscience, and economics.

Mr. Shaowei Wang is a Research Engineer at WTI, where he focuses on systems and software engineering, data mining
and statistical analysis for transportation safety and road weather management, Geographic Information Systems (GIS),
software, web, and multimedia development, and cost benefit analysis for engineering applications. He has extensive
skills in system architecture design, prototyping, simulation, and modeling. Mr. Wang holds a Master's Degree in
Industrial and Management Engineering from Montana State University. He is also a member of the International
Council on Systems Engineering.

Session 233 600 ICOET 2009 Proceedings



Acknowledgements

The authors would like to thank the Federal Highway Administration and the Montana Department of Transportation
(MDT) for their interest in the research topic and funding the study. Additional funds were provided by the U.S.
Department of Transportation through its Research & Special Programs Administration (RSPA). The authors would also
like to thank the Lewistown Municipal Airport Board and the Fergus County Port Authority for hosting the research
facility, Central Electric for constructing the test site, the manufacturers of animal detection systems (Willy Berchtold,
Walker Butler, Giacomo Calonder, Mike Doyle, Bill Goodson, Andreas Hartmann, and Lloyd Salsman) for their
participation in the study, and Lethia Olson for supplying livestock. Furthermore, the authors thank Phill Balsley, Pat
Basting, Steven Keller, Sue Sillick, and Deb Wambach (all MDT), and Bob Seliskar (FHWA), and Michelle Akin, Eli
Cuelho, Doug Galarus, Kate Heidkamp, Gary Schoep, and Andy Scott (all WTI-MSU) for their help.

Literature Cited

Dodd, N. and J. Gagnon. 2008. Preacher Canyon Wildlife Fence and Crosswalk Enhancement Project, State Route 260,
Arizona. First year progress report. Project JPA 04-088. Arizona Game and Fish Department, Research Branch, USA.

Gordon, K.M. and S.H. Anderson. 2002. Motorist response to a deer-sensing warning system in western Wyoming. In
2003 Proceedings of the International Conference on Ecology and Transportation. 24-28 September 2001.
Keystone, CO, USA. pp. 549-558.

Gordon, K.M., M.C. McKinstry and S.H. Anderson. 2004. Motorist response to a deer sensing warning system. Wildlife
Society Bulletin 32: 565-573.

Hammond, C. and M.G. Wade. 2004. Deer avoidance: the assessment of real world enhanced deer signage in a virtual
environment. Final Report. Minnesota Department of Transportation. St. Paul, Minnesota, USA. Available from the
internet. URL: http://www.Irrb.gen.mn.us/pdf/200413.pdf.

Huijser, M.P., P.T. McGowen, W. Camel, A. Hardy, P. Wright, A. P. Clevenger, L. Salsman and T. Wilson. 2006. Animal
Vehicle Crash Mitigation Using Advanced Technology. Phase I: Review, Design and Implementation. SPR 3(076).
FHWA-OR-TPF-07-01, Western Transportation Institute - Montana State University, Bozeman, Montana, USA.

Huijser, M.P., P. McGowen, J. Fuller, A. Hardy, A. Kociolek, A.P. Clevenger, D. Smith and R. Ament. 2007. Wildlife-vehicle
collision reduction study. Report to Congress. U.S. Department of Transportation, Federal Highway Administration,
Washington D.C., USA.

Huijser, M.P., T.D. Holland, A.V. Kociolek, A.M. Barkdoll & J.D. Schwalm. 2009a. Animal-vehicle crash mitigation using
advanced technology. Phase II: system effectiveness and system acceptance. SPR3(076) & Misc. contract &
agreement no. 17,363. Western Transportation Institute - Montana State University, Bozeman, MT, USA. Available
from the internet: http://www.oregon.gov/ODOT/TD/TP_RES/docs/Reports/2009/Animal_Vehicle Ph2.pdf

Huijser, M.P., T.D. Holland, M. Blank, M.C. Greenwood, P.T. McGowen, B. Hubbard, S. Wang. 2009b. The Comparison of
Animal Detection Systems in a Test-Bed: A Quantitative Comparison of System Reliability and Experiences with
Operation and Maintenance. Final report. FHWA/MT-09-002/5048. Western Transportation Institute - Montana
State University, Bozeman, MT, USA. Available from the internet:
http://www.coe.montana.edu/wti/wwwshare/Report%20FHWAMT-09-002%205048/

Kinley, T.A., N.J. Newhouse and H.N. Page. 2003. Evaluation of the Wildlife Protection System Deployed on Highway 93
in Kootenay National Park During Autumn, 2003. November 17, 2003. Sylvan Consulting Ltd., Invermere, British
Columbia, Canada.

Kistler, R. 1998. Wissenschaftliche Begleitung der Wildwarnanlagen Calstrom WWA-12-S. July 1995 - November 1997.
Schlussbericht. Infodienst Wildbiologie & Oekologie, Zurich, Switzerland.

Llamapaedia. 2007. The Growing Source for Llama Information! Available from the Internet.
URL: http://www.llamapaedia.com/anatomy/basics.html. Accessed September 6, 2007.

Mosler-Berger, Chr. & J. Romer. 2003. Wildwarnsystem CALSTROM. Wildbiologie 3: 1-12.

Adapting to Change 601 Wildlife-Vehicle Collisions - Effective Mitigation


http://www.lrrb.gen.mn.us/pdf/200413.pdf
http://www.oregon.gov/ODOT/TD/TP_RES/docs/Reports/2009/Animal_Vehicle_Ph2.pdf
http://www.coe.montana.edu/wti/wwwshare/Report%20FHWAMT-09-002%205048/
http://www.llamapaedia.com/anatomy/basics.html

Muurinen, I. and T. Ristola. 1999. Elk accidents can be reduced by using transport telematics. Finncontact. 7(1):7 -8.
Available from the Internet. URL: http://www.tiehallinto.fi/fc/fc199.pdf Accessed August 8, 2003.

UHS. 2007. The Ultimate Horse Site. The American Quarter Horse—AQHA Breed. The Ultimate Horse Site. Available from
the Internet. URL: http://www.ultimatehorsesite.com/breedsofhorses/americanquarterhorseagha.html. Accessed
September 6, 2007.

Whitaker, Jr., J.O. 1997. National Audubon Society Field Guide to North American Mammals. Knopf, New York, USA.

Wikipedia. 2007. Horse. Available from the Internet. URL: http://en.wikipedia.org/wiki/Horse. Accessed September 6, 2007.

Session 233 602 ICOET 2009 Proceedings


http://www.tiehallinto.fi/fc/fc199.pdf
http://www.ultimatehorsesite.com/breedsofhorses/americanquarterhorseaqha.html
http://en.wikipedia.org/wiki/Horse.%20Accessed%20September%206

	Front Cover
	Acknowledgements
	Message from the Chair
	Table of Contents
	Session 120
	Integrating Conservation and Long-Range Transportation Planning Using a Strategic Assessment Framework
	Looking to the Future with Retrofit Options from Lessons Learned
	Long Point World Biosphere Reserve Causeway Improvement Plan, Port Rowan Ontario: Benefits For Wildlife Movement, Species At Risk, Traffic And Pedestrian Safety

	Session 131
	How Will Climate Change Affect the Design and Management of the Highways Agency Soft Estate? Preliminary Study:  An Examination of Species Richness of the Habitat Areas on the Soft Estate
	The FHWA Carbon Sequestration Pilot Program:  Economics, Environment, and Policy
	Potential Impacts of Climate Change on Urban Flooding: Implications for Transportation Infrastructure and Travel Disruption
	Washington State Department of Transportation Interim Approach to Project-Level Greenhouse Gas and Climate Change Evaluations for Transportation Projects

	Session 132
	Road Watch in the Pass: Web-Based Citizen Involvement in Wildlife Data Collection
	Wildlife Tunnels Under a Busy, Suburban Boston Roadway
	Motorists as Citizen Scientists: The Benefits of a Wildlife Reporting Website
	Can Citizen Science Represent Wildlife Activity Along Highways? Validating a Monitoring Program

	Session 141
	Interagency Partnering for the Development of  Stream Crossing Standards in New York State
	Endangered Species Act Section 7 Consultation and the U.S. Fish and Wildlife Service’s Information, Planning, and Consultation (IPaC) System
	Intercounty Connector (ICC): Environmental Compliance Management  Using Integrated Technologies to Provide Context Sensitive Solutions

	Session 142
	Traffic Volume as a Primary Road Characteristic Impacting Wildlife: A Tool for Land Use and Transportation Planning
	Integrating Environmental Concerns with the Planning and Construction of the South Extension of Interstate 355 into Will County, Illinois
	Ecological Effects of Road Construction on Regional Ecosystems
	Incorporating Road-Mortality Hotspot Modeling and Connectivity Analyses into Road Mitigation Planning in Ontario, Canada

	Session 143
	Use of Habitat Credit Trading as a Mitigation Tool for Transportation Projects: A Federal Highway Administration Pilot Project in Arkansas
	Regional Advance Mitigation Planning: A Pilot Study Integrating Multi-Agency Mitigation Needs and Actions within a Comprehensive Ecological Framework
	Status of Mitigation Banking for Transportation in the Upper Midwest

	Session 211
	California Essential Habitat Connectivity Planning
	Establishing the Legacy Nature Preserve through Collaborative Planning and Adaptive Management
	Nebraska Department of Roads Plan for the Roadside Environment
	Similar Impacts, Similar Solutions? The Effects of Transport Infrastructure on Outdoor Recreation and Wildlife

	Session 212
	Road Infrastructure and Stream Habitat Connectivity: Research to Aid Management and Conservation Plans in a Changing Environment
	MassHighway Guidance Handbook: Design of Bridges and Culverts for Wildlife Passages
	Do Bridges Affect Migrating Juvenile Salmon: Tracking Juvenile Salmon and Predator Fish Movements and Habitat Use Near the SR 520 Bridge in Lake Washington
	Are Non-Wildlife Underpasses Effective Passages for Wildlife?

	Session 213
	Are We There Yet? A Case for Spatially Explicit Linkage Modeling for Integrative Conservation Planning
	Monitoring Wildlife Overpass Use By Amphibians: Do Artificially Maintained Humid Conditions Enhance Crossing Rates?
	New Concepts in Wildlife Habitat Linkage Assessments to Focus Mitigation Measures and Reduce Wildlife Crossing Costs
	Washington's Habitat Connectivity Highway Retrofit Initiative

	Session 221
	Idaho Statewide Wildlife / Transportation Database
	Judd Road Connector: Lessons Learned in Ecological Mitigation – Wildlife Crossings, Habitat Preservation, Wetlands and More
	Avian Protection Plan for the Nebraska Department of Roads
	How Do Major Roads Affect Barn Owls?  Distribution, Space Use, Food Source and Mortality

	Session 222
	Wetland Mitigation in Abandoned Gravel Pits: Creating Fresh Meadow and Shrub Swamp
	Regenerative Stormwater Conveyance (RSC) as an Integrated Approach to Sustainable Stormwater Planning on Linear Projects
	Oregon DOT’s Stormwater Treatment and Management Program:

	Session 223
	Arboreal Mammals Use an Aerial Rope Bridge to Cross a Major Highway
	Using Global Positioning System Technology to Determine Wildlife Crossing Structure Placement and Evaluating Their Success in Arizona, USA
	Bozeman Pass Wildlife Pre- and Post-Fence Monitoring Project
	Predictive Models of Herpetofauna Road Mortality Hotspots in Extensive Road Networks: Three Approaches and a General Procedure for Creating Hotspot Models that are Useful for Environmental Managers

	Session 231
	Evaluation of a Rapid Assessment Protocol to Assess Road-Stream Crossings for Aquatic Organism Passage
	Where the River Meets the Road: How Washington State is Providing Habitat While Protecting Highways
	Effective Mitigation: The Cumulative Impact of Climate Change on Transportation Network and Its Implications on Aquatic Biodiversity of Ganges Headwaters, Garhwal Himalayas
	Adapting Relationships for Agencies and Institutions: The I-90 Snoqualmie Pass East Project’s Collaborative Approach to Identifying A Preferred Alternative and Mitigation Strategy

	Session 232
	Reducing Road-Based Habitat Fragmentation: An Eastern Box Turtle (Terrapene c. carolina) Case Study
	Re-evaluating the Needs for Animal Passages in Israel: Towards a Long-term Monitoring Scheme
	Restoring Ecological Networks across Transport Corridors in Bulgaria
	Development and Utilization of a Regional Invasive Plant Species Database at the New York State Department of Transportation

	Session 233
	Using Specialised Tunnels to Reduce Highway Mortality of Amphibians
	A Quantitative Comparison of the Reliability of Animal Detection Systems  and Recommended Requirements for System Reliability
	Evaluation of an Animal-Activated Highway Crosswalk  Integrated with Retrofit Fencing Applications
	Effectiveness of Mitigation Measures to Reduce Road Mortality in the Netherlands: Badger Meles meles

	Session 411
	Cost Justification and Examples of Cost-Benefit Analyses of Mitigation Measures  Aimed at Reducing Collisions with Large Ungulates in the United States and Canada
	An Analysis of the Efficacy and Comparative Costs of Using Flow Devices to Resolve Conflicts with North American Beavers Along Roadways in the Coastal Plain of Virginia
	Prioritizing Road Crossing Improvement to Restore Stream Connectivity for Stream-Resident Fish

	Session 412
	Multi-Scale Habitat-Resistance Models for Predicting  Road Mortality “Hotspots” for Reptiles and Amphibians
	Integrating Ecosystem Needs with Transportation Facility Design: Design Engineering Challenges of the I-90 Snoqualmie Pass East Project
	A Summary of the Wildlife Linkage and Highway Safety Assessment: A Prioritization and Planning Tool for Western Montana
	Using Noninvasive Genetic Sampling Methods to Assess the Value of Wildlife Crossings for Black and Grizzly Bear Populations in Banff National Park, Alberta, Canada

	Session 421
	The Ecological Implications of Cured-In-Place Pipe Rehabilitation Technology
	Managing an Unpredicted and Unexpected Large Scale Amphibian Migration:  Applying Hungarian Experience and Knowledge to Protect Western Toads on a British Columbia Highway
	Down the Drain: How to Avoid Trapping Amphibians in Road and Sewer Drainage Systems – Designing Fauna Friendly Drainage Systems and Other Protective Measures
	‘Sustainable Highway Construction’ is Not an Oxymoron

	Session 422
	Eco-Logical: An Ecosystem Approach to Developing  Transportation Infrastructure Projects in a Changing Environment
	MARC’s Eco-Logical Project:   A Regional Approach to Linking Environmental and Transportation Planning
	Developing and Piloting an Eco-Logical Approach  to Transportation Project Delivery in Montana
	Texas Ecological Assessment Protocol (TEAP):  Eco-Logical Information for Transportation Planning

	Posters
	Wildlife Mortality Surveys on 1014km of Highways in Portugal (2002-2007): Results and Limitations of the Procedures
	Vegetation Management Memorandum of Understanding between Minnesota Department of Transportation and Fond du Lac Band of Lake Superior Chippewa
	Oregon DOT’s OTIA III Bridge Program: Five years of adapting for Environmental Stewardship
	Fragmentation of China’s Landscape by Roads and Urban Areas
	Integrating Biodiversity and Infrastructure Considerations to Prioritize Transportation Projects in the Wild and Scenic Taunton River Watershed, Massachusetts
	Ecological Survey Approaches in a Changing World
	New FHWA Manuals for Mitigation Measures Aimed at Reducing Wildlife-Vehicle Collisions and Providing Safe Crossing Opportunities for Wildlife
	A Conceptual Framework for Assessing Barrier Effects to Wildlife Populations Using Variable Responses to Traffic Volume
	Peregrine Falcons Utilize a Busy Highway Corridor in East-Central Alaska
	Comparing Efforts to Incorporate Green Streets Practices into the Transportation Planning Process in North Carolina
	Community-Based Environmental Planning: Preventing Urban Encroachment on a Lagoon Catchment Area
	Planning for Change: WSDOT’s Adaptive Approach to Communicating about the I-90 Snoqualmie Pass East Project with Diverse Groups
	New French Environmental Policy and Linear Infrastructures: The Implementation of the National Ecological Network – The “Green and Blue Network”
	Motorways and Bird Traffic Casualties:  Carrions Censuses and Scavenging Bias
	Roadside Verges in Intensive Agrarian Landscapes: A Positive Impact on Biodiversity to be Taken into Account in Roadside Management
	Steep Cut Slope Composting:  Field Trials and Evaluations
	Monitoring and Enhancing Wildlife Movement Across Freeways in Urban Southern California
	Occurrence of Road and Traffic Associated Heavy Metals in Soil Sediments in Southern New Mexico
	Inter-Species Associations at Wildlife-Crossing Structures: An Analysis of Long-Term and Daily Patterns of Wildlife Movement Along the Trans-Canada Highway, Banff National Park, Alberta
	Evaluation of Mitigation Measures for Bird Road-Kill on Highway
	The Importance of Pre-Construction Data for Planning and Evaluating Wildlife Crossing Structures
	Do Forest Roads Influence Wildlife Boundary Locations?
	Structure, Function, and Ecosystem Services of Interstate Forests in Louisville, KY
	Ecological Considerations for the Management of Non-Native Species During the Maintenance and Operation of National Road Schemes in Ireland
	The Integration of Ecosystems Needs and Transportation Facility Design: The Irish Historical Context
	Effect of Culvert Barriers on Topeka Shiners and Other Warm Water Fish Species in South Dakota
	The Effectiveness of Vertebrate Passage and Prevention Structures: A Study of Boeckman Road in Wilsonville
	Designing New Highways to Reverse Habitat Connectivity Loss Due to Old Highways and Land Use Change: A Case Study in Nayarit, Mexico
	OostvaardersWold Corridor: Designing for Natural Systems Within the Human Matrix
	Proposed Crossing Design to Achieve Road Permeability for Multiple Species along a Riparian / Upland Corridor in Southern California
	Bolinas Lagoon: An Incremental Improvement
	Stream Simulation: An Ecological Approach to Providing Passage for Aquatic Organisms at Road-Stream Crossings
	A Comprehensive Wildlife Crossing Mitigation Approach in Riverside County, California
	Highways Permeability for Carnivores in Portugal:  Water-Effect and Effectiveness of Dry Ledges
	Wildlife-Friendly Erosion Control Matting: The Standard for Vermont
	Getting There: The Role of Wildlife Crossing Structures in Restoring Terrestrial Habitat Connectivity Across Roads
	Wildlife Ecology for Dummies: Design Elements of Wildlife Crossing Structures – A Literature Review
	Permeability of Linear Features to the Movements of Songbirds in an Urban Landscape
	ODOT’s Biology and Wetland Monitoring:
	Identifying Wildlife Linkages and Wildlife-Vehicle Collision Hot Spots on Oregon Highways
	Web-BA: An Innovative Tool for Streamlining Biological Assessments (BAs) Under the Federal Endangered Species Act
	Assessing Mitigation Measures to Reduce Moose-Vehicle Collisions:  A Modeling Approach
	Spatiotemporal Distributions of Wildlife-Vehicle Collisions and their Application for Mitigation Planning
	Understanding and Communicating the Indirect Effects of Transportation on Land Use
	Changing Indecision into Action:  A Case Study on Successful Interagency Cooperation to Benefit the Natural Environment – I-295/I-76/NJ Rt. 42 Direct Connection, Camden County, NJ
	Developing a Model for Identifying Possible Road Kill Locations on Highway Using Indicator Species and Limited Wildlife Data
	TDOT’s Early Environmental Screening Process (EES)
	Developing a State Wildlife Roadkill Identification Guide

	Special Session: FHWA 2009 Environmental Excellence Awards
	Appendices
	Final Program
	List of Particpants
	Authors Index
	Poster: C.Slesar
	Poster: T.Li
	Poster: S.Jacobson
	Poster: J.Smith
	Poster: L.Sielecki

	Official Sponsors
	Co-Sponsors



