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FOREWORD

This report documents the work conducted under a study
concerned with the effectiveness of reflective devices in
reducing deer-vehicle collisians. The report alsc reviews
other similar research. This report will be of interest to
traffic and maintenance engineers, environmental specialists,
wildlife biologists, and State wildlife agencies.

Research concerning the effects of highways on wildlife and
the reduction of deer-vehicle collisicns is included under
Task 2 of Project 3F, "Pollution Reduction and Environmental
Enhancement," of the Federally Coordinated Program of Research
and Development. :
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ferCharles F. Scheffey
Director, Office of Research

NOTICE

This document is disseminated under the sponsorship of the
Nepartment of Transportation in the interest of information
exchange. The United States Government assumes no liability
for its contents or use thereof.

The contents of this report reflect the views of the contractor,
who 1s responsible for the facts and the accuracy of the data
presented herein. The contents do not necessarily reflect the
official policy of the Department of Transportation.

This report does not constitute a standard, specification or
regulation.

The United States Covernment does not endorse products or
manufacturers. Trademarks or manufacturers' names appear herein
only because they are considered essential to the object of thix
document.
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PREFACE

This is a report of an experiment to evaluate the effectiveness of
deer mirrors on a segment of 1-95 in south-central Maine and a review o
similar studies on the 'use of such reflective devices for reducing deer-
vehicle accidents.

This research could not have been attempted without the cooperation
of many individuals and agencies. The Maine Department of Transportatio
and especially Mr. Fred Boyce and Wilbur Dunphy of the Materials and
Research Division, were instrumental in establishing the deer mirrors
along sections of I-95 and monitoring progress of the study. The Maine
Department of Transportation also maintained the mirrors and cooperated
in reporting deer-vehicle accidents.

The Maine Department of Inland Fisheries and Wildlife provided
assistance throughout the study. The Wildlife Division, notably Mr. Lec
Perry, provided input on the design of the project and coordinated
reporting efforts, The Warden Service Division and the Maine State Poli
reported deer-vehicle accidents through Warden Supervisor John Marsh.
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INTRODUCTION

One of the major problems associatzd with U.S. highways is the
frequency of collisions between large geme species, primarily deer, and
motor vehicles. Several methods for reducinc these collisions have been
tried and are currently being evaluated. Among these methods is the
use of mirrors or reflectors to reflect the headlights of oncoming
automobiles off the side of the road. In theory, this reflection
“freezes" the deer at the side of the road until the automobile has
passed.

These deer mirrors have been tried on a limited basis in several
states, provinces, and in Europe, but their effectiveness has not been
determined. The mirrors are basically of two types. One is the red
reflector manufactured by Swareflex. The other, a polished metal mirror
with dimpled indentations, is the type evaluated in this study. This
type was selected because an earlier preliminary evaluation in Maine
(Howe, 1968) had indicated promising results.

The objective of this research was to evaluate the effectiveness
of deer mirrors in reducing deer-vehicle accidents on a section of
newly-opened Interstate-95 between Topsham and Gardiner, Maine.




METHODS

The study area was along Interstate-95 between the Cathance River
in Topsham, Maine, and the exit ramp for Route 201 in Gardiner, Maine.
The total length of the test area was 14.76 miles (23.62 km). Two
intersections {at Routes 138 and 197) were excluded from the test area
because of complexities in locating any mirrors.

Within the 14.76 mile test area, 12 0.5-mile (0.8-km) sections were
designated for installation of mirrors (Fig. 1). These 12 secticns were
located randomly such that they were separated by at least 0.5-mile
(0.8 km) non-mirrored sections. The 0.5 mile (0.8 km) test distance
was selected as a compromise between a distance that wpuld be small
enough to fairly distribute each habitat type between mirrored and non-
mirrored sections while minimizing problems of potential kills at edges
between the two types.

The right-of-way was inspected by personnel of Inland Fisheries and
Wildlife during the winter prior to opening of the road. They found
deer sign throughout the area, but with some concentration in the Sedgely
Brook vicinity (test sections 10-15). After the mirrored sections were
selected, they inspected the route again and saw no reason to believe
that the mirrored and non-mirraored sections were not representative of
the test area.

A total of 1,940 mirrors were installed beginning 19 September 1977..

Each mirror was a 3.5 inch (8.9 c¢m) square of polished stainless steel
with 5 dimples, one at each corner and one in the center. Mirrors were
attached to metal posts at a height of 30 inches (76 cm) above the
center-line elevation. The posts were set such that the mirror was at

a 45 degree angle with the center-line and would reflect light back

acrass the road. This followed the procedure used in the earlier test

in Maine and the original Van de Ree Mirror placement instructions.

Posts with mirrors were located on both the ocutside and median
sections of the north and south-bound lanes in each mirrored test section.
The posts were set 66 feet (20.1 m) apart on each test section, with the
posts on the median shoulder off-set 33 feet (19.0 m) from those on the
outside shoulder. Posts with mirrors were set 2 feet (0.6 m) off the
edge of the pavement to minimize damage to the posts during snow-plowing
operations. In areas with guardrails, they were set 3 feet (0.9 m)
tehind the guard rail to allow snow plot winging.

The posts in each mirrored test section were given a unigue one or
two color paint stripe so that actual locations of each deer killed
could be noted. A deer killed in a non-mirrored section was then reported
as being between the mirrored sections of particular colors.

The Maine Warden Service, Department of Inland Fisheries and Wildlife,
recorded this additional information on each form for a deer-vehicle

ra
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accident occurring in the study area. The Maine State Police also
recorded this information on such accidents. Finally, the maintenance
crews for’ the Maine Department of Transportation reported independently
. any deer killed by vehicles.

~ The test was run from late October, 1977, until July, 1981. Llate
each summer the mirrors and posts were straightened or replaced as
necessary.

During the winter, personnel from the Maine Department of Transporta-
tion frequently counted deer tracks crossing each test section of the
road.

The study was designed to allow statistical evaluation of the
effectiveness of deer mirrors by comparing the fraction of the total
number killed in the mirrored areas with the fraction of the road which
was mirrored (0.406). €Each year the data were to be analyzed to
determine if significantly more deer were killed on the mirrored
sections than would be expected if the kill was proportional to the
fraction of the area with mirrors. A significant conclusien would
result in termination of the project to avoid annual maintemance. A
non-significant conclusion would result in continuation of the project.

The expected project duration was 4 years, at which time 28 to 56
deer were expected to be killed in the study area. Previous data for
1-95 between Augusta and Bangor indicated 1 deer per year could be
killed for every 1 or 2 miles (1.6-3.2 km) of highway.

At the end of the project, the data were analyzed to determine if
significantly fewer deer were killed on the mirrored areas than
expected. The test used was a one-tailed Students-t test for proportions.
corrected for continuity (Zar, 1974):

t, = [(a+0.5)/n-0.4061/[(0.406)(0.584)/n] '/ ()
where a = number of deer killed in the mirrored section, and
n = total number of deer killed in the test area.



RESULTS AND DISCUSSION

Eleven deer were killed on the [-95 study area between October 1977
and July 1980 (Table 1). Of these, 2 were killed at unknown locations,
2 at interchanges not included in the test area, 3 in non-mirrored zones,
and 4 in mirrored section. The effective sample size of 7 was not
sufficient to test the hypothesis that fewer deer were killed in the
mirrored areas compared to unmirrored areas. However, given 4 deer
killed in mirrored sections, an additional 16 deer would have to have
been killed in the non-mirrored sections for there to be a demonstrable
effect of the mirrors.

The number of deer killed on the test area was much less than expected.
Eight of the deer were killed in the fall of 1977 and 3 were killed during
the first half of 1978. No deer were reported killed on the test area
between mid-1978 and mid-1981. The reporting system remained intact
throughout this period, and few if any deer would be missed by all three
state agencies responsible for reporting.

The number of deer killed by vehicles on roads around the study area
was less in the second year of the study than in the first (22 vesus 16).
Statewide, the number of deer killed by vehicles was at or below normal
for the years of the study (Maine Dept. Inland Fisheries and Wildlife,
unpublished data).

Perhaps the best explaination for the decline in sample size as
the study progressed comes from the work of Bellis and Graves (1978) in
Pennsylvania. On an 8 mile (12.8 km) segment of 1-80 a total of 286 deer
were killed in the first 14 months following its opening in 1968, 22 were
killed in 10 months of 1970-1971, 2 were killed in 12 months in 1973-
1974, and 6 were killed on 6 miles (9.6 km) of the same area in 1974-
1975. Bellis and Graves (1978) found no correlation between the numbers
killed and number of deer in the area, and suggested that deer were
simply not remaining on the right-of-way as long as they were when the
interstate first opened. The decline in numbers of deer killed on the
newly opened section of I-95 in Maine may well be the result of a similar
"acclimatization" of deer to the right-of-way.

The distribution of the deer killed on the study area indicated
deer were using the entire area {Table 1). The area near Sedgely Brook
(test sections 10 through 15) did seem to be an area of some concentration,
although sample size was again insufficient to warrant statistical
examination. Track counts in each test section during the winters of
1677-78 and 1978-79 indicated rcrossings throughout the study area, but
fewer tracks crossing the right-of-way in the second winter (22 per
inspection) than in the second winter of the experiment (6 per inspection).



Table 1.

Maine, between October 1977 and July 198].

Locations and dates of deer killed along the 1-95 study area,

Report Test Section
Number Number Treatment Date Remarks
1 unknown 10-28-77 possibly outside area
2 7A Intérchange 11-02-77
3 14 Mirrors 11-04-77
4 unknawn 11-14-77 .reported at toll booth
5 17A Interchange 11-15-77
6 10 Mirrors 11-19-77
7 10 Mirrors 11-20-77
8 14 Mirrors 11-20-77
9 5 No mirrors 05-19-78
10 5 No mirrors 05-26-78
11 ? No mirrors 27-03-78




In spite of the fact that sample size'was tco small to warrant any
conclusion that the mirrors were effective in reducing deer-vehicle
collisions, there was no trend of the data toward such a conclusion.

In fact, the low number of deer killed throughout the area, combined
with the fact that more deer were killed in the mirrored areas than the
non-mirrored areas, would lead to the conciusion that the mirrors were
prabably ineffective and anyway not justified in areas with so few
deer-vehicle accidents.




REVIEW OF OTHER STUDIES

There has been concern for a number of years with the problem of
acer-vehicle accidents, both because of the loss of deer and because of
the damage to property. Several methods have been attempted to reduce
the frequency of such collisions, among which is the use of mirrors or
other reflectors to direct light from vehicle headlights to the side of
the road. This light is supposed to startle the deer and make them
hesitate to enter the right-of-way until -after the vehicle has passed.

A number of studies, including the one reported here, have attempted
to determine if such reflective devices are effective in reducing deer-
vehicle accidents. It is the purpose of this section of the report to
summarize and critically evaluate these past efforts and to suggest
refinements in study design.

Types of Reflectors

The mirrors used have been primarily of two types. The first to be
tested was a flat polished stainless steel square about 4 by 4 inches
(10 by 10 cm). This "Van de Ree" mirror most often had 4 or 5 small
"dimples" or indentations. These stainless steel mirrors are available
from several sources, both in the United States and Europe. They are
mounted as diamonds or squares on posts located on the shoulders of the
road. Some tests with these mirrors have been set up to reflect light
away from the road, some back across the road, and some both ways
{Gordon, 1967).

The second type of reflector is a red giass and plastic lens known
as a swareflex reflector. It is manufactured in Austria, where it was
first tested in about 1971. The lenses are mounted on posts along the
road shoulders so that Tight is reflected away from the right-of-way.

The Swareflex reflector was developed on the theory that red light
is particularly effective in attracting a deer's attention. Basic to
this theory is the claim that deer can distinguish red color. The
evidence available for this is a study of one female red deer (Backhaus,
1969), a theory developed by Koenig (1974) that predator eyes appear
red to deer, and a popular article by Weiss (1981). Predators eyes do
not revlzct light except from human sources. Further, there is a wide
variability in the ability of mammals to distinguish color, and what
might be true for one species is not true for another. We do not know
that white-tailed or mule deer can see red color. Even if it was
established that red color could be distinguished, the behavioral
impact of this compared to white light from headlights would require
exhaustive investigation.




Chronology of Experiments

The original test of the Van de Ree reflectors was a "before-and-
after" study in the Netherlands which compared the numbers of deer killed
between 1958 and 1960 on a 2.4 mile (4 km) length with the numbers killed
between 1960 and 1962 after mirrors were installed (McLain, 1964). They
reported a reduction from 20 to no deer killed when the mirrors were in
place.

Several states installed and tested these or similar mirrors following
the report of the Netherlands study. Maine installed about 7 miles
(11 km) of mirrors in segments from 0.25 to 1 mile long (0.4 to 1.5 km)
over a period of 5 years (Howe, 1964, 1965, 1966, 1967, 1968). There was
no reliable information on the number of deer killed prior to installation,
but the conclusion was made that the mirrors were successful. However, .
all deer kills in the mirrored segments were discounted because of ‘
faulty 1installation or damage to the mirrors. :

New Jersey installed mirrors along 7.8 miles of highway (MclLain,
1964). They planned to evaluate the success of the mirrors by comparing
counts of deer kills in the areas before installation with the number
following.  Indiana installed Van de Ree mirrors on two 1-mile (1.6 km)
sections of road in 1964 (Nett.es, 1965). One section was mirrored for
two years (the second held as a control) then the mirrors were switched
to the other section for another two years (Grimmett and Bartholomew,
1968). They compared only kills at night and concluded that nocturnal
mortality was not affected.

Colorado evaluated the Van de Ree mirrors in an 8 year study in
Grand Valley (Gordon, 1969). They compared the number of collisions in
4 years the mirrors were installed with the numbers killed in adjacent
areas and in the previous 4 years on the same areas. They concluded
that the mirrors had no effect.

Michigan established two test areas where round, convex mirrors were
installed along 2 and 7.5 miles (3.2 and 12.0 km) of four-lane highway
(Queal, 1968). They compared kill 3 years before with the 3 years after
installation and concluded that they were not effective.

The original test of the Swareflex reflector took place in Austria
in the early 1970's. The results were first reported in the Bulletin
of the Austrian Academy of Science (No. 6, 1974) and summarized by
Rudelstorfer and Schwab (1975). Forty-two segments totaling 58 miles
(94 km) were evaluated on a before-after basis after the reflectors
had been installed from 3 to 24 months. The evaluation was conducted
by questionnaire, with engineers, maintenance personnel, etc., giving
information on the number of deer killed before and after reflectors
were installed. Data from another 10 segments was not included in the
analysis because the questionnaires were not understandable or not
reliable. . The data presented indicated a reduced kill since reflectors



were installed.

The only completed study in the United States which evaluates the
Swareflex reflector is in Colorado (Woodard, et al., 1973). In a one
winter study along I-70 near Wolcott, reflectors were mounted and
removed in alternate weeks for 24 weeks. They recorded 11 deer killed
when the reflectors were on and 8 deer killed when reflectors were off.

Tests of Swareflex reflectors are presently being conducted in
several states and provinces. Iowa has reported that its study design
is a comparison of kills in the reflector area with kills previously
and in adjacent areas {Gladfelter, 1980). The preliminary data from
this test (V. Marks, 1981 communication to Strieter Corporation, U.S.
distributor for Swareflex) reports that some reduction in kill has
occurred on two of the four test sites in the first year after installa-
tion. A similar first year reduction has been reported to Strieter
Corporation by V. Beckerman (1981) for a test section of 1-94 in
Minnesota.

Critique of Designs

To be fair, it should be stated that many of the reports on deer
mirrors were not of studies specifically designed to evaluate the
effectiveness of deer mirrors, but were applications of the mirrors to
attempt to solve a problem along a particular segment of highway.
However, the results of several of these have been reported as evidence
of success of the deer mirrors.

Very few of the studies have incorporated any statistical design
into their planning. Especially critical in developing a project is to
eliminate the effect of year to year fluctuation in the number of deer
crossing the right-of-way. Most studies recognized that the numbers
killed on control sections of road varied widely from year to year,
depending on weather, number of deer, traffic volume and speed, habitat
changes, etc. As a result, comparisonc of the number of deer killed
before with after installation have little value because the effect of
these other factors is confounded.

Another problem which could arise is comparing the numbers of deer
killed at one time of year (with no treatment) to those killed at
another time of year (with treatment). That deer activity and suscept-
ability to vehicles varies with the time of year is well known. Mule
deer are more vulnerable when they are on winter ranges closer to
highways (Gordon 1969). White-tailed deer are more vulnerable when
they are moving more during October and November (Bellis and Graves, 1971).
The Austrian study of Swareflex reflectors could be criticized on this
basis if, as would be reasonable to expect, red deer demonstrated similar
variability in behavior or susceptability. Some of the evaluations in

10



that study were done for less than a year, and few were done in multiples
of 12 months,

Some studies have attempted to eliminate the year to year effect
by comparison of the kill with that in a control area. This has some
merit if the numbers of deer killed in each area were to follow the
same pattern. However, this is not often demonstrated. One way to
solve the problem of pattern consistency is to expand the number of
control and test areas to attain a larger sample size, as was done in
the present study. [If there are enough areas and the test areas are
assigned randomly, the effect of area variability can be smoothed.

Another means of solving the area by area variability is by switching
the control and test areas, as was done by Grimmett and Bartholomew (1968)
in Indiana. They switched control and test areas half-way through the
4 year study.

[t would be advantageous to switch between control and test more
frequently, as was done by Woodard, et al. {1973) in Colorado. By
removing reflectors every other week, they were able to achieve a test
which avoided year to year and area to area confounding factors.

Finally, sample size is a problem in many studies. Reductions (or
increases) in deer killed may not be significantly different from what
could be expected by chance if few deer kills occur. Studies have made
conclusions with very few deer kills on very small sections of road.

Conclusion

There is no statistically valid evidence that either the Van de Ree
stainless steel mirrors or the Swareflex red reflectors reduce vehicle-
deer collisions. The only statistically valid test with a minimally
sufficient sample size concluded that the Swareflex reflector was
ineffective {Wocdard, et al., 1973),

11
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Adminisiration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federal-aid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP} mansaged by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses rescarch and dsvelopment resources to
obtain timely solutions to urgent nationel highway
engineering problems.®

The diagonal double stripe on the cover of this report
represents a highway &nd is color-coded to identify
the FCP category that the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category §, green for categories 6 und 7, and an
orenge siripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety

Safety R&D addresses problems asscciated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

2. Reduction of Traffic Congestion,
Improved Operational Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such &s bus snd carpool
preferential treatment, motorist information, and
-rerouting of traffic.

and

3. Environmental Considerations in Highway
Design, Location, Construction, and Opera-
tion
Environmental R&D is directed towsrd identify-
ing and evaluating highway elements that affect

* The complete seven-volume official statement of the FCP is available from
the Nutional Technical Information Service, Springfield, Va. 22161. Single
copies of 1he introductory rolume sre avadable without eharge from Program
Ansdyris (HRD-3) Offices of Researck and Development, Federal Hiyghway
Adminstranon, Washinglon, D.C. 205%C,
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. Improved Materials

. Improved Technology for

. Improved Technology for

the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

Utilization and
Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properues.
using available natural materials, improving stru¢-
tural foundation materials, recycling highwa
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and reliable 1esting
procedures. The goals are lower highway con-
struction costs and extended maintenance-{rer
operation.

Improved Design to Reduce Costs, Extend
Life Expectancy, and Insure Structural
Safety

Structural R&D is concerned with furthering the
latest rechnological sdvances in structural and
hydraulic designs, f{abrication processes, and
construction techniques *o provide safe, efficien:
highways at reasonable costs,

Highh‘a)
Construction

This category is concerned with the research
development, and implementation of highwas
construction technology 1o increase productivity.
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quelity and methods of construction.

Highway
Maintenance

This category addresses problems in preserving
the Nation's highways and includes activities in
physical maintenance, traffic services, managr
ment, and equipment. The gosl is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

Other New Studies

This category, not included in the seven.volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically refated
to FCP projects. These studies invoive R&D
aupport of other FHWA program office research
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