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Sharpshooting suburban white-tailed
deer reduces deer-vehicle collisions
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Abstract: Too many deer—vehicle collisions (DVCs) are one of the primary reasons local
governments implement lethal deer management programs. However, there are limited data
to demonstrate that a reduction in deer (Odocoileus spp.) densities will result in a decline in
DVCs. We conducted sharpshooting programs in 3 suburban communities to reduce deer
numbers and to address rising DVCs. Annual or periodic population estimates were conducted
using both helicopter snow counts and aerial infrared counts to assess population trends.
Management efforts were conducted from 3 to 7 years. Local deer herds were reduced by
54%, 72%, and 76%, with resulting reductions in DVCs of 49%, 75%, and 78%, respectively.
These projects clearly demonstrate that a reduction in local deer densities using lethal methods

can significantly reduce DVCs.
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DEeER-VEHICLE COLLISIONS (DVCs) and their
related public safety concerns are one of the
most significant conflicts that arise when white-
tailed deer (Odocoileus virginianus) become
abundant in urban and suburban environments
(Ng et al. 2008). Conover et al. (1995) estimated
that there are >1 million DVCs in the United
States annually, and >200 human deaths are
attributed to these events.

It has been demonstrated that DVCs increase
as local deer populations increase (Hygnstrom
and VerCauteren 1999, Etter et al. 2000, Hussain
et al. 2007, Grovenburg et al. 2008, Rutberg and
Naugle 2008). One could logically conclude that
a reduction in deer abundance would lead to a
decline in DVCs (Mastro et al. 2008). The only
way to reduce deer numbers efficiently and
effectively is through the removal of deer from
alocal population (DeNicola et al. 2000, Rutberg
et al. 2004). In most states, live-trapping and
relocating deer is not an option because of high
costs, disease transmission risks (e.g., chronic
wasting disease), unavailability of suitable re-
lease sites, and concerns over stress to captured
deer. Furthermore, most relocated deer do not
survive a year in their new environs (Conover
2002). Therefore, only lethal management op-
tions (i.e., hunting, sharpshooting, and live cap-
ture followed by euthanasia) can potentially
reduce deer densities in the short term.

There is often considerable controversy as-
sociated with discussions about how to ad-
dress contflicts associated with an abundance of

deer (Storm et al. 2007). Our experience is that
elevated numbers of DVCs are often the only
conflict that local politicians feel comfortable
using to justify the authorization of lethal deer
management options. However, no one has
demonstrated a clear correlation between re-
ductions in deer densities and a reduction in
DVCs. Therefore, our objective was to examine
if the implementation of a sharpshooting man-
agement program reduced the number of DVCs
in 3 suburban counties.

Study areas

We implemented sharpshooting manage-
ment projects in Iowa City, Iowa; Princeton,
New Jersey; and Solon, Ohio. Management
efforts were conducted in lIowa City during
January 2000, December 2000-January 2001, and
December 2001-January 2002. We implemented
the sharpshooting program in Princeton during
February-March 2001, January—-February 2002,
February-March 2003, January—-February 2004,
January 2005, and February 2006. We culled
deer in Solon during February-March 2005 and
January—-March 2006.

Management activities were focused in a
15.5 km? area in Iowa City, all of Princeton
Township (36.3 km?), and all of Solon (51.8 km?).
These communities were typical suburban de-
velopments that were composed of a matrix of
suburban and commercial development, with
intermingled small agricultural plots and un-
developed open spaces. Public safety concerns
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over increasing DVCs was the reason elected
officials approved the use of sharpshooting to
reduce the local deer herds.

Methods

We used sharpshooting techniques to kill
deer (DeNicola et al. 1997). We selected bait
sites throughout the area of operation before
beginning sharpshooting efforts in order to
maximize the efficiency and safety of removal
efforts. We would attempt to have a minimum
of 2 bait sites per km? Whole kernel corn was
placed on the ground 3 weeks in advance of
shooting efforts at select shooting locations.
We would place approximately 0.5 to 1 kg of
corn per deer daily at each site. Sharpshooting
sites were accessed from a vehicle or from a
tree stand, during the daytime and after dark.
Human safety was ensured by shooting only
when there was a known earthen backstop
created through the shooter’s relative elevation
(e.g., tree stand) or topography. Deer were shot
only when circumstances were safe (i.e., with
no humans in the removal zone). To prevent
educating deer to the procedure, we shot when
fewer than 9 deer were present. Although we
shot deer on a first opportunity basis, when
possible antlerless deer were prioritized.

Population estimates were derived using heli-
copter counts over snow following methods
described in Beringer et al. (1998) in Princeton
(February 2002). Biologists from the Iowa De-
partment of Natural Resources conducted less
systematic helicopter counts over snow in Iowa
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City (1999-2002). These counts were done by
the same personnel using the methods annually.
Therefore, the Iowa City counts were minimum
estimates and were not adjusted for detection
rates. Aerial infrared (IR) censusing techniques
(Naugle et al. 1996) were used over the entire
management area in Princeton (December
2004) and Solon (March 2004, December 2005)
to estimate population size. All IR counts were
conducted by Davis Aviation (Kent, Oh.). Infra-
red counts were conducted using asingle-engine
Cessna 182 with a fuselage-mounted, high-
resolution Mitsubishi M-600 thermal imager.
Transects were designed at 100-m intervals and
flown at 500 m above ground. At this elevation
100% coverage was achieved and verified with
Global Positioning System (GPS) moving map
software. Flights were conducted after 2200
hours to ensure adequate ground cooling and
good thermal contrast. The thermal imager
output was routed through a video encoder-
decoder and recorded on digital videotape for
later review. Count data in Princeton and Solon
were complemented by conducting simple
population projections based on observed
demographics (DeNicola 2008). We assumed
that 60% of the populations were female, 33%
of females were fawns, and recruitment rates
were 1:1 (doe:fawn ratio). We then included
approximations of non-culling mortality (i.e.,
DVC and hunter harvest data, when available,
and approximate mortality rates for urban deer
fromtheliterature (Etteretal.2002). Immigration
and emigration were assumed to be equal.

DVCs were tallied using police reports in
Iowa City and a combination of police reports
and road-kill collection records (i.e., location
of carcasses removed from the roadway) of
animal control officers in Princeton and Solon.
Data collection methods were consistent
among years at all locations. Using Microsoft
Excel, we conducted linear regression analyses
comparing recorded DVCs to estimated deer
densities.

Results
During 49 days over 3 years of sharpshooting
at the Iowa City site, we removed 950 deer, with
a culling rate of 19.3 deer per day. We culled
1,455 deer during 118 days from Princeton (12.3
deer/day) during a 6-year period. We spent 77
days sharpshooting during 2005 and 2006 to
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remove 1,002 deer from Solon (13.0 deer/day).
At all communities, we removed more deer and
at a higher culling rate per day the first year we
started sharpshooting than in subsequent years
(Table 1).

Following the implementation of sharpshoot-
ing program, deer numbers and the
annual number of DVCs were reduced
from 49% to 78% in the study sites (Table
2). The highest percentage reduction
(78%) occurred in Iowa City where

Human-Wildlife Conflicts 2(1)

by accounting for harvest numbers, recruitment
rates, and natural mortality occurring within
the community. This further supports the
observations by McNulty et al. (1997) of local
deer management effects on deer movements.
In this study we also found that the percentage

TaBLE 1. Number of days sharpshooting was conduct-
ed and deer shot and removed from 3 suburban com-
munities during different winters (a winter may include
December of the prior year).

the deer density was reduced by 76%. ) ) Days of ll;lel;m' g&?ber
Reductions in deer densities and DVCs  Location Winter  J deer Kkilled/
remained suppressed during the entire killed day
period of the sharpshooting program and %Owa City/ 2000 10 360 36.0
did not rebound in later years (Table 3). a. 2001 2 340 162
There was a direct correlation between 2002 18 250 13.8
annual deer population and DVCs in all ) '
study sites (Iowa City, 7> = 0.72, F = 5.0, Erljnceton, 2001 15 322 215
df=1, 2; P> 0.05; Princeton, > =0.98, F = - 2002 27 303 11.2
203.5, df =1, 5; P < 0.05; Solon, r>=0.99, F o008 21 2080 183
=85.1, df=1, 1; P> 0.05; Figure 1). 2004 o7 276 102
Discussion 2005 13 124 9.5
DVCs become more frequent with an 2006 15 150 100
increase in deer densities (Etter et al. (S)(;}on, 2005 37 602 163
2000, Mastro et al. 2008). However, our ) 2006 40 400 10.0

study is the only one we are aware of that

TaBLE 2. Number of deer and annual DVCs, both before (pre-cull) and after (post-cull) implementa-
tion of a deer sharpshooting program within 3 suburban communities.

Site Winter No. deer No. No.deer No.DVCs %pop. %
location cullin pre-cull  DVCs post-cull  post-cull decline DVC
perio pre-cull de-

cline

Iowa City, Ia. 2000-2002 371 63 91 14 76 78

Princeton, 2001-2006 1600 342 450 85 72 75

N.J.

Solon, Oh. 2005-2006 1400 171 650 88 54 49

demonstrates that reducing local deer densities
through a culling program reduces DVCs (Table
2). Although this relationship is quite intuitive,
it is important to demonstrate it because most
lethal management programs of suburban deer
are motivated by the desire to protect citizens
from the cost and danger of injury from DVCs.
In our 3 study sites, we found no indication that
there was any significant level of immigration
of deer into the communities from outside
areas or emigration out of the communities.
Instead, deer density trends could be predicted

of the deer population killed annually in DVCs
consistently ranged from 13% to 20% (Figure
1). Solon had the lowest percentage of the
deer population killed by vehicles each year
(13.2%), and Princeton had the highest (20.7%).
Anecdotal observations of high traffic volumes
on narrow roads with low lateral visibility in
Princeton may explain why deer are more
vulnerable to DVCs there than in Iowa City or
Solon.

Even though a management method may be
proven effective, the relative implementation
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FIGURE 1. Linear regression analysis of deer population size and annual number of DVCs in lowa City,
lowa, 1999-2002, Princeton, New Jersey, 2000-2006, and Solon, Ohio, 2004—2006.

TaBLE 3. Annual changes in the density of deer and recorded DVCs for 3 suburban communities
prior to (pre-cull) and after implementation of sharpshooting program to cull deer (data marked with

an asterisk [*] were collected pre-cull).

1999 2000 2001 2002 2003 2004 2005 2006

Iowa City, Ia. (15.5 km?)

Deer/km? 23.9*  20.6 7.1 5.9

DVCs/km? 4.1% 2.8 2.5 0.9
Princeton, N.]J. (36.3 km?)

Deer/km? 441* 275 220 179 16.5 15.2 12.4

DVCs/km? 9.4% 6.7 4.7 35 35 2.8 2.3
Solon, Oh. (51.8 km?)

Deer/km? 27.0% 183 12.5

DVCs/km? 3.3* 2.5 1.7

cost-to-benefit ratio must be considered before
it can be determined to be a practical solution.
For example, culling costs would be balanced
by savings from preventing damage to a vehicle
involved in a DVC when the cost to cull a deer
equals $354, based on data from the Princeton
site (DeNicola, unpublished data). Moreover,
money saved by averting accidents does not
include cost benefits associated with a reduction
in human injuries and fatalities associated
with DVCs (Bissonette et al. 2008). Additional
benefits of reducing deer densities include a

reduction in landscape damage (Ward 2000,
DeNicola et al. 2000), reduced numbers of black-
legged ticks (Ixodes scapularis) and associated
cases of Lyme disease (Stafford et al. 2003), and
reduced ecological damage to forested areas
(Kelty and Nyland 1983, Kittredge et al. 1992,
Conover 1997).

Acknowledgments
We would like to thank the local municipal
governments and police departments of lowa
City, lowa, Princeton, New Jersey, and Solon,



32

Ohio, as well as all the cooperating landowners.
In addition, we would like to extend our
gratitude to the Iowa Department of Natural
Resources, the New Jersey Division of Fish
and Wildlife, and the Ohio Department of
Natural Resources for all their cooperation and
assistance.

Literature cited

Beringer, J., L. P. Hanson, and O. Sexton. 1998.
Detection rates of white-tailed deer with a he-
licopter over snow. Wildlife Society Bulletin
26:24-28.

Bissonette, J. A., C. Kassar, and L. J. Cook. 2008.
An assessment of costs associated with deer—
vehicle collisions: human death and injury, ve-
hicle damage, and deer loss. Human-Wildlife
Conflicts 2:17-27.

Conover, M. R. 1997. Monetary and intangible
valuation of deer in the United States. Wildlife
Society Bulletin 25:298-305.

Conover, M. R. 2002. Resolving human—wildlife
conflicts: the science of wildlife damage man-
agement. Lewis, Boca Raton, Florida, USA.

Conover, M. R., W. C. Pitt, K. K. Kessler, T. J.
DuBow, and W. A. Sanborn. 1995. Review of
human injuries, illnesses, and economic losses
caused by wildlife in the United States. Wildlife
Society Bulletin 23:407-414.

DeNicola, A. J., D. R. Etter, and T. Alimendinger.
2008. Demographics of non-hunted white-
tailed deer populations in suburban areas. Hu-
man-Wildlife Conflicts 2:102—-109.

DeNicola, A. J., K. C. VerCauteren, P. D. Curtis,
and S. E. Hygnstrom. 2000. Managing white-
tailed deer in suburban environments. Cor-
nell Cooperative Extension, Ithaca, New York,
USA.

DeNicola, A. J., S. J. Weber, C. A. Bridges, and
J. L. Stokes. 1997. Nontraditional techniques
for management of overabundant deer popula-
tions. Wildlife Society Bulletin 25:496-499.

Etter, D. E., T. R. Van Deelen, D. R. Ludwig, S.
N. Kobal, and R. E. Warner. 2000. Manage-
ment of white-tailed deer in Chicago, lllinois,
Forest Preserves. Vertebrate Pest Conference
19:190-196.

Etter, D. R,, T. R. Van Deelen, D. R. Ludwig, S. N.
Kobal, and R. E. Warner. 2002. Survival and
movements of white-tailed deer in suburban
Chicago, lllinois. Journal of Wildlife Manage-
ment 66:500-510.

Human-Wildlife Conflicts 2(1)

Grovenburg, T. W., J. A. Jenks, R. W. Klaver, K.
L. Monteith, D. H. Galster, R. J. Schauer, W.
W. Morlock, and J. A. Delger. 2008. Factors
affecting road mortality of white-tailed deer in
eastern South Dakota. Human-Wildlife Con-
flicts 2:48-59.

Hussain, A., J. B. Armstrong, D. B. Brown, and J.
Hogland. 2007. Land-use pattern, urbaniza-
tion, and deer—vehicle collisions in Alabama.
Human-Wildlife Conflicts 1:89-96.

Hygnstrom, S. E., and K. C. VerCauteren. 1999.
Ecology of white-tailed deer in the Gifford
Point-Fontenelle Forest area, Nebraska. Final
Report. University of Nebraska, Lincoln, Ne-
braska, USA.

Kelty, D. B., and R. D. Nyland. 1983. Hardwood
browse production following shelterwood cut-
ting. Journal of Wildlife Management 47:1216—
1220.

Kittredge, D. B., M. J. Kelty, and P. M. S. Ashton.
1992. The use of tree shelters with northern
red oak natural regeneration in southern New
England. Northern Journal of Applied Forestry
9:141-145.

Mastro, L., M. R. Conover, and S. N. Frey. 2008.
Deer—vehicle collision prevention techniques.
Human-Wildlife Conflicts 2:80-92.

McNulty, S. A., W. F. Porter, N. E. Mathews, and
J. A, Hill. 1997. Localized management for re-
ducing white-tailed deer populations. Wildlife
Society Bulletin 25:265-271.

McShea, W. J., C. M. Stewart, L. J. Kearns, S. Lic-
cioli, and D. Kocka. 2008. Factors affecting au-
tumn deer—vehicle collisions in a rural Virginia
county. Human-Wildlife Conflicts 2:110-121.

Naugle, D. E., J. A. Jenks, and B. J. Kernohan.
1996. Use of thermal infrared sensing to esti-
mate density of white-tailed deer. Wildlife Soci-
ety Bulletin 24:37-43.

Ng, J. W., C. Nielsen, and C. C. St. Clair. 2008.
Landscape and traffic factors influencing deer—
vehicle collisions in an urban environment. Hu-
man-Wildlife Conflicts 2:34—47.

Rutberg, A. T., and R. E. Naugle. 2008. Deer—col-
lision trends at a suburban immunocontracep-
tion site. Human-Wildlife Conflicts 2:60—-67.

Rutberg, A. T., R. E. Naugle, L. A. Thiele, and I. K.
M. Liu. 2004. Effects of immunocontraception
on a suburban population of white-tailed deer
Odocoileus virginianus. Biological Conserva-
tion 116:243-250.

Stafford, K. C., Ill, A. J. DeNicola, and H. J. Kil-



Sharpshooting reduces deer—vehicle collisions ¢ DeNicola and Williams 33

patrick. 2003. Reduced abundance of Ixodes Woolf. 2007. Deer—human conflict and hunter
scapularis (Acari: Ixodidae) and the tick para- access in an exurban landscape. Human—Wild-
sitoid Ixodiphagus hookeri (Hymenoptera: En- life Conflicts 1:53-59.

cyrtidae) with reduction of white-tailed deer. Ward, J. S. 2000. Limiting deer browse damage
Journal of Medical Entomology 40:642—-652. to landscape plants. Connecticut Agricultural

Storm, D. J., C. K. Nielsen, E. M. Schauber, and A. Experiment Station Bulletin 968:1-15.

ANTHONY J. DENICOLA is president of White Buf-
falo, Inc., a nonprofit research organization dedicated to
conserving ecosystems through wildlife population control.
He received a B.S. degree in biology from Trinity College of
Hartford, Connecticut, an M.S. degree from the Yale School
of Forestry and Environmental Studies, and a Ph.D. degree
in wildlife ecology from Purdue University. His Ph.D. re-
search involved the examination of the efficacy of contra-
ceptives on 2 enclosed deer herds. He has conducted field
trials using contraceptives on several hundred white-tailed
deer in 7 study areas over the last 15 years. He also has
implemented sharpshooting programs in 11 states, remov-
ing >7,000 deer from suburban communities. He is a mem-
ber of the National Animal Damage Control Association, the
Society for Conservation Biology, and The Wildlife Society.
He holds research affiliate positions with Trinity College, the
Denver Zoological Foundation, and Rutgers University. His
professional interests are behavioral-ecological approaches
to wildlife damage control, wildlife reproductive control, and
control of introduced vertebrate species.

ScotT C. WILLIAMS is employed at the Connecticut
Agricultural Experiment Station, Department of Forestry
and Horticulture. He has his B.A. degree in environmental
studies from Connecticut College, and his M.E.S. degree
from the Yale School of Forestry and Environmental Stud-
ies. He is a Ph.D. degree candidate in wildlife management
at the University of Connecticut. He has been collaborating
with White Buffalo, Inc., on his Ph.D. research, investigat-
ing behavioral changes of white-tailed deer subjected

to sharpshooting, controlled hunting, and baiting. His
research interests include the ecological and public health
impacts of overabundant white-tailed deer herds, including
deer—vehicle collisions, ecological damage, alteration of
forest species composition, avoiding damage to ornamental
vegetation, and deer as exotic seed dispersal agents. In
his limited free time, he is an avid hunter and angler, and in
early spring, he runs his own maple syrup operation.




