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INFERRING WHITE-TAILED DEER (ODOCOILEUS VIRGINIANUS) POPULATION DYNAMICS FROM 
WILDLIFE COLLISIONS IN THE CITY OF OTTAWA

Kerri Widenmaier (Phone: 613-355-1254, Email: widenmkj@gmail.com), Geomatics and Landscape 
Ecology Laboratory, Carleton University, 84A Fulton Ave., Ottawa, ON K1S 4Y8, Canada

Lenore Fahrig (Phone: 613-520-2600, ext. 3856, Email: lenore_fahrig@carleton.ca), Professor of 
Biology, Department of Biology, Carleton University, 1125 Colonel By Drive, Ottawa, ON K1S 5B6, 
Canada, Fax: 613-520-3569

Abstract: Concerns associated with growing white-tailed deer (Odocoileus virginianus) numbers in Ottawa, Ontario 
have motivated several studies related to the distribution and ecology of deer in the Ottawa-Carleton region. This 
project infers deer-population trends from deer-vehicle collisions in Ottawa, Ontario, and considers the influence of 
traffic volume on estimates of population dynamics from deer-vehicle collision data. Traffic volume and collision data 
for various road segments across suburban Ottawa were analyzed to answer questions related to the characteristics 
and spatial distribution of deer collisions and traffic volume in the city.
Deer-vehicle collisions are increasing at a faster rate than traffic volume, suggesting that the deer population is 
increasing. The distribution of collisions supports the boundaries previously suggested for the location of one deer-
herd summer range, but not the other. Deer-collision numbers east and west of the Rideau River, a likely barrier to 
deer movement, were very similar, even though research and concern related to deer numbers has been concentrated 
west of the Rideau. More collisions occurred on 400-series highways than on other roads, suggesting that highways 
are a higher risk for deer collisions than other roads. The number of deer-vehicle collisions is much higher on recently 
constructed 400-series highways than on older 400-series highways, indicating that new highways represent high-risk 
areas for collisions.
This research suggests that deer-vehicle collisions could be a very useful data source for inferring deer population 
dynamics of suburban deer, but it is imperative that significant factors affecting the number and distribution of 
collisions, such as category of road and traffic volume, are considered during any analyses. 

Introduction

White-tailed deer (Odocoileus virginianus) in the City of Ottawa have become a substantial source of complaints in 
recent years (Broadfoot and Voigt 2000). Concern for human and deer safety has escalated in consideration of recent 
increases in deer-vehicle collisions (NCC draft; Broadfoot and Voigt 2000). Deer browsing has caused much damage to 
cash crops (Broadfoot and Voigt 2000) and damage to natural vegetation in the Ottawa area may be causing structural 
changes to ecosystems (Carr and Koh 2002). In response to mounting complaints, the National Capital Commission 
has established a Deer Management Committee for the purpose of developing a management strategy to address 
concerns associated with increasing deer abundance (NCC draft). This committee is comprised of staff members 
from the City of Ottawa, National Capital Commission, Department of National Defense, Ontario Ministry of Natural 
Resources, Ontario Ministry of Agriculture, and the Ministry of Transportation of Ontario (NCC draft). The strategy is 
being developed to maintain sustainable deer populations in Ottawa’s rural landscape (NCC draft). A large portion of 
this strategy concerns the Ottawa Greenbelt, which is a large area of public land originally established to control urban 
sprawl, protect local agriculture, and ensure long-term supply of land for future needs (figure 1) (Palermo 1993).

Figure 1. The Rideau River and the Ottawa Greenbelt within the City of Ottawa.
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Since it is time consuming and costly to determine exact deer numbers directly, deer-vehicle collision data have been 
used to estimate population trends in Ottawa over the last decade (Broadfoot and Voigt 2000). Although collision data 
are not the only indicator available for deer population changes, their accessibility and spatial specificity give them 
important potential for use in deer monitoring and management. This project infers deer-population trends from deer-
vehicle collisions in Ottawa, Ontario, and considers the influence of traffic volume on estimates of population dynamics 
from deer-vehicle collision data.

An increasing trend in deer-vehicle collision numbers does not necessarily indicate an increasing deer population. 
Previous studies have shown traffic volume to be an important contributing factor to deer-collision numbers (McCaffey 
1973; Allen and McCullough 1976). Therefore, the first question asked in this study is: Is the increasing trend in 
deer-vehicle collisions in The City of Ottawa due to an increase in the size of the deer population or could it be simply 
a reflection of an increasing trend in traffic volume? If the deer population in Ottawa is increasing, I expect to see a 
greater rate of increase of deer-vehicle collisions than traffic volume.

Broadfoot and Voigt (2000) identified three major areas of high deer density in the Ottawa area and delineated the 
summer- and winter-range boundaries associated with these proposed herds. While winter-range size and extent 
was determined according to deer-browsing studies, the shapes of summer ranges were inferred from the general 
movement behavior of Ontario deer and the location of likely barriers to deer movement (Broadfoot and Voigt 2000). 
Knowledge of deer-herd locations is important in any deer management plan (Porter et al. 2004; Van Deleen et al. 
1998; Grund et al. 2002). The second question addressed in this research is: Does the spatial distribution of deer-
vehicle collisions corroborate the deer-herd locations proposed by Broadfoot and Voigt (2000)?

The City of Ottawa is bisected by the Rideau River (figure 1), with a typical width of 150 to 200 m, and likely presents 
a barrier to deer movement. A large portion of the research related to white-tailed deer in the City of Ottawa has been 
focused to the west of the Rideau River (NCC draft; Broadfoot and Voigt 2000; Campbell 2002; Carr and Koh 2002), 
while little research has been conducted east of the Rideau River (Carr and Koh 2002). This may be because areas of 
high deer densities west of the river are located in close proximity to suburban areas, which results in a higher rate of 
deer-human conflict west of the Rideau. The impression that the deer population is increasing west of the Rideau River 
has recently led to an extension of the deer-hunting season in this part of the region (OMNR 2003). The third question 
is: Do deer-vehicle collision trends reflect a larger deer population west of the Rideau River than east of the Rideau? 

My two final questions relate to deer behavior with respect to roads. Allen and McCullough (1976) found deer-collision 
numbers to increase with increasing traffic speed to a maximum of 95 km/h and then to decline dramatically, suggest-
ing that deer may avoid roads with high-speed traffic. To test this I asked: Do 400-series highways experience a lower 
deer-vehicle collision rate, indicating that deer avoid high-speed traffic? 

It is possible that white-tailed deer become accustomed to the location and perceived risk associated with the loca-
tion, of roads over time. Avoidance of roads by deer has been observed previously (Rost and Bailey 1979); therefore 
the number of collisions on a road should decrease over time as deer learn to avoid a particular road. The last question 
asked will be: Do recently constructed 400-series highway segments experience more deer-vehicle collisions than older 
400-series highway segments? The results of this question could indicate that deer learn to avoid roads over time.

Materials and Methods

Traffic-volume data
Traffic-volume data for municipal and regional intersections within Ottawa were obtained from the City of Ottawa for 
the years 1995 to 2004. Traffic counts are conducted by the City of Ottawa between May and August for an unfixed 
number of hours within a day for various intersections throughout the city. All traffic counts available for segments 
about the city’s perimeter were collected. Traffic counts for a specific intersection were only used in an analysis if they 
were available in the form of an 8-hour total taken on a weekday and at least five years data were present within the 
time period considered in each question (table 1). Traffic-volume data were not always available for consecutive years 
for a road segment, necessitating the interpolation of traffic volume numbers for some years for some segments. This 
meant that the five years of volume data had to include both the first and last years considered in the specific question 
in order for traffic-volume values to be interpolated. 

Traffic-volume data from the City of Ottawa were converted from a per-intersection basis to a per-segment basis. This 
was done in one of two ways: a) by combining the values of traffic counts of adjacent intersections for vehicles directed 
towards a common road segment (figure 2) or b) by combining the subtotals from the same intersection for traffic 
coming from and heading towards a common road segment (figure 3). Traffic-volume data for provincial and 400-series 
highways of interest within the City of Ottawa were purchased from Ronen Publishing House, Inc. These included 
Highway 7, Highway 417 (Queensway), and Highway 416 (Veteran’s Memorial Highway). These traffic counts were 
available per segment ,and covered varying time periods depending on the completion of construction of the highway/
highway segment. The values were provided as 24-hour totals and were divided by three so that they could be analyzed 
with the 8-hour totals provided by the City of Ottawa. Since traffic volume is greatest during the day, these 8-hour totals 
likely underestimate the 8-hour total daily traffic volume on the highways. 
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Figure 2. Determining traffic volume of a segment using two adjacent intersections. The total traffic volume for 
this segment was determined by combining the number of cars in positions 1A, 1B, and 1C with positions 2A, 

2B, and 2C.

Figure 3. Determining traffic volume of a segment using one intersection. The total traffic volume for this 
segment was determined by combining the number of cars in position 1A with positions 2A, 2B, and 2C.

Table 1. Response variables and time periods considered in each question
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Deer-vehicle collision data
Deer-collision data were collected from the City of Ottawa for the years 1995 to 2003. These data included all deer-
vehicle collisions reported to the Ottawa Police during this time period. In my analysis, I only included deer-vehicle 
collisions that took place between intersections on road segments for which I had traffic-volume data (see previous 
section). Collisions that took place in an intersection were not included in analyses, as it was impossible to assign 
them to a specific road segment.

GIS database
All traffic volume and deer-collision data were compiled into a Geographic Information System using ArcView 3.2. 
Deer-vehicle collision data and traffic-volume data were assigned to the location of the road segment and the year of 
interest. The length of each provincial, municipal, and regional segment used in the analyses was determined using the 
ReturnLength function available in ArcView 3.2.

Data Comparison and Statistical Analysis

The set of road segments used in this study were the segments for which traffic-volume data were available. Collision 
and traffic-volume data were compared in various ways to answer the questions addressed in this study. When deer-
vehicle collisions were used as an indicator of relative deer-population size (relative-population index), the response 
variable was the number of deer-vehicle collisions per car per meter to correct for both traffic volume and segment 
length. This was also the response variable used to compare collision frequencies of different categories of roads. 
Rates of increase of traffic volume and deer-vehicle collisions were determined using standardized collision and traffic-
volume index values. The collision frequency for a particular area was the number of collisions that year divided by the 
number of collisions in the first year in the time period, while the traffic-volume index was the traffic volume per meter 
divided by the traffic volume/m in the first year in the time period. 

1. Is the increasing trend in deer-vehicle collisions in the City of Ottawa due to an increase in the size of the deer 
population or could it be simply a reflection of an increasing trend in traffic volume?
To determine whether collision trends are simply a reflection of traffic-volume trends, rates of change in deer traffic 
casualties and traffic volume in suburban and rural Ottawa were compared for 1995 to 2002. The traffic-volume index 
value for each year was determined using the following equation:

Σ (v/l1…v/li)

Where v/l1 is the 8-hour total traffic volume of a segment divided by its length in meters and i represents the total 
number of segments in the focus area. The deer-vehicle collision index value for each year was defined as the total 
number of reported deer collisions during that year within the focus area. The deer-vehicle collision values were 
standardized to the 1995 index value. The traffic-volume values were standardized to the 1995 traffic-volume value. 
The standardized collision and traffic-volume values were then plotted against time to compare their trends. If the rate 
of increase of deer-vehicle collisions is noticeably greater than that of the traffic volume, then the deer population in 
Ottawa is likely increasing. If not, then the deer-vehicle collision trends could simply be a reflection of growing traffic 
volume. Some highway segments were excluded from this comparison, as traffic-volume data were not available for 
Highway 416 and two segments of Highway 417 for the years 1995 and 1996.

2. Does the spatial distribution of deer-vehicle collisions corroborate the deer-herd locations proposed by 
Broadfoot and Voigt (2000)?
The deer-vehicle collisions within two proposed summer ranges were compared against each other and against 
segments outside both ranges for the years 1997 to 2002. The South March and Stony Swamp summer ranges were 
considered in the analysis, but the Hardwood Plains summer range was not included because traffic-volume data 
were not available for segments in this area. A segment was deemed to be within a summer range if its center was 
contained within the boundaries proposed by Broadfoot and Voigt (2000). The relative-population indices (collisions/
car/m) for the South March and Stony Swamp summer ranges and the relative-population index of segments outside of 
both summer ranges were plotted against year (1997-2002). For the distribution of collisions to support the summer-
range locations, I would expect to see greater population indices within the ranges than without.

Furthermore, the relative-population index of the Stony Swamp summer range should be greater than that of the South 
March summer range, since Stony Swamp was estimated to contain a higher deer density (Broadfoot and Voigt 2000). 
T-tests were used to determine if the summer-range population indices were significantly different from each other and 
from segments outside both ranges. Traffic volume per meter within and outside the summer ranges was also plotted, 
as was the standardized traffic volume in these areas, for comparison.

3. Do deer-vehicle collision trends reflect a larger deer population west of the Rideau River than east of the river?
To determine if the distribution of deer collisions reflects a greater deer abundance west of the Rideau River, the 
relative-population index west of the Rideau River and the relative-population index east of the river were plotted 
against year (1997 to 2002). A t-test was used to determine if the difference in collisions per car per meter on
either side of the river was significant. Traffic volume per meter east and west of the Rideau was also plotted for 
comparison purposes.
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Deer-harvest data was available from the Ontario Ministry of Natural Resources for the years 1999 to 2002 for Wildlife 
Management Units (WMUs) in Ontario. In order to compare deer-harvest trends with deer-vehicle collision trends east 
and west of the Rideau River, the number of deer harvested in WMU 65 and 64B, located east and west of the river 
respectively (figure 4), were plotted against year.

Figure 4. Wildlife Management Units 64B and 65 (OMNR 2003).

4. Do 400-series highways experience fewer deer-vehicle collisions than other segments, indicating that deer 
avoid high-speed traffic?
The collision frequency (collisions/car/m) on highway segments and the collision frequency for other segment types 
were plotted against year (1997 to 2002). All segments included were located west of the Rideau River to avoid any 
discrepancies due to the small sample size east of the river. Recently constructed 400-series highway segments were 
not included in the comparison so as to avoid their possible influence on the number of collisions/car/m (see question 
5). A t-test was used to determine whether the difference in collision frequency for highways and other roads was 
significant. Traffic volume per meter on highways and other category roads was also plotted for comparison.

5. Do recently constructed 400-series highway segments experience more deer-vehicle collisions than older 
400-series highway segments?
The collision frequency for recently constructed 400-series highway segments (since 1995) and for older 400-series 
highway segments were plotted against year (1997 to 2002). New segments included Highway 416 and the Panmure 
and March sections of Highway 417. All segments included were located west of the Rideau River. Only highway 
segments were considered in this analysis to eliminate any differences in collisions due to the speed of traffic or 
the category of road. A t-test was used to determine whether the collision-frequency index of newer highways was 
significantly different from that of older highways. Traffic volume per meter on recently constructed highways and older 
highways was also plotted for comparison.

Results

1. Is the increasing trend in deer-vehicle collisions in the City of Ottawa due to an increase in the size of the deer 
population or could it be simply a reflection of an increasing trend in traffic volume?
Figure 5 shows the distribution of segments used to compare rates of increase of traffic volume and deer-vehicle colli-
sions in Ottawa. Deer-vehicle collisions are increasing at a greater rate than the traffic volume (figure 6). Therefore, the 
increasing trend in deer-vehicle collisions is not simply a reflection of an increasing trend in traffic volume.
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Figure 5. Spatial distribution of road segments included in question 1.

Figure 6. Traffic volume and deer-vehicle collisions from 1995 to 2002, standardized to their 1995 values.

2. Does the spatial distribution of deer-vehicle collisions corroborate the deer-herd locations proposed by 
Broadfoot and Voigt (2000)?
Figure 7 shows the boundaries of the Stony Swamp and South March summer ranges as identified by Broadfoot and 
Voigt (2000), as well as the road segments considered to be within and outside of these ranges. Segments within 
South March returned the largest relative-population index for the entire time period (figure 8), although traffic volume 
in this area was similar to the Stony Swamp area (figure 9). The relative-population index for the South March range 
was significantly greater than the relative-population index for segments outside both ranges (T = 4.84, p = 0.01, df = 5) 
and for the Stony Swamp range (T = 11.1, p < 0.00, df = 5). Collisions/car/m w/car  within the Stony Swamp summer 
range were not significantly different from those outside both ranges (T = 2.44, p = 0.06, df = 5).

The distribution of deer-vehicle collisions supports the boundaries proposed by Broadfoot and Voigt (2000) for the 
South March summer range, but not the Stony Swamp summer range. The relative-population index for segments 
outside both ranges is increasing, while the populations within the ranges appear to be stable (figure 10).
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Figure 7. Spatial distribution of road segments included in question 2 and locations of the Stony Swamp and 
South March Deer Herd summer ranges.

Figure 8. Deer collisions/car/m within the proposed summer ranges of the Stony Swamp and South March deer 
herds and collisions outside of these ranges. 

Figure 9. Traffic volume/m (8-hour total) within and outside of the Stony Swamp and 
South March summer ranges.
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Figure 10. Rate of increase of collisions within and outside the Stony Swamp and South March summer ranges.

3. Do deer-vehicle collision trends reflect a larger deer population west of the Rideau River than east of the river?
The distribution of segments considered in this question is shown in figure 11. The relative-population indices for both 
sides of the Rideau River are shown in figure 12. The difference in number of collisions/car/m was not significant 
(T = 1.25, p = 0.27, df = 5). Figure 13 shows traffic volume per meter east and west of the Rideau. A greater number 
of deer has been harvested east of the Rideau River than west of the river, according to deer-harvest data from WMUs 
65 and 64B respectively (figure 14). The rates of increase of number of deer harvested appear similar east and west of 
the river (figure 14).

Figure 11. Distribution of segments east and west of the Rideau River.
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Figure 12. Deer collisions/car/m west and east of the Rideau River.

Figure 13. Traffic volume/m (8-hour total) west and east of the Rideau River.

Figure 14. Deer-harvest data from Wildlife Management Units 64A and 65, respectively.
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4. Do 400-series highway segments experience fewer deer collisions than other segments, indicating that deer 
may avoid high-speed segments?
The collision frequencies for 400-series segments and other segments are shown in figure 15. The 400-series highway 
segments do not experience fewer deer-vehicle collisions/car/m than other segments. Significantly more collisions 
actually take place on highway segments (T = 10.3, p < 0.00, df = 5). Average traffic volume for highway and other 
segments is shown in figure 16.

Figure 15. Collisions/car/m on highway and other segments.

Figure 16. Traffic volume/m (8-hour total) on highway and other segments.

5. Do recently constructed 400-series highway segments experience greater numbers of deer-vehicle collisions 
than older 400-series highway segments?
Significantly more deer-vehicle collisions/car/m occurred on newer highway segments than older highway segments 
(T = 5.31, p < 0.00, df = 5) (figure 17). Average traffic volume on newer segments was much lower than on older 
segments (figure 18). 
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Figure 17. Collisions/car/m on recently constructed (since 1995) and older highway segments.

Figure 18. Traffic volume/m (8-hour total) on recently constructed (since 1995) and older highway segments.

Discussion

Deer in the City of Ottawa
The results of this study suggest that the deer population in and around the City of Ottawa is increasing. The rate of 
increase of deer-vehicle collisions is greater than the rate of increase of traffic volume on the same road segments. In 
theory, the two most significant factors contributing to numbers of deer-vehicle collisions should be the number of cars 
and the number of deer on a road segment. If traffic volume was the controlling factor in observed long-term changes 
of deer collisions in Ottawa, then the rate of increase of collisions should be similar to the rate of increase of cars per 
meter. Since this was not observed (figure 6), the deer population is likely increasing. A correlation between wildlife 
collisions and the corresponding species population has not been universally accepted, however. McCaffery (1973) 
found road kills adjusted for changes in traffic volume provided an acceptable relative-population index for white-tailed 
deer. Baker et al. (2004) found a significant relationship between fox density and road traffic casualties. 

In contrast, in a review of ungulate traffic collisions in Europe, Groot Bruinderink and Hazebroek (1996) concluded that 
the effects of traffic volume or ungulate population trends on road-casualty numbers are often ambiguous.

A number of factors could have contributed to a rise in numbers of deer in the Ottawa area. Vegetation changes 
resulting from farmland abandonment and reforestation have led to increased areas of young forests and shrubs, 
which provide ideal deer habitat (Broadfoot and Voigt 2000). A steady loss of light vegetation (farmland, grasses) to 
dense vegetation (coniferous and deciduous forest, swampy forest) has taken place from 1955 to 1999 throughout 
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western Ottawa (Campbell 2002), and was likely mirrored east of the Rideau River. Recent mild winters with little snow 
accumulation may have allowed more deer to survive to the spring (Broadfoot and Voigt 2000). Rural properties do not 
allow hunting provide reserves for deer, as does the Ottawa Greenbelt (figure 1) (Broadfoot and Voigt 2000).

In the late 1970’s, deer numbers were perceived to be low and, consequently, the selective-harvest system imple-
mented by the Ontario Ministry of Natural Resources was initially restricted to allow deer populations to increase (Giles 
and Findlay 2004). Furthermore, the loss of natural predators in suburban Ottawa (NCC draft) could have contributed 
to deer-population growth within and around the City of Ottawa. 

Figure 12 suggests that the deer population density west and east of the Rideau River is relatively similar. Considering 
the similar number of collisions/car/m on both sides of the river, it is possible that the Rideau River does not represent 
a significant population barrier to white-tailed deer in Ottawa. Deer movement across the Rideau River would have 
important management implications, as deer movement patterns are important to the successful management of 
white-tailed deer (Van Deelen et al. 1998; Porter et al. 2004; Oyer and Porter 2004; Grund et al. 2002).

The situation surrounding deer in the Ottawa area has been researched in much greater detail west of the Rideau 
River than east of the river (Broadfoot and Voigt 2000; NCC, draft; Campbell 2002; Carr and Koh 2002). This is likely 
because deer are in closer proximity to areas of suburban development on the west side of the river and because 
escalating complaints related to deer have necessitated intervention by the National Capital Commission and the City 
of Ottawa. Equivalent numbers of adverse deer-human interactions have not occurred on the east side of the river and, 
consequently, less research has been conducted in this area, even though deer density appears similar.

In addition, the rate of increase in the number of deer harvested on either side of the river appears similar (figure 14). 
Figure 14 shows a greater number of deer to be harvested in WMU 65 than 64B; this is likely because WMU 65 encom-
passes a larger area (figure 4). The relationship between proximity to suburban areas and perceived deer-human 
conflict indicates that human-population density is also an important contributor to problems associated with 
deer abundance.

Deer herds west of the Rideau River
The spatial distribution of collisions supported the summer-range boundaries of the South March deer herd delineated 
by Broadfoot and Voigt (2000), but not the Stony Swamp herd (figure 8). The summer-range boundaries were based on 
general movement trends of Ontario deer, and the location of potential barriers to deer movement within and around 
Ottawa (Broadfoot and Voigt 2000). The high relative-population index for the South March area is consistent with a 
greater estimated post-reproduction deer population in the South March summer range (190 deer) compared with the 
Stony Swamp summer range (100 deer) (Broadfoot and Voigt 2000).

However, Braodfoot and Voigt (2000) estimated that the South March summer range contains 2.7 deer/m2, while 
4 deer/m2 reside in Stony Swamp, which is not consistent with our results. The relative-population index for Stony 
Swamp was not significantly greater than that outside both ranges, suggesting that the deer population density of this 
area may have been estimated incorrectly or that the summer-range boundaries were incorrect. The rapid increase in 
collisions/car/m in areas outside both summer ranges could indicate a growing deer population outside of the summer 
ranges or the expansion of current summer ranges. South March and Stony Swamp areas could have reached carrying 
capacity, while areas outside these ranges may support additional deer.

The carrying capacities of the South March and Stony Swamp summer ranges were determined according to deer-
browsing studies and were then correlated with the Ontario Deer Model to estimate actual deer population and density 
(Broadfoot and Voigt 2000). The disagreement between our estimates and the estimates of Broadfoot and Voigt 
(2000) suggests that perhaps an actual deer census should be conducted prior to the commencement of any manage-
ment plans in Western Ottawa that draw on deer abundance and density estimates. It is also possible that deer-vehicle 
collisions are a poor indicator of the spatial distribution of deer density. The spatial distribution of wildlife collision 
abundance has been linked previously with wildlife density across a city (Baker et al. 2004) and along a highway 
(Puglisi et al. 1974), but is not unanimously accepted (Groot Bruinderink and Hazebroek 1996). 

Should the boundaries for the summer ranges be incorrect, this could have important management implications for 
Western Ottawa deer herds. As mentioned previously, knowledge of seasonal movement and migration patterns has 
been shown to be an important component of the successful management of urban white-tailed deer (Van Deelen et 
al. 1998; Porter et al. 2004; Oyer and Porter 2004; Grund et al. 2002). Immigration and emigration of deer should not 
be assumed to be equal in an area considered for localized management, especially when management goals are set 
to achieve low population densities (Porter et al. 2004). Broadfoot and Voigt (2000) acknowledged in their study of the 
Western Greenbelt that migration between the Hardwood Plains, Stony Swamp, and South March deer herds is highly 
likely.

It is important that the extent and seasonality of these migration patterns are well understood before a localized-
management plan is implemented, as management programs focused during times of little movement would allow 
more effective control of population numbers (Grund et al. 2002).
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Deer behavior
The results of this study also give important insight as to the behavior of white-tailed deer with respect to roads in an 
urban environment and risks of certain categories of roads to deer-vehicle collisions. The 400-series highways are 
shown to experience significantly greater numbers of deer-vehicle collisions, which is consistent with previous findings 
that accidents increase with increased speed (Allen and McCullough 1976). Allen and McCullough (1976) speculated 
that slower vehicles had more reaction time to avoid deer, which suggests that if the public is well educated as to high 
deer-collision sites, slower speeds in these areas should aid in reducing accident numbers. The results of this analysis 
do not support the hypothesis that deer may avoid high-speed traffic; thus highways represent high-risk collision areas. 

The concept that deer may learn to avoid roads over time was not contradicted by our results (figure 18), however there 
are several other possible explanations for more collisions on recently constructed segments. For example, fewer colli-
sions on older segments could simply reflect a decreased population in that area. Regardless of the cause, the finding 
that significantly more deer-vehicle collisions occur on newer roads has important implications for road construction in 
high deer density areas. It is critical that sufficient environmental assessments and ongoing monitoring programs are 
conducted to identify and mitigate deer-collision risks associated with new roads, especially highways.

In addition, managers and researchers using the spatial analysis of deer-vehicle collisions to determine areas of deer-
population density should consider the increased likelihood of collisions on recently constructed roads and highways. 
For example, the proportion of new highway segments was higher in the Stony Swamp summer range and could have 
resulted in an overestimation of deer population density due to the increased risk of collisions on the newer segments 
in this area. The results of questions 4 and 5, that highway segments experience more collisions than other category 
roads and that recently constructed highway segments experience more collisions than older segments, support 
previous findings that the category of road is an important factor to be considered in the analysis of wildlife collisions 
(Baker et al. 2004; Allen and McCullough 1976).

Conclusion
This research suggests that deer-vehicle collisions could be a useful data source for inferring deer-population dynamics 
of suburban deer. However, factors other than deer numbers that affect deer-vehicle collisions make this data source 
less reliable as a proxy for deer-population estimates. The ecology of white-tailed deer occupying urban landscapes 
has received little attention (Grund et al. 2002) and studies of deer-vehicle collisions provide a cost-effective means 
of addressing research in this area. Collision data could give information about deer numbers and behavior, could be 
used to study relationships between deer and roads, and to learn local deer population and movement trends, but it 
is imperative that significant factors affecting the number and distribution of collisions, such as category of road and 
traffic volume, are considered during any analyses.
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