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                             How does variation in winter weather affect deer – vehicle 
collision rates?      

    Daniel D.     Olson  ,       John A.     Bissonette  ,       Patricia C.     Cramer  ,       Kevin D.     Bunnell  ,       Daniel C.     Coster     and   
      Patrick J.     Jackson            

  D. D. Olson (dolson22@gmail.com), J. A. Bissonette, P. C. Cramer and P. J. Jackson, Dept of  Wildland Resources, Utah State Univ., 5230 Old 
Main Hill, Logan, UT 84322, USA.  –  K. D. Bunnell, Utah Division of Wildlife Resources, 1470 N Airport Road, Cedar City, UT 84720, 
USA.  –  D. C. Coster, Dept of Mathematics and Statistics, Utah State Univ., 219 ANSC Logan, UT 84322, USA                               

 Understanding how deer move in relationship to roads is critical, because deer are in vehicle collisions, and collisions 
cause vehicle damage, as well as human injuries and fatalities. In temperate climates, mule deer  Odocoileus hemionus  have 
distinct movement patterns that aff ect their spatial distribution in relationship to roads. In this paper, we analyzed deer 
movements during two consecutive winter seasons with vastly diff erent conditions to determine how deer – vehicle collision 
rates responded. We predicted that deer – vehicle collision rates would be higher when precipitation and snow depth were 
higher. We used meteorological data from local weather stations to describe temperature, precipitation and snow depth. 
We monitored deer movements with global positioning system telemetry to document distance of deer to roads, elevation 
use and road crossing rates. We also documented changes in deer abundance and traffi  c volumes, which were potentially 
confounding variables. We found that precipitation decreased 50% and snow depth decreased 48% between winters. In 
response, deer used habitats that were 16% higher in elevation and that were 213% farther from roads with high traffi  c 
volumes. Consequently, crossing rates also decreased as much as 96% on roads with high traffi  c volumes. Reduced cross-
ing rates were likely responsible for much of the 75% decrease in deer – vehicle collisions that occurred during the second 
winter. Abundance and traffi  c volume also can be important factors aff ecting deer – vehicle collisions rates. However, it is 
unlikely they were the major drivers of variation in deer – vehicle collisions during our study, because traffi  c volumes did 
not change between years and deer abundance only decreased 7%. Our data suggest a mechanism by which variation in 
winter conditions can contribute to diff erences in deer – vehicle collision rates between years. Th ese fi ndings have signifi cant 
management implications for deer – vehicle collision mitigation.   

 Understanding how deer (Cervidae) move in relationship 
to roads is critical for wildlife and transportation manage-
ment, because deer frequently are involved in vehicle col-
lisions throughout much of the developed world (Groot 
Bruinderink and Hazebroek 1996, Conover 2001, Noro 
2010). In the United States alone there are 1 – 2 million 
vehicle collisions with large animals annually, resulting in 
more than 8 billion dollars in economic costs; the majority 
of these accidents involve deer (Huijser et   al. 2008). Deer –
 vehicle collisions (DVCs) not only can cause vehicle damage 
(Bissonette et   al. 2008), but occasionally vehicle occupants 
are injured and in rare cases killed (Conover et   al. 1995, 
Langley et   al. 2006). Vehicle collisions are nearly always fatal 
for the deer (Allen and McCullough 1976). 

 Mule deer  Odocoileus hemionus  occur throughout much 
of western North America and are commonly involved in 
vehicle collisions (Reed 1981, Peterson and Messmer 2011, 
Bissonette and Rosa 2012). In temperate climates, most mule 
deer populations are migratory (Gruell and Papez 1963, 
Kucera 1992, Sawyer et   al. 2009) and have distinct seasonal 
movement patterns that can aff ect their spatial distribution 
in relationship to roads (Stewart et   al. 2010). For example 
in summer, deer typically use high elevation ranges with 

abundant resources (Boeker et   al. 1972) that generally are 
farther from high-volume roads (Stewart et   al. 2010). In early 
to late fall, mule deer generally move from high elevation 
summer ranges, largely in response to seasonally declining 
resource quality and snow accumulations that inhibit move-
ment and decrease forage availability (Parker et   al. 1984). 
Mule deer winter ranges are usually lower in elevation and 
occur on southern aspects that have lower snow accumula-
tions (Gilbert et   al. 1970, Garrott et   al. 1987). Many roads 
are located on or near deer winter ranges, and deer may 
be closer to high-volume roads during winter in some 
landscapes (Reed 1981). 

 Variation in the seasonal and annual movement patterns 
of deer can produce marked changes in DVCs (Mysterud 
2004, Sullivan 2011). A common seasonal pattern that 
has been observed for both mule deer and white-tailed deer 
 Odocoileus virginianus  is a rise in DVCs during spring and 
fall when deer transition between summer and winter ranges 
(Case 1978, Biggs et   al. 2004, Grovenburg et   al. 2008). 
Additionally, Reed and Woodard (1981) observed that DVC 
rates for mule deer appeared to vary annually in response to 
changes in winter conditions. Mule deer typically exhibit a 
high degree of fi delity to summer ranges (Th omas and Irby 

  ©  2015 Th e Authors. Th is is an Open Access article 

 Subject Editor: Anthony Clevenger. Editor-in-Chief: Ilse Storch. Accepted 3 December 2014 

Wildlife Biology 21: 80–87, 2015 
doi: 10.2981/wlb.00043

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 14 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



81

1990, Kucera 1992), but the use of winter ranges may vary 
between years depending on winter conditions (Garrott et   al. 
1987, Brown 1992). For example, in southern Idaho during 
a mild winter only 52% of deer returned to the same winter 
range they used the previous year (Brown 1992). Th e use of 
diff erent wintering areas between years may cause variation 
in the exposure of deer to high-volume roads. 

 Deer – vehicle collision rates are not only aff ected by 
movement patterns but also by deer abundance and traffi  c 
volumes on roads (Jahn 1959, Sullivan 2011, Rolandsen 
et   al. 2011). Additionally, speed limit and road edge clear-
ance have been implicated for cervids (Meisingset et   al. 
2014), while anthropogenic activity appears to infl uence elk 
 Cervus elaphus  activity patterns in North America but not 
mule deer (Barrueto et   al. 2014). Collision rates have been 
shown to be associated with abundance for both red deer 
 Cervus elaphus  and mule deer (Romin and Bissonette 1996b, 
Mysterud 2004). For white-tailed deer, DeNicola and 
Williams (2008) observed a proportional decrease in DVCs 
by experimentally reducing deer abundance. DVC rates 
are also aff ected by traffi  c volume on roads (Romin and 
Bissonette 1996b, Ng et   al. 2008). Collision models have 
indicated that traffi  c volume is one of the most important 
predictors of DVCs (Litvaitis and Tash 2008), and high DVC 
rates have been reported on roads with high traffi  c volumes 
(Romin and Bissonette 1996b). Alternatively, roads with 
low traffi  c volumes appear to have a limited eff ect on deer 
survival, even if they frequently cross these roads (Hansen 
et   al. 2012). Consequently, it is important to consider the 
type of road and its traffi  c volume when examining eff ects on 
deer movements and collision rates (Neumann et   al. 2012, 
Sawyer et   al. 2013). 

 An understanding of how deer move in response to 
annual changes in weather is key to understanding variation 
in DVC rates in temperate climates (Rolandsen et   al. 2011). 
In this paper, we analyzed mule deer movements during 
two consecutive winters with vastly diff erent conditions 
to determine what eff ect weather had on DVC rates. We 
predicted that DVC rates would rise when precipitation 
and snow depth increased, because deep snow restricts 
deer movements to low elevation habitats that may increase 
exposure to high volume roads. We monitored deer move-
ments to document road crossing rates, distance of deer 
to roads and elevation use during both winters. We used 
meteorological data to describe temperature, precipitation 
and snow depth in the study area. We also documented 
changes in deer abundance and traffi  c volumes, which were 
potentially confounding variables.  

 Methods  

 Study area 

 Th e study area (8278 km 2 ) was located on the western 
edge of the Rocky Mountains in central Utah (Fig. 1). 
Topography in this area was mountainous and highly 
variable (1463 – 3415 m). Th e climate was temperate; typical 
summer temperatures were    �    22 ° C and winter temperatures 
were  �    0 ° C (UCCW 2013). Precipitation occurred during 
all months of the year, but during most years, peaks in 

precipitation occurred during spring and fall. Total precipi-
tation (203 – 406 mm) was variable between years (UCCW 
2009, 2013). Th e majority of the study area consisted of the 
Wasatch Mountains ecoregion, but its eastern edge encom-
passed a small portion of the Colorado Plateau (Griffi  th 
and Omernik 2011). A variety of land cover types ( �    40) 
existed within the study area, but aspen  Populus tremuloidies , 
Gambel oak  Quercus gambelii  and sagebrush  Artemisia  spp. 
were relatively common (Lowry et   al. 2005). Mule deer, elk 
and a limited number of moose  Alces alces  occurred within 
the study area (Bernales et   al. 2011). 

 Roads were common throughout the rural study area 
(Fig. 1), but most had low ( �    500 vehicles day �1 ) traffi  c 
volumes (UDOT 2012). However, there were a few roads 
with higher traffi  c volumes. For example US 6, a major east –
 west route in Utah, bisected the center of the study area 
(Fig. 1). Traffi  c volumes on US 6 within the study area were 
 ∼ 9000 vehicles day �1  and speed limits varied between 72 –
 105 km h �1  (UDOT 2012). In 2005, data showed that US 
6 had the sixth highest number of DVCs in the state (Kassar 
and Bissonette 2005). To improve safety for motorists and 
deer, four wildlife crossing structures and 26 km of inter-
mittent, exclusionary fencing (2.4 m high) were installed 
in 2008 – 2009 on US 6 within the study area. While most 
mitigation was in place prior to this study, one wildlife cross-
ing structure (MP 204) and  ∼ 6 km of wildlife fencing were 
installed in 2011 during the study. Prior to installation, 6 – 7% 
of deer carcasses reported during winter occurred within that 
section of highway (MP 202-205). Consequently, the proj-
ect may have had a minor impact on the results reported in 
this paper, but was likely not the major driver of the pattern 
we observed.   

 Winter conditions 

 Precipitation and temperature often are used to describe 
weather conditions (i.e. short-term patterns) and climate (i.e. 
long-term averages or normals) of areas (NOAA 2014). To 
document weather and climate during winter, we obtained 
temperature, precipitation, and snow depth data from 
weather stations that were located throughout the study area 
(Fig. 1). Temperature and precipitation data were provided 
by the National Climatic Data Center (NCDC 2013), and 
snow depth data were provided by the National Water and 
Climate Center (NWCC 2013). We defi ned the winter 
season as 1 December – 31 March. We calculated tempera-
ture and precipitation normals by averaging annual winter 
data for 1981 – 2012, which was the range available for most 
weather stations in the study area. Th e snow depth normal 
represented a shorter temporal range (2003 – 2012) due to 
the limited data available for that variable. Temperature data 
were reported as the mean monthly temperature and precipi-
tation data were reported as total precipitation for the winter 
season. Snow depth data represented the mean daily snow 
depth for the winter season. 

 We compared temperature, precipitation, and snow depth 
between winters using paired t-tests ( α     �    0.05). When data 
did not meet the assumptions of the parametric t-test, we 
used the nonparametric Wilcoxon rank-sum test. We used 
the same approach for all comparisons in the paper, except 
for DVC data. When we compared diff erences in DVC 
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  Figure 1.     Locations of mule deer that were captured and instrumented with GPS telemetry collars, weather stations that were used to 
describe winter conditions, and roads in central Utah, USA.  

data between winters, we used  χ  2 -tests. All statistical tests 
were performed in R ver. 2.14 ( � www.r-project.org/ � ) and 
were purposely kept uncomplicated to increase the clarity of 
the results, as recommended by Guthery (2008).   

 Traffi c volumes and deer abundance 

 Traffi  c volume data were obtained from the Utah Depart-
ment of Transportation (UDOT) for the study area (UDOT 
2012). Traffi  c volumes for roads were reported by UDOT 
as average annual daily traffi  c during each calendar year. We 
categorized roads as US 6, major roads and minor roads. 
Major roads were defi ned as having traffi  c volumes    �    500 
vehicles day �1 . Minor roads were defi ned as having    �    500 
vehicles day �1  or roads that were unmonitored for traffi  c vol-
ume. We considered US 6 separately from other major roads 
because it had the highest traffi  c volumes of all roads within 
the study area, and because it has been the focus of DVC 
mitigation for several years. 

 Mule deer abundance was estimated annually by the 
Utah Division of Wildlife Resources (UDWR). During 
the study period, the UDWR collected survival, harvest, 
recruitment, and population structure data and used 
POP-II to model deer abundance within management 
units (Bernales et   al. 2011). Th e modeling process did 
not include estimates of uncertainty. We used manage-
ment unit totals to estimate the number of mule deer 
within our study area by weighting totals by the propor-
tion of the management unit area that occurred within 
the boundaries of our study area.   

 Deer movements and survival 

 To document the movements and survival of deer in 
relationship to roads, 32 adult ( �    2 years) female mule 
deer were captured on winter ranges in the US 6 corridor 
(Fig. 1). Contractors employed by the UDWR captured 
deer using a standard helicopter and net gun technique 
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lected by UDOT contractors. Carcass surveys have been 
conducted in Utah since at least 1998 (Bissonette and Rosa 
2012). Surveys were performed using automobiles that 
were driven at posted speed limits by a single observer. 
During surveys, contractors were required to remove all 
carcasses that were detected on the road surface and the 
road shoulder. Contractors kept detailed records of deer 
carcass locations using GPS. Double-counting of deer 
carcasses was unlikely because reported carcasses were 
also removed from roads and deposited at local landfi lls. 
Within our study area, carcass surveys were conducted 
on US 6 and all major roads, but not on minor roads. 
DVC estimates from carcass surveys represent minimum 
estimates, because carcass survey totals have not been 
corrected for bias (e.g. detection, carcass persistence).    

 Results  

 Winter conditions 

 Data on winter conditions were collected from 12 weather 
stations throughout the study area (Fig. 1). Mean eleva-
tion of weather stations was 2484 m (n    �    12, SD    �    293). 
Normal winter temperature for the study area was  – 4.9 ° C 
(n    �    384, SD    �    8.4). Normal precipitation was 226 mm 
(n    �    384, SD    �    52), and normal snow depth was 891 mm 
(n    �    50, SD    �    359). Compared to normal conditions, tem-
peratures during both winters were warmer (Fig. 2). How-
ever, precipitation and snow depth were both below normal 
during 2010 – 2011,but above normal during 2011 – 2012. 
When we compared the two winters to each other, tem-
perature (t    �     – 11.89, DF    �    10, p    �     �    0.001), precipitation 
(t    �    3.16, DF    �    7, p    �    0.016), and snow depth (t    �    9.76, 
DF    �    5, p    �     �    0.001) all diff ered signifi cantly. Th e extent 
of the diff erence in weather conditions between winters was 
biologically meaningful; temperatures were 28% warmer 
( �    1.1 ° C), precipitation was 50% less ( – 138 mm), and snow 
depths were 48% lower ( – 568 mm) during 2011 – 2012.   

 Traffi c volumes and deer abundance 

 Traffi  c volumes on US 6 (t    �    0.11, DF    �    12, p    �    0.915) and 
major roads (t    �     – 0.32, DF    �    61, p    �    0.752) did not dif-
fer between years. Mean traffi  c volume for US 6 was 9216 

(Krausman and Hervert 1985). One additional deer was 
captured by UDWR biologists using chemical immobi-
lization (Eberhardt et   al. 1984). All deer were handled 
in accordance with guidelines for the use of mammals in 
research (Sikes and Gannon 2011), under permits held by 
the UDWR. Captured deer were instrumented with store-
on-board global positioning system (GPS) collars. Collars 
were programmed to record one location every 8 h. Each 
tracking collar was also equipped with a very high frequency 
(VHF) transmitter and a mortality sensor. We monitored 
survival of deer weekly (Peterson and Messmer 2011). 

 All GPS locations were screened for accuracy and 
improbable locations were removed (Villepique et   al. 2008). 
Using ArcGIS 10.1, we estimated road crossing rates (cross-
ings week �1 ) by overlaying each animal ’ s movement path 
on a current road layer obtained from the Utah Automated 
Geographic Research Center (Utah AGRC 2012). Road 
crossing rates represent minimum estimates because the 
interval between locations was long enough that deer could 
have moved back and forth across roads without being 
detected. 

 We also documented elevation use by deer and distance 
that deer occurred from roads. Elevation for each location 
was recorded by the GPS collar. We used ArcGIS 10.1 to 
measure the Euclidean distance between deer locations and 
roads. When comparing diff erences between winters, we 
considered the individual animal as the experimental unit 
(Sawyer et   al. 2006, 2009). 

 We estimated winter survival rates (1 December  –  31 
March) for deer using a known-fate analysis in Program 
Mark 6.1 (Cooch and White 2013). We fi t models with 
crossing rates, distance to roads, and year, and compared 
them to an intercept-only model using Akaike information 
criterion (AIC) (Akaike 1973) with a correction for small 
sample sizes (Burnham and Anderson 2002). When nested 
models were separated by    �    2 AIC c  points and diff ered by 
only one parameter, we considered the model with an addi-
tional parameter as noncompeting and did not report it 
(Arnold 2010).   

 Deer – vehicle collisions 

 To index the number of DVCs that occurred on roads within 
the study area, we used carcass survey data that were col-

  Figure 2.     Percentage of normal temperature, precipitation, snow depth (mm) during winter 2010 – 2011 and 2011 – 2012 in central Utah, USA. 
Temperature was above normal for both winters (17 – 40%), but warmer in 2011 – 2012. Precipitation and snow depth were 20 – 32% above 
normal in 2010 – 2011 and 32 – 41% below normal in 2011 – 2012, resulting in largely dissimilar weather conditions for deer between winters.  

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 14 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



84

vehicles day �1  (n    �    27, SD    �    1965) and for major roads it 
was 3625 vehicles day �1  (n    �    124, SD    �    3214). According 
to population estimates, mule deer abundance within the 
study area was 31 145 animals in 2010 – 2011 and 28 911 
animals in 2011 – 2012, which represented a 7% decrease 
between years. Th ere was also a marginal decrease ( – 3%) in 
mule deer abundance throughout the state.   

 Deer movements and survival 

 To document movements and survival of mule deer, 31 
adult female deer were captured in December 2010 and one 
additional deer was captured in January 2011 (Fig. 1). Th e 
mean distance of deer capture locations to US 6 was 3.5 km 
(n    �    32, SD    �    3.9 km). GPS collars acquired spatial coordi-
nates on 89% (n    �    40 787) of programmed attempts (n    �    40 
787), and 87% of locations were 3D, indicating horizontal 
location error was generally    �    20 m (Di Orio et   al. 2003, 
Sawyer et   al. 2009). From GPS movement data, we esti-
mated crossing rates of deer on roads within the study area 
(Fig. 3). Crossings rates deceased 96 % between winters on US 
6 (W    �    663, p    �    0.001). Crossing rates also decreased on major 
roads ( – 72%) and on minor roads ( – 12%) between winters, 
but diff erences were not statistically signifi cant (major roads, 
W    �    464, p    �    0.56; minor roads, W    �    462.5, p    �    0.81). 

 Th ere were also marked changes in habitat use by deer. 
Elevation use diff ered between winters (t    �     – 8.62, DF    �    29, 
p    �    0.001). Deer occurred at a mean elevation of 1843 
m (n    �    32, SD    �    224 m) during winter 2010 – 2011, but 
moved an average of 302 m (16%) higher in elevation 
during winter 2011 – 2012 to 2145 m (n    �    32, SD    �    182 m). 
Deer also occurred 55% farther from all roads during the 
second winter, but distance varied by road type. Deer were 
213% (3.8 km) farther from US 6, 21% (1.6 km) farther 
from major roads, 42% (0.3 km) farther from minor roads 
compared to winter 2011 – 2012 (Fig. 4). Th e distance that 
deer occurred from US 6 (W    �    112.0, p    �    0.001) and major 
roads (W    �    301.5, p    �    0.001) diff ered signifi cantly between 
winters, but we did not detect a diff erence for minor roads 
(W    �    415.0, p    �    0.364). 

 When we modeled survival for road and year eff ects, we 
found that crossing rate by deer on US 6 was the top predic-
tor of survival (Table 1). According to model predictions, 
 �    1.2 crossings week �1  began to substantially reduce deer 
survival (Fig. 4); although there was considerable uncer-
tainty in survival estimates. Crossing rate on minor roads 
also had limited support (13% of model weight). However, 
it is unlikely that crossing minor roads is an actual driver of 
deer survival, because minor roads have low traffi  c volumes 
and few DVCs occur on these roads.   

 Deer – vehicle collisions 

 Th e number of deer carcasses reported on roads that were 
surveyed within the study area decreased 75% (234 car-
casses) between 2010 – 2011 and 2011 – 2012. Addition-
ally, the number of carcasses reported on US 6 ( χ  2     �    140, 
DF    �    1, p    �     �    0.001) and major roads ( χ  2     �    24, DF    �    1, 
p    �     �    0.001) diff ered signifi cantly between winters. 
Reported carcasses decreased 91% (168 carcasses) on US 6 
and 52% (66 carcasses) on major roads (Fig. 3). Furthermore, 

  Figure 3.     GPS telemetry was used to document road crossing 
rates and distance of mule deer to roads during winter 2010 – 2011 
and 2011 – 2012 in central Utah, USA. Additionally, deer carcass 
surveys were conducted using automobiles to index deer – vehicle 
collision levels. Distance of deer to roads increased 21 – 213% 
between winters depending on road type. Subsequently, road cross-
ing rates declined 12 – 96% and reported deer carcasses decreased 
52 – 91%. Asterisks ( * ) indicate statistical signifi cance at  α     �    0.05.  

the number of reported carcasses in Utah diff ered between 
winters ( χ  2     �    760, DF    �    1, p    �     �    0.001), with 73% (1316 
carcasses) fewer carcasses reported during 2011 – 2012, 
indicating a statewide trend.    

 Discussion 

 Deer – vehicle collisions are a signifi cant management and 
conservation challenge in landscapes that have been altered 
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  Table 1. Results of model selection (AICc and  Δ AICc), model weights 
(w i ), and number of estimated parameters (K) for models of mule 
deer survival in relation to various road-related covariates during the 
winters of 2010 – 2011 and 2011 – 2012 in central Utah, USA. Deer 
crossing rate on US 6 was the highest supported model. Crossing 
rate on minor roads also had support but was likely not a substantial 
driver of deer survival, because minor roads had low traffi c volumes 
and few deer – vehicle collisions.  

Model structure AICc  Δ AICc w i K

Crossing US 6 23.72 0.00 0.28 2
Crossing minor roads 25.27 1.55 0.13 2
Distance to major roads 26.89 3.17 0.06 2
Crossing US 6    �    Distance to 

US 6    �    Year
26.99 3.28 0.05 4

Distance to minor roads 27.44 3.72 0.04 2
Distance to US 6 28.58 4.86 0.02 2
Year 29.13 5.41 0.02 2
Intercept 29.88 6.16 0.01 1
Crossing major roads 31.69 7.97 0.01 2

  Figure 4.     A known-fate model describing the relationship between 
mule deer survival and road crossing rates on US 6 in central Utah, 
USA. Model estimates indicate that crossing rates as low as 1.2 
crossings week �1  can begin to substantially lower deer survival; 
however error bars indicate there is considerable uncertainty in 
model estimates.  

by humans (Neumann et   al. 2012). Th e rate at which DVCs 
occur is spatially and temporally variable (Biggs et   al. 2004, 
Kassar and Bissonette 2005), and understanding the source 
of this variation is the key to eff ective mitigation that will 
enhance driver safety and reduce deer mortality. Our pur-
pose in conducting this study was to examine how natural 
variation in weather during winter infl uenced deer distribu-
tion, movement patterns and DVC rates. 

 Th e study encompassed two consecutive winters during 
which weather conditions diff ered considerably. During the 
fi rst winter, the study area was slightly warmer than aver-
age but had above average precipitation and snow depths. 
Alternatively during the second winter, precipitation and 
snow depth were below average, and temperatures were even 
warmer. Th is created a stark contrast in the amount of snow 
cover on the landscape, because on average snow depths were 

568 mm lower during the second winter. It has been sug-
gested that movements are impeded by snow depths greater 
than 250 mm, while depths greater than 500 mm essentially 
exclude mule deer use (Gilbert et   al. 1970, Kie and Czech 
2000). Given that snow depth is often patchy, especially on 
south facing slopes, it is conceivable that more resources were 
available for mule deer use during the second winter. 

 Movement allows deer to adjust to environmental 
variation in snow depth (Garrott et   al. 1987, Brown 1992, 
van Moorter et   al. 2013). In our study, deer wintered at 
higher elevations during the second winter, most probably 
because of relatively lower snow accumulations in those 
areas. As a result, the spatial distribution of deer in rela-
tionship to roads was aff ected, with deer occurring twice as 
far from US 6 and somewhat farther from major roads. 
Consequently, deer crossed roads with high traffi  c vol-
umes less frequently (52 – 96% decrease) because fewer deer 
wintered adjacent to roads with high traffi  c volumes. 

 In our study area, deer that crossed US 6 less often 
had higher survival than deer that crossed more frequently. 
Additionally, relatively low road crossing rates (1.2 crossings 
week �1 ) were enough to cause declines in survival; however, 
there was considerable uncertainty around survival estimates. 
Th ese results suggest that roads with high traffi  c volumes 
pose a signifi cant risk to deer safety and provide support that 
the reduction in DVCs we observed during the second win-
ter was the result of deer crossing high volume roads less 
frequently. Additionally, the reduction in road crossings on 
US 6 between winters was essentially proportional to the 
reduction in DVCs, providing further support that changes 
in movement patterns of deer due to climatic variation were 
driving the observed changes. 

 While there was considerable support that variation in 
weather caused much of the diff erence in DVCs we observed 
between winters, DVC rates may have also been aff ected by 
changes in traffi  c volumes (Romin and Bissonette 1996a). 
It is possible that traffi  c volume decreases could have con-
tributed to a decrease in DVC rates, because as traffi  c volume 
declines, roads become safer for deer to cross (Litvaitis and 
Tash 2008). According to UDOT estimates, however, 
traffi  c volumes were essentially unchanged between years; as 
a result, it is unlikely that variation in traffi  c volume contrib-
uted substantially to the pattern in DVCs we observed. 

 Variation in deer abundance also can produce marked 
changes in DVC rates (Jahn 1959, DeNicola and Williams 
2008). Mule deer populations are highly variable in Utah 
(Austin 2010, Bernales et   al. 2011) and not surprisingly, deer 
abundance diff ered between winters during the study. Deer 
abundance was higher during the fi rst winter when DVC 
rates were high and lower during the second winter when 
DVC rates decreased. A reduction in deer abundance likely 
contributed some of the variation in DVC rates that was 
observed between winters. According to UDWR population 
estimates, however, mule deer abundance only decreased 
7% between winters in our study area, which is consider-
ably less than the 52% decrease in DVCs we observed on 
major roads and the 91% decrease we observed on US 6. 
Based on the results from current DVC studies (DeNicola 
and Williams 2008, Rolandsen et   al. 2011), we would expect 
DVCs to decrease proportionally to changes in abundance, 
which did not occur in our study. Additionally, abundance 
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drivers when they were entering a section of highway that 
was currently experiencing high rates of DVCs. Warning sys-
tems such as these could accurately represent the spatial and 
temporal variation that occurs in DVC patterns and may 
prove to be an eff ective area of research that could improve 
driver safety and reduce the number of deer killed.             
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