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Temporal and spatial distribution of moose-vehicle accidents in the 
Laurentides Wildlife Reserve, Quebec, Canada

Christian Dussault, Marius Poulin, Réhaume Courtois & Jean-Pierre Ouellet

Dussault, C., Poulin, M., Courtois, R. & Ouellet, J-P. 2006: Temporal and spa-
tial distribution of moose-vehicle accidents in the Laurentides Wildlife Reserve, 
Quebec, Canada. - Wildl. Biol. 12: 415-425.

Deer-vehicle accidents are an increasing problem in many regions of the world. 
To elaborate effective mitigation measures, it is necessary to determine envi-
ronmental factors associated with the occurrence of such accidents. The Lauren-
tides Wildlife Reserve in Quebec, Canada, is a prime example of an area hav-
ing a long-lasting problem of moose-vehicle accidents (MVAs). We tested the 
effect of the spatial and temporal variables most likely to influence MVAs in 
this area based on accidents recorded over a 13-year period. Data collected in-
cluded the date and time of each collision as well as the position of the accident 
relative to the closest 1-km road marker. We calculated 10 variables to assess 
moose habitat suitability, moose density, topography and road design for every 
1-km road segment. There was a total of 754 MVAs during 1990-2002. The 
period with the highest number of accidents was the second half of June but 
accident frequency remained relatively high from mid-May to late August. The 
risk of accident per vehicle was at least 2-3 times higher at night (when traffic 
volume was lowest) than during any other time of the day. Also, MVAs were over 
42% more frequent on Fridays, when road traffic levels were highest. The prob-
ability of an MVA increased when air temperature and atmospheric pressure 
were high. The MVA rate increased with moose density, in the presence of at 
least one brackish pool (by 80%) and when a valley traversed the road (by 
120%). Implications of our results in the choice of appropriate mitigation mea-
sures are discussed. Future work should aim to describe habitat characteristics at 
the actual collision site.
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Deer-vehicle accidents (DVAs) are an important prob-
lem in many regions of the world, especially in North 
America, Scandinavia and Japan. Such accidents almost 
always result in considerable material damage, in death 
of the wounded animal and physical injury or death of 
human beings (Lavsund & Sandegren 1991, Haikonen & 
Summala 2001). Groot-Bruinderink & Hazebroek (1996) 
estimated the annual number of road accidents involv-
ing an ungulate in Europe (excluding Russia) at 507,000, 
which resulted in 300 human deaths, 30,000 other 
injured persons and material damage of 1 billion US$. 
In the United States, DVAs have increased from 200,000 
in 1980 to 500,000 in 1991 (Romin & Bissonette 1996a) 
and cost more than 1 billion US$ annually (Conover 
1997). These numbers alone explain why the reduction 
of DVAs is a priority for wildlife and transportation agen-
cies in many regions (Sullivan & Messmer 2003).

One of the first steps necessary in elaborating effec-
tive mitigation measures is to determine environmental 
factors and conditions associated with the occurrence of 
DVAs (Malo et al. 2004, Seiler 2004, 2005). Significant 
regional variations exist in the timing and causes of 
DVAs (Groot-Bruinderink & Hazebroek 1996). Once 
local parameters are known, it should be possible to iden-
tify risky road sectors and propose measures to improve 
drivers’ safety (Putman 1997). We can identify four po-
tential components to the DVA problem: wildlife-relat-
ed causes (e.g. animal density or behaviour), habitat-
related factors (e.g. availability of food), weather con-
ditions (that affect visibility or animal behaviour) and 
human causes (e.g. driver distraction or fatigue and level 
of road traffic).

Rate of DVAs is clearly related to deer density (Modaf-
feri 1991, Oosenbrug et al. 1991, Joyce & Mahoney 
2001, Mysterud 2004); therefore it is not surprising that 
most European countries and United States have report-
ed an increase in DVAs during recent decades. Many 
studies have also found increased collision frequencies 
at dawn and dusk when deer activity peaks (Gundersen 
& Andreassen 1998, Haikonen & Summala 2001). In 
terms of habitat, DVAs have been reported to occur in 
areas where forest cover is dense (Madsen et al. 2002, 
Seiler 2004) or diverse (Malo et al. 2004). Rights-of-
way, such as roads, may be attractive to cervids in many 
respects. Roads offer abundant food resources that are 
spatially more concentrated than in the nearby forest 

(Finder et al. 1999, Rea 2003). The presence of mine-
rals, particularly sodium, is likely to attract cervids along 
roads (Fraser 1980, Jolicoeur & Crête 1994). Sodium is 
usually rare in the environment, but it is required by mam-
mals for many reasons, including regulation of osmotic 
pressure, reproduction, lactation and moulting (Belovsky 
& Jordan 1981, Robbins 1993). The sodium originating 
from road de-icers in boreal regions can concentrate in 
brackish pools that are as attractive to cervids as natural 
mineral licks (Fraser et al. 1982, Jolicoeur & Crête 1994, 
Bechtold 1996).

Since annual peaks in DVAs often coincide with peaks 
in animal activity, one could expect certain weather vari-
ables to be associated with DVAs. Indeed, weather (such 
as temperature) may directly affect animal and drivers’ 
behaviour (Dussault et al. 2004, Mysterud 2004). To our 
knowledge, the influence of weather and human-relat-
ed factors on DVAs is, however, poorly understood (but 
see Gundersen & Andreassen 1998) and most analyses 
to date have focused on habitat-related factors. Increasing 
darkness may reduce drivers’ ability to detect a travers-
ing animal (Haikonen & Summala 2001). Also, one could 
expect driver distraction and fatigue as well as vehicle 
speed to modify a driver’s reaction time when attempt-
ing to avoid a collision, but there is little published lit-
erature on this topic (Seiler 2005).

During 1990-2002 in Quebec, Canada, road accidents 
with large mammals involved 161-310 moose Alces alces, 
1,847-2,803 white-tailed deer Odocoileus virginianus 
and 18-77 black bears Ursus americanus, annually (Seb-
bane & Courtois 2000). As in other jurisdictions, the 
number of accidents could have been underestimated by 
as much as 50% (Child et al. 1991, Lavsund & Sandegren 
1991). The Laurentides Wildlife Reserve is a prime ex-
ample of an area having a persistent problem of vehicle 
accidents involving moose (Grenier 1974). Moose-vehi-
cle accidents (MVAs) constitute over 50% of all vehi-
cle accidents on some road segments. Past studies indi-
cated that accidents in the reserve occurred mostly in 
summer (Grenier 1974) and that these accidents were in 
part associated with the presence of brackish pools along 
the roadway (Jolicoeur & Crête 1994). As in most juris-
dictions having similar problems, analyses in this wild-
life reserve have mostly been restricted to a descriptive 
analysis of the phenomenon and the general habitat with-
out an assessment of other associated factors. MVAs 
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could also be related to moose distribution or behaviour 
with respect to topography (Bellis & Graves 1971, Car-
baugh et al. 1975, Modafferi 1991, Gundersen et al. 
1998, Finder et al. 1999, Joyce & Mahoney 2001). Alterna-
tively, MVAs could depend for instance on drivers’ inabil-
ity to detect moose presence under twisting road condi-
tions or reduced light availability (Del Frate & Spraker 
1991) or even on weather conditions (Reed 1981, Ander-
sen et al. 1991, Gundersen & Andreassen 1998).

In this paper, we examine the effect of spatial and tem-
poral variables most likely to influence MVAs in the 
Laurentides Wildlife Reserve, using data from accidents 
recorded over a 13-year period. We discuss how the results 
from our study could be used in the elaboration and 
choice of appropriate mitigation measures.

Material and methods

Study area
The Laurentides Wildlife Reserve is a large forested area 
(7,861 km2) located north of Quebec City, Canada, that 
is traversed by two major provincial roads in a north-
south direction (Routes No. 175 and 169; Fig. 1). These 
roads are paved and mostly one-way in each direction. 
In 2002, mean daily traffic was estimated to be 1,460 
vehicles on Route 169 (sector 1, length of 60 km), 2,800 
vehicles on Route 175 N (sector 2, 48 km) and 4,800 
vehicles on Route 175 S (sector 3, 82 km; see Fig. 1). 
The maximum speed allowed in the study area is 90 km/
hour.

Forest stands are typical of the boreal forest (Dussault 
et al. 2001). Coniferous stands with balsam fir Abies bal-
samea and black spruce Picea mariana are dominant on 
high plateaus whereas lower altitudes and river valleys 
are covered with mixed and deciduous stands, mostly 
white birch Betula papyrifera, trembling aspen Populus 
tremuloides, yellow birch B. alleghaniensis and maples 
Acer spp. Forest harvesting existed in the study area for 
several decades, resulting in a heterogeneous mosaic of 
mature and regenerating stands. A severe spruce budworm 
Choristoneura fumiferana outbreak occurred approxi-
mately 20 years ago and contributed to rejuvenating the 
forest. The topography along the two roads is broken with 
many hills rising > 150 m above the road surface and some 
major river valleys falling off to 300 m below.

The forest mosaic of young and mature stands pro-
vides high-quality habitat for moose. Moose density in 
the reserve is relatively high and was 2.2 moose/10 km2 
in the winter of 1994 (including 8.0 moose/10 km2 in 
some sectors; St-Onge et al. 1995, Dussault 2002), but 
density is likely increasing due to the adoption of restric-

tive hunting regulations for the last decade. Caribou Ran-
gifer tarandus, white-tailed deer and black bear are the 
other large mammals found in the study area. Natural 
predators of moose are timber wolf Canis lupus and 
black bear.

Winters in the Laurentides Wildlife Reserve are espe-
cially harsh since this area receives among the highest 
annual snowfalls in the world. Snow begins to accumu-
late on the ground in early November, reaches its max-
imal depth of over 100 cm around mid-March and per-
sists until early June under forest cover (Québec Ministry 
of Environment). Minimum and maximum daily tem-
peratures are, respectively, -21.7 and -9.0°C in January, 
and 9.5 and 21.7°C in July.

Moose-vehicle accident data
We used the MVA database compiled by the Quebec 
Ministry of Transportation (QMT) during 1990-2002. 
Data collected for each accident included the date and 
time of collision as well as the position of the accident 
with respect to the closest 1-km road marker. We evalu-

Figure 1. Study area with the two provincial roads (Routes No. 175 and 
169) that traverse the Laurentides Wildlife Reserve in a north-south 
direction. Three sectors of differing lengths and levels of traffic volume 
were defined (see text).
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ated the temporal distribution of accidents by year, semi-
monthly period and time of day, including the influence 
of atmospheric pressure, air temperature and precipita-
tion.

Temporal distribution of moose-vehicle 
accidents
We examined the temporal distribution by classifying 
each accident according to: 1) year; 2) semi-monthly 
period (i.e. period 1 = 1-15 January inclusively; period 
2 = 16-31 January; …; period 24 = 16-31 December); 
3) day of the week (Sunday, Monday, ...); and 4) time 
of day (dawn = from 1 hour before to 1 hour after sun-
rise; dusk = from 1 hour before to 1 hour after sunset; 
day = between dawn and dusk; night = between dusk 
and dawn). Times of sunrise and sunset were obtained 
on a daily basis at a weather station located in the cen-
tre of the study area. This allowed us to precisely cate-
gorise each accident relative to the time of day, given 
that sunrise and sunset varied according to time of the 
year (Haikonen & Summala 2001).

We also evaluated the influence of several weather 
variables on the probability of MVAs by day. Weather 
was assessed using mean conditions recorded on a dai-
ly basis at 12 weather stations located < 2.5 km from 
and evenly distributed along Routes 169 and 175. The 
number of weather variables available restricted our anal-
yses to the 11 variables of atmospheric pressure, tem-
perature and precipitation presented in Table 1.

The rate of accidents by hour corrected for traffic vol-
ume can be used as a measure of risk (measured as mean 
probability of an individual vehicle having an accident 

by hour; Haikonen & Summala 2001). We created this 
variable by dividing the number of MVAs by average 
traffic level and duration of day period, by annual peri-
od. To do so, we identified three homogeneous zones or 
sectors with regard to traffic level in the Laurentides 
Wildlife Reserve (see Fig. 1). In sector 3, there was a 
permanent station that systematically recorded traffic 
volume throughout the day during the entire study peri-
od. For sectors 1 and 2, only estimates of mean daily traf-
fic levels on a yearly basis were available. We supposed 
that semi-monthly and daily variations in traffic volume 
in these sectors were similar to those measured in sec-
tor 3. We calculated the mean traffic level within the 
entire study area by taking the average of traffic levels 
for the three sectors using relative sector length as a 
weighting factor.

Spatial distribution of moose-vehicle accidents
MVAs were located to the closest 1-km road marker and 
projected using the ArcMap program (ESRI Inc. 1996) 
onto a 1:20,000 forest map that included topography, veg-
etation, rivers, streams, lakes and roads. Similar to Seiler 
(2005), we calculated 10 variables of moose habitat suit-
ability (three variables), moose density, topography (four 
variables) and road design (two variables) for every 1-
km segment of Routes 175 and 169, to determine their 
influence on the occurrence of MVAs. In order to pre-
cisely characterise each road segment, habitat-related vari-
ables were calculated every 100 m and we used mean 
and extreme values to describe each segment that was 
centred on a 1-km road marker (see below).

To evaluate variations in moose density across the 
study area, we used results from four winter aerial sur-
veys conducted during 1994-1998 in the Laurentides 
Wildlife Reserve (St-Onge et al. 1995, Dussault 2002). 
Even though moose density was not measured each year, 
sample plots were well distributed across the study area 
which allowed us to obtain a relative index of moose 
density. Surveys were conducted according to the meth-
od proposed by Courtois et al. (1994). Moose density for 
each 1-km road segment was considered to be that of the 
closest survey plot among the 45 plots available. We 
also determined the distance between the roadway and 
the closest forest stand offering high food availability to 
moose. As suggested by Dussault et al. (2001), food 
stands were defined as mixed or deciduous regeneration 
(e.g. cutovers at least five years old, insect outbreaks, 
windthrow and burns). Similarly, we also calculated the 
distance between the roadway and the closest perma-
nent waterway (rivers and streams) or water body.

Brackish pools located along Routes 169 and 175 that 
showed signs of utilisation by moose were counted dur-

Table 1. Weather variables included in statistical analysis of the effect 
of temporal variables on probability of MVAs to occur on a given 
day in the Laurentides Wildlife Reserve during 1990-2002.

Variable
Atmospheric pressure (kPa)

Daily minimum
Daily maximum
Daily variation (maximum - minimum)
Difference between maximum of the actual day and that of the  
preceding day
Difference between minimum of the actual day and that of the  
preceding day

Temperature (°C)
Daily minimum
Daily maximum
Daily variation (maximum - minimum)
Difference between maximum of the actual day and that of the  
preceding day
Difference between minimum of the actual day and that of the  
preceding day

Daily precipitation (mm of water)
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ing the fall of 2003. A brackish pool was defined as water 
or a muddy area with obvious signs of moose utilisation 
(recent tracks, track networks and dead or mutilated veg-
etation). Salinity was always > 300 ppm in the pools that 
were sampled (N = 50 over the 190 km stretch of road-
way) and usually > 1,000 ppm. Such a mineral concen-
tration was tens or hundreds of times higher than those 
measured in ponds located far from the road (Jolicoeur 
& Crête 1994).

We first determined mean altitude with respect to sea 
level to describe the topography of each 1-km road seg-
ment. Then we calculated the slope over a distance of 1 
km in six different directions relative to the road axis (at 
bearings of 45, 90, 135, 225, 270 and 315 degrees) using 
a digital elevation model. We used the mean and range 
of slopes to characterise the topography on either side 
of each 1-km road segment. A high mean slope value 
indicated that the road in that area was enclosed between 
hills.

Because the topography in the study area is very bro-
ken and slopes were often elevated on either side of the 
road, we expected moose to travel across the landscape 
by selecting areas with relatively low slopes. We there-
fore identified valleys that crossed the roadway. These 
valleys were likely to allow moose to move across the 
landscape at reduced energetic costs, i.e. by avoiding steep 
slopes (Gundersen et al. 1998). The presence of valleys 
crossing the road was assumed when at least one slope 
< 2%, among the six slopes measured as described 
above, existed on both sides of the road at a given sam-
pling point. Following visual examination of the topog-
raphy along roads, we determined that a 2% slope thresh-
old was adequate to identify where the valleys were. For 
statistical analyses, we classified each 1-km road seg-
ment according to presence/absence of a valley.

We also developed two indices that were related to 
drivers’ visibility or ability to detect moose along the 
roadway. Road twisting and undulation were indexed 
by calculating the horizontal and vertical changes in road 
angle between sample points distributed every 100 m 
along the roadway. We considered the undulation index 
to be zero when the angle was concave or flat because we 
did not expect drivers’ visibility to be reduced. In the case 
of a convex angle, we determined the undulation index 
to be equal to the vertical angle of the road.

Statistical analyses
We first utilised separate χ2 tests to determine the effect 
of year, semi-monthly period and time of day on the num-
ber of MVAs (PROC FREQ; SAS Institute Inc. 2000). 
Then, the effect of weather variables on occurrence of 
MVAs by day was tested using a logistic regression 

(PROC LOGISTIC; SAS Institute Inc. 2000). In the tem-
poral analysis, each record in the database consisted of 
a day (i.e. day is the sampling unit; N = 4,745 days) to 
which was associated a binary variable indicating wheth-
er an accident occurred or not during that day. The fol-
lowing independent variables were tested: year, semi-
monthly period, day of the week and 11 weather vari-
ables (see Table 1). Weather variables were categorised 
into three classes (i.e. low, medium and high) with the 
33 and 66% percentiles being used as cut-off points. We 
used a stepwise logistic regression with an alpha-to-enter 
level of P ≤ 0.1. This method allowed the identification 
of the best model while eliminating variables that were 
highly correlated. Model fit was assessed by calculating 
the area under the Receiver Operating Characteristic 
(ROC) curve, which can vary between 0.5 (worst fit) 
and 1 (best fit; Hosmer & Lemeshow 2000).

To test the relationship between number of MVAs 
along 1-km road segments and the spatial variables con-
sidered, we utilised a general linear model with a Poisson 
distribution (PROC GENMOD, SAS Institute Inc. 2000). 
The total number of MVAs that occurred during the study 
period (13 years) at a given 1-km road segment divided 
by average traffic level along that road segment was used 
as dependent variable. The 10 variables describing 
moose density, moose habitat suitability, topography and 
road design were used as independent variables. Similar 
to the analysis of temporal distribution, we utilised a step-
wise approach with an alpha-to-enter level of P ≤ 0.1.

Results

Temporal distribution of MVAs
There was a total of 754 MVAs in the Laurentides 
Wildlife Reserve during 1990-2002, with a significant 
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during 1990-2002.
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yearly variation (χ2 = 35.1, df = 12, P < 0.001). Annual 
numbers of accidents were 40-50 before 1994 but then 
increased to and stabilised at 50-70 thereafter (Fig. 2).

Number of MVAs varied between semi-monthly peri-
ods (χ2 = 532.2, df = 21, P < 0.001) and the pattern did 
not differ between years (χ2 = 265.5, df = 252, P = 
0.268). Accidents were not frequent from mid-November 
to mid-April (Fig. 3A). The period with the highest num-
ber of accidents was the second half of June, but the 
number of accidents remained relatively high from mid-
May to late August.

Visual examination of Figure 3A showed that varia-
tions in numbers of MVAs between semi-monthly peri-
ods were not simply related to changes in road traffic 
levels, especially during early summer. Indeed, the peri-
od during which traffic volume was highest (early August) 
did not correspond to the period when MVAs occurred 
most. From early August until late November, howev-
er, the reduction in MVAs closely followed the reduc-
tion in mean traffic volume.

MVAs were also not uniformly distributed among the 
different times of day (χ2 = 571.2, df = 3, P < 0.001). 
The number of MVAs was highest at night, followed by 
dusk, dawn and day (see Fig. 3A) and this trend did not 
change throughout the year (χ2 = 42.6, df = 60, P = 

0.957). The risk for individual drivers appeared to be 
even higher at night after the hourly accident rate was 
corrected for road traffic volume (see Fig. 3B). The risk 
of accident by vehicle appeared at least 2-3 times high-
er at night than during any other time of the day, as it 
can be demonstrated using a response variable correct-
ed for traffic level and daily period length (hourly acci-
dent rate by 10,000 vehicles; see Fig. 3B). In addition, 
MVAs were > 42% more frequent on Fridays when road 
traffic levels were highest (χ2 = 27.3, df = 6, P < 0.001; 
Fig. 4).

The logistic regression also showed variations in acci-
dent rate between years, semi-monthly periods and days 
of the week (Table 2). Also, maximum daily temperature 
and minimum daily atmospheric pressure significantly 
influenced the probability of MVAs to occur on a giv-
en day. On average, the probability of an MVA increased 
when both air temperature and atmospheric pressure 
were high (Fig. 5). The ROC value of the final logistic 
regression model was 0.81 which can be considered an 
excellent fit (Hosmer & Lemeshow 2000).

Table 2. Results of logistic regression testing the effect of year, 
semi-monthly period, day of the week and weather variables on the 
probability of MVAs occurring on a given day in the Laurentides 
Wildlife Reserve during 1990-2002.

Variable df Wald χ2 P
Year 12 31.41 0.002
Semi-monthly period 23 102.47 <0.001
Day of the week 3 17.65 <0.001
Maximum daily temperature 1 17.28 <0.001
Minimum daily atmospheric pressure 2 11.34 0.004
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Figure 3. Mean number of MVAs per year (A) and mean rate of MVAs 
corrected for traffic level and daily period length (B) in the Laurentides 
Wildlife Reserve by semi-monthly period and time of day. Data were 
averaged over a 13-year period (1990-2002).
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Figure 4. Daily number of MVAs and mean road traffic volume in the 
Laurentides Wildlife Reserve by day of the week during 1990-2002.
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Spatial distribution of MVAs
The stepwise multiple regression identified moose den-
sity as having the highest influence on spatial distribu-
tion of MVAs (Table 3), with MVA rate increasing with 
moose density (Fig. 6). The relationship between num-
ber of MVAs and number of brackish pools was not lin-
ear. MVAs were more numerous along 1-km road seg-
ments as soon as one brackish pool was present, but 
MVAs did not continue to increase with additional 
brackish pools. Number of MVAs increased by 80% on 
road segments where at least one brackish pool was pres-
ent and by 120% in the presence of a valley crossing the 
road. Finally, frequency of MVAs increased as the mean 
slope of the terrain surrounding the roadway increased. 
These four variables explained 23% of the spatial varia-
tion in MVAs along 1-km road segments. Variables found 

not to affect frequencies of MVAs included distance to 
high food availability or water, altitude, range in slope 
of surrounding terrain and twisting and undulation of 
the roadway.

Discussion

Temporal distribution of MVAs
The noticeable difference in MVA numbers before and 
after 1994 is likely attributable to changes in data col-
lection methods when the Quebec Ministry of Trans-
portation (QMT) relieved the Quebec Ministry of Environ-
ment and Wildlife in 1994. Records of MVAs were high-
er because QMT also used accident reports of the pro-
vincial police as a complementary source of information. 
MVAs in the Laurentides Wildlife Reserve mostly 
occurred between mid-May and late November and 
peaked between mid-June and mid-July. This temporal 
distribution of accidents is similar to that reported by 
Grenier (1974) and Jolicoeur (1985) in the same area 
during the 1970s and 1980s and by other researchers in 
Ontario (Fraser 1979), Newfoundland (Joyce & Mahoney 
2001) and southern Sweden (Skolving 1987, Lavsund 
& Sandegren 1991). According to Grenier (1974) and 
Jolicoeur (1985), the peak in the Laurentides Wildlife 
Reserve is the result of moose seeking sodium sources 
in early summer. The temporal distribution that we ob-
served, however, differed from that in British Columbia 
(Child et al. 1991), Alaska (Del Frate & Spraker 1991, 
McDonald 1991, Modafferi 1991), Norway (Andersen et 
al. 1991, Gundersen & Andreassen 1998), Finland (Hai-
konen & Summala 2001) and northern Sweden (Lavsund 
& Sandegren 1991) where the peak occurs in mid-
November or mid-winter when moose are seeking feed-
ing sites with little snow accumulation which are often 

Table 3. Results of multiple regression model testing the effect of 
habitat-related variables on the number of MVAs occurring along 
1-km road segments in the Laurentides Wildlife Reserve during 
1990-2002.

Variable B df F P
Moose density/km2 1.569 207 26.0 <0.001
Presence of a brackish pool - 207 18.3 <0.001
Presence of a potential travel corridor - 207 12.0 0.001
Mean slope of surrounding terrain 0.092 207 3.2 0.075
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found in valleys along roads. Regional variations thus 
exist in the distribution of MVAs throughout the year. 
Peak accident rates are usually associated with major 
activity periods of cervids fulfilling particular require-
ments such as feeding, reproduction, seasonal migration 
or even dispersal of juveniles (Romin & Bissonette 1996b, 
Gundersen et al. 1998). The findings that males are more 
likely to be implicated in an accident during the rut and 
that juveniles are more vulnerable soon after separation 
from their mothers support this hypothesis (Groot-Bruin-
derink & Hazebroek 1996, Putman 1997).

As we observed in our study, the relationship between 
number of accidents and road traffic levels is not always 
straightforward (Groot-Bruinderink & Hazebroek 1996). 
Sometimes a relationship does not exist (Reilley & 
Green 1974, Del Frate & Spraker 1991, Madsen et al. 
2002, Mysterud 2004) whereas at other times the relation-
ship is linear (Grenier 1974) or logarithmic (Berthoud 
1987, Skolving 1987, Seiler 2005). The daily peak in 
accidents occurs from dusk to dawn (Grenier 1974, Allen 
& McCullough 1976, Jolicoeur 1985, Berthoud 1987, 
Skolving 1987, Tunkkari 1987, Child et al. 1991, Lav-
sund & Sandegren 1991, Putman 1997, Gundersen & An-
dreassen 1998, Joyce & Mahoney 2001, Haikonen & Sum-
mala 2001) whereas traffic volume is generally highest 
during the day. According to Groot-Bruinderink & Haze-
broek (1996), this high vulnerability of moose during 
the night is attributable to an increase in activity rate. 
Dussault (2002), however, found moose to be more 
active during the day than during the night throughout the 
year, indicating that this may not be the only explanation. 
Reduced drivers’ visibility at night may be an important 
factor amplifying the problem. In our study, accident rates 
were similar at dawn and dusk which differs from the 
results of Haikonen & Summala (2001) who observed a 
daily peak of collisions with moose and white-tailed deer 
occurring one hour after sunset in Finland.

Accidents with moose were more frequent on Fridays, 
the day during which traffic level was highest. Friday 
coincides with the last day of work of the week and driv-
ers could be less vigilant. Drivers leaving for the week-
end period are also likely to quit at the end of the day 
during risky periods of low light conditions.

Contrary to Gundersen & Andreassen (1998) in Nor-
way, we observed a higher probability of MVAs during 
hot days and when atmospheric pressure was relatively 
high. A potential explanation could be that moose reduce 
their activity rate during warm summer days and com-
pensate by increased nocturnal activity (Dussault et al. 
2004). High activity of moose at night, a time when driv-
ers’ visibility is limited, could induce a high probability 
of MVAs. Some researchers have suggested that moose 

seek open areas such as rights-of-way to escape harass-
ment from biting insects (Kelsall & Simpson 1987). Hot 
summer periods likely correspond to peak abundances 
of some biting insects, such as Tabanids, that are known 
to harass moose (Renecker & Hudson 1990). The influ-
ence of high atmospheric pressure on animal behaviour 
is, however, more difficult to interpret. High atmospher-
ic pressure can also lead to the formation of fog (R. 
Gagné, Québec Ministry of Environment, pers. comm.), 
which would obviously reduce drivers’ visibility. High 
atmospheric pressure might also trigger moose activity 
year-round. However, this relationship remains to be 
shown.

To our knowledge, no other study has tested the effect 
of weather conditions on probability of MVAs or DVAs 
on a day-to-day basis (see Gundersen & Andreassen 1998 
and Gundersen et al. 1998 for collisions with trains). 
Andersen et al. (1991) found an effect of air tempera-
ture on the frequency of MVAs throughout the year and 
concluded that accidents were frequent during cold peri-
ods, i.e. winter. Carbaugh et al. (1975) and Groot-Bruin-
derink & Hazebroek (1996) did not report any effect of 
weather conditions on the use of roadways by ungu-
lates.

Spatial distribution of MVAs
The spatial distribution of MVAs in the Laurentides 
Wildlife Reserve was primarily determined by moose 
density, with accidents being frequent in sectors with 
high animal abundance. This confirms findings from 
other studies of MVAs (Modafferi 1991, Oosenbrug et 
al. 1991, Joyce & Mahoney 2001, Seiler 2004, 2005). 
Malo et al. (2004) found that collisions with animals at 
the landscape scale in Spain mostly occurred in areas 
with a high diversity of habitat types. Habitat suitabili-
ty certainly was also a factor in our study area since areas 
of high moose density also offered the most suitable hab-
itats (St-Onge et al. 1995). However, the variance in 
accident rate that could have been explained by habitat 
suitability was accounted for by density. The presence of 
a brackish pool was another habitat-related variable that 
had an influence on MVAs. Accidents were more fre-
quent along road segments with at least one brackish 
pool than along segments where such pools were absent. 
The difference, an 80% increase, was not as high as that 
reported by Grenier (1973) in the same area in the ear-
ly 1970s (200%), but Grenier (1974) did not use the same 
criteria to identify brackish pools as we did. It is likely 
that sodium, a rare but important element to mammals 
(Belovsky & Jordan 1981), attracts moose to these pools 
(Fraser et al. 1982, Jolicoeur & Crête 1994, Bechtold 
1996). We are currently assessing the frequency of moose 
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visits to brackish pools along roadways as part of anoth-
er research project in the Laurentides Wildlife Reserve. 
Our preliminary results indicate that peak moose atten-
dance at brackish pools occurs at night between early 
June and early August which corresponds directly to our 
peaks in MVAs, both for time of day and time of year. 
The problem of ungulate association with brackish pools 
was also reported for moose in Ontario (Fraser 1980) and 
for red deer Cervus elaphus in Finland (Nieminen & 
Leppaluoto 1985 cited in Tunkkari 1987).

Among the topographical variables, only the presence 
of a valley on either side of the road and mean slope of 
the terrain surrounding the roadway influenced spatial 
distribution of MVAs. Although no study to our knowl-
edge has specifically studied moose movements relative 
to topography, moose could use the relatively flat cor-
ridors to carry out large- and medium-scale movements 
(e.g. dispersal). Gundersen et al. (1998), Finder et al. 
(1999), and Clevenger et al. (2001) also identified move-
ment corridors as a factor associated with ungulate-vehi-
cle collisions. Our results also indicated that accidents 
were frequent along road segments where mean slope 
of the surrounding terrain was high. Although these two 
results might appear to be contradictory, we believe they 
can be interpreted the same way. Accidents were more 
frequent in the presence of a movement corridor form-
ing an angle with the roadway but also along route seg-
ments surrounded by elevated slopes. In the latter, the 
roadway itself likely was in a valley that might have been 
used by moose as a travel corridor. Our results are in 
agreement with the findings of Bellis & Graves (1971) 
who reported a high number of accidents in areas where 
slopes on either side of the road were steep, therefore 
confining animals to travel along the road. Feldhamer 
et al. (1986), on the contrary, did not report any influ-
ence of topography on DVAs in Pennsylvania. The pres-
ence of a ravine along the road could also force animals 
to circulate on the roadway (Finder et al. 1999) and in-
crease the likelihood of accidents.

Management implications
The variables tested in our study explained < 25% of the 
spatial variation in accidents, which indicates that this 
phenomenon is far from predictable and that other vari-
ables or stochastic events must influence MVAs. How-
ever, we have demonstrated the effect of spatial vari-
ables on MVAs in the Laurentides Wildlife Reserve, and 
also showed that probability of MVA is not uniform 
throughout the year and day. Our results should be used 
to understand why some road segments and time peri-
ods are especially problematic and to help in the elabo-
ration of mitigation measures at the local scale. 

Essentially, an effective management plan should aim 
to warn motorists during the riskiest periods of the year 
and to reduce occurrence of moose on the roadway. 
Dynamic signage (Farrell et al. 2002, Gordon & Ander-
son 2002, Huijser & McGowen 2003) should be used 
mostly during summer months, when MVAs are likely 
to occur, where moose density is high and especially in 
areas with brackish pools or where the surrounding topog-
 raphy is broken with valleys facilitating moose move-
ments across the landscape. Since the accident rate was 
high between dusk and dawn, a public awareness pro-
gram should encourage drivers to reduce speed at night. 
In particularly problematic areas, accident frequency 
could be reduced by lighting the roadway (McDonald 
1991).

For habitat management, we identified the presence of 
brackish pools and valleys crossing the roadway as vari-
ables likely increasing the occurrence of MVAs. A man-
agement programme that aims to eliminate brackish 
pools along the roadway is underway in the Laurentides 
Wildlife Reserve and its efficacy is under investigation. 
The relationship between the number of MVAs and the 
number of salty pools was not linear. These results sup-
port a recommendation to eliminate all salty pools. We 
also observed high accident frequencies where there was 
a valley on either side of the road. Security in such sec-
tors could potentially be increased with the use of fences 
and infrared-activated signage (Taskula 1997, Huijser 
& McGowen 2003). More detailed information is neces-
sary to fully understand moose behaviour with respect 
to topography.

In our study, we investigated MVAs at a medium scale 
(i.e. 1-km resolution). In the future we should attempt 
to identify the spatial factors acting at the collision site 
(Malo et al. 2004). No variable involving road design 
was found to be related to MVAs in our study. This may 
be related to the fact that roads in our study area were rel-
atively straight. But we recognise that our scale of anal-
ysis was probably not fine enough to detect the influ-
ence of such variables. Alternatively, vehicle speed could 
also influence occurrence of MVAs as reported in Swe-
den (Seiler 2005). A finer scale analysis should allow 
us to explore new variables such as the presence of veg-
etation or small ravines that may reduce driver visibili-
ty and that are not currently found on GIS layers.
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