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ABSTRACT 

Range Size & Habitat Use:  Annual, seasonal, and monthly home range size, core area size, and 

habitat use were examined for 13 female and 4 male GPS collared white-tailed deer (Odocoileus 

virginianus), captured in the vicinity of Wasagaming, Manitoba, between 2012 and 2014.  

Range sizes were found to be intermediate to those previously reported for white-tailed deer 

(WTD) in the Greater Winnipeg area and in a rural area of Riding Mountain National Park 

(RMNP).  Range sizes were lowest during the summer for both sexes, and were highest during 

the fall for males, reaching a maximum in November, and during the winter for females, with 

peaks in November and April.  Grassland and open broadleaf forest were the two most 

frequently used land cover classes for both sexes, followed by dense mixedwood forest for 

males and developed areas for females.  Females showed greater use of developed areas than 

males throughout the year, most notably during the fall.  Overall, little difference was observed 

in habitat use between the home range and the core area of WTD in this study. 

Movements in Relation to Anthropogenic Landscape Variables: The study area, located in the 

vicinity of Wasagaming, Manitoba, is differentiated from the rest of RMNP by its relatively high 

levels of intensity of human activity and infrastructure density.  The annual, seasonal, and 

monthly movements of 13 female and 4 male WTD were studied in relation to the park 

boundary, developed areas, the Wasagaming campground, roads of various types, and 

buildings.  The female deer in this study displayed the greatest association with areas of human 

use and infrastructure during the pre-parturition period, which occurs during the late winter 

and spring.  Both sexes displayed the lowest association with areas of human use and 

infrastructure during the summer months, likely due to the high intensity of human activity in 

the study area during this period, in addition to fawn rearing-related changes in space use by 

females. 
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General Information
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1.1 Background 

Riding Mountain National Park (RMNP) has often been described as “an island of 

wilderness surrounded by a sea of farmland” (Parks Canada, 2016).  While this description holds 

true throughout the majority of RMNP, the study area, consisting of Onanole, Wasagaming, and 

the surrounding areas, is host to a unique set of habitat variables, including human 

infrastructure and intensive human-use areas.  Several studies have described the movements 

and habitat use of white-tailed deer (WTD) in wilderness (Tierson et al. 1985; Mooty et al. 

1987), rural (Rouleau et al. 2002; Nixon et al. 1991), urban (Grund et al. 2002; Etter et al. 2002; 

Kilpatrick & Spohr, 2000), and exurban (Storm et al. 2007; Rhoads et al. 2010) areas, however, 

the unique complement of conditions present within the study area are not wholly represented 

by any of these studies.  Situated at the interface between wilderness, farmland, and moderate 

human development, and subject to a strong seasonal fluctuation in the intensity of human 

activity, the study area may not be distinctly classified within any of the wilderness, rural, 

urban, or exurban categories.  Correspondingly, the WTD inhabiting the study area are likely to 

display movement and habitat use patterns that differ from those of deer living within areas 

that may be more firmly classified into the above land-use categories.  It is important that we 

attempt to gain an understanding of the unique temporal and spatial patterns of WTD 

movement and habitat use within the specific context of the study area, rather than relying 

upon generalizations drawn from the results of other studies.   

While the natural components of the study area undoubtedly exert a strong influence 

upon the movements of WTD, anthropogenic landscape features, and their patterns of use by 
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humans, are no less important in defining the use of the area by deer.  Outlined in the Parks 

Canada charter is a commitment to not only protect the ecological integrity of Canada’s 

significant natural heritage areas, but to also foster public understanding, appreciation, and 

enjoyment of these places (Parks Canada, 2002).  A more comprehensive understanding of the 

interconnected nature of the use of the study area by people and WTD will better enable Parks 

Canada to fulfil this mandate.  Some potential benefits of such knowledge include the 

mitigation of deer-human conflict, the promotion of responsible wildlife viewing opportunities, 

improved predictive ability with respect to the transmission of disease within wildlife 

populations, and an enhanced capacity to advise upon the potential effects of future 

development on WTD within the study area. 

1.2 Study Area 

RMNP, located in south-western Manitoba, is a protected area, consisting of nearly 

3000km2 of predominantly aspen parkland and boreal mixedwood forest, interspersed with 

lakes, wetlands, and fescue grassland.  Other large mammal species that are common 

throughout the park include elk (Cervus canadensis), moose (Alces alces), black bears (Ursus 

americanus), and wolves (Canis lupus).  RMNP is located approximately 100km north of 

Brandon, Manitoba and 210km north-west of Winnipeg, Manitoba.  The study area itself is 

located at the southern edge of RMNP, in the general vicinity of Clear Lake, with the land within 

and surrounding the towns of Wasagaming and Onanole forming the main area of use of deer 

in this study.  The study area is bordered by Clear Lake to the north-west, a densely treed area 

of the park to the north-east, and a mixture of mainly grassland and annual cropland to the 
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south.  In total, the study area, bound by the combined home ranges of all study animals, is 

approximately 81km2 in area and is split roughly in half by the park boundary.  The towns of 

Wasagaming, located within the boundary of RMNP, and Onanole, located just outside of the 

park, south of Wasagaming, are subject to a significant degree of seasonal fluctuation in human 

population, with the populations increasing dramatically in both towns during the summer 

months.  Park usership statistics collected by Parks Canada indicate that approximately half of 

the nearly 300 thousand annual visits to the park occur during the months of July and August 

alone, with three quarters of all visits occurring during the period from May to September.  

Similarly, the Wasagaming campground experiences nearly 80% of its use by campers during 

July and August. 

1.3 Objectives 

The overall objective of this study was to gain a greater understanding of the temporal 

and spatial trends in the use of habitat by WTD, within the context of a national park that is 

subject to a high degree of seasonal variability in both natural environmental conditions and 

human use.  The specific objectives of the study are listed below. 

1. To explore sex-specific annual, seasonal, and monthly trends in the range sizes and 

habitat use of WTD within the study area. 

2. To investigate trends in the habitat use of WTD in relation to human-use areas and 

elements of human infrastructure, including the RMNP boundary, the Wasagaming 

campground, developed areas, roads, and buildings. 
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2.1 Abstract 

 Annual, seasonal, and monthly home range size, core area size, and habitat use was 

examined for 13 female and 4 male GPS collared white-tailed deer, captured (WTD) in the 

vicinity of Wasagaming, Manitoba, between 2012 and 2014.  Range sizes were found to be 

intermediate to those previously reported for WTD in the Greater Winnipeg area and in a 

wilderness area of Riding Mountain National Park (RMNP).  Range sizes were lowest during the 

summer for both sexes, and were highest during the fall for males, reaching a maximum in 

November, and during the winter for females, with peaks in November and April.  Grassland 

and open broadleaf forest were the two most frequently used land cover classes for both sexes, 

followed by dense mixedwood forest for males and developed areas for females.  Females 

showed greater use of developed areas than males throughout the year, most notably during 

the fall.  Overall, little difference was observed in habitat use between the home range and the 

core area. 

2.2 Introduction 

 It is widely accepted that a firm understanding of the temporal and spatial movement 

patterns of WTD in a given area is a vital component of any deer management strategy (Grund 

et al. 2002; Kilpatrick & Spohr, 2000; Rhoads et al. 2010).  Range size and habitat use patterns 

of WTD may vary significantly, depending upon the particular set of natural and anthropogenic 

landscape features and land-use patterns found within a given area (McCance, 2014; Hurst & 

Porter, 2008; Storm et al. 2007).  Additionally, temporally-dependent changes in resource 

availability or in the intensity of use of an area by people may influence the movements of deer, 
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resulting in seasonal fluctuations in range size (Grund et al. 20002; Quinn et al. 2013; Etter et al. 

2002) or habitat use (Beier & McCullough, 1990) throughout the year.  Further, differences in 

the reproductive behaviours and nutritional requirements of male and female WTD may result 

in different movement patterns between the sexes during certain times of year (Bertrand et al. 

1996; Nelson & Mech, 1981, Holzenbein & Schwede, 1989).  More variation may yet be 

observed between the habitat characteristics of core areas of WTD use, as compared to overall 

home ranges (Storm et al. 2007; Kilpatrick et al. 2011).  Analysis of sex-specific annual, 

seasonal, and monthly home range size and habitat use will provide park managers with a firm 

foundation on which to develop a successful WTD management plan.  Such a management plan 

may incorporate strategies to mitigate deer-human conflict, promote wildlife viewing 

opportunities, limit the level of disturbance to deer due to future development, predict and 

prevent the transmission of wildlife disease, and conserve vital WTD habitat. 

2.3 Methods 

2.3.1 GPS Collar Data 

 The locational data for the 13 female and 4 male GPS-collared WTD analyzed in this 

study was provided by Parks Canada in the form of delimited text files.  These files were 

converted to shapefiles using ArcGIS 10.2 before conducting any analysis.  A single year of data 

was retained for each deer, with excess data being removed from the data set.  Relocation fix 

points with horizontal dilution of precision (HDOP) values greater than 10 were removed from 

the data set, as HDOP values in this range indicate a relatively low level of positional accuracy.  
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In total, 41 points were removed from the full data set due to high HDOP values, with a mean of 

2.4 and a maximum of 4 deletions per collar. 

2.3.2 Construction of Ranges 

 Before constructing ranges for each deer, data was separated into annual, seasonal and 

monthly time periods.  The year was divided into three month periods, based on the same 

format used in a study on the movement of WTD in RMNP and the Greater Winnipeg Area, by 

McCance, 2014.  Winter was defined as January to March, spring as April to June, summer as 

July to September, and fall as October to December.  For all deer, minimum convex polygons 

(MCPs) were constructed for the entire year, for each season, and for each month, using 

Geospatial Modelling Environment (GME).  Using the KDE function in GME, kernel density 

estimates (KDEs) of point data for all time periods were constructed for each deer.  GME’s 

PLUGIN kernel bandwidth was selected and cell size was calculated according to the 

instructions provided by GME on their website (Geospatial Modelling Environment, 2014).  The 

PLUGIN kernel bandwidth was selected according to recommendations by Gitzen et al (2006), 

which indicated that this method of bandwidth selection was ideal for use on species that 

forage widely across much of their range.  Additionally, the large sample size, provided by the 

use of GPS telemetry equipment in this study, further lends itself to the use of the plug-in 

bandwidth, while some other methods, including least squares cross validation, have a 

tendency to fail at higher sample sizes (Gitzen et al, 2006).  Default values were used for all 

other parameters when performing KDE functions in GME.  After all of the KDEs had been 

produced, the Isopleth function in GME was used to determine the 95% and 50% KDE utilization 
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distributions for each KDE.  In this study, the 95% and 50% KDE utilization distributions were 

used to represent the home ranges and core areas of deer.  As GME’s Isopleth function outputs 

line features rather than polygon features, all 95% and 50% KDE features were converted to 

polygons in ArcGIS prior to further analysis.  The area of each range was calculated using the 

Calculate Geometry function in ArcGIS. 

2.3.3 Habitat Use Calculation 

 The Canadian Land Cover Classification (LCC) layer was selected to determine the 

habitat use of deer in this study.  Although other GIS layers outlining the breakdown of land 

cover classification within RMNP exist, the movement of WTD in this study was not confined to 

the park, necessitating the use of the LCC, which reflects land cover both inside and outside the 

park boundary.  Descriptions of land cover classes included within the LCC layer are available on 

the Natural Resources Canada website (Natural Resources Canada, 2009).  MCP, 95% KDE, and 

50% KDE ranges were joined to the LCC layer using the Spatial Join function in ArcGIS.  The 

Spatial Join function created a number of new polygons within each range, corresponding to 

the portions of the LCC falling within these ranges.   The summative area of each land cover 

class within each range was calculated and the resulting area values were organized according 

to deer ID and time period.  Additionally, the total percentage of each land cover class was 

calculated in relation to the entire study area, defined by the combined extent of all annual 

MCP ranges. 
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2.3.4 Statistical Comparisons Using t-tests 

 All between-groups comparisons of range size and habitat use in this chapter were 

conducting using two-tailed Welch’s unequal variances t-tests.  The threshold of statistical 

significance used in this study was α = 0.05.  Comparisons in which p < 0.05 were assumed to be 

statistically significant. 

2.4 Results 

2.4.1 Range Polygons 

  Visual representations of annual home ranges (MCP and 95% KDE) and core areas (50% 

KDE) of all collared deer are depicted below in Figures 1-3.  Ranges were most heavily clustered 

within and directly to the south and east of the town of Wasagaming. 
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Figure 1: Annual MCP home ranges of collared deer. 

 In addition to annual MCP range polygons, seasonal and monthly MCP range polygons 

were constructed using GME. 
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Figure 2: Annual 95% KDE home ranges of collared deer. 

 In addition to annual 95% KDE home range polygons, seasonal and monthly 95% KDE 

home range polygons were constructed using GME. 
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Figure 3: Annual 50% KDE core areas of collared deer. 

 In addition to annual 50% KDE core area polygons, seasonal and monthly 50% KDE core 

area polygons were constructed using GME. 
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2.4.2 Annual Range Sizes 

 The areas of annual range polygons were used to determine the mean annual areas (in 

hectares) of the MCP home range, 95% KDE home range, and 50% core area, for each sex, as 

seen in Table 1. 

Table 1. Sex-specific and overall mean annual MCP home range, 95% KDE home range, and 

50% KDE core area sizes, in hectares. 

  MCP SD 95% KDE SD 50% KDE SD 

Overall 1557.96 1466.30 441.57 438.47 72.19 55.67 

Male 2500.40 1675.09 873.29 691.80 118.18 71.19 

Female 1267.98 1333.45 308.73 235.48 58.04 44.08 

 

 Home range size estimates determined through the use of the MCP method were 

consistently larger than those obtained through the 95% KDE method (Table 1).  Mean male 

range sizes were consistently larger than female range sizes, though t-tests failed to show any 

significant differences in annual range size between males and females. 

2.4.3 Seasonal Range Sizes 

 The areas of seasonal range polygons were used to determine the mean seasonal areas 

of the MCP home range, 95% KDE home range, and 50% KDE core area, for each sex, as seen in 

Table 2. 
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Table 2. Sex-specific and overall mean seasonal MCP home range, 95% KDE home range, and 

50% core area sizes, in hectares. 

  MCP SD 95% KDE SD 50% KDE SD 

W
in

te
r Overall 802.55 1051.38 325.40 330.18 63.59 63.97 

Male 753.81 595.37 308.12 333.41 67.11 83.76 

Female 820.28 1199.97 331.68 345.12 62.31 60.15 

Sp
ri

n
g Overall 629.45 810.99 271.52 220.16 58.33 40.12 

Male 680.79 398.56 350.16 190.02 70.01 41.68 

Female 612.33 923.19 245.30 230.76 54.44 40.68 

Su
m

m
er

 

Overall 220.83 123.57 126.58 68.16 24.83 13.46 

Male 387.71 30.56 210.10 41.81 45.19 11.99 

Female 169.48 89.37 100.88 52.12 18.57 5.00 

Fa
ll 

Overall 978.39 993.26 541.65 623.06 103.15 103.73 

Male 2472.66 1370.43 1512.93 824.97 277.35 115.44 

Female 633.56 482.88 317.51 285.57 62.95 43.50 
 

 

Figure 4. Sex-specific mean seasonal MCP home range, 95% KDE home range, and 50% KDE 

core area range sizes. 
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Mean female range sizes were comparable to those of males during the winter, 

however, there was observed to be an increasing difference between the range sizes of the two 

sexes throughout the year, with the greatest disparity in sex-specific mean range size occurring 

in the fall (Figure 4).  Welch’s t-tests failed to show any significant difference in seasonal range 

sizes between males and females for the winter, spring, and fall seasons.  The use of t-tests did, 

however, indicate statistically significant differences in mean range sizes between males and 

females during the summer (pMCP = 2.36×10-6, p95% KDE = 0.00474, p50% KDE = 0.018414), with the 

mean range sizes of male deer being significantly larger than those of females for all range 

types during this season (Table 2). 

 

Figure 5: Overall mean seasonal MCP home range, 95% KDE home range, and 50% core area 

range sizes.  

 

All range types showed decreases in overall mean range size from winter to summer, at 
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from summer to fall, reaching a maximum during the fall season for all range types.  Overall 

mean seasonal MCP home range size was larger than 95% KDE home range size in all seasons. 

2.4.4 Monthly Range Sizes 

The areas of monthly range polygons were used to determine the mean seasonal areas 

(in hectares) of the MCP home range, 95% KDE home range, and 50% KDE core area, for each 

sex, as seen in Table 3. 

With respect to MCP home ranges, t-tests indicated statistically significant differences in 

monthly range size between males and females for the months of June (p = 0.0428), July  

(p = 0.0308), August (p = 0.0093), and October (p = 4.31×10-6).  The use of t-tests showed 

significant differences between mean male and female 95% KDE home range size for the 

months of August (p = 0.0099) and October (p = 0.0036).  October was the only month that 

displayed a statistically significant difference between mean male and female 50% core area 

sizes (p = 0.0151).  In all instances of significant difference between mean male and female 

range sizes, male ranges were larger than female ranges (Table 3). 

 

 

 

 

 



19 
 

Table 3. Sex-specific and overall mean monthly MCP home range, 95% KDE home range, and 

50% core area sizes, in hectares. 

  MCP SD 95% KDE SD 50% KDE SD 

Ja
n

u
ar

y Overall 243.92 133.56 193.18 109.48 42.39 26.64 

Male 314.94 226.01 177.78 99.17 34.09 13.46 

Female 222.07 93.89 197.92 115.84 44.94 29.51 

Fe
b

ru
ar

y Overall 226.47 230.24 148.76 129.01 31.19 22.25 

Male 377.46 429.27 224.62 249.90 41.76 41.62 

Female 176.14 104.77 123.48 53.62 27.67 12.20 

M
ar

ch
 Overall 179.49 266.10 122.79 157.55 23.97 29.09 

Male 141.77 90.21 91.54 40.51 18.27 10.56 

Female 192.06 306.02 133.21 181.46 25.87 33.29 

A
p

ri
l Overall 375.29 778.23 249.96 400.58 45.74 56.30 

Male 153.47 88.12 141.70 91.97 30.99 24.64 

Female 449.23 894.37 286.05 459.16 50.66 63.65 

M
ay

 Overall 246.03 170.22 177.35 73.49 37.61 10.78 

Male 345.79 138.65 196.76 49.92 37.35 7.56 

Female 215.34 171.72 171.38 80.08 37.69 11.85 

Ju
n

e 

Overall 144.58 128.58 115.36 107.32 23.51 22.00 

Male 326.14 143.48 255.22 148.95 47.28 37.19 

Female 88.71 50.27 72.33 35.81 16.20 7.32 

Ju
ly

 Overall 110.39 74.53 76.66 40.02 15.67 9.42 

Male 215.54 74.79 124.42 50.89 25.52 15.03 

Female 78.04 34.49 61.96 22.20 12.64 4.41 

A
u

gu
st

 Overall 148.69 85.62 114.36 68.17 24.56 15.00 

Male 261.03 61.75 211.67 51.39 46.56 12.58 

Female 114.12 57.62 84.42 37.52 17.79 7.02 

Se
p

te
m

b
er

 

Overall 161.01 93.98 128.20 61.43 28.43 11.31 

Male 245.45 86.22 185.70 94.24 37.14 18.14 

Female 135.03 82.51 110.52 37.03 25.75 7.43 

O
ct

o
b

er
 

Overall 221.41 149.33 161.62 77.52 35.53 14.57 

Male 455.62 44.36 264.77 47.34 42.79 16.03 

Female 149.35 73.01 129.88 53.04 33.30 13.99 

N
o

ve
m

b
er

 

Overall 648.13 806.83 488.98 770.11 110.44 200.29 

Male 1755.97 1262.80 1624.33 1364.41 396.49 379.50 

Female 392.47 412.69 226.98 185.61 44.43 31.11 

D
ec

em
b

er
 

Overall 474.79 411.59 320.56 255.42 65.02 41.54 

Male 1070.02 459.45 755.38 283.23 125.64 48.84 

Female 337.44 259.93 220.21 100.02 51.03 25.06 
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Figure 6. Male mean monthly MCP home range, 95% KDE home range, and 50% core area 

range sizes. 

In general, all range types were subject to similar trends in mean male monthly range 

size, though there was much less monthly variation in the size of core area than in the other 

range types (Figure 6). Mean male range size was relatively low during March and April, 

increasing slightly during the period from May to September.  A clear peak in male mean range 

size is observed during the fall months, from October to December. 
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Figure 7. Female mean monthly MCP home range, 95% KDE home range, and 50% core area 

range sizes. 

 All range types displayed similar monthly trends in female mean monthly range size, 

with female core area showing a lesser degree of monthly variation than the other range types 

(Figure 7).  Female monthly range size shows two clear peaks, with the first occurring during 

April and the second occurring from late fall to early winter.  June and July mark the period in 

which female mean monthly range size was the smallest. 
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Both 95% KDE home ranges and 50% core areas were spatially joined to the Canadian Land 

Cover Classification layer, resulting in the habitat use percentages presented in Table 4.  
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 The use of t-tests failed to reveal any significant differences in annual habitat use 

between males and females for either the 95% KDE home range or 50% KDE core area.  

Through t-testing, it was revealed that a statistically significant difference in the overall mean 

annual percent use of Annual Cropland between 95% KDE home range and 50% KDE core area 

existed (p = 0.0216), with higher percent use of Annual Cropland observed in the home range 

than in the core area (Table 4). 

Table 4.  Sex-specific and overall mean annual habitat use percentages in 95% KDE home 

range and 50% KDE core area, ordered from highest overall 95% KDE home range percent use 

(top) to lowest overall 95% KDE home range percent use (bottom). 

 
% of Study 

Area 95% KDE 50% KDE 

   Overall Male Female Overall Male Female 

Grassland 17.73 25.68 24.53 26.03 23.18 21.24 23.78 

Broadleaf Open 24.02 21.72 22.89 21.36 24.28 29.57 22.66 

Developed 5.83 18.30 9.74 20.94 21.43 12.92 24.05 

Mixedwood Dense 24.53 13.02 19.23 11.11 14.23 20.50 12.30 

Herb 2.64 5.54 5.32 5.61 6.95 6.09 7.21 

Water 3.94 3.19 2.17 3.51 1.57 0.01 2.04 

Wetland - Herb 6.76 3.08 5.30 2.40 1.69 1.94 1.61 

Annual Cropland 4.07 2.73 2.81 2.70 0.40 0.94 0.23 

Mixedwood Open 3.68 2.49 3.78 2.09 2.90 2.92 2.89 

Exposed Land 1.17 1.81 1.50 1.90 1.45 1.60 1.41 

Broadleaf Dense 1.23 0.88 0.77 0.91 1.03 0.85 1.08 

Wetland - Treed 0.29 0.55 0.54 0.56 0.43 0.00 0.56 

Wetland - Shrub 1.81 0.52 0.67 0.47 0.19 0.61 0.06 

Coniferous Open 2.17 0.42 0.67 0.34 0.25 0.80 0.08 

Perennial Cropland & Pasture 0.09 0.04 0.07 0.04 0.00 0.00 0.00 

Coniferous Dense 0.02 0.02 0.00 0.03 0.02 0.00 0.03 

 

 The five land cover classes which showed the highest percent use for both range types 

were Broadleaf Open, Grassland, Developed, Mixedwood Dense, and Herb (Table 4).  For both 
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range types and both sexes, each of these land cover classes contributed a value of over 5% of 

total habitat use.  With the exception of these land cover classes, only the use of Wetland – 

Herb by male deer in the 95% KDE home range exceeded 5% of total habitat use. 

2.4.6 Seasonal Habitat Use 

Seasonal habitat use was estimated through the use of the Spatial Join function in 

ArcGIS.  Seasonal 95% KDE home ranges and 50% core areas were spatially joined to the 

Canadian Land Cover Classification layer.  The resulting habitat use percentages are presented 

in Tables 5 (95% KDE) and 6 (50% KDE). 

The use of t-tests did not indicate any significant differences in percent use of land cover 

classes between males and females for 95% KDE home range.  For mean seasonal habitat use in 

50% core areas, t-testing showed a significant difference between the sexes in the use of the 

Developed land cover class during the fall (p = 0.0258), with females displaying a higher degree 

of use of developed areas in this season (Table 6).  The use of t-tests comparing mean overall 

habitat use in 95% KDE home range and in 50% KDE core area determined that there was a 

significant difference in use of the Wetland – Shrub (p = 0.0292) land cover class during the fall, 

with higher use of this land cover class in the home range than in the core area during this 

season (Tables 5 & 6).
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Table 5. Sex-specific and overall mean seasonal habitat use percentages in 95% KDE home range. 

 

% of 
Study 
Area Winter Spring Summer Fall 

  Overall Male Female Overall Male Female Overall Male Female Overall Male Female 

Grassland 17.73 20.92 15.32 22.96 24.81 21.50 25.92 25.66 24.06 26.15 26.62 21.10 27.90 

Broadleaf Open 24.02 20.50 29.14 17.36 19.75 27.02 17.33 24.01 31.23 21.79 25.22 28.32 24.50 

Developed 5.83 25.31 15.70 28.81 18.49 9.50 21.48 14.60 5.41 17.43 16.78 8.64 18.66 

Mixedwood Dense 24.53 11.36 19.35 8.45 16.81 20.98 15.42 16.69 20.36 15.56 11.17 18.59 9.46 

Herb 2.64 5.60 4.49 6.01 5.41 4.78 5.62 5.80 5.70 5.83 4.93 4.03 5.14 

Water 3.94 5.14 2.81 5.99 2.62 1.55 2.98 1.28 0.30 1.59 3.73 5.12 3.41 

Wetland - Herb 6.76 3.72 5.58 3.04 2.70 5.09 1.90 2.31 1.79 2.47 2.89 3.68 2.71 

Annual Cropland 4.07 1.53 0.09 2.05 2.20 1.65 2.38 0.63 2.04 0.19 2.92 3.09 2.88 

Mixedwood Open 3.68 2.34 3.37 1.97 3.03 3.20 2.97 3.71 5.03 3.30 1.92 3.23 1.61 

Exposed Land 1.17 1.84 1.66 1.90 2.00 1.54 2.16 2.22 2.05 2.27 1.65 1.68 1.65 

Broadleaf Dense 1.23 0.46 0.32 0.50 0.97 0.86 1.01 1.27 1.08 1.33 0.96 1.08 0.94 

Wetland - Treed 0.29 0.29 0.63 0.16 0.27 0.54 0.18 1.05 0.39 1.25 0.55 0.40 0.59 

Wetland - Shrub 1.81 0.69 0.97 0.59 0.45 0.59 0.40 0.23 0.38 0.19 0.29 0.50 0.25 

Coniferous Open 2.17 0.30 0.54 0.21 0.44 1.20 0.19 0.47 0.18 0.56 0.25 0.46 0.21 

Perennial Cropland & Pasture 0.09 0.00 0.00 0.00 0.04 0.00 0.05 0.00 0.00 0.00 0.07 0.08 0.06 

Coniferous Dense 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.08 0.03 0.00 0.04 

 

 In all seasons, the five land cover classes with the highest overall mean percent use values in 95% KDE home ranges are 

Grassland, Broadleaf Open, Developed, Mixedwood Dense, and Herb (Table 5).  These are the same land cover classes identified as 

those with the highest annual overall mean percent use values. 
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Table 6. Sex-specific and overall mean seasonal habitat use percentages in 50% KDE core area. 

 

% of 
Study 
Area Winter Spring Summer Fall 

  Overall Male Female Overall Male Female Overall Male Female Overall Male Female 

Broadleaf Open 17.73 20.39 32.40 16.02 18.77 20.52 18.19 25.73 24.94 25.98 22.21 25.53 21.45 

Grassland 24.02 14.05 8.41 16.10 26.25 25.03 26.65 31.70 37.79 29.82 31.05 23.99 32.68 

Developed 5.83 37.45 25.91 41.64 21.98 16.75 23.73 11.18 3.17 13.64 19.02 4.32 22.41 

Mixedwood Dense 24.53 12.15 25.56 7.27 13.79 19.58 11.86 14.99 18.47 13.92 11.66 19.14 9.94 

Herb 2.64 5.68 2.51 6.83 8.29 7.70 8.48 8.99 7.14 9.56 5.58 5.17 5.67 

Mixedwood Open 3.94 1.98 2.14 1.92 2.67 3.54 2.38 2.63 1.96 2.84 2.50 4.72 1.99 

Wetland - Herb 6.76 2.05 0.77 2.51 1.38 1.35 1.38 0.91 0.69 0.98 1.94 5.30 1.16 

Water 4.07 3.22 0.50 4.21 1.16 0.00 1.54 0.48 0.00 0.63 1.53 2.38 1.34 

Exposed Land 3.68 1.29 1.06 1.37 1.27 0.49 1.54 1.21 1.36 1.16 1.46 2.31 1.27 

Broadleaf Dense 1.17 0.38 0.08 0.50 1.38 1.33 1.39 0.61 0.65 0.60 0.72 1.41 0.57 

Wetland - Treed 1.23 0.00 0.00 0.00 0.00 0.00 0.00 0.64 0.03 0.82 0.09 0.49 0.00 

Annual Cropland 0.29 0.79 0.00 1.08 2.47 1.88 2.67 0.90 3.81 0.00 1.81 4.11 1.27 

Coniferous Open 1.81 0.04 0.00 0.06 0.49 1.46 0.16 0.03 0.00 0.04 0.12 0.41 0.05 

Wetland - Shrub 2.17 0.54 0.66 0.50 0.09 0.36 0.00 0.00 0.00 0.00 0.29 0.73 0.19 

Coniferous Dense 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Perennial Cropland & Pasture 0.02 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 

 

 As was observed for annual habitat use and seasonal 95% KDE home range habitat use, the five land cover classes with the 

highest overall mean percent use values are Broadleaf Open, Grassland, Developed, Mixedwood Dense, and Herb (Table 6).  
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Figure 8. Overall mean seasonal percent use of the 5 land cover classes with the highest 

overall mean seasonal use in the 95% KDE home range. 

 

 

Figure 9. Overall mean seasonal percent use of the 5 land cover classes with the highest 

overall mean seasonal use in the 50% KDE core area. 

 

0

5

10

15

20

25

30

35

40

Winter Spring Summer Fall

%
 u

se
 

Seasonal Habitat Use in 95% KDE Home Ranges

Grassland BroadleafOpen Developed

MixedwoodDense Herb

0

5

10

15

20

25

30

35

40

Winter Spring Summer Fall

%
 u

se

Seasonal Habitat Use in 50% KDE Core Areas 

Grassland BroadleafOpen Developed

MixedwoodDense Herb



27 
 

 Mean percent use of the Developed land cover class was at its highest value in winter, 

fell during the spring, and reached its minimum in the summer, before climbing again in the fall 

(Figures 8 and 9).  Percent use of Grassland was at its lowest in the winter, increased 

throughout the year to reach its maximum values in the summer and fall.  The use of Broadleaf 

Open remained fairly constant from winter to spring before increasing in the summer.  In the 

95% KDE home range, Broadleaf open increased slightly from summer to fall, while in the 50% 

core area, it decreased slightly during this period.  The use of the Mixedwood Dense land cover 

class increased from winter to summer, before decreasing again in the fall.  In the 95% KDE 

home range, the percent use of the Herb class remained at a nearly constant level throughout 

the year, while in the 50% KDE core area, the use of this land cover class increased slightly in 

the spring and summer, before declining again in the fall. 

2.4.7 Monthly Habitat Use 

Monthly habitat use was estimated through the use of the Spatial Join function in 

ArcGIS.  Monthly 95% KDE home ranges and 50% core areas were spatially joined to the 

Canadian Land Cover Classification layer.  The resulting habitat use percentages are presented 

in Tables 7 (95% KDE) and 8 (50% KDE). 
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Table 7. Sex-specific and overall mean monthly habitat use percentages in 95% KDE home range. 

 January February March April May June 

 ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  

Grassland 26.81 19.05 29.19 20.05 16.63 21.19 13.45 10.95 14.28 21.9 13.61 24.67 26.28 20.06 28.2 25.4 28.07 24.57 
Broadleaf Open 25.65 28.67 24.73 26.58 35.15 23.72 19.27 30.34 15.58 18.68 25.59 16.38 24.89 32.69 22.49 25.31 28.75 24.25 
Developed 18.34 13.29 19.89 26.86 13.98 31.16 30.3 18.9 34.09 24.71 16.85 27.33 14.49 7.53 16.63 15.82 7.26 18.45 
Mixedwood Dense 9.54 20.89 6.04 11.45 18.36 9.15 17.55 25.51 14.89 14.59 23.55 11.61 15.88 21.83 14.05 15.1 17.67 14.31 
Herb 5.51 4.64 5.78 5.07 4.29 5.33 5.25 4.07 5.64 5.17 3.79 5.64 5.16 4.2 5.45 6.39 6.43 6.38 
Water 2.73 1.45 3.13 2.84 2.47 2.96 3.98 0.18 5.25 3.75 1.98 4.34 1.11 0.23 1.38 1.15 0.1 1.48 
Wetland - Herb 3.41 4.22 3.16 1.89 3.12 1.47 3.41 5.64 2.67 3.21 6.78 2.02 1.78 3.22 1.34 1.73 1.24 1.88 
Annual Cropland 2.98 0.27 3.82 0.21 0.04 0.27 0 0 0 0.71 0.33 0.84 3.89 1.82 4.53 1.81 1.53 1.9 
Mixedwood Open 1.61 2.63 1.3 2.3 3.42 1.92 2.97 2.05 3.27 2.9 2.69 2.97 2.5 4.37 1.92 2.98 5.16 2.31 
Exposed Land 1.7 2.36 1.49 1.85 1.45 1.98 1.82 0.46 2.27 1.9 0.8 2.27 1.59 1 1.77 1.81 1.76 1.82 
Broadleaf Dense 0.93 1.12 0.87 0.6 0.24 0.71 0.53 0.14 0.67 0.93 0.92 0.94 1.22 0.77 1.36 1.06 0.87 1.12 
Wetland - Treed 0.31 0.31 0.3 0 0 0 0 0 0 0.17 0.03 0.21 0.64 0.95 0.54 1.05 0.59 1.19 
Wetland - Shrub 0.33 0.62 0.24 0.27 0.69 0.13 1.17 1.33 1.11 0.68 0.94 0.59 0.21 0.54 0.11 0.11 0.47 0 
Coniferous Open 0.12 0.47 0.01 0.04 0.15 0 0.29 0.42 0.25 0.68 2.15 0.19 0.21 0.78 0.03 0.15 0.09 0.17 
Perenn. Crop & 
Pasture 

0 0 0 0 0 0 0 0 0 0 0 0.01 0.14 0 0.18 0 0 0 

Coniferous Dense 0.03 0 0.04 0 0 0 0 0 0 0 0 0 0.02 0 0.03 0.13 0 0.17 

 July August September October November December 

 ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  

Grassland 32.49 39.48 30.34 23.89 21.95 24.49 22.84 16.5 24.79 24.06 19.72 25.4 25.97 19.01 27.58 30.06 30.86 29.87 
Broadleaf Open 17.19 9.69 19.5 25.34 34.53 22.51 27.08 45.84 21.31 22.97 25.75 22.12 23.69 25.18 23.35 26.61 31.03 25.59 
Developed 15.01 7.71 17.25 12.35 4.46 14.77 15.51 4.51 18.89 17.81 12.73 19.37 18.57 10.48 20.44 16.67 5.97 19.14 
Mixedwood Dense 14.36 21.11 12.28 19.06 21.9 18.19 14.95 17.33 14.22 17.89 22.94 16.34 12.71 22.64 10.42 5.38 8.25 4.72 
Herb 7.77 9.11 7.36 5.77 4.91 6.04 6.14 3.9 6.83 5 4.45 5.17 4.8 3.84 5.02 5.12 5.02 5.14 
Water 1.67 0.11 2.14 1.12 0.04 1.45 1.47 0.8 1.68 1.82 2.12 1.73 4.47 6.36 4.04 2.37 2.09 2.43 
Wetland - Herb 2.3 0.93 2.73 2.62 1.86 2.85 2.1 1.43 2.31 2.03 2.25 1.96 2.23 4.11 1.79 4.03 5.63 3.66 
Annual Cropland 0.59 2.24 0.08 0.62 1.77 0.27 0.84 2.42 0.35 1.12 0.5 1.31 1.68 0.27 2 5.03 5.7 4.87 
Mixedwood Open 3.56 5.86 2.86 3.86 4.85 3.55 3.07 3.98 2.79 3.32 4.96 2.82 2.21 3.72 1.86 1.17 1.66 1.06 
Exposed Land 1.95 2.73 1.71 2.36 1.65 2.58 3.46 1.4 4.1 2.19 2.64 2.05 1.58 1.97 1.48 1.25 0.85 1.34 
Broadleaf Dense 0.93 0.37 1.1 1.15 0.67 1.3 1.06 1.1 1.05 1.09 1.28 1.03 0.76 0.77 0.76 1.04 1.33 0.97 
Wetland - Treed 1.62 0.49 1.97 0.87 0.43 1.01 0.65 0.06 0.83 0.19 0.05 0.24 0.58 0.28 0.65 0.67 0.72 0.66 
Wetland - Shrub 0.05 0.11 0.03 0.31 0.49 0.26 0.34 0.52 0.28 0.3 0.46 0.25 0.42 0.84 0.32 0.25 0.31 0.23 
Coniferous Open 0.41 0.06 0.51 0.6 0.5 0.64 0.47 0.21 0.54 0.15 0.16 0.15 0.31 0.54 0.25 0.18 0.34 0.15 
Perenn. Crop & 
Pasture 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.16 0.23 0.14 

Coniferous Dense 0.11 0 0.14 0.08 0 0.1 0.02 0 0.03 0.06 0 0.07 0.04 0 0.05 0.02 0 0.03 
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Table 8. Sex-specific and overall mean monthly habitat use percentages in 50% KDE core area. 

 January February March April May June 

 ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  

Broadleaf Open 26.12 30.31 24.83 25.13 32.92 22.53 18.36 30.12 14.44 14.91 19.00 13.55 19.04 18.82 19.11 22.54 17.65 24.04 
Grassland 21.17 12.44 23.85 13.34 6.41 15.65 11.86 8.44 13.00 20.70 13.18 23.21 27.46 20.46 29.62 31.41 44.49 27.38 
Developed 27.83 24.35 28.90 33.63 23.15 37.12 39.21 31.83 41.67 33.80 30.75 34.81 15.51 11.65 16.70 13.83 4.89 16.58 
Mixedwood Dense 10.43 25.48 5.79 15.33 27.75 11.20 12.00 22.89 8.37 12.10 19.34 9.69 18.75 29.92 15.31 10.14 13.15 9.21 
Herb 5.27 2.93 5.99 5.49 2.44 6.50 6.72 3.19 7.90 6.88 5.55 7.32 6.02 5.46 6.19 10.38 8.38 11.00 
Mixedwood Open 2.26 2.44 2.21 3.29 5.10 2.69 3.46 0.00 4.61 3.15 1.64 3.65 2.70 2.59 2.73 2.83 3.45 2.64 
Wetland - Herb 2.56 0.00 3.35 1.07 0.00 1.42 1.71 2.44 1.46 1.97 3.85 1.35 1.60 3.29 1.08 1.80 0.00 2.35 
Water 0.16 0.00 0.21 1.01 0.53 1.17 3.48 0.00 4.63 2.34 0.70 2.89 0.96 0.00 1.26 0.69 0.00 0.90 
Exposed Land 1.26 1.76 1.11 1.47 1.13 1.58 1.92 0.18 2.50 1.78 0.41 2.24 1.75 0.27 2.20 1.25 1.05 1.31 
Broadleaf Dense 0.49 0.30 0.55 0.10 0.00 0.13 0.11 0.00 0.15 0.80 1.43 0.59 1.18 0.59 1.37 1.02 1.07 1.01 
Wetland - Treed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.24 0.26 1.54 
Annual Cropland 2.44 0.00 3.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.79 2.74 4.11 2.77 5.55 1.91 
Coniferous Open 0.00 0.00 0.00 0.07 0.28 0.00 0.06 0.26 0.00 0.97 2.69 0.39 0.97 3.75 0.11 0.00 0.00 0.00 
Wetland - Shrub 0.01 0.00 0.01 0.07 0.28 0.00 1.12 0.67 1.27 0.60 1.48 0.30 0.11 0.47 0.00 0.02 0.07 0.00 
Coniferous Dense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.13 
Perenn. Crop & 
Pasture 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.22 0.00 0.00 0.00 

 July August September October November December 

 ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  ♂+♀  ♂  ♀  

Broadleaf Open 19.68 4.96 24.21 31.42 39.92 28.81 29.62 41.15 26.08 21.60 24.89 20.59 21.97 20.53 22.30 23.27 24.42 23.00 
Grassland 42.91 63.19 36.67 25.08 24.31 25.32 23.36 20.15 24.34 33.61 35.39 33.07 29.97 22.58 31.67 33.23 34.52 32.93 
Developed 12.82 4.32 15.44 9.50 4.82 10.94 15.55 2.86 19.46 15.88 2.82 19.90 18.21 8.14 20.53 18.30 3.42 21.74 
Mixedwood Dense 8.31 12.66 6.97 18.99 19.96 18.69 16.16 17.86 15.64 16.54 20.32 15.38 14.42 26.40 11.65 3.39 2.95 3.49 
Herb 9.19 8.75 9.32 7.68 3.63 8.92 6.14 4.12 6.76 5.36 6.01 5.16 5.72 3.39 6.26 5.27 6.61 4.97 
Mixedwood Open 1.73 3.36 1.23 2.98 0.26 3.82 3.79 5.02 3.41 2.74 3.82 2.41 2.72 5.40 2.11 1.18 0.83 1.27 
Wetland - Herb 0.87 0.00 1.13 1.39 1.41 1.39 1.66 2.43 1.43 1.26 3.41 0.60 1.47 5.07 0.64 4.88 8.73 3.99 
Water 1.07 0.00 1.40 0.14 0.00 0.19 0.23 0.00 0.30 0.02 0.00 0.02 2.39 4.85 1.83 0.45 0.69 0.39 
Exposed Land 1.23 1.10 1.27 1.40 1.80 1.28 1.63 1.14 1.78 1.63 1.78 1.59 1.67 1.12 1.79 1.00 0.78 1.05 
Broadleaf Dense 0.76 0.84 0.73 0.45 0.58 0.41 0.76 0.92 0.70 1.12 1.35 1.06 0.60 0.98 0.51 0.88 1.45 0.74 
Wetland - Treed 1.20 0.12 1.53 0.21 0.23 0.20 0.07 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1.19 1.55 1.10 
Annual Cropland 0.17 0.70 0.00 0.73 3.09 0.00 1.02 4.34 0.00 0.00 0.00 0.00 0.34 0.00 0.42 6.12 12.31 4.69 
Coniferous Open 0.08 0.00 0.11 0.01 0.00 0.01 0.00 0.00 0.00 0.18 0.00 0.23 0.24 0.97 0.07 0.09 0.49 0.00 
Wetland - Shrub 0.00 0.00 0.00 0.02 0.00 0.03 0.01 0.00 0.01 0.05 0.21 0.00 0.28 0.58 0.21 0.58 1.25 0.43 
Coniferous Dense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Perenn. Crop & 
Pasture 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.21 
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The use of t-tests indicated statistically significant differences in 95% KDE home range 

habitat use between males and females with respect to the use of Exposed Land during the 

month of March (p = 0.0062), Broadleaf Open in July (p = 0.0483), and Developed in December 

(p = 0.03228).  Females used each of the above land cover classes more than males during 

these periods (Table 8).   

Statistically significant results of t-tests comparing habitat use by male and female deer 

in the 50% KDE core area are seen below in Table 9.  Wide variation is observed between male 

and female use of Grassland during June and July, with males using this land cover class 

significantly more than females in both months.  Conversely, females displayed a significantly 

higher degree of use of Broadleaf Open during July.  Use of Developed differed significantly 

between sexes in September, October, and December, with females using this land cover class 

more than males in each of these months. 

Table 9.  Statistically significant results of t-tests comparing sex-specific mean monthly use of 

land cover classes in the 50% KDE core area. 

Month Land Cover Class Male % Use Female % Use p value 

January Water 0.00 0.21 0.0348 

March Exposed Land 0.18 2.50 0.0329 

April Exposed Land 0.41 2.24 0.0103 

June Grassland 44.49 27.38 0.0488 

July Grassland 63.19 36.67 0.0150 

July Broadleaf Open 4.96 24.21 0.0182 

September Developed 2.86 19.46 0.0344 

October Developed 2.82 19.90 0.0369 

December Developed 3.42 21.74 0.0401 
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 Statistically significant results of t-tests comparing habitat use in 95% KDE home range 

and 50% KDE core area are seen below in Table 10.  All significant results relate to the Water 

and Wetland – Shrub land cover classes, both of which have small percent use values.  In all 

cases, the use of these land cover classes was higher in the 95% KDE home range than in the 

50% KDE core area. 

Table 10. Statistically significant results of t-tests comparing overall mean monthly habitat 

use in 95% KDE home range and 50% KDE core area. 

Month Land Cover Class % Use in Home Range % Use in Core Area p value 

January Water 2.73 0.16 0.0177 

January Wetland - Shrub 0.33 0.01 0.0399 

August Wetland - Shrub 0.31 0.02 0.0318 

September Wetland - Shrub 0.34 0.01 0.017 

October Water 1.82 0.02 0.0113 

October Wetland - Shrub 0.3 0.05 0.0218 

December Water 2.37 0.45 0.0164 

 

In every month, the Grassland, Broadleaf Open, Developed, Mixedwood Dense, and 

Herb land cover classes were the classes with the highest mean overall percent use values for 

both the 95% KDE home range and the 50% KDE core area (Tables 7 and 8).  These are the same 

classes as the annual and seasonal land cover classes with the highest use values.   

The overall mean monthly percent use values for the five most-used land cover classes 

in 95% KDE home range and 50% KDE core area are plotted in Figures 10 and 11, respectively.  

Overall trends in monthly habitat use are similar between home range and core area, with 

habitat use in the core area often displaying greater disparity between extreme values and, in 

general, showing greater month-to-month variation. 
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Figure 10. Overall mean monthly percent use of the 5 land cover classes with the highest 

overall mean monthly use in the 95% KDE home range. 

 

Figure 11. Overall mean monthly percent use of the 5 land cover classes with the highest 

overall mean monthly use in the 50% KDE core area. 

  The use of the Grassland cover class decreased from January to March before 

increasing steadily from March until June, at which point, a steep increase in the use of 

Grassland was observed, reaching a maximum value in July (Figures 10 & 11).  Use of Grassland 
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dropped off sharply from July to August, then increased throughout the period leading up to 

December.  Use of the Broadleaf Open land cover class exhibited a decreasing trend from 

January into April, at which point, it began to increase through May and June.  Percent use of 

Broadleaf Open dropped off in July, coinciding with a sharp increase in the use of Grassland, 

before increasing to a maximum in August (core area) or September (home range).  Use of 

Broadleaf Open then decreased in October, before beginning to increase again in November 

and December.  Percent use of Developed increased from January to March, reaching its 

maximum value in this month.  Use then dropped off throughout the summer months, reaching 

a minimum value in August, before increasing steadily until December.  Use of Mixedwood 

Dense is low during January and December, with higher use during most other months.  During 

June and July, low use of Mixedwood Dense is observed in the core area, while use of this land 

cover class remains more stable during this period in the home range.  In both home range and 

core area, the use of the Herb land cover class remains relatively stable throughout the year, 

with slight peaks observed in June (core area) and July (home range). 

2.5 Discussion 

 Differences between mean annual range sizes of male and female deer in this study 

were not found to be statistically significant.  It should be reiterated that the statistical results 

of male/female comparisons in this study should be interpreted with caution, due to the small 

sample size of male deer and the correspondingly low statistical power of such comparisons.  

Despite the low statistical power of male/female comparisons in this study, however, a similar 

comparison of male and female annual range sizes, made in a study on the space use of white-
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tailed deer in a mixed forest-agricultural landscape in central New York, also failed to reveal any 

statistically significant differences between annual range sizes of males and females (Quinn et 

al. 2013).   

The findings of this study indicated significantly larger range sizes for males than for 

females during the summer, but not during other seasons.  Similarly, Quinn et al (2013) 

reported larger range sizes for male deer than for females during the spring-summer period 

only.  A comparison of mean seasonal MCP home range sizes of the deer in this study with 

those of deer collared in the Greater Winnipeg Area and northern RMNP by McCance (2014), 

indicates that the seasonal range sizes of deer in this study are intermediate to the urban and 

wilderness populations of the other study.  In general, range sizes were substantially smaller 

during the summer than during the winter or fall, with the ranges of females observed to be 

largest during the winter and those of males to be largest during the fall.  During the summer, 

range sizes of both sexes may be at their lowest due to the relatively high abundance of natural 

food resources during this period.  Given the abundance of food, deer would not need to 

expend as much energy foraging, and would likely be able to reduce their range.  For females, 

summer ranges may also be smaller due to a tendency for female WTD with fawns to reduce 

their engagement in social behaviour and to isolate themselves and their fawns from other 

deer (Bertrand et al. 1996; Nelson & Mech, 1981; Hawkins & Klimstra, 1970).  Such behaviour is 

hypothesized by Bertrand et al (1996) to aid in the cementation of the mother/offspring bond 

and to act as a defense against predators. 

 Mean monthly female ranges were largest during the month of April, while male ranges 

were largest in November.  During April, pregnant female WTD likely expand their ranges in 
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order to seek out additional food sources that are needed to meet the heightened nutritional 

requirements placed upon them by late-stage foetal development.  Perhaps more importantly, 

April is characterized by the melting of snow within the study area, and potentially 

corresponding with the migration of deer from winter to summer ranges.  In one study, 

Rongstad and Tester (1969) indicated that the spring migratory period occurred during April for 

all deer observed to migrate in that study.  The observed peak in male range size during 

November is most likely explained by an expansion of the movements of male deer during the 

breeding season.   

Observations of habitat use in annual ranges suggest no statistically significant 

differences between male and female selection of land cover classes across this time scale.  It 

can be assumed that male and female WTD have, generally, the same habitat requirements 

when observed across the entire year.  Comparisons of habitat use in annual home ranges vs 

annual core areas show a statistically significant difference only for the Annual Cropland land 

cover class, with a slightly higher use in the home range.  The difference in mean annual 

percent use of this land cover class between home range and core area, though statistically 

significant, is quite small, at just over a 2% difference in use between range types.  The practical 

significance of this finding is low, despite the statistical significance.  Other such statistically 

significant findings that are, similarly, deemed to be practically or biologically insignificant will 

not be discussed.   

During the fall, females displayed a significantly higher use of the Developed land cover 

class in the core area than did males.  It is possible that male deer were displaying avoidance of 

developed areas and the human activity associated with such areas during the fall, as this 
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season coincides with the hunting season, however, Root et al (1988) noted in a study on the 

effects of intensive hunting on WTD movement, that male deer did not display changes in their 

movement patterns in response to intensive hunting.  Given that male deer also displayed the 

largest range size during the fall, coinciding with the breeding season, it is more likely that 

males were simply more active than females during this period, spending less time within 

developed areas and more time travelling throughout their ranges in pursuit of females.  While 

fall was the only season in which use of the Developed land cover class within the core area was 

significantly lower for males than for females, males used this land cover class substantially less 

than females during all seasons.  It is possible that this sex-specific difference in habitat use was 

only detected during the fall due to the low statistical power of male/female t-testing in this 

study resulting from a small sample size of male deer.  In addition to the fall season, however, 

males were observed to use the Developed land cover class significantly less than females 

during the months of September, October, and December. 

With respect to the five most-used land cover classes, overall mean use of the 

Developed class decreased from winter to summer, while the use of Grassland, Broadleaf Open, 

Mixedwood Dense, and Herb all increased during the same period.  This movement out of 

developed areas and into natural areas is likely related, at least in part, to the changing 

availability of food resources as the snow melts and the growing season commences in the 

spring and summer.  Deer may be displaying higher relative use of developed areas during the 

winter, due to the presence of human-built structures, which may act as thermal cover during 

the coldest parts of the year (Grund et al, 2002).  Deer may also be using the Developed land 

cover class more during the winter than in other seasons, due to the presence of supplemental 
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food resources in residential areas, possibly in the form of bird feeders or intentional feeding by 

residents.  During the growing season, these supplemental food resources may not be available, 

or may not be as desirable to deer, given the abundance of natural food resources in other 

areas.  It is also possible that the clearance of snow in developed areas provides deer with 

improved mobility during the winter, thereby increasing the desirability of such areas during 

this season. 

Male deer were observed to use the Grassland land cover class significantly more than 

females, in the core area, during the months of June and July.  During this same time period, in 

the core area, females were observed to use the Broadleaf Open and Developed land cover 

classes more than males.  The use of these land cover classes by females in June and July, in 

contrast to the use of grassland by males, may be related to the specific habitat requirements 

of females during the fawn-rearing period.  It is possible that females preferentially use areas 

with greater availability of fawn-hiding cover during this period, leading them to favour treed 

areas in forests and around residential developments to the more open conditions of grassland 

areas.  While this may explain the lower usage of grassland by females during this period, 

higher usage by males may also be explained by the availability of certain types of forage in 

these areas during this period.  In a study on the summer habitat and feeding habits of WTD in 

north-central Minnesota, Kohn and Mooty (1971) noted that examination of rumen contents of 

deer showed the greatest consumption of grass during June and early July, coinciding with the 

period of early grass growth. 

While the habitat use of WTD was examined in this chapter, no attempt was made to 

explore the habitat selection, or resource preference of study animals, beyond the presentation 
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of the availability of each land cover class within the study area.  A statistical comparison of the 

availability of land cover classes within the study area with the overall use of these cover 

classes by WTD will provide a better understanding of second-order habitat selection, defined 

by Johnson (1980) as the process that “determines the home range of an individual or social 

group”. 

2.6 Management Implications 

 The study area presents a mixture of urban, agricultural, and wilderness landscape 

features as well as a high degree of seasonal fluctuation in human activity.  These habitat 

characteristics exert a unique influence on the movement patterns and habitat use of WTD in 

the region, and make it difficult to discretely classify the population according to the commonly 

used habitat type descriptors; urban, exurban, rural, or wilderness.  A comparison of the range 

sizes of the deer in this study with those of the two deer populations studied by McCance 

(2014), which may be distinctly classified as urban and wilderness populations, suggest that the 

WTD population in this study lies somewhere between the urban and wilderness populations of 

the other study.  As such, it is important to continue to study the movements of these deer in 

order to gain a better understanding of the how they use this unique environment, rather than 

relying upon generalizations, drawn from the results of other studies with a focus on deer in 

rural or urban environments.  While some studies have explored the movements of deer in 

exurban areas (Storm et al. 2007; Anderson et al. 2011) and have, similarly, found movement 

patterns to be intermediate to urban and rural deer, the large degree of seasonal fluctuation in 
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human presence within the study area introduces a variable to this analysis of WTD movement 

patterns that was not present in other studies. 

Given the low statistical power of male/female comparisons in this study, resulting from 

a small sample size of male deer, it is recommended that any further collaring efforts attempt 

to target male deer.  While the targeted capture of a specific sex is possible through active 

capture methods, such as through the use of a net gun, it is more difficult to accomplish 

through the use of passive trapping methods.  It is possible that through the use of this study’s 

findings, areas can be identified that may yield an increased likelihood of capturing deer of one 

sex, while decreasing the likelihood of capturing deer of the other sex.  For example, male deer 

were observed to use the Mixedwood Dense land cover class substantially more than females 

during many months, while females, on average, used the Developed land cover class more 

than males.  The use of a targeted passive capture method, aimed at capturing deer of a 

specific sex through strategic selection of trap location, would serve to reduce the likelihood of 

unintentional capture and the resulting capture-related stress on deer of the non-target sex.  In 

addition to its potential value as part of a targeted passive capture method, the knowledge of 

WTD habitat use, gained through this study, may find utility in other areas of management, 

including the mitigation of deer/human conflict, and the conservation of significant WTD 

habitat. 
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3.1 Abstract 

 The study area, located in the vicinity of Wasagaming, Manitoba, is differentiated from 

the rest of Riding Mountain National Park (RMNP) by its high intensity of human activity and 

high infrastructure density.  The annual, seasonal, and monthly movements of 13 female and 4 

male white-tailed deer (WTD) were studied in relation to the park boundary, developed areas, 

the Wasagaming campground, roads of various types, and buildings.  The female deer in this 

study displayed the greatest association with areas of human use and infrastructure during the 

pre-parturition period, which occurs during the late winter and spring.  Both sexes displayed 

the lowest association with areas of human use and infrastructure during the summer months, 

likely due to the high intensity of human activity in the study area during this period, in addition 

to fawn rearing-related changes in space use by females. 

3.2 Introduction 

While the landscape of RMNP varies considerably across its extent, the study area 

represents what is perhaps the most unique area of the park.  It is not, however, the plant 

community, nor the topography of the study area that makes it unique within the park, but the 

degree of human use of this area.  Situated within and surrounding the towns of Wasagaming 

and Onanole, the study area is host to a considerable human population during the summer 

months, with significantly lower human-use during the spring and fall, and the fewest visitors 

during the winter.  The developed areas and infrastructure associated with human presence 

within the study area, namely, the roads, buildings, and special use areas, including the 

Wasagaming campground, may be assumed to undergo similar trends in intensity of human-use 
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throughout the year.  In this chapter, the movements of WTD will be examined, in relation to 

such human infrastructure and across multiple temporal scales. 

The boundary of RMNP is marked, across much of its breadth, by a stark contrast in the 

vegetative characteristics and land use patterns between the areas inside and outside of the 

park boundary.  Most often, the park boundary delineates an interface between forested areas 

within the park and agricultural areas outside.  Within the study area, the difference between 

the habitat characteristics of the areas inside and those of the areas outside of the park is not 

as distinct as in much of the rest of RMNP, however, in general, the area outside of the park is 

characterized by a higher density of roads and buildings, greater fragmentation of forest 

patches, and heavy agricultural use.  As the park boundary is permeable to wildlife, including 

WTD, cross-boundary movements of deer within the study area have relevance not only to park 

mangers, but also to private landowners, consumptive users of WTD, and wildlife managers 

outside of RMNP.  Within the RMNP region, bovine tuberculosis (TB), an infectious bacterial 

illness that may be carried by wild ungulate vectors, including WTD (Schmitt et al. 1997), 

represents a significant risk to cattle producers and an equally significant challenge to wildlife 

managers.  Bovine TB has been detected in elk more frequently than in WTD within the Riding 

Mountain area, however, 11 deer in the area have tested positive for the disease since 1991 

(Manitoba Conservation & Water Stewardship, 2016). Given the ability of WTD to act as a 

vector for bovine TB between wild reservoirs of the disease and domestic cattle, the 

movements of WTD between areas of shared use with elk and areas of shared use with cattle, 

frequently delineated by the park boundary, should be studied in greater detail.  The annual, 
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seasonal, and monthly use of the areas within and outside of the boundary of RMNP by WTD 

will be examined. 

While the use of the Developed land cover class by WTD was discussed as part of the 

habitat use section of Chapter 2, use of this land cover class will be more thoroughly examined 

in this chapter.  The Developed land cover class represents areas of human development and 

encompasses the residential areas of Wasagaming and Onanole, Wasagaming’s business 

district, the area’s campgrounds, and portions of major roadways and road rights-of-way.  As 

such, this land cover class represents the areas of highest human use and highest density of 

human infrastructure.  While it is not feasible to attempt to precisely monitor the level of 

human activity within all developed areas at all times, we can assume that the temporally-

dependent human use patterns we observe for the park also apply to the developed areas in 

the direct vicinity of Wasagaming and Onanole.  Given this assumption, we may begin to more 

fully understand the use of the developed areas of the study area by WTD as it relates to the 

use of the same areas by humans throughout the year.  This knowledge will help to predict the 

likelihood of contact between humans and WTD, and therefore, the potential for deer-human 

conflict during different times of the year.  It will also help to determine the importance of 

developed areas to deer in the presence or absence of human activity. 

Within the literature, references to the use of campground areas by WTD are scant, with 

one study making reference to the use of a campground as a wintering area by a group of deer 

in Minnesota (Nelson & Mech, 1987).  The Wasagaming campground, located within RMNP, 

directly to the east of the town of Wasagaming, hosts campsites of differing levels of service 

infrastructure, from unserviced sites to fully serviced sites with running water, electricity, and 
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sewer.  Additionally, within much of the campground, campsites and other human 

infrastructure are absent, with forest making up the bulk of these areas.  It is possible that 

differences in the level of infrastructure within the different sections of the campground will 

result in variable use of these areas by WTD.  The annual, seasonal, and monthly use by WTD of 

the campground in whole, as well as of each campground section will be examined.  Similar to 

reported park usership statistics, campground usership shows significant temporal variation, 

with around half of all campground visits occurring during July and August.  This significant 

seasonal fluctuation in human use of the campground may shed light upon the responses of 

WTD to intensive human activity within the campground.  This knowledge may serve to guide 

potential future development within the campground, with the aim of mitigating any 

disturbance to deer that could potentially be caused by such development. 

The study area contains two Provincial Trunk Highways (PTHs), a single Provincial Road 

(PR), and numerous smaller roads.  PTH 10 is the major highway in the area, running through 

both Onanole and Wasagaming, and acting as the southern route of entry into RMNP.  While 

several studies have examined the occurrence of deer-vehicle collisions (McCance, 2014; Puglisi 

et al. 1974; Farrell & Tappe, 2007), which may serve as an estimate of the intensity of use of 

roadways by deer, fewer studies have directly examined the movements of deer in relation to 

roadways.  While the relatively low posted speed limits for roads within the study area may 

preclude the frequent occurrence of deer-vehicle collisions, an understanding of the 

relationship between the seasonal movements of deer and roadways provides us with greater 

knowledge of deer movement in general. 
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The greatest density of buildings within the study area occurs within the residential 

areas of Wasagaming and Onanole.  This study will explore temporal trends in the degree of 

association between WTD and buildings.  This will be achieved through an analysis of the mean 

distance from deer to the nearest building, in addition to an analysis of the density of buildings 

within the ranges of WTD throughout the year.  Various studies have reported that WTD 

showed a greater association with developed areas, and higher building densities within their 

ranges, during the winter (Kilpatrick & Spohr, 2000) and lower association with such areas, with 

correspondingly fewer buildings within their ranges during the fawn-rearing period (Kilpatrick & 

Spohr, 2000; Anderson et al. 2011; Storm et al. 2007).  As with an analysis of the use of 

developed areas by WTD, analysis of their movements in relation to buildings provides an 

estimate of the likelihood of contact and potential conflict between humans and deer. 

A better understanding of the relationships between the movements of WTD and 

human infrastructure and activity will provide wildlife managers with a greater ability to reduce 

deer-human conflict, to better predict and prevent the transmission of wildlife disease, to 

understand the effects of and mitigate potential disturbance to deer caused by future 

development, and to understand seasonal trends in the importance of developed areas to deer. 
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3.3 Methods 

3.3.1 Use of the Area Within the Park Boundary 

 In ArcGIS, all relocation fix points that fell within the boundary of RMNP were counted 

for each study animal, for the annual, seasonal, and monthly time periods.  For each deer, use 

of the park was determined during all time periods by calculating the percentage of fix points 

located within the park boundary, in relation to the total number of fix points recorded for each 

deer during the corresponding time interval. 

3.3.2 Monthly Use of the Developed Land Cover Class 

 Mean monthly percent use values for the Developed land cover class in the 95% KDE 

home range and the 50% KDE core area were determined for male and female deer.  As was 

described in section 2.3.3, use of the Developed land cover class in each range was measured as 

a percentage of the total range area covered by this land cover class. 

3.3.3 Use of the Wasagaming Campground 

 The campground was mapped in ArcGIS using roads, outermost campsites, and cottage 

property lines to form the outer extent of the campground.  Annual use of the Wasagaming 

campground was determined for each deer by counting the total number of relocation fix 

points located within the campground.  Monthly core areas of the five deer with the highest 

annual campground use values were overlaid on the campground in ArcGIS to determine 

whether the campground overlapped with the core areas of these deer during each month.  

The same method used to calculate annual use of the campground was used to determine the 
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monthly use of the campground for each deer and the results were summed for each month to 

determine total monthly campground use values. 

 In ArcGIS, the campground was divided into sections according to the service type of 

each section using a map of the campground, available on the Parks Canada website, as a visual 

reference (Parks Canada, 2016).  Total annual and monthly counts of relocation fix points within 

each section were taken, providing absolute annual and monthly campground use values.  

Absolute campground use values for each campground section were divided by the areas of 

those sections, providing use values relative to the total area of each section.  Annual and 

monthly relative use values are denoted for each campground section as a measure of points 

per hectare. 

3.3.4 Distance to Roads 

 Distances to the nearest road of various road types were determined for each deer, 

during the annual, seasonal, and monthly time periods using the Near function in ArcGIS.  The 

road types used were as follows; the nearest road of any type, the nearest Provincial Trunk 

Highway (PTH) or Provincial Road (PR), the nearest road other than a PTH or PR, and PTH 10.  

Sex-specific and overall mean distance-to-road values were determined for all road types in all 

time intervals. 

3.3.5 Distance to Building 

A GIS layer depicting the geographic locations of buildings in the study area was created 

in ArcGIS with the aid of Google satellite imagery and Google Street View as visual references 
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for the manual digitization of building locations.  Landscape features that could be clearly 

identified as buildings were represented by a point, at the approximate centre of each feature.  

Using the Near function in ArcGIS, distances to the nearest building were calculated for each 

deer during the annual, seasonal, and monthly time periods.  Sex-specific and overall mean 

distance to building values were calculated for each time interval. 

3.3.6 Building Density of Ranges 

 The total number of buildings found within the ranges of study deer were determined 

using the Spatial Join function in ArcGIS to join annual, seasonal, and monthly MCPs, 95% KDE 

home ranges, and 50% KDE core ranges with the buildings layer depicted later in Figure 21.  The 

total building count for each range was divided by the area of these ranges, providing a 

measure of building density for each range.   

3.3.7 Statistical Comparisons Using t-tests 

 All between-groups comparisons of range size and habitat use in this chapter were 

conducting using two-tailed Welch’s unequal variances t-tests.  The threshold of statistical 

significance used in this study was α = 0.05.  Comparisons in which p < 0.05 were assumed to be 

statistically significant. 
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3.4 Results 

 3.4.1 Use of the Area Within the Park Boundary 

 Relocation fix points were used to determine the annual, seasonal (Table 11), and 

monthly (Table 12) use of the area within the boundary of Riding Mountain National Park for 

each deer.  Mean percent use values were obtained for each sex and for each time period.  

Annually, a mean of 51.83% of relocation fix points were located within the park boundary for 

all collared deer.  Male deer were located within the park a mean of 59.84% of the time, while 

females used the park a mean of 49.36% of the time.  The difference between annual park use 

by males and females was not statistically significant when subjected to t-testing. 

Table 11. Sex-specific and overall mean seasonal percent use of the area within the RMNP 

boundary. 

 Winter Spring Summer Fall 

Overall 56.36 55.17 59.26 44.38 

Male 60.37 63.24 64.13 59.98 

Female 54.91 52.47 57.76 40.79 

 

In both sexes, there was little variation in mean percent use of the park between winter, 

spring, and summer, though park use by female deer was observed to decline by approximately 

17% in the fall (Table 11).  Overall, values for mean percent use of the park by male deer were 

higher than for female deer in all seasons, though differences in seasonal park use between the 

sexes were not statistically significant according to t-tests.  
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Table 12. Sex-specific and overall mean monthly percent use of the area within the RMNP 

boundary. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 40.08 53.61 66.74 52.42 49.46 57.24 54.15 61.91 62.16 58.45 48.52 25.07 

Male 57.88 60.27 62.86 58.64 69.80 60.58 59.17 63.03 70.24 79.39 62.74 22.28 

Female 34.60 51.39 68.03 50.34 43.21 56.21 52.60 61.57 59.67 52.01 45.24 25.72 

 

 

Figure 12. Sex-specific and overall mean monthly percent use of the area within the RMNP 

boundary. 
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and July, with the exception of May, when park use was approximately 10% higher than during 

the rest of this period (Figure 12).  From July to October, park use by male deer increased, 

reaching a maximum in October, before decreasing dramatically through November and 

December, when it reached its minimum value.  For female deer, park use was low in January, 

increasing through February and reaching its maximum value in March.  Female park use 
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to December, use of the park by female deer decreased, reaching a minimum value in 

December.  Observed mean monthly percent use of the park by female deer was generally 

lower that of males, though t-tests failed to reveal any statistically significant differences in 

monthly use of the park between the sexes. 

3.4.2 Monthly Use of the Developed Land Cover Class 

 Annual, seasonal, and monthly percent use of the Developed land cover class was 

examined briefly in Chapter 2 as part of an analysis of habitat use. The monthly use of this land 

cover class will be investigated further in this section.  Sex-specific and overall mean monthly 

use of the Developed cover class was plotted for the 95% KDE home range and 50% KDE core 

area in Figures 13 and 14, respectively. 

 

Figure 13. Sex-specific and overall mean monthly percent use of the Developed land cover 

class in 95% KDE home range. 
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occurred in December (p = 0.0323), with females using this cover class significantly more than 

males (Figure 13).  Though not statistically significant, mean male use of Developed areas was 

also lower than mean female use during all other months of the year.  Overall mean use of the 

Developed land cover class increased from January to March, reaching a maximum in this 

month.  Use of Developed areas then decreased from March until May, from which point it 

remained relatively constant until August, when it decreased slightly.  Following August, overall 

mean use of the Developed land cover class increased until November, before dropping slightly 

in December.  Mean male use of this land cover class was subject to a greater increase in 

October, followed by greater decreases during November and December than was observed for 

mean female use. 

 

Figure 14. Mean monthly percent use of the Developed land cover class in the 50% KDE core 

area. 
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September, October, and December, with females using this cover class significantly more than 

males during these months.  Observed mean male use of Developed areas was lower than 

female use during all months (Figure 14).  As with the use of Developed areas in the home 

range, overall mean use of this land cover class in the core area increased through January and 

February, reaching its maximum value in March.  Overall mean use of Developed areas in the 

core area decreased from March through the spring and summer months, reaching its 

minimum value in August.  The overall mean use value then increased from September through 

to December. 

 Sex-specific use of the Developed land cover class in the 95% KDE home range and the 

50% KDE core area is plotted below in Figure 15. 

 

Figure 15. Sex-specific mean monthly percent use of the Developed land cover class in the 

95% KDE home range and the 50% KDE core area. 
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use of Developed areas was higher in the core area than in the home range from January to 

May (Figure 15).  From June until December, female deer did not display a great deal of 

variation in percent use of Developed areas between the home range and core area.  During 

this same period, males also showed little variation in Developed area use between home range 

and core area, with the exception of October, when use of Developed areas in the home range 

substantially exceeded use in the core area.  In January and April, mean use of the Developed 

land cover class in the core area of males exceeded its mean use in the home range of females. 

3.4.3 Use of the Wasagaming Campground 

 Annual use of the Wasagaming campground was determined by obtaining a count of the 

total annual number of relocation fix points located within the campground for each deer 

(Figure 16).   

 

Figure 16. Total annual count of relocation fix points located within the Wasagaming 

campground for each collared deer. 
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The deer with the highest annual use of the campground (DE1) accounted for over 50% 

of total annual campground use for all deer, while the five deer with the highest annual 

campground use values accounted for over 90% of total annual use.  Of the five deer that 

showed the highest total annual use of the campground, four were female and one was male.  

A t-test failed to show a significant difference in the total annual use of the campground 

between males and females. Nine out of seventeen deer each returned fewer than 10 total 

annual relocation fix points within the campground, with four of these deer showing no use of 

the campground at all (Figure 16). 

 In ArcGIS, monthly core areas for the five deer with the highest total annual use of the 

campground were overlaid on the campground layer to determine whether overlap existed 

between core areas and the campground.  The presence of overlap between monthly core 

areas and the campground is depicted in Table 13. 

Table 13. Overlap of campground with monthly 50% KDE core areas of the five deer with the 

highest total annual campground use values. Presence of overlap between each monthly core 

area and the campground is indicated by an “x”. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

DE1 x x   x   x x x x x x   

DE20 x                     x 

DE34     x   x       x       

DE33       x                 

DE37       x                 

 

Of the five deer with the highest total use of the campground, all showed overlap 

between monthly 50% KDE core area and the campground in at least one month (Table 13).  

DE1, the deer that displayed the highest degree of campground use, showed overlap between 
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core area and the campground in all but three months.  While the other four deer with the next 

highest campground use values did not display core area/campground overlap as often as DE1, 

the boundaries of monthly core areas for these deer were, in most cases, within 200 metres of 

the campground. 

 Total monthly use of the campground was determined in the same fashion as annual 

use, through a count of the total number of relocation fix points found within the campground 

in each month.  Total monthly campground use is depicted below in Figure 17.  In general, 

campground use was at its highest during the late winter (February, March) and in September, 

and was at its lowest during the late spring and early summer (May-July), as well as the late fall 

(November, December). 

 

Figure 17. Total monthly counts of relocation fix points located within the Wasagaming 

campground. 
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were designated Unserviced North and Unserviced South, according to their location.  The 

section labelled as oTENTiks refers to the area housing the wood-framed, soft-walled camping 

accommodation structures known as oTENTiks.  The section labelled as Other Areas includes 

the forested areas and some roads that fall between the designated camping areas. 

 

Figure 18. Map of Wasagaming campground, divided into sections, according to the service 

type of each area. 
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The total annual (Table 14) and monthly (Table 15) use of each campground section was 

determined, through a count of the total number of relocation fix points found within each 

section, during each time period.  In addition to the absolute annual use, the relative use of 

each campground section was determined, as a measure of fix points per hectare.   

Table 14. Absolute annual use, area, and relative annual use of each campground section, 

ordered from highest to lowest relative use. 

Section ID Absolute Use (points) Area (ha) Relative Use (points/ha) 

Other Areas 283 12.40 22.83 

Unserviced South 183 8.35 21.93 

Electric & H20 89 4.12 21.62 

Electric, H20, & Sewer 108 6.18 17.47 

Electric only 64 5.21 12.29 

Unserviced North 68 5.57 12.22 

oTENTiks 37 4.00 9.24 

Annually, the campground section that received the most absolute and relative use by 

collared deer was the portion designated as Other Areas, while the section that received the 

least absolute and relative use was the area within which the oTENTiks are located (Table 14).  

The Unserviced South and Electric & H20 sections each received much less absolute use than 

the Other Areas section, but only marginally less relative use. 

 The absolute and relative monthly use values for each campground section are seen 

below, in Table 15.   
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Table 15. Absolute and relative monthly use of each campground section, colour-coded 

according to monthly use value (high use - red, low use – blue). 

 Absolute Monthly Use (points) 

Section ID Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

OtherAreas 22 33 17 13 4 30 21 40 50 20 19 14 

Unserviced South 27 17 59 34 11 2 0 1 15 6 4 7 

Elec & H20 9 15 19 27 2 3 1 0 2 9 2 0 

Elec, H20, & Sewer 21 37 0 7 0 10 3 3 5 4 4 14 

Elec 13 11 6 0 0 10 2 2 9 4 4 3 

Unserviced North 3 4 15 0 9 2 2 2 15 7 4 5 

oTENTiks 0 9 3 3 2 0 1 3 7 7 2 0 

 Relative Monthly Use (points/ha.) 

Section ID Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

OtherAreas 1.77 2.66 1.37 1.05 0.32 2.42 1.69 3.23 4.03 1.61 1.53 1.13 

Unserviced South 3.24 2.04 7.07 4.07 1.32 0.24 0.00 0.12 1.80 0.72 0.48 0.84 

Elec & H20 2.19 3.64 4.62 6.56 0.49 0.73 0.24 0.00 0.49 2.19 0.49 0.00 

Elec, H20, & Sewer 3.40 5.99 0.00 1.13 0.00 1.62 0.49 0.49 0.81 0.65 0.65 2.26 

Elec 2.50 2.11 1.15 0.00 0.00 1.92 0.38 0.38 1.73 0.77 0.77 0.58 

Unserviced North 0.54 0.72 2.69 0.00 1.62 0.36 0.36 0.36 2.69 1.26 0.72 0.90 

oTENTiks 0.00 2.25 0.75 0.75 0.50 0.00 0.25 0.75 1.75 1.75 0.50 0.00 

In general, the period ranging from May to August displays lower use values for most 

campground sections than are observed during the months before or after this period.  One 

exception is the Other Areas section, which maintains a relatively high degree of use 

throughout the summer months.  The section that displayed the highest absolute and relative 

use values was Unserviced South, during the month of March.  The Other Areas section was the 

only section that was observed to be used by collared deer in every month. 

 

 

 

 



62 
 

3.4.4 Distance to Roads 

 Sex-specific annual, seasonal, and monthly mean distances to the nearest road, to the 

nearest Provincial Trunk Highway (PTH) or Provincial Road (PR), to the nearest road other than 

a PTH or PR, and to PTH 10 are displayed in Tables 16-19, respectively.  Male (Figure 19) and 

female (Figure 20) mean monthly distance-to-road values are plotted below.  

 

Figure 19. Male mean monthly distance to various road types. 

 

Figure 20. Female mean monthly distance to various road types. 
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Table 16. Mean annual, seasonal, and monthly distance (m) to the nearest road of any type, 

colour-coded according to distance (shorter distance - red, longer distance - blue). 

  Annual 
Overall 207.8 

Male 340.2 

Female 167.0 

  Winter Spring Summer Fall 

Overall 253.3 194.8 193.5 201.5 

Male 463.8 361.9 247.0 340.1 

Female 176.7 139.2 177.1 169.5 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 190.8 203.4 345.7 243.9 194.3 160.5 164.8 205.6 211.9 184.1 221.9 201.1 

Male 217.9 362.5 798.4 577.3 325.3 197.5 140.8 288.6 321.8 222.2 531.0 266.0 

Female 182.4 150.4 194.8 132.8 154.0 149.2 172.2 180.0 178.1 172.4 150.6 186.1 

 With respect to mean annual distance to the nearest road of any type, t-testing did not 

indicate any significant difference between males and females.  Annually, in all seasons, and in 

all months, with the exception of July, the mean distance from males to the nearest road was 

longer than the mean distance from females to the nearest road during the same time period 

(Table 16).  Seasonally, males were closest to roads during the summer and farthest during the 

winter, while females were closest to roads during the spring and farthest during the fall.  Male 

mean monthly distance to the nearest road of any type fluctuated throughout the year, with 

two significant peaks in distance-to-road values occurring during March and November, and 

another smaller peak occurring from August to September (Figure 19).  Female mean monthly 

distance to the nearest road of any type was more stable throughout the year, with little 

monthly fluctuation (Figure 20). 
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Table 17. Mean annual, seasonal, and monthly distance (m) to the nearest Provincial Trunk 

Highway (PTH) or Provincial Road (PR), colour-coded according to distance (shorter distance - 

red, longer distance - blue). 

  Annual 
Overall 602.4 

Male 703.7 

Female 571.2 

  Winter Spring Summer Fall 

Overall 602.1 481.0 576.7 642.5 

Male 877.8 618.8 638.6 745.1 

Female 501.9 435.1 557.6 618.8 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 602.9 628.0 693.3 545.1 508.2 548.4 527.9 595.3 624.8 530.8 664.0 705.9 

Male 613.3 790.4 1215.4 779.1 612.3 483.1 378.2 725.1 834.7 423.6 922.0 901.6 

Female 599.7 573.9 519.3 467.1 476.2 568.5 574.0 555.4 560.2 563.8 604.5 660.7 

 

The use of t-tests indicated a significant difference in the distance to a PTH or PR 

between males and females during December, with females being closer to the nearest PTH or 

PR than males during this month, on average.  Mean distance to the nearest PTH or PR was 

longer for males than for females annually, and in all seasons, but was shorter for males during 

the months of June, July, and October (Table 17).  Seasonally, both males and females were 

closest to PTHs and PRs during the spring and farthest during the winter.  Male mean monthly 

distance to the nearest PTH or PR followed a similar trend to that described for distance to road 

(any type), with three distinct peaks being observed throughout the year (Figure 19).  In the 

case of male distance to PTH or PR, the second peak, which occurred from August to 

September, was more extreme.  Additionally, the third peak extended from November into 

December.  Female distance-to-PTH or PR values remained relatively constant throughout the 

year, with a slight decrease in mean distance from March until May (Figure 20). 
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Table 18. Mean annual, seasonal, and monthly distance (m) to the nearest road other than a 

PTH or PR, colour-coded according to distance (shorter distance - red, longer distance - blue). 

  Annual 
Overall 244.2 

Male 391.1 

Female 199.0 

  Winter Spring Summer Fall 

Overall 288.7 239.5 230.7 238.4 

Male 514.9 414.9 294.6 408.6 

Female 206.4 181.0 211.0 199.1 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 218.9 234.0 386.2 291.8 242.1 194.0 207.0 242.0 244.2 227.3 259.0 229.2 

Male 274.1 434.1 825.4 634.2 362.5 260.7 217.0 324.0 350.5 311.1 579.2 306.4 

Female 201.9 167.3 239.8 177.6 205.0 173.5 203.9 216.8 211.5 201.5 185.1 211.5 

The use of t-tests failed to indicate any significant differences in the mean distance to 

the nearest road other than a PTH or PR between male and female deer, during any time 

period.  Mean distance to the nearest road other than a PTH or PR was greater for males than 

for females annually, during all seasons, and during all months (Table 18).  Seasonally, males 

were closest to roads other than PTHs and PRs during the summer and farthest during the 

winter, while females were closest during the spring and farthest during the summer.  Both 

male and female mean monthly distance to the nearest road other than a PTH or PR values 

followed a trend that was nearly identical to that observed for mean monthly distance-to-road 

(any type) values, though values were marginally higher (Figures 19 and 20). 
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Table 19. Mean annual, seasonal, and monthly distance (m) to PTH 10, colour-coded 

according to distance (shorter distance - red, longer distance - blue). 

  Annual 
Overall 835.5 

Male 744.2 

Female 863.6 

  Winter Spring Summer Fall 

Overall 672.3 650.1 806.3 917.4 

Male 907.4 694.0 639.1 825.5 

Female 586.7 635.5 857.7 938.6 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 839.9 839.8 747.7 634.9 866.0 790.1 747.4 819.2 856.2 779.5 931.4 1020.3 

Male 622.8 799.1 1284.3 1005.2 616.3 483.8 378.9 725.1 835.5 423.6 959.0 1096.8 

Female 906.8 853.3 568.8 511.4 942.8 884.4 860.7 848.2 862.5 889.0 925.0 1002.6 

The use of t-tests did not indicate any statistically significant differences in the mean 

distances to PTH 10 between male and female deer, during any time period.  Mean distance to 

PTH 10 was greater for male deer than for female deer annually and during the winter and 

spring, but was shorter during the summer and fall.  Males were, on average, closer to PTH 10 

than females during every month except March, April, November, and December.  Seasonally, 

males were closest to PTH 10 during the summer and farthest during the winter, while females 

were closest during the winter and farthest during the fall.  Male mean monthly distance to PTH 

10 followed a nearly identical trend to that observed for distance-to-PTH or PR values, with 

higher distances observed for distance-to-PTH 10 during March, April, and December (Figure 

19).  Female mean monthly distance to PTH 10 followed a similar trend to that observed for 

distance-to-PTH or PR, with the exception of a significant decrease in distance to road (PTH 10) 

during March and April (Figure 20). 
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3.4.5 Distance to Building 

 In total, 2644 building points were assigned in the vicinity of the study area (Figure 20). 

 

Figure 21. Image of GIS layer showing the geographic locations of buildings in the study area. 

 The geographic locations of buildings were referenced in ArcGIS to determine the 

distance to the nearest building for each relocation fix point.  The mean distance to nearest 

building was calculated for each deer for the annual, seasonal, and monthly time periods.  Sex-

specific mean annual, seasonal, and monthly values for distance to nearest building are 

displayed in Table 20.   
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Table 20. Sex-specific and overall mean annual, seasonal, and monthly distance (m) to the 

nearest building, colour-coded according to distance (shorter distance - red, longer distance - 

blue). 

  Annual 
Overall 292.8 

Male 457.6 

Female 242.2 

  Winter Spring Summer Fall 

Overall 331.0 299.1 287.2 277.3 

Male 621.2 487.4 342.7 470.5 

Female 225.5 236.4 270.1 232.6 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 217.2 263.0 489.9 396.3 274.5 247.3 242.9 308.9 314.1 288.6 342.9 200.5 

Male 311.4 510.9 1026.8 877.1 350.9 249.2 232.5 382.0 424.8 361.9 761.5 247.8 

Female 188.3 180.4 310.9 236.0 251.0 246.7 246.1 286.4 280.1 266.0 246.2 189.6 

The use of t-tests indicated that there were no statistically significant differences in the 

distance to the nearest building between males and females for any time period.  Male deer 

displayed higher mean distances to the nearest building than females did annually, in all 

seasons, and in all months, with the exception of July.  Mean seasonal distance to the nearest 

building was shortest for males during the summer and longest during the winter.  For females, 

mean seasonal distance to the nearest building was shortest during the winter and longest 

during the summer, though there was less seasonal variation in females than in males.  Overall 

mean seasonal distance to the nearest building was shortest during fall and longest in winter.  
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Figure 22. Sex-specific and overall mean monthly distance to the nearest building.  

 For male deer, two peaks are apparent in mean monthly distance to nearest building 

(Figure 22).  The first of these peaks occurs during March and April, and the second occurs in 

November.  For females, mean monthly distance to the nearest building is more stable, with 

January, February, and December displaying the shortest distances and a slight peak being 

observed in March. 

3.4.6 Building Density of Ranges 

 Annual, seasonal, and monthly mean building density values for MCP, 95% KDE home 

range, and 50% KDE core area are given in Tables 21-23, respectively. 
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Table 21. Sex-specific and overall mean density of buildings, in buildings per hectare, within 

annual, seasonal, and monthly MCP, colour coded according to building density of range (high 

density - red, low density - blue). 

  Annual 
Overall 0.94 

Male 0.70 

Female 1.01 

  Winter Spring Summer Fall 

Overall 1.29 1.05 0.98 0.95 

Male 0.74 0.50 0.55 0.50 

Female 1.49 1.23 1.11 1.05 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 1.17 1.50 1.55 1.37 0.99 1.09 0.99 0.78 1.01 1.15 1.24 1.05 

Male 0.77 0.78 0.79 1.00 0.55 0.56 0.79 0.53 0.53 1.00 0.61 0.63 

Female 1.29 1.74 1.80 1.49 1.13 1.25 1.05 0.86 1.16 1.20 1.38 1.14 

The use of t-tests did not reveal any significant differences in mean building density 

within the MCP between males and females for any time period.  Mean building density was 

lower in the MCP ranges of males than in those of females during all time periods (Table 21).  

The lowest overall mean building density within MCPs occurred during the fall, with the highest 

building density occurring in the winter. 
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Table 22. Sex-specific and overall mean density of buildings, in buildings per hectare, within 

annual, seasonal, and monthly 95% KDE home range, colour coded according to building 

density of range (high density - red, low density - blue). 

  Annual 
Overall 1.25 

Male 0.63 

Female 1.44 

  Winter Spring Summer Fall 

Overall 1.70 1.41 0.79 1.23 

Male 1.07 0.68 0.39 0.60 

Female 1.93 1.66 0.92 1.38 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 1.29 1.60 2.13 1.52 0.97 1.04 0.94 0.57 0.92 1.26 1.43 1.21 

Male 1.03 0.94 1.11 1.23 0.59 0.52 0.62 0.31 0.32 0.68 0.68 0.53 

Female 1.37 1.83 2.48 1.62 1.09 1.20 1.04 0.65 1.11 1.44 1.61 1.37 

The use of t-tests failed to identify any statistically significant differences in mean 

building density within the 95% KDE home range between males and females for any time 

period.  As was observed with MCPs, mean building density within the 95% KDE home range 

was lower for males than for females during all time periods (Table 22).  Overall mean building 

density within the 95% home range was at its lowest during the summer and at its highest 

during the winter. 
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Table 23. Sex-specific mean density of buildings, in buildings per hectare, within annual, 

seasonal, and monthly 50% KDE core area, colour coded according to building density of 

range (high density - red, low density - blue). 

  Annual 
Overall 1.27 

Male 0.90 

Female 1.38 

  Winter Spring Summer Fall 

Overall 2.91 1.44 0.38 1.24 

Male 1.79 1.21 0.32 0.26 

Female 3.31 1.52 0.40 1.47 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Overall 1.70 2.67 3.49 2.40 0.95 0.36 0.46 0.34 0.53 0.96 1.52 1.49 

Male 1.54 1.71 2.82 2.58 0.78 0.21 0.32 0.38 0.38 0.29 0.46 0.34 

Female 1.75 2.99 3.72 2.33 1.00 0.40 0.50 0.32 0.58 1.17 1.77 1.75 

The use of t-tests indicated a statistically significant difference (p = 0.0179) in mean 

building density within the 50% KDE core area between males and females during the fall 

season, with a significantly higher building density in the core area of females than in that of 

males during this season (Table 23).  No other statistically significant differences in building 

density within the core area were detected between males and females through the use of t-

tests.  Mean building density in the core area of males was, again, lower in all time periods than 

it was for females.  Within the core range, overall mean building density values were lowest 

during the summer and highest during the winter.  For both sexes, building density in the core 

area is very low from June to September, with this trend continuing through to December for 

males.  February to April marked a period in which building density within the core area was 

relatively high for both males and females. 
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Overall mean monthly building densities within each of the range types are plotted in 

Figure 23.   

 

Figure 23.  Overall mean monthly building density in MCP, 50% KDE home range, and 95% 

KDE core area. 

The use of t-tests did not indicate any statistically significant differences in overall mean 

monthly building density between the MCP and the 95% KDE home range or between the 95% 

KDE home range and the 50% KDE core area.  In general, overall mean building density within 

the MCP displayed the lowest degree of monthly variation, while building density within the 

50% KDE core area displayed the most monthly variation (Figure 23).  Mean building density in 

the core area was higher than building density in the home range from January to April as well 

as during November and December.  Conversely, mean building density was higher in the home 

range than in the core area from May to October.  In all range types, overall mean building 

density increased from January to March, reaching its highest density in March, before 

declining in the spring months (April-June).  Building density remained low throughout the 
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summer, increasing again in the late summer (September) and fall (October-November) 

months. 

3.5 Discussion 

 Analysis of park use by deer in this study showed that there was little seasonal variation 

in use of the park by males, but that females displayed lower park use during the fall.  Monthly 

park use data refines this observation, with females displaying low park usage values from 

November to January, and with males also showing a decline in park use values during 

November and December.  There are several possible explanations for the decline in use of the 

park by deer during this period.  During the late fall and winter months, use of the park by 

humans is very low in comparison to the summer months.  While heavy human use of an area is 

commonly tolerated by WTD, predators, including wolves, have been shown to avoid areas of 

high human use, such as large settlements and intensively used roadways (Theuerkauf et al, 

2003).  It is possible that the relative scarcity of human activity in the areas adjacent to 

Wasagaming during the late fall and winter allows predator species, such as wolves or coyotes, 

to shift their ranges into the area.  Sallows (2007) indicated that predation of WTD by wolves in 

RMNP was highest during the winter, perhaps due to the effect of snow on the mobility of deer 

during this period.  Similarly, Messier et al (1985) reported that white-tailed deer hair 

constituted the largest proportion of coyote scat, at 80% of total scat volume, during the period 

from January to April.  Further, Messier and Barrette noted that coyotes preferentially used 

areas of low deer density during the winter, with 78% of all deer kills occurring within these 

areas.  They proposed that the presence of runways in areas of high deer density afforded deer 

a greater ability to avoid predation by coyotes.  It is possible that snow clearing in areas of 
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permanent human use within the study area provides deer with artificial runways, which they 

may use to evade predation by coyotes.  Movement of deer into areas that may afford them a 

lower risk of predation, such as developed areas of permanent human use or areas with less 

significant snow cover, such as wind swept agricultural fields, may explain the lower use of the 

park by deer from November to January.  During this period, increased use of the Developed, 

Grassland, and Annual Cropland land cover classes was observed, in comparison with the 

summer months.  The greater availability of these land cover classes outside of the park 

boundary, in conjunction with relatively higher human use of areas outside of the park during 

the late fall and winter, may help to explain the lower use of the park by deer during these 

seasons. 

 Following a slight increase in the use of the Developed land cover class from the 

summer to fall months, deer were observed to show a substantial increase in use of developed 

areas from January to April, with the highest percent use values observed in March for both 

sexes.  Kilpatrick and Spohr (2000) also report that the greatest use of a residential area by deer 

occurred during the month of March.  During this period, deer are likely using developed areas 

for many reasons.  As discussed above, the clearing of snow in developed areas likely improves 

the ability of deer to avoid predation, increasing the desirability of such areas during periods of 

peak snow depth.  A relative scarcity of human use in some developed areas during this period, 

resulting from the absence of seasonal cottagers and other park users, may decrease the level 

of disturbance to deer, thereby increasing their use of these areas, despite their relatively high 

tolerance of human activity.  Developed areas may also provide deer with thermal cover during 

the winter, when temperatures are at their lowest.  Grund et al (2002) note that deer were 
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often observed bedding next to residential homes, and believe that this behaviour was related 

to thermoregulation by these deer.  Supplemental food resources, such as bird feeders, 

ornamental plants, or intentional feeding by humans may also draw deer into developed areas 

during the winter and early spring, when natural food resources may be scarce or buried under 

snow, and deer are more prone to nutritional stress.  In a study of female white-tailed deer in 

South Carolina, Cothran et al (1987) indicated that body fat percentages of pregnant females 

decreased significantly over the course of pregnancy.  The increased nutritional requirements 

of pregnant female deer likely encourage them to seek out additional food resources in 

developed areas during the winter and spring. 

A substantial decrease in the use of the Developed land cover class is observed from 

May to August before use of this land cover class begins to increase again in September.  During 

the same time period, human use of the park increases dramatically, with an influx of seasonal 

park users.  This period also marks the approximate interval during which fawns are 

nutritionally dependent upon their mothers (Short, 1964).  One study that focused on exurban 

female WTD indicated that deer displayed an avoidance of human dwellings during the fawning 

season (Storm et al, 2007). Similar to the results of this study, Grund et al (2002) noted that 

female deer avoided areas of high human use during parturition and early summer, but used 

residential areas more frequently toward the end of summer, as weaning approached.  It is 

likely that the decrease in use of the developed land cover class by collared deer from May to 

August relates to the increased likelihood of human disturbance to deer during this period, in 

conjunction with a tendency for females with fawns to avoid areas of intensive human activity, 

such as cottages. 
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Use of the Wasagaming campground was highly variable between deer in this study, 

with many deer displaying little to no use of the campground.  The five deer that displayed the 

highest use of the campground accounted for over 90% of total relocation fix points within this 

area, with one deer, DE1, accounting for over 50% of total campground points.  The 

campground made up part of the monthly core area of 7 deer during at least one month, 

though DE1 was the only deer that utilized the campground as part of its monthly core area in 

more than 3 months of the year.  DE1 was also the only deer for which the campground made 

up part of its monthly core area during the summer months with the highest human use of the 

campground (June, July, & August).  Overall, use of the campground by deer was observed to 

be lowest from May to August, coinciding with the period of heaviest human use, in addition to 

November and December.  The movement of deer out of the campground during the camping 

season is likely explained by the high degree of human use, while the low use values noted in 

November and December may be explained mainly by the movements of DE1, the deer that 

displayed the most extensive overall use of the campground.  In November, DE1 shifted its core 

area into the Wasagaming townsite, while in December, its core area was located within 

Onanole.  Given the relatively low degree use of the campground by deer in this study, the 

movements of DE1 had a significant effect on the overall use of this area. 

During February and March, the period during which overall use of the campground was 

the highest, DE1 and DE20, the two deer with the highest overall campground use, displayed 

extensive use of the developed areas along the shore of Clear Lake, directly north of the 

campground, in addition to the campground itself. During the same period, DE34, the deer with 

the third highest use of the campground, displayed, in addition to some use of the campground 
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itself, heavy use of the forested and developed areas across PTH 10, directly south of the 

campground.  These findings indicate that, at least during some periods, the campground may 

not be the primary area of use, but may be used in conjunction with the developed areas 

adjacent to it.  Visual observation in ArcGIS suggests that during February, much of DE1’s use of 

the campground occurs during the period from mid-morning to mid-afternoon, with evening to 

early morning frequently spent in the developed area to the north.  Such behaviour may 

indicate that daily activity rhythms bring deer into and out of the campground, with each area 

serving a particular purpose to the deer.  Montgomery (1963) reported, in a study of WTD in 

Pennsylvania, that deer spent the daytime hours in wooded areas, moving into open fields to 

feed and bed during the period from dusk to dawn.  In the case of deer in this study, DE1 may 

be exhibiting the same type of daily activity rhythm, with daytime hours spent in the forested 

areas of the campground, and the period from dusk to dawn spent in the residential area 

located north of the campground.  It is suggested that future studies of WTD in the study area 

consider an analysis of the diel movement patterns of study animals. 

 Overall, the section of the campground that was used the most by deer in this study was 

the Other Areas section, which is made up of the treed areas that do not contain campsites.  

Given that all other campground sections contained campsites that would have been occupied 

by campers during much of the period ranging from May to September, it would be expected 

that the degree of use of the Other Areas section would be higher than that of other sections 

during this period.  The sections with the next highest overall use values, Unserviced South and 

Electric & H2O, both fall within the southern portion of the campground.  Most of the use of 

these sections by deer occurred during the period from January to April, while the campground 
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was vacant.  Much of the use of the Unserviced South and Electric & H2O sections may be 

attributed to two deer, DE34 and DE37, both of which showed extensive use of the developed 

area between the campground and Elkhorn Resort, in addition to the campground itself. 

 For female deer, distance to road values displayed little monthly variation, with the 

exception of March and April, when the distance to PTH10 was substantially lower than during 

the rest of the year.  During this period, the mean distance to PTH10 was nearly the same as the 

mean distance to any PTH or PR, indicating that PTH10 was the nearest PTH or PR to most 

female deer during this period.  This observed decrease in the mean female distance to PTH10 

coincides with a period of high use of the developed land cover class as well as an increase in 

range sizes.  Visual examination of the core areas of female deer during March and April 

indicate that, with the exception of one individual, core use areas of these deer were located 

within or adjacent to Wasagaming or Onanole during this period. 

 While mean monthly distance to road values were fairly constant throughout the year 

for female deer, there was significant monthly variation for males.  This is likely due, in large 

part, to the small sample size of male deer in this study.  In specific, DE35 exhibited extreme 

movements, spending March, April, and half of November in the densely forested area 

northeast of the Clear Lake Golf Course, in the general vicinity of Kinosao Lake.  An increase in 

the mean distance to all road types for male deer, occurring during August and September, is 

explained by the heavy use of an area of open broadleaf forest, approximately 1 km east of 

Katherine Lake, by DE35 and DE36 during this period.  While it may be typical of male deer 

residing within the study area to use relatively remote forested areas for extended periods of 
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time, as is exhibited by DE35 and DE36, it is difficult to state this with certainty, given the small 

sample size.   

In general, male deer displayed higher distance to road values than did females.  

Wagner et al (2011) indicated that white-tailed deer displayed a tendency to avoid roads when 

road density in the home range was low and that when road density was high within the home 

range, road use was greater.  Given that the mean monthly use of developed areas by male 

deer was consistently lower than that of females, the average road density within the home 

ranges of males was likely also lower than in those of females.  The lower use of developed 

areas in the ranges of males, likely coinciding with lower road densities, in addition to greater 

distance to road values for male deer, seem to support the findings of Wagner et al (2011). 

 Trends in distance to building values closely resembled distance to road (road of any 

type) values for both sexes.  There was little monthly variation in mean female distance to 

building values, with slightly lower distance to building values from December to February, 

during which time, female deer displayed relatively high use of the Developed land cover class. 

As with distance to road values, there was considerably more monthly variation observed for 

males than for females.  Similar to distance to road values, the notable peaks in mean male 

distance to building values occurred during March and April and in November, with a lesser 

peak observed during August and September.  The movements of DE35 and DE36 to regions 

outside of the typical areas of use of the deer in this study account for these results. 

 Mean monthly building density values within ranges of study deer followed a similar 

trend to those observed for mean monthly use of the Developed land cover class, with higher 
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building densities in the ranges of deer from late fall to spring and lower building densities 

during the summer.  As discussed in relation to use of the Developed land cover class, seasonal 

changes in food resource availability and nutritional requirements, the avoidance of human 

activity during the summer, and the use of snow-free developed areas likely accounts for these 

trends.  Consistent with the results of this study, Anderson et al (2011) noted that deer avoided 

areas with an increased number of human dwellings during the fawning season.   

Given the similarities between the monthly use of developed areas and monthly 

building densities of ranges, it can be reasoned that either of these methods will yield a suitable 

estimate of the degree of association of collared deer with areas of human habitation.  While 

the information provided by each of these methods, individually, is valuable, the use of multiple 

methods may provide more detailed insight into the use of developed areas by study animals. 

Though not undertaken in this study, it may also be beneficial to combine the above methods in 

order to gain more detailed knowledge of the use of developed areas by WTD in the study area.  

For example, the building density of the portions of developed areas lying within monthly core 

range polygons could be analyzed to determine the proportional use of developed areas of 

variable building density throughout the year.  Given that many buildings are located within 

areas that are not designated as Developed in the LCC layer, and that the LCC layer does not 

contain information about the building density of developed areas, each of these methods, 

when considered individually, provides results that are based upon incomplete information.  By 

combining data on the degree of use of developed areas with data on the building density of 

these areas, a greater comprehension of the relationship between WTD movement and areas 

of human activity may be gained.  Additionally, quantitative measures of human activity, such 
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as park, campground, and road use statistics should be compared with measures of the 

relationship between human infrastructure and the movement of deer, such as those 

documented in this study, to gain a fuller understanding of the effects of human activity on the 

movement of WTD in the study area. 

3.6 Management Implications 

 The patterns of movement of WTD in relation to human infrastructure and human 

activity should be carefully studied in the context of a National Park setting, given the 

importance of both wildlife and visitors to National Parks.  The boundary of Riding Mountain 

National Park is characterized across much of its length by a significant difference between the 

area within and the area outside of the park.  Often, the park boundary represents an interface 

between areas of natural landscape within the park and areas of increased human use, such as 

developed areas or agricultural land, outside of the park.  As this interface is permeable to 

wildlife, including WTD, it is important to understand the movements of these animals into and 

out of the park so that we may gain the ability to more accurately predict and manage potential 

interactions that may occur at the human-wildlife interface as a result of these movements.  

The movement of WTD into and out of RMNP presents wildlife managers on both sides of park 

boundary with the challenge of cross-jurisdictional management of this species.  A greater 

understanding of any potential patterns associated with the movement of deer across the park 

boundary improves the ability of wildlife managers to plan and implement management 

strategies in cooperation with wildlife managers in the neighbouring jurisdictions.    
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On average, male deer in this study spent around 60% of each month within the park, 

with the exceptions of May (69.80%), September (70.24%), October (79.39%), and December 

(22.28%).  Given these results, it may be inferred that management actions targeted at male 

deer within the park would be most optimally timed during October, with such actions carried 

out during all other months, except December, also being suitably timed.  Female deer spent 

>50% of the month within the park during all months other than January (34.6%), May 

(43.21%), November (45.24%), and December (25.72%).  The months in which management 

actions targeting female deer within the park would be most optimally timed, given the 

observed mean monthly percentage of time spent within the park, are March (68.03%), August 

(61.57%), and September (59.67%). 

The use of developed areas by deer in the study area displays a high degree of 

association with intensity of human use of these areas.  This trend is especially evident during 

the summer months, when human use of the park and, consequently, human use of developed 

areas within and directly adjacent to the park, are at their highest.  During the same time 

period, use of these developed areas by deer is markedly lower than during the rest of the year.  

It is likely that the use of developed areas by deer is strongly correlated with the intensity of 

human use of these same areas, with an increase in human activity corresponding to a decrease 

in the presence of deer in developed areas.  This suggests that intensive human use of 

developed areas within the study area acts as a deterrent to the use of these areas by deer.  To 

mitigate potential disturbance to deer caused by events or activities in developed areas that are 

likely to generate high intensity of human use, these events or activities should be scheduled 

during periods in which human use is already likely to be high and, consequently, use of these 
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areas by deer is likely to be low.  Following this logic, August marks the month in which a 

localized increase in human activity within a developed area would result in the smallest impact 

to deer within the study area.  Conversely, if the ability to carry out management actions in 

developed areas is improved by an increase in the use of these areas by deer, such actions 

should be undertaken during the period in which the use of these areas by deer is highest.  For 

management actions involving the capture or observation of deer in developed areas, for 

example, March would be the most optimal month in which to carry out such actions, as the 

use of developed areas by deer reaches its maximum during this month. 

The Wasagaming campground was used heavily by a single deer, DE1, with several other 

deer showing moderate use of this area.  The campground made up part of the monthly core 

area of DE1 during June-August, in addition to most other months, indicating that this deer 

showed a high tolerance to the intensive human activity that would have taken place in the 

campground during this period, coinciding with the camping season.  Deer that have become 

habituated to humans, possibly including DE1, may have a greater potential to cause human-

wildlife conflict than deer that tend to display greater avoidance of humans.  Human-wildlife 

conflict that may be more likely to occur as a result of the presence of habituated deer includes 

motor vehicle accidents and property damage, such as damage to gardens and ornamental 

plants, due to herbivory by deer.   

The risk of motor-vehicle accidents involving WTD in the vicinity of the campground is 

further heightened by observed tendency of some deer to frequently cross PTH 10, between 

areas of intensive use north and south of the highway.  The posted speed limit on PTH 10 

transitions between 50 km/h and 80 km/h directly south of the campground, bisecting the area 
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that is likely used by deer to cross the highway between the areas of intensive use mentioned 

above.  While the risk of collisions between deer and motor vehicles in the 50 km/h zone is 

likely relatively low, this risk is increased within the 80 km/h zone, given the increased rate of 

vehicle speed in conjunction with high likelihood of deer crossing. 

Overall use of the campground by deer was observed to fluctuate throughout the year, 

with less overall use during the camping season, from May until August, and during the late 

fall/early winter, from October to December.  Given the infrequent use of the campground by 

deer during these periods, any activities that may be likely to cause a disturbance to deer within 

the campground, such as the installation of infrastructure improvements, are best scheduled 

during these periods.  Such activities carried out between May and August may also disturb 

campers, while November and December are less suitable for the installation of infrastructure 

improvements, due to the cold temperatures, frozen ground, and presence of snow.  Given 

these factors, in combination with the observed use of the campground by deer in this study, 

October is likely the most optimal month in which to schedule the installation of campground 

infrastructure improvements with minimal disturbance to deer. 

A considerable decrease in the mean monthly distance from female deer to PTH 10 

during March and April coincided with increased use of the Developed land cover class, 

increased range size, and significant use of the areas in and around the towns of Wasagaming 

and Onanole during this period.  Given that, during March and April, deer were closer to PTH 

10, the main highway running through the study area, it is possible that there was also an 

increased use of PTH 10 and its adjacent areas by deer during this period.  An increased use of 

the highway by deer would likely coincide with an increased risk of deer-related motor-vehicle 
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accidents, provided that use of the highway by humans remained constant.  Grund et al (2002) 

noted that the home range sizes of female deer were greatest during the spring, and they 

believed that these deer were exposed to roadways more frequently during this period.  They 

note that 50% of all road-killed collared deer in their study were killed between March and May 

(Grund et al, 2002).  While the study area falls within an area of low deer-vehicle collision 

density (MPI, 2014), areas that are subject to a periodic increase in the frequency of road use 

by deer should be monitored closely, with warning signage and speed limits managed 

accordingly during high-risk periods. 

While the mean monthly density of buildings within the ranges of female deer exhibits a 

significant degree of monthly fluctuation, the mean monthly distance from female deer to the 

nearest building does not.  This may suggest that building density provides a better estimate of 

the degree of association between deer and developed areas.  This does not, however, suggest 

that measurement of the mean distance to nearest building is without value.  Given that the 

female mean monthly distance to the nearest building ranged from 180m to 311m throughout 

the year, it may be suggested that these deer actively selected areas of use that were 

approximately 200-300m from the nearest building.  Considering this estimate, it may be 

suggested that any areas of habitat intended to be conserved for the purposes of use by WTD 

should include areas that are a minimum of 200-300m from the nearest building.  This would 

require a total width of 400-600m in order to ensure the continued presence of a core habitat 

area in the event of future development on the periphery of the conservation area.  Payne and 

Bryant (1994) suggest that strip-type wildlife corridors, which include both core and edge 

components, should be at least as wide as the home range of the largest target wildlife species 
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to use the corridor.  In the case of WTD, one report suggests a corridor width of approximately 

2000ft (609.6m), which closely aligns with the upper minimum width suggested above (US 

Army Corps of Engineers, 2000). 

Estimates of building density within the ranges of deer in this study share a similar set of 

trends and management implications with estimates of the degree of use of developed areas.  

As described earlier, management actions relating to the presence of deer in developed areas, 

or in this case, areas of high building density, are most optimally carried out during the period 

of highest use of these areas by deer.  As with use of developed areas, the highest building 

density values were observed in the late winter and early spring, during the period ranging from 

February to April.  The heavy use of building-dense areas by deer during this period indicates a 

higher degree of association between deer and human infrastructure, but not necessarily a 

higher likelihood of contact between deer and humans, given the seasonal trends in human use 

of the study area.  Because of the low use of the study area by people during the winter and 

early spring, reported deer-human conflict, possibly with the exception of deer-vehicle 

collisions, is likely low during this period, despite a relatively high presence of deer in developed 

areas.  Deer-related damage to landscape plants in developed areas, resulting from herbivory 

by deer in the late winter and early spring, may go unnoticed until the late spring and summer 

months, when seasonal cottagers return to the area. 
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4.1 Summary 

 This study examined the movements and habitat use of GPS collared white-tailed deer 

in relation to natural and anthropogenic landscape features in the vicinity of Wasagaming, 

Manitoba.  Annual, seasonal, and monthly range sizes were analyzed and it was found that 

ranges were smallest for both sexes during the summer.  Ranges were largest for females 

during the winter and for males during the fall.  These trends were hypothesized to relate 

mainly to the breeding stages of each sex during these periods.  Overall, habitat use did not 

differ significantly between male and female deer, with one notable exception being the 

greater use of developed areas by female deer than by males.  On average, deer were observed 

to use the area inside the park boundary slightly more than the area outside of the park, with 

the lowest overall use of the park occurring during December and January.  As cross-boundary 

movements of WTD have implications for the transmission of wildlife disease, namely bovine 

tuberculosis, knowledge of such movements may be of value to both wildlife managers and 

cattle producers.  Use of the developed land cover class by WTD was greatest during the late 

winter and early spring months, likely due to the use of these areas for thermal cover and 

supplemental food sources, and lowest during the summer, likely relating to the increased 

presence of humans during this time period.  The Wasagaming campground was only used to a 

significant extent by a few deer in this study, with the forested, campsite-free areas being used 

more extensively by deer than the other areas of the campground.  Use of the campground by 

deer was lowest during the month of May, and it was suggested that this was the optimal time 

period in which to conduct any construction work or infrastructure improvements within the 

campground, in order to mitigate potential disturbance to WTD.  Female deer displayed little 
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temporal variation in distance to roads, however, during March and April, they were observed 

to use areas that were closer to Provincial Trunk Highway 10 than during the rest of the year.  

This period coincided with intensive use of developed areas and also with increased density of 

buildings within the ranges of female deer.  In general, male deer displayed lower use of 

developed areas, greater average distance to the nearest road or building, and lower building 

densities within their ranges than were observed for female deer, indicating a greater 

avoidance of areas of human use by male deer. 

4.2 Recommendations 

 With respect to future collaring of WTD in the study area, it is recommended that 

attempts be made to target male deer for collaring.  An increased sample size of male deer 

would lend additional statistical power to the analyses conducted in this study, allowing for 

more definitive conclusions to be drawn about temporal trends in the movements and habitat 

use of male deer within the study area.  A potential drawback to the collaring of male deer, 

however, is the increased likelihood of male deer being targeted by hunters/harvesters outside 

of the RMNP boundary. 

 While much of this study focused on the use of land cover classes and other specific 

areas by WTD, an attempt was not made to compare this use with the availability of these 

landscape variables.  An analysis of the use of landscape features by WTD versus their overall 

availability within the study area would provide greater insight into the selection or avoidance 

of these landscape features by WTD.  It is recommended that a future analysis be conducted 
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that incorporates both use and availability of landscape variables in order to improve our 

knowledge of the habitat selection of WTD in the study area. 

 While this study considered the movements of WTD on the annual, seasonal, and 

temporal time scales, an analysis of the diel movement patterns and habitat use of deer was 

not undertaken.  It is possible that WTD within the study area display variation in their use of 

specific areas or habitat types throughout the day.  An analysis of such possible temporal trends 

would provide us with a greater understanding of the importance of different land cover types 

or landscape features to the various activities of WTD, such as bedding and feeding. 

 This study considered seasonal variation in the movements and use of the study area by 

WTD, however, it was not determined whether the deer in this study underwent seasonal 

migratory movements.  Analysis of migration in WTD provides us with further information on 

seasonal differences in the availability of resources within different portions of the study area, 

as well as on the seasonal requirements of deer within this area. 

 Finally, as much of this study focused on the temporal movement patterns of WTD in 

relation to human infrastructure and areas of human use, but did not include a direct measure 

of the degree of human use within the study area, it became clear that this was an element that 

was lacking in this study.  It is recommended that park and campground visitation data, 

available from Parks Canada, be included in future analyses of the potential effects of human 

activity on the movements of WTD within the study area. 


