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Abstract 

White-tailed fear: the human-created landscape of fear and its effect on white-tailed deer 

(Odocoileus virginianus) behaviour. 

 

Keith Munro 

 The primary method used to maintain white-tailed deer (Odocoileus virginianus) 

populations at densities that are ecologically, economically, socially, and culturally 

sustainable is hunter harvest. This method considers only the removal of animals from the 

population (the direct effect) and does not conventionally consider the costs imposed on 

deer as they adopt hunter avoidance strategies (the risk effect). The impact of risk effects 

on prey can exceed that of direct effects and there is interest in applying this concept to 

wildlife management. Deer are potential candidates as they have demonstrated 

behavioural responses to hunters. I explored the potential of such a management practice 

by quantifying how human decisions around hunting create a landscape of fear for deer 

and how deer alter their space use and behaviour in response. I used a social survey to 

explore the attitudes of rural landowners in southern and eastern Ontario towards deer 

and deer hunting to understand why landowners limited hunting on their property. I used 

GPS tracking devices to quantify habitat selection by hunters and hunting dogs (Canis 

familiaris) to better understand the distribution of hunting effort across the landscape. I 

used GPS collars to quantify the habitat selection of deer as they responded to this 

hunting pressure. I used trail cameras to quantify a fine-scale behavioural response, 

vigilance, by deer in areas with and without hunting. Human actions created a highly 

heterogeneous landscape of fear for deer. Landowner decisions excluded hunters from 

over half of the rural and exurban landscape in southern and eastern Ontario, a pattern 

predicted by landowner hunting participation and not landcover composition. Hunter 
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decisions on whether to hunt with or without dogs resulted in dramatically different 

distributions of hunting effort across the landscape. Deer showed a high degree of 

behavioural plasticity and, rather than adopting uniform hunter avoidance strategies, 

tailored their response to the local conditions. The incorporation of risk effects into 

white-tailed deer management is feasible and could be done by capitalizing on a better 

understanding of deer behaviour to improve current management practices or by 

designing targeted hunting practices to elicit a landscape of fear with specific 

management objectives. 

Keywords 

White-tailed deer, Odocoileus virginianus, hunting, landscape of fear, risk effects, 

resource utilization functions, Brownian bridge movement models, wildlife management, 

behavioural ecology 
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Chapter 1: General Introduction 

 The management of white-tailed deer (Odocoileus virginianus) in Canada and the 

United States is primarily dependent on recreational harvest performed by private citizen 

hunters, a component of the system known as the North American Model (Roseberry and 

Woolf, 1998; Giles and Findlay, 2004; McShea, 2012). Deer management typically aims 

to manipulate population size via harvest to maintain deer at densities that are 

ecologically, culturally, economically and socially sustainable (Wisconsin Department of 

Natural Resources [WDNR], 1998; Ontario Ministry of Natural Resources and Forestry 

[OMNRF], 2009; Rosenberry et al., 2009). While the exact management goals differ 

among jurisdictions, they generally consist of ensuring healthy and sustainable deer 

populations sufficient to meet the public’s desire for hunting opportunities, wildlife 

viewing, and cultural significance while minimizing human-deer conflict and negative 

ecological consequences such as deer-vehicle collisions, agricultural damage, degradation 

of vegetation communities, and disease transmission  (see McShea, 2012 for overview of 

deer management challenges and goals). However, by focussing solely on the 

manipulation of population size through hunter harvest alone, current management 

practices may be missing out on potential additional management tools associated with 

the behavioural response of deer to hunting. 

Direct effects refer to the immediate mortality that arises from encounters 

between predators and prey (Creel and Christianson 2008) and are generally the only 

component of hunter mortality considered when designing management strategies for 

game species. Risk effects encompass all the costs to the prey of predation other than 

direct mortality (Creel and Christianson 2008). Our understanding of risk effects is based 
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on the concept that prey are not mindless units whose only role is to be eaten (Lima 

1998), and therefore respond to the threat of predation using a range of predator 

avoidance strategies (Brown et al. 1999). Prey must balance the cost of these behaviours, 

both in terms of energetic costs and the missed opportunity costs of forgoing the benefits 

of foraging, mating, defending territory, etc., with the benefit of avoiding the direct 

effects of predation (Brown 1988). An animal may adjust its habitat use, grouping and 

foraging strategies, movement patterns and tolerance to adverse environmental conditions 

(Creel and Christianson 2008), all of which will incur costs to the animal. Therefore, 

there is a cost of predation beyond the direct effect of mortality from predator-prey 

interactions. Conceptually, if a predator avoidance strategy is effective, the direct effect 

could be zero and the risk effect could be very large (Lima and Dill 1990).  

The interaction of direct and risk effects was evident in Yellowstone National 

Park (YNP). Following the extirpation of wolves (Canis lupus) in 1926, the elk (Cervus 

canadensis) population on the northern range of YNP began a dramatic increase, 

numbering between 12,000 and 14,500 by the end of the 20th century (Smith et al. 2004). 

With this came increased foraging and reduced recruitment of the floral community, 

especially of cottonwood (Populus spp.) which had seen no recruitment of individuals 

into the canopy since the extirpation of wolves (Ripple and Larsen 2000). Following a 

series of culls that did not resolve the elk problem (Houston 1982 as cited by Romme et 

al. 1995), wolves from Canada were re-introduced into YNP in 1995 and 1996 (Bang and 

Fritts 1996; Fritts et al. 1997). Regeneration of the floral community began, most notably 

in riparian communities of aspen (Populus tremuloides; Ripple and Beschta 2007), 

willow (Salix spp.; Ripple and Beschta 2006) and cottonwood (Ripple and Beschta 2003). 
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The drivers of these recoveries are debated, with some studies espousing elk response to 

predation risk (Laundre et al. 2001; Ripple and Beschta 2003; Fortin et al. 2005) and 

others suggesting lower foraging pressure due to a reduced elk population (Creel et al. 

2005; White and Garrott 2005). What is conspicuous here is that during the period when 

these studies were taking place, the winter elk population on the northern range of YNP 

was in excess of 12,000 individuals (Smith et al. 2004), significantly greater than during 

periods of culling (1930 to 1968) when the northern elk herd was maintained at between 

3,000 and 6,000 individuals. It appears that in the absence of wolves to elicit risk effects, 

population reductions on their own may be insufficient to release vegetation from 

foraging pressure and allow for recruitment. 

The application of risk effects to management practices has been proposed and 

evaluated in the literature. Schmitz et al. (2005) used risk effects to advise tree harvest 

patterns for forestry that create landscapes of lower risk from wolf predation for moose 

(Alces alces) and deer to aid in forest regeneration by promoting browsing aspen to 

stimulate spruce growth. Aversive conditioning using dogs and humans with noise-

makers to mimic the effect of wolves have been used to address habituation in elk 

towards human-developed areas (Kloppers et al. 2005). Blackwell et al. (2012) used 

visual barriers around foraging stations to significantly increase deer vigilance and 

suggested that temporary visual barriers could be installed to reduce deer crop damage. 

Hunting has been shown to reduce damage caused by wildlife through changes in their 

behaviour (Conover 2001), although until now this has been an incidental bonus of 

traditional hunting practices.  
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The use of hunters as a source of mortality risk and therefore a driver of risk 

effects is attractive in part because hunting is already an established practice across North 

America. Experience from YNP showing that the re-introduction of wolves can be 

effective at controlling high density ungulate populations and their related impacts has 

led to re-introductions being considered as a management tool in regions with similar 

problems (Gorman 2007; Manning et al. 2009; Licht et al. 2010). However, large 

segments of the public often oppose these re-introductions due to the fear of human-

carnivore encounters and conflicts (Treves et al. 2004; Nilsen et al. 2007). This leaves 

hunter harvest as the sole, but already available, management option in the majority of 

regions with overabundant ungulate issues, and has led to interest in the use of hunters as 

proxies for predators (Cromsigt et al., 2013).  

There exists the broader question of how appropriate it is to extend predator-prey 

models to hunter-prey systems. There are substantial differences between hunting and the 

action of natural predators such as wolves, cougars and bears, such as the temporal 

structuring of hunting through regulation. Restrictions from regulation result in prey 

being only exposed to hunters within a defined season and time of day, whereas no such 

restriction applies to predators (Manning et al., 2009). While the use of hunters as 

predator-proxies is attractive, the appropriateness of extending predator-prey models to 

hunter-prey systems needs to be evaluated. 

 Assuming that hunters can be an effective proxy for predators and elicit risk 

effects in deer, the explicit incorporation of risk effects into current management 

strategies is attractive and warrants further exploration as it may help ameliorate some of 

the challenges facing harvest-based management. A major field of deer-related research 
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focuses on identifying and reversing the causes of declining hunter populations (Ryan 

and Shaw, 2011; Winkler and Warnke, 2012; Andersen et al., 2014; Everett, 2014; 

Larson et al., 2014; Quartuch et al., 2017). Further, there is considerable uncertainty 

whether it is possible to realize sufficient harvest levels through the distribution of 

licenses to achieve desired population reductions (Giles and Findlay, 2004; McShea, 

2012; Simard et al., 2013). Deer managers and biologists are often required to exert more 

influence over deer populations despite decreasing hunter populations. Capitalizing on a 

previously untapped component of existing hunting practices may allow them to 

essentially do more with less by increasing the influence of management actions on deer 

populations without an increase in hunter effort. 

Members of the family Cervidae may be particularly well suited to management 

practices that include risk effects as they exhibit a host of well documented hunter 

avoidance strategies, including increased vigilance (Lagory, 1986; Benhaiem et al., 

2008), temporal shifts in activity patterns to avoid diurnal-only hunting (Kilgo et al., 

1998, Sunde et al., 2009; Bonnot et al., 2013), shifting space use to areas without hunting 

(Theuerkauf and Rouys, 2008; Rhoads et al., 2013; Padié et al., 2015), altering movement 

patterns to avoid encountering hunters (Kilpatrick et al., 2002; Little et al., 2016), and 

reducing movement and selecting cover habitat to reduce detection (Little et al., 2014; 

Lone et al., 2015; Marantz et al., 2016). Additionally, the keystone status of white-tailed 

deer (Paine, 1969; Waller and Alverson, 1997) means that any management actions that 

successfully alters deer behaviour may have cascading effects to other trophic levels.  

 Cromsigt et al. (2013) proposed their “hunting for fear” concept to incorporate 

fear directly into wildlife management practices. This concept extends the current 
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application of hunter harvest (the reduction of a target population through the removal of 

individuals) to include the modification of the animal’s behaviour to reduce some 

undesirable aspect of their presence. The authors suggested that a focus on “hunting for 

fear” could better address issues of human-deer conflict than “hunting to kill” because it 

could be used to divert deer from areas where they cause problems (i.e., sensitive 

ecological areas) rather than trying to influence the problem indirectly through control of 

population size via harvest. For example, this approach could potentially reduce deer-

vehicle collision (DVC) rates as deer have been shown to shift their activity centres away 

from roads in response to hunting (Kilgo et al. 1998). Hunter-driven decreases in deer 

browsing could be an avenue to address agricultural damage. Laundré et al. (2001) 

reported 30 to 40% of foraging effort in female elk being sacrificed for vigilance when 

wolves were present. Cromsigt et al. (2013) advocated for a restructuring of hunting 

practices to elicit specific targeted risk effects in addition to the direct effects of hunting 

through changes in hunting methods (i.e., increased use of hunting dogs), the duration of 

the period of risk (i.e., extended seasons) or the increased harvest of certain age-classes 

(i.e., young of the year). Theoretically, this is feasible as hunters have a demonstrated 

capacity to exploit prey populations at higher rates than natural predators (Darimont et 

al., 2015) and may elicit a stronger behavioural response than natural predators (Ciuti et 

al., 2012).  

However, two main obstacles exist. First, the behavioural responses of deer to 

hunting have been quantified mostly under experimental conditions (e.g. Little et al., 

2014 and Marantz et al., 2016) or as part of simplified hunting seasons such as limited 

entry hunts (e.g. Rhoads et al., 2013) and may not be generalizable across the geographic 
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range of white-tailed deer. In most jurisdictions, deer hunting can be quite varied with 

different seasons based on equipment types (gun, muzzle-loader, bows-only) and 

participation (general seasons, youth seasons, limited entry seasons). Compounding this 

is the ubiquity of deer across the North American landscape, which leads to them being 

hunted across a wide variety of landcover composition and configurations as well as areas 

with varying levels of hunter access. Second, changes to long standing hunting practices 

may be resisted by stakeholder groups. The success of any hunting-based management 

strategy is dependent on public participation and support (McShea, 2012).  Hunters can 

be resistant to change and attempts to alter or expand hunting practices to control wildlife 

disease outbreaks are often met with mixed stakeholder support, which in turn has limited 

their effectiveness (Carstensen et al., 2011). Even within the confines of current 

management practices, hunters have been resistant to increasing effort beyond a certain 

point to meet harvest quotas (Brown et al., 2000).  

Cromsigt et al. (2013) proposed that the first step in further developing the 

“hunting for fear concept” is to design hunting practices to specifically focus hunting 

effort on areas of concern. I feel that it is premature to restructure hunting practices 

without first examining the response of deer to current practices. Instead, a better first 

step is to quantify hunting risk arising from current practices and identify the potential 

opportunities that already exist. The integration of deer behaviour into deer management 

will require the quantification of how human actions affect the distribution of risk across 

the landscape, as it is this distribution that will drive risk-based costs as deer encounter 

hunters and adopt hunter avoidance behaviours. Laundré et al. (2001) coined the term 

“landscape of fear” in reference to the heterogeneous spatial distribution of mortality 
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risk created by predators. This concept applies equally well to the risk created by hunters 

and the associated costs to prey populations. Quantifying the human-driven landscape of 

fear and the response of deer is the focus of this thesis. 

 I examined the human-driven landscape of fear and its potential applications to 

white-tailed deer management in Ontario, Canada. Ontario has an estimated deer 

population of approximately 400,000, which occupy a significant proportion of Ontario, a 

range of habitats, and are managed for different densities throughout the province 

(OMNRF, 2009). This leads to significant variation in both hunter demand, public 

tolerance of both deer and hunters, and harvest quotas. To accommodate these different 

considerations, hunting seasons vary considerably. Ontario has thirty-nine distinct 

hunting seasons for deer that vary on the basis of region, open and closing dates, 

equipment types and limited entry hunts (Ontario Regulation 670/98: Open Seasons - 

Wildlife). In eastern Ontario, where most of the work for this thesis was conducted, deer 

hunting was divided into a combination of bows-only, gun and muzzle-loader seasons 

starting October 1 and ending December 31. The bows-only season began October 1 and 

ended December 31. The two-week gun season, where hunting with rifles, shotguns and 

muzzle-loaders is permitted, began the first Monday of November and a one-week 

muzzle-loader-only season began the first Monday of December (Ontario Regulation 

670/98: Open Seasons - Wildlife). Within these seasons hunting could legally take place 

from thirty minutes before sunrise to thirty minutes after sunset. Hunters were permitted 

to be active outside of these hours, for example when travelling to and from stands or 

retrieving hunting dogs, but all firearms including archery equipment had to be fully 

encased (Ontario Fish and Wildlife Conservation Act [FWCA], 1997). 
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 Concerns about declines in both the number of hunters and hunter effort below 

levels sufficient to meet harvest quotas are common across North America (Brown et al., 

2000; Enck et al., 2000) with year-to-year fluctuations in the total number of paid hunting 

license holders in the United States (Wildlife and Sport Fish Restoration Program, 

2015a,b) and substantial documented regional declines (Winkler and Warnke, 2013). In 

contrast, the Ontario hunter population consists of approximately 508,000 hunters 

(Federal, Provincial, and Territorial Governments of Canada, 2014) and is growing. The 

mandatory Ontario Hunter Education Program (OHEP) had a mean annual increase of 

8.5% in graduated students from 2001 to 2013 (OHEP, unpublished data). During the 

same period, there was a 1.7% mean annual increase in the number of resident deer 

hunting licenses sold, with 33,909 more licenses sold in 2013 than in 2001 (OMNRF, 

unpublished data; Fig. 1). If this growth continues, it is unlikely that Ontario deer 

managers will be faced with a declining hunter pool with which to enact the North 

American model, as is common in the United States. 

The combination of a robust hunter population and varied hunting practices made 

Ontario a suitable location to examine how human decisions create a landscape of fear for 

deer and how deer in turn respond to this landscape as it relates to a typical deer season, 

rather than a controlled experiment or simplified hunting regime. In Chapters 2-5 of this 

thesis, I explored the different components of this system to best capture both the human 

decision making and the deer behavioural response. In Chapter 2, I used a social survey 

to explore the attitudes of rural landowners in southern and eastern Ontario towards deer, 

deer hunting and hunter access to understand how and why landowners limit hunting on 

their property, resulting in refugia for deer. In Chapter 3, I used global positioning system 
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(GPS) tracking devices to quantify habitat selection by hunters and hunting dogs in order 

to better understand the distribution of hunting effort across the landscape. In Chapter 4, I 

used GPS collars to quantify the habitat selection of deer as they responded to hunting 

pressure in a heterogeneous landscape. Finally, in Chapter 5, I used trail cameras to 

quantify a fine scale behavioural response, vigilance, by deer in an area with hunting and 

an area where hunting is prohibited. The applied goal of this thesis was to capture as 

complete a picture as possible of the interaction between human decisions and deer 

behaviours in order to identify how deer behaviour and the concept of risk effects could 

be incorporated into the North American Model of wildlife management, while the 

broader theoretical goal was to explore the question of whether it is appropriate to extend 

predator-prey models to hunter-prey systems. 
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Figure 1: Growth of deer hunting in Ontario, Canada from 2001 to 2013 as evidenced by 

resident deer hunting license sales. 
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Chapter 2: Deer hunting and refugia on private property in eastern and southern 

Ontario, Canada 

Introduction 

The successful use of hunter harvest as a method to control the size and growth of 

a white-tailed deer population is dependent on four factors: an accurate assessment of 

deer population size, the setting of a harvest quota to remove the appropriate number of 

deer, the presence of a hunter pool willing to meet the harvest quota, and a sufficient 

proportion of the deer population being available for harvest (Brown et al., 2000). The 

first and second requirements are dependent on the capabilities and funding of 

government wildlife biologists and are outside the scope of this paper (see Giles and 

Findlay [2004] for challenges translating population estimates to realized harvest quotas). 

Maintaining a willing hunter pool and an accessible deer population presents complex 

challenges to deer managers involving ecological, social and cultural factors. 

 Unlike many jurisdictions in North America, Ontario has a growing deer hunter 

population. Given a robust hunter population, one of the remaining major challenges to 

harvest-based deer management in Ontario is the potential lack of hunting access. When 

hunters are excluded from deer habitat, which encompasses most of exurban and rural 

eastern and southern Ontario (Taylor et al., 2014), an increasing proportion of the deer 

population is made unavailable for harvest, potentially to the point where there will no 

longer be sufficient deer accessible to hunters for harvest to reach management quotas 

(Brown et al., 2000; Harden et al., 2005; Haggerty and Travis, 2006; Rhoads et al., 2013). 

Hunting can be restricted by legislation, regulations and by-laws that exclude hunting or 

practices integral to hunting from defined areas. Refugia created under these conditions 
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(de jure refugia) are often extensive and cover substantial amounts of deer habitat. For 

example, the 20,600-hectare National Capital Commission (NCC) Greenbelt in Ottawa, 

Ontario is predominantly composed of mixed forest, wetland and agriculture and is off 

limits to hunters due to discharge of firearms by-laws (NCC, 2013; City of Ottawa, by-

law No. 2002-344, Discharge of Firearms). De jure refugia can be incorporated into 

management planning because the spatial extent of these areas is well defined and 

available to managers. In contrast, refugia created by the decision of private landowners 

to prohibit hunting on their properties (de facto refugia following Storm et al. [2007]) are 

more problematic to deer management. There currently exists no economical method for 

deer managers to estimate the spatial extent of de facto refugia; and the landowner 

decisions that create these refugia are potentially ephemeral, changing with ownership 

and the individual experiences of the landowner (Brown et al., 1984, Brown et al., 2000; 

Lovely et al., 2013; Walberg et al., 2018).  

Changing land use patterns in rural areas, especially those due to exurban 

development (Brown et al., 2005; Nelson and Sanchez, 2005; Theobald, 2005; Gordon et 

al., 2013), are altering the cultural landscape of rural areas as former urbanites with 

differing cultural norms, including different views on hunting, move into these areas 

(Nelson and Sanchez, 1999; Brown et al., 2000; Hunt, 2002; Heberlein and Ericsson, 

2005; Smith and Sharp, 2005). Exurbanization subdivides the traditionally large 

agricultural land parcels into smaller residential properties, thereby increasing the density 

of landowners in a given area (Davis et al., 1994; Brown et al., 2000; Theobald, 2001, 

2004, 2005; Hunt, 2002; Brown et al., 2005). Harden et al. (2005) demonstrated how 

exurban development can affect hunting opportunities. By choosing to invoke the Illinois 
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law excluding firearms discharge within 274 m (300 yards) of a dwelling, landowners 

could potentially place 31% of the state in de facto refugia. When examining landowner 

perceptions of deer and the desire for management actions in an exurban area of Illinois, 

Storm et al. (2007) found that 75% of their exurban study area fell within these 274 m 

potential refugia radii.  

 The ability of a big game species to capitalize on refugia in response to hunting 

pressure has been documented for a variety of species including elk (Burcham et al., 

1999; Proffitt et al., 2010; and Proffitt et al., 2013), wild boar (Sus scrofa; Tolon et al., 

2009; Tolon et al., 2012; Thurfjell et al., 2013), roe deer (Capreolus capreolus; Grignolio 

et al., 2011) and white-tailed deer (Root et al., 1988; Nixon et al., 1991; Rhoads et al., 

2013; Chapter 4 of this thesis). At a fine spatial scale, game exploit refugia that are 

already a component of their annual range (Root et al., 1988; Nixon et al., 1991; Tolon et 

al. 2009; Rhoads et al., 2013). Nixon et al. (1991) report several cases where, beyond a 

certain distance threshold (1-2 home range diameters), white-tailed deer did not move to 

a refugium in response to hunting pressure. Most deer that exploited refugia in response 

to a controlled deer hunt in Maryland, USA already used these areas as part of their 

annual home ranges (Rhoads et al., 2013). This behaviour is particularly relevant in areas 

where exurbanization has resulted in smaller average property sizes and potentially more 

diverse viewpoints regarding the social acceptability of hunting. This may, in fact, result 

in higher deer densities by reducing hunter access across the landscape and increasing the 

amount of nearby refugia that deer can exploit (Lovely et al., 2013). In these situations 

the effect of de facto refugia on the number of deer vulnerable to harvest could be 

disproportionately large relative to its physical footprint on deer habitat if deer are 
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actively exploiting the heterogeneous distribution of refugia and are moving into refugia 

in response to the onset of hunting.  

 Management practices that are rooted in traditional concepts of habitat use and 

that do not consider de facto refugia may be of limited effectiveness (Proffitt et al., 2013). 

I identified two key questions whose answers would help incorporate knowledge of de 

facto refugia into deer management practices. First, what is the extent and landcover 

composition of de facto refugia in southern and eastern Ontario? Second, what factors 

influence whether hunting occurs on a given exurban or rural land parcel?  

 Simply knowing the proportion of deer habitat in a wildlife management unit in 

refugia would provide deer managers with an estimate of the proportion of the deer 

population outside the reach of hunter harvest and allow for this to be incorporated into 

management planning. Information on the size and landcover composition of individual 

refugium properties in comparison to hunted properties would further help predict how 

refugia could influence harvest efficiency. The ability of prey species to exploit refugia is 

dependent on refugium size (Tolon et al., 2009) and distribution, which in turn is 

dependent on land use practices (Lovely et al., 2013). Differences in landcover 

composition between refugium and hunted properties are relevant, as harvest efficiency is 

variable across landcover types. Harden et al. (2005) found a negative relationship 

between hunter efficiency and the proportion of both cover (forest ≤ 500 m from a field 

edge) and marginal habitat (agriculture 200-500 m from a forest edge and forest 500-

1000 m from a field edge) within refugia .  

 Considerable research has been undertaken exploring the motivations of 

landowners to grant or deny hunters access to their properties (Wright et al., 1988; 
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Lauber et al., 2000; Hunt, 2002; Walberg et al., 2018), to post their property against 

hunting (Brown et al., 1984; Snyder et al., 2008, Walberg et al., 2018) and to desire 

reductions in the deer population (Stout et al., 1993; Christoffel and Craven, 2000; West 

and Parkhurst, 2002; Finch and Baxter, 2007; Storm et al., 2007; Lischka et al., 2008). 

My study differed from previous research in that I explicitly examined whether any level 

of hunting took place on a given property (its hunting status). I chose this approach 

because it is ultimately hunting status of a property that influences its use by deer and the 

corresponding impact on management efforts. Trends related to granting hunter access, 

rates of posting and desires for deer population reductions were still relevant in this 

context as they provided information on the underlying values, motivations and actions 

that determine hunting status. While motivations do not always directly translate into 

actions (Storm et al., 2007), these identified trends provided a starting point for 

evaluating the root determinants of de facto refugia. 

I identified major themes related to the hunting status of a land parcel from the 

literature and carried out a survey by mail of exurban and rural residents in southern and 

eastern Ontario, Canada. My goal was to 1) generate an estimate of the extent and 

composition of de facto refugia and 2) identify factors that play a role in influencing 

whether privately owned land parcels are hunted or are refugia.  

Materials and Methods 

Study area 

 I conducted my study in eastern and southern Ontario, Canada (Fig. 2). This was 

one of the most densely populated regions in Canada and includes the first, sixth and 

tenth largest census metropolitan areas by population size: Toronto (6,346,088), Ottawa 
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(1,040,346) and Hamilton (787,195), respectively, in addition to other smaller 

metropolitan areas (Statistics Canada, 2017). As previously stated, most of the study area 

outside of urban and suburban areas was suitable deer habitat (Taylor et al., 2014) and 

consisted mostly of the agriculturally developed and urbanized Mixedwood Plains 

ecozone with some inclusion of the largely forested Boreal Shield ecozone at the northern 

extent of the study area (Ecological Stratification Working Group, 1995). This area was 

heavily hunted for white-tailed deer with approximately eighty percent of active Ontario 

white-tailed deer hunters doing so in 2011 within the study area (OMNRF, unpublished 

data). 

Survey administration 

I identified seven themes related to the landowner decisions regarding the hunting 

status of a land parcel: 1) property characteristics (Wright et al., 1988; McShea, 2000; 

Hunt, 2002; Harden et al., 2005; Snyder et al., 2008; Lovely et al., 2013; Walberg et al., 

2018), 2) human-deer conflict (Stout et al., 1993; Christoffel and Craven, 2000; Lauber 

and Brown, 2000; West and Parkhurst, 2002; Storm et al., 2007; Urbanek et al., 2013), 3) 

concerns about deer hunting (Wright et al., 1988; Lauber and Brown, 2000; Harden et al., 

2005; Lischka et al., 2008; Snyder et al., 2008; Walberg et al., 2018), 4) participation in 

deer hunting (Brown et al., 1984; Walberg et al., 2018), 5) perception of the deer 

population (Wright et al., 1988; West and Parkhurst, 2002; Finch and Baxter; 2007; 

Storm et al., 2007; Lischka et al., 2008; Urbanek et al., 2013), 6) rural vs. urban 

landowner origins (Heberlein and Ericsson, 2005; Lischka et al., 2008), and 7) 

demographic characteristics of the landowner (Brown et al., 1984; Wright et al., 1988; 

Stout et al., 1993; West and Parkhurst, 2002; Lischka et al., 2008). There have been 
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conflicting reports regarding the direction of the effect of these themes. For example, 

Hunt (2002) found a positive relationship between the proportion of forested land and the 

willingness of the landowner to consider granting hunting access in northern Ontario but 

found a negative relationship in southern Ontario. Nonetheless, these themes served to 

identify possible motivational factors that may influence the hunting status of private 

rural properties. 

 Based on these seven themes, I created the Ontario Private Land Questionnaire on 

Deer and Deer Management (Appendix 1). The survey included instructions that it should 

be completed by someone who was aware of the activities occurring on the property and 

consisted of forty-six questions grouped into four sections: 1) information about the 

property including property size, landcover composition, activities taking place on the 

property and income derived from these activities; 2) experiences with deer including 

interest in deer-related activities, perceptions of the size and rates of change of the local 

deer population, deer damage and involvement in deer-vehicle collisions; 3) deer hunting 

including participation in hunting and motivations to do so, details on the level of hunting 

taking place on the property, concerns regarding hunting and past experiences with 

hunters; and 4) information about the respondent such as gender, age, level of education, 

annual household income, area of upbringing, residency on the property and length of 

residency. Respondents were given the option of leaving blank any questions that they 

did not feel comfortable responding to. The survey included contact information for the 

primary investigator allowing respondents to gain more information on the study and the 

relevance of individual questions if desired. I met the informational requirements for 
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obtaining informed consent and all research was approved by the Research Ethics Board 

of Trent University (Protocol #21906; Peterborough, Ontario, Canada). 

 I used a random stratified sampling approach to select 3,500 survey recipients in 

four sub-regions, each consisting of two OMNRF districts (Aylmer and Guelph 

[n=1000], Midhurst and Aurora [n=1000], Peterborough and Kemptville [n=1000], and 

Bancroft and Parry Sound [n=500]; Fig. 2). The survey list was compiled by SM 

Research (Toronto, Ontario, Canada) using property characteristic information provided 

by the AGSI Location Warehouse (Halton Hills, Ontario, Canada). Potential recipients’ 

properties were required to have a minimum size of 5 hectares (ha) and contain a 

residence. I selected these characteristics to ensure that potential recipients lived on 

properties where interactions with deer and/or deer hunters could reasonably be expected 

to occur. Compiled information on de jure refugia was not available at the scale I was 

sampling; therefore I could not exclude properties within this type of refugia prior to the 

distribution of the survey. 

 I followed a modification of Dillman's (2000) tailored design method and used 

Advanced Mailing Services (Peterborough, Ontario, Canada) to distribute the survey. The 

survey consisted of four mailings and I included an option for the recipient to respond 

online (www.ontariodeersurvey.com). When participants completed the survey, or 

indicated they did not wish to participate, I removed them from subsequent mailings. 

First, recipients were mailed a letter of introduction that informed them of their selection 

as a potential participant, provided relevant information on the goals and methods of the 

study, and invited them to complete the survey online. The letter was followed by a full 

mailing including the survey and a self-addressed, stamped envelope. The full mailing 
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was followed by a reminder letter that reminded recipients of the online response option. 

The final mailing consisted of another full mailing of the survey including a self-

addressed, stamped envelope. The letters of introduction were mailed 11 May 2011 and 

the final mailing 5 October 2011. In February 2012, I sent all respondents a thank-you 

letter with the contact information for the primary investigator should they desire more 

information. 

 I conducted a telephone survey to assess nonresponse bias from June to August 

2013. I called all valid mailing addresses (i.e., those not returned as undeliverable) from 

which there was not a survey response and for which there was no request to be removed 

from the sample. A minimum of two attempts were made to contact each nonrespondent 

by phone. Repeat phone calls were made at different times of day and days of the week in 

order to increase the chances of contacting the nonrespondents. Nonrespondents who 

consented to the telephone survey were asked to answer a reduced survey consisting of 

twelve questions (Appendix 2).  

Statistical analysis 

 In the statistical analyses, I included only those respondents who indicated that 

they were involved in decisions regarding deer hunting on their property. I classified 

respondents and their properties into three hunting status categories (hunting status) based 

on their answers to questions pertaining to deer hunting on their property. Hunted 

properties were those where the respondent provided an indication that hunting was 

currently taking place. This included stating that deer hunting took place, stating that they 

or others hunted on the property, reporting an average annual harvest greater than zero or 

reporting an average number of hunters using the property greater than zero. Refugium 
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properties were those where the respondent either stated that hunting did not take place or 

did not provide any indication that it did while stating that discharge of firearms by-laws 

were not in effect. No-discharge properties were those where the respondent either stated 

that hunting did not take place or did not provide any indication that it did while stating 

that discharge of firearms by-laws were the reason hunting did not occur. This somewhat 

complex classification scheme was necessary due to nature of the responses. For 

example, it was not uncommon for respondents to report an annual harvest greater than 

zero while not listing deer hunting as an activity occurring on the property. 

 Nonrespondents contacted for telephone interviews were assigned to hunting 

status categories based on their response to two questions: Is hunting permitted on the 

property by the respondent or others? If no, is this due to discharge of firearms by-laws? 

Hunted respondents (those with hunting occurring on their properties) indicated that 

hunting was permitted; refugium respondents stated hunting was not permitted and 

discharge by-laws were not in effect; and no-discharge respondents indicated that hunting 

was not permitted due to discharge by-laws. 

 I evaluated nonresponse bias using the reduced set of twelve variables from the 

telephone interviews (Table 1). I tested all categorical variables for differences between 

respondents to the mail survey and respondents to the telephone survey using Fisher’s 

exact test of independence. I tested for whether respondents to the mail survey and 

respondents to the telephone survey differed in terms of parcel size using Welch's t-test 

for unequal variances. I did not include the data from the nonrespondent survey in any 

subsequent analyses. 
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 I assessed the extents of the three hunting status categories (hunted, refugium and 

no-discharge) in our survey sample in terms of both the number of properties in each 

category and the total area in each category. The number of properties was taken from the 

count of valid surveys returned for each hunting status category. Total area was 

determined by converting all reported property sizes to hectares and summing them 

within each hunting status category. I used a one-way analysis of variance (ANOVA) to 

test for differences in mean parcel size across the three hunting status categories with a 

Tukey-Kramer post hoc test for unequal sample sizes to evaluate paired differences 

between categories. 

 I tested the three hunting status categories for differences in the proportional 

cover of five landcover types: agriculture (cropland and pasture), wetland (e.g. swamp 

and marsh), field (e.g. natural meadow or retired farmland), forest (natural forested areas 

and tree plantations), and other. Respondents were asked to indicate how much of the 

property was of each landcover type with the possible responses being: none to little, 

about one quarter, about half, about three quarters, or all. I provided room for the 

respondents to state what they were referring to as other. Some respondents reported 

landcover proportions that did not sum to one. Where the sum of landcover proportions 

exceeded one, I assumed a mathematical error on the part of the respondent and rescaled 

the proportions to total one. For respondents with summed proportions less than one, I 

assumed the respondent omitted the “other” category and I did not rescale the 

proportions. 

 The landcover variables were highly positively skewed and I was unable to 

transform the data to achieve normality. Therefore, I tested for differences in the 
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proportional cover of each landcover class across the three hunting status categories using 

Kruskal-Wallis H tests and determined similarity of the distributions of the proportional 

cover values through examination of box plots. I performed post hoc testing using 

pairwise comparisons of the hunting status categories following Dunn (1964) with a 

Bonferroni correction (α = 0.05/3 tests = 0.0167). 

 I evaluated the level of hunting taking place on hunted properties using three 

metrics. First, I determined the proportion of each hunted property that was not hunted. 

Respondents who indicated that hunting took place on their property were asked to state 

the proportion of their property available to hunting with possible responses being one 

quarter, half, three quarters or all. I subtracted this value from one to determine the 

proportion of unhunted land. I multiplied this value by the reported property size and 

summed these values across all hunted properties to determine the total amount of hunted 

land in refugia. 

 I asked respondents who reported that hunting took place on their properties to 

report the average annual harvest of deer based on the preceding five years and the 

number of deer hunters on the property each year. I divided average annual harvest and 

hunter count by reported property size to determine harvest density (deer/km2) and hunter 

density (hunters/km2), respectively. Hunter density is simply a measure of the number of 

individual hunters and does not account of differing levels of effort. I was not able to 

achieve normality through transformation of these data and tested both harvest density 

and hunter density for a relationship with property size using Spearman rank correlation. 

 I determined the method of deer hunting practiced on hunted properties. 

Respondents were asked to state if each of three methods were permitted on their 
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property: gun, muzzle-loader and archery. I ended up combining the gun and muzzle-

loader methods into a single category (gun) post hoc. From these responses I created 

three hunting method categories: archery-only, gun and archery, and gun-only. I tested 

for a relationship between hunting method and parcel size using a one-way ANOVA.  

 I defined thirty-two a priori candidate models (Appendix 3) representing possible 

explanations of the hunting status of a land parcel on private land from the survey 

variables (Table 1) and evaluated their fit to complete case respondents using an 

information theoretic approach (Burnham and Anderson, 2002). I tested for correlated 

variables using Pearson and Spearman rank-order correlations as appropriate. I used |r| ≥ 

0.5 as the threshold for defining highly correlated variables and did not include correlated 

variables in the same candidate model. I tested these models against whether a rural 

property was hunted or a refugium (hunted) using logistic regression with a logit link 

function. I did not include respondents living on no-discharge properties in this analysis 

as hunting status in these cases is independent of property or respondent characteristics. I 

only used respondents who provided complete cases for all model variables. I used 

Akaike’s Information Criterion for small sample size (AICc; Anderson et al., 2000; 

Burnham and Anderson, 2002) to determine the best model and used Nagelkerke’s R2 to 

estimate the explained variance. I calculated odds ratios for significant variables in the 

top candidate models to explore the effect of individual independent variables on hunted 

status and I used model averaging to identify individual variables with a significant effect 

on whether a property was hunted (Arnold, 2010). 

I used survey responses that were not complete cases as a testing dataset to 

quantify each candidate model’s predictive ability as a measure of its usefulness to 
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informing deer management decisions. To evaluate predictive ability, I calculated the 

area under the curve of the receiver operating characteristic (AUC; Hosmer and 

Lemeshow, 2000) and the percent of respondents assigned to the correct hunted category 

by each model and the number of properties falsely identified as hunted and the number 

falsely identified as refugia. Respondents were assigned to the hunted category if the 

model assigned them a probability of being hunted of greater than 0.5.  

 All summary data are reported as the mean ± 1 standard error. For all tests α = 

0.05 unless otherwise indicated. I used Levene's statistic to evaluate homogeneity of 

variances for all ANOVAs. Statistical analysis was performed using R software version 

3.3.2 (R Core Team, 2016).  

Results 

Survey response 

 I received 920 surveys of which 639 were completed properly by respondents 

who were involved in decisions regarding hunting on the property and had property sizes 

equal to or greater than five hectares. Two hundred seventy-seven surveys were returned 

to me as undeliverable and twenty-six recipients requested to be removed from the 

mailing list. Based on this reduced valid survey size and the number of returned, useable 

surveys, our adjusted response rate was 20.0%. Total surveyed area based on summed 

reported property sizes was 215.19 km2. 

 The Ontarians who responded to the survey came from a variety of backgrounds 

and deer-related experiences. Respondents were of predominantly rural origin, with 

71.7% having spent most of their lives on a rural property or farm or in a rural town. 

Almost two-thirds of respondents reported that agriculture takes place on their property 
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but only 36.6% of respondents indicated that they derive more than $1,000.00 in income 

from activities taking place on their property. The vast majority (95%) lived on the 

surveyed property and had done so for an extended period of time with a mean length of 

residency of 22.2 ± 0.7 years. Respondents were predominantly male and had a mean age 

of 56.4 ± 0.5 years. Nearly half of respondents had received a college or university 

diploma or degree and median annual household income was $60,000 to $80,000. 

 Only 22.9% of survey respondents indicated that they currently hunt deer while 

10.4% formerly hunted deer and 66.6% have never hunted deer. With respect to human-

deer conflict, many more respondents reported experiencing deer damage on their 

property (58.5%) than reported being involved in a deer-vehicle collision in the previous 

five years (12.1%). Nearly half of respondents felt that the deer population was stable 

(49.0%) and 50.2% described the current size of the deer population as "about right." 

Nonresponse bias 

 I was able to contact 109 nonrespondents by phone who consented to answer the 

reduced question set of the nonrespondent survey. Of those, 49 stated that they were 

involved in decisions regarding hunting on the property and had property sizes equal to or 

greater than five hectares. 

 I found no significant differences between respondents (n = 639) and 

nonrespondents (n = 49) based on the hunting status of their properties, the degree to 

which hunter access has changed on their property in the previous five years, their 

perception of the size of the deer population, their involvement in a deer-vehicle collision 

in the previous five years, their participation in hunting, the land development level of 

where they currently live, the development level of where they have lived for most of 
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their life, their level of education or the log-transformed area of their property. Compared 

to respondents, more nonrespondents reported no deer damage on their property, reported 

having no past experiences with hunters and were female (Table 2).  

Extent and composition of hunting status categories 

 De facto refugia comprised a large proportion of both surveyed respondents and 

surveyed area. Nearly half (46.8%) of respondents' properties were classified as a 

refugium, 43.5% were classified as hunted and 9.7% were no-discharge. Refugium 

properties comprised 33.5% of the surveyed area whereas hunted and no-discharge 

properties made up 58.7% and 7.8%, respectively. This pattern appeared to be stable at 

least in the short term as 78.7% (n = 606) of respondents indicated that the level of 

hunting access on their property had not changed in the past five years. Of those 

landowners who did allow other people to hunt on their property, 88.0% (n = 234) 

indicated that they were satisfied with the current number of hunters. 

 There was a significant difference in the property size across the three hunting 

status categories (F2,636  = 37.62, p < 0.0001). Hunted respondents reported property sizes 

that were significantly larger (45.4 ± 2.9 ha) than those of both refugium (24.1 ± 1.3 ha; p 

< 0.0001) and no-discharge (27.1 ± 6.1 ha; p < 0.0001) respondents. Refugium and no-

discharge properties did not differ significantly in terms of property size. 

 I found no difference in the reported proportional cover of agriculture, wetland, 

field and forest among the three hunting status categories. Median proportional cover of 

the other landcover type differed across hunting status categories (X2
2 = 7.28, p = 0.02). 

The distributions of the “other” proportional cover values were similar based on 

examination of the box plots.  No-discharge respondents reported that a greater 
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proportion of their properties consisted of “other” (0.055 ± 0.016) than hunted 

respondents (0.027 ± 0.006; adjusted p = 0.02). The proportional cover of “other” 

reported on refugium properties (0.034 ± 0.007) was not significantly different from 

either hunted or no-discharge properties. Common land use practices reported by 

respondents in the “other” category included lawns, residential development, water and 

hydro line right-of-ways. 

Variation in hunting pressure on hunted properties 

 Only 40.4% of hunted respondents reported that all of their property was available 

to hunting (n = 272: Fig. 3). The mean proportion of the individual hunted properties 

available to hunting was 0.75 ± 0.02 which placed an additional 3,035.0 ha, representing 

14.1% of the total surveyed area, in refugia. 

 Hunted respondents reported a mean harvest density of 5.9 ± 0.6 deer/km2 and 

gave a broad range of reported values with a minimum harvest density of 0 and a 

maximum of 65.7 deer/km2. Harvest density had a significant negative relationship with 

property size (rs = -0.24, n = 244, p < 0.0001; Fig. 4a). Hunted respondents reported a 

mean hunter density of 11.9 ± 0.9 hunters/km2 with a similarly broad range from 0 to 

128.7 hunters/km2. Hunter density had a significant negative relationship with property 

size (rs = -0.52, n = 241, p < 0.0001; Fig. 4b). 

 Mean property sizes for the different hunting method categories were: archery-

only (41.5 ± 8.2 ha, n = 43), gun and archery (46.9 ± 3.5 ha, n = 197), and gun-only (43.3 

± 7.1 ha, n = 16). There was no significant difference in log-transformed parcel size 

among methods (Welch's F2, 37.679 = 2.7023, p = 0.08). 
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Modelling whether hunting takes place on private rural and exurban properties 

 I tested the a priori candidate models using 443 responses with complete cases for 

all model variables. Excluding no-discharge respondents from the analysis, I had a near-

even division of hunted (n = 227) and refugium (n = 216) respondents. The most 

correlated pairs of variables were safety concern and liability concern (rs = 0.56, n = 554, 

p < 0.0001) and age and residency length (rp = 0.49, n = 582, p < 0.0001; Appendix 4). I 

did not include the correlated variables in the same candidate model (Appendix 3). 

AICc revealed two top models with a ΔAICc < 2 which accounted for 99% of 

model weight (Table 3). The top model included the participation, parcel size and deer 

damage variables and their interactions. With this model the likelihood of a property 

being hunted decreased by 98.8% if the respondent had never hunted deer relative to 

someone who currently hunts deer (Table 4). There was no significant difference between 

someone who currently hunts deer and someone who formerly hunted deer. There was a 

significant interaction between participation and deer damage where the likelihood of a 

property being hunted was 10.5 times greater for respondents who formerly hunted and 

9.5 times greater for respondents that have never hunted deer if they had experienced deer 

damage relative to a respondent of those participation categories who had not 

experienced deer damage. This model accounted for 0.72 of model weight, explained 

40% of model variance and had an area under the curve of 0.83, indicating good accuracy 

as a diagnostic test. This model correctly classified 82% of respondents from the testing 

dataset with 12% incorrectly classified as hunted and 6% incorrectly classified as 

refugium (Table 3). 
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The second top-ranked model included the participation and population size 

variables and their interactions (Table 3). With this model the likelihood of a property 

being hunted decreased by 91.7% if the respondent had formerly hunted deer and by 

94.3% if the respondent had never hunted deer, relative to some who currently hunts deer 

(Table 4). Respondents who felt that the local deer population size was too low were 

72.3% less likely to allow hunting on their property relative to respondents who felt the 

deer population was "about right". This model accounts for 0.27 of the model weights, 

explained 41% of model variance, and had an area under the curve of 0.80, indicating fair 

accuracy as a diagnostic test. This model correctly classified 80% of respondents from 

the testing dataset with 15% incorrectly classified as hunted and 5% incorrectly classified 

as refugium (Table 3). 

Model averaging the full set of candidate models revealed that participation was 

the only significant predictor of whether or not rural or exurban private property was 

hunted or a refugium. The odds ratio of the full averaged model coefficients showed that 

the likelihood of a property being hunted decreased by 98.2% if the respondent had never 

hunted deer, relative to a respondent that currently hunted deer. There was no significant 

difference between someone who currently hunts deer and someone who formerly hunted 

deer. 

Discussion 

 De facto refugia encompass a significant proportion of rural eastern and southern 

Ontario. De facto refugia made up 46.8% of respondent properties but only accounted for 

33.5% of the surveyed area with 58.7% of the area available for deer hunting. This 

mismatch occurred because properties where hunting took place had a mean parcel size 
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approximately twice that of properties in de facto refugia. This relationship has been 

established elsewhere as the percentage of land hunted for deer has been shown to be 

positively related to parcel size (Lovely et al., 2013). As refugia constrains the extent to 

which populations can be reduced through hunter harvest (McCullough, 1984), this 

potentially represents a major barrier to effective deer management in Ontario. As we 

found no difference in the landcover composition of hunted and refugium properties, 

parcel size is likely the key factor determining how deer encounter (Lovely et al., 2013) 

and actively exploit (Rhoads et al., 2013) refugia in response to hunting pressure. 

 Our finding that parcel size was the main physical feature distinguishing hunting 

status categories is particularly relevant given the growth of exurban development. Based 

on 2006 data collected by Statistics Canada, 2.7 million Canadians, representing 8% of 

the population, inhabit exurbia (Gordon and Janzen, 2013). Driven by a desire to live in a 

rural environment (Crump, 2003) and to have larger lot sizes compared to suburbia, few 

of these urban emigrants are buying land for the purposes of farming or forestry (Davis et 

al., 1994). Coupled with decreasing social acceptability of hunting (Brown et al., 2000) 

and a decreasing proportion of the population placing importance on hunting (Enck et al., 

2000), this trend is expected to further complicate deer management by increasing the 

number and diversity of stakeholders (Brown et al, 2000). Our findings support the 

conclusion that increasing exurban development will result in decreased hunting 

opportunities (Harden et al., 2005) and hunter access while increasing human-deer 

interactions (Storm et al., 2007). 

 As the availability of refugia to individual deer is negatively correlated with 

parcel size (Lovely et al., 2013) and parcel size is the main physical feature 
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distinguishing hunted properties from refugium properties, I encourage deer managers to 

consider exurbia in the context of parcel size rather than human population density. Most 

studies that evaluate exurban extent and growth do so over broad spatial scales using 

human population density (Theobald, 2004; Nelson and Sanchez, 2005; Gordon and 

Janzen, 2013); however, deer are likely sensitive to this sort of development and its 

associated refugia at a much finer scale (Nixon et al., 1991; Tolon et al., 2009, Rhoads et 

al., 2013). As deer can actively exploit refugia (Rhoads et al., 2013; Chapter 4 of this 

thesis), small exurban developments scattered amongst more traditional rural land uses 

may limit the availability of deer to hunter harvest. Exurban development can be as small 

as single parcels (Smith and Sharp, 2005) and there is a need to incorporate fine-scale 

land use patterns into development planning (Theobald, 2001). Parcel size is well suited 

for incorporation into planning strategies aimed at addressing the impact of exurban 

development on deer management. Indeed, Shrestha and Conway (2011) determined that 

spatial models including parcel size were the most effective at generating estimates of 

exurban spatial extent. Furthermore, accurate spatial data delineating individual land 

parcels are available to deer managers while population density information is limited to 

a coarser scale (i.e., the census dissemination area). Such fine-scale data allow for the 

configuration of exurban development to be considered in addition to the amount present. 

 While I designated three distinct hunting status categories, the assumption that 

only refugium and no-discharge properties can limit deer management by reducing hunter 

harvest was somewhat simplistic. I found significant variation in the level of hunting 

taking place on hunted properties in terms of available area, average harvest and the 

number of hunters. I propose two different classifications for refugia from deer hunting. 
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Factual refugia are created by the exclusion of hunters from a property or area, resulting 

in total protection for deer. Functional refugia are created by limitations on hunting such 

that hunting occurs at a level that affects management quotas or allows deer to still 

exploit the property in such a way as to reduce their mortality risk. One example of this is 

“buck only” properties where the hunter(s) make the decision to harvest only antlered 

deer, resulting in the creation of refugia for females and juveniles (Keith. Munro, pers. 

obs.). 

 Almost two-thirds of respondents placed some area restriction on hunting on their 

properties (Fig. 3). When I included these areas of refuge within hunted properties in the 

estimate of total refugia, the composition of the survey response changed dramatically. 

Refugia became the dominant hunting status category, accounting for 47.7% of surveyed 

land while hunted was reduced from 58.7% to just 44.6%. While the ability of deer to 

exploit these refugia on hunted properties is dependent on its configuration, this still 

illustrates that the assumption that hunted properties are hunted in their entirety is 

incorrect. Although I did not explicitly ask responsents, it would be valuable to know 

what factors limit hunting within hunted properties. Possibilities include proximity to 

buildings, the presence of livestock and landcover types unsuitable to hunting (i.e., lawns, 

resource extraction, etc.). 

 I found considerable variation in reported average annual harvest during the 

preceding five years. The mean harvest density (5.9 deer harvested/km2) was comparable 

to harvests reported in similar studies elsewhere (e.g. 5.8 - 20.5 deer harvested/km2; 

Lovely et al., 2013); however, the maximum reported harvests far exceeded previously 

reported values (65.7 vs. 23 deer harvested/km2; Lovely et al., 2013). The most likely 
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explanation is that apparently high harvests existed on smaller properties. Lovely et al. 

(2013) reported the greatest harvest densities on properties 2.0 - 4.0 ha in size. If small 

properties are located adjacent to larger areas of deer habitat, they may be able to 

concentrate deer and support a harvest disproportionate to their size through the use of 

bait and other attractants, which are legal in Ontario with the exception of natural 

attractants such as deer urine (Ontario Regulation 665/98: Hunting). Kilpatrick et al. 

(2010) found that the use of bait increased hunter success and provided hunters on small 

properties with as many harvest opportunities as hunters on large properties when both 

were using bait. Under this scenario, a harvest of 3.3 deer per 5-hectare parcel (based on 

the maximum harvest density and the minimum property size) is feasible, especially 

given the three-month bows-only season across most of the survey area. The possibility 

that these smaller properties are acting as mortality sinks for deer is supported by our 

finding of a negative correlation between harvest density and property size (Fig. 4a). 

 More relevant to discussions about functional refugia is the lower limit of 

reported harvests. To contribute to management efforts, harvest must effectively reduce 

or eliminate population growth at the local or regional scale. The harvest threshold 

required to achieve this will vary greatly based on regional management goals. However, 

21.7% of the hunted respondents who reported an average annual harvest also reported no 

harvest over the five-year period. I recommend that deer managers calculate minimum 

harvest density thresholds for their management areas and use those to identify areas of 

functional refugia. This will likely be cost-effective only in areas with high levels of 

human-deer conflict and potential refugia and will require a comprehensive system of 
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hunter reporting, such as that implemented in Ontario in 2019 (Ontario Regulation 

665/98: Hunting). 

 The mean hunter density (11.83 hunters/km2) was much higher than that reported 

elsewhere (4.4, Nebraska, Vercauteren and Hygnstrom, 1998; 0.63-0.7, Stedman et al., 

2004; 0.04-0.19, Pennsylvania, Diefenbach et al., 2005). This apparent difference was 

likely a result of the wording of the survey question regarding the number of hunters. I 

asked for the number of hunters using the property over the course of the hunting season 

whereas other studies calculated hunter densities based on single day observations. Even 

still, this equates to less than one hunter on the minimum five-hectare property size. 

However, the maximum (128.7 hunters/km2) seems unlikely to be representative of what 

would be occurring at a sufficiently large scale to be of any relevance. The minimum is 

more informative and 4.6% of all hunted respondents who reported property reported that 

no hunters were on the property and an additional three respondents indicated that the 

property is only sometimes hunted by a single hunter. Storm et al. (2007) reported similar 

low hunter numbers in an exurban neighbourhood in Illinois where on 30% of hunted 

properties the hunting pressure consisted of a single bowhunter. The presence of hunters 

may be more crucial to addressing issues of functional refugia, and de facto refugia in 

general, than the size of the harvest. Burcham et al. (1999) reported that even low 

numbers of hunters were sufficient to reduce both the number of elk and the amount of 

time spent within refugia. 

 The adjusted response rate of 20% was lower than commonly reported in the 

literature for surveys pertaining to deer management (34-80%; Christoffel and Craven, 

2000; Storm et al., 2007; Urbanek et al., 2013). Interestingly, the 2012 Canadian Nature 
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Survey on the contribution of nature to Canadians’ individual lives, which dealt with 

similar topics as my survey, had an Ontario response rate of 23% (Federal, Provincial, 

and Territorial Governments of Canada, 2014). These low response rates may be 

representative of Ontarians’ overall willingness to respond to these types of 

questionnaires. Another potential contributing factor was the 2011 strike by Canada Post 

employees. The initial mailing was 11 May 2011 and limited strike action began on 3 

June 2011 in part of the sampling area with a general strike beginning on 14 June and 

continuing until 27 June 2011. In addition to potentially interfering with the successful 

delivery of the surveys, this also forced me to increase the time between mailings beyond 

that which is commonly used when following the tailored design method (Dillman, 2000; 

Storm et al., 2007). The strike not only resulted in no mail delivery for a two-week 

period, it also created a back-log at Canada Post that delayed both the recipients receiving 

the mailings and me receiving their responses. 

 I found that whether or not the landowner was a hunter was by far the most 

influential factor determining whether a property is hunted. In addition to the obvious 

explanation of hunters hunting on their own properties, I suggest that lack of hunting 

participation is the dominant factor of driving de facto refugia because it prevents many 

rural residents from putting their motivations into action. While deer hunter numbers are 

increasing in Ontario, hunting participation in the survey was surprisingly low with only 

33.3% of respondents either currently or formerly hunting deer. Reported rates for the 

granting of hunting access to strangers are generally low (Christoffel and Craven, 2000; 

Lauber et al., 2000; Walberg et al., 2018). At the same time, a major factor determining 

whether a person hunts is the presence of a family member, usually a father, who hunts 
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themselves (Stedman and Heberlein, 2001). Combined, these factors may limit the ability 

of landowners to establish hunting on their property even if they desired to do so simply 

because they do not know any hunters. This lack of means could explain situations where 

significant proportions of the public desire deer population reductions but few allow 

hunting on their property (Storm et al., 2007). While this could be interpreted as a lack of 

comfort with hunting stemming from a lack of familiarity, the candidate models including 

the safety concern and liability concern variables ranked well below the top models 

(Table 3) and neither of those variables were significant when model averaging was 

conducted. The importance of familiarity with, rather than direct participation in, hunting 

is further supported by the model averaged coefficients, which found that a respondent 

never having hunted deer drastically reduced the likelihood of hunting taking place 

relative to those that currently hunt while there was no such relationship for those that 

formerly hunted deer. Former hunters would presumably maintain that familiarity with 

hunting and allow other hunters access, even if they themselves no longer choose to 

participate. 

 The model selection revealed that whether the respondent had experienced deer 

damage can influence the effect of participation on the likelihood of deer hunting taking 

place on a rural or exurban properly. The nonrespondents suffered less deer damage than 

the respondents, indicating that this is a potential effect of nonresponse bias. A similar 

trend was reported by Stout et al. (1993) for a survey of perceived risk from deer-vehicle 

collisions in New York state where nonrespondents were both less concerned about and 

less aware of DVCs than respondents. When assessing acceptance capacity for deer 

among suburban homeowners, Urbanek et al. (2013) found that fewer nonrespondents 
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experienced deer damage and more felt that deer numbers were “perfect” compared to 

respondents. I interpret these findings to mean that the respondents to the mail-survey 

held stronger views than the target population regarding deer and deer management and 

this should be considered when interpreting my results. 

 Finally, the second top model revealed a significant effect of the deer population 

size variable whereby respondents that perceived the size of the deer population to be too 

low were less likely to allow hunting on their property (Table 4). This was independent of 

participation in hunting and speaks to the multi-stakeholder nature of deer management. 

While nonhunters may prohibit hunting as a means to protect a deer population that they 

believe is in trouble, hunters may take the same action on their property but with the goal 

of increasing the deer population to guarantee future hunting opportunities. I did not 

structure the survey is such a way that I could delve into the different motivations behind 

similar action, but this is an important avenue for future research.   

I feel that my survey results can be cautiously extrapolated to other jurisdictions 

despite the low sample size and the presence of nonresponse bias. I have discussed the 

relevance of increased cases of deer damage among respondents above. The respondents 

also indicated more instances of negative interactions with hunters (Table 2). Combined, 

these differences indicate that respondents are generally more invested in the subject 

matter of a survey than nonrespondents. I also found a significant difference in gender 

between the respondent and nonrespondent surveys (Table 2) which I suspect was caused 

less by actual differences in the population and more by the manner in which people 

respond to surveys. Over two-thirds of the respondents were male while more than half of 

the nonrespondents were female. There is evidence in the literature that, in general, males 
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are more likely to respond to mail surveys and females are more likely to respond to 

telephone surveys (Loomis and King, 1994). Urbanek et al. (2013) reported almost 

identical gender differences in response rates among suburban homeowners surveyed 

about acceptance capacity towards deer. Males made up 61% of respondents while 

females made up 59% of nonrespondents. Their nonrespondent survey revealed that 

women were willing to answer questions over the phone but passed wildlife-related 

surveys to their husbands due to their typically greater interest in the subject (Urbanek et 

al., 2013). The key factor determining this behaviour may be familiarity with the subject 

matter (Chavez et al., 2005; Smith and Sharp, 2005). Smith and Sharp (2005) found a 

male bias in survey respondents who farmed compared to those who did not and 

suggested that this was due to the farming section of the survey requiring intimate 

knowledge of agricultural practices undertaken on the property. As the majority of deer 

hunters are male (Enck et al., 2000; Lischka et al., 2008; Andersen et al., 2014), this may 

be the underlying cause of the gender bias between respondents and nonrespondents to 

the survey. However, if the gender bias is simply a result of which household member 

completed the survey, this is unlikely to bias my findings as the answers pertaining to 

activities on the property should be consistent regardless of who completed the survey. 

This is supported by the fact that the gender variable was not included in the top models 

(Table 3) and model averaging did not indicate that it plays a significant role in 

determining whether a property was hunted. 

Management implications 

 My findings clearly demonstrate that a large proportion of eastern and southern 

Ontario is off limits to hunter harvest due to the decision of private rural and exurban 
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landowners to either prohibit or limit deer hunting on their properties. While the way de 

facto refugia is assessed leads to different estimates of its extent, it clearly represents a 

significant challenge to deer management that is expected to worsen with changing rural 

landownership and land use patterns (Brown et al., 2000; Heberlein and Ericsson, 2005; 

Harden et al., 2005; Lovely et al., 2013). De facto refugia could be dealt with in two 

different manners, ideally employed at the same time. First, managers should estimate the 

amount of de facto refugia in their management areas and set tag allocations to account 

for the reduced hunter access and, second, efforts should be made to reduce the extent of 

de facto refugia through land use planning and landowner education on the role of 

hunting in deer management. 

 The fact that landowner hunting participation plays a large role in determining 

hunting status of the individual land parcels may work to the advantage of deer managers. 

While some of the other variables in the candidate models required intensive sampling to 

collect (i.e., education and income), information on whether individual landowners 

participate in deer hunting already exists within wildlife management agencies. In 

Ontario, deer hunters have their home addresses associated with their licences, even if 

they hunt deer at a different location. This could be plotted in a Geographic Information 

System (GIS) that includes parcel size to provide an estimate of the amount of de facto 

refugia within management areas. One of the candidate models which combined 

participation with parcel size, which is easily obtainable in a GIS, had an AUC of 0.79 

and assigned 74% of the testing dataset respondents to the correct hunted category with 

15% incorrectly classified as hunted and 11% incorrectly classified as refugium (Table 

3). This is not a significantly degraded predictive ability over the top two models and 
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does not require the collection of landowner information on deer damage or their 

perception of the local deer population size. This has real world potential, especially in 

Ontario, to provide deer managers with an initial estimate of de facto refugia to better 

inform decision making around harvest quota setting.  

 Based on my findings, I suggest that the best manner to reduce de facto refugia 

would be to increase hunting participation amongst rural residents and to motivate those 

residents to hunt their own properties. The surveyed population had surprisingly low 

hunting participation, especially given 71.7% rural origin and 63.4% participation in 

farming. Increasing participation in hunting could provide the means to direct local deer 

populations toward population targets. Strategies developed for urban bowhunting 

programs in municipalities such as Thunder Bay and Shuniah, Ontario may be useful for 

increasing hunting on smaller exurban properties commonly thought to be too small for 

hunting to take place. While there was no significant difference between the three hunting 

method categories and parcel size, bows-only properties had the smallest mean parcel 

size, indicating that this method might work. 

Educational outreach programs that link deer population reductions with lower 

rates of human-deer conflict have been suggested as a way to increase acceptance of 

hunting by presenting it as a service to landowners (Storm et al., 2007) and it has been 

demonstrated that people can perceive lower deer numbers following herd reductions 

(Henderson et al., 2000). However, human-deer conflict may have been relatively low in 

our survey area. Only 12.1% of respondents reported being involved in a DVC in the 

previous five years and while 58.5% reported deer damage, it may not have occurred at a 

level severe enough to warrant management action (Finch and Baxter, 2007). Perhaps 
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most telling is that half of the respondents described the size of the deer population as 

"about right", a sentiment shared by nonrespondents. Urbanek et al. (2013) interpreted 

42% of suburban residents describing their deer population size as "almost perfect" to 

mean that ongoing deer management practices were perceived as largely successful. 

Based on this, Ontario's population may not have reached a threshold of human-deer 

conflict sufficient to change people's views on hunting. 

 To be effective, traditional management of big game species via antlerless harvest 

needs to be expanded to include considerations of de facto refugia (Proffitt et al., 2013). 

High levels of de facto refugia will likely figure prominently in the future of deer 

management through the North American Model and strategies to incorporate this into 

management planning are needed. Brinkman et al. (2013) suggested a new framework for 

wildlife management where game populations are assessed based on availability rather 

than abundance and harvest decisions are made accordingly. Given the high level of de 

facto refugia in Ontario and the resulting reductions in the harvestable proportion of 

white-tailed deer populations, I feel that this concept warrants consideration. Under a 

changing landscape of hunter access, our current management strategies may prove 

inadequate for maintaining deer populations at ecologically, socially and economically 

sustainable levels.   
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Figure 2: Administration area of the 2011 Private Land Questionnaire on Deer and Deer 

Management in eastern and southern Ontario showing sub-regions (each consisting of 

two OMNRF districts) and sample size. Inset map shows the location of the survey area 

in the province of Ontario. 
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Table 1: Variable names and descriptions from the Ontario Private Land Questionnaire on Deer and Deer Management and the 

associated nonresponse bias telephone survey used for assessment of nonresponse bias and to determine factors influencing the 

hunting status of an exurban or rural land parcel in southern and eastern Ontario through the information theoretic approach. 
Variable Description 

Age 2 Age of the respondent 

Deer damage 1,2 Whether the respondent had experienced deer damage on their property in the previous 5 years 

DVC 1,2 Whether the respondent had been involved in a deer-vehicle collision in the previous 5 years 

Education 1,2 The highest level of education attained by the respondent 

Farming Whether agriculture take place on the respondent’s property 

Gender 1,2 The gender of the respondent 

Gross income Whether the respondent obtains greater than $1,000 annually in gross income from activities on the property 

Hunted 2 Whether hunting takes place on a respondent's property excluding no-discharge respondents 

Hunter access 1 The change in the level of hunting access on the respondent's property in the previous 5 years 

Hunter experiences 1 The respondent's past experiences with hunters 

Hunting method The types of firearms used to hunt deer on the respondent’s property 

Hunting status 1 The hunting status of the respondent's property 

Income The respondent’s household income 

Liability concern 2 The respondent's level of concern about safety related to hunters on their property 

Parcel size 1,2 Size of the respondent's property in hectares, log-transformed to achieve normality 

Participation 1,2 The respondent's level of participation in deer hunting 

Population change The respondent's perception of the change in the size of their local deer population 

Population size 1,2 The respondent's perception of the size of their local deer population 

Proportion forest 2 The proportion of the respondent's property that is forested 

Residency length 2 The length of the respondent's residency on the property in years 

Safety concern 2 The respondent's level of concern about liability related to hunters on their property 

Where live 1 The level of land development where the respondent currently lives 

Where lived 1,2 The level of land development where the respondent has lived for most of their life 

1 variables used in the nonresponse bias analysis, 2 variables used in the AIC model selection 
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Table 2: Variables showing significant differences between respondents (n = 639) and nonrespondents (n = 49) to the Ontario Private 

Land Questionnaire on Deer and Deer Management. Significance of differences was tested using Fisher’s exact test. 
Variable Categories Respondents Nonrespondents 

n Percent n Percent 

Deer damage Yes 374 58.5 11 22.4 

p < 0.001 No 265 41.5 38 77.6 

      

Hunter experiences Negative 63 10.4 0 0 

p = 0.002 Somewhat negative 48 7.9 0 0 

 Neutral 71 11.7 5 10.2 

 Somewhat positive 45 7.4 1 2.0 

 Positive 134 22.1 18 36.7 

 Unsure/Not applicable 245 40.4 25 51.0 

      

Gender Female 202 32.1 27 55.1 

p = 0.002 Male 428 67.9 22 44.9 

 

 



46 

 

 

 

 
Figure 3: Frequency distribution of the proportion of area on individual hunted properties 

(n = 272) available to hunting as reported by the respondents to the Ontario Private Land 

Questionnaire on Deer and Deer Management.
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Figure 4: Significant negative relationships between property size and a) harvest density 

(deer/km2; rs = -0.24, n = 244, p < 0.0001) and b) hunter density (hunters/km2; rs = -

0.52, n = 241, p < 0.0001) on the HUNTED properties. 

A 

B 
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Table 3: Top ten logit-link logistic regression models determining whether or not private rural properties in eastern and southern 

Ontario are hunted (n = 443). Data were collected using the Ontario Private Land Questionnaire on Deer and Deer Management 

administered May-October 2011. These results do not include respondents living on properties where hunting is excluded by discharge 

of firearms bylaws. Models were ranked using Akaike's Information Criterion for small sample sizes (AICc) and explained variance 

was estimated using Nagelkerke’s R2. Usefulness of the models to deer management was evaluated based on the area under the curve 

of the receiver operating characteristic (AUC), the percent of respondents correctly classified (CC) as hunted or refugium as well as 

the number of properties falsely identified as hunted (FH) and the number falsely identified as refugium (FR). Also reported are the 

log-likelihood (LL), the number of parameters (k), model weight (w), and the number of samples used from testing dataset (N). 
Models LL k AICc ΔAICc w R2 N AUC CC FH FR 

Hunted ~ Participation + Parcel size + Deer 

damage + Participation*Parcel size + 

Participation*Deer damage + Parcel size*Deer 

damage 

-226.93 10 474.37 0.00 0.72 0.40 127 0.83 0.82 0.12 0.06 

Hunted ~ Participation + Population size + 

Participation*Population size 

-225.81 12 476.34 1.97 0.27 0.41 125 0.80 0.80 0.15 0.05 

Hunted ~ Participation + Parcel size + 

Participation*Parcel size 

-235.64 6 483.47 9.10 0.01 0.37 127 0.79 0.74 0.15 0.11 

Hunted ~ Safety concern + Participation + Safety 

concern*Participation 

-232.51 12 489.74 15.37 0.00 0.38 82 0.84 0.74 0.09 0.17 

Hunted ~ Participation + Deer damage + 

Participation*Deer damage 

-242.50 6 497.19 22.82 0.00 0.34 127 0.82 0.79 0.18 0.03 

Hunted ~ Liability concern + Participation + 

Liability concern*Participation 

-240.72 12 506.17 31.80 0.00 0.34 72 0.83 0.75 0.18 0.07 

Hunted ~ DVC + Participation + 

DVC*Participation 

-248.82 6 509.84 35.47 0.00 0.31 127 0.77 0.76 0.20 0.03 

Hunted ~ Participation -253.86 3 513.78 39.41 0.00 0.28 127 0.76 0.77 0.17 0.06 

Hunted ~ Safety concern + Parcel size + Safety 

concern*Parcel size 

-264.77 5 539.67 65.30 0.00 0.23 87 0.72 0.59 0.16 0.25 

Hunted ~ Parcel size + Deer damage + Parcel 

size*Deer damage 

-274.19 4 556.47 82.10 0.00 0.18 134 0.66 0.59 0.13 0.28 

* denotes interactions 
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Table 4: Model coefficients of the top two logit-link logistic regression models (ΔAICc < 

2) of whether or not private rural properties in eastern and southern Ontario are hunted as 

revealed by Akaike's Information Criterion for small sample sizes (AICc). Odds ratios are 

given only for statistically significant variables.  
Model variable Coefficient Standard 

Error 

p Odds ratio 

Top model     

Intercept 0.5142      1.6117    0.74969     

Participation     

Currently hunt deer1     

Formerly hunted deer -2.8421 1.9385 0.14262  

Never hunted deer -4.4541 1.4683 0.00242 0.01163 

Parcel size 1.7483 1.0804 0.10561  

Deer damage     

No1     

Yes -1.0813 1.3010 0.40588  

Participation*Parcel size     

Formerly hunted deer*Parcel size -0.3369 1.2627 0.78962  

Never hunted deer*Parcel size 0.2787 0.9400 0.76684  

Participation*Deer damage     

Formerly hunted deer*Yes 2.3540 1.0409 0.02373 10.5276 

Never hunted deer*Yes 2.2538 0.8476 0.00784 9.5238 

Parcel size*Deer damage     

Parcel size*Yes -0.1707 0.7693 0.82435  

Second model     

Intercept 2.3514 0.4272 <0.0001  

Participation     

Currently hunt deer1     

Formerly hunted deer -2.4945 0.5711 <0.0001 0.08253 

Never hunted deer -2.8622 0.4625 <0.0001 0.05714 

Population size     

About right1     

Too low -1.2953 0.5925 0.0288 0.27381 

Too high 15.2147 1192.8333 0.9898  

Do not know 15.2147 1318.7268 0.9908  

Participation*Population size     

Formerly hunted deer*Too low 1.0330 1.1524 0.3700  

Never hunted deer*Too low -1.2384 1.1958 0.3004  

Formerly hunted deer*Too high 2.4945 2576.8144 0.9992  

Never hunted deer*Too high -13.6822 1192.8334 0.9908  

Formerly hunted deer*Do not know -13.4622 1318.7273 0.9919  

Never hunted deer*Do not know -15.8789 1318.7269 0.9904  

* denotes interactions 
1 denotes the reference values for categorical independent variables 
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Chapter 3: Hunter-driven landscapes of fear 

Introduction 

 Relatively few studies have examined the behaviour and space use of hunters 

(Lyon and Burcham, 1998; Stedman et al, 2004; Diefenbach et al., 2005) especially 

relative to the large body of research on predators such as black bears (Ursus 

americanus), coyotes (Canis latrans), wolves, and cougars (Puma concolor). The paucity 

of research on hunter behaviour and habitat selection needs to be addressed given the 

pivotal role hunters play in the management of white-tailed deer in Canada and the 

United States of America (Roseberry and Woolf, 1998; Giles and Findlay, 2004; McShea, 

2012). A clear understanding of habitat selection by hunters is especially important given 

the role of risk effects in population dynamics. By considering only the direct effects of 

hunter harvest, management plans may be considering only part of the picture. 

In Ontario, an important distinction among deer hunters is based on hunting 

method: those hunting with dogs and those hunting without dogs. While there is ongoing 

ethical debate over the use of dogs for deer hunting (Godwin et al., 2013; Cook et al., 

2015), it is permitted in ten North American jurisdictions, including Ontario. The use of 

hunting dogs is different than the use of leashed, blood-tracking dogs for the recovery of 

wounded game (Ontario Regulation 665/98: Hunting). Blood-tracking dogs can be legally 

used in all Ontario wildlife management units (WMU) with big game (deer, moose, bear 

and elk) seasons while the use of hunting dogs is limited to specific seasons in specific 

WMUs (Fig. 5). 

A key factor influencing the interaction between hunters and deer is the mobility 

of both. I define mobility as the ability of the individual hunter or deer to move through 
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the physical characteristics of the landscape they encounter as part of their daily or 

hunting activities in the case of deer and hunters, respectively. Conceivably, deer should 

have greater mobility within their habitat relative to humans, allowing them to displace or 

shift their activity centres to areas where they are less likely to encounter hunters. Hounds 

are among the most effective breeds of dogs for use in hunting as they can remain on the 

trail of deer for long periods (Progulske and Baskett, 1958). The dog breeds used for 

hunting deer in the study area were predominantly hounds (Bob Majaury, pers. comm.), 

and it seems reasonable to assume that their mobility equaled or exceeded that of the 

deer. This in turn eliminates potential refuges for deer as the dogs will be able to access 

these areas as well. 

Hunters who use hunting dogs take advantage of the added mobility provided by 

the hunting dogs. The dogs are released into a hunting area and are used to drive deer 

towards waiting hunters. The dogs themselves do not kill the deer but are instead used to 

generate shooting opportunities for the hunters (Progulske and Baskett, 1958). The 

hunters use trails and roads to position themselves in locations where they anticipate a 

shooting opportunity. Traditionally, a hunter would accompany the dogs to maintain 

contact with them, provide some direction to them and relay their location and direction 

of travel to the other waiting hunters (Godwin et al., 2013). The commercial availability 

of both very-high frequency (VHF) radio telemetry equipment and GPS tracking 

technology such as the Garmin Astro 320 and 900 (Garmin Ltd., Schaffhausen, 

Switzerland) and the SportDOG Brand TEK Series 2.0 (Radio Systems Corporation, 

Knoxville, Tennessee, USA) dog tracking collars has made it unnecessary for the hunters 
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to accompany the dogs and allows the hunters to adjust their shooting locations in 

response to the dogs’ movements in real time. 

Hunters that do not employ hunting dogs generally use elevated hunting stands, 

ground blinds, still hunting or a combination of these techniques. Still hunting consists of 

quietly moving through deer habitat while pausing frequently in an attempt to spot deer 

before they become aware of the hunter’s presence. Without the added mobility provided 

by dogs, these hunters are unable to extend their influence beyond the areas they can 

directly access. In a piece of confusing terminology, hunters that do not use dogs 

sometimes hunt cooperatively in a technique referred to as dogging whereby one or more 

hunters play the role of the hunting dog in an attempt to drive deer towards waiting group 

members. However, in terms of habitat selection this remains distinct from the use of 

hunting dogs as the hunters playing the role of the dog are still limited to their own 

mobility. 

In eastern Ontario, Godwin et al. (2013) found that while hunters using dogs 

killed more deer overall per hunter day than hunters not using dogs, there was no 

difference in the harvest of yearling and adult females. As hunter harvest-based 

management is dependent on the assumption that antlerless harvest (of which the female 

harvest is a major component) can be used to regulate the deer population (Giles and 

Findlay, 2004), these findings indicate that the two hunting methods may exert 

comparable levels of direct effects relevant to management practices. Results from a GPS 

collaring study of yearling and adult females in the same area as this study (see Chapter 4 

of this thesis for details) show that deer exhibit a high degree of behavioural plasticity in 

their response to hunters and they tailor their response to the specific suite of hunting 
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conditions to which they are exposed, of which hunting method plays a role. This raises 

the possibility of differences in the level of risk effects from the different hunting 

methods if some hunter avoidance methods exert different energetic or missed 

opportunity costs on the deer.  

I conducted this research on deer hunters in eastern Ontario where hunting with 

dogs was permitted. I sought to quantify hunter habitat selection to fulfill two goals. First, 

predicting the distribution of hunter effort should aid management by identifying areas of 

low or no hunting pressure, areas that are known to be exploited by deer (Rhoads et al., 

2013) and could result in lower than expected tag fill rates due to lower susceptibility to 

harvest. Second, as prey likely respond to the risk of predation as defined by the presence 

of the predator (Lima and Dill, 1990; Laundre et al. 2001; Ripple and Beschta 2003; 

Fortin et al. 2005), it is the hunter-driven landscape of fear that defines the extent and 

severity of risk effects on the deer population. Defining both the extent and the relative 

intensity of hunter space use are key first steps in incorporating risk effects into the 

harvest-based management of deer. 

I hypothesized that the different methods for hunting deer in Ontario would result 

in different distributions of hunter effort on the landscape and therefore potentially 

present different landscapes of fear for deer. I predicted that while all hunters have 

similar levels of mobility, the added mobility of the hunting dogs would result in hunters 

who use dogs influencing a much greater proportion of the landscape. Specifically: 1) the 

distribution of space use from hunting with dogs would extend over a greater proportion 

of the landscape relative to that of hunting without dogs and 2) hunting with dogs would 
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show a more diffuse distribution of relative space use across the landscape than hunting 

without dogs, which in turn would show higher single point predicted use values. 

Materials and Methods 

Study Area 

 The focal area for this study was Marlborough Forest, approximately 220 km2 of 

public land maintained by the City of Ottawa for recreation such as hunting, hiking and 

all-terrain vehicle (ATV) and snowmobile use, located in the southwestern corner of the 

city’s boundaries (Fig. 6). As a recognized deer yard (OMNRF, unpublished data), 

Marlborough Forest was the site of the white-tailed deer collaring component of this 

thesis (see Chapter 4 of this thesis for details). I used the maximum observed spring 

migration distance of the radio-collared deer (~25 km) from Marlborough Forest to 

define the catchment area for recruiting hunters to the study. While I did ultimately 

recruit hunters from beyond the 25-km limit, I ensured that they hunted in areas with 

similar landcover characteristics as the areas used by the collared deer. For example, the 

area to the east of Marlborough Forest is dominated by row crop agriculture and was not 

significantly used by the collared deer; therefore I did not recruit any hunters in that area.  

 The resulting study area included portions of WMUs 64A, 64B, 66A, 66B and 67 

(Fig. 6) and consisted of a mix of public and private landownership and levels of 

residential development. The study area included the communities of Richmond, 

Kemptville, Carleton Place, and Smiths Falls as well as other smaller settlements. The 

landscape around these population centres was a heterogeneous mix of row crop 

agriculture, pasture, deciduous, coniferous and mixed forest, and wetland. Housing 
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density varies from high density suburban and subdivision development through exurban 

levels to large areas such as Marlborough Forest where housing density is relatively low.  

Hunter recruitment 

 I recruited hunters to carry GPS receivers while participating in the 2011 to 2013 

Ontario gun deer seasons. I used a variety of methods to recruit hunters into the study. 

Initial recruitment began at a public information session on the concurrent deer study in 

the fall of 2011. Information sheets that included details on the hunter tracking study 

were posted at all entrances to Marlborough Forest. In 2012 and 2013, I ran a notice in 

the Ontario Out of Doors magazine, a hunting and fishing publication by the Ontario 

Federation of Anglers and Hunters, asking for hunter participation. Further hunter 

recruitment was opportunistic and by word-of-mouth. Prior to and during the firearms 

deer seasons, I visited deer hunt camps in the area and spoke to hunters about the study. If 

a hunter showed interest, I invited him or her to participate in the study. Similar 

interactions occurred when meeting with hunters to retrieve collars from harvested deer. 

All research with human subjects was approved by the Trent University Research Ethics 

Board (Protocol #22230) and met the requirements for informed participant consent. 

Collection of location data 

 I provided participating hunters with handheld GPS receivers (eTrex, Garmin 

International Inc., Olathe, Kansas, USA) programmed to record a location every sixty 

seconds. Hunters were instructed to wear the receiver in a manner where it had an 

unobstructed view of the sky (i.e., not in a pack or pocket). Furthermore, I instructed 

them to turn on the receiver only when engaged in hunting activity. I defined hunting 

activity as any time when they could legally harvest a deer. This description was 
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intentionally broad to allow for hunters to make the decision to turn on the receiver based 

on their own particular hunting practices. I did provide some clear examples regarding 

what did not constitute hunting behaviour. Travelling in a vehicle between the hunter’s 

residence and their hunting location did not constitute hunting activity; however, using an 

ATV to travel within their hunting location did. Additionally, time spent in hunt camps 

and at vehicle parking lots was not considered hunting activity as hunting was not the 

primary activity taking place at these locations. 

 I asked participating hunters to complete a survey related to their hunting 

experience and their hunting practices while carrying the receiver (Appendix 5). The 

hunting experience section asked for the hunter’s age, gender, number of years spent 

actively hunting, number of days spent hunting deer each year, number of deer harvested 

in the last five years and the number of days spent hunting species other than deer each 

year. To describe their experiences while carrying the GPS receiver, I asked the hunters 

to state whether or not they hunted with dogs, the type of firearm (rifle/shotgun, 

bow/crossbow or muzzle-loader) used and the number of days they hunted while carrying 

the GPS receiver. Hunter success was evaluated by having them report the number of 

deer of each sex and age (fawn, yearling or adult) they harvested while carrying the 

receiver. I initially attempted to have the hunters record the location from which they 

harvested the animal however technical issues with the receivers limited the usefulness of 

these data. The survey responses were tested for differences between the two hunting 

methods using Welch’s two-sample t-tests. For questions where the response was 

dependent on the respondent participating in an activity (i.e., days spent coyote hunting), 

differences in participation between the two hunting methods (with or without  dogs) was 
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evaluated using Fisher’s exact tests and then the values reported by participating 

respondents were tested for differences using Welch’s two-sample t-tests. 

 Following suggestions from participating hunters, I expanded the project to 

collect movement data from hunting dogs. In 2012, I fitted the eTrex receivers to dog 

collars, however these proved to be insufficiently waterproof to withstand use by the 

dogs. In 2013, I was able to collect location data from privately-owned GPS dog tracking 

collars. These collars collected a location every five seconds, requiring me to rarify the 

data to 60-second fixes to match the data collected by the eTrex receivers. The expansion 

of the project to include GPS collars on dogs was approved by the Trent University 

Animal Care Committee as an amendment to the Trent University Research Ethics Board 

approval (Protocol #22230). 

Data filtering and processing 

 One limitation of using commercial GPS receivers was that they did not provide 

information on the accuracy of the location data. Receivers designed for use on wildlife 

provide the horizontal dilution of precision (HDOP) which can be used to estimate 

accuracy. While the eTrex receivers generally reported a fix accuracy of 4 to 5 metres in 

the study area (K. Munro, pers. obs.), they did not store these data over time and therefore 

preclude any quantitative evaluation. To minimize location error bias, I visually 

examined all movement trajectories and deleted points that obviously resulted from GPS 

error. There were very few of these points and they were easy to identify by either an 

impossible speed or inexplicable out-and-back movement as the 60-second fix rate 

resulted in nearly constant trajectories.   
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I filtered the data spatially to differentiate hunting locations from nonhunting 

locations. Hunters frequently forgot to turn off the receivers when not actively engaged in 

hunting, resulting in many nonhunting locations being collected. Ontario hunting 

regulations prohibit the possession of a loaded firearms within 8 metres of either the 

travelled portion of the road, or between the road and the roadside fence, if one exists. 

Furthermore, it is illegal to discharge a firearm from or across a right of way for vehicular 

traffic (FWCA, 1997). Using the Ontario road layer of the CanMap Streetfiles spatial data 

package (DMTI Spatial Inc., Markham, Ontario, Canada), I generated road casements by 

buffering the road layer using casement width values provided by DMTI. I then buffered 

the road casement layer by 10 metres to represent the extent of the area on and adjacent to 

roads where hunting cannot take place allowing for some error in the collected GPS 

locations. Any hunter locations within this extent were designated as nonhunting 

locations. I did not designate locations on vehicle-accessible trails, particularly in 

Marlborough Forest, as nonhunting locations because hunting takes place from these 

trails (K. Munro, pers. obs.). 

 Based on site visits, the collected location data and the Digital Raster Acquisition 

Project for Eastern Ontario (DRAPE) imagery (OMNRF, 2014), I marked all known 

hunting camps used by the hunters and buffered each camp by 50 metres. To define 

locations where hunters were inside or close to buildings, I merged two spatial layers. 

The “Building As Symbol” polypoint layer (Land Information Ontario, Peterborough, 

Ontario, Canada) included all buildings with no side larger than 50 metres. The 

“Buildings To Scale” polygon layer (Land Information Ontario, Peterborough, Ontario, 

Canada) included all buildings with at least one side larger than 50 metres. I calculated 
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the centroids of all polygons in the polygon layer and merged that with the polypoint 

layer to create a single layer representing buildings within the study area. All building 

points were buffered to 50 metres. Any hunter locations within either the hunt camp or 

building buffers were designated nonhunting locations. 

 I divided each hunter’s movement data into a series of distinct hunting bouts. I 

defined a hunting bout as a period of hunting lasting more than thirty minutes in which a 

minimum of thirty hunting locations were recorded. Nonhunting locations could exist 

within a bout (for example, when a hunter crossed a road) but were not counted towards 

the minimum number of required locations. Non-hunting episodes of thirty minutes or 

more separated separate hunting bouts. When hunters kept their receivers turned on while 

not hunting, I created breaks between hunting bouts by identifying and deleting 

consecutive runs of more than thirty nonhunting locations. This created temporal breaks 

in the data consistent with the definition of a hunting bout.  

To identify the bouts for the hunting dogs, I created a rule whereby locations on 

trails were considered nonhunting locations because in these instances they were likely 

moving with the hunter. I then followed the same “thirty/thirty/thirty” rule applied to 

hunters to define bouts. Additionally, all dogs are not run at the same time and a hunting 

group will cycle dogs through the chase during the day. In the case of hunter-owned GPS 

tracking collars, this resulted in the collar being deployed on different dogs over the 

course of the day. As a result, I could not attribute the data to uniquely identified hunting 

dogs. Therefore, I treated each hunting dog bout as an independent observation.  
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Generating utilization distributions 

In recent years, developments in statistical methodology have allowed researchers 

to take full advantage of GPS location data that are highly detailed, both spatially and 

temporally. Brownian bridge movement models (BBMM; Horne et al., 2007; Kranstauber 

et al., 2012) take advantage of the temporally and spatially autocorrelated nature of GPS 

location data to generate continuous probability density functions known as utilization 

distributions (UD) describing an animal’s use of space. In addition to eliminating the 

concern over the independence of points, BBMM allows for the UD to be calculated from 

two pieces of information, the point location and the trajectory between points, and 

therefore includes more information than the discrete points used by resource selection 

functions. Resource utilization functions (RUF; Marzluff et al., 2004; Kerston and 

Marzluff, 2010; Kerston et al., 2011) generate habitat selection models from these 

probability density functions by regressing UD values (representing the intensity of space 

use) against the relevant habitat characteristics while accounting for spatial 

autocorrelation. In their use of a continuous probability density function to represent the 

intensity of space use, RUFs differ from other habitat selection methods such as resource 

selection functions that use discrete point locations. When using RUFs there is a reduced 

impact of collar location error because it does not rely only on the discrete points, there 

are no concerns regarding independence of points, and there is increased sensitivity to 

resource selection due the continuous nature of the UD (Marzluff et al., 2004; Millspaugh 

et al., 2006).  

The utility of the BBMM/RUF pairing has been recognized and applied to a wide 

range of ecological systems, including invasive species in urban environments (Adams et 
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al., 2014), anthropogenic barriers to long-distance mammal migrations (Seidler et al., 

2014; Coe et al., 2015) and the effects of wind-power development on raptors (May et al., 

2013; Watson et al., 2014). I extended the BBMM/RUF approach to model habitat 

selection among deer hunters. This represents a semi-novel application of this analytical 

method. Papworth et al. (2012) generated utilization distributions from location data of 

hunters in Ecuador using biased random bridges which were then analysed using resource 

utilization functions. 

For each hunting bout I generated a utilization distribution and a 95% isopleth 

using dynamic Brownian bridge movement models (dBBMM; Kranstauber et al., 2012). 

The unique movement characteristics of hunters (rapid movements followed by long 

stationary periods) required the use of dBBMM instead of traditional BBMM (Horne et 

al., 2007). The use of dBBMM was not required to adequately describe the movements of 

the hunting dogs however I chose to use the same methods to maintain consistency 

between hunters and dogs. Both types of Brownian bridges utilize the variance of the 

Brownian motion (σ2
m), which is derived from the target individual’s movement 

characteristics, to generate the UD. BBMM and dBBMM differ in that BBMM generates 

a single value of σ2
m for the entire movement track while dBBMM allows for subsections 

of the movement track to have varying values of σ2
m by calculating it within a moving 

window along the length of the trajectory (Kranstauber et al., 2012). This situation is 

especially relevant for individuals hunting from stands. Their movement patterns are 

characterized by relatively rapid movements to and from the stand, either on foot or using 

an ATV, followed by long periods of sitting motionless. An average value of σ2
m as 

calculated by standard BBMM would result in a UD that is too narrow for the portion of 
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the trajectory where the individual is moving and overly broad for when the hunter is 

sitting. While this variation in movement speed is most pronounced in stand hunters it is 

also present with still hunters as well as hunters travelling via ATV between locations 

where they wait for the dogs to drive deer. 

When using dBBMM, it is crucial to set both the width (in terms of number of 

GPS locations) of the moving window and the width of the margins bounding the 

window in accordance with the behavioural practices of interest. Window size should be 

shorter than the smallest expected time interval between behaviour changes (Kranstauber 

et al., 2012). In the case of deer hunting, the smallest interval expected was for 

individuals employing a still hunting approach, mixing periods of moving with frequent 

short stops. Therefore, I set the window size to the smallest possible extent (7 locations at 

a fix rate of 1 location/minute) allowed by the brownian.bridge.dyn function in the move 

R package (Kranstauber and Smolla, 2016) to capture these frequent stops. Larger margin 

sizes allow for the detection of weaker breakpoints while reducing the chance of 

detecting a breakpoint within the margin (Kranstauber et al., 2012). My goal was to 

identify clear breaks where the individual transitioned from moving to being stationary 

and I was less concerned with variations in speed while travelling. Therefore, I set the 

margin size to the smallest extent possible (3 locations).  Utilization distribution rasters 

were generated with fifteen-metre pixels to match the resolution the habitat data.  

Defining hunter ranges 

 I considered third-order habitat selection for both the hunters and hunting dogs 

(Johnson, 1980; i.e., individual selection within home range). Many factors influence the 

area in which a hunter chooses to or is able to hunt. These factors include the location of 
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public land open to hunting, the presence of regulations limiting hunting such as 

discharge of firearms by-laws, the ownership of private land or the permission of the 

landowner, as well as social, logistical and transportation constraints (Brown et al., 2000; 

Stedman and Heberlein, 2001; Ryan and Shaw, 2011; Knoche and Lupi, 2012; Chapter 2 

of this thesis). These factors all play a role in higher order habitat selection and were 

beyond the scope of this project.  

 I defined a hunter’s range as the spatial extent available for hunting activity based 

on all of an individual hunter’s hunting location data and their intersection with the 2013 

Ontario Tax Assessment Parcels (Land Information Ontario, Peterborough, Ontario, 

Canada) which includes all individual land parcels of both private and public ownership. 

A hunter’s nonhunting location data were excluded from this process. I defined any 

parcel as being part of a hunter’s range if it intersected with the hunter’s hunting GPS 

point locations. My assumption was that if a hunter accessed a parcel while hunting, he or 

she either had permission to hunt on that property or was not deterred by a lack of 

permission.  

 This process of defining ranges differs significantly from methods traditionally 

used for defining animal home ranges. Animal home ranges are typically defined based 

solely on the extent of the animal’s movements, usually described by a 95-99% isopleth. 

This home range encompasses all the biotic and abiotic resources for the animal’s life 

history requirements (Burt, 1943). In contrast, hunter ranges are used for a single purpose 

during a specific period and therefore the actions the hunter undertakes within these 

ranges can be attributed directly to that single use. Hunters typically visit their hunting 

ranges prior the hunting season to collect information on deer presence and movement, 
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information that is then used to make decisions on their spatial allocation of hunting 

effort. Furthermore, remote imagery services such as Google Earth (Google LLC, 

Mountainview, California, USA) make it no longer necessary for the hunter to visit all 

portions of his or her range to make informed decisions. Based on this, I considered all 

the hunter’s range to be available for hunting and assessed habitat selection within these 

ranges. 

I defined a new range for each hunting dog bout based on the movement 

characteristics of the animals rather than parcel boundaries as dogs cannot perceive these. 

I created a minimum convex polygon (MCP) of each bout’s hunting locations and then 

buffered the MCP by 200 metres to create the range. I used 200 metres as this 

encompassed 95% of all sixty-second step lengths taken by dogs. As a result, a dog’s 

range reasonably represents the area the dog could have used during that bout given what 

it did use. 

Habitat variables 

 I hypothesized that four habitat variables would influence hunter and hunting dog 

space use: landcover class, distance to road, distance to buildings and distance to edges.  

Landcover data consisted of the Southern Ontario Land Resource Information 

System Version 2.0 (SOLRIS, 2015). I modified these to remove pixels representing 

roads. As distance to road was its own habitat variable, including roads also as a 

landcover class could result in a Type 1 error by inflating the influence of roads on hunter 

habitat selection. Road pixels were assigned new values weighted by the size of 

neighbouring landcover patches with larger patches being weighted more heavily in 

determining the assigned landcover value. In short, the new pixel assignments 
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represented the landcover class traversed by the roads rather than roads as a distinct 

landcover class.  

I collapsed the SOLRIS layer into three classes: forest, treed swamp, and open 

swamp, based on the class descriptions in the layer metadata (SOLRIS, 2015). Forest 

consisted of areas of upland tree species with greater than 60% tree cover and included 

both deciduous and coniferous species. Treed swamp consisted of areas with tree cover 

greater than 25% and a seasonal or permanent water table at, near or above the substrate 

surface. Open swamp was an amalgamation of thicket swamp, fen, bog and marsh and 

consisted of areas with tree cover less than or equal to 25% and a seasonal or permanent 

water table at, near or above the substrate surface. Open habitats such as pasture, row 

crop and meadow were not included as landcover classes as their influence was evaluated 

using the distance to edge variable (discussed below). Unsuitable habitat for deer such a 

built-up areas, resource extraction and open water were also not included. 

I buffered hunter ranges by 50 m and clipped the DMTI road layer to these 

polygons. I generated Euclidean distance rasters representing distance to nearest 

accessible road for each hunter. Nearest accessible road is an important distinction as it 

differs from nearest road in that it does not include roads where the hunter would need to 

cross a land parcel where he or she does not have permission to reach the road. From the 

viewpoint of providing access to the hunter’s range, those roads effectively do not exist. 

For dogs I calculated distance to the nearest road using the entire road layer rather than 

the nearest accessible road.  

Using the building point layer, I generated Euclidean distance rasters representing 

the distance to the nearest buildings. One potential manner in which buildings affect 
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hunter habitat use is that the hunters avoid or are required to avoid them because of safety 

concerns (Wright et al., 1988; Lauber and Brown, 2000; Bowman, 2012). Hunters do not 

necessarily need to be able to access the parcel where a building is located to be 

influenced by its presence. 

To calculate distance to edge, I divided the landcover classes into open and closed 

habitat classes based on percent tree cover reported in the descriptions of the landcover 

data (SOLRIS, 2015). Open habitat classes had less than 25% and closed habitat classes 

had greater than or equal to 25% tree cover. Unsuitable habitat for deer such a built-up 

areas, resource extraction and open water were not included. Separate open and closed 

habitat polygons were created and used to generate Euclidean distance rasters 

representing distance from that habitat type. The resulting two rasters were combined 

such that positive values represented distance from the open-closed edge into open 

habitat and negative values represented distance into closed habitat.  

Data extraction 

 Using a systematic habitat sampling approach (Benson 2013), I generated a grid 

of sampling points across the study area from the pixel centroids of the 15-metre 

resolution SOLRIS layer. This resulted in a sampling point every 15 metres. I then 

clipped this point layer using the ranges to produce a set of sampling points for each 

hunter or dog. Each point was assigned a unique hunter/dog-point ID for future data 

manipulation. Following Kerston and Marzluff (2010), I used the Sample tool in 

ARCMap to extract UD values and habitat covariates for each hunter/dog’s bouts across 

that hunter/dog’s sampling points.  
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Resource utilization functions 

 The UD values and associated habitat covariates were imported into R. I weighted 

each bout’s UD values by the proportion of the hunter’s total time spent hunting 

represented by the bout and then summed the weighted probability values at each hunter 

point across bouts. To calculate resource utilization functions and account for spatial 

autocorrelation, it was necessary to subset the data for hunters with multiple spatially 

distinct hunting subranges, such as those who hunt on properties in different parts of the 

study area. This allowed habitat selection to be assessed based on the characteristics 

locally available to the hunter within the subrange and not include the characteristics of a 

disjunct and spatially separate subrange. I rescaled the probability value at each hunter 

point by the reciprocal of the total probability values within each subrange such that each 

subrange’s probability values summed to 1. As each hunting dog bout was considered 

independent, this weighting was not necessary. 

 Using the ruf.fit function in the ruf package (Hancock, 2004), I generated resource 

utilization functions (RUF; Marzluff et al., 2004) for each hunter and hunting dog range 

or subrange as appropriate. The ruf.fit function requires the user to define two model 

inputs: range and smoothness. The ruf package, and the RUF concept itself (Marzluff et 

al., 2004), was designed for use with utilization distributions created by kernel density 

estimators (KDE). Range and smoothness are values defined in the creation of KDE UDs 

but are not used in Brownian Bridge movement models. The variance of the Brownian 

motion has been suggested as a surrogate for range (John Marzluff, Amy L. Adams, pers. 

comm.) however, previous applications of this used standard BBMM. Dynamic 

Brownian bridge movement models resulted in σ2
m values that varied considerably, and I 
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did not feel that either mean or median σ2
m values were representative of the entire 

movement trajectory. Instead, I allowed the ruf.fit function to fit a range value to the data 

using a maximum likelihood estimator. I had no a priori information to define the 

smoothness value but found that when the ruf.fit function was allowed to estimate 

smoothness in the same manner as the range value, it either generated nonsensical outputs 

or caused the model to crash. Therefore, I fixed the smoothness value at 1.5, as was done 

in a similar application of the BBMM/RUF approach (Adams et al., 2014; Amy L. 

Adams, pers. comm.).  

I calculated pooled standardized RUF coefficients based on all significant 

individual RUFs following Marzluff et al. (2004). Standardized coefficients allow the 

relative influence of habitat variables with different measurement scales (i.e., landcover 

classes vs. distance measures) to be compared (Zar,1986; Marzluff et al., 2004). First, I 

weighted the subrange model coefficients by the proportion of the hunter’s total 

probability values distributed across his or her subranges and then summed the model 

coefficients together to create single set of model coefficients for each hunter. I used 

these average model coefficients to create separate population models for hunters with 

dogs, without dogs, and for the dogs themselves. The manner in which the individual 

hunter or dog coefficients were averaged into the population models depended on the 

ways in which hunters collaborate or avoid each other while hunting. I hypothesized that 

hunters not using dogs, whether they are employing a stand or are still hunting, would 

attempt to space themselves away from each other to avoid interference or competition. 

Therefore, I suggest that when hunting without dogs each hunter’s behaviour is 

independent of other hunters within their hunting group. I averaged model coefficients 
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across hunters not using dogs with no weighting based on hunting group membership. 

Conversely, hunters using dogs are inherently cooperative as they try to situate 

themselves to intercept deer being driven by the dogs. Therefore, I did not consider 

individuals within a group to be independent of each other. I first averaged model 

coefficients within the hunting groups to generate a single set of coefficients for each 

hunting group. I then averaged those group-level coefficients to generate a population-

level model. Using the group-level coefficients to generate estimates of variance for 

hunters using dogs likely increased estimated variance due to lower sample size, but I felt 

this an acceptable trade-off to prevent any groups of hunters with high levels of project 

participation from biasing the population-level model. Given the fact that hunting dogs 

primarily are responding to the movement of deer, which in turn limits the hunter’s 

influence over dog movements, I averaged dog model coefficients without weighting 

them by group. 

The variance of these pooled coefficients was calculated using Equation 3 from 

Marzluff et al. (2004) and I then calculated 90% confidence intervals for each coefficient 

from these variances. Significant pooled coefficients were those identified by confidence 

intervals that did not overlap 0, indicating use of that habitat more than (selection) or less 

than (avoidance) expected based on availability (Marzluff et al., 2004; Millspaugh et al., 

2006; Kertson et al, 2011). Marzluff et al. (2004) acknowledge that confidence intervals 

generated from the variance calculated using Equation 3 are conservative due to their 

inclusion of all biologically relevant variation in resource use and may therefore increase 

the chances of Type II error. They suggest calculating more precise and less conservative 

confidence intervals by subtracting the variance due to estimating the individual 
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coefficients (Equation 2; Marzluff et al., 2004) from the total variance, a practice used by 

Kertson et al. (2011). However, because of an error in the calculation of the standard 

errors of the individual RUF coefficients by the ruf.fit function, I was unable to calculate 

the individual coefficient variance. To reduce the potential Type II error acknowledged 

by Marzluff et al. (2004), I chose to use 90% confidence intervals rather than the more 

commonly used 95% (Kertson et al., 2011; Adams et al., 2014; Seidler et al., 2015).  

Unstandardized coefficients allow the expected use of a given area to be predicted 

based on the habitat variables (Zar,1986; Marzluff et al., 2004). I created pooled 

population models for the different hunting methods and hunting dogs from the 

unstandardized RUF coefficients in the identical manner as the standardized coefficients. 

I used a modified validation approach (Koper and Manseau, 2009; Koper and Manseau, 

2012) based on k-fold cross validation (Boyce et al., 2002) to validate the hunter 

unstandardized population models. Within each hunting method I generated a model for 

each hunter by dropping that hunter’s RUF output from the dataset and creating a 

population model based on all other hunters. I then used these hunter-specific models to 

create a hunter-specific probability map using that hunter’s sampled points. The modeled 

probability values all had a positive skew, therefore I used the median probability value 

across the hunter’s entire range and the median probability value within each 95% bout 

isopleth created by the dBBMM to describe what was available to the hunter and what 

was used by the hunter, respectively. For each bout I subtracted the median available 

value from the median used value and compiled these differences for all hunters and 

tested for a significant mean difference from zero using a one-sample t-test. A model 

would be considered valid if the mean difference between median probability of use 
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values from within the 95% bout isopleths and those from the available range was 

significantly greater than zero, indicating that hunters were using the portions of their 

range that were predicted to have higher use. 

Instead of the k-fold cross-validation approach used with the hunters, I used a 

reserve portion of the data to validate the averaged unstandardized hunting dog model.  In 

2012, I had retrofitted eTrex receivers to dog collars in an attempt to collect location data 

from the dogs. This was largely unsuccessful and in 2013 I collected data from hunter-

owned tracking collars. The differences in the collection methods appeared to cause 

differences in the resolution of the UDs created using dBBMM between the two 

collection methods, despite similar distributions of the hunting locations and 95% 

isopleths. I dropped the 2012 eTrex data from the RUF analyses and instead used the 

2012 ranges and 95% isopleths to test if the mean difference between the median 

available and median used values were significantly greater than zero using a one-sample 

t-test, as was done with the human hunter model validation. 

Using the unstandardized population-level coefficients, I created maps of 

predicted relative space use for the hunters using dogs, hunters not using dogs, and 

hunting dogs. As the practice of hunting with dogs involves cooperation between the 

hunters and the hunting dogs and because deer are expected to react to both the hunters 

and the dogs, the predictive space use values of the hunters using dogs and hunting dog 

maps were summed to generate a combined map representing this method (hunting with 

dogs). Using the existing study area network of sampling points, I extracted the habitat 

covariates at each point, substituting a general distance to road layer in place of the 

hunter-specific layers. At each point I generated a predicted probability value for each 
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method and then converted those points to a raster of predicted values. I then used the 

hunting method with the highest single point predicted use value to divide the scale of 

probability values into quartiles representing high, medium-high, medium-low and low 

relative probabilities of hunter occurrence and therefore the risk of deer encountering 

hunters or hunting dogs. 

 I quantitatively compared the predicted relative space use between the hunting 

methods using modelled deer home ranges within the study area. Based on the mean 

home range size of yearling and adult does in the study area during the fall (2.29 km2; 

Chapter 4 of this thesis), I tessellated the modeled landscape with hexagons of that area to 

determine the number of non-overlapping home ranges that could fit in the study area (n 

= 821). I then randomly generated this number of points and buffered them to an area of 

2.29 km2. Modelled home ranges that consisted of greater than 50% landcover types 

considered unsuitable to deer (built-up areas, resource extraction and open water) were 

not used. For each modelled home range I calculated the proportion of deer habitat that 

was used (predicted relative use > 0) and the highest single point predicted use value. 

These values were calculated for each of the predicted use maps (hunters not using dogs, 

hunters using dogs, hunting dogs, and hunting with dogs [created by summing hunters 

using dogs and hunting dogs]) and then tested for differences using a one-way ANOVA 

with method as the independent variable and a Tukey HSD post hoc test for paired 

differences in the proportion of deer habitat that was used and the highest single point 

predicted use value. 

 All summary data are reported as the mean ± 1 standard error. For all tests α = 

0.05. Spatial data manipulation and statistical analysis was performed using ARCMap 
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10.2.2 (ESRI Inc., Redlands, CA, USA) and using R software version 3.1.3 (R Core 

Team, 2015). The ruf package required R software version 2.13.0 (R Development Core 

Team, 2011). I used R Studio (RStudio Team, 2015) when running R. 

Results 

Participating hunters 

Fifty-seven hunters took part in the project from 2011-2013. Eighteen of those 

hunters identified themselves as using dogs to hunt deer whereas 38 were classified as 

hunters not using dogs. One individual hunted both with and without dogs on the same 

hunting range. I dropped this hunter from further analyses as the individual bouts could 

not be assigned to one method or the other with confidence. The hunters were 

predominantly male with only one female who used dogs and two females who did not 

use dogs participating in the study. While information on gender ratios in the study area’s 

hunter population were not available, based on my observations this was approximately 

representative. Additionally, three groups that hunted with dogs provided me with GPS 

location data on their dogs. 

 Forty-five hunters completed the survey, representing a 79% response rate. One of 

those respondents was the multiple method hunter, resulting in a useable survey sample 

size of 44 of whom 11 used dogs and 33 did not use dogs. The two method groups 

differed in terms of age, with hunters who did not use dogs having a lower mean age than 

those who did, 49.8 ± 2.5 and 60.1 ± 3.3, respectively (t23.478 = -2.4857, p = 0.0205). 

While hunters who did not use dogs reported fewer years of hunting experience than 

those who did, 29.3 ± 2.6 and 43.5 ± 3.0, respectively (t26.952 = -3.5566, p = 0.0014) this 

was highly correlated with age (rp = 0.64). Furthermore, the two groups did not differ 
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significantly in terms of the age at which they began hunting. They also did not differ in 

terms of their participation in or the number of days spent hunting for other species or for 

deer in the bows- and muzzle-loader-only seasons (Table 5). Eight hunters not using dogs 

reported successfully harvesting a deer while carrying the GPS receiver, equating to a 

24% success rate. None of the hunters using dogs who completed the hunter survey 

reported a successful harvest although some that did not complete the survey reported 

successful harvest to me.  

Hunting characteristics 

 The participating hunters took part in 488 individual hunting bouts. Hunters using 

dogs carried out 143 bouts while hunters not using dogs undertook 345 bouts. The GPS 

location data collected on the hunting dogs themselves resulted in 40 individual bouts. 

The number of bouts per individual hunter did not differ between hunters using and not 

using dogs in terms of the temporal length of the bouts or the number of GPS locations 

collected per bout. Dog bouts had a shorter mean temporal length (147.4 ± 15.9 minutes) 

than both hunters not using dogs (194.1 ± 5.4 minutes; t48.553 = -2.7798, p = 0.008) and 

hunters using dogs (208.8 ± 12.1 minutes; t89.221 = -3.0677, p = 0.003).  

 Individual ranges of hunters not using dogs were significantly smaller than those 

of hunters using dogs, 348.0 ± 50.1 ha and 1185.8 ± 137.8 ha, respectively (t21.615 = -

5.7125, p <0.0001). Similarly, the area used within the ranges as defined by the 95% 

isopleths was significantly smaller for hunters not using dogs (26.6 ± 4.7 ha) compared to 

hunters using dogs (172.4 ± 27.9; t17.956 = -5.1455, p <0.0001). Dog ranges (380.9 ± 51.1 

ha) and 95% isopleths (55.7 ± 7.7 ha) were closer in size to those of hunters not using 

dogs than to those of hunters using dogs; however, dog ranges were defined differently 
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from those of human hunters both spatially (based on movements rather than property 

boundaries) and temporally (defined per bout rather than per individual). Therefore 

statistical comparison was not appropriate. 

Resource utilization functions 

 Statistically significant resource utilization functions were generated for 30 of 33 

hunters not using dogs and 15 of 18 hunters using dogs. Furthermore, 39 of 40 dogs bouts 

resulted in significant RUF outputs. Of these dog bouts, 28 were used for model training 

and the remaining 11 were reserved for model validation. 

 All 90% confidence intervals for the mean standardized RUF coefficients for both 

hunters not using dogs (Table 6) and hunters using dogs (Table 7) overlapped 0, 

indicating that neither type of hunter showed consistency in their decisions to avoid or 

select for any of habitat characteristics. Individual hunters did avoid or select for different 

habitat characteristics but did so with a high degree of variation, even within a hunting 

method. For example, 12 hunters not using dogs avoided open swamp, 7 selected for it 

and the remaining 11 used it in proportion to its availability (Table 6). 

 The hunting dogs showed a much clearer pattern of habitat selection (Table 8). 

Based on the 90% confidence intervals of the mean standardized RUF coefficients, dogs 

avoided open swamp while selecting for areas farther from roads and areas within cover 

farther from edges. 

Predictive model validation 

 I was able to validate the predictive models for both hunters not using dogs and 

hunters using dogs via k-fold cross-validation. The mean difference between the median 

probability values within the 95% isopleths (representing used area) and the median 
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probability values within the hunter ranges (representing available area) was significantly 

greater than zero for both hunters not using dogs (x̄ = 1.17x10-5, 95% CI [1.07x10-6, 

2.23x10-5],  t340 = 2.1655, p = 0.031) and for hunters using dogs (x̄ = 1.49x10-5, 95% CI 

[7.97x10-6, 2.18x10-5],  t142 = 4.2531, p < 0.00001). I was also able to validate the 

predictive model for the hunting dogs using the reserved 2012 data as the mean 

difference between the median probability values of the 95% isopleths and those from the 

hunting dog ranges was significantly greater than zero (x̄ = 1.47x10-5, 95% CI [8.78x10-6, 

2.11x10-5],  t11 = 5.3306, p = 0.0002). All three validation processes indicated that hunters 

and hunting dogs were using the portions of their ranges that had been predicted by the 

models to have higher use. 

Distribution of hunting effort 

 Hunting without dogs resulted in the highest single point predicted use value and I 

therefore used its values to define the quartiles when mapping the predicted space use 

from the unstandardized RUF coefficients. Visual examination of the predicted 

distribution of hunting effort for hunting without dogs and hunting with dogs (Fig. 7) 

showed marked differences between the hunting methods. Quantitatively, hunting 

without dogs, hunters using dogs, hunting dogs and hunting with dogs all showed 

significant differences in the proportion of deer habitat that was used (F3,3252 = 749.3, p < 

0.00001; Fig. 8a) and the highest single point predicted use value (F3,3252 = 2199, p < 

0.00001; Fig. 8b), based on the modeled deer home ranges (n = 814).  

Discussion 

Habitat selection by hunters and hunting dogs is fundamentally different from that 

of deer and other wild animals. As decisions of the former are based predominantly on 
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the acquisition of prey, they are less constrained by the other factors that wild prey 

animals must consider. They can expend energy more freely knowing that they are 

assured a chance of rest and safety afterwards and that additional energy sources are 

available. Therefore hunters and hunting dogs are not subject to many of the factors that 

limit the amount of pressure that natural predators can exert on prey species (i.e., the need 

to avoid overexertion and depletion of energy reserves). Bateson and Bradshaw (1997) 

found that the length of chases of red deer by hunting dogs significantly exceeded those 

by wolves and resulted in high physiological stress in the deer. Furthermore, the ability of 

human activities to suppress the foraging behaviour of prey animals can exceed that of 

natural predators (Ciuti et al., 2012). This lack of limiting factors means that the ability of 

hunters and hunting dogs, and therefore the ability of management practices that use them 

as agents, to exert risk effects on a game population of interest may far exceed that of 

natural predators. Hunters not using dogs, hunters using dogs and the hunting dogs 

themselves all made different choices regarding habitat selection which resulted in stark 

differences in the predicted distribution of relative use across the landscape. These 

differences in the hunter-driven landscape of fear present both challenges and 

opportunities for managers who wish to incorporate the concept of risk effects into 

harvest-based deer management.  

The standardized RUF model coefficients did not show any consistent habitat 

selection or avoidance by hunters using dogs or hunters not using dogs, and instead 

showed a high degree of variation in selection and avoidance by individual hunters as 

they apparently incorporate many different factors into their decisions regarding where to 

hunt (Tables 6 and 7). These factors clearly include habitat characteristics as evidenced 
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from validation of the predictive models for hunters using both methods but may also 

include factors such as neighbouring landowner permission (Brown et al., 2000), the 

location of other hunters (Kerr and Abell, 2016), as well as micro-scale variation in the 

habitat characteristics (Klaver, 2001) not detectable in remote sensing data such as 

ephemeral water, small clearings, understorey density and food plots.  

Limitations on hunter access stemming from both landowner decisions and 

regulations may be one of the major sources of the observed variation in hunter habitat 

selection. The City of Ottawa, which encompassed a large proportion of the study area, 

prohibits the discharge of firearms within 450 m of any place of worship, public hall, 

school property or registered subdivision, in addition to specifically designated no-

discharge areas (City of Ottawa, by-law No. 2002-344, Discharge of Firearms). While no 

hunters of either method overlapped with designated no-discharge areas, I was unable to 

map all areas that may have fallen into these 450-m exclusion zones. Additionally, 

landowners may place limitations when granting hunting access. My survey of rural 

Ontario landowners found that of the 43.5% of respondents who allowed hunting on their 

property, only 40.4% allowed total access while the remainder placed some limitation on 

hunter access which resulted in only a portion of the property being huntable (Chapter 2 

of this thesis). The decisions of hunters with regards to habitat selection and avoidance 

may be influenced by these limitations which I could not quantify.  

Dogs, which are likely less influenced by anthropogenic factors, showed more 

consistency in their selection for habitat characteristics (Table 8). Dogs avoided open 

swamp, selected for areas further from roads and for areas within cover further from 

edges. The dogs’ habitat selection likely reflects that of the deer. As deer and other 
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ungulates tend to seek areas of cover (Sunde et al., 2009) and avoid human activity in 

response to hunting (Nellemann et al., 2000; Cleveland et al., 2012; Bonnot et al., 2013), 

hunting dogs in turn selected for areas away from human activity. The positive 

relationship with distance to road showed by the dogs may in part be due to their 

matching of habitat selection by the deer but may also be an artifact of the analysis. 

Although dogs did spend time on roads, those locations were defined as non-hunting 

locations as they were likely a result of the hunter’s movements rather than that of the 

dogs. While Ontario hunting regulations exclude hunting from roads with public 

vehicular traffic (FWCA, 1997), roads are still important and allow hunters to access 

adjacent huntable areas (Kilgo et al., 1998; Stedman et al., 2004; Proffitt et al., 2010). 

 Based on the unstandardized RUF coefficients, hunting with dogs and hunting 

without dogs resulted in different predicted distributions of relative use and therefore risk 

across the landscape as I had hypothesized (Fig. 7). While neither method resulted in 

complete coverage of the proportion of the study landscape suitable for deer (i.e., 

excluding built-up areas, resource extraction and open water) and therefore may create 

areas of refuge for deer from hunters, hunting with dogs covered a significantly greater 

percentage of the landscape (~99%) than hunting without dogs (~83%; Prediction 1), an 

increase attributable to the added mobility and resulting landscape coverage provided by 

the dogs (Fig. 8a). Hunting without dogs resulted in the highest single point predicted use 

(Fig. 8b), which likely reflects with the repeated use of fixed hunting locations such as 

deer stands and ground blinds (Prediction 2). As a result, hunting with and without dogs 

presents deer with distinctly different landscapes of fear. Hunting with dogs resulted in a 

homogeneous low level of risk across the landscape while hunting without dogs creates a 
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much more heterogeneous distribution of high risk areas and no-risk refuges. This in turn 

could result in very different hunter avoidance strategies. When faced with dogs, deer 

may adopt elevated vigilance levels in order to spot and flee from hunting dogs over a 

relatively short time frame, in a manner similar to how they respond to coyote attacks 

(Lingle, 2002; Lingle and Pellis, 2002). In contrast, hunting without dogs may cause deer 

to avoid areas of high risk and to shift their activity centres to areas of refuge for the 

duration of the hunting pressure (Rhoads et al 2013). 

The predicted distributions of relative hunter use likely represent conservative 

estimates of the spatial extent of the hunter-driven landscape of fear. The combined 

BBMM/RUF methodology used here only took into account the GPS point locations 

when deriving the utilization distributions and resulting habitat selection functions. 

Although this is the standard technique when working with animals, it discounts the 

advantage of firearms. Firearms allow hunters to harvest animals at distances beyond the 

animal’s ability to perceive them as evidenced by the fact that this method is commonly 

used to collect baseline physiological data on unstressed animals (Bateson and Bradshaw, 

1997; DeNicola and Swihart, 1997). This presented me with an analytical quandary as it 

caused a spatial disconnect between the direct and risk effects of hunting. Deer hunters 

are clearly able to exert direct effects beyond the areas defined by the predicted relative 

hunter use. The extent of this additional area is difficult to define. A common heuristic, 

and one that is supported by at least one Ontario-based study (Holsworth, 1973), is that 

most white-tailed deer are shot at distances less than 100 m. While I considered using this 

as a smoothing factor when generating the utilization distributions, I ultimately decided 

this was counterintuitive to the study’s focus on the potential risk extent from hunting. 
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Deer, and prey in general, need to encounter the hunter by sight, scent, sound or 

communication from a conspecific to enact risk behaviour (Lima and Dill, 1990) and this 

is a characteristic of where the hunter is, not where they could shoot. A hunter shooting 

from beyond a deer’s perceptive ability would not elicit a behavioural response prior to 

the shot. See Chapter 5 for a discussion of the mismatch between shooting distance and 

the flight initiation distance (FID) of deer. 

 One limitation of this study was that there was no mechanism to ensure a truly 

random sample of eastern Ontario deer hunters and therefore the sample is likely biased 

towards hunters from the local hunting population who are invested in local deer 

management and/or interested in deer research and therefore more willing to participate.  

Although demographic information on the broader Ontario, or even Canadian, deer 

hunting population is not available, hunters using dogs who participated in my study 

tended to be older (Table 5) than deer hunters in general in other jurisdictions: 45 years 

old in Pennsylvania (Buderman et al., 2014), 44 in Tennessee (Harper et al., 2012) and 47 

in Alaska (Brinkman et al., 2009). The age of participating hunters not using dogs was 

comparable to those reported elsewhere. In a study on Wisconsin hunters, Winkler and 

Warnke (2013) found that hunter participation rates peaked at roughly 40 years of age 

and suggested 30-55 as the prime hunting ages.  Whether older, more experienced hunters 

or younger new hunters would more willingly take part in novel “hunting for fear” 

practices needs to be explored by further research. 

Management implications 

 These findings have many implications to management. First, the ability to model 

hunter distribution using unstandardized RUF coefficients could allow for better 
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prediction of hunter-deer encounter rates by estimating and accounting for areas of refuge 

resulting from low or absent hunter effort. Giles and Findlay (2004) identified encounter 

rates as a key factor determining management success or failure and Rhoads et al. (2013) 

demonstrated that exploitation of these refugia by deer could result in lower harvest 

success rates by decreasing encounter rates. Given the distinct differences in habitat 

selection between hunting with and without dogs, some landscapes may be more suited to 

one hunting method than the other. If possible, managers should chose the method that 

minimizes refugia and maximizes harvest in their area. 

 The use of these predictive models in management would require careful 

consideration of the appropriate scale of application. When mapping the predicted 

distribution of relative hunter use, I treated all suitable habitat for deer across the entire 

landscape as being open to hunting. This is obviously not realistic given the extensive 

private landownership in the study area (see Chapter 2 of this thesis). Managers are faced 

with two options. They could assume open access when modelling the distribution of 

relative hunter use and then treat the resulting output as a best-case scenario representing 

the minimum predicted extent of low effort-driven refugia as landowners that exclude 

hunters will invariably create additional refugia. Alternately, and more appropriately, 

managers could limit the use of this predictive modelling to areas of known access status. 

A prime example of this, and one relevant to discussions of developing management 

strategies, is national and provincial parks. These areas frequently have problems related 

to overabundant deer populations (Porter and Underwood, 1999) and represent an 

opportunity to implement new and novel management practices due to a lack of existing 

local hunting traditions. Predictive modelling could be a component of planning these 
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novel practices. Deer reduction programs in these areas have clearly defined goals and 

both hunting methods could be modelled to assess how well they would support these 

goals. 

 Finally, with regards to the “hunting for fear” management practices as suggested 

by Cromsigt et al. (2013), the two hunting methods represent different tools to managers 

by presenting differing distributions of relative hunter use and therefore risk on the 

landscape. This could be tailored to specific desired management outcomes. For example, 

by offering a homogeneous low level of risk across the landscape, hunting with dogs 

could represent a tool for addressing landscape-level effects of overbrowsing by 

overabundant deer populations such as crop damage and ecological degradation. While 

further studies are needed to determine the minimum level of risk needed to elicit hunter-

avoidance behaviour by deer, a general increase in risk across the landscape may result in 

increased vigilance behaviour among the deer, with a resulting decrease in feeding rate 

(Fortin et al., 2004; but see Chapter 5 of this thesis for challenges applying deer vigilance 

to management). 

 In contrast, hunting without dogs results in higher levels of risk at fixed locations 

and may therefore be suited to addressing management goals related to specific locations 

such as tree nurseries, orchards, or areas with vulnerable vegetation communities. By 

creating higher risk at these fixed locations, it may be possible to promote avoidance by 

deer rather than increasing vigilance (Rhoads et al., 2013). Here again, further research is 

needed on minimum levels of risk to elicit these behaviours as well on as the ability of 

hunters to affect deer behaviour outside of legal hunting hours (i.e., at night). Cromsigt et 

al. (2013) listed the ability to create landscapes composed of contrasting high and low 
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risk areas as one of the key requirements for effective risk-based wildlife management as 

it allows for avoidance of sensitive areas (e.g. vulnerable vegetation communities) while 

still providing space for deer to carry out necessary activities such as feeding. The 

challenge for managers would be in achieving overlap between hunter effort and sensitive 

areas. 

 A cohesive, integrated management plan would incorporate both hunting 

methods. Hunting with dogs could be used to create an elevated baseline level of risk 

across the landscape with hunters not using dogs then placed in specific areas of interest. 

The application of this would be challenging but ideally suited to areas considering new 

harvest-based management practices. 
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Figure 5: Ontario wildlife management units with hunting seasons for white-tailed deer 

that allow the use of hunting dogs (crosshatched) and those that have no seasons allowing 

the use of hunting dogs (white; Ontario Regulation 670/98: Open Seasons - Wildlife). 

The study area is denoted by the thick black lines.
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Figure 6: Hunter tracking study area in eastern Ontario. Marlborough Forest (in green) is located in the southwestern corner of the 

City of Ottawa and served as the focal point for the hunter tracking study which took place during the deer gun season 2011-2013. 
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Table 5: Age, hunting participation and hunting experience of eastern Ontario deer hunters (n = 

44) taking part in the two-week Ontario deer gun season (2011-2013). Harvest and days spent 

hunting are based on 5-year averages. Values are means ± 1 standard error with sample size in 

parentheses. Means, standard errors, and sample sizes include only individuals that participated 

in a given activity. 

Variable 
Group 

Hunters not using dogs Hunters using dogs 

Age 49.8 ± 2.5 (33) 60.1 ± 3.3 (11) 

Years of hunting experience 29.3 ± 2.6 (33) 43.5 ± 3.0 (11) 

Age started hunting 20.5 ± 2.5 (33) 16.6 ± 0.6 (11) 

Gun hunting days/year 8.0 ± 0.5 (32) 9.5 ± 1.0 (11) 

Bow hunting days/year 11.4 ± 1.3 (21) 9.0 ± 0.6 (5) 

Muzzle-loader hunting days/year 5.8 ± 1.5 (11) 4.5 ± 0.5 (2) 

Deer harvested with gun/year 0.6 ± 0.1 (32) 0.8 ± 0.1 (11) 

Deer harvested with bow/year 0.3 ± 0.1 (21) 0.1 ± 0.1 (5) 

Deer harvested with muzzle-loader/year 0.3 ± 0.1 (11) 0.4 ± 0.2 (2) 

Days spent hunting coyotes/year 14.7 ± 3.8 (6) 27.0 ± 7.3 (5) 

Days spent hunting moose/year 6.2 ± 0.5 (11) 8.5 ± 1.9 (4) 

Days spent hunting bear/year 3.7 ± 0.7 (3) - ± - (0) 

Days spent hunting turkey/year 5.25 ± 1.3 (8) - ± - (0) 

Days spent hunting small game/year 22.4 ± 12.3 (9) 10 ± 0.0 (3) 

Days spent hunting waterfowl/year 4.4 ± 1.1 (6) - ± - (0) 

Bold represents significant differences (α = 0.05) between groups based on Welch’s two-

sample t-tests. 
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Table 6: Mean standardized RUF coefficients (β), 90% confidence intervals and number of 

individuals with significant positive (+) or negative (-) selection of habitat characteristics for 

eastern Ontario deer hunters not using hunting dogs (n = 30) taking part in the two-week deer 

gun season (2011-2013). Bold indicates use of variable not in proportion to availability as 

indicated by confidence intervals that do not overlap 0. 

Variable 
Mean 

standardized β 
90% CI 

No. individuals 

with sig. use 

+ - 

Forest 1.09E-05 -3.85E-05, 6.04E-05 5 9 

Treed Swamp 2.4E-05 -2.96E-05, 7.86E-05 7 9 

Open Swamp -7.23E-06 -3.97E-05, 2.52E-05 7 12 

Distance to Road 1.69E-05 -5.10E-05, 8.47E-05 11 7 

Distance to Edge -4.31E-05 -1.25E-04, 3.84E-05 5 7 

Distance to Building 4.78E-05 -1.61E-05, 1.12E-04 8 5 

 

Table 7: Mean standardized RUF coefficients (β), 90% confidence intervals and number of 

hunting groups with significant positive (+) or negative (-) selection of habitat characteristics for 

groups of eastern Ontario deer hunters using hunting dogs (n = 7) taking part in the two-week 

deer gun season (2011-2013). Bold indicates use of variable not in proportion to availability as 

indicated by confidence intervals that do not overlap 0. 

Variable 
Mean 

standardized β 
90% CI 

No. groups with 

sig. use 

+ - 

Forest -3.28E-06 -2.30E-05, 1.64E-05 4 3 

Treed Swamp 6.00E-06 -2.02E-05, 3.22E-05 2 2 

Open Swamp -1.47E-05 -3.95E-05, 1.02E-05 1 2 

Distance to Road -4.75E-05 -1.43E-04, 4.77E-05 0 1 

Distance to Edge 2.83E-07 -7.06E-06, 7.62E-06 3 4 

Distance to Building 1.77E-06 -3.02E-05, 3.37E-05 2 2 

 

Table 8: Mean standardized RUF coefficients (β), 90% confidence intervals and number of 

hunting bouts with significant positive (+) or negative (-) selection of habitat characteristics for 

eastern Ontario hunting dogs (n = 28) taking part in the two-week deer gun season (2011-2013). 

Bold indicates use of variable not in proportion to availability as indicated by confidence 

intervals that do not overlap 0. 

Variable 
Mean 

standardized β 
90% CI 

No. bouts with sig. 

use 

+ - 

Forest 3.75E-06 -2.09E-05, 2.84E-05 9 7 

Treed Swamp -1.94E-05 -4.32E-05, 4.40E-06 4 11 

Open Swamp -6.40E-05 -9.16E-05, -3.64E-05 1 14 

Distance to Road 2.86E-07 1.14E-07, 4.58E-07 7 0 

Distance to Edge -1.79E-07 -3.55E-07, -3.00E-09 2 7 

Distance to Building -1.07E-07 -2.41E-07, 2.70E-08 1 4 
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Figure 7: Predicted relative space use of hunting without dogs and hunting with dogs across a subsection of the study area. Space use 

estimates were generated using unstandardized coefficients produced by resource utilization functions. Method specific models were 

derived from individual hunters not using dogs (n = 30), groups of hunters using dogs (n = 7) and hunting dog bouts (n = 28). The 

predicted space use values derived from the groups of hunters using dogs and the hunting dog bouts were summed to represent the 

hunting with dogs method.  No risk areas are those in which space use values of 0 are predicted and could potentially provide areas of 

refuge to deer from hunter and hunting dogs. White represents landcover categories considered to be unsuitable for deer (built-up 

areas, resource extraction and open water). 
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Figure 8: Mean and 95% confidence intervals for proportion of modelled deer home 

range used (a) and highest single point predicted use (b) from modelled deer home ranges 

approximating mean home range size (2.29 km2) of yearling and adult female deer in the 

study area (see Chapter 4 of this thesis) and consisting of greater than 50% landcover 

types considered suitable for deer (n = 814). 
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Chapter 4: Deer response to heterogeneous hunting landscapes 

Introduction 

 From an ecological viewpoint, deer are prime candidates for incorporating risk 

into hunter-harvest based management practices because of their high degree of 

behavioural plasticity. Deer can recognise changes in risk arising from hunting and alter 

their behaviour to reduce the risk of mortality (see Chapter 1 of this thesis for a list of 

documented deer responses to hunting). Deer are sufficiently plastic in these behaviours 

to adapt to changes in hunting methods within a season. Padié et al. (2015) reported roe 

deer increasing home range size as the hunting method in use during one hunting season 

changed from stalking to drives using hunting dogs, suggesting that deer can adopt 

different behavioural strategies in response to different hunting methods within a 

relatively short time frame. 

Just as their behavioural plasticity potentially makes deer responsive to 

management practices aimed at manipulating behaviour through mortality risk, their 

trophic position as a keystone species (Waller and Alverson, 1997; Rooney and Waller, 

2003) significantly increases the chances of this strategy yielding measurable results. By 

suppressing foraging behaviour of prey, the fear of predators can affect multiple trophic 

levels (Suraci et al., 2016) and deer have a demonstrated capacity to affect multiple 

trophic levels through their browsing (Rooney and Waller, 2003; Bressette et al., 2012). 

Deer herbivory may be best described as having a middle-outward effect as browsing can 

result in cascading effects in both trophic directions. Downward effects include the 

degradation of plant communities (Bressette et al., 2012; Chollet et al., 2013; Bradshaw 

and Waller, 2016) and alteration of soil composition (Bressette et al., 2012). This in turn 
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can have upward effects by limiting resources for animals at higher trophic levels with an 

extreme example being the extirpation via starvation of the black bear population of 

Anticosti Island, Quebec (Côté, 2005). Management actions designed to specifically 

influence aspects of deer behaviour related to their browsing, such as feeding location 

and food handling time, can potentially produce behaviourally-mediated cascades (Ripple 

and Beschta, 2007) and magnify the effectiveness of management actions across multiple 

trophic levels.  

 The incorporation of these fear responses into deer management is problematic 

due to the variability in deer hunting seasons in and across most jurisdictions. In some 

cases, the behavioural responses described in Chapter 1 were detected in either controlled 

experiments (Little et al., 2014; Little et al., 2016; Marantz et al., 2016) or in response to 

simplified hunting regimes (Kilpatrick et al., 2002; Rhoads et al., 2013), making their 

extrapolation to real-world management scenarios difficult. Even when studies of deer 

behaviour are conducted during regular hunting seasons, the results may not be broadly 

generalizable due to the high degree of variation in hunter density and hunter effort, the 

area of refugia, differences in hunting method, regulation differences and variation in the 

composition and configuration of the landscape. Such variations can exist both within and 

between jurisdictions. As a result, gradients in hunter-driven mortality risk are dependent 

on local conditions, and the responses of deer are likely specific to these conditions at a 

subpopulation or even individual level. All of this makes it difficult for managers to 

assume that a behavioural response to a given method or landcover type observed under 

one hunting scenario will manifest under different scenarios.   
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To incorporate risk effects into management practices it may be best to describe 

how deer respond to hunting in terms of a population-level response resulting from the 

sum of the individual-level responses of deer to the local conditions to which they are 

exposed. One such manner is to examine the temporal change in the intensity of space 

use by the deer population in response to hunting seasons. Animals adopt strategies to 

avoid being killed (Brown et al., 1999) while balancing the costs of these strategies 

(Brown et al. 1988), and this should be reflected in different patterns in their intensity of 

space use. Due to the temporally structured nature of hunting (see Chapter 1 for a 

description on deer hunting in Ontario), deer and most other hunted species in North 

America are exposed to the direct and risk effects of hunting for only a limited time 

(Manning et al., 2009). The onset of hunting should have a polarizing effect on the 

habitat selection of individual deer as the new gradient of risk created by hunting pressure 

is suddenly imposed on the landscape. This should be reflected in deer selecting for areas 

of lower risk and avoiding areas of higher risk even though the combination of physical 

characteristics that define these areas may differ significantly between individual deer. 

Therefore, examination of the temporal change in the intensity of space use may reveal 

population-level responses to hunting not tied to specific landscape characteristics and 

hunting methods. 

 I tracked white-tailed deer to examine their response to two different hunting 

seasons: the gun season, which allows the use of rifles, shotguns, bows and muzzle-

loading guns, and the bows-only season (Ontario Regulation 670/98: Open Seasons - 

Wildlife), in eastern Ontario, Canada. I examined both the individual- and population-

level responses. My two goals were to 1) test for individual-level responses in space use 
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and habitat selection to hunting; and 2) identify the population-level effect of hunting 

seasons on the intensity of space use in order to incorporate the response of deer to 

hunting risk into deer management. At the individual-level, I tested for consistent 

reactions across the deer population in the study area to hunting pressure as described in 

the literature (i.e., selecting for specific habitat types, restricting movements, avoiding 

roads). I examined the change in core area and home range size, the degree of diurnal-

nocturnal space use overlap and the selection of individual habitat characteristics. At 

population-level, I examined the temporal changes in the intensity of space use in 

response to hunting seasons by deer across the landscape.  

 I hypothesized that at the individual-level deer would perceive the risk created by 

hunting and behaviourally avoid it. I predicted that the deer would respond to hunting by 

reducing core area and home range size, reducing diurnal-nocturnal overlap (through 

increased nocturnal activity to compensate for reduced diurnal activity) and selecting 

habitat types that reduce the chance of contact with hunters. Furthermore, I hypothesized 

that deer distribution is a function of the variation in risk presented by hunting and 

predicted that the onset of hunting would have a polarizing effect and increase the 

heterogeneity of space use values as deer more strongly avoided areas they perceive as 

high risk and selected for those of low risk. Finally, I hypothesized that these effects 

would be dependent on the level of hunting pressure and predicted that deer would show 

a stronger response to the gun season than the bows-only season. 
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Materials and Methods 

Study Area 

 Marlborough Forest was a recognized deer yard (OMNRF, unpublished data) in 

the City of Ottawa, Ontario, Canada (Fig. 9). I carried out my winter capture work in the 

Forest and the migratory movements of deer defined a broader study area that included 

portions of the City of Ottawa and the adjacent Lanark County (Fig. 9). Marlborough 

Forest encompassed approximately 220 km2 of which 81.49 km2 were public lands 

maintained by the City of Ottawa for recreational purposes such as hunting, hiking, and 

ATV and snowmobile use. The landcover consisted of predominantly treed swamp 

(37.3%), coniferous forest (19.3%), thicket swamp (16.2%) and mixed forest (11.25%; 

OMNRF, 2015). Except for several privately-owned land parcels marked with no-

trespassing signs, all of Marlborough Forest was open to public hunting. Marlborough 

Forest featured an extensive network of maintained trails that are accessible by ATV in 

the spring, summer and fall, and cars and trucks in the fall with access controlled by 

locked gates. During the winter, the trails were groomed by the Rideau Snowmobile Club 

which greatly facilitated capture work. 

 With the exception of Marlborough Forest, landownership in the broader study 

area was mostly private. Landcover consisted of treed swamp, open areas including 

pasture, fields and idle land, row crops, thicket swamp and coniferous forest (OMNRF, 

2015). Except for areas where hunting was precluded by municipal discharge of firearms 

by-laws and Rideau River Provincial Park, hunting occurred with landowner permission 

when on private land.  
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Capture and Collaring 

 I carried out the live-capture of deer in Marlborough Forest from January to 

March 2011-2013. The January start date was chosen to avoid conflict with the bows-

only hunting season which ended 31 December. Capture work was terminated for the 

season when either deer condition deteriorated to a point where I was concerned about 

capture myopathy, or deer migrated out of Marlborough Forest, indicated by a notable 

decrease in radio telemetry relocations and capture success. 

 As the primary method of capture I deployed twenty steel frame (0.91 m wide × 

1.22 m high × 1.83 m long) box traps with 15.24 cm nylon mesh (Wildlife Capture 

Services, Flagstaff, AZ, USA) modified to work in Ontario winters. To avoid periods of 

elevated public use, I set traps Sunday night to Friday morning in 2011 and Monday 

morning to Friday morning in 2012 and 2013. Traps were baited with 1:1 whole oats and 

commercial corn-molasses deer feed in accordance with OMNRF winter deer feeding 

guidelines (Voigt et al, 1997). Traps were checked in the morning and the evening to 

reduce capture mortality (Rongstad and McCabe, 1984). 

 In addition, to target specific age-sex classes I employed a remotely triggered 

electromagnetic 12.19 m × 12.19 m drop net with 15.24 cm mesh (Wildlife Capture 

Services, Flagstaff, AZ, USA). The net was deployed in fields and forest openings with 

minimum dimensions of 30 m x 30 m and baited using the same 1:1 oats and corn 

mixture used at the box traps.  

 Handling methods were similar for both capture techniques. In 2011, I followed 

guidelines provided by the Canadian Association of Zoo and Wildlife Veterinarians 

(2009) to chemically immobilize yearling and adult deer using either an intramuscular 
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dose of a Telazol (tiletamine and zolazepam) - Rompun (xylazine) combination at a 

dosage ratio of 4:2 mg/kg or an intranasal dose of Rompun at a dosage of 2 mg/kg. The 

intramuscular dose was delivered via either hand injection with a syringe or via dart rifle 

(Model 389, Pneu-Dart Inc., Williamsport, PA, USA, www.pneudart.com) with 3-cc gel 

collar dart. Following handling I reversed the xylazine component with either 

atipamezole (Antisedan) at 1 mg/10 mg of xylazine or yohimbine (Yobine) at 0.2 mg/kg. 

In 2012 and 2013, I discontinued chemical immobilization in favour of physical restraint, 

although I maintained immobilization drugs on hand in case they were required.  

 Once the deer were immobilized (either chemically or physically), they were 

blindfolded, hobbled and removed from the box trap or drop net. I recorded sex, age, 

hindfoot length, neck circumference and chest girth and made note of any injuries and 

overall body condition. I identified juveniles based on smaller body size and shorter 

muzzles relative to adults. I differentiated yearlings from adults by examination of the 

incisors with yearlings identified as having shiny white teeth with pronounced fluting and 

limited wear (Severinghaus, 1949). All deer were marked with ear tags that included 

unique identifying numbers and researcher contact information. Yearling and adult does 

were fitted with either store-on-board (G2110D, Advanced Telemetry Solutions, Isanti, 

MN, USA) or remote-upload (Wildcell SG, Lotek Wireless Wildlife Monitoring, 

Newmarket, ON, Canada) GPS collars with one-year drop offs. All GPS collars shared a 

common 5-hour fix rate throughout the year, increasing to 90-minute fixes to encompass 

fawning season (May 15 - June 31) and the bows-only hunting season (October 1 - 

December 31). The Wildcell SG collars had an additional schedule of 30-minute fixes 

during the gun season and the muzzle-loader season. I was unable to acquire GPS collars 
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fitted with reliable expansion joints therefore yearling and adult males and juveniles of 

both sexes were fitted with very-high frequency (VHF) radio collars retrofitted to account 

for neck expansion using either compressible foam linings or elastic collars when 

captured incidentally. I fitted two ATS G2110D collars with experimental rubber 

expansion sections for deployment on males. All collars were equipped with eight-hour 

mortality sensors. 

 All animal handling was approved by the Trent University Animal Care 

Committee (Protocol #10054) and further reviewed by the OMNRF Wildlife Animal 

Care Committee. 

Data preparation and filtering 

 I considered the effects of Ontario’s bows-only and gun seasons separately. For 

each season, I defined paired hunt and control treatment periods (Table 9) with each 

hunting period preceded by an equal length control period during which no hunting of the 

season type occurred. To avoid including the gun season within the bows-only season, I 

used only the first month of bows-only season (October). Even though the bows-only 

season included December, attrition of deployed collars due to hunter harvest, collar drop 

off or battery failure resulted in an insufficient sample size. The control period for the 

gun season took place in the bows-only season. The start of each period was 0.5 hours 

before sunrise on the first day, which defines legal deer hunting hours in Ontario (FWCA, 

1997). Control periods ended 0.5 hours before sunrise on the first day of the hunt period.  

Hunt periods ended 0.5 hours before sunrise on either the first day of November for the 

bows-only or the day after the end of the Ontario gun hunt season. Therefore, each 
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treatment period began with a diurnal segment and there were an equal number of diurnal 

and nocturnal segments within each season’s treatment periods. 

 I filtered all GPS locations for accuracy and classified them to treatment period 

and diurnal-nocturnal segment. I deleted any locations with HDOP values >10 (D’Eon 

and Delparte, 2005). I obtained sunrise and sunset times for Ottawa (National Research 

Council of Canada, 2016) and calculated legal hunting hours as occurring between 

sunrise - 0.5 hours and sunset + 0.5 hours. I subset the GPS location data into the 

treatment periods and designated GPS locations as either diurnal (occurring during legal 

hunting hours) or nocturnal (occurring outside of legal hunting hours). 

Space use 

 I used Brownian bridge movement models (Horne et al., 2007) to generate 

utilization distributions and 50% and 95% isopleths representing core area and home 

ranges, respectively, for each treatment period (hunt or control) with diurnal and 

nocturnal locations considered separately.  I rarified the location data to common fix rates 

of 4.5-5.0 hours for the bows-only season and 1.5 hours for the gun season. Following 

May et al. (2013), I used locations from 21 collars whose drop-offs had successfully 

deployed and were, therefore, stationary on the ground for a period of time sufficiently 

long to calculate the location error value required for the BBMM process as per Horne et 

al. (2007). Using the BBMM package (Nielsen et al., 2013), I separated the diurnal and 

nocturnal components of the movement trajectories and generated separate UD and 

isopleths using a max.lag argument of 540 minutes. This resulted in no Brownian bridges 

between the end and start of legal hunting hours for the diurnal components and vice 

versa for the nocturnal components.  
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Within each hunting season I used paired t-tests with a Bonferroni correction to 

test for an effect of treatment period (control vs hunt) on core area and home range size 

considering diurnal and nocturnal space use separately. I assessed the effect of treatment 

period on the overlap between diurnal and nocturnal space use for each hunting season by 

calculating the utilization distribution overlap index (UDOI; Fieberg and Kochanny, 

2005, Benson and Patterson, 2013; Clapp and Beck, 2015; J. Clapp, pers. comm.). I then 

tested for an effect of treatment period on diurnal-nocturnal UDOI using paired t-tests 

with a Bonferroni correction. 

Habitat selection 

 I used resource utilization functions (RUF; Marzluff et al., 2004; Millspaugh et 

al., 2006; Kertson and Marzluff, 2010) to quantify changes in deer habitat selection in 

response to the two hunting seasons. See Chapter 3 of this thesis for more information on 

the BBMM/RUF approach. 

RUFs require a clear definition of the space available to the individual animal 

(Marzluff et al., 2004). Deer exhibit philopatry even during hunting season (Marantz et 

al., 2016) and familiarity has been suggested as an important component of prey response 

to hunting pressure (Tolon et al., 2009). I defined available space as the component of the 

deer’s annual range that they occupied during the hunting season. Summer range defined 

the available space for migratory deer and for nonmigratory deer available space was 

defined by their entire annual range. Within this available space I examined 3rd order 

habitat selection (Johnson, 1980).  

In order to identify the available ranges, I examined the GPS location data for 

each deer to identify the dates of spring and fall migration movements to and from 
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Marlborough Forest to differentiate between winter and summer locations (Appendix 6). 

I defined a migration movement as when a deer moved between non-overlapping 

seasonal ranges and remained on one seasonal range until the following migration 

movement. Using BBMM methods, I generated utilization distributions and isopleths 

using diurnal and nocturnal locations combined. I defined core areas (50%) and home 

ranges (95%) for winter and summer ranges, or annual ranges for non-migratory 

individuals. I found that 99% seasonal isopleths (as used by Kertson and Marzluff, 2010) 

produced overly conservative estimates of available space and resulted in both GPS 

locations and portions of the hunting season utilization distributions falling outside of the 

isopleth boundaries. As the goal of these available space isopleths was to define the space 

that the deer was familiar with and could exploit in times of elevated mortality risk, an 

isopleth that did not include all locations was not appropriate. Marzluff et al. (2004) 

offered the alternate approach of using 100% isopleths, however these cannot be created 

using the BBMM approach. Rather than arbitrarily picking an isopleth value, I generated 

seasonal isopleths from 99.0% to 99.9% in 0.1% increments with the goal of selecting an 

isopleth level that included as much of the control and hunt treatment period UDs as 

possible while avoiding the inclusion of excessive space unused by the deer. Visual 

examination of mean UD curves identified 99.6% and 99.7% isopleths as candidate 

isopleths for defining available space (Appendix 7). Examination of these isopleths in 

relation to GPS location data showed that both included all GPS locations however the 

99.7% isopleth resulted in increased connectivity between seasonal range components 

and as a result I chose that value to define available space. 
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 I identified one categorical and two continuous habitat variables that I 

hypothesized would influence deer habitat selection in relation to hunter-driven risk: 

landcover class, distance to open-closed edge (hereafter edge) and distance to road. The 

landcover composition of the available space was obtained from SOLRIS (OMNRF, 

2015). To avoid Type 1 error by inflating the effect of roads on deer habitat selection (as 

distance to road already existed as a variable), I reassigned the highway and road pixels 

new values representing the surrounding landcover classes as I did in Chapter 3. I then 

collapsed the landcover data into five categorical landcover classes: forest, treed swamp, 

open swamp, tilled and built-up. Forest consisted of areas of upland tree species with 

greater than 60% tree cover and included both deciduous and coniferous species. Treed 

swamp consisted of areas with tree cover greater than 25% and a seasonal or permanent 

water table at, near or above the substrate surface. Open swamp consisted of areas with 

tree cover less than or equal to 25% and a seasonal or permanent water table at, near or 

above the substrate surface. The tilled landcover class represented agricultural fields 

planted as row crops for >30% of a 10-year period. Built-up included urban recreation 

areas such as parks and sport fields as well as developed residential, industrial, 

commercial and civic areas (OMNRF, 2015).  

 Edge habitat occurring at the transition between an open habitat and a closed 

habitat is both an important source of browse (Williamson and Hirth, 1985) and a region 

of higher perceived risk when predators used closed areas for concealment (Altendorf et 

al., 2001; Hernandez et al., 2005), a strategy also used by some hunters (Chapter 3 of this 

thesis). I defined closed habitat as any SOLRIS landcover classes with ≥25% tree cover 

and open habitat as any class with <25% tree cover. I generated 15 m pixel Euclidean 
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distance rasters with positive values representing distances from the edge into open 

habitat and negative values representing distances from the edge into closed habitat. 

 Hunters select for areas closer to roads (Lyon and Burcham, 1998; Stedman et al, 

2004; Diefenbach et al., 2005; but see also Chapter 3 of this thesis for differences specific 

to the study area), therefore deer should be expected to avoid roads as areas of elevated 

mortality risk. I obtained a spatial layer of roads in the study area (DMTI Spatial Inc., 

2014) and generated a 15 m pixel Euclidean distance raster representing distance to road. 

I included both public roads as well as vehicle accessible trails in Marlborough Forest. 

 I followed the recommendations of Kertson and Marzluff (2010) and used 

systematic sampling (Benson, 2013) to extract UD values for each scenario and the 

independent landscape variables. Using each deer’s available space based on the 99.7% 

isopleth of either summer (migratory individuals) or annual (non-migratory individuals) 

utilization distribution, I generated a grid of sampling points with 30 m spacing and 

extracted the UD values and landscape variables at each point. Computational limitations 

required the use of 30 m sampling. I rescaled each set of extracted UD values to sum to 1 

to account for any portion of the UD that did not overlap the available isopleth and the 30 

m resolution subsampling of the 15 m resolution UD rasters (Kertson and Marzluff, 

2010).  

 Using the ruf.fit function from the ruf package (Hancock, 2004), I generated 

standardized and unstandardized model coefficients for each deer under both hunting 

seasons. The ruf.fit function does not tolerate the inclusion of unused variables in the 

model terms and the heterogeneous composition of both the landscape and the local deer 

habitats (Appendix 8) meant that not all deer used all landcover categories. I created 
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flexible model terms that included only the landcover categories that were present within 

each deer’s available habitat isopleth. Based on consultation with authors of similar 

studies I fixed smoothness at 1.5 and allowed the ruf.fit function to estimate range using 

the variance of the Brownian motion (Horne et al., 2007) as a starting value (Amy L. 

Adams, John M. Marzluff and Roel May, pers. comms.). 

I calculated pooled standardized RUF coefficients based on all significant 

individual RUFs following Marzluff et al. (2004). The variance of these pooled 

coefficients was calculated using Equation 3 from Marzluff et al. (2004) and from these 

variances 90% confidence intervals were calculated for each coefficient. Significant 

pooled coefficients were those identified by confidence intervals that did not overlap 0, 

indicating use of that habitat more than (selection) or less than (avoidance) expected 

based on availability (Marzluff et al., 2004; Millspaugh et al., 2006; Kertson et al, 2011). 

See Chapter 3 of this thesis for the reasoning behind my use of 90% confidence intervals 

rather than the more commonly used 95% (Kertson et al., 2011; Adams et al., 2014; 

Seidler et al., 2015). Following Marzluff et al. (2004), I used the individual standardized 

coefficients as dependent variables to test the effect of treatment period on the selection 

of each independent variable using paired t-tests with a Bonferroni correction, 

considering diurnal and nocturnal use separately. 

My goal was to quantify the temporal changes in the intensity of space use values 

resulting from different hunting seasons on a scale that was biologically relevant to deer 

(e.g. their home range). This deer-scale was chosen over a landscape-scale analysis 

because the distribution of the independent landscape variables could result in significant 

changes in predicted use across the landscape without significant changes at the scale 
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with which an individual deer would interact with the landscape. I created pooled 

unstandardized RUF coefficients (Marzluff et al., 2004) and used them to map the 

predicted space use for both hunting seasons within the study area. 

Using data from all 29 GPS collared yearling and adult does I calculated the mean 

summer (migratory) or annual (nonmigratory) home range size based on a 95% isopleth 

as 2.29 km2 (see Appendix 8 for individual seasonal core area and home range sizes). 

This home range size is within the range reported in the literature (0.50 – 3.90 km2; 

Tierson et al, 1985; Crimmins et al, 2015; Magle et al, 2015; Koen et al, 2017). To avoid 

oversampling, I tessellated the modeled landscape with hexagons of that area to 

determine the number of non-overlapping home ranges that could fit within the arbitrary 

study area (n = 821). I then randomly generated 821 points and buffered them to an area 

of 2.29 km2. 

Within each modelled home range, I extracted the predicted space use values 

calculated for each pixel using the unstandardized RUF coefficients and calculated the 

standard deviation of all values. Standard deviation acts as a measure of intensity of space 

use in response to hunting pressure. When not exposed to hunting pressure, the 

distribution of predicted space use within a modelled home range will conceivably be 

defined by the deer’s other biological needs (i.e., feeding, resting, mating, avoiding 

predators). Because deer must respond to the mortality risk posed by hunting, hunting 

should add additional variation to the distribution of predicted space use values. I tested 

for temporal differences in standard deviation of space use values using paired t-tests 

with Bonferroni corrections. 
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All summary data are reported as mean ± 1 standard error unless otherwise 

indicated. Spatial data manipulation and statistical analysis were performed using 

ARCMap 10.4.1 (ESRI Inc.,  Redlands, CA, USA) and using R software version 3.3.2 (R 

Core Team, 2016). The ruf package required R software version 2.13.0 (R Development 

Core Team, 2011). R Studio version 1.0.136 (RStudio Team, 2016) was used to run R. 

The Bonferroni corrected α = 0.05/42 tests ≈ 0.001. 

Results 

 Over three years I deployed forty-one one-year GPS collars on thirty-six 

individual deer with three deer having multiple collar deployments. Five captures were 

made using the drop net and the remaining thirty-six captures were via box traps. Thirty-

four of the GPS-collared deer were female and the remaining two were males fitted with 

experimental expandable GPS collars. At the time of capture thirteen females were 

yearlings and the remaining twenty-one were adults. Of the three deer with two years of 

location data, two were captured as yearlings and then considered adults the following 

year. Two of these deer were fitted with collars to collect a third year of data however 

both were killed within one month of collar deployment. Ten deer died while wearing the 

GPS collars with five being killed by coyotes, three by hunters, one in a deer-vehicle 

collision and one possibly hit by a train. Of the collars not associated with confirmed 

mortality events, thirteen collars successfully dropped off. Two deer had drop-offs that 

released prior to the scheduled date and one shed its collar immediately after capture. 

Two collars failed to send any location data and six had their drop-offs fail to release, 

resulting in only partial transmission of location data. A seventh collar failed to release, 

however a serendipitous coyote predation event allowed the collar to be retrieved and the 
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location data downloaded. Both experimental expandable GPS collars placed on the 

yearling and adult males (n = 2) had the rubber expansion section degrade, resulting in 

collar loss approximately 5 months post-capture. In addition to the GPS collars, I 

deployed 64 VHF radio collars on juveniles of both sexes and yearling and adult males 

captured incidentally. The following results include only data from GPS-collared female 

deer. 

 Six collared females were nonmigratory and had mean core areas and home 

ranges of 0.33 ± 0.07 km2 and 1.75 ± 0.22 km2, respectively. The remaining deer (n = 23) 

maintained separate winter and summer ranges with a mean migration distance of 9.49 ± 

0.87 km (see Appendix 6 for individual deer migration dates). Mean core area, 0.42 ± 

0.06 and 0.37 ± 0.04 km2, and home range size, 2.56 ± 0.37 and 2.43 ± 0.56 km2, did not 

differ significantly between the winter and summer seasons, respectively (see Appendix 8 

for individual deer core area, home range size and landcover composition). 

At the individual-level, I was unable to detect any clear response to either the 

bows-only season or the gun season. There was no significant difference between the 

control and hunt periods in terms of core area or home range sizes for either diurnal or 

nocturnal space use. Furthermore, hunting did not appear to influence the degree of 

overlap between diurnal and nocturnal space use as there was no significant difference in 

UDOI between the control and hunt periods for either hunting seasons. Finally, at the 

individual-level selection for landcover class, distance to edge or distance to road was not 

affected by either of the hunting seasons. 

 While the onset of the two hunting seasons did not result in significant changes in 

individual selection for habitat characteristics, the pooled individual-level coefficients 
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indicated subtly different patterns of selection resulting in significant temporal 

differences in the intensity of space use at the population-level. Comparing diurnal 

resource utilization in the bows-only hunting period to the bows-only control period, deer 

continued to select areas further from roads but stopped selecting treed swamp and started 

avoiding the built-up landcover class (Table 10). This resulted in a significantly lower 

standard deviation of predicted space use values as calculated from the unstandardized 

RUF coefficients during the hunt period compared to the control period (t820 = 56.369, p < 

0.0001) indicating a relatively more homogeneous diurnal distribution of predicted space 

use (Fig. 10). Analysis of nocturnal habitat utilization during the bows-only season 

showed that deer selected for areas at greater distances from edges during both the 

control and hunt periods with distance to edge being the only significant habitat 

characteristic (Table 11). There was a significant decrease in the standard deviation of 

predicted space use values (t820 = 73.014, p < 0.0001) between the control and hunt 

periods indicating a relatively more homogeneous nocturnal predicted space use 

distribution (Fig. 10). 

 Considering diurnal vs. nocturnal periods, deer did not change the habitat 

characteristics they selected or avoided in response to the gun season. Diurnally, deer 

significantly selected for treed swamp during both the control and hunt periods (Table 

12). Nocturnally, deer significantly avoided built-up areas during both the control and 

hunt periods (Table 13). However, while the significance of individual habitat 

characteristics did not vary between control and hunt periods for both diurnal and 

nocturnal activity, there was variation in the habitat coefficients which resulted in 

significant temporal differences in the intensity of space use. Diurnally, there was 
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significantly higher standard deviation of space use values during the hunt relative to the 

control period (t820 = -86.96, p < 0.0001) indicating an increase in the heterogeneity of 

predicted space use (Fig. 11). In contrast, there was a significant decrease in the standard 

deviation of the space use values for nocturnal resource selection (t820 = 62.684, p < 

0.0001), indicating a more homogeneous predicted space use distribution (Fig. 11). 

Discussion 

 In Ontario, an individual deer could be exposed to an assortment of hunting 

methods. Hunters using these different methods can and do overlap spatially, so it would 

not be uncommon for an individual deer to be responding to a combination of different 

methods simultaneously. Despite this, and despite individual deer using home ranges 

with different habitat characteristics, the response of deer was evident at the population-

level as they made changes in habitat selection that saw greater selection and avoidance 

of areas that were presumably of lower and higher risk, respectively (Fig. 10 and 11). 

This demonstrated that population-level changes in deer distribution in response to 

hunting can be detected in real-world hunting scenarios and not just in controlled 

experiments or under simplified hunting regimes. This lends support to the concept of 

“hunting for fear” and its potential adoption for wildlife management because it shows 

that the behavioural response of deer to hunting can be detected even if the exact hunting 

methods, hunter densities and level of hunter effort are not known to deer managers. 

While “hunting for fear” as suggested by Cromsigt et al. (2013) involves managers 

restructuring hunting practices within their areas of responsibility to evoke specific 

behavioural responses, my study supports the feasibility of incorporating risk effects into 

hunting-based management using hunting practices already in use. Rather than changing 
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hunting to drive specific behavioural responses in deer, a feasible approach may be to 

acknowledge that behavioural responses are occurring under current practices and look 

for opportunities to capitalize on these response to better achieve management goals. 

 Deer in my study did not show consistent responses to either of the hunting 

seasons in terms of core area, home range size, diurnal-nocturnal space use overlap or 

selection for the individual habitat variables. When similar studies have not found strong 

behavioural or spatial responses of deer to public hunting, it was attributed to a lack of a 

controlled experimental design (see Little’s et al. [2014] critique of Root et al. [1988], 

Kilgo et al. [1998] and Karns et al. [2012]). While technically true, this illustrates the 

difference in testing for an effect of a specific hunting practice compared to testing for an 

effect of a hunting season (during which multiple hunting practices may be employed). 

These are fundamentally different situations and have different implications for 

management. When using a controlled experiment (Little et al., 2014; Little et al., 2016; 

Marantz et al., 2016) or a simplified hunting regime (Kilpatrick et al., 2002; Rhoads et 

al., 2013) to examine a specific hunting practice, there is a greater ability to detect a clear 

response; however, the applicability to deer management is limited to situations similar to 

the conditions tested by the particular experimental design. For example, refuge 

exploitation, as described by Rhoads et al. (2013), is dependent on accessible refugia. 

Similarly, the ability to avoid hunters is dependent on the density, distribution and effort 

of hunters (Kilpatrick et al., 2002). Incorporation of results from these controlled and 

semi-controlled studies is best carried out in smaller-scale management situations such as 

areas of single ownership (i.e., parks, military bases, government facilities) where 

complete control over hunting practices can be exerted. In fact, these situations are 
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ideally suited to structuring hunting practices with the goal of “hunting for fear” as 

outlined by Cromsigt et al. (2013). 

 When testing for an effect of a hunting season at the population-scale, variability 

is the reality of the situation. Within the study area, the heterogeneity of the habitat 

characteristics was such that not all deer had access to all landcover types in their home 

ranges. Treed swamp was the only landcover class used by all study animals and two deer 

had available space composed entirely of treed swamp and open swamp. This limits the 

degree to which deer can exploit the individual habitat characteristics in a consistent 

manner. While this chapter focuses on third-order habitat selection (Johnson, 1980), deer 

in the study area appeared to make a second-order decision to avoid landscapes where 

agriculture was the dominant landcover class. To the east of Marlborough Forest is a 

large continuous block of pasture and row crop (“tilled”) that was notable for the fact that 

none of the GPS-collared does chose this area as their summer ranges even though it was 

used by some VHF-collared deer and was well within the migration range of deer 

wintering in Marlborough Forest (Fig. 9). As a result, the tilled landcover class did not 

make up a substantial proportion of the available space of any deer, which in turn 

prevents extrapolating any specific response of deer to tilled even in adjacent areas which 

are predominantly agriculture. 

 In addition to a heterogeneous landscape, deer were also exposed to highly 

variable hunting pressures. Nearly half of respondents in a survey of rural landowners in 

eastern and southern Ontario reported that they did not allow hunting on their property 

(see Chapter 2 of this thesis). Similar levels of private land refuges were used by collared 

deer during the gun season (K. Munro, unpublished data), although my attempts to map 
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distribution of refuges and hunted lands were not successful enough to be represented as 

a model variable in this chapter. This matrix of refuges and land open to hunting led to a 

high likelihood that deer had a refuge nearby that they could exploit as a hunter-

avoidance strategy (Lovely et al., 2013; Rhoads et al., 2013). Additionally, hunting 

practices varied considerably within the study area. Information on the density of hunters, 

their level of effort, or their distribution on the landscape was not available at the fine-

scale resolution at which it likely would influence the behaviour of the individual collared 

deer. While the bows-only season was a single-method practice, practices during the gun 

season varied considerably. Within the study area there were two primary methods 

employed during the gun season. Some hunters used hunting dogs to drive deer to 

produce shooting opportunities (Godwin et al., 2013). Those who did not employ dogs 

may have hunted from stands or blinds, still hunted or attempted to push the deer using 

humans in place of dogs (see Chapter 3 of this thesis). The distinction between the 

hunters that use dogs and those that do not is an important one as the two methods have 

been shown to result in significantly different distributions of risk of encountering a 

hunter on the landscape (Fig. 7). These two methods overlapped spatially within the study 

area with some deer exposed to a single method and some exposed to both methods. 

There is also a significant amount of individual variation in hunter effort. A survey of 

forty-four hunters within the survey area showed a considerable range in the number of 

days spent bow hunting (0-20) and gun hunting (0-14) for deer each year (Table 5). 

Given the high heterogeneity in both landscape composition and hunting methods, 

it is not surprising that detecting a clear response to the hunting seasons was difficult. The 

lack of a single clear response by all deer to hunting might be attributable to the 
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behavioural flexibility of deer and their ability to match their response to the unique 

combination of stressors to which they are exposed. Rather than adopting a standard 

response to the presence of hunters, such as selecting areas for concealment, deer 

appeared to tailor their responses. For example, in response to hunters without dogs, 

GPS-collared doe D051 exploited the refuge presented by a subdivision that excluded 

hunters and restricted her movements during the hunt period of the gun season (Fig. 12). 

In contrast, and without the benefit of a nearby refuge, doe D024 did not reduce her 

movements when exposed to hunters using dogs and instead occupied the same home 

range during the control and hunt periods of the gun season with some potential 

avoidance of the tilled landcover class during the hunt period (Fig. 13). Similar 

behavioural plasticity to different hunting scenarios has been reported in roe deer where 

larger home ranges were used in response to hunting with dogs compared to hunting 

without dogs (Padié et al., 2015).  Low sample sizes stemming from the high degree of 

spatial overlap between hunting methods and the resulting low statistical power precluded 

me from rigorously testing for different responses based on the presence or absence of 

hunting dogs (Appendix 9). The potential for differential response to an easily 

identifiable hunting method warrants further examination, especially given the 

significantly different landscapes of fear created by the two methods (Fig. 7). Controlled 

experiments to identify these different responses would aid significantly in the 

implementation of “hunting for fear” as outlined in Cromsigt et al. (2013). 

 Ultimately these specific responses to unique hunting scenarios and the resulting 

lack of consistent individual-level responses support using the temporal change in the 

intensity of space use as a metric for describing whether deer are responding to hunting at 
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the same spatial scale at which deer management decisions are made (i.e., harvest quota 

setting at the population level). If hunting pressure is sufficiently high to represent a 

consequential level of risk, the interaction of hunting pressure and landscape 

heterogeneity will create a gradient in risk to which deer are likely to respond to by 

increasing the heterogeneity of their space use as they balance the costs and benefits of 

hunter-avoidance strategies (Brown, 1988). This was evident from my findings as the 

pooled standardized RUF coefficients uncovered habitat variables that were used 

disproportionately to their availability with corresponding significant temporal changes in 

the intensity of space use. This illustrates the benefit of the RUF approach in situations 

where variability among individual study animals is high (Marzluff et al., 2004) and 

pooling among individuals can be used to identify population-level trends (John M. 

Marzluff, pers. comms.; Marzluff, et al., 2004; Kertson et al., 2011). 

 A significant reduction in the variance of predicted space use coincided with the 

onset of bows-only season during both day and night (Fig. 10). This suggests that deer 

habitat selection during the hunt period was less polarized than selection in the control 

period and that deer exhibited less extreme selection and avoidance behaviour during the 

hunt. The cause of this trend towards homogenization of space use remains unclear. 

During the bows-only hunt, deer utilized different habitat types as identified from the 

RUF coefficients depending on the time of day (Tables 10 and 11). During the day, they 

selected areas of treed swamp during the control period and avoided built-up areas during 

the hunt period. Road avoidance was consistent during both the control and hunt periods 

as deer selected for greater distances to roads diurnally. In contrast, at night they selected 

for greater distances from edges during both periods. The fact that a common trend, 
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increased homogeneity, arose when the deer selected different habitat variables diurnally 

and nocturnally makes this change difficult to explain. If the deer had suddenly selected 

for a common habitat characteristic both diurnally and nocturnally during the hunting 

period, this may be associated with a change in resources available in that habitat type. 

For example, selecting for forest could be associated with a masting event. At the same 

time, it is similarly difficult to attribute this homogeneous distribution of space use to the 

action of bows-only hunting because deer hunting does not occur at night (FWCA, 1997). 

Rather, the change in deer distribution likely reflected a general change in deer 

behaviour, possibly associated with seasonal phenology. Specifically, the onset of 

reproductive behaviour of does responding to male mate searching may have altered 

space use but this occurred earlier than estimated dates for the rut in the study area 

calculated from known fawning dates (K. Munro and S. Smithers, unpublished data). 

However, the potential effect of pre-rut movements cannot be discounted. The overlap 

between white-tailed deer mating season and hunting season has always been one of the 

major challenges when studying deer response to hunting. 

 The temporal change in the intensity of space use in response to the gun season 

was more clearly indicative of a response to hunting than was seen during the bows-only 

season (Fig. 11). Diurnally, deer showed a significantly more heterogeneous distribution 

of predicted space use during the hunt period than during the control period. This 

supports my hypothesis that hunting pressure would have a polarizing effect on deer 

habitat utilization by creating a steeper risk gradient that results in more extreme selection 

for safer areas and avoidance of riskier areas. The observed decrease in the mean standard 

deviation of the space use values at night suggests that deer altered their habitat 
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utilization temporally to compensate for constrained movements during the day. 

Nocturnally deer are released from hunting pressure (Kilgo et al., 1998, Sunde et al., 

2009; Bonnot et al., 2013) and may be able to use the landscape unconstrained by hunting 

mortality risk to complete the activities they were unable to accomplish diurnally. Deer in 

hunted areas rarely visit baited sites diurnally during both the bows-only and the gun 

season but used them extensively at night. This behavioural strategy can be directly 

attributed to hunting as deer regularly visited bait sites both nocturnally and diurnally in 

adjacent areas where hunting was prohibited (see Chapter 5). By shifting to nocturnal 

activity, deer may be able to reduce the missed opportunity costs associated with hunter 

avoidance in that the opportunities are not missed, they are just realized nocturnally 

rather than diurnally. This strategy is particularly interesting because it results from 

hunting regulations that prohibit hunting at night and has no parallels with the natural 

predation (e.g., by coyotes) deer faced in the study area.  

Management implications 

 The key challenge to incorporating the risk effects arising from hunting into deer 

management is that the behavioural responses of the deer cannot be easily quantified 

beyond controlled experiments or simplified hunting regimes. While other studies 

detected consistent responses to hunting pressure, I found no clear uniform response to 

hunting pressure in terms of core area or home range sizes, degree of overlap between 

diurnal and nocturnal space use, or the selection for individual habitat types. This leaves 

deer managers with two unknowns that must be answered before some variation of 

“hunting for fear” can be considered. First, is hunting pressure high enough to elicit a 

behavioural response from deer? Second, does the type of behavioural response by deer 
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to hunting hold possibilities for managing deer at densities that are ecologically, 

economically, socially, and culturally sustainable? 

Using the temporal change in the intensity of space use as a metric for describing 

the response of deer to hunting is a tool that deer managers can use to answer the first 

question and thereby open the door for the incorporation of risk effects into management 

practices. Even if the exact response(s) cannot be identified, managers can at least 

determine if hunting pressure is sufficient to elicit a behavioural response. This is a valid 

concern as many jurisdictions in North America are struggling to meet harvest quotas 

given declining hunting numbers.  

Even the knowledge that deer are responding behaviourally to hunters could be 

incorporated into management by considering the outcome of hunter avoidance rather 

than the specific behaviours themselves. For example, the deer response results in 

reduced observability over the course of the hunting season (Little et al., 2014) and my 

study confirmed that deer alter their diurnal distribution of space use in response to the 

gun season in eastern Ontario (Fig. 11). The OMNRF collects information on the number 

of deer seen per hunter day using postcard surveys of deer hunters and uses this 

information as a component of its monitoring and quota setting system (Giles and 

Findlay, 2004; OMNRF, 2017). Using the date of observation to correct for observability 

could result in improved precision of deer population trend estimates and is an example 

of how risk effects could be incorporated into current management practices.  

Identifying whether the behavioural responses exhibited by deer hold possibilities 

for management will be challenging due to the high behavioural plasticity exhibited by 

deer but my results indicate that it may work. While small sample sizes prevented a 
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statistical comparison, I saw some indication of distinct responses to hunting with and 

without dogs (Fig. 12 and 13), chiefly that hunting without dogs led deer to shift into 

areas of refuge when possible. Hunting without dogs may be a viable tool to deter deer 

from specific areas by concentrating hunters in those areas. This could be used to prevent 

overbrowsing and its associated impacts in areas of agriculture or areas with sensitive 

ecosystems.  The challenge will always be in separating the effects of different hunting 

methods that overlap spatially in order to attribute specific responses to specific hunting 

methods.  

Even when there is no obvious response or suite of responses by deer to hunting 

pressure, I strongly recommend that managers consider the implications of risk effects 

arising from hunter avoidance. My examination of the distribution of space use values 

revealed that deer were significantly altering the strength of their selection or avoidance 

of certain components of their environment with the specific responses to the specific 

conditions which they faced. While this reveals an impressive ability of individual deer to 

identify and respond to their local conditions, it also shows that deer are responding to 

hunting pressure and likely incurring costs that should be at least considered as part of 

management planning. 
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Figure 9. Study area located in eastern Ontario, Canada (inset map). Marlborough Forest (located centre) is a recognized deer yard and 

the site where the 2011- 2013 capture and collaring was carried out. Deer (coloured dots) migrated from Marlborough Forest in the 

spring and returned late fall or early winter. The area has an extensive road network (black lines) and a heterogeneous landcover 

composition. 
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Table 9: Start and end dates of paired control and hunt periods for the bows-only and gun seasons for the three study years (2011-

2013). To not overlap with the gun season, the bows-only hunt period ended on the first day of November. The gun season in Ontario 

begins the first Monday of November and as a result the start and end dates change each year. Each period (control and hunt) begins 

0.5 hours before sunrise, which defines legal deer hunting hours in Ontario (FWCA, 1997). Control periods end 0.5 hours before 

sunrise on the first day of the hunt period.  Hunt periods end 0.5 hours before sunrise on either the first day of November for the bows-

only treatment or the day after the end of the Ontario gun hunt season. This ensures that each period begins with a diurnal segment and 

that both periods within a season have the same number of diurnal and nocturnal segments. 

 

Season Year 
Control Period 

start 

Hunt Period  

start 

Hunt Period 

end 

Bows-only 2011 - 2013 September 1 October 1 November 1 

Gun 2011 October 24 November 7 November 21 

Gun 2012 October 22 November 5 November 19 

Gun 2013 October 21 November 4 November 18 
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Table 10: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or 

negative (-) selection of habitat characteristics for diurnal selection by white-tailed deer in eastern Ontario in the month (September) 

prior to the bows-only season (Control) and the first month (October) of the bows-only season (Hunt) from 2011-2013. Bold indicates 

use of variable not in proportion to availability as indicated by confidence intervals that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest 8.00E-06 -2.90E-06, 1.89E-05 13 4 1 -1.54E-07 -1.31E-05, 1.27E-05 13 2 3 

Treed Swamp 2.81E-05 3.30E-06, 5.29E-05 17 6 0 1.95E-05 -3.30E-06, 4.23E-05 17 4 1 

Open Swamp 2.56E-05 -4.20E-06, 5.54E-05 16 4 1 1.31E-05 -8.80E-06, 3.50E-05 16 6 1 

Tilled -7.00E-06 -1.80E-05, 4.00E-06 7 1 2 -1.43E-07 -1.92E-05, 1.90E-05 7 1 1 

Built-Up -2.71E-06 -9.30E-06, 3.88E-06 7 1 2 -5.86E-06 -1.05E-05, -1.23E-06 7 0 4 

Distance to Edges 8.82E-06 -1.04E-05, 2.80E-05 17 6 4 1.20E-05 -3.63E-05, 6.03E-05 17 3 4 

Distance to Roads 5.79E-05 8.40E-06, 1.07E-04 17 7 2 6.01E-05 2.00E-07, 1.20E-04 17 6 2 

 

Table 11: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or 

negative (-) selection of habitat characteristics for nocturnal selection by white-tailed deer in eastern Ontario in the month (September) 

prior to the bows-only season (Control) and the first month (October) of the bows-only season (Hunt) from 2011-2013. Bold indicates 

use of variable not in proportion to availability as indicated by confidence intervals that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest 5.50E-06 -2.70E-06, 1.37E-05 14 6 3 8.43E-06 -2.07E-06, 1.89E-05 14 5 1 

Treed Swamp 1.30E-05 -6.70E-06, 3.27E-05 18 3 1 3.61E-06 -1.41E-05, 2.13E-05 18 3 4 

Open Swamp 9.18E-06 -1.41E-05, 3.25E-05 17 3 1 -8.24E-07 -2.08E-05, 1.92E-05 17 3 4 

Tilled -5.88E-06 -1.49E-05, 3.10E-06 8 0 2 -1.00E-06 -1.59E-05, 1.39E-05 8 2 1 

Built-Up -1.63E-06 -8.25E-06, 4.99E-06 8 2 2 -3.00E-06 -1.14E-05, 5.37E-06 8 2 3 

Distance to Edges 1.92E-05 9.00E-07, 3.75E-05 18 10 4 1.69E-05 3.00E-06, 3.08E-05 18 11 1 

Distance to Roads 3.12E-05 -1.31E-05, 7.55E-05 18 5 4 1.27E-05 -2.47E-05, 5.01E-05 18 5 6 
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Figure 10: Mean and 95% confidence intervals for the standard deviation of space use values generated during the bows-only deer 

season from population-level unstandardized resource utilization functions describing the effect that treatment period (control and 

hunt) and time of day (diurnal and nocturnal) have on the distribution of deer habitat utilization on 821 modeled deer home ranges 

based on the mean summer (migratory) or annual (nonmigratory) home range size (2.29 km2). 
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Table 12: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or 

negative (-) selection of habitat characteristics for diurnal selection by white-tailed deer in eastern Ontario in the two weeks prior to 

the gun season (Control) and the two weeks of the gun season (Hunt) from 2011-2013. Bold indicates use of variable not in proportion 

to availability as indicated by confidence intervals that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest -1.93E-06 -1.62E-05, 1.23E-05 15 3 3 4.21E-06 -6.76E-06, 1.52E-05 14 5 2 

Treed Swamp 3.05E-05 1.15E-06, 5.99E-05 18 7 1 3.74E-05 9.34E-06, 6.55E-05 17 7 1 

Open Swamp 1.45E-05 -1.24E-05, 4.13E-05 17 6 3 4.04E-05 -3.34E-06, 8.41E-05 16 3 0 

Tilled -5.43E-06 -2.70E-05, 1.62E-05 7 1 1 -2.17E-06 -1.71E-05, 1.28E-05 6 1 2 

Built-Up -8.43E-06 -1.79E-05, 1.00E-06 7 0 2 -3.67E-06 -7.91E-06, 5.81E-07 6 0 1 

Distance to Edges -2.83E-06 -3.96E-05, 3.39E-05 18 5 4 4.76E-06 -4.93E-05, 5.88E-05 17 6 6 

Distance to Roads 4.28E-05 -2.35E-05, 1.09E-04 18 6 5 5.42E-05 -2.71E-05, 1.35E-04 17 6 4 

 

Table 13: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or 

negative (-) selection of habitat characteristics for nocturnal selection by white-tailed deer in eastern Ontario in the two weeks prior to 

the gun season (Control) and the two weeks of the gun season (Hunt) from 2011-2013. Bold indicates use of variable not in proportion 

to availability as indicated by confidence intervals that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest 1.69E-05 -2.18E-06, 3.60E-05 14 4 1 1.31E-05 -2.94E-07, 2.64E-05 15 5 2 

Treed Swamp 9.65E-06 -2.08E-05, 4.01E-05 17 2 3 1.36E-05 -1.03E-05, 3.75E-05 18 4 3 

Open Swamp -4.63E-06 -3.34E-05, 2.41E-05 16 1 5 1.18E-07 -1.81E-05, 1.83E-05 17 1 3 

Tilled 8.33E-06 -2.86E-05, 4.52E-05 6 2 0 3.57E-06 -9.15E-06, 1.63E-05 7 1 1 

Built-Up -7.50E-06 -1.32E-05, -1.76E-06 6 0 3 -8.00E-06 -1.53E-05, -7.30E-07 7 0 3 

Distance to Edges -6.29E-06 -4.09E-05, 2.83E-05 17 6 5 1.77E-05 -2.02E-05, 5.56E-05 18 6 3 

Distance to Roads 1.66E-05 -4.03E-05, 7.34E-05 17 5 5 8.33E-06 -5.83E-05, 7.50E-05 18 5 6 
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Figure 11: Mean and 95% confidence intervals for the standard deviation of space use values generated during the deer gun season 

from population-level unstandardized resource utilization functions describing the effect that treatment period (control and hunt) and 

time of day (diurnal and nocturnal) have on the distribution of deer habitat utilization on 821 modeled deer home ranges based on the 

mean summer (migratory) or annual (nonmigratory) home range size (2.29 km2). 
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Figure 12: Home ranges based on 95% isopleths generated from GPS locations of doe D051 using Brownian bridge movement models 

showing the response in terms of space use to the onset of the 2012 Ontario gun deer season. This doe was exposed to hunting without 

the use of hunting dogs and responded by contracting her home range and exploiting the refuge created by a residential subdivision. 
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Figure 13: Home ranges based on 95% isopleths generated from GPS locations of doe D024 using Brownian bridge movement models 

showing the response in terms of space use to the onset of the 2012 Ontario gun deer season. This doe was exposed to hunting with 

hunting dogs and did not contract her home space use in response.
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Chapter 5: Factors influencing deer vigilance under two contrasting human-activity 

scenarios 

Introduction  

 Browsing by white-tailed deer has the ability to impair ecological integrity and 

biodiversity as well as impose economic costs in terms of damage to private property and 

agricultural crops (see reviews in Conover et al., 1995; Russell et al., 2001 and Côté et 

al., 2004). The ability of deer to influence not only local plant communities but also other 

trophic levels through cascading effects has led to their designation as a keystone species 

(Paine, 1969; Waller and Alverson, 1997). Deer can suppress sapling recruitment 

(Rooney and Waller, 2003; Levine et al., 2012; Bradshaw and Waller, 2016), alter the 

composition of the understorey (Rooney and Waller, 2003; Nuttle et al., 2014; Sabo et al., 

2017) and induce changes in the dominant tree species in the canopy (Potvin et al., 2003). 

This in turn can affect communities of songbirds (DeCalesta, 1994; Jirinec et al., 2017) 

and small mammals (Byman, 2011) that rely on these habitats. In addition to 

compositional changes to the plant community, deer herbivory can sequester resources 

that would otherwise be distributed throughout the ecosystem (Bressette et al., 2012). 

Current reporting on the economic cost of deer browsing is limited; however, available 

information indicates a high cost. In 2001, the United States Department of Agriculture 

reported that wildlife accounted for $619 million in crop losses and $146 million in 

vegetable, fruit and nut losses of which white-tailed deer were responsible for 58% and 

33% of incidences, respectively (USDA, 2002). The wide range of issues arising from 

deer browsing may be daunting to managers, but it also means that actions that reduce 

browsing could resolve multiple conflicts simultaneously. 
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Exploiting the behavioural trade-offs commonly seen in predator-prey interactions 

may present new avenues for reducing deer browsing pressure and mitigating the effect 

on plant communities and the broader ecosystem. Prey must balance the cost of predator 

avoidance behaviours, which include both energetic costs and the missed opportunity 

costs of forgoing the benefits of foraging, mating, defending territory, etc., with the 

benefit of avoiding the direct effects of predation (Brown 1988). A common trade-off is 

the balance between vigilance and foraging time. Riskier environments and situations 

require more vigilance and result in less time spent foraging (Elgar 1989). Potential prey 

must choose a baseline level of apprehension at which they are vigilant enough to reduce 

the risk of being eaten but not so vigilant to needlessly forgo foraging opportunities 

(Brown et al. 1999). Whereas natural predators have been extirpated from much white-

tailed deer range (Thiel and Ream, 1995; Hayes and Gunson, 1995), hunter harvest 

remains a significant source of mortality for many of North America’s large and medium-

sized mammals (Collins and Kays, 2011). Cromsigt et al. (2013) recommended 

restructuring hunting to elicit a fear response in deer as a means to meet management 

objectives. One pathway through which this could potentially be achieved is by 

structuring hunting pressure to elicit vigilance-foraging trade-offs to accomplish specific 

management goals related to browsing.  

 Increased vigilance in response to predation risk and the associated decreases in 

foraging has been well documented among cervids. Foraging among elk decreased in 

response to increased vigilance when wolves were present (Laundré et al., 2001). Fortin 

et al (2004) estimated the maximum observed proportion of elk foraging bouts spent 

vigilant was 31%, resulting in a 26% decrease in bite rate. In response to the presence of 
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wolf scat, red deer increased their proportion of time spent vigilant from 22% to 46% and 

decreased their foraging from 32% to 12%, with this suppression lasting up to 5 weeks 

post scat-exposure (Kuijper et al., 2014). Roe deer spend more time foraging than vigilant 

outside of hunting season (47% vs. 25%, respectively) but distributed their time more 

evenly during the hunting season (33% vs. 38%, respectively; Benhaiem et al., 2008). 

Although the vigilance-foraging trade-off is not well documented in white-tailed deer, 

they have shown similar responses by either increasing vigilance or decreasing foraging 

when exposed to predators or predator cues (Cherry et al., 2015; Seamans et al., 2016; 

Champagne et al., 2017; Schuttler et al., 2017), when local conditions limited their ability 

to identify threats (Lagory, 1986; Blackwell et al., 2012; Lashley et al., 2014) or when 

they were potentially more vulnerable to predators (Lark and Slade, 2008; Kuijper et al., 

2015). Recent studies on the response to hunting are less clear with deer either showing 

no change in vigilance (Parsons et al., 2016) or lower vigilance when hunters were 

present (Schuttler et al., 2017). 

 Programs that use hunting pressure to manipulate vigilance behaviour in addition 

to the direct removal of deer could take one of two forms depending on the timing of the 

vulnerability of the target resource to deer browsing, be it an agricultural crop or a 

component of the natural ecosystem. If the vulnerability of the resource overlaps 

temporally with the local hunting season, deer managers and landowners could 

incentivise hunters to increase hunting pressure in areas of concern. If the vulnerable 

period is outside of the hunting season, existing programs for dealing with deer damage 

could be adapted to include a behavioural component. For example, Ontario landowners 

with confirmed deer damage can apply for deer removal authorizations which allow for 
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the killing of deer outside of the hunting season (OMNRF, 2010). The regulations allow 

the landowner flexibility regarding when and where the deer are killed which could allow 

the harvests to be structured both spatially and temporally to maximize deer vigilance 

behaviour. 

 I examined the response in vigilance behaviour to hunting and non-consumptive 

human activity (e.g. hiking, biking, dog walking and wildlife viewing) and tested for the 

associated vigilance-foraging trade-off using grids of wildlife cameras in Ottawa, 

Ontario, Canada (Fig. 14). Two limitations of observational studies to assess deer 

vigilance behaviour are that they are often limited to landcover types associated with 

foraging (Benhaiem et al., 2008) and that the estimate of vigilance can be confounded by 

the local availability of forage (Kuijper et al., 2014).  I addressed these challenges by 

using bait to decouple resource availability from landcover type thereby reinforcing the 

use of time spent vigilance as a standard metric for measuring predator avoidance 

behaviour (Cherry et al., 2015). The presence of high energy bait at all camera stations 

was meant to both increase the number of deer visits and create consistent resource 

availability across the study both spatially and temporally. This increased the certainty 

that changes in vigilance could be attributed to changes in human activity and were not 

associated with differences in resources between different landcover types or due to 

changes associated with leaf-off. I used wildlife camera grids at an appropriate scale to 

ensure that the assessment of vigilance behaviour was not biased towards foraging habitat 

and instead representatively sampled deer behaviour across deer habitat.  

The goals of this study were to: 1) determine whether vigilance is a hunter 

avoidance strategy employed by white-tailed deer, 2) identify the anthropogenic, 
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environmental and social factors influencing vigilance behaviour and 3) quantify the 

reduction in foraging resulting from human activity. Based on these goals, I predicted that 

the proportion of time spent vigilant would be greater: 1) in hunted vs protected 

landscapes, 2) when hunters were active and, 3) in habitats that limited the ability of deer 

to identify and respond to threats. Additionally, 4) I predicted that foraging would have a 

negative relationship with vigilance, with hunting effectively depressing deer foraging 

behaviour. 

Materials and Methods 

Study Sites 

 I conducted this study at two sites within Ottawa, Ontario representing different 

human activity scenarios (Fig. 14). Marlborough Forest had overall low levels of human 

activity but with hunting as the predominant human activity occurring during the study 

period. See Chapter 1 of this thesis for information on Ontario’s deer hunting seasons and 

Chapter 4 for a description of Marlborough Forest. 

 The second site was Stony Swamp where hunting was not allowed due to 

discharge of firearms by-laws (City of Ottawa, by-law No. 2002-344, Discharge of 

Firearms). Stony Swamp was used solely for non-consumptive recreation such as hiking, 

birding, biking and dog walking (NCC, 2017). Stony Swamp was a 24.29 km2 subsection 

of the larger Ottawa Greenbelt which encompasses approximately 200 km2 of which 

149.5 km2 was owned by the National Capital Commission (NCC, 2017); landcover 

consisted primarily of treed swamp (26.2%), tilled agriculture (18.0%), open field and 

pasture (16.8%), mixed forest (10.6%), deciduous forest (9.3%) and coniferous forest 

(5.9%; OMNRF, 2015). Vehicle access within the natural areas of Stony Swamp was 
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restricted to NCC and research project staff however the immediate surrounding areas 

consist of residential developments at suburban densities (Theobald, 2005) with a 

developed road network and heavy traffic volumes. Annual average daily traffic (AADT) 

for the nearest reporting intersection was 31,088 vehicles (Open Data Ottawa, 2016). In 

contrast, the nearest reporting intersection to Marlborough Forest had an AADT of 1,457 

vehicles. 

 The two sites differed in their predator communities. Wolves were extirpated 

from the entire study area. Eastern coyotes were confirmed at both sites via wildlife 

camera imagery and are confirmed predators of adult deer in the study area (see Chapter 

4 of this thesis for predation mortality among GPS-collared deer). Coyote kills on GPS-

collared deer occurred within 1.5 and 3.0 km of the Marlborough Forest and Stony 

Swamp camera grids, respectively (Keith Munro, unpublished data). Marlborough Forest 

additionally had black bears. I did not estimate density for either predator species but the 

number of detections of coyotes appeared relatively similar between sites. Based on the 

wildlife camera imagery, I identified a minimum of five different bears visiting the 

Marlborough Forest camera stations: an adult female with two cubs and two adult males. 

I could differentiate between the adult males as one had a distinctive white chest blaze. 

Sampling design 

 I placed a grid of wildlife camera stations consisting of 25 cameras at each site 

laid out in a five by five grid with 150-m spacing between stations. The size, layout and 

spacing of the camera grid was based on three objectives. First, the grid layout was 

chosen over the transect design commonly used to assess deer behaviour (Rieucau et al.; 

2007; Vickery et al., 2011; Parsons et al., 2016; Schuttler et al., 2017) to best capture the 
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variation in the local habitat composition and configuration and avoid biased estimates of 

vigilance by sampling only a subset of deer habitat (Benhaiem et al., 2008). Second, the 

150-m spacing was chosen to match the approximate scale of variation in the local habitat 

at both study sites. Specifically, I did not have enough cameras to sample all major 

landcover types at 100 m spacing, and the 200 m spacing was too coarse to capture fine-

scale variation in configuration, especially regarding open areas and distances to cover. 

Third, the total area of the grid (0.36 km2) was smaller than the reported mean home 

range size of deer in the study area during the summer/fall (2.29 km2; Chapter 4 of this 

thesis) and annual home range size reported elsewhere (1.35-2.25 km2, Tierson et al., 

1985; 0.99-3.89 km2, Crimmins et al., 2015; 0.70-3.83 km2, Magle et al., 2015) and as 

such was small enough to support the assumption that a deer recorded at a camera station 

could easily access any of the other stations as part of its daily movements. Therefore, the 

presence of a deer at any station likely represented the deer selecting for that location and 

was not a result of limited choice (i.e., the deer were not limited in their choice by 

barriers to movement). 

For each study site, I used the SOLRIS data (OMNRF, 2015) to inform the 

placement of the camera grids. I placed the two grids based on similar levels of closed 

(tree cover > 25%) and open (tree cover < 25%) habitat and a similar configuration 

featuring a central open area bisected by a human-accessible trail surrounded by closed 

habitat (Fig. 15). Approximate camera locations were determined prior to field visit and 

then adjusted based on field conditions. For example, one preselected camera location at 

the Stony Swamp site was in the middle of the Trans Canada Trail and had to be moved. 
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When I needed to move the camera location, I attempted to match the conditions at the 

new location to the preselected location. 

 Each station consisted of a bait pile and a motion sensitive infrared wildlife 

camera. At each station location, I placed a marker stake to ensure consistent placement 

of the bait pile relative to the surrounding habitat structure and the camera. Each station 

was baited with a 25-kg bag of commercial corn-molasses deer feed. The camera was 

then attached to a tree approximately 5 to 10 metres from the bait pile, depending on local 

conditions. To prevent the camera triggering when no animals were present, I trimmed 

any vegetation in front of the camera that could potentially be moved by the wind. 

I used two models of wildlife cameras with different programming options. PC85 

RapidFire Professional cameras (Reconyx, Holmen, Wisconsin, USA) were programmed 

to take ten-picture bursts at one frame per second with no delay between bursts whenever 

movement was detected. ScoutGuard Series SG550 cameras (HuntingCamOnline, 

Gadsen, South Carolina, USA) recorded 60-second videos when motion was detected 

with no delay between videos. I extracted still images from all videos at one frame per 

second in order to provide a consistent measure between the two camera types. 

Experiments with captive cervids have shown that vigilance estimates from still pictures 

at one frame per second are highly correlated with actual vigilance behaviour (Le Saout 

et al., 2015). Each station was randomly assigned a camera with the two camera types 

distributed equally between sites and the cameras were not moved among stations.  

I visited each site on alternating weeks to replenish each station with 25-kg of bait 

and download imagery from the cameras. This fortnightly site visitation did allow for 

some of the bait piles to be exhausted, especially in Marlborough Forest where they were 
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also exploited by black bears, however bait was never completely exhausted across a 

study site. I chose not to visit more frequently to minimize the influence of the research 

team’s presence on deer behaviour. Rebaiting and replacing memory cards in all the 

cameras at a site involved two full days and, in the case of Marlborough Forest, 

represented a significant increase in human traffic, especially outside of the gun season. 

Observation of deer behaviour 

 I used individual observations (IO) of deer as the behavioural sampling unit. I 

defined the IO as the occurrence of a single focal deer in front of the camera for a 

minimum of 20 frames  with no gaps between frames greater than 5 minutes. Gaps 

greater than 5 minutes denoted separate IOs. If multiple deer were present in front of the 

camera at the same time, a separate IO was produced for each deer that met the minimum 

frame requirement.  

 I scored behaviour of the focal deer in each IO using a modification of methods 

presented by Hochman and Kocher (2006) which were similar to the methods used in 

comparable studies (Laundré et al., 2001; Le Saout et al., 2015). For each frame, the 

behaviour was assigned to one of three categories: vigilance, foraging and other. 

Vigilance consisted of the deer standing with head raised, ears directed forward and/or 

the surveying surroundings. Foraging entailed the deer standing with head down 

gathering food from the bait pile or the surrounding vegetation. Other included any action 

that was not vigilance or foraging and often included lying down, walking and intra- and 

inter-specific interactions (Hochman and Kolter, 2006). Each behaviour was converted to 

a proportion of the IO by dividing the count of frames of each behaviour by the total 
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number of frames for the IO. The duration of the IO was determined from the time 

difference between the first and last frames of the IO. 

Behavioural observation characteristics 

 Age, sex, group size, and group composition all play a role in deer vigilance and 

foraging behaviours (Lark and Slade, 2008; Lashley et al., 2014; Cherry et al., 2015; 

Stone et al., 2017) and therefore needed to be quantified. I assigned all deer to age-sex 

class based on traits observable in the images. Juveniles were identified based on their 

smaller body size and their shorter muzzles relative to the adults. Sex could sometimes be 

determined for juveniles based on the presence of antler buds however this was highly 

dependent on the quality of the image and was therefore not a reliable measure. I chose to 

pool juveniles of both sexes into a single age-sex class. I distinguished between adult 

females and adult males based on the presence of antlers in the latter. Males did not shed 

their antlers until after this study had ended, therefore the presence of antlers was a 

reliable indicator of adult sex. Whenever the imagery allowed, I uniquely identified adult 

males based on antler characteristics to allow tracking of individuals through the study. 

IOs where the focal deer could not be assigned to an age-sex class were discarded (2.17% 

of IOs). To account for the effect of social interactions on deer behaviour, I recorded the 

group size as the total number of deer present during the IO including the focal deer. 

Furthermore, because group makeup can also play a role in behaviour, I indicated 

whether or not the focal deer was a member of a mixed age group including both 

juveniles and adults.  

I created two variables potentially indicative of the willingness of the deer to 

exploit a camera station: the days since baiting and the presence of other species. Days 
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since baiting consisted of the number of days since the camera station was rebaited and 

was meant to represent the depletion of bait at the site. The amount of bait has been 

shown to have a effect on vigilance (Le Saout et al., 2015) but could potentially affect the 

likelihood of a visit to the station. I recorded the presence or absence of any non-deer 

wildlife species during the IO as this may have disturbed the focal deer (Le Saout et al., 

2015). 

 I defined the temporal variation in human activity based on hunting regulations. 

The bows-only hunting season (1 October – 31 December 2012) overlapped the entire 

study so temporal variation was described in the context of the two-week gun season (5 – 

18 November 2012; Ontario Regulation 670/98: Open Seasons - Wildlife). I denoted 

three periods to capture the broad-scale temporal variation in hunting pressure: pre-hunt 

(before the gun season), hunt (during the gun season) and post-hunt (after the gun 

season). I defined time of day based on the hunting regulations as either diurnal (half 

hour before sunrise to half hour after sunset) or nocturnal (half hour after sunset to half 

hour before sunrise; FWCA, 1997). These restrictions applied to both the bows-only and 

gun seasons.  

 I calculated mean daily temperature, total daily precipitation and daily windiness 

(wind speed exceeding 31 km/h; Godwin et al., 2013) for each IO based on data collected 

in Ottawa, Ontario (Environment Canada, unpublished data). These variables could 

influence vigilance behaviour by both influencing hunter success rate (Hansen et al., 

1986; Godwin et al., 2013) and by placing additional thermal stress on the deer which 

may require them to select riskier camera locations to balance energetic demands 

(Rieucau et al., 2007; Vickery et al., 2011).  
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Camera station characteristics 

 I described landcover characteristics for each camera station from the SOLRIS 

data (OMNRF, 2015). I extracted the landcover data at each camera station and collapsed 

the landcover into three classes to represent differences in potential exposure to human 

activity and in long-distance visibility, denoted from variation in tree cover. Landcover 

type was not meant to describe factors other than visibility to humans and was therefore 

simpler than what was used in previous chapters of this thesis. Upland forest comprised 

areas of upland tree species with > 60% tree cover. Treed swamp consisted of areas of 

hydrophytic tree and shrub species with > 25% tree cover and a water table that was 

seasonally or permanently at the surface level (OMNRF, 2015). Open landcover was an 

amalgam of fen (< 25% tree cover with a water table that is seasonally or permanently at 

the surface level and community of sedges, grasses and shrubs) and undifferentiated 

(areas such as openings within forests, pastures, abandoned fields and idle land; OMNRF, 

2015).  

As a measure of the degree to which a deer would be exposed to human activity, 

particularly hunting, while at or near given camera station, I calculated the proportion of 

cover habitat within 150 m of each station (see Appendix 10 for selection of 150 m 

buffer). I defined landcover classes with > 25% tree cover as cover habitat. I measured 

the distance from each bait pile stake to the nearest cover (distance to cover) from the 

DRAPE imagery OMNRF, 2014). This imagery consists of 20 cm resolution 

orthophotography tiles and was chosen over the 15 m resolution SOLRIS landcover data 

as the SOLRIS resolution was too coarse to adequately represent fine scale variation in 
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distance to cover. Camera stations within upland forest and treed swamp were assigned 

distance to cover values of 0 indicating that they were within cover. 

 I estimated concealment at each camera station before and after leaf-off (20 

October 2012) as a measure of how the vegetation structure immediately surrounding the 

camera station affected the ability of deer to spot and identify potential threats. I 

measured concealment using a vegetation profile board (VPB) modified from Nudds 

(1977). The VPB consisted of six alternating 30 x 30-cm black and white sections, for a 

total board height of 1.8 m. The VPB was placed 10 m from the bait stake in each of the 

four cardinal directions and a picture of the VPB was taken by an interpreter kneeling at 

the bait stake. The kneeling position was used to approximate the head height of a deer 

engaging in vigilance behaviour. To reduce interpreter bias, all photos were scored 

following the end of the field work by a single interpreter. Within each photo, each 

section of the VPB was scored on the proportion of the section obscured by vegetation or 

coarse woody debris and then all sections scores were averaged to get a concealment 

score for each cardinal direction. I then took the mean of the four cardinal direction 

concealment scores to derive a single concealment score for each camera station. The 

individual observations were assigned a concealment value based on camera station and 

observation date relative to leaf-off date. 

Statistical analysis 

 Studies of animal behaviour can be susceptible to observational bias (Tuyttens et 

al., 2014). I tested for bias on the proportional behaviours due to the type of camera and 

to the individual image interpreter. I tested the effect of camera by using paired t-tests of 

the daily mean proportional behaviours and IO duration recorded by the Reconyx and 
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ScoutGuard model cameras with the data pooled across both sites. To minimize 

interpreter bias on proportion of the 3 behaviour classes, I a priori created a detailed 

protocol outlining the steps for processing the images into individual observations, 

scoring the behaviours in the IO and recording the IO-related information. To test for 

interpreter effects, I created an exit test of a standardized set of 10 IOs that all interpreters 

scored at the end of their employment. I calculated z-scores of the proportional behaviour 

values scored by the interpreters to determine how much each interpreter’s behavioural 

scores differed from the mean behavioural scores for all interpreters for an IO and tested 

for differences among interpreters using a one-way ANOVA. I did not statistically test 

for an effect of interpreter on duration as all interpreters reported identical, and correct, 

duration values for the exit tests IOs.  

I tested for an effect of hunting on deer behaviour using between- and within-site 

comparisons in the proportion of time spent vigilant, foraging and in other behaviours 

and individual observation duration across periods (pre-hunt, hunt and post-hunt). I used 

one-way analyses of variance (ANOVA) with Tukey HSD post hoc tests for paired 

differences considering diurnal and nocturnal IOs separately.  

 To identify the role of human activity, intra- and inter-specific interactions, and 

environmental factors on deer vigilance behaviour, I carried out model selection using 

generalized linear mixed effects models and Akaike information criterion (AIC; Burnham 

and Anderson, 2002). Based on the literature I selected relevant model terms (Table 14) 

and created a candidate model set with each candidate model representing a plausible 

hypothesis explaining the variation in proportion vigilant (Appendix 11; Burnham and 

Anderson, 2002; Arnold, 2010). I included interpreter in all candidate models as a 
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random intercept to account for potential interpreter bias, based on the tests for such 

effects (see Results, below). I tested all variables against each other using Pearson or 

Spearman rank correlations as appropriate and ensured that correlated variables (|r| ≥ 0.5) 

were not included in the same candidate models. Correlations between variables in 

competing models were carefully considered when interpreting AIC model selection 

results. 

The proportion of time vigilant data were of a non-normal distribution (Fig. 16) 

that could not be corrected via transformation known as a compound Poisson-Gamma 

distribution which is a member of the Tweedie family of distributions (Jørgensen, 1987). 

I used the function cpglmm in the R package cplm (Zhang, 2013) which allows for 

generalized linear mixed effects models to be fit to raw data with a compound Poisson-

Gamma distribution without transforming the data. I evaluated the best model using AIC 

values and calculated AIC weights (ω) following Burnham and Anderson (2002). 

Ecological studies using mixed effects models rarely present an estimate of the variance 

explained which limits the interpretation of results (Nakagawa and Schielzeth, 2013). I 

followed the methods outlined in Nakagawa et al. (2017) to generate marginal and 

conditional R2 values representing the variance explained by just the fixed effects and by 

the fixed and random effects, respectively. 

All summary data are reported as mean ± 1 standard error unless otherwise 

indicated. For all tests α = 0.05 unless otherwise indicated. I performed spatial data 

manipulation using ARCMap 10.4.1 (ESRI Inc., Redlands, CA, USA) and statistical 

analysis using R software version 3.3.2 (R Core Team, 2016). R Studio version 1.0.136 

(RStudio Team, 2016) was used to run R. 
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Results 

 The cameras were deployed in Marlborough Forest from 3 October 2012 to 11 

December 2012 and in Stony Swamp from 11 October 2012 to 6 December 2012. I 

intended to remove the cameras in Marlborough Forest first to have an equal number of 

weeks of data collection at both sites however two instances of camera theft in Stony 

Swamp necessitated removing all cameras at that site on 6 December. Camera failures at 

both sites reduced the number of cameras per site to twenty-four (Fig. 15), resulting in 

1,656 and 1,344 camera-days for Marlborough Forest and Stony Swamp, respectively. 

Over the course of their deployment the cameras recorded 345,288 video and image files 

totalling 235 gigabytes of data. Following processing of the raw footage and filtering for 

completeness, 1,382 individual observations were recorded in Marlborough Forest and 

2,291 in Stony Swamp. The distribution of the IOs across periods differed between sites 

(χ2 
2 = 77.55, p < 0.0001) with IOs distributed approximately evenly across the pre-hunt, 

hunt and post-hunt periods in Marlborough Forest (34.8%, 33.9% and 31.3%, 

respectively) but not in Stony Swamp (21.6%, 39.5% and 38.9%, respectively). Diurnal 

IOs were more common in Stony Swamp (41.0%) than in Marlborough Forest (12.4%; χ2 

1 = 327.05, p < 0.0001).  

The age-sex class distribution was significantly different between sites (χ2 
2 = 

345.49, p < 0.0001) with Marlborough Forest individual observations including more 

juveniles (33.3% vs. 14.0%), fewer adult males (15.6% vs. 41.9%) and more adult 

females (51.1% vs. 44.1%) than Stony Swamp, respectively. Mean observed group size in 

Marlborough Forest (1.86 ± 0.03) was significantly larger than in Stony Swamp (1.54 ± 

0.02; t2635.5 = 10.316, p < 0.0001) and a greater proportion of Marlborough Forest deer 
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were in mixed age groups (34.4%) than Stony Swamp deer (16.1%; χ2 
1 = 162.47, p < 

0.0001). The occurrence of other species during the individual observations was rare at 

both sites at 3.8% and 5.6% of individual observations for Marlborough Forest and Stony 

Swamp, respectively.  

I found evidence that the proportion of time vigilant was influenced by 

observational bias from the individual interpreters (n = 3) but not the type of camera. The 

daily mean of the proportion vigilant values obtained from footage collected by Reconyx 

cameras (0.28 ± 0.00) was not significantly different from values derived from 

ScoutGuard cameras (0.27 ± 0.01). There was a difference in duration between camera 

types (t57 = 8.2951, p < 0.0001) with mean duration for Reconyx cameras (325.6 ± 6.66 

seconds) being significantly longer than mean duration for ScoutGuard cameras (145.1 ± 

4.40 seconds). There was a significant difference in proportional behaviour z-scores from 

the exit tests across interpreters for vigilance (F2,27 = 41.17, p < 0.0001), feeding (F2,27 = 

5.12, p = 0.0122), and other behaviours (F2,27 = 32.24, p < 0.0001) indicating that there 

was an interpreter bias in the behavioural scoring. 

There were significant differences in deer behaviour between the two sites over 

the entire study. Marlborough Forest deer spent a smaller proportion of their time vigilant 

(0.24 ± 0.01) than Stony Swamp deer (0.29 ± 0.00; t2880.7 = -8.0019, p < 0.0001; Fig. 

14a). There was no significant difference in the proportion of time spent foraging 

between Marlborough Forest (0.51 ± 0.01) and Stony Swamp (0.52 ± 0.00; Fig. 17b). 

Deer in Marlborough Forest spent a significantly greater proportion of their time in other 

behaviours (0.25 ± 0.01) than deer in Stony Swamp (0.18 ± 0.00; t2348 = 9.6378, p < 

0.0001; Fig. 17c). Finally, the duration of the individual observations was significantly 



144 

 

 

 

longer in Marlborough Forest (315.2 ± 9.00 seconds) than in Stony Swamp (223.2 ± 5.08 

seconds; t2265.4 = 8.9042, p < 0.0001; Fig. 17d). 

The proportion of time spent vigilant varied across the three periods (pre-hunt, 

hunt and post-hunt) within both study sites (Fig. 17a). In Marlborough Forest, there were 

significant differences in proportion vigilant among the periods diurnally (F2,168 = 5.185, 

p = 0.0065) with the proportion vigilant in the hunted (0.17 ± 0.02) period being 

significantly lower than both the pre-hunt (0.27 ± 0.03, p = 0.0116) and post-hunt (0.26 ± 

0.02, p = 0.0204) periods, which were not significantly different from each other. There 

were no differences in nocturnal vigilance among periods in Marlborough Forest. Diurnal 

vigilance was significantly different among periods in Stony Swamp (F2,927 = 7.045, p = 

0.0009), with the pre-hunt period having significantly higher proportion vigilant (0.35 ± 

0.02) than both the hunt (0.30 ± 0.01, p = 0.0161) and post-hunt (0.28 ± 0.01, p = 0.0006) 

periods, which were not significantly different from each other. Nocturnal proportion 

vigilant in Stony Swamp also differed significantly among periods (F2,1358 = 3.721, p = 

0.0244) with post-hunt period showing significantly lower proportion vigilant (0.28 ± 

0.01) relative to the hunt period (0.31 ± 0.01, p = 0.0470). Nocturnal proportion vigilant 

in Stony Swamp during the pre-hunt period (0.28 ± 0.01) was not significantly different 

from the other two periods.  

The proportion of time spent foraging was significantly different across the three 

hunting periods in Stony Swamp but not Marlborough Forest (Fig. 17b). The diurnal 

proportional foraging in Stony Swamp was significantly different across periods (F2,927 = 

17.2, p < 0.0001) with the deer spending a smaller proportion of their time foraging 

during the pre-hunt period (0.44 ± 0.02) than either the hunt (0.52 ± 0.01, p < 0.0001) or 
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post-hunt (0.54 ± 0.01, p < 0.0001) periods, which were not significantly from each other. 

Nocturnally, Stony Swamp deer spent different proportions of their time foraging across 

periods (F2,1358 = 3.494, p = 0.0307), with less time spent foraging in the pre-hunt period 

(0.50 ± 0.01) than in the post-hunt (0.54 ± 0.01, p = 0.0241) period. Nocturnal 

proportional foraging during the hunt period (0.52 ± 0.01) was not significantly different 

from other periods.  

There was a significant difference in the proportion of time spent in other 

behaviours across periods diurnally in Marlborough Forest (F2, 168 = 8.641, p = 0.0003) 

and both diurnally (F2, 927 = 5.551, p = 0.0040) and nocturnally (F2, 1358 = 10.49, p < 

0.0001) in Stony Swamp (Fig. 17c). Diurnally in Marlborough Forest, deer spent a 

greater proportion of their time in other behaviours during the hunt (0.33 ± 0.01) than 

they did in the pre- (0.21 ± 0.02, p = 0.0044) and post-hunt (0.19 ± 0.03, p = 0.0004) 

periods, which were not significantly different from each other. Stony Swamp had a 

different diurnal pattern where the pre-hunt proportion of other behaviours (0.21 ± 0.01) 

was significantly greater than both hunt (0.18 ± 0.01, p = 0.0076) and post-hunt (0.17 ± 

0.01, p = 0.0062) proportions. Nocturnally there was a similar pattern where the 

nocturnal proportion of other behaviours in the pre-hunt period (0.22 ± 0.01) was greater 

than either the hunt (0.17 ± 0.01, p < 0.0001) or post-hunt (0.18 ± 0.01, p = 0.0005) 

periods, which were not different from each other. 

The duration of the individual observations varied with period in Stony Swamp 

but not Marlborough Forest (Fig. 17d). Diurnal durations were significantly different 

across the pre-hunt, hunt and post-hunt periods in Stony Swamp (F2, 927 = 10.81, p < 

0.0001) with the hunt period having significantly longer durations (278.5 ± 14.21 
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seconds) than either the pre-hunt (187.2 ± 17.40 seconds; p = 0.0002) or post-hunt 

periods (208.0 ± 12.63 seconds; p = 0.0006), which were not significantly different from 

each other. Nocturnal individual observation showed a similar significant difference 

(F2,1358 = 33.87, p < 0.0001) with the hunt period having longer durations (279.2 ± 12.30 

seconds) than either the pre-hunt (156.9 ± 10.05 seconds; p < 0.0001) or post-hunt 

periods (190.5 ± 8.41 seconds; p < 0.0001), which were not significantly different from 

each other.  

The proportion of time spent vigilant was best explained by model CE5 (Table 15; 

for complete list of model selection results see Table 2 in Appendix 11), which included 

group size, site, period, time of day, interpreter and the interactions between site and 

period and between period and time of day (Table 16). It was unambiguously the best 

model based on model selection receiving 91% of the AIC model weight and having a 

ΔAIC of 4.74 over the next ranked model, CE7, but explained very little of the variance 

of proportional vigilance with a marginal R2 of 0.0384 and a conditional R2 of 0.0414 

(Table 15). Model CE7 (Table 16) explained the most variance but marginal and 

conditional R2 values were only slightly higher at 0.0408 and 0.0444, respectively (Table 

15). Group size and membership in a mixed age group were highly correlated (rp = 0.67, 

p < 0.0001). 

Discussion  

My results suggest that vigilance is not a ubiquitous hunter avoidance strategy 

among white-tailed deer. Contrary to my predictions based on the similar studies and the 

predator-prey literature, deer spent a greater proportion of their time vigilant in Stony 

Swamp than in Marlborough Forest (Prediction 1) and decreased the proportion of time 
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spent vigilant when exposed to the greatest predicted level of harvest mortality risk 

(Prediction 2). Additionally, model selection provided no support to the theory that 

habitat characteristics which limited the ability of deer to identify and respond to threats 

had any significant effect on vigilance (Prediction 3). Finally, any behavioural trade-offs 

arising from hunting pressure appeared to be between vigilance and other behaviours 

rather than vigilance and foraging (Prediction 4). These findings raise several questions 

pertaining to deer behavioural response to hunting and recreational human activity. How 

is vigilance related to hunting? Are vigilance-foraging trade-offs present in deer exposed 

to hunting? Is it appropriate to extend the use of proportion of time spent in vigilance as a 

measure of risk in human-deer systems? Why are there no clear anthropogenic, 

environmental or social drivers of vigilance behaviour among deer? 

 The counterintuitive decrease in the proportion of time spent vigilance during the 

day in Marlborough Forest during the hunt may reflect an alternate hunter avoidance 

strategy, which I had not previously considered as a hypothesis of this study. Prey species 

adopt predator avoidance strategies in response to the methods used by the predator 

(Preisser et al., 2007). In predator-prey systems where the possible presence of predators 

such as wolves, lynx (Lynx canadensis) or cougars is relatively constant, deer are limited 

to responding to fine-scale variation in risk as predation methods interact with habitat 

characteristics (Altendorf et al., 2001; Kuijper et al., 2014; Kuijper et al., 2015; Wikernos 

et al., 2015). Whereas deer could alter their movements and behaviour to reduce the risk 

of being killed (Rhoads et al., 2013; Little et al., 2014; Little et al., 2016; Marantz et al., 

2016; Chapter 4 of this thesis), the diurnal nature of hunting allowed for a potentially 

more effective strategy.  
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Deer hunting differs most significantly from predation in the temporal structuring 

of risk (Manning et al., 2009) where hunters are only present diurnally during specific 

seasons defined by hunting regulations (FWCA, 1997). This presents deer with an 

opportunity to reduce risk simply by being more active at night (see Gaynor et al., [2018] 

for the ubiquity of this behaviour among mammals). One of the most noticeable 

differences between the two study sites was the temporal distribution of the individual 

observations. In Marlborough Forest only 12.4% of observations occurred diurnally 

compared to 41.0% of observations in Stony Swamp, a pattern that was consistent across 

the pre-hunt, hunt and post-hunt periods. Additionally, there was a complete lack of 

diurnal observations in Marlborough Forest between 10 Nov and 14 Nov, which includes 

the first full weekend of the gun season. In Marlborough Forest, the first seven days of 

the gun season are the period of the greatest hunter activity (Keith Munro, pers. obs.). 

Little et al (2016) found that deer increased nocturnal movements relative to diurnal 

movements in response to hunting and contrasted this with a nearby non-hunted area 

where diurnal movements were greater than nocturnal movements (Webb et al., 2010). In 

Florida, deer were more active at night than during the day during the hunting seasons 

and nocturnal activity during the hunting season exceeded nocturnal non-hunting activity 

(Kilgo et al., 1998). Parson et al. (2016) found that deer temporally avoided humans. 

While I defined the hunting periods based on the two-week Ontario gun season, the entire 

study fell within the bows-only season which ran from 1 October to 31 December in the 

study area. Since legal hunting hours are the same for the gun and bows-only seasons, the 

predominantly nocturnal behaviour of deer in Marlborough Forest may reflect a general 

hunter avoidance strategy that applies equally well to both seasons.  
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 In addition to the overall reduction in risk exposure that comes with adopting a 

predominantly nocturnal activity pattern, increasing diurnal vigilance may not lower risk 

of being killed by a hunter. Guns (rifles, shotguns and muzzle-loaders) provide hunters 

with a stand-off distance that may allow them to harvest deer beyond their perception 

range. Ohio hunters using shotguns and slugs reported a mean killing distance of 43 m 

(Grau and Grau, 1980). Rifle hunters in Ontario killed 26% of deer within 49 m, 42% 

between 50 and 99 m, 29% between 100 and 200 m, and 4% beyond 200 m (Holsworth, 

1973). In comparison, reported ranges of flight initiation distances among deer in 

response to an anthropogenic threat are 19.8 - 54.4 m (Behrend and Lubeck, 1968), 70.5 - 

94.7 m (Blackwell et al., 2014) and less than 60 m (Sutton and Heske, 2017). This 

suggests that most hunters are killing deer from a distance beyond the limit of the deer’s 

ability to recognize and respond to the threat of mortality. Therefore, deer would gain no 

added benefit by increasing vigilance as the likelihood of spotting the hunter even with 

total vigilance was likely low. 

 Despite the apparent prioritizing of nocturnal activity by deer, the significant 

increase in the diurnal vigilance rates in Marlborough Forest with no change in nocturnal 

rates (Fig. 17) does suggest an effect of hunting on vigilance. However, the direction of 

the response is the opposite of what was predicted based on documented risk responses of 

deer and patterns of hunter activity in Marlborough Forest. During the hunting period, 

which represented the two-week Ontario gun season and was a period of increased hunter 

activity in Marlborough Forest, deer spent 17% of their time being vigilant relative to 

27% and 26% during the pre-hunt and post-hunt periods, respectively. While counter-

intuitive, this inverse response to hunting has been reported previously. Schuttler et al. 



150 

 

 

 

(2017) found that deer showed lower vigilance in areas that were hunted relative to areas 

where hunting was not permitted but still had recreational activity. They suggested that 

this might be due hunted sites offering increased understory cover or having a greater 

proportion of naïve juveniles which show lower vigilance. Both conditions existed in my 

study. Marlborough Forest had significantly higher concealment cover than Stony Swamp 

both before and after leaf-off. However, concealment cover and visual obstructions have 

been shown to have a positive relationship with vigilance (Lagory, 1986; Blackwell et al., 

2012) so vigilance should have been higher in Marlborough Forest than in Stony Swamp 

if concealment was driving vigilance behaviour. Marlborough Forest had a greater 

proportion of juveniles relative to Stony Swamp and juvenile white-tailed deer do show 

lower vigilance than adults (Lark et al., 2008; Lashley et al., 2014), making this 

explanation more plausible. However, neither concealment cover nor the age-sex 

distribution varied over the course of the study. As such, while these factors may be 

possible drivers of between-site differences, they do not explain the observed within-site 

change relative to the hunting period in Marlborough Forest. Both possible explanations 

were included as candidate models in the model selection and neither received significant 

support (Appendix 11). 

 Without a strong effect of hunting on vigilance behaviour, it is difficult to identify 

vigilance-foraging trade-offs. Over the course of the study, whereas the proportion of 

time spent vigilant was significantly higher in Stony Swamp than in Marlborough Forest 

(Fig. 17a), there was no difference in the proportion of time spent foraging between the 

two sites (Fig. 17b). When the within-site differences in behaviour across period were 

examined, there was some evidence of a vigilance-foraging trade-off, but only diurnally 
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in Stony Swamp. There, a decrease in vigilance over the pre-hunt, hunt and post-hunt 

periods (Fig. 17a) coincided with an increase in foraging over the same periods (Fig. 

17b). However, the proportion of time spent foraging during the diurnal pre-hunt period 

was the lowest of all site-period-time of day combinations and may have been due to the 

novel nature of the initial placement of bait stations and the truncated pre-hunt period in 

Stony Swamp. If so, the increase may represent a return to the normal feeding rates 

within the larger deer population rather than sacrificing vigilance for foraging.  

If vigilance does not provide a long-term hunter avoidance benefit as discussed 

above, it makes sense for deer to sacrifice vigilance in favour of increasing foraging to 

meet additional nutritional requirements. The mean percent of time spent foraging, 51% 

and 52% for Marlborough Forest and Stony Swamp respectively, were higher than 

reported in studies of white-tailed deer using baited wildlife cameras (~ 15-40%, Cherry 

et al., 2015; ~ 12-33%, Stone et al., 2017) and this suggests that deer in the study area 

were not limited in the proportion of their time spent foraging. As the focus of this study 

was to explore the vigilance-foraging trade-off in the context of human-deer conflict 

management, behaviours that were not vigilance or foraging were recorded under the 

generic “other” category to limit the time spent scoring the camera imagery. This limited 

my post hoc ability to determine what non-foraging or non-vigilance requirements 

resulted in the observed increase in other behaviours diurnally during the hunt and the 

overall greater proportion of other behaviour in Marlborough Forest relative to Stony 

Swamp (Fig. 17c). While the increase in other behaviours in Marlborough Forest during 

the hunting period coincided with the breeding season in the study area (1 November to 

15 December; Keith Munro and Scott Smithers, unpublished data), the lack of a nocturnal 
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increase in Marlborough Forest or in Stony Swamp nocturnally or diurnally suggests that 

this is not the driver. Breeding chronology has been shown to affect deer vigilance 

behaviour with different age-sex classes responding differently (Stone et al., 2017); 

however, this effect should not be isolated to the rare diurnal observations during the hunt 

period at only one site. Similarly, increased movement is unlikely the driver of increased 

diurnal other behaviours as deer tend to decrease movement and activity in response to 

hunting (Kilgo et al., 1998; Little et al., 2016). While the presence of other species can 

potentially influence deer behaviour at bait sites (Le Saout et al., 2015), these occurrences 

were very rare at both sites. Finally, Donohue et al. (2013) found that the rate of intra-

specific aggressive interactions increased with deer density but did not change seasonally. 

While it appears likely that the decrease in diurnal vigilance during the hunt period is a 

trade-off with other behaviours, I am at a loss to explain which specific behaviour is 

likely the driver. I recommend that any further study include more detailed interpretation 

of the trail camera imagery to capture the full range of non-feeding, non-vigilance 

behaviours. 

 Given that vigilance in the non-lethal treatment site, Stony Swamp, was equal to 

or higher than that in the lethal treatment, Marlborough Forest (Fig. 17a), is it appropriate 

to use vigilance as a metric of risk (Cherry et al., 2015) in human-deer systems? The 

assumption that vigilance is positively correlated with perceived risk by the animal is 

fundamental to many observational studies of deer and has been used to draw conclusions 

on how deer perceive human activity (Parsons et al., 2016; Schuttler et al., 2017). Deer in 

Stony Swamp had proportional vigilance values (0.25-0.38) comparable to depredated or 

hunted cervid populations elsewhere (0.31, Fortin et al., 2004; 0.25-0.38, Benhaiem et al., 
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2008; 0.46, Kuijper et al., 2014) and potentially traded vigilance for foraging diurnally 

(Fig. 17 a,b). While not quantified, the behaviour of deer that I encountered in Stony 

Swamp did not indicate that they perceived me and other project staff as a threat. Rather 

than exhibiting the flight behaviour typical of white-tailed deer encountering a predator 

(Lingle and Wilson, 2001), the deer either did not react at all or approached us. In one 

case a group of four does followed research staff between several stations as we rebaited 

the camera stations and I also received anecdotal reports that it is possible to hand feed 

deer in Stony Swamp. Le Saout et al. (2015) interpreted similar behaviour among black-

tailed deer on unhunted islands as habituation to human presence. Given the requirement 

for animals to balance energetic requirements with mortality risk and missed opportunity 

costs (Brown, 1988), it seems unreasonable for deer to maintain high vigilance rates 

without a clear source of risk, if risk is the driver. At the same time, vigilance should not 

be interpreted as a risk response when gross deer behaviour indicates a lack of fear 

towards humans. 

Rather than responding to humans as sources of risk, the deer may be responding 

to the presence of coyotes. The presence of coyotes was confirmed via camera footage at 

both sites and coyote kills of GPS-collared deer occurred within 1.5 km of the 

Marlborough Forest camera grid and 3.0 km of the Stony Swamp grid (Keith Munro, 

unpublished data). Coyotes can be effective predators even on adult deer (Messier et al., 

1986; Whitlaw et al., 1998; Chitwood et al., 2014; Chapter 4 of this thesis) and may be 

responsible for the relatively high levels of vigilance even without hunter mortality, 

especially given the potential ineffectiveness of vigilance as a hunter avoidance strategy. 

While some studies have concluded that deer do not respond to the presence of coyotes 
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with increased vigilance (Parsons et al., 2016; Schuttler et al., 2017), deer are more alert 

when exposed to coyote hair (Seamans et al., 2016) and deer increase feeding rates within 

coyote exclosures (Cherry et al., 2015). 

The lack of biologically significant support (as indicated by the low R2 for all 

models; Table 15) for any of the candidate models provides support for the hypothesis of 

behavioural flexibility of deer to anthropogenic, environmental and social stressors. The 

candidate model set was as comprehensive as possible and not limited to hunting-related 

factors, and included models specifically describing deer biology independent of hunting 

(Appendix 11). I was able to identify a clear top model but, based on the low conditional 

and marginal R2 values (Nakagawa et al, 2017), the actual biological implications may be 

of limited significance (Table 16). The coefficients of the top model, CE5, were largely 

consistent with differences in vigilance at the site-period-time of day level (i.e., Fig. 14) 

where vigilance was higher in Stony Swamp than Marlborough Forest, lower nocturnally 

than diurnally, and generally decreasing as the season progressed. Additionally, the top 

model supported the “many-eyes” hypothesis (Lima, 1990; Lima, 1995) where 

individuals in a group take advantage of the vigilance of the other group members, as 

vigilance decreased with group size (Table 16). Despite these logical results, the 

candidate model set failed to account for much of the variation in deer vigilance 

behaviour. 

One potential reason for the low R2 values in the candidate models is that my 

measurement design failed to capture the variability in vigilance itself. Roe deer 

(Benhaiem et al., 2008) and elk (Fortin et al., 2004) can minimize the cost of vigilance on 

foraging by adopting low-cost vigilance by chewing while scanning when in moderate 
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risk situations with exclusive vigilance without chewing being reserved for high risk 

situations. This specialization of vigilance behaviour was not detectable from the camera 

footage. My study design may have inadvertently exacerbated this effect as having a 

concentrated food source should reduce foraging costs by reducing search times (Le 

Saout et al., 2015). However, the fact that I detected no significant differences in foraging 

behaviour in Marlborough Forest among periods (Fig. 17b) supports a true lack of effect 

of hunting rather than a failure of detection.  

A more likely explanation is that my inability to uniquely identify and track all 

individual deer in the study sites allowed individual variation in behaviour to go 

unaccounted for. Studies that have found biologically significant drivers of vigilance and 

foraging behaviour have either examined simpler systems (Benhaiem et al., 2008), or 

specific situations (Blackwell et al., 2012) sometimes with marked individuals (Le Saout 

et al., 2015). I chose to consider the entire population as whole which I feel was 

appropriate given the management context. Management actions, especially those 

addressing overbrowsing, should target the entire population, not just a subset. The cost 

of this whole-population approach is that it is susceptible to inter-individual variability 

obscuring fine-scale trends. While not a component of the model selection, I uniquely 

identified adult males based on antler characteristics and tracked them over the course of 

the study. These adult males demonstrated the high level of variation in vigilance 

behaviour (Fig. 18) which is especially notable given that all individuals within a site 

should have been be able to access any of the camera stations and therefore be exposed to 

at least similar risk scenarios. It may not be feasible to measure the independent variables 
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at a sufficiently fine-scale to characterise the unique scenarios in terms of anthropogenic, 

environmental and social influences to which they must tailor their responses. 

 While vigilance behaviour arising in the hunter-deer system appears more 

complex than that seen in predator-deer systems, it does merit further study as the 

potential to resolve overbrowsing issues should make it extremely attractive to deer 

managers. Uniquely identifying all individuals in the population through either marking 

or through a set of unique characteristics would allow for individual variability to be 

quantified and increase the statistical power of such experiments. 

Management implications 

 While these study findings did not define a set of human activity conditions that 

could be directly implemented to increase vigilance and decrease overbrowsing, they do 

inform recommendations about conditions which would be critical for such a hunting 

regime to have a chance of success. First, manager control of the hunting practices is 

crucial. If there is a single desired behavioural response then there must be a clear 

directional stressor for the deer to respond to. The mix of hunting practices present during 

a typical hunting season in Ontario may prevent deer from having an effective response 

they can exploit beyond temporally shifting activity to nocturnal periods. Therefore, if 

managers wish to achieve a specific behavioural response, they must have the regulatory 

ability to dictate the permitted hunting methods. Second, the hunting method chosen must 

be one that compels deer to mitigate the risk through increased vigilance. Methods that 

allow for harvest beyond the deer’s perception range should be avoided. Cromsigt et al. 

(2013) referred to this as adopting “predator-style hunting.” One possible method would 

be still hunting with archery equipment. This requires the hunter to move through deer 
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habitat in search of deer and approach within 30 to 40 m, which is likely within their 

perception range based of flight initiation distances. While this will almost certainly 

reduce hunter success rates, it has the greatest chance of eliciting an increased vigilance 

response in deer. Additionally, it would allow hunters to interact with bedded or resting 

deer, an activity that I could not capture using baited wildlife cameras. Some North 

American jurisdictions prohibit the use of magnified optics on firearms during certain 

seasons, which could have a similar effect of requiring hunters to get closer. This 

approach would require managers to weigh the costs of reducing hunter success, and 

therefore harvest (direct effects), against the potential benefits stemming from altered 

deer behaviour (risk effects). 
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Figure 14: Location of wildlife camera grids deployed October to December 2012 in Ottawa, Ontario, Canada. The grids were set up 

in two publicly owned areas used for different recreational activities. Marlborough Forest is open to hunting, hiking, and all terrain 

vehicle and snowmobile use. Hunting and vehicle access were not allowed within Stony Swamp and the area was used solely for non-

consumptive recreation such as hiking, birding, biking and dog walking. 
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Figure 15: Layout of sampling grids deployed October to December 2012 in Marlborough Forest and Stony Swamp in Ottawa, 

Ontario, Canada in relation to trails, closed (tree cover >25%) and open (tree cover <25%) habitats.. Each station consisted of a bait 

pile and a motion-sensitive infra-red wildlife camera. 
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Table 14: Candidate model variables to explain the variation in proportion of time deer spent vigilant while at baited camera sites in 

two study sites with contrasting human activity scenarios, Marlborough Forest and Stony Swamp in Ottawa, Ontario, Canada.  

Model Term Definition Levels 

Site The study site. Marlborough Forest / Stony Swamp 

Period The date of the individual observation relative to the Ontario gun deer 

season. 

Pre-hunt / Hunt / Post-hunt  

Week The week of the individual observation starting from the establishment of 

the Marlborough Forest site. 

Week 1 - Week 10 

TOD The time of day relative to legal hunting hours. Diurnal / Nocturnal 

Concealment The mean concealment value at the camera station. c 

DTC The distance to the nearest cover habitat. c 

Solris The landcover class. Upland Forest / Treed Swamp / Open 

Cover150 The proportion of upland forest and treed swamp within 150 m of the 

camera station. 

c 

Age-sex The age-sex class of the focal deer in the individual observation. Juvenile / Adult Male / Adult Female 

Mixed age The presence of other deer in the individual observation of a different age 

than the focal deer. 

No / Yes 

Group size The maximum number of deer present during the individual observation 

including the focal deer. 

c 

Other species The presence of non-deer animals during the individual observation. No / Yes 

Days since The number of days since the bait at the camera station was replenished. c 

Mean temp The mean daily temperature (℃). c 

Total precip The total daily precipitation (mm) including both rain and snow. c 

Windy The presence of wind gusts with speeds greater than 31 km/h. No / Yes 

Interpreter The interpreter who scored the individual observation. Fitted as a random 

effect. 

Interpreter 1 - 3 

Continuous variables are denoted by c. 
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Figure 16: Histogram of proportion of time spent vigilant during individual observations 

of white-tailed deer at baited wildlife camera stations at two sites, Marlborough Forest 

and Stony Swamp, in Ottawa, Ontario, Canada. The data take the form of a compound 

Poisson-Gamma distribution from the Tweedie family of distributions (Jørgensen, 1987). 
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Figure 17: The proportion of time spent vigilant (A), foraging (B) and in other behaviours 

(C) as well as the duration of observation (D) for white-tailed deer exposed to human 

activity at two sites, Marlborough Forest and Stony Swamp, in Ottawa, Ontario. Error 

bars represent 95% confidence intervals and the horizontal lines represent the mean 

values over the entire study period for Marlborough Forest (solid line) and Stony Swamp 

(dashed line).  
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Table 15: Top ten candidate models and model selection results examining vigilance behaviour in white-tailed deer exposed to human 

activity in two study sites, Marlborough Forest and Stony Swamp, in Ottawa, Ontario, Canada. Model performance was assessed via 

difference in AIC values (ΔAIC) and AIC weights (ω; Burnham and Anderson, 2002). Explained variance was assessed using 

marginal and conditional R2 values representing variance explained by the fixed effects and the fixed and random effects, respectively 

(Nakagawa et al., 2017). 
Model Terms ΔAIC ω Marg. R2 Cond. R2 

CE5 Group size + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 0 0.91 0.0384 0.0414 

CE7 Age-sex + Mixed age + Age-sex*Mixed age + Site + Period + TOD + Site*Period + Period*TOD 

+ Interpreter 

4.74 0.094 0.0408 0.0444 

CE6 Age-sex + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 14.16 7.67E-04 0.0350 0.0378 

CE1 Cover150 + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 24.43 4.51E-06 0.0300 0.0322 

CE10 Solris + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 27.30 1.08E-06 0.0305 0.0334 

CE8 Other species + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 27.96 7.75E-07 0.0316 0.0355 

CE2 Concealment + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 28.17 6.97E-07 0.0321 0.0368 

HA4 Site + Period + TOD + Site*Period + Period*TOD + Interpreter 28.67 5.42E-07 0.0308 0.0346 

CE12 Windy + Solris + Windy*Solris + Site + Period + TOD + Site*Period + Period*TOD + 

Interpreter 

29.26 4.06E-07 0.0314 0.0339 

CE4 Concealment + DTC + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 29.58 3.45E-07 0.0330 0.0386 

Interactions are denoted by *. TOD = time of day (nocturnal vs. diurnal). DTC = distance to cover. 
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Table 16: Model coefficients (β), fixed effect standard errors (SE), and random effect standard deviations (SD) of the best candidate 

model (CE5) and the model that explains the most variance (CE7) of the proportion of time spent vigilant by white-tailed deer in two 

areas of Ottawa, Ontario representing different human-activity scenarios. 

 CE5 CE7 

Fixed effects β ± SE β ± SE 

Intercept -1.09 ± 0.07 -1.20 ± 0.07 

Group size -0.08 ± 0.01 - 

Age-sex (adult male) - -0.03 ± 0.05 

Age-sex (adult female) - 0.03 ± 0.04 

Mixed age group (yes) - -0.21 ± 0.05 

Age-sex (adult male) * Mixed age (yes) - 0.23 ± 0.21 

Age-sex (adult female) * Mixed age (yes) - 0.19 ± 0.07 

Site (Stony Swamp) 0.14 ± 0.05 0.14 ± 0.05 

Period (hunt) -0.31 ± 0.08 -0.31 ± 0.08 

Period (post-hunt) -0.12 ± 0.08 -0.12 ± 0.08 

Time of day (nocturnal) -0.22 ± 0.05 -0.20 ± 0.05 

Site (Stony Swamp) * Period (hunt) 0.18 ± 0.06 0.19 ± 0.07 

Site (Stony Swamp) * Period (post-hunt) -0.05 ± 0.06 -0.03 ± 0.06 

Period (hunt) * Time of day (nocturnal) 0.25 ± 0.07 0.24 ± 0.07 

Period (post) * Time of day (nocturnal) 0.20 ± 0.07 0.18 ± 0.07 

Random effect Variance ± SD Variance ± SD 

Interpreter 0.0015 ± 0.04 0.0018 ± 0.04 
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Figure 18: Mean and 95% confidence intervals showing the distribution of the proportion of time spent vigilant over the course of the 

study (October to December 2012) among adult male white-tailed deer uniquely identified based on antler characteristics. All deer had 

a minimum of 15 individual observations. Deer ID numbers with the “MF” prefix indicate deer from Marlborough Forest (n = 5) and 

numbers with the “SS” prefix are from Stony Swamp (n = 17). 
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Chapter 6: General Discussion and Conclusions 

Over the last twenty years, research has shown the significant impact of predation 

risk on prey populations and, through them, on their environment. The idea of the 

“ecology of fear” (Brown et al., 1999) and its associated “landscape of fear” (Laundré et 

al., 2001) have become established concepts in the study of predator-prey systems and 

there has been considerable interest in applying them to human-wildlife systems (e.g. 

Kloppers et al. 2005; Schmitz et al., 2005; Blackwell et al., 2012; Cromsigt et al., 2013). 

However, caution should be taken in extending models derived from predator-prey 

systems to human-wildlife systems, especially in the case of hunter harvest.  

The goal of this thesis was to capture as complete a picture as possible of how 

human decisions and deer behaviour interact to incorporate risk effects into the 

management of white-tailed deer populations. The picture that emerged is one of a 

complex landscape defined by the fine-scale decisions of both humans and deer. 

Landowner decisions, regulation, and hunter choices resulted in a heterogeneous 

distribution of mortality risk, creating a unique and varied human-driven landscape of 

fear (see Chapters 2 and 3). At the same time, deer demonstrated the ability to recognize 

the variation of risk across this landscape and the behavioural plasticity to respond to 

their local conditions with a set of hunter avoidance strategies, including some that are 

specifically tailored to hunting and not found in predator-prey systems (i.e., going 

nocturnal; see Chapters 4 and 5).  

Even though hunting in Ontario is highly regulated with defined limits on 

seasons, harvest, and equipment, the actions of individual hunters can still be considered 

somewhat analogous to those of large predators such as a wolf, coyote, cougar or black 
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bear in that both present a mortality risk that can have direct and risk effects on the deer 

population. Although deer hunters in eastern Ontario used different hunting methods 

(hunting with and without dogs) which may in turn create significantly different 

landscapes of fear, this is analogous to a system where deer are exposed to multiple 

predators with different predation methods. In those systems, deer recognize the 

implications of the presence of different predators and respond accordingly. For example, 

in the Białowieża Primeval Forest in Poland, red deer were depredated by both a coursing 

predator, wolves, and an ambush predator, Eurasian lynx (Lynx lynx; Kuijper et al., 2014; 

Wikernos et al., 2015). When encountering olfactory cues from the different predators, 

red deer responded with different strategies, increasing vigilance in response to wolf cues 

(Kuijper et al., 2014) and reducing visitation duration in response to lynx cues (Wikernos 

et al., 2015). In situations where hunters employ  a variety of different techniques and 

associated equipment , it may be more appropriate to consider hunting analogous to a 

multi-species predator community, rather than equivalent to a single species of predator. 

When considered in the context of the impact on prey, the method hunting/predation is 

the key defining characteristics. Hunters using tree stands may be analogous to ambush 

predators (i.e., lynx or cougars), while hunters and their accompanying dogs may mimic 

coursing predators (i.e., wolves). While this is an important point to consider when 

extending predator-prey models to hunter-prey systems, at its core hunting is still a 

mortality source that influences both the survival and behaviour of deer. 

One important way in which human actions differ significantly from those of 

predators is that in addition to creating risk for animals, we also intentionally create 

refugia from that risk. These refugia can be either temporal (e.g. no hunting of deer at 
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night or outside of a hunting season) or spatial (e.g. areas where hunting is not permitted 

or restricted due to regulation or landowner decisions). This dual and opposing influence 

of humans on the landscape of fear is the biggest factor that separates the actions of 

humans from those of animal predators and is the major challenge in extending predator-

prey models to human-wildlife systems. Across eastern and southern Ontario, landowner 

decisions excluded hunting from 47.7% of private rural and exurban land when both 

factual (the exclusion of hunting from a property) and functional (the placing of 

limitations on hunting within a property where hunting is allowed) refugia were 

considered. Inclusion of properties where hunting did not take place due to discharge of 

firearms by-laws led to hunting being excluded from well over half of the rural and 

exurban landscape. Furthermore, this estimate considered only private land and the true 

amount of refugia was likely much higher when public areas such as parks and nature 

reserves are included. Refugia and hunted properties did not differ in terms of landcover 

composition and this may be an explanatory factor behind the lack of any significant 

selection or avoidance of habitat characteristics by hunters. If all hunter decisions about 

where to hunt are made relative to what is accessible (i.e., public land or where the hunter 

has permission to hunt) rather than what is available (i.e., present on the landscape) and if 

what is accessible is not tied to landcover composition, the complexity of the human-

driven landscape of fear may be much greater than that created by predators. 

In my judgement, this is the biggest impediment to the implementation of 

“hunting for fear” (Cromsigt et al., 2013) at the scale on which deer are currently 

managed (i.e., the WMU). Unless wildlife management agencies are willing to override 

private land ownership to control the distribution and type of hunting effort, the presence 
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of refugia will stymie any “hunting for fear” efforts as deer shift their activity onto 

unhunted properties. This will be especially true in areas such as eastern and southern 

Ontario where the majority of the landscape is in refugia and those refugia are composed 

of smaller exurban parcels which further increases their availability to deer (Lovely et al., 

2013).  

While the complete restructuring of hunting practices to shift from “hunting to 

kill” to “hunting for fear” (Cromsigt et al., 2013) is not feasible at the WMU scale, that 

does not mean a consideration of deer behaviour and the ensuing risk effects cannot occur 

on that same scale. Throughout this thesis I have made some suggestions on how this 

could be done, such as incorporating the decreasing observability of deer in response to 

hunting into the OMNRF’s deer population trend data calculated from reported deer seen 

per hunter day. Furthermore, my findings can be used to map an estimated landscape of 

fear within a wildlife management unit, which is critical first step to any future 

incorporation of risk effects. In Chapter 2, I was able to predict with a fair degree of 

accuracy the hunting status of a rural or exurban property using only whether the 

landowner participated in deer hunting and the size of the property. These data are easily 

accessible to wildlife agencies and would allow the creation of a map of potential refugia 

that could easily be validated with interviews of landowners. The resulting map could 

then be combined with a “landscape of fear” map generated using the validated models 

developed from the unstandardized RUF coefficients from Chapter 3. While areas where 

hunting with dogs is permitted would require some challenging consolidation of the two 

different landscapes of fear (hunting with and without dogs), the resulting map could be 

an invaluable tool for deer managers to identify impediments to current management 
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practices (e.g. high levels of de facto refugia) as well as fostering discussion on how to 

further incorporate risk effects. 

While broad-scale incorporation of risk effects into deer management would 

certainly require further research and would likely look significantly different from that 

proposed by Cromsigt et al. (2013), my results indicate that application on a smaller scale 

may be feasible if certain conditions are met. First, the management goal must be clearly 

articulated. A risk effects-based management strategy would likely not be able to address 

multiple goals unless they are mediated by a common deer behaviour (i.e., browsing). 

Second, deer managers must have control over the hunting practices taking place. In 

response to a heterogeneous multi-method hunter landscape, deer showed a 

heterogeneous response tailored to local conditions and as a result no clear individual-

level responses were detectable. To have a clear behavioural response from deer, there 

must be a clear stressor to prevent a “washing out effect” of multiple methods requiring 

conflicting responses from deer. Third, and in agreement with Cromsigt et al. (2013), the 

temporal aspect of hunting must be addressed. Outside of current hunting seasons, deer 

are not subjected to constraints related to hunting mortality risk. Within a hunting season, 

deer respond to hunting by becoming nocturnal and as a result not needing to adopt 

strategies with associated costs, such as the vigilance-foraging trade-off, seen in response 

to predation. While this requires serious consideration with regards to safety (i.e., hunting 

at night), conflict with other user groups (i.e., hikers), and the potential for additional 

population impacts (i.e., interference with fawning), it must be considered as part of an 

effective strategy .  
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The most feasible application of a novel “hunting for fear” management strategy 

is in areas such as provincial or national parks. As previously mentioned, these areas tend 

to have high densities of deer and commonly suffer issues related to overbrowsing. With 

no pre-existing hunting traditions to contend with in these areas, managers would have 

the ability to structure hunter pressure to both reduce the size of the population while 

eliciting specific behavioural responses. In cases where it is necessary to elicit these 

responses year-round, licensed recreational hunting would likely not be the ideal tool. 

Instead, something akin to the deer removal authorizations issued by the OMNRF to 

address agricultural damage could be issued with harvest allocated throughout the year to 

ensure deer continue to respond to the newly created mortality risk. Any such 

management strategy should be combined with extensive monitoring of the deer 

population to further our understanding of how deer respond to human-derived mortality 

risk. 

Beyond the direct application of my findings to management, they also provide 

important insight into how models derived from ecological systems can be used to inform 

those with an anthropogenic focus. As our greater understanding of natural systems 

identifies concepts with potential applications to human systems (i.e., risk effects) there 

will be a temptation to assume equivalency between components of both systems (i.e., 

humans as proxies for predators). As I demonstrated for a hunter-prey system, this can be 

an oversimplification because humans are subject to different constraints and 

opportunities compared to most “natural” predators. Although opportunities to extend 

ecological models to anthropogenic systems should absolutely be explored in both 

management and research context, a crucial step is a comprehensive comparison of the 
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individual components of the two systems to identify both equivalencies and differences. 

Ecological systems can provide key insight into the myriad challenges we currently face; 

however, this must be done free of unsupported assumptions. 

The ability of white-tailed deer to identify and respond to variations in risk cannot 

be understated and is likely one of the features that has allowed them to thrive in human-

modified and human-dominated landscapes across North, Central and South America, as 

well as in areas where they have been introduced. The study of the response to deer to 

human-driven landscapes of fear is in its infancy and there is much more still to be 

learned. 

Summary of key conclusions 

From my thesis, I draw the following key conclusions: 

1. Humans, through their decisions related to hunting and hunting access, create an 

incredibly heterogeneous landscape of fear for deer. 

2. Deer respond to this human-driven landscape of fear but do so in response to their 

local conditions while displaying a high degree of behavioural plasticity and 

hunter-specific avoidance strategies. 

3. The ability of landowner decisions to exclude or allow hunting from private 

property makes the hunter-deer system significantly different from predator-deer 

systems and, as a result, caution should be taken when extending predator-prey 

models to human-wildlife systems. 

4. The concept of fear does have a role to play in deer management; however, it 

could best be applied to inform current management practices or be incorporated 

in small-scale scenarios, rather than large-scale restructuring of hunting practices. 
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Appendix 1: Ontario Private Land Questionnaire on Deer and Deer Management 

Ontario Private Land  Questionnaire  

on Deer and Deer Management  
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1600 West Bank Drive 
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ontariodeersurvey@gmail.com 
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Hello,  

As explained in a letter you recently received, I invite you to participate in a 

survey on deer management in southern Ontario. The information you provide, 

along with that from other survey respondents, will be used to understand issues 

about managing deer and developing future deer management strategies, 

particularly for issues related to deer hunting on private lands. 

Please take a few moments to complete the survey and to mail it back to me 

using the self-addressed postage-paid envelope. Try to answer all questions. If 

you do not wish to answer a question, please leave it blank and move on to the 

next question. All of your answers will be treated with utmost confidentiality. 

Thank you for your time 

Keith 

 

INFORMATION ABOUT THIS PROPERTY 

First, we ask you a few questions about the characteristics of your property. 

Answers to these questions are needed to see if people with similar types of 

property have similar experiences and views towards deer and deer 

management.  

1. Are you aware of what activities occur on this property?  
ñThis propertyò always refers to the private land associated with this mailing 

address. (Please check R one box.) 

 
Ã 

Yes 

Ã No (Please give this survey to someone who is aware of the 

activities that occur on this property, e.g., the owner of this 

property or another resident on this property.) 

2. Are you involved in decision s about access to  this property ? (Please 
check R one box.) 

 

Ã Yes 

Ã No  

3. How large is this property? ñThis propertyò always refers to the private 
land associated with this mailing address. (Please write in the appropriate 
space below.) 

 

______________Acres  or  _____________Hectares 
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4. About how much of this property is of the following land types ? (Please 
check R one box per line.) 
 

Type of land 
None 

to little 

About 

one 

quarter 

About 

half 

About 

three 

quarter

s 

All 

Cropland and pasture 

(e.g., commercial 

agricultural) 

Ã Ã Ã Ã Ã 

Wetland (e.g., swamp, 

marsh) 
Ã Ã Ã Ã Ã 

Old Field (e.g., retired 

farmland) 
Ã Ã Ã Ã Ã 

Woodland (e.g., forested 

area, plantation) 
Ã Ã Ã Ã Ã 

Other (please 

specify):___________ 

__________________ 

Ã Ã Ã Ã Ã 

 

5. Do the following activities currently occur on this property ? (Please 
check R one box per line.) 

 

Yes No  

Ã Ã Agriculture 

Ã Ã Forestry  

Ã Ã Hunting of deer 

Ã Ã Hunting for species other than deer (please 

specify):_______________ 

   

Ã Ã Trapping 

Ã Ã Nature conservation (e.g., improved habitat, provincially 

significant wetland, etc.) 

Ã Ã Other recreational activities (e.g., horseback riding, 

hiking, etc.) 

    

Ã Ã Other (please specify): ______________________ 
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6. Does the combined gross income from any of these activities exceed 
$1000 in a year? (Please check R one box.) 

 

Ã Yes 

Ã No  

7. In the last 5 years, h ave deer ever damaged any of the following items 
on this property : (Please check R one box per line, N/A means not 
applicable.) 

 

Yes No N/A  

Ã Ã Ã Farm crops 

Ã Ã Ã Vegetable gardens 

Ã Ã Ã Shrubs or trees close to a residence (e.g., 

yard plantings) 

    

Ã Ã Ã Forested area/plantations (e.g., browse on 

twigs, seedlings) 

Ã Ã Ã Orchard 

Ã Ã Ã Other (please 

specify):____________________________ 

8. On this property, are deer fed for any of the following reasons ?  (Please 
check R one box per line.) 

 

Yes No  

Ã Ã To attract deer for hunting 

Ã Ã To bait deer during the hunting season 

Ã Ã To lure deer away from crops/ gardens/ 

livestock on the property  

   

Ã Ã To attract deer for viewing 

Ã Ã To help deer survive in years of severe winter 

Ã Ã To get rid of extra feed 

   

Ã Ã Other (please specify): 

________________________________ 
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9. During which (if any) seasons  are deer normally fed on this property?  
(Please check R one box per line.) 

 

Yes No  

Ã Ã Spring 

Ã Ã Summer 

Ã Ã Fall 

Ã Ã Winter 

 

EXPERIENCES WITH DEER 

10. How interested are you in the following deer related activities for this 
property?  (Please check R one box per line.)  
 

Activity 

 

Not At All 

Interested 

Somewhat 

Interested 

 

Interested 

Very 

Interested 

No 

Opinion  

Deliberately 

feeding deer  
Ã Ã Ã Ã Ã 

Hunting deer  Ã Ã Ã Ã Ã 

Watching deer Ã Ã Ã Ã Ã 

Other (please 

specify): ____ 

___________ 

Ã Ã Ã Ã Ã 

11. How frequently do you see  evidence of deer  on this property  (e.g., fresh 
tracks, droppings, actual deer sightings, etc.)?  (Please check R one box.) 

 

Ã Never  

Ã Daily 

Ã A couple times a week 

Ã Weekly 

Ã Monthly 

Ã A few times a year 

Ã Do not know  
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12. How frequently you are  on this property?  (Please check R one box.) 
 

Ã Never   

Ã Daily 

Ã A couple times a week 

Ã Weekly 

Ã Monthly 

Ã A few times a year 

 

13. Over the past five years, have the numbers of deer on this property:  
(Please check R one box.) 

 

Ã Increased  

Ã Decreased 

Ã Remained somewhat constant 

Ã Do not know  

  

14. In the area where this property is located, do you think the deer 
population is:  (Please check R one box.) 

 

Ã Too high 

Ã Too low 

Ã About right 

Ã Do not know 

  

15. In the last 5 year s, have you hit a deer with a  vehicle?  (Please check R 
one box.) 

 

Ã Yes 

Ã No 
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16. In the last 5 years, has a friend or family member hit a deer with a 
vehicle? (Please check R one box.) 

 

Ã Yes 

Ã No 

 

17.  Please tell us what you view as the best tools to manage deer 
population :  

 

 

 

 

 

DEER HUNTING 

18. What best describes you:  (Please check R one box.) 
 

Ã I currently participate in deer hunting  

Ã I used to participate in deer hunting Ÿ (Please skip to question 21) 

Ã I have never hunted deer Ÿ (Please skip to question 21) 

19. How important are the following reasons for you to hunt deer ? (Please 
check R one box per line.) 

 

 

 

Not At All 

Important 

Somewhat 

important 
Important 

Very 

Important 

To control deer 

numbers  
Ã Ã Ã Ã 

To obtain food  Ã Ã Ã Ã 

To obtain a 

trophy  
Ã Ã Ã Ã 

For recreational 

and social 

reasons 

Ã Ã Ã Ã 
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20. Where do you usually hunt for deer ? (Please check R one box per line.) 
 

Yes No  

Ã Ã On this property 

Ã Ã On other private land 

Ã Ã On public land 

21. Do you post this property (e.g., is this property marked with signage to 
keep trespassers out)?  (Please check R one box per line.) 

 

Yes No  

Ã Ã With signs that prohibit hunting 

Ã Ã With signs that prohibit trespassing 

22. What is your reason for posting? (Please check R all that apply.) 
 

Ã To keep out hunters 

Ã To keep out snowmobilers  

Ã To control access to the property 

Ã Other:_______________________ 

23. Do municipal “no-discharge of firearms” bylaws limit hunting on this 
property? (Please check R one box.) 

 

Ã Yes 

Ã No  

Ã Do not know 

24. Are the following types of deer hunting permitted on this property?  
(Please check R one box per line.) 

 

Yes No 
Do Not  

Know 

 

Ã Ã Ã Gun/ firearm 

Ã Ã Ã Muzzle-loader  

Ã Ã Ã Bow and arrow 
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25. Approximately how much of this property is available for deer hunting?  
(Please check R one box.)  

 

Ã About one quarter 

Ã About half 

Ã About three quarters 

Ã All of this property 

26. Over the last 5 years, what has been the average number of deer 
harvested on this property per hunting season? (Please write in the 
appropriate space below.) 
_____________ 

27. Is deer hunting by others permitted on this property?  (Please check R 
one box.) 

 

Ã Yes  

Ã No Ÿ (Please skip to question 31) 

28.  On average how many people hunt this property during the hunting 
season? (Please write in the appropriate space below.) 
_____________ 

29. Who is permitt ed to hunt  deer  on this property?  (Please check R one box 
per line.)  

 

Yes No  

Ã Ã Everyone 

Ã Ã Family 

Ã Ã Friends 

   

Ã Ã Neighbours 

Ã Ã Hunting club members 

Ã Ã Insured hunters 

   

Ã Ã People who ask permission 

Ã Ã Lessees 

Ã Ã Other (please specify):_______________________ 
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30. Please indicate the statement that best describes  your feelings about 
the number of deer hunters on this  property:  (Please check R one box.) 

 

Ã Prefer more deer hunters 

Ã Prefer fewer deer hunters 

Ã Satisfied with current number of deer hunters 

Ã Do not care 

31. In the last 5 years, has access for deer hunting on this property: ( Please 
check R  one box.) 

  

Ã Increased 

Ã Decreased 

Ã Not changed 

Ã Do not know 

32. How concerned are you with  the following issues  about  other  people  
hunting deer on this property ? (Please check R one box per line.)  
 

 

Not at all 

Concerned 

Somewhat 

Concerned 
Concerned 

Very 

Concerned 

Unsure / 

Do Not 

Know 

Competition 

from other 

hunters for a 

limited 

number of 

deer 

Ã Ã Ã Ã Ã 

Destruction 

of property  
Ã Ã Ã Ã Ã 

Liability  Ã Ã Ã Ã Ã 

Littering  Ã Ã Ã Ã Ã 

Trespassing Ã Ã Ã Ã Ã 

Safety of 

livestock/pets  
Ã Ã Ã Ã Ã 
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Not at all 

Concerned 

Somewhat 

Concerned 
Concerned 

Very 

Concerned 

Unsure / 

Do Not 

Know 

Safety of 

people 
Ã Ã Ã Ã Ã 

Sustainability 

of deer 

population  

Ã Ã Ã Ã Ã 

      

33. How would you describe your experiences with deer hunters on this 
property ? (Please check R one box.) 

 

Negative 
Somewhat 

negative 

Neither 

Negative 

or 

Positive 

Somewhat 

Positive 
Positive 

Unsure / 

Not 

applicable 

Ã Ã Ã Ã Ã 
 

Ã 

34. Below, please share your experiences with deer hunters that will help us 
to understand your previous answer (Question 33).  

 

 

 

 

INFORMATION ABOUT YOU  

 

Finally, we ask you a few questions about yourself to help determine if there are 

connections between peoplesô backgrounds and their responses. Please be 

assured that all information will remain confidential; your name and mailing 

address will never appear with your answers. If you do not wish to answer a 

question, please leave it blank and move on to the next question. 

35. Are you : (Please check R one box.) 
 

Ã    Female Ã    Male 
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36. What is your age?  
 

_______________ 

 

37.  What is the highest level of education you have received?  (Please check 
R one box.) 

 

Ã Some primary or high school 

Ã Completed high school 

Ã Trade or vocational qualification 

Ã Completed apprenticeship 

Ã Received college/university diploma or degree 

Ã Received post graduate degree (e.g., M.B.A.) 

 

38. What is your yearly household income?  
 

Ã Less than $20,000 

Ã $20,000 to $40,000 

Ã $40,000 to $60,000 

Ã $60,000 to $80,000 

Ã $80,000 to $100,000 

Ã More than $100,000 

 

39. Please tell us:  (Please check R one box per line.) 
 

 

 
Urban  

Area 

Rural 

Village 

or 

Town 

Suburb or 

Rural Estate 

Development 

Property 

in Rural 

Area or 

Farm 

 

Where do you live? 
Ã Ã Ã Ã 
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Urban  

Area 

Rural 

Village 

or 

Town 

Suburb or 

Rural Estate 

Development 

Property 

in Rural 

Area or 

Farm 

 

Where is your 

property located? 

Ã Ã Ã Ã 

Where have you 

lived for most of 

your life? 

Ã Ã Ã Ã 

 

40. Do you live on this property ? (Please check R one box.) 
 

Ã Yes  

Ã No  

41. Do you own or rent (lease) this property ? (Please check R one box.) 
 

Ã Own  

Ã Rent or lease from owner Ÿ (Please skip to question 43) 

Ã Other (please specify): ______________________ 

 

42. Do you rent or lease this property to others?  (Please check R one box.) 
 

Ã Yes 

Ã No 

43. How long have you owned, or been a resident at this property?   
 

______Year(s) 

 

44. Including you, how many people  live on this property ? 
 

 ______ adults live on this property 

 ______ children (14 years old and younger) live on this property 
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45. In what municipality is this property located?  
 

___________________Municipality 

 

 

46.  In what township is this property located?  
 

___________________Township 

 

Thank you for completing the questionnaire. Please return the 

questionnaire to us by using the self -addressed postage paid envelope. 

Please use the space below and the back cover to provide us with 

additional comments.  
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Appendix 2: Nonrespondent Phone Survey Script and Data Sheet 

 Nonrespondent Phone Survey 

NR survey ID #__________________ 

Call date and time__________________ 

District__________________City______________________ 

 
1. Are you involved in decisions about access to this property?  

 

Ã Yes 

Ã No  

 

EXPERIENCES WITH DEER 

 

2. In the area where this property is located, do you think the deer population is:  

 

Ã Too high 

Ã Too low 

Ã About right 

Ã Do not know 

 

3. In the last 5 years, have you experienced any deer damage on this property? 

 

Ã Yes. If yes, what has been damaged:_______________________ 

Ã No 

 

4. In the last 5 years, have you hit a deer with a vehicle?  

 

Ã Yes 

Ã No 

 

DEER HUNTING 

 

5. What best describes you:  

 

Ã I currently participate in deer hunting  

Ã I used to participate in deer hunting  

Ã I have never hunted  

 

6. Is deer hunting allowed on this property, either by yourself or by others? 

 

Ã Yes 

Ã No 

 

6b. If answer no to question 6a: Is this due to no-discharge of firearms bylaws? 

 

Ã Yes 

Ã No 

Ã Do not know 
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7. In the last 5 years, has access for deer hunting on this property:  

  

Ã Increased 

Ã Decreased 

Ã Not changed 

Ã Do not know 

8. How would you describe your experiences with deer hunters on this property?  

 

Neg. 
Somewhat 

Neg. 
Neutral 

Somewhat 

Pos. 
Pos. N/A 

Ã Ã Ã Ã Ã 
 

Ã 

 

INFORMATION ABOUT THIS PROPERTY 

 

9. How large is this property?  

 

______________Acre or _____________Hectares 

 

DO NOT ASK. FOR ACCURACY CHECKING ONLY. 

Property size from call list  

 

10. Gender:  

 

Ã    Female Ã    Male 

 

11. Where do you currently live? 

Urban  

Area 

Suburban 

Area 
Rural Town 

Rural 

Property 

or Farm 

Ã Ã Ã Ã 

 

12. Where have you lived for most of your life? 

Urban  

Area 

Suburban 

Area 
Rural Town 

Rural 

Property 

or Farm 

Ã Ã Ã Ã 

 

13.  This is the last question. What is the highest level of education you have received?  

 

Ã Some primary or high school 

Ã Completed high school 

Ã Trade or vocational qualification 

Ã Completed apprenticeship 

Ã Received college or university diploma or degree 

Ã Received post graduate degree (e.g., M.B.A.) 
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Appendix 3: Thirty-two a priori candidate models representing possible explanations of the hunting status of a land parcel on private 

land from the survey variables and evaluated their fit to complete case respondents using an information theoretic approach. 

Model terms Rationale 

Hunted ~ Parcel size There is a minimum amount of land where people will grant access. 

Hunted ~ Parcel size + Proportion forest + Parcel 

size*Proportion forest 

Not only a minimum amount of land but also deer habitat represented 

by woodland. 

Hunted ~ Proportion forest More forested properties allow more hunting (e.g. more hunting 

habitat). 

Hunted ~ Participation Hunters will hunt on their own property or be comfortable allowing 

other hunters to hunt. 

Hunted ~ Participation + Parcel size + 

Participation*Parcel size 

Even if the landowner is a current or former hunter, the property still 

needs to be of a certain size for hunting to take place. 

Hunted ~ Deer damage People experiencing deer damage are more likely to allow hunting as a 

method of deer control. 

Hunted ~ Parcel size + Deer damage + Parcel size*Deer 

damage 

The effect of deer damage may be more pronounced on smaller 

properties at it appears proportionally greater than on large properties. 

Hunted ~ Population size Landowners may base hunting decisions on the size of the population: 

reduce high pop and protect low pop. 

Hunted ~ Participation + Population size + 

Participation*Population size 

A hunter may be more likely to hunt the property if they perceive the 

population as being high. 

Hunted ~ Deer damage + Population size + Deer 

damage*Population size 

Landowners who perceive the population as to large and think they are 

suffering deer damage as a result are more likely to allow hunting. 

Hunted ~ Participation + Deer damage + 

Participation*Deer damage 

The presence of deer damage may make hunters more likely to hunt on 

their own property as they can do something about the problem. 

Hunted ~ Participation + Parcel size + Deer damage + 

Participation*Parcel size + Participation*Deer damage 

+ Parcel size*Deer damage 

Combination of hunting participation, area and damage. 

Hunted ~ Safety concern Landowners are less likely to allow hunting if they think it is unsafe. 

Hunted ~ Safety concern + Parcel size + Safety 

concern*Parcel size 

Safety concerns will be mitigated by property size as hunters on big 

properties can be further away from people. 
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Model terms Rationale 

Hunted ~ Safety concern + Participation + Safety 

concern*Participation 

Familiarity with hunting allows objective evaluation of safety risk 

Hunted ~ Liability concern Landowners are less likely to allow hunting if they think they will be 

held liable for injuries. 

Hunted ~ Liability concern + Proportion forest + 

Liability concern*Proportion forest 

Risk of hunters suffering injury and suing may be perceived as greater 

on more wooded properties. 

Hunted ~ Liability concern + Participation + Liability 

concern*Participation 

Familiarity with hunting allows objective evaluation of liability risk. 

Hunted ~ DVC Landowners involved in a deer-vehicle collision are more likely to 

allow hunting as a means of population control. 

Hunted ~ DVC + Participation + DVC*Participation Hunters involved in DVC are more likely to hunt their property or 

allow others to hunt as a means of population control. 

Hunted ~ DVC + Population size + DVC*Population size Landowners who perceive the population as to large and have 

experienced a DVC as a result are more likely to allow hunting. 

Hunted ~ DVC + Safety concern + DVC*Safety concern Landowners who have experienced a DVC may make a trade-off 

between human safety on their property and while driving. 

Hunted ~ Where lived People with predominantly rural backgrounds will be more accepting 

of hunting. 

Hunted ~ Residency length People that have lived on the property for longer will have more 

exposure to and comfort with hunting. 

Hunted ~ Gender Hunting is male dominated and therefore men are more likely to grant 

hunting access. 

Hunted ~ Education Hunting acceptance declines with higher education 

Hunted ~ Education + Where lived + Education*Where 

lived 

Rural origins mitigate the potential anti-hunting education bias. 

Hunted ~ Age Older landowners are more likely to allow hunting. 

Hunted ~ Age + Where lived + Age*Where lived Older rural landowners are more likely to allow hunting that older 

people of urban upbringing (retirement property). 
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Model terms Rationale 

Hunted ~ Where lived + Age + Education + Where 

lived*Age + Where lived*Education + Age*Education 

Difference between rural and urban people. 

Hunted ~ Education + Liability + Education*Liability 

concern 

More educated people may perceive greater liability risk, possibly due 

to increased assets. 

Hunted ~ Gender + Where lived + Gender*Where lived The male dominated nature of hunting and the proposed rural-urban 

differences in hunting acceptance may cause an urban female -> rural 

male gradient in hunting acceptance 
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Appendix 4: Matrix of Spearman rank-order correlations of survey variables used in an information theoretic approach to explain the 

hunting status of rural and exurban properties in southern and eastern Ontario.  
Hunted Parcel 

size 
Proportio
n forest 

Deer 
damage 

DVC Safety 
concern 

Liability 
concern 

Participation Population 
size 

Where 
lived 

Residency 
length 

Age Gender Education 

Hunted 1.00 0.35 -0.02 0.18 0.16 -0.25 -0.21 -0.46 -0.10 0.15 0.09 -0.02 0.31 -0.11 

Parcel size 0.35 1.00 -0.12 0.14 0.03 -0.06 -0.07 -0.21 -0.05 0.11 0.15 0.06 0.14 0.00 

Proportion 

forest 

-0.02 -0.12 1.00 0.01 -0.01 0.07 -0.07 -0.08 0.02 -0.21 -0.23 -0.04 0.06 0.10 

Deer damage 0.18 0.14 0.01 1.00 0.08 0.00 -0.03 -0.07 -0.02 0.04 0.07 0.04 0.08 0.06 

DVC 0.16 0.03 -0.01 0.08 1.00 -0.08 -0.04 -0.09 0.04 0.00 0.01 -0.04 0.13 0.00 

Safety 
concern 

-0.25 -0.06 0.07 0.00 -0.08 1.00 0.55 0.12 0.09 -0.12 -0.06 0.00 -0.09 0.00 

Liability 

concern 

-0.21 -0.07 -0.07 -0.03 -0.04 0.55 1.00 0.10 0.09 0.00 0.09 0.05 -0.05 0.05 

Participation -0.46 -0.21 -0.08 -0.07 -0.09 0.12 0.10 1.00 0.19 -0.13 -0.02 0.11 -0.38 0.21 

Population 

size 

-0.10 -0.05 0.02 -0.02 0.04 0.09 0.09 0.19 1.00 -0.09 -0.06 0.04 -0.13 0.10 

Where lived 0.15 0.11 -0.21 0.04 0.00 -0.12 0.00 -0.13 -0.09 1.00 0.39 0.06 0.13 -0.21 

Residency 

length 

0.09 0.15 -0.23 0.07 0.01 -0.06 0.09 -0.02 -0.06 0.39 1.00 0.48 0.14 -0.12 

Age -0.02 0.06 -0.04 0.04 -0.04 0.00 0.05 0.11 0.04 0.06 0.48 1.00 0.07 -0.08 

Gender 0.31 0.14 0.06 0.08 0.13 -0.09 -0.05 -0.38 -0.13 0.13 0.14 0.07 1.00 -0.15 

Education -0.11 0.00 0.10 0.06 0.00 0.00 0.05 0.21 0.10 -0.21 -0.12 -0.08 -0.15 1.00 
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Appendix 5: Hunter Questionnaire 

 

GPS ID#:_____ Date(s) carried GPS unit:_________(start) to __________(end) 

Age:_____ Gender:_____ Number of years actively hunting:_____ 

Based on the last 5 years, how many days per year do you spend hunting deer using the 

following? 

Gun (rifle or shotgun):_____ Bow (incl. crossbow):_____ Muzzle-loader:_____ 

In the last 5 years, how many deer have you harvested?  

Gun (rifle or shotgun):_____ Bow (incl. crossbow):_____ Muzzle-loader:_____ 

During the last 5 years, how many days per year on average have you spent hunting 

species other than deer? 

Species:_____ # Days:_____ Species:_____ # Days:_____ Species:_____ # Days:_____  

Type of hunting while carrying the GPS unit (check one method and one weapon type) 

Ã Stand 

using 

Ã Gun 

Ã Dog Ã Bow/Crossbow 

Ã Stalk Ã Muzzle-loader 

Ã Other:   

While carrying the GPS unit did you successfully harvest any deer? Ã YES   Ã NO 

If yes, please check the applicable boxes below. 

Deer Sex Age Waypoint # 

1 Ã Male ÃFemale ÃFawn  ÃYearling  ÃAdult  

2 Ã Male ÃFemale ÃFawn  ÃYearling  ÃAdult  

3 Ã Male ÃFemale ÃFawn  ÃYearling  ÃAdult  

 

Please share any thoughts you have on deer hunting, deer management or other deer related issues in 

Marlborough Forest and eastern Ontario 
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Appendix 6: Deer identification number, year, collar type, sex and seasonal migration start and end dates and times for 23 female and 

1 male migrant deer. 

Deer ID Year Collar Sex Spring start Spring end Fall start Fall end 

D010 2011 Lotek female 2011-04-09 10:00:53 2011-04-10 00:00:53 
  

D018 2011 Lotek female 2011-03-18 05:00:53 2011-03-20 20:00:47 
  

D022 2011 Lotek female 2011-03-24 10:00:54 2011-03-26 20:01:17 2011-12-23 07:30:26 2011-12-25 12:00:53 

D022 2012 Lotek female 2012-03-12 10:01:23 2012-03-13 20:01:50 
  

D023 2011 Lotek female 2011-04-08 15:01:42 2011-04-11 20:01:38 
  

D024 2011 Lotek female 2011-04-04 00:00:49 2011-04-07 10:00:56 
  

D024 2012 ATS female 2012-03-16 04:03:03 2012-03-19 07:04:00 2012-12-23 19:03:03 2012-12-25 08:33:21 

D036 2012 Lotek female 2012-03-14 10:00:55 2012-03-20 15:01:12 
  

D037 2012 Lotek female 2012-03-14 15:00:24 2012-03-19 15:01:24 2012-12-03 01:30:59 2012-12-04 12:00:48 

D037 2013 Lotek female 2013-04-09 15:03:07 2013-04-17 10:00:54 2013-12-01 01:30:38 2013-12-01 07:30:45 

D039 2013 Lotek female 2013-03-29 15:02:20 2013-04-06 20:01:17 2013-11-23 10:31:42 2013-11-25 15:01:23 

D040 2012 Lotek female 2012-03-17 10:00:55 2012-03-19 00:01:16 
  

D042 2012 Lotek female 2012-03-07 15:01:23 2012-03-07 20:01:18 
  

D048 2012 Lotek female 2012-03-10 15:01:11 2012-03-11 20:00:54 
  

D051 2012 Lotek female 2012-03-12 10:01:26 2012-03-13 00:01:24 2012-12-24 05:00:56 2012-12-24 20:01:18 

D053 2012 Lotek female 2012-03-22 00:00:48 2012-03-22 05:01:17 2012-12-25 03:01:18 2012-12-25 19:30:55 

D054 2012 Lotek female 2012-03-20 05:02:30 2012-03-24 15:01:54 2012-12-01 06:00:51 2012-12-01 22:31:50 

D061 2013 Lotek female 2013-04-03 10:02:17 2013-04-08 00:01:00 2013-11-25 22:30:53 2013-11-27 18:02:28 

D065 2013 Lotek female 2013-03-29 10:01:18 2013-04-01 05:01:02 2013-12-21 22:31:00 2014-01-04 03:01:04 

D072 2013 Lotek female 2013-03-30 20:01:56 2013-04-06 20:01:43 
  

D075 2013 Lotek female 2013-04-09 10:02:51 2013-04-17 10:01:02 
  

D076 2013 Lotek female 2013-03-29 10:00:31 2013-04-01 00:02:13 
  

D079 2013 Lotek female 2013-04-01 20:01:02 2013-04-05 05:01:09 
  

D086 2013 ATS male 2013-04-05 03:03:52 2013-04-07 05:03:21 
  

D090 2013 Lotek female 2013-03-28 15:01:44 2013-03-29 00:00:50 
  

D092 2013 ATS female 2013-03-27 09:04:01 2013-03-31 03:03:02 2013-12-24 02:33:02 2013-12-27 17:33:12 

D100 2013 Lotek female 2013-04-15 15:01:48 2013-04-15 20:01:31 
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Appendix 7: Selecting an appropriate isopleth from utilization distribution produced using Brownian bridge movement models to 

define available space use. 

 

 
Figure 1: Output of optimization process designed to identify the isopleth that best defines the available space for each deer as 

recommendation from the literature to use 99% or 100% isopleths are either too small or computationally impossible, respectively when 

the utilization distributions are calculated using Brownian bridge movement models. Isopleths were generated in 0.1% increments from 

99.0% to 9999.9% using the available UD for each deer based on the summer range for migrants and the annual range for non-migrants. 

Predicted use values were extracted from the UD for each season, treatment period and time of day combination for each deer and the 

mean was plotted to identify breakpoints where the excessive inclusion of non-used space causes the mean to decrease. Bars represent 

95% confidence intervals. 
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Figure 2: Summer GPS locations (red dots) from research deer D023 demonstrating the slightly increased connectivity of a 99.7% 

isopleth of the Brownian bridge utilization distribution compared to the 99.6% isopleth. 
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Appendix 8: Deer identification number, core area, home range size and landcover 

composition for annual, summer and winter ranges for 29 female and 2 male deer 

(separate Excel file) 
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Appendix 9: Mean standardized resource utilization function (RUF) coefficients (β), 90% confidence intervals and number of deer 

with significant positive (+) or negative (-) selection of habitat characteristics for selection by white-tailed deer in eastern Ontario in 

the two weeks prior to the gun season (Control) and the two weeks of the gun season (Hunt) from 2011-2013 when exposed to hunting 

with dogs and without dogs. 
 

Table 1a: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or negative (-) use of habitat 

characteristics for diurnal selection by white-tailed deer in eastern Ontario in the two weeks prior to the gun season (Control) and the two weeks of the gun season 

(Hunt) from 2011-2013 when exposed to hunting with dogs. Bold indicates use of variable not in proportion to availability as indicated by confidence intervals 

that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest -3.78E-06 -1.92E-05, 1.17E-05 9 1 2 -1.00E-06 -1.47E-05, 1.27E-05 8 1 1 

Treed Swamp 5.20E-05 1.77E-05, 8.63E-05 9 5 0 4.21E-05 3.45E-06, 8.08E-05 8 4 0 

Open Swamp 3.29E-05 1.39E-06, 6.44E-05 9 5 1 2.75E-05 -4.13E-06, 5.91E-05 8 2 1 

Tilled 9.00E-06 -1.03E-05, 2.83E-05 4 1 0 1.10E-05 -5.08E-06, 2.71E-05 3 1 0 

Built-Up -1.00E-06 -1.96E-06, -3.94E-08 4 0 3 -1.00E-06 -2.69E-06, 6.86E-07 3 0 1 

Distance to Edges -1.42E-05 -7.15E-05, 4.31E-05 9 2 2 -2.54E-05 -7.93E-05, 2.86E-05 8 2 3 

Distance to Roads -6.07E-05 -1.02E-04, -1.89E-05 9 0 5 -4.11E-05 -8.26E-05, 3.79E-07 8 1 4 

 
Table 1b: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or negative (-) selection of habitat 

characteristics for nocturnal selection by white-tailed deer in eastern Ontario in the two weeks prior to the gun season (Control) and the two weeks of the gun 

season (Hunt) from 2011-2013 when exposed to hunting with dogs. Bold indicates use of variable not in proportion to availability as indicated by confidence 

intervals that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest 2.48E-05 -9.07E-06, 5.86E-05 8 3 0 2.48E-05 6.03E-06, 4.35E-05 9 3 0 

Treed Swamp -2.18E-05 -4.73E-05, 3.82E-06 8 0 3 1.11E-07 -1.66E-05, 1.68E-05 9 3 3 

Open Swamp -2.68E-05 -4.18E-05, -1.17E-05 8 0 5 -1.26E-05 -1.90E-05, -6.13E-06 9 0 7 

Tilled 3.70E-05 -4.33E-05, 1.17E-04 3 0 0 9.25E-06 -1.49E-05, 3.34E-05 4 1 0 

Built-Up -4.00E-06 -9.06E-06, 1.06E-06 3 0 1 -4.25E-06 -9.28E-06, 7.76E-07 4 0 1 

Distance to Edges -1.50E-05 -8.56E-05, 5.56E-05 8 0 1 1.11E-06 -3.72E-05, 3.94E-05 9 3 2 

Distance to Roads -6.63E-05 -1.11E-04, -2.16E-05 8 0 4 -8.24E-05 -1.20E-04, -4.51E-05 9 0 6 
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Table 2a: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or negative (-) selection of habitat 

characteristics for diurnal selection by white-tailed deer in eastern Ontario in the two weeks prior to the gun season (Control) and the two weeks of the gun season 

(Hunt) from 2011-2013 when exposed to hunting without dogs. Bold indicates use of variable not in proportion to availability as indicated by confidence intervals 

that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest 8.33E-076 -3.34E-05, 3.51E-05 6 1 1 1.12E-05 -1.08E-05, 3.31E-05 6 1 0 

Treed Swamp 9.00E-06 -4.20E-05, 6.00E-05 9 1 1 3.32E-05 -1.41E-05, 8.06E-05 9 2 0 

Open Swamp -6.25E-06 -5.50E-05, 4.25E-05 8 1 2 5.33E-05 -3.84E-05, 1.45E-04 8 1 0 

Tilled -2.47E-05 -8.36E-05, 3.42E-05 3 0 1 -1.53E-05 -3.99E-05, 9.23E-06 3 0 1 

Built-Up -1.83E-05 -4.43E-05, 7.58E-06 3 0 1 -6.33E-06 -1.76E-05, 4.89E-06 3 0 1 

Distance to Edges 8.56E-06 -4.76E-05, 6.47E-05 9 2 2 3.16E-05 -6.69E-05, 1.30E-04 9 3 2 

Distance to Roads 0.000146222 4.46E-05, 2.48E-04 9 5 0 0.000138889 -4.01E-06, 2.82E-04 9 3 0 

 
Table 2b: Mean standardized RUF coefficients (β), 90% confidence intervals and number of deer with significant positive (+) or negative (-) selection of habitat 

characteristics for nocturnal selection by white-tailed deer in eastern Ontario in the two weeks prior to the gun season (Control) and the two weeks of the gun 

season (Hunt) from 2011-2013 when exposed to hunting without dogs. Bold indicates use of variable not in proportion to availability as indicated by confidence 

intervals that do not overlap 0. 

Variable 

Control Hunt 

Mean 

standardized 

β 

90% CI n 
No. with sig. use Mean 

standardized 

β 

90% CI n 
No. with sig. use 

+ - + - 

Forest 6.50E-06 -1.08E-05, 2.38E-05 6 2 0 -4.50E-06 -1.96E-05, 1.06E-05 6 1 2 

Treed Swamp 3.76E-05 -1.50E-05, 9.01E-05 9 2 0 2.71E-05 -2.13E-05, 7.55E-05 9 1 0 

Open Swamp 1.75E-05 -4.08E-05, 7.58E-05 8 1 0 1.44E-05 -2.62E-05, 5.49E-05 8 1 0 

Tilled -2.03E-05 -4.93E-05, 8.59E-06 3 0 1 -4.00E-06 -2.22E-05, 1.42E-05 3 0 0 

Built-Up -1.10E-05 -2.57E-05, 3.70E-06 3 0 2 -1.30E-05 -3.69E-05, 1.09E-05 3 0 1 

Distance to Edges 1.44E-06 -3.51E-05, 3.80E-05 9 3 3 3.43E-05 -3.83E-05, 1.07E-04 9 3 1 

Distance to Roads 9.02E-05 4.36E-06, 1.76E-04 9 4 1 9.91E-05 -1.51E-05, 2.13E-04 9 4 1 
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Appendix 10: Discussion of process for determining appropriate distance to cover buffer 

size. 

I selected 150 m to capture both the scale at which hunters can exert risk through 

harvest and the scale at which deer can perceive that risk. In terms of hunters exerting 

risk, a widely held heuristic among Ontario hunters is that most firearms deer harvest, as 

opposed to archery, occur at distances of less than 100 m. Holsworth (1973) found that in 

the Georgian Bay area of Ontario, 25.6 % of deer were shot at distances of less than 50 

m, 67.5% at less than 100 m and 96.3% at less than 200 m. In contrast, Ohio hunters had 

a mean harvest distance of 43.0 m (Grau and Grau, 1980). Literature on flight initiation 

distance (FID) among white-tailed deer provided some guidance on the scale of risk 

perception. Behrend and Lubeck (1968) found that a hunted population of white-tailed 

deer in the Adirondack Mountains, New York, had mean FID of 19.8 to 54.4 m 

depending on age-sex class and that FID were greater than in a nearby nonhunted 

population. Sutton and Heske (2017) reported mean FID values of less than 60 m when 

deer were approached on foot and Blackwell et al (2014) found that a vehicle approach 

resulted in median FID values of 70.5 to 94.7 m with 76% of deer having FID of less than 

180 m. Due to the mismatch in scale between risk exertion and perception, I initially 

calculated proportional cover at three buffer distances (50, 100 and 150 m) around each 

station. All three proportional cover estimates where highly correlated in a Pearson 

correlation with all r > 0.89 and all p < 0.00001. Finally, I tested all three sets 

proportional cover values (Cover50, Cover100 and Cover150) against proportion vigilant 

in a compound Poisson-Gamma generalized mixed effects model using a Tweedie 

distribution with Interpreter as a random effect (see Methods section for further details on 

modelling approach) and evaluated performance of each buffer distance using the Akaike 

information criterion (AIC; Burnham and Anderson, 2002). The model using the 150 m 

buffer distance outperformed the other two buffer distance models (Table 1) and I 

therefore chose to use it to represent proportion of cover surrounding the station. 

Table 1: Results of AIC model selection to identify the appropriate buffer distance for 

describing the proportional cover at a camera station as a measure of the station’s exposure 

to human activity as it relates to the proportion of observation time spent the deer spent in 

vigilant behaviour. Cover is defined based on the Southern Ontario Land Resource 

Information System (SOLRIS) Version 2.0 and consists of landcover classes with >25% 

tree cover. 

Model AIC Δ AIC w 

Cover150 + Interpreter -683.018 0 0.968288 

Cover50 + Interpreter -676.135 6.883385 0.030995 

Cover100 + Interpreter -668.6 14.4187 0.000716 
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Appendix 11: Full candidate model set and model selection results examining vigilance behaviour in white-tailed deer exposed to 

human activity in two study sites, Marlborough Forest and Stony Swamp, in Ottawa, Ontario, Canada. 

 

The candidate set is divided into three subsets representing different potential drivers of vigilant behaviour. Deer biology (DB) 

models are meant to represent social and environmental factors independent of human activity that may play a role in deer vigilance 

behaviour. Human activity (HA) models encompass the different levels of human activity as defined by hunting regulations. 

Combined effect (CE) models consist of the individual DB models with all the HA model terms added. This subsetting of candidate 

models is strictly conceptual and all models were run together. See Nakagawa et al. (2017) Appendix S6 for R code to calculate 

marginal and conditional R2 values from the cpglmm function output. 

Table 1: Candidate models and model selection results examining vigilance behaviour in white-tailed deer exposed to human activity 

in two study sites, Marlborough Forest and Stony Swamp, in Ottawa, Ontario, Canada. Model performance was assessed via ΔAIC 

values and AIC weights (Burnham and Anderson, 2002). Explained variance was assessed using marginal and conditional R2 values 

representing variance explained by the fixed effects and the fixed and random effects, respectively (Nakagawa et al., 2017). 

Model Terms ΔAIC ω Marg. R2 Cond. R2 

CE5 Group size + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 0 0.91 0.038371 0.041373 

CE7 Age-sex + Mixed age + Age-sex*Mixed age + Site + Period + TOD + Site*Period + 

Period*TOD + Interpreter 

4.74 0.094 0.040788 0.044407 

CE6 Age-sex + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 14.16 7.67E-04 0.034947 0.037788 

CE1 Cover150 + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 24.43 4.51E-06 0.029955 0.032155 

CE10 Solris + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 27.30 1.08E-06 0.030528 0.033401 

CE8 Other species + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 27.96 7.75E-07 0.031631 0.035474 

CE2 Concealment + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 28.17 6.97E-07 0.03213 0.036812 

HA4 Site + Period + TOD + Site*Period + Period*TOD + Interpreter 28.67 5.42E-07 0.030752 0.034611 

CE12 Windy + Solris + Windy*Solris + Site + Period + TOD + Site*Period + Period*TOD + 

Interpreter 

29.26 4.06E-07 0.031437 0.03391 

CE4 Concealment + DISTANCE TO COVER + Site + Period + TOD + Site*Period + 

Period*TOD + Interpreter 

29.58 3.45E-07 0.033025 0.038574 

CE3 DISTANCE TO COVER + Site + Period + TOD + Site*Period + Period*TOD + 

Interpreter 

30.36 2.34E-07 0.031352 0.035748 
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Table 1: cont’d 

Model Terms ΔAIC ω Marg. R2 Cond. R2 

CE9 Days since + Site + Period + TOD + Site*Period + Period*TOD + Interpreter 30.65 2.02E-07 0.030831 0.034719 

CE11 Mean temp + Total precip + Mean temp*Total precip + Site + Period + TOD + Site*Period 

+ Period*TOD + Interpreter 

31.65 1.22E-07 0.031878 0.035961 

HA3 Site + Period + Site*Period + Interpreter 38.05 4.99E-09 0.027289 0.031081 

DB10 Solris + Interpreter 71.35 2.94E-16 0.011441 0.014533 

DB12 Windy + Solris + Windy*Solris + Interpreter 73.66 9.22E-17 0.012417 0.015183 

DB6 Age-sex + Interpreter 75.37 3.94E-17 0.010233 0.010298 

HA1 TOD + Interpreter 95.16 1.98E-21 0.003643 0.004192 

base Interpreter 106.54 6.68E-24 NA NA 

DB11 Mean temp + Total precip + Mean temp*Total precip + Interpreter 107.45 4.26E-24 0.001312 0.002807 

DB9 Days since + Interpreter 107.54 4.07E-24 0.000368 0.000687 

DB8 Other species + Interpreter 107.82 3.53E-24 0.000202 0.001474 

DB2 Concealment + Interpreter 108.36 2.69E-24 5.32E-05 0.001194 

DB3 DISTANCE TO COVER + Interpreter 108.42 2.62E-24 3.43E-05 0.001363 

DB4 Concealment + DISTANCE TO COVER + Interpreter 110.27 1.04E-24 8.06E-05 0.001212 

DB1 Week + Interpreter 110.54 9.05E-25 0.003942 0.006082 

 

 

 

 


