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Abstract 

Large mammals play critical roles in maintaining ecosystem balance, but their need for 

expansive, undisturbed habitat makes them particularly vulnerable to human activities. 

Protected areas are designed to conserve biodiversity by providing refuges for wildlife. 

However, within these areas, large mammals remain at risk from disturbances due to the 

growing trend of non-consumptive outdoor recreation. Understanding the effects of human 

presence on mammal communities and large carnivores like cougars (Puma concolor) is 

essential for informing effective land and wildlife management. This thesis addresses this 

need by examining how human presence affects cougars’ risk-resource trade-offs, and then 

broadening the scope to assess human impacts on a community of large mammals. Data were 

collected from an array of 48 camera traps across the public-access Sooke Hills Wilderness 

Area Park (SHWA) and the restricted-access Greater Victoria Water Supply Area (GVWSA) 

on southern Vancouver Island. In Chapter 2, cougar occurrence was evaluated through 

competing hypotheses related to habitat, prey, and anthropogenic risk. These results were 

used to predict cougar occurrence across a network of roads and trails within the study area. 

Cougar occurrence was best explained by habitat and risk at a 750-meter buffer, where 

cougars avoided human presence but were more willing to tolerate this risk when their 

preferred habitat was available in the same area. In Chapter 3, I assessed how a community of 

large mammals, including Columbian black-tailed deer (Odocoileus hemionus columbianus), 

Roosevelt elk (Cervus canadensis roosevelti), cougar (Puma concolor), black bear (Ursus 

americanus), and grey wolf (Canis lupus) responded to landscape heterogeneity, 

heterospecifics’ detection frequency, and land-use restrictions. Differences in community 

composition between the SHWA and GVWSA revealed that all wildlife species avoided 

public-access sites, with a clear difference in community composition due to access 

restrictions. Carnivore species overlapped spatially, suggesting reduced spatial partitioning 
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due to human activity. This thesis shows that site-level human activity can alter risk-resource 

trade-offs for large carnivores, which can scale upwards to shift species distributions. Given 

the vulnerability of large mammals to disturbance, it is crucial to consider the impacts of non-

consumptive activities on both apex predators and entire wildlife communities. 
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Chapter 1: Anthropogenic Impacts to Wildlife in a Changing World 

 

Protected areas around the world face the immense and growing pressures of human 

disturbance (Sarmento & Berger, 2017). Protected areas harbour important wildlife 

communities and serve goals of conserving rare, threatened, and keystone species. These 

areas provide a robust defence against biodiversity loss in a rapidly changing world. Of 

significant importance is the fact that protected areas are intended to provide refuge for the 

world’s large carnivores and large mammal species, as the aim with developing such areas is 

to conserve biodiversity and maintain valuable habitat free from the threats of major human 

disturbance (Naughton-Treves et al., 2005). Outside of protected areas, human disturbance 

has been shown to negatively impact large mammals, namely their population movement, 

species persistence, predator-prey interactions, nutrient cycling, and disease transmission 

(Tucker et al., 2018). This is because large mammals require sizeable areas of connected, 

undisturbed land (Laliberte & Ripple, 2004), and have historically faced hunting and/or 

persecution by people (Cardillo et al., 2005; Minin et al., 2021). These factors render large 

mammals especially sensitive to the growing threats of anthropogenic disturbance (Crooks, 

2002).  

Ecological impacts on wildlife through habitat degradation and consumptive activities 

have been well-studied, whereas threats from non-consumptive activities have recently 

surged due to rapid urbanization, growing wealth, and a thriving ecotourism industry 

(Shackelford et al., 2018; Winemiller et al., 2014). Numerous studies detail the impacts of 

consumptive activities (habitat destruction, resource extraction, and hunting) on large 

mammals throughout North America (Crooks, 2002; Loveridge et al., 2017). The impact of 

these activities is direct and tangible, manifesting in habitat loss due to infrastructure 

development, habitat fragmentation due to logging, and animal mortality due to hunting 
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(Doherty et al., 2021; Fisher & Burton, 2018). Although protected areas help mitigate these 

impacts, there is growing concern that the effect of recreational activities (e.g., hiking, 

cycling, and dog walking) necessitates updated management strategies (Larson et al., 2016). 

We must reevaluate how dual mandate protected areas are achieving their goals of conserving 

healthy wildlife communities amidst the rapid growth of nature-based tourism (Watson et al., 

2016; Weaver & Lawton, 2017). Given the increasing evidence that outdoor recreation plays 

an influential role in wildlife’s spatio-temporal habitat use, it’s important for researchers to 

study these impacts and give them the same level of consideration that is given to 

consumptive activities (Taylor & Knight, 2003).  

One framework that helps explain the threat of outdoor recreation is the landscape of 

fear theory. This theory originally described the spatial variation in risk that large prey 

species (typically ungulates) perceive throughout a landscape, predicated on the occurrence 

of potential predator species (Laundré et al., 2001). Risk is perceived by prey species in 

spaces where predators occur. The landscape of fear theory can also be applied to human-

wildlife interactions, where humans take on the “predator” role, inducing a fear response in 

wildlife species (Frid & Dill, 2002). The density and distribution of predators (in this case 

humans) are associated with risk cues, which vary throughout a human-disturbed landscape. 

These cues arise not only from the presence of humans but in some cases from the physical 

structures associated with them (Gaynor et al., 2019). The induced fear response, also known 

as an anti-predator response, is defined as any action aimed at reducing predation. Some of 

these actions, such as selecting less disturbed sites as habitat, are employed proactively to 

minimize risk (Gaynor et al., 2019). Thus, species must make trade-offs between avoiding 

risk and acquiring resources. Individuals may tolerate human risk to access preferred 

resources, or they may employ flexible spatio-temporal behaviours to avoid this risk, 

potentially enduring physiological costs or experiencing reduced resource acquisition (Blecha 
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et al., 2018; Laundré et al., 2001; Mills et al., 2023). Immediate impacts of risk-avoidance 

include increased energetic costs, reduced acquisition of food and/or prey, and reduced 

reproductive success (Clinchy et al., 2013; Smith et al., 2015). However, long-term impacts 

of human-induced fear can lead to habituated spatial or temporal avoidance of areas, and in 

some cases, total abandonment of previously suitable habitat (Schuette et al., 2013; Sih, 

2013). Abandonment of suitable habitat can redistribute populations across the landscape 

(Rogala et al., 2011). Further, non-consumptive human activities can have significant, 

detrimental impacts to not only individual mammal species, but to wildlife communities 

(Suraci et al., 2019). 

The human-driven landscape of fear has the potential to unbalance entire ecosystems 

through behaviourally mediated trophic cascades, as predators may decrease their use of 

spaces where prey occur (Leighton et al., 2010). The cascade of effects begins with large 

carnivores, North America’s most common apex predators (Winemiller et al., 2014). Large 

carnivores control the densities of species at lower trophic levels through predation, placing 

them in a regulatory ecological role (Winemiller et al., 2014). This regulatory role can be 

altered by human disturbance (Heithaus, 2001). Carnivores’ anti-predator response to human 

occurrence has been shown to include spatio-temporal alterations of their habitat use (Suraci 

et al., 2019), and has implications for predator-prey dynamics (Parsons et al., 2019). For 

example, prey species may exploit highly peopled areas, which are associated with a higher 

risk for carnivores, to buffer from their own predation risk (Berger, 2007). In this case, 

human presence creates a “shield” for prey species from predation. These shifts in spatial 

habitat use by both predator and prey species in response to human presence can lead to 

cascading impacts throughout wildlife communities (Kuijper et al., 2015; Muhly et al., 2011). 

The spatio-temporal effects of human-induced risk may be mediated by the intensity 

of human activity permitted within protected spaces (Keim et al., 2019). While most 
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protected areas in North America permit recreation through dual mandates that support both 

outdoor recreation and wildlife conservation, some protected areas restrict public access 

(Pringle, 2017). Studies suggest there are significant differences in community composition 

between restricted-access and public-access protected spaces, with a notable decline in 

carnivore density within public-access areas (Kays et al., 2017; Reed & Merenlender, 2008). 

Effectively, recreation may hinder the ability for dual mandate protected areas to meet their 

goals of wildlife conservation. These findings imply that within protected areas, public-

access areas (associated with greater human use) may provide lower quality habitat than 

restricted-access areas (Kays et al., 2017). Herein, I examine how access may be contributing 

to wildlife community stressors, along with the potential for access restrictions to mitigate 

these impacts.  

Understanding how wildlife species respond to anthropogenic risk in protected areas 

is a necessary step in the longer road of conserving our world’s wildlife communities and 

protected spaces. Overall, this thesis aimed to reveal how human-induced risk and public 

access restrictions impact risk-resource trade-offs for apex predators and spatial dynamics 

within large mammal communities. To achieve this, I proposed two objectives that addressed 

how carnivores and wildlife communities spatially respond to risk and how public-access 

restrictions play a role in these responses. First, in Chapter 2, I assessed the relative 

influences of resources (habitat characteristics and prey occurrence) and perceived predation 

risk (human presence) on cougar (Puma concolor) detection frequency in two adjacent 

protected areas with mixed accessibility. Cougars are long-ranging, disturbance-sensitive 

species (Koehler & Hornocker, 1991). Their high densities in the study area, history of 

persecution, and important trophic role exemplify the need to study their responses to human 

disturbance (Anderson et. al., 2009). I modelled cougars’ spatial responses to risk, habitat, 

prey, and an interaction between risk and preferred habitat through a set of competing 
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hypotheses. Further, I depicted cougars’ likely occurrence throughout the study area based on 

risk and habitat characteristics. Second, in Chapter 3, I took a broader approach to investigate 

how scale-dependent spatial partitioning among a large mammal community is influenced by 

human disturbance and protected area access. Species have been shown to respond 

divergently to humans (Suraci et al., 2021), implicating the need for species-specific 

management plans. I examined species-specific spatial responses to risk, habitat, and large 

mammal occurrence using a global model assessed at six spatial scales. I also compared 

similarity and dissimilarity of wildlife community composition and habitat characteristics 

between two adjacent protected areas. Specifically, these protected areas included a regional 

park that is open to the public, and an adjacent water supply area in which public-access is 

significantly limited. These areas are located on southern Vancouver Island in British 

Columbia, Canada, where a high density of wildlife and a high density of humans coexist.  

This research enabled me to assess cougar’s resource-risk trade-offs in the context of 

human presence. It also allowed me to evaluate how public access affects wildlife 

communities and how these disturbances change wildlife distributions on southern 

Vancouver Island. In this region, this study is among the first to monitor large mammals and 

one of the few cougar-specific studies conducted in the past twenty years. The findings are 

intended to inform management strategies regarding large mammal species in a landscape 

containing outdoor recreation. Locally, this research provides managers with insights and 

tools to understand where large mammal species are located and the factors that contribute to 

their ecological success. Globally, the findings from this thesis contribute to efforts to best 

manage protected areas in a rapidly changing world. This research reveals the importance of 

understanding how spatial partitioning among species in response to human activities and 

site-level disturbances can influence broader ecological communities.  
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Chapter 2: Anthropogenic Risk and Habitat Best Explain Cougar Space 

Use in a Mixed-Access Coastal Landscape 

 
2.0 Introduction  

The extent of human presence in wild spaces is increasing across the globe, resulting 

in negative effects on wildlife habitat and essential ecological processes (Larson et al., 2016). 

The consequences of extractive disturbances such as built structures, crop lands, dense human 

population centers, and major travel routes are well documented (Tucker et al., 2018;  Venter 

et al., 2016), as are the effects of consumptive activities (such as hunting; Ordiz et al., 2013). 

However, emerging research suggests that non-extractive, non-consumptive human activities 

such as hiking and cycling impact wildlife in significant ways (Nickel et al., 2020). 

Recreation can alter wildlife behaviour, increase stress levels, and disrupt crucial activities 

like movement, denning, prey acquisition, and reproduction (Procko et al., 2023; Taylor & 

Knight, 2003).  Disturbance at fine spatio-temporal scales (at an immediate location, at one 

point in time) requires species to make trade-offs between resource acquisition and space use 

at that location versus perceived risk (Mills et al., 2023). For sensitive species such as long-

ranging, low fecundity large carnivores, these trade-offs could accumulate to threaten 

population persistence and ecosystem function (Ripple et al., 2014; Sergio et al., 2008; Suraci 

et al., 2019). Cougars (Puma concolor) are one such species as they require vast areas of 

high-quality, undisturbed habitat to successfully hunt and den (Koehler & Hornocker, 1991).  

Humans, who pose a tangible risk to cougars through consumptive and extractive 

resource use, may also create a perceived risk through non-consumptive activities (Anderson 

et al., 2009; Darimont et al., 2015). Human presence alone may generate fear, and the 

landscape of fear theory suggests that wildlife species perceive variation in predation risk 

across a geographic area, requiring risk-avoidance strategies as a trade-off for resource-

acquisition (Laundré et al., 2001). This theory can be applied to human-carnivore 
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relationships, with humans increasingly recognized as generators of fear across landscapes 

(Gaynor et al., 2019; Suraci et al., 2019). Non-consumptive human activity in an ecosystem 

can invoke a fear-response in wildlife, leading apex predators to alter their spatio-temporal 

use of "risky" areas as a protective measure against predation (Smith, 2017; Suraci, 2019). 

Avoidance of these “risky” areas can be energetically costly and cause carnivores to lose out 

on precious prey acquisition or safe access to preferred habitat (Coppes et al., 2017; Lewis et 

al., 2021; Naidoo & Burton, 2020; Taylor & Knight, 2003).  Examining these fear responses 

in a heterogeneous landscape with a diversity of habitat features and a high density of human 

activity will help illuminate how outdoor recreation shapes a landscape of fear for cougars 

(Atuo & O’Connell, 2017). 

While cougars are known to generally tolerate human encroachment within their home 

ranges (Dickson & Beier, 2002), multiple studies reveal they exhibit spatial avoidance of 

human presence by reducing their use of specific locations within those ranges (Del linger et 

al., 2020; Kertson et al., 2011; Lewis et al., 2021; Morrison et al., 2014). They trade off using 

these locations against the value of preferred resources, including large prey species (deer, 

elk) and associated habitat characteristics that support these large prey species, while also 

weighing the risks these locations present (Glick, 2014; Hornocker & Negri, 2009). Cougars 

tend to use deer habitat (forest edge, mixed forest and shrub vegetation, proximity to water 

sources) more frequently than high-elevation, rocky, vegetation-sparse habitat (Morrison et 

al., 2014; Teichman et al., 2013); preferred prey habitat can therefore be used as a proxy for 

prey availability (Kertson et al., 2011). Although resources are important predictors of cougar 

occurrence, human presence may impact how cougars use these preferred habitat patches. For 

example, the sound of human voices is enough to induce anti-predator behaviours in large 

carnivores, causing cougars to spatially avoid areas of perceived risk, move more cautiously 

throughout the landscape, and reduce feeding times (Smith et al., 2017; Suraci et al., 2019). 
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Further, behavioural changes and spatio-temporal habitat-use alterations induced by human 

activity could effectively lead to habitat loss or abandonment of parts of a home range over 

time (Smith et al., 2015; Suraci et al., 2019). As human presence increases in cougar habitat 

(Kertson et al., 2011; Stoner et al., 2021), it becomes imperative for planners and wildlife 

managers to understand how these apex predators respond to perceived anthropogenic risk 

and how this risk affects their access to high-quality habitat. 

Because ecological processes (such as risk avoidance or the acquisition of resources) 

typically occur at a characteristic scale, it is essential to assess and interpret these processes at 

the ecologically appropriate scale (Levin, 1992; Wiens, 1989).  Therefore, we must quantify 

risk and resources at a range of scales, allowing us to consider those most biologically 

relevant to cougars (Nams et al., 2006). Cougars are known to select for home ranges in a 

predictable way, as they prefer low anthropogenic disturbance, a healthy prey population, and 

enough unoccupied territory to support male home ranges that do not overlap, and female 

home ranges that partially overlap (Glick, 2014; Hornocker & Negri, 2009). Cougars’ home 

ranges vary in size across broad geographic areas and can extend upwards of 700 km2 

(Grigione et al., 2002; Spreadbury et al., 1996). However, on Vancouver Island, cougars have 

relatively smaller home ranges that average 61 km2 for females and 186 km2 (Hahn, 2001). 

However, within their home ranges, cougars are known to select habitat differently at 

different scales (Dellinger et al., 2020), and the question continues to be explored of whether 

there is a quantifiable “best” scale at which cougars use habitat  (Gaston et al., 2024; Johnson, 

1980).  Examining the scale at which cougars respond to risk and resources will increase the 

ecological relevance of detected relationships between cougars and their environment (Fisher 

et al., 2011), thereby better informing conservation plans and localized habitat protections 

(Jordan & Ryan, 2015; Wilmers et al., 2013).   
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Among geographic areas harboring the highest density of cougars in North America is 

Vancouver Island, located in British Columbia (BC), Canada (Wilson et al., 2004). The island 

has experienced significant demographic and landscape restructuring over the past several 

decades, providing an opportunity to examine cougar responses to recreation in a changing 

world. In recent years, parks and protected areas governed by Capitol Regional District 

(CRD) have undergone improvement projects, such as the 2017 facilities improvement 

project for the Sooke Hills Wilderness Area (CRD, 2017). As a result of these developments, 

regional parks and trails experienced a 54% increase in visits between 2012 and 2021 (CRD, 

n.d.). Southern Vancouver Island has also experienced habitat restructuring through housing 

and infrastructure development, logging, and potentially consequent changes to cougar prey 

structure and distribution (CRD, n.d.). Despite these landscape-level changes, Vancouver 

Island and BC more broadly suffer from a lack of focused cougar studies over the past two 

decades (Hahn, 2001; Wilson et al. 2004). As outdoor recreation is a growing focus on the 

island, there is an urgent need to maintain spaces that permit outdoor recreation while 

simultaneously identifying, protecting, and supporting high-quality cougar habitat (Anderson 

et al., 2009; CRD, n.d.). 

I explored how human recreation affects cougar space use and risk-resource trade-offs 

in protected areas with high densities of both cougars and human recreation. The study was 

conducted using an array of 48 camera traps deployed in a park and regional water supply 

area, covering both publicly and non-publicly accessible land. Cougar space use was assessed 

through a set of candidate models that examined the relative influences of habitat, prey, and 

anthropogenic risk on cougar occurrence across multiple spatial scales. To determine whether 

risk avoidance takes precedence over resource acquisition, I analyzed the interaction between 

perceived risk and preferred habitat. I used the results from statistical analysis to visualize 

areas of predicted high and low cougar occurrence across the study area. I hypothesized that 
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risk would be an important predictor of cougar site use, with cougars favoring less-disturbed 

habitat--that with lower human presence--over potentially resource rich but high-risk areas. 

Given cougars’ large range sizes (Grigione et al., 2002) and evidence showing they select 

habitat patches at large scales (Gaston et al., 2024), I expected them to assess risks and 

resources at the largest tested spatial scale.   

 

2.1 Methods  

2.1.1 Study Area 

This research occurred on the traditional territory of the lək̓ʷəŋən peoples and T’Sou-

ke First Nation whose relationship with the land I acknowledge and respect. The study area, 

marked by a hexagonal grid fitted with 48 cameras, covered approximately 36 km2 of mixed-

access terrain on a portion of southern Vancouver Island (Figure 2.1). Located 20 kilometers 

west of Victoria, BC, the study area covered a portion of the 40.9 km2 Sooke Hills 

Wilderness Area Regional Park (SHWA) and a portion of the 205.5 km2 Greater Victoria 

Water Supply Area (GVWSA) (CRD, 2001; CRD, 2023). In the park, permitted recreational 

activities such as hiking, cycling, and on-leash dog-walking occur on trails, rendering this a 

high human-use area, with some spatial variability. Managers restrict public access within the 

GVWSA to protect the drinking water supply for nearly 400,000 residents, making it a low 

human-use area. Roads and unmarked trails in the GVWSA facilitate management activities 

aimed at meeting water supply protection policies and other related needs. 
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Figure 2.1: Camera trap grid (red hexagons) located in the Sooke Hills Wilderness Area (tan 

polygon) and Greater Victoria Water Supply Area/Drinking Water Protection Area (green 

polygon and green hashed lines) on Southern Vancouver Island, British Columbia, Canada. 

48 infrared cameras placed along linear features near the center of each 750m2 hexagonal grid 

cell.  
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The area sits in the Coastal Western Hemlock Very Dry Maritime Biogeoclimatic 

Subzone, covering a range of terrain including rocky hilltops, forests, upland meadows, 

wetlands, and streams (The Ministry of Environment, Lands and Parks Resources Inventory 

Branch of British Columbia, 2001). The plant community is dominated by Coastal Douglas 

fir (Pseudotsuga menziesii var. menziesii), often found with western redcedar (Thuja plicata), 

grand fir (Abies grandis), arbutus (Arbutus menziesii), Garry oak (Quercus garryana), and 

red alder (Alnus rubra) (CRD, 2001). The climate in this area is characterized by an average 

annual temperature of 9.3°C and an average annual precipitation of 1,427 mm (Chourmouzis 

et al., 2009). However, conditions vary throughout the study area, resulting in site-specific 

vegetation communities. In addition to cougars, the area supports a range of important animal 

species, including black bears (Ursus americanus), wolves (Canis lupus), Columbian black-

tailed deer (Odocoileus hemionus columbianus), Roosevelt elk (Cervus canadensis 

roosevelti), and marbled murrelets (Brachyramphus marmoratus) (CRD, 2001).   

 

2.1.2 Sample Design 

A camera trap array consisting of 50 Reconyx™ Hyperfire 2 (Reconyx, Holmen, WI) 

Infrared cameras were originally deployed in the SHWA and GVWSA. However, 48 

sampling sites remained available for analysis due to theft and camera malfunction at two 

sites. Cameras were placed near the center of each 750m2 hexagonal grid cell. The relatively 

small grid cell size captured the variability in elevation, climate, and vegetation communities 

throughout the study area. Each camera was placed at a height of about 1 meter on a tree to 

facilitate detection of humans and various wildlife species (Naidoo & Burton, 2020). This 

systematic sampling design allowed capture of these species along linear features (roads and 

trails) (Wearn & Glover-Kapfer, 2017). Half (24) of the available cameras were deployed in 
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the restricted-access GVWSA, while the other 24 available cameras were deployed in the 

public-access SHWA.  

 

2.1.3 Data Collection and Processing 

Cameras captured images between May 1st, 2022, through September 30th, 2022. 

Timelapse Image Analyzer 2.0 was used to identify animal species, humans, cyclists, dogs, 

and vehicles present in camera trap images (Greenberg et al., 2019). Human images were 

blurred using Megadetector and RStudio to protect the privacy of community members 

(Figure 2.2) (Beery et al., 2019; R Core Team, 2023). Multiple images of an individual in 

close succession were considered a singular event or site visit, while repeat detections 10 

minutes or greater apart were differentiated into independent events (Keim et al., 2019). This 

interval was chosen to accommodate sites that may have experienced multiple visitors or 

groups of visitors on any given day. Count data was calculated from species group size within 

these independent detections. Counts from independent events were aggregated into weekly 

counts to capture variability in the detection frequencies throughout a season, while 

preventing an excess of zeros commonly encountered in camera trap data for elusive, low-

density species such as the cougar (Keim et al., 2019). Further, the ecological consequences 

of multiple individuals using a site, or individuals using a site multiple times a week, differ 

from simply accounting for occupancy at that site through presence or absence (Mackenzie et 

al., 2006).  Because cougars are likely present throughout the study area, priority areas for 

conservation can be identified by the intensity with which different habitat patches are used 

(St-Pierre et al., 2022). Different forms of human presence, including cyclists, dog-walkers, 

and hikers, were combined into a single "Human" count for generalized linear modeling. This 

approach provided a measure of detection frequency that included all human activities, 

calculating a more accurate count of individuals visiting a site. Data were further processed 
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and cleaned to remove any weeks when a camera was inactive. Therefore, a “0” in any 

species, human, or vehicle count suggests that a site was truly not used by a subject during a 

given week. Habitat covariates included water features, conifer and broadleaf forest cover, 

crown closure, logging cutblocks, and elevation, and were derived from multiple sources as 

described in Table 2.1.  

 

Table 2.1: Habitat, risk, and prey covariates used in generalized linear models at six spatial 

scales. Proportion Conifer Forest, Proportion Broadleaf Forest, Mean Crown Closure, 

Proportion Cutblock, and Road/Trail Density were derived from GIS shapefiles. Elevation 

was derived from a GIS raster file. Human, Vehicle, Black-tailed Deer, and Roosevelt Elk 

counts were derived from Timelapse2 Image Analyser and RStudio. Links to data sources can 

be found at the bottom of the table. 
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Figure 2.2: Images captured from the infrared motion-triggered cameras in our 48-camera 

trap array located in the SHWA and the GVWSA. Image (a) depicts a logging truck, image 

(b) depicts a Roosevelt elk, image (c) depicts a cougar, and image (d) depicts two hikers. 

Human images were blurred to protect privacy, while animal images remained unblurred. 

Date and timestamps are visible in the upper left-hand corner of each image, in addition to 

site identification in the lower left-hand corner. 

 

2.1.4 Statistical Analyses  

 I applied two main approaches to address my research question: 1) I evaluated cougar 

space use through a candidate set of generalized linear models, and 2) I visualized top model 

results in a prediction surface, showing where cougars are most likely to occur throughout the 

landscape. This two-part approach allowed me to assess the relative impacts of risk and 

resources on cougar detection frequency through a statistically rigorous process, and then 

display how these findings contribute to a landscape of fear in a prediction map.  
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2.1.5 Statistical Analyses - Generalized Linear Modelling 

A candidate set of generalized linear models was constructed a priori based on 

expected predictors of cougar space use to address the following hypotheses:  

1.  Perceived risk, quantified as the frequency of human activity, will act as an 

important predictor for cougar site use, 

2. Cougars will be detected more frequently in habitat that is considered less “risky”, 

3. Cougars will avoid “riskier” areas in favour of less-disturbed areas regardless of 

habitat characteristics, and  

4. Assessment of risk-resource trade-offs will occur at the largest tested spatial scale. 

These hypotheses were based on what is currently known about cougar space use in 

disturbed environments (Dellinger et al., 2020; LaRue & Nielson, 2011; Teichman et al., 

2013), and the models for testing them are defined in Table 2.2. Model 1 (M1) was 

constructed as a base habitat model, and each additional hypothesis was run independently 

and in conjunction with the base model. The base model incorporated habitat covariates that 

have provided strong predictive power for cougar occurrence in past studies. The base model 

allowed for more rigorous testing of the competing models, so that AIC testing did not 

consistently default to the most parameterized model. Model 2 (M2) was constructed to 

independently assess the impacts of anthropogenic risk, while Model 3 (M3) assessed the 

combined effects of risk and habitat. Model 4 (M4) was built to assess the impact of deer  on 

cougars’ site use independently, while Model 5 (M5) assessed its impact with habitat 

covariates. Similarly, Model 6 (M6) assessed the impact of elk on cougars’ site use 

independently, while Model 7 (M7) assessed its impact with habitat covariates. Model 8 (M8) 

and Model 9 (M9) assessed the combined effects of prey species both independently (M8) 

and in conjunction with habitat covariates (M9). Model 10 (M10), the habitat and risk 
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interaction model, assessed the interacting influences of risk and habitat covariates on cougar 

site use. M10 was developed by adding an interaction term to the base habitat model. The 

interaction term was comprised of the habitat covariate and the risk covariate with the largest 

effect size.  

Cougars have reportedly selected habitat covariates differently at varying spatial 

scales, and I suspected the explanatory power of the habitat and risk covariates would change 

with scale (Dellinger et al., 2020). To examine scale dependency in cougars’ relationship 

with their environment, I developed the described set of candidate models at six buffered 

distances around each camera trap site. Relevant habitat and risk covariates were measured at 

a series of spatial buffers (125 meters, 250 meters, 375 meters, 500 meters, 625 meters, and 

750 meters) around each camera using the “sf” package in R (Table 2.2) (Pebesma & Bivand, 

2023; Pebesma, 2018; R Core Team, 2023). The largest buffer was limited to 750 meters to 

prevent substantial overlap. Before model construction, Pearson’s correlation coefficient was 

used to calculate the correlation between covariates available for analysis with the “cor” 

function in R (base (version 3.6.2)) (Zuur et al., 2010). No high correlation (with a correlation 

coefficient greater than ±0.7) was detected between covariate pairs as seen in Appendix A 

(Zuur et al., 2010). All covariates were standardized using the “scale” function (mean = 0, sd 

= 1) in R (base (version 3.6.2)) to ensure coefficient estimates were calculated on a 

comparable scale (R Core Team, 2023; Zuur et al., 2007). 
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Table 2.2: Candidate models constructed using a base habitat model (M1) hypothesized to 

predict cougar space use. Spatially buffered covariates are indicated with an asterisk.  
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Generalized linear models (GLMs) were employed due to their ability to handle count 

data through Poisson or binomial distributions and their ability to further parameterize the 

data without overfitting (Zuur et al., 2009). Overdispersion was detected in the cougar-count 

data, so a negative binomial distribution with a log link was assumed (Hilbe, 2014). This 

distribution maintained the likelihood function and the production of Akaike’s Information 

Criterion (AIC) values while handling the detected overdispersion (Hilbe, 2014). Models 

were constructed within an information-theoretic framework (Anderson & Burnham, 2002). 

AIC scores were calculated for each candidate set at every spatial scale using the “MASS” 

package in R (R Core Team, 2023; Venables & Ripley, 2002), yielding 11 models and AIC 

scores per set, including the null model. Effect sizes (β coefficients) were calculated for 

covariates within the models. ΔAIC and AIC weights were calculated to evaluate the top-

performing model within each candidate set. The AIC values for the top-performing model at 

each spatial scale were subsequently compared to select the overall top-performing model. To 

further parse apart the mechanisms influencing cougar space use, I modelled the occurrence 

of large prey based on habitat covariates at the top-performing scale. Since prey habitat can 

be used as a proxy for prey availability, these prey models provided a fuller understanding of 

why cougars prefer certain habitat characteristics. Models were evaluated through goodness-

of-fit tests, including diagnostic graphs examining residual patterns (Zuur et al., 2009). 

Additionally, a 10-fold cross-validation was applied to the top model at each spatial scale 

using the “boot” package in R (Canty & Ripley, 2021; R Core Team, 2023). 

 

2.1.6 Statistical Analyses - Prediction Surface 

A human-induced landscape of fear was visualized from GLM results to show the 

variation in cougar detection frequency in response to risk. This visualization aimed to 

incorporate several elements from the Gaynor et al. (2019) framework for representing the 
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landscape of fear, including the physical landscape (habitat characteristics), the spatial 

variation in predation risk (human occurrences), and the spatial distribution of “prey” (cougar 

occurrences). The prediction surface bridged the gap between statistical model findings and 

an empirical understanding of wildlife occurrence throughout the area, offering local 

managers a clear and accessible view of cougar detection frequency (Willems & Hill, 2009). 

The prediction surface was also created to support management goals by identifying habitat 

patches critical for protection. The top-performing generalized linear model was selected to 

predict cougar detection frequency along the network of roads and trails within the study area 

(Eliuk, 2023). A 30-meter buffer was established around the linear features to accommodate 

for variations in road width, trail width, and visibility distance throughout the study area. A 

set of points spaced 50 meters apart from each other was created within the 30-meter buffer 

using the “sf” package in R (Pebesma & Bivand, 2023; Pebesma, 2018; R Core Team, 2023). 

In ArcGIS Pro, grid points were clipped to a 750m buffer around the camera trap grid 

displayed in Figure 2.1 (Esri, 2023). The coefficients from the best-supported model were 

extracted to each generated point from the nearest camera trap site. Using the “predict” 

function in R (base version 3.6.2), cougar occurrences were predicted for each grid point 

using the top model (R Core Team, 2023). Predicted cougar occurrence was rescaled from 0 

to 1, signifying low to high likelihood of occurrence. Predicted occurrence was simply 

labeled as “Low” and “High” for improved interpretability. Then, predicted occurrence 

values were interpolated in ArcGIS Pro using ordinary Gaussian kriging masked to the 30-

meter dissolved buffer of roads and trails (Esri, 2023). This interpolation was clipped to the 

roads/trails buffer in ArcGIS Pro (Esri, 2023). Finally, the prediction surface was symbolized 

using a “Histogram Equalize” stretch for easier distinction between values (Esri, 2023). 
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2.2 Results 

2.2.1 Data Summary 

The total length of camera deployment was 153 days, spanning from May 1st, 2022, 

to September 30th, 2022. The average number of active days for the cameras was 147.2, with 

a minimum of 32 days and a maximum of 153 days. A total of 2002 raw detections and 289 

independent detections of cougars were captured throughout the deployment period. Capture 

rates were averaged across camera trap sites in the study area to account for any inactive 

periods in deployment. At the monthly scale, cougar capture rate peaked in May (Figure 2.3). 

Cougars were detected throughout the study area and were observed at 46 sites, or 96% of the 

sites. A total of 152,568 raw detections and 14,529 independent detections of humans 

occurred throughout the deployment period. At the monthly scale, human capture rate 

remained steady, peaking in June (Figure 2.3). Humans were observed at 100% of the sites. 
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Figure 2.3: Human (top) and cougar (bottom) monthly capture rates in the SHWA and 

GVWSA from May 2022 to September 2022. Capture rates were derived from camera active 

days and the counts of species/humans for each month.  

Note: Silhouette of a hiker (Silhouette of Hiker, n.d.); silhouette of a cougar (Taylor, 2019).  
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2.2.2 Statistical Analyses – Generalized Linear Modelling 

The baseline Habitat model (M1) (AICw = 0.002 – 0.155) and Risk model (M2) 

(AICw = 0.001 – 0.719) performed moderately at all spatial scales (Table 2.3); however, the 

models performed considerably better when variables were combined in M3 (AICw = 0.505 

– 0.923) (Table 2.3). This aligned with previous research demonstrating the important 

influence of both human disturbance and risk on cougar space use (Burdett et al., 2010; 

Morrison et al., 2014). Across all six spatial scales, models containing risk covariates 

performed best, with Habitat + Risk model (M3) outperforming other candidate models at 

five spatial scales (Table 2.3). Furthermore, all models containing buffered habitat covariates 

performed consistently better at larger spatial scales, as seen in Table 2.3. These results are 

also depicted in Figure 2.4 and Appendix B, as the Habitat + Risk model (M3) was assessed 

at six spatial scales. Out of the six candidate sets, the Habitat + Risk model (M3) at 750m 

best predicted cougar occurrence (AIC = 893.08, AICw = 0.504), with the Habitat + Risk 

model (M3) at 625m exhibiting a similar performance (AIC = 893.68, AICw = 0.762) (Table 

2.3). Both M3 (Habitat + Risk) and M10 (Habitat x Risk) performed best at the largest tested 

spatial scale of 750m (Table 2.3).  
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Table 2.3: Model selection outcomes for cougar occurrence ranked using AIC at six spatial 

scales. The best-fit model in each candidate set is bolded. AIC = Akaike’s Information 

Criteria, ΔAIC = Delta AIC, AICw = AIC Weight, -2LL = Negative Two Log-Likelihood, df 

= Degrees of freedom. 
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Figure 2.4: AIC weights of the Habitat + Risk model (M3) at six assessed spatial scales. The 

spatial scales on the x-axis represent the buffer radius around each camera trap. 

 

While reporting and interpreting non-significant p-values has traditionally been 

challenged in statistics, there is a growing trend toward interpreting the magnitude and 

direction of all effect sizes, as these effects may hold ecological or scientific importance 

regardless of their statistical significance (Greenland et al., 2016). Although not interpreting 

significance, I still chose to report p-values to retain information about estimated effects 

derived from GLMs. This provided further insights into the strength and direction of the 

relationships between cougars and environmental characteristics, even when statistical 

significance was not present. M3, the Habitat + Risk model, revealed cougar responses to all 

risk and habitat covariates assessed in the candidate set (Figure 2.5). Risk factors within the 

model (humans, vehicles, and road/trail density) presented divergent directions of influence 

on cougar space use. Cougar occurrence was negatively associated with human presence (β = 

-0.14, P = 0.37) and road/trail density (β = -0.19, P = 0.17). However, cougar occurrence was 
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positively associated with vehicle detection frequency (β = 0.23, P = 0.01), producing a 

larger effect size than habitat covariates in most cases. Among the nine covariates assessed, 

cougars exhibited the largest positive association with proportion broadleaf forest (β = 0.33, 

P = 0.02). Positive associations also occurred with mean crown closure (β = 0.12, P = 0.28), 

proportion water features (β = 5.23x10-4, P = 1.00), and proportion cutblock (β = 0.14, P = 

0.28). Cougars were negatively associated with remaining habitat covariates proportion 

conifer forest (β = -0.09, P = 0.59) and elevation (β = -0.29, P = 0.05). Although M3 (Habitat 

+ Risk) best explained cougar occurrence, the results of M10 were explored to understand 

cougars’ trade-offs between risk (human presence) and preferred habitat (broadleaf forest). In 

M10 (Figure 2.6), cougars’ spatial responses to habitat variables reaffirmed the associations 

revealed by M3. Cougars displayed a positive association with an interaction between 

proportion broadleaf forest and human presence (β = 0.10, P = 0.50).  

Figure 2.5: Habitat + Risk model (M3) at a 750m spatial scale. Asterisks indicate levels of 

significance: ‘*’ for P < .05, ‘**’ for P < .01, and ‘***’ for P < .001. Covariates were 

standardized for better comparison between effect sizes. 

Note: Silhouette of a cougar (Taylor, 2019). 
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Figure 2.6: Interaction model depicting Habitat × Risk (M10) at a 750m spatial scale, using 

the habitat covariate with the largest effect size and the risk covariate with the largest effect 

size. Asterisks indicate levels of significance: ‘*’ for  P < .05, ‘**’ for P < .01, and ‘***’ for 

P < .001. Covariates were standardized for better comparison between effect sizes. 

Note: Silhouette of a cougar (Taylor, 2019). 

 

The occurrences of cougars’ main large prey types (deer and elk) were assessed with 

the habitat covariates used in M3. The black-tailed deer model revealed a negative 

association with cougars’ preferred habitat covariate of proportion broadleaf forest (β = -0.21, 

P = 0.02) and with proportion water feature (β = -0.09, P = 0.33) (Figure 2.7).  However, deer 

demonstrated a positive association with proportion cutblock (β = 0.30, P = 6.83x10-5) and 

mean crown closure (β = 4.09x10-3, P = 0.95), aligning with cougars’ preferences (Figure 

2.7). Elk showed a positive association with cougars’ preferred habitat of broadleaf forest (β 

= 0.10, P = 0.67), proportion water feature (β = 0.01, P = 0.97), and proportion cutblock (β = 

0.20, P = 0.24) (Figure 2.8). Notably, both deer (β = -0.16, P = 0.10; Figure 2.7) and elk (β = 

-0.57, P = 0.02; Figure 2.8) spatially avoided conifer forest, aligning with cougars' negative 

association with higher proportions of conifer forest. 
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Figure 2.7: Deer occurrence modelled with habitat covariates from M3 at a 750m spatial 

scale. Asterisks indicate levels of significance: ‘*’ for  P < .05, ‘**’ for P < .01, and ‘***’ for 

P < .001. Covariates were standardized for better comparison between effect sizes. 

Note: Silhouette of a deer (xgirouxb, 2019). 

Figure 2.8: Elk occurrence modelled with habitat covariates from M3 at a 750m spatial scale. 

Asterisks indicate levels of significance: ‘*’ for P < .05, ‘**’ for P < .01, and ‘***’ for P 

< .001. Covariates were standardized for better comparison between effect sizes.  

Note: Silhouette of an elk (Sayol, 2021). 
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2.2.3 Statistical Analyses – Prediction Surface 

The cougar occurrence prediction surface (Figure 2.9) displayed spatial variation in 

cougar detection frequency across the heterogeneous study area. Lower predicted occurrence 

values (dark purple) covered the southern portion of the buffered study area, and higher 

predicted occurrence values (dark green) were observed in northern and eastern portions of 

the buffered study area. Intermediate colours (light purple to light green) represented more 

neutral predictions of cougar occurrence and were seen in both the park and the water supply 

area. It's important to note that linear features within the GVWSA Boundary and Drinking 

Water Protection Zone are primarily roads, whereas linear features within the Sooke Hills 

Wilderness Park are mainly hiking trails. The characteristics of each protected area can help 

explain the trend of higher cougar likelihood observed in the northern portion of the study 

area. 
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Figure 2.9: The map shows the likelihood of cougar occurrence on roads/trails within a 750-

meter buffer around the camera trap grid. Areas in green indicate a higher likelihood of 

cougar presence, while areas in purple indicate a lower likelihood. Predictions are based on 

the top-performing Generalized Linear Model (GLM) using habitat and risk characteristics at 

each site. 
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2.3 Discussion 

 Non-consumptive human activity appears to drive cougar distributions; anthropogenic 

risk and habitat characteristics best explained cougar detection frequency in this mixed-

accessibility coastal forest ecosystem. Risk was an important predictor for cougar occurrence, 

with cougars spatially avoiding areas of human activity. The people-driven landscape of fear 

was visualized in a prediction map, where cougar’s spatial response to perceived risk and 

habitat characteristics varied across the landscape. Contrary to my predictions, cougars 

prioritized resource preferences over risk avoidance as they selected habitat. Cougars’ spatial 

response to risks and resources occurred at the largest tested spatial scale as expected.   

 

2.3.1 Spatial Responses to Risk 

Humans shaped a landscape of fear for cougars, requiring these apex predators to 

employ risk-avoidance strategies in the face of human activity (Laundré et al., 2001). In 

response to perceived risk, cougars spatially avoided human occurrence and dense 

roads/trails. Human occurrence marked by direct cues (such as noise or odors), may have 

induced an anti-predator response, driving cougars to instead use lower-disturbance habitat 

patches (Suraci et al., 2019).  Cougars’ spatial avoidance of highly dense patches of roads and 

trails may have been due to indirect cues created by the patterns of human activity at trail 

intersections within the park (Morrison et al., 2014). Over time, cougars could have 

associated these physical features with perceived human risk, spatially avoiding habitat 

patches with many roads and trails as a habituated anti-predator response (Sih, 2013).  

Cougars' different responses to human presence and vehicle activity suggested that 

stronger risk cues were associated with humans on foot. While cougars clearly avoided 

recreationalists, their positive association with vehicle detection frequency suggests that this 

form of human activity did not induce a strong fear response. Furthermore, vehicle activity 
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and hiking were spatially separated throughout the study area, as vehicles almost exclusively 

travelled through areas closed to public access. Therefore, cougars may have been more 

inclined to avoid public-access areas and travel on roads rather than travel on hiking trails. 

This preference could be due to the easier movement through patches of thick salal 

understory and dense new growth, as well as the lower perceived risk associated with these 

roads (Reed & Merenlender, 2008). My findings align with previous research, which suggests 

that although cougars may avoid human activity on trails, they generally do not avoid vehicle 

traffic on roads within their home ranges and often use roads as movement paths (Dickson & 

Beier, 2002; Kertson et al., 2011).  However, further research should parse apart how cougars 

spatially respond to public-access versus restricted-access sites to disentangle the impacts of 

vehicle activity. A landscape of fear created by recreationalists may have pressured cougars 

to seek less disturbed pathways. By using roads as movement routes, cougars may have been 

able to avoid habitat patches with high human activity and limited undisturbed cover. 

The landscape of fear created by recreationalists was depicted in a map, where areas 

of high human activity in the park predicted lower occurrence of cougars, and low human 

activity in the closed-access watershed predicted higher occurrence of cougars. Essential 

elements that comprise the landscape of fear--including the physical landscape, the spatial 

variation in predation risk, the perception of risk, and the spatial distribution of prey--outlined 

a guiding framework to create visual representations (Gaynor et al., 2019). Many existing 

representations use only one element of this framework (Gaynor et al., 2019). My 

visualization attempted to capture multiple elements of the framework, including the physical 

landscape (habitat characteristics), the spatial variation in predation risk (human 

occurrences), and the spatial distribution of “prey” (cougar occurrences). This visualization 

of cougar occurrence confirmed the model testing results, reaffirming that cougars spatially 

avoided highly trafficked hiking trails in the park. This visual depiction contributes to the 
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growing body of research aimed at better conceptualizing landscapes of fear. However, future 

studies should incorporate measures of fear perception, such as physiological responses 

associated with perceiving risks (Clinchy et al., 2013). This additional landscape of fear 

framework element would allow us to make stronger connections between variation in human 

space use and variation in carnivore space use across a landscape (Støen et al., 2015).  

 

2.3.2 Spatial Responses to Resources 

Cougars were associated with habitat characteristics in a predictable way, aligning 

with their specific needs for hunting and stalking cover, suitable denning sites, optimal 

movement corridors, and the availability of prey (Dickson & Beier, 2002; Morrison et al. 

2014; Pierce et al. 1999). Cougars were detected more frequently at sites with a higher 

proportion of water features as these areas provide vegetation for stalking cover and prey 

species’ forage (Kertson et al., 2011; Ripple & Beschta, 2006). Cougars’ primary large prey 

types in this area, Roosevelt elk, and black-tailed deer, demonstrated a preference for water 

features and cutblocks, further explaining cougars’ selection of these sites. Cougars occurred 

more commonly at sites with a higher proportion of broadleaf forest. Broadleaf forest offers 

important browse for deer and elk (Poole & Mowat, 2005); however, deer were observed 

avoiding patches with higher broadleaf forest proportions in the study area. This avoidance 

may have been due to deer selecting for broadleaf forest at a different spatial scale than 

cougars. Investigating the spatial scale of prey habitat selection and cougars’ diet 

composition and could provide further insights into predator-prey dynamics in this system 

(Knopff et al., 2014). Additionally, exploration of the spatial scale at which cougars engage 

in hunting behaviours would provide a clearer picture of how available prey regulate cougar 

space use (Wilmers et al., 2013).  
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Conifer forest, which typically supports lower ungulate densities than deciduous 

forest (Teichman et al., 2013), was associated with fewer deer and elk, and thus fewer 

cougars. In contrast, Kertson et al. (2011) found a positive association between cougar 

occurrence and proportion conifer forest. However, in this system, conifer forest did not 

demonstrate strong predictive power due to its vast and consistent cover across British 

Columbia (Teichman et al., 2013). Cougars’ preference for cutblock areas aligns with past 

studies, which have found that cougars use this habitat because cutblocks harbor browse for 

prey and adjacent patches provide cover for hunting and stalking (Kertson et al., 2011; Laing 

1988; Logan & Irwin, 1985). This spatial preference may be explained by the distribution of 

cutblocks at varying stages in the study area due to a long history of logging. The varying 

stages of cutblock growth provide intermediately disturbed habitat and edge habitat that 

facilitate elk and deer foraging behaviour and cougar movement (Morrison et al., 2014). 

Other features of the studied system, including high elevations marked by rocky, open 

outcroppings, offered little vegetative productivity for prey forage or cougar stalking cover 

(Pauley et al. 1993; Teichman et al. 2013). Thus, these areas were used less frequently by 

cougars in favour of lower elevation, forested regions. Cougar habitat preferences were 

broadly consistent with findings from Dickson & Beier (2002), Kertson et al. (2011), and 

Morrison et al. (2014). Any dissimilarities from past findings may be due to cougars’ 

responses to anthropogenic risk, or the scale at which habitat use was evaluated. 

 

2.3.3 Trade-offs between Risk and Resources  

A drive for resources outweighs the threat of predation for cougars, revealing the 

trade-offs this apex predator makes to meet its needs. While several studies have evaluated 

cougars’ responses to risk and resources independently (Nickel et al., 2020; Sweanor et al., 

2008), few have directly examined the relationship between these responses (Mills et al., 
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2023). In the study area, cougars were more likely to tolerate anthropogenic risk when 

preferential habitat patches were present. Higher proportions of broadleaf forest provide 

litterfall forage and habitat for prey in the spring and summer months, particularly for elk 

(Poole & Mowat, 2005). The potential benefits of available natural resources and preferred 

habitat such as broadleaf forest may outweigh the anthropogenic risk trade-offs in situations 

when humans are more difficult to avoid (Moss et al., 2016; Stoner et al., 2021). For 

example, when cougars experience periods of hunger or prey are concentrated in certain 

areas, cougars are more likely to use risky places as their anti-predator response becomes 

inhibited (Blecha et al., 2018). Alternatively, cougars may employ temporal avoidance of 

human presence and shift to increased nocturnality in high quality habitat patches (Gaynor et 

al., 2018; Lewis et al., 2021). Although cougars were willing to tolerate humans in some 

cases, the perceived risk of human presence can have substantial consequences, such as 

decreasing the efficiency of resource acquisition, increasing the energy requirements of 

cougar movement, and reducing feeding times (Nickel et al., 2021; Smith, 2017). This trade-

off also creates a source of potential human-cougar encounters in areas where a high density 

of broadleaf forest and recreationalists coincide (Arundel et al., 2007). While the GVWSA 

provided abundant restricted-access land, wildlife in areas with reduced habitat protections 

and connectivity may experience a higher cost from human disturbances (Gill et al., 2001). 

Therefore, it is important to broaden these studies to assess how human activity impacts 

cougars across varying levels of landscape restriction. 

 

2.3.4 Influences of Spatial Scale  

The better performance of larger buffer sizes shows that cougars evaluate their 

environment at a greater scale, balancing risks and resources across large habitat patches. 

Cougars’ home ranges, which can vary in size across broad geographic areas (Grigione et al., 
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2002; Spreadbury et al., 1996), average 61 km2 for females and 186 km2 for males on 

Vancouver Island (Hahn, 2001). These relatively large home ranges suggest that the sub-1-

kilometer spatial buffers used in this study have limited explanatory power for understanding 

cougar space use (Fisher et al., 2011; Wilson et al., 2004). However, spatial analysis was 

constrained by the distance between camera trap sites in my study design. Increasing the 

distance between camera traps would allow for larger spatial buffers, facilitating a more 

comprehensive exploration of habitat selection within cougars’ home ranges. My findings 

deviate from past studies of scale selection, where Fisher et al. (2011) and Wilmers et al. 

(2013) assessed cougar habitat use at scales smaller than 750 meters. Heim et al. (2019) and 

Gaston et al. (2024) applied a range of larger-scale buffers, where Gaston et al. (2024) found 

a 2500-meter buffer to best explain cougar space use. Given that cougars’ spatial responses to 

human-induced risk, habitat, and prey have been shown to vary across multiple spatial scales, 

future research should continue to incorporate a range of tested scales to better understand 

spatial responses to risk (Jordan & Ryan, 2015).  

 

2.4 Management Implications 

Conclusions about cougar responses to resources and perceived risk were constrained 

by the study design, particularly due to the relatively small study area (36 km2), which is 

smaller than the average home range size of cougars on Vancouver Island (61 km2 to 186 

km2) (Hahn, 2001). Additionally, the placement of camera traps along linear features, such as 

trails, did not account for activities occurring in off-trail habitats. Together, this limited 

sampling area constrained inferences about cougar habitat use in less-surveyed areas, as 

cougars may have been using off-road habitat and other portions of their home ranges at 

different frequencies. The focus on roads and trails provided a narrow view of cougar 

movements, potentially missing variation in their use of the broader landscape. Furthermore, 
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the visual prediction surface for cougar occurrence was spatially restricted by the limited 

number of camera traps, and the interpolation of count data from these fixed points did not 

fully capture nuances in habitat use and the influence of risk across the study area. In this 

study, camera traps were placed in grid cells small enough to capture the landscape’s high 

variability, which likely aided in accurate interpolation of estimates. However, extending the 

study area by adding more camera traps in diverse habitats, such as at larger water sources, 

could reveal emerging patterns of habitat use and risk response, especially given the large 

range sizes of cougars. Additionally, the inherent limitations of camera traps, such as 

imperfect detection, where cougars present are not captured due to camera malfunctions or 

being outside the field of view (Wearn & Glover-Kapfer, 2017), further emphasize the need 

for larger-scale studies to draw broader conclusions about cougar space use and potential risk 

responses. 

The data were also temporally constrained to the late spring and summer months, 

despite expected variations in human activity, wildlife activity, and habitat conditions 

throughout the year. Some cougar populations, or individuals within a population, make 

significant seasonal movements to follow prey between winter and summer ranges (Pierce et 

al., 1999). These movements mirror those of prey, which respond to changing vegetation and 

weather conditions, such as snow, between seasons (Dellinger et al., 2018). These temporal 

limitations, coupled with the relatively small study area, may overlook seasonal shifts in 

habitat use, especially if cougars use different areas of their home ranges at certain times of 

the year. Additionally, seasonal fluctuations in human visitation to the public-access portion 

of the study area may further exacerbate these changes (Morrison et al., 2014). 

Another limitation of this study involves the exclusion of community dynamics. 

While species-specific responses of cougars and interactions with large prey (deer and elk) 

were examined, the impacts of interspecific competition were not directly analyzed. 
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Coexistence among carnivores is driven partly by resource partitioning across spatial, 

temporal, and trophic dimensions, and human disturbance can disrupt this balance (Sévêque 

et al., 2020). Interspecific interactions, especially in an environment facing human pressures, 

can lead to avoidance of highly human-used areas and increased overlap among carnivores 

(Parsons et al., 2019). Although I found that cougars spatially avoided highly peopled areas, 

the omission of interactions with other carnivores limited the understanding of how cougars 

navigate natural and human-influenced landscapes when potential competition is present. 

However, this study was specifically focused on cougar responses to human activity, and the 

deliberate exclusion of community dynamics maintained clarity in addressing cougar-focused 

research questions. While broader ecological processes, including large mammal spatial 

partitioning, could enhance our understanding of cougars’ risk-resource tradeoffs, the 

findings remain valid and provide insights into the impacts of outdoor recreation.  

Broadly, this research adds to the growing understanding that non-consumptive 

human activities can alter carnivores’ spatial patterns of habitat use. A fear-induced response 

predicates cougars’ spatial avoidance of humans, pushing this apex predator into areas with a 

lower human presence. Potential costs to cougar’s resource acquisition and energy demands 

must be considered in the management of outdoor recreation. Pervasive changes in wildlife 

behavior across an ecosystem must also be considered, as alterations in cougar space-use may 

trigger cascading top-down impacts (Ripple & Beschta 2006, 2008). Over time, high levels of 

human activity may drive cougars out of previously suitable habitat (Schuette et al., 2013; 

Smith et al. 2015). Further implications could ensue for predator-prey dynamics, potentially 

harming trophic functions. Maintaining plenty of undisturbed, high-quality habitat is 

important to ensure that human activities and carnivore needs remain compatible. At the 

landscape scale, the way cougars alter their spatial behaviour in response to predation risk 

reveals the importance of habitat protection. In a landscape with heterogeneous disturbances 
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and adjacent highly protected zones, cougars have areas to retreat to when faced with 

perceived risk. These restricted-access patches can facilitate cougar movement, hunting, and 

denning, providing protection from the threats that human presence introduces to wild spaces. 

Without these adjacent protected zones, cougars would likely encounter risk more frequently 

(Schmidt & Kuijper, 2015). Highly protected habitat patches may also mitigate human-

carnivore interactions, reducing the need for cougars to employ other compensatory strategies 

such as increasing their spatial overlap with recreationalists or with other carnivores, 

increasing their crepuscular activity, or moving even further into urban zones (Gaynor et al., 

2018).  

Locally, the prediction map will serve as a tool for park managers to identify areas where 

cougars are most likely to occur throughout the park and water supply area. This information 

supports goals to minimize human-wildlife conflict and protect areas of critical habitat (CRD, 

2001; CRD, n.d.). Watershed managers may use this information to reinforce the importance 

of restricting public access within the water supply area. Restricting public access aligns with 

the goals of drinking water protection and ensures the preservation of lesser-disturbed patches 

of habitat for an important apex predator (CRD, 2001). 

I have emphasized the need to protect valuable habitat patches for cougars, however, it is 

also necessary to consider the utility and effectiveness of larger protected areas. Future 

research should take a broad scale approach to consider how adjacent highly protected areas 

might influence carnivore space use in disturbed ecosystems. Within these systems, complex 

interspecific interactions, including spatial and temporal partitioning, may influence how 

cougars and other large carnivores respond to risk (Kronfeld-Schor & Dayan, 2003; Hubbard 

et al., 2022). Further investigation into spatial partitioning of large carnivores and their prey 

is needed to understand how human presence could disrupt ecological processes among the 

broader wildlife community. Species may respond divergently to perceived anthropogenic 
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risk, especially across a gradient of disturbance types (Suraci et al., 2021). A look at these 

interactions during a longer camera trap deployment period could reveal how spatial 

dynamics fluctuate across seasons due to habitat changes (green-up, green-down, and snow) 

or seasonal variations in outdoor recreation (Morrison et al., 2014). Examining community 

resource partitioning in a heterogenous disturbance landscape would reveal how non-

consumptive human activities scale upwards to impact entire ecosystems.   
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Appendix A 

Pairwise Pearson correlation coefficients for all covariates used in analyses at six buffered 

distances: (a) 125 meters, (b) 250 meters, (c) 375 meters, (d) 500 meters, (e) 625 meters, (f) 

750 meters.  The correlation matrix displays the strength and direction of linear relationships 

between covariates. Negative correlations are indicated in red, while positive correlations are 

indicated in blue. The matrix helps identify how strongly variables are related to each other, 

with values ranging from -1 (perfect negative correlation) to +1 (perfect positive correlation). 

  



48 
 

Appendix B 

Habitat + Risk (M3) model results compared across six spatial scales AIC. The model at the 

best-fit spatial scale is bolded. AIC = Akaike’s Information Criteria, ΔAIC = Delta AIC, 

AICw = AIC Weight, -2LL = Negative Two Log-Likelihood, df = Degrees of freedom. 
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Chapter 3: Protected Area Access Impacts the Distributions and Spatial 

Dynamics of Large Mammals 

 

3.0 Introduction 

Protected natural areas conserve biodiversity and promote ecosystem functioning, 

offering essential refuges in regions affected by human development and disturbances (Reed 

& Merenlender, 2008). However, many of these protected areas operate under a dual mandate 

of supporting both conservation and outdoor recreation goals, thus allowing some human 

influence. Human visitation rates to protected areas vary greatly worldwide, driven by factors 

such as regulated access, nearby population density, and recreation infrastructure (Neuvonen 

et al., 2010). A growing body of research demonstrates that higher levels of human activity in 

protected areas have more pronounced impacts on wildlife (Naidoo & Burton, 2020; Nickel 

et. al., 2020; Reed & Merenlender, 2008). While it is well-established that consumptive 

activities such as hunting and landscape development impact wildlife habitat use (Ordiz et al., 

2013; Tucker et al., 2018), non-consumptive activities such as hiking, cycling, and dog-

walking also impact spatio-temporal behaviours of various species (Frid & Dill, 2002; Procko 

et al., 2023). As humans make approximately 8 billion visits to protected spaces each year--a 

number that continues to rise--the impact of non-consumptive activities on wildlife becomes 

an urgent issue (Balmford et al., 2015; Watson et al., 2016). 

Although protected spaces across North America share the common goal of supporting 

wildlife and conservation, their effectiveness varies based on their level of permitted human 

access. Non-consumptive activities within North America’s protected spaces affect wildlife 

both spatially and temporally (Coppes et al., 2017; Naidoo & Burton, 2020; Taylor & Knight, 

2003), and differences in ecological health have been noted between protected areas facing 

low and high human pressures (Jones et al., 2018). Closed-access protected spaces facing 

lower human pressures consistently harbor a higher diversity of species than public-access 
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spaces (Reed & Merenlender, 2008). This suggests that wildlife in public-access areas may 

exhibit greater sensitivity to disturbances due to, amongst other things, a heightened 

perception of predation risk that leads to greater vigilance (Baker & Leberg, 2018; Frid & 

Dill, 2002). Despite these significant findings, few studies have directly compared spatial 

wildlife responses to human activity across different levels of public-access (Reed & 

Merenlender, 2008).  

Wildlife have been shown to exhibit behaviourally mediated spatial shifts in habitat use 

due to human presence (Frid & Dill, 2002). Human presence imposes a perceived risk to 

large mammal species, inducing a fear response that drives them to seek refuge in “safer” 

habitats (Gaynor et al., 2019; Van Scoyoc et al., 2023). Consequently, these spatial shifts may 

increase sympatry between species as wildlife concentrate in remaining low-risk areas 

(Parsons et al. 2019). High spatial overlap can disrupt ecosystem dynamics and stability that 

rely on spatial partitioning and sufficient habitat for both predators and prey (Schoener, 1974; 

Smith, 2018). Increased spatial overlap could also exacerbate interspecific competition 

among a wildlife community as access to shared resources becomes constrained (Sévêque et 

al., 2020). Specifically, carnivores’ sensitivity to disturbance places them in a precarious 

position, as non-consumptive human activities can harm ecosystem balance by altering their 

ecological role (Baker & Leberg, 2018). For example, human-induced risk can reduce 

feeding times and restrict movement (Smith, 2015; Smith, 2017). Further, according to a 

review by Sévêque et al. (2020), a common impact of human activity was the total spatial 

exclusion of less disturbance-tolerant species. However, in cases where total spatial exclusion 

did not occur, spatial avoidance of humans was the most-reported impact, leading to 

increased interactions and spatial overlap among carnivores (Sévêque et al., 2020). This is 

significant because if carnivores experience spatial avoidance, their critical role in regulating 

prey populations may be disrupted (Suraci et al., 2019).  
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Although human recreation may induce spatial shifts across species (Naidoo & Burton, 

2020), evidence suggests that carnivore and ungulate species respond variably according to 

their trophic role and life history (Suraci et al., 2019). Prey have been found to exploit 

carnivores’ avoidance of human presence by overlapping their spatial and temporal habitat 

use with humans (Berger, 2007). This spatio-temporal overlap allows prey species to buffer 

against the predation risk posed by carnivores (Muhly et al., 2011). This tactic is known as 

the human shield hypothesis (Berger, 2007).  Ungulates and small mammals may also 

experience benefits like increased resource acquisition, evidenced by their increased foraging 

intensity in response to human presence (Suraci et al., 2019). Anthropogenic impacts on 

wildlife spatial dynamics such as the “human shield” phenomena can cause cascading and 

potentially detrimental effects to large and small mammals, vegetation, and overall ecosystem 

health (Muhly et al., 2011). As species alter how and where they use habitat and acquire 

resources through trophic cascades, these shifts can disrupt ecological balance (Berger, 

2007).  In protected areas, access restrictions and spatial variation in human activity 

significantly influence these dynamics, reinforcing the importance of carefully managed 

human presence to maintain wildlife species’ ecological roles.  

Addressing non-consumptive human impacts on wildlife in protected areas requires an 

understanding of the role of protected areas in ecological health, specifically regarding how 

varying levels of activity might affect wildlife spatial behaviour, and whether access 

restrictions (even partial restrictions) could mitigate the impacts of human disturbance. By 

examining the effectiveness of protected spaces in maintaining well-supported wildlife 

communities, we can better evaluate the influences on wildlife at a scale relevant to 

management decisions; this allows us to determine the utility of access restrictions as a 

management tactic (Reed & Merenlender, 2008). 



65 
 

However, despite the growing recognition of scale as an influential and important 

consideration of ecological study design, it is often not given enough consideration in 

ecological research (McGarigal et. al. 2016; Wiens 1989). Scaling must be considered 

adequately, as it has the power to influence the results and interpretation of a study. The 

characteristic spatial scale of habitat selection varies among species (Holland et al., 2004), 

indicating that scale-dependent ecological mechanisms drive habitat selection differently for 

each species (Fisher et al., 2011). Therefore, multi-scale studies with an organism-centered 

approach facilitate a more ecologically accurate assessment of species’ responses to habitat, 

risk, and the presence of other species (McGarigal et al. 2016; Wiens, 1989). By analyzing 

the scale at which wildlife spatially assess risks and resources, we can gain an ecologically 

relevant understanding of how space is partitioned and how habitat is used among species. 

I aimed to investigate how scale-dependent spatial partitioning among a wildlife 

community (including large predator and prey species) is influenced by human disturbance 

and protected area access restrictions. Focusing on a high-biodiversity region on Southern 

Vancouver Island in British Columbia, Canada, I assessed these impacts where human 

population density is rapidly increasing. To do this, I used an array of 48 wildlife cameras 

stratified across two adjacent protected areas: the publicly accessible Sooke Hills Wilderness 

Area Regional Park and the restricted-access Greater Victoria Water Supply Area. I 

hypothesized that human activity would significantly influence wildlife community 

dynamics, with carnivores showing a stronger tendency to avoid human presence compared 

to ungulates. Additionally, I expected that access regulations in protected areas would shape 

species distributions and habitat use. Specifically, I anticipated that large carnivores would 

prefer areas with higher levels of protection, avoiding heavily trafficked public-access. 

Consequently, I predicted that carnivores would spatially overlap with one another due to 

redistribution pressures driven by human presence. In contrast, I expected ungulates to be 
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more frequently detected in areas with human activity, using human presence as a shield 

against predation (Berger, 2007; Oliff et al., 1999; Taylor & Knight 2003). Finally, I 

anticipated that the spatial scale at which these responses occurred would vary across species 

(Fisher et al., 2011). 

 

3.1 Methods 

3.1.1 Study Area 

This research occurred on the traditional territory of the lək̓ʷəŋən peoples and T’Sou-

ke First Nation whose relationship with the land I acknowledge and respect. The study area is 

delineated by a 48-camera trap grid, covering 36km2 , as illustrated in Figure 3.1. This grid 

encompassed approximately equal-sized portions of the 40.9 km² Sooke Hills Wilderness 

Area Regional Park (SHWA) and the 205.5 km² Greater Victoria Water Supply Area 

(GVWSA) (CRD, 2001; 2023). The SHWA is the largest park in the Capital Regional 

District (CRD) Regional Parks system. Characterized by its high level of protection as a 

“Wilderness Area”, this park mandates minimal human interference with the ecosystem. The 

park permits recreational activities such as hiking, cycling, and dog-walking on public-

access, marked trails. Adjacent to it, the GVWSA restricts public access to mitigate potential 

threats to the drinking water quality that supplies over 400,000 residents in the region. Active 

roads through the GVWSA provide access for water supply management as well as 

commercial logging on a relatively small portion of privately owned land that falls within the 

water supply area. These roads, along with decommissioned roads and unmarked trails 

provide movement corridors for wildlife in the area and are occasionally used by CRD 

employees. 

The SHWA and the GVWSA sit within the Coastal Western Hemlock Very Dry 

Maritime Biogeoclimatic Subzone and a small portion lies within the Coastal Douglas-fir 
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subzone (The Ministry of Environment, Lands and Parks Resources Inventory Branch of 

British Columbia, 2001). The climate in this area is characterized by an average annual 

temperature of 9.3°C and an average annual precipitation of 1,427 mm (Chourmouzis et al., 

2009). The Goldstream watershed, beginning in the GVWSA and extending into the SHWA, 

provides wildlife habitat through high variable, localized vegetation communities. These 

protected areas support a range of important wildlife species, including Vancouver Island 

cougars (Puma concolor vancouverensis), black bears (Ursus americanus), grey wolves 

(Canis lupus), Columbian black-tailed deer (Odocoileus hemionus columbianus), Roosevelt 

elk (Cervus canadensis roosevelti), and the marbled murrelet (Brachyramphus marmoratus) 

(CRD, 2001).Though an arbitrary boundary exists between the SHWA and GVWSA, there 

are some differences to be noted in vegetation and landscape features. Areas around the 

Goldstream Lake Reservoir, Mavis Lake, and old-growth stands in the GVWSA differ from 

the wetlands found in the SHWA, offering different vegetation communities and landscape 

variables immediately surrounding these water features. Upland meadow complexes are 

common, especially throughout the SHWA, and the region is marked by steep grades and 

rocky outcroppings. Ecologically important mature and old-growth forest that is considered 

rare throughout the study area was once plentiful in the SHWA and GVWSA, however the 

cover of valuable old-growth has drastically decreased over time due to a long history of road 

building, forest management, and resource extraction (The Ministry of Environment, Lands 

and Parks Resources Inventory Branch of British Columbia, 2001). Despite these differences, 

the SHWA lacks dense young stands that might restrict large mammal movement. Both 

protected areas are broadly characterized by mixed age stands dominated by Douglas fir 

(Pseudotsuga menziesii var. menziesii), with a salal (Gaultheria shallon) understory. Water 

features throughout the two protected areas such as streams, wetlands, and lakes characterize 

this region that supports the CRD’s drinking water supply. Terrain within these protected 
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areas is highly variable, driving more localized variability in habitat than variability between 

the two larger areas.  

Figure 3.1: Camera trap grid (red hexagons) located in the Sooke Hills Wilderness Area (tan 

polygon) and Greater Victoria Water Supply Area/Drinking Water Protection Area (green 

polygon and green hashed lines) on Southern Vancouver Island, British Columbia, Canada. 

48 infrared cameras placed along linear features near the center of each 750m2 hexagonal grid 

cell. 
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3.1.2 Sample Design 

A camera trap array of 50 Reconyx™ Hyperfire 2 (Reconyx, Holmen, WI) Infrared 

cameras were originally deployed in the SHWA and GVWSA, however 48 cameras remained 

available throughout the deployment period due to theft and camera malfunction at two sites. 

Cameras were deployed from May 1st, 2022, to December 31st, 2022 to monitor the study 

area across all four seasons. This deployment period captured most of the variation in wildlife 

behaviour, human visitation, and climatic conditions that tend to occur throughout the year. 

Cameras were placed along linear features (roads/trails) near the center of 750m 2 grid cells, 

as seen in Figure 3.1. This grid size allowed me to stratify cameras across habitat features 

while considering the small-scale landscape variability observed across the SHWA and 

GVWSA. Each camera was placed at a height of about 1 meter on a tree 1-20 meters from a 

linear feature, ensuring detectability of mammals of a variety of body sizes and ensuring 

detectability of vehicles (Naidoo & Burton, 2020). Half of the cameras were deployed in each 

protected area, enabling an even survey of both public-access and restricted-access sites.  

 

3.1.3 Data Collection and Processing 

 Camera trap images were collected and analyzed over a 35-week study period. 

Timelapse Image Analyzer 2.0 was used to identify animal species, humans, cyclists, dogs, 

and vehicles present in camera trap images (Greenberg et al., 2019). As seen in Figure 3.2, 

human images were blurred using Megadetector and RStudio to protect community privacy 

(Beery et al., 2019; R Core Team, 2023). Images were processed to identify human and 

wildlife species counts and locations. To do this, independent events were defined as a site 

visit by an individual or group and were separated by 10 minute-intervals. This relatively 

short independence interval captured the frequency at which wildlife, humans, and vehicles 

used sites, where repeat visits throughout a day or week would be considered independent 
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events (Keim et al., 2019). While measures of occupancy inform us about wildlife locations 

and can remain constant over long periods of time, measures of detection frequency offer 

insights into how often a site is used (Lele et al., 2013; MacKenzie et al., 2017). Detection 

frequency provides different ecological implications, as sites used repeatedly suggest 

underlying ecological influences at these locations (Keim et al., 2019). Different forms of 

human presence, including cyclists, dog-walkers, and hikers, were combined into a single 

"Human" count for generalized linear modeling. This approach provided a measure of 

detection frequency that included all human activities, calculating a more accurate count of 

individuals visiting a site. Species counts were calculated weekly throughout the study 

period, accounting for expected seasonal and monthly variations. 

We measured landscape heterogeneity, heterospecifics’ detection frequency, and 

categorized land-use restrictions to help explain wildlife detection frequency across the study 

area. These were derived from a variety of sources, as described in Table 3.1. “Public-

Access” was incorporated as a hypothesized risk factor for wildlife species. “Public-Access” 

was thus modelled as a binary dummy variable to quantitatively measure wildlife responses 

to public-access sites. Values for covariates marked by an asterisk were calculated through a 

series of spatial buffers around each camera using the “sf” package in R (Pebesma & Bivand, 

2023; Pebesma, 2018; R Core Team, 2023). All covariates were checked for correlation using 

Pearson’s correlation coefficient within the “cor” function in R (base (version 3.6.2)) (Zuur et 

al., 2010). No strong correlation (with a correlation coefficient greater than ±0.7) was 

detected between covariates as seen in Appendix A. 
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Figure 3.2: Images captured from the infrared motion-triggered cameras in the 48-camera 

trap array located in the SHWA and the GVWSA. Image (a) depicts two hikers, image (b) 

depicts a male and female Roosevelt elk, image (c) depicts a black-tailed deer with two 

fawns, image (d) depicts three cougars, image (e) depicts a grey wolf, and image (f) depicts a 

black bear. Human images were blurred to protect privacy, while animal images remained 

unblurred. Dates and timestamps are visible in the upper left-hand corner of each image, in 

addition to site identification in the lower left-hand corner. 
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Table 3.1: Habitat, risk, and prey covariates used in generalized linear models at six spatial 

scales. Proportion Conifer Forest, Proportion Broadleaf Forest, Mean Crown Closure, 

Proportion Cutblock, and Road/Trail Density were derived from GIS shapefiles. Elevation 

was derived from a GIS raster file. Public-Access was derived from RStudio. Human, 

Vehicle, Black-tailed Deer, and Roosevelt Elk, Cougar, Black Bear, and Grey Wolf counts 

were derived from group counts calculated using Timelapse2 Image Analyser and RStudio. 

Links to data sources can be found at the bottom of the table. 

 

 

3.1.4 Statistical Analyses – Generalized Linear Modelling  

 A global model was constructed with habitat, risk, and community (heterospecifics’ 

detection frequency) covariates relevant to protected spaces in the Southern Vancouver Island 

area and based on common predictors for large carnivores and their ungulate prey species 

(Dupke et al., 2017; Naidoo & Burton, 2020). Risk covariates were included in the model to 

assess how human presence and vehicles impact community- and species-specific spatial 

responses to anthropogenic risk. Global generalized linear models (GLMs) were constructed 
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using appropriate distributions for each species. Count datasets were assessed for 

overdispersion to fit the best-suited model distribution for each species in the analysis. 

Overdispersion was detected in the deer-count data. To correct for overdispersion, a negative 

binomial distribution with a log-link was assumed (Hilbe, 2014). Cougar, elk, black bear, and 

wolf count data did not have overdispersion, and were therefore fit with a Poisson 

distribution with a log-link using the “MASS” package in R (R Core Team, 2023; Venables 

& Ripley, 2002; Zuur et al., 2009). Covariates within the model were standardized using the 

“scale” function in R (mean = 0, sd = 1) so that all estimates were calculated on a comparable 

scale (base (version 3.6.2) (R Core Team, 2023; Zuur et al., 2007). Landcover covariates and 

road/trail density within the global model were evaluated at six spatial scales for each 

species, using model selection within an information-theoretic framework. Akaike’s 

Information Criteria (AIC) was employed to select the best-fit spatial scale for each species, 

prioritizing the model with the lowest AIC (Anderson & Burnham, 2002). Models were 

assessed using spatial buffers at 125 meters, 250 meters, 375 meters, 500 meters, 625 meters, 

and 750 meters. To avoid substantial overlap between spatial buffers, the largest size was 

limited to 750m. Models were validated through a 10-fold cross validation using the “boot” 

package in R (v1. 3-27; Canty & Ripley, 2021).  

 

3.1.5 Visual Analyses – NMDS 

A non-metric multidimensional scaling (NMDS) ordination was used to plot the 

similarities in community composition and habitat features at each camera site. This 

ordination method displayed multidimensional spatial count data across the study area on a 

two-dimensional plot. Points (camera trap sites) closer together on the plot were more similar 

in count data, and those further away were more dissimilar. Camera site count data was 

plotted with respect to protected area (public-access versus restricted-access), and any 
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clustering was denoted with an overlayed ellipse. The NMDS process was repeated for 

habitat covariates (proportion of broadleaf forest, proportion of conifer forest, proportion of 

cutblock, proportion of water features, mean crown closure, and elevation) at each tested 

spatial scale (125 meters, 250 meters, 375 meters, 500 meters, 625 meters, 750 meters). This 

was done to rule out any significant differences in habitat characteristics between the two 

protected areas, ensuring that observed variations in wildlife community composition were 

not solely due to differences in habitat structure. 

 

3.2 Results 

3.2.1 Data Summary 

Human activities accounted for the majority of camera trap detections during the 

deployment period, with 15,423 independent detections of humans on foot, 8,866 

independent detections of vehicles, and 1,061 independent detections of cyclists. As reported 

in Table 3.2, humans were observed at 100% of sites, vehicles were observed at  52% of sites, 

and cyclists were observed at 23% of sites. Deer accounted for most of the wildlife 

detections, with 1,560 independent detections, followed by 496 independent detections of 

black bears, 300 independent detections of cougars, 233 independent detections of Roosevelt 

elk, and 53 independent detections of grey wolves. Deer were observed at 100% of sites, 

while black bears and cougars were observed at nearly every site (94% and 98% 

respectively). Roosevelt elk and grey wolves were observed at about half of the sites (Table 

3.2).  
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Table 3.2: Detections and capture rates for anthropogenic and wildlife covariates. 

Independent detections are defined as the total number of detections of each species 

throughout the study period, divided into 10-minute intervals. Average capture rate indicates 

the mean count of each species detected per site-week. The proportion of sites detected is 

expressed as a percentage. Average group size is calculated based on each independent event. 

 

 

3.2.2 Statistical Analyses – Generalized Linear Modeling 

Model selection results revealed that the scale at which wildlife spatially respond to risk, 

habitat, and community variables differs by species (Figure 3.3; Table 3.3). The global model 

performed best at a 125m scale for black bear (AIC = 2265.70, AICw = 1.000) and a 250m 

scale for deer (AIC = 4102.18, AICw = 0.874) (Table 3.3). The model performed best at a 

more intermediate scale of 500m for grey wolves (AIC = 381.15, AICw = 0.471; Table 3.3). 

The model performed best at a larger scale of 625m for cougars (AIC = 1435.23 AICw = 

0.972) and 750m for elk (AIC = 1158.27, AICw = 1.000) (Table 3.3).  
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Table 3.3: Model selection outcomes for each species ranked using AIC at six spatial scales. 

The best-fit model within each candidate set is bolded. Distribution = the GLM distribution 

fit to the count data, Scale = radius of buffer around camera in meters, AIC = Akaike’s 

Information Criteria, ΔAIC = Delta AIC, AICw = AIC Weight, df = Degrees of freedom. 
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Figure 3.3: AIC weights for the global model are shown at six spatial scales for each species: 

black-tailed deer (a), Roosevelt elk (b), grey wolf (c), black bear (d), and cougar (e). Higher 

AIC weights indicate better model performance at the corresponding spatial scale. The spatial 

scale, ranging from 125 meters to 750 meters, represents the buffer radius around each 

camera site.  

Note: Silhouette of a deer (xgirouxb, 2019); silhouette of an elk (Sayol, 2021); silhouette of a wolf  (Traver, 

2012); silhouette of a black bear (Heath, 2013); silhouette of a cougar (Taylor, 2019). 
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While reporting and interpreting non-significant p-values has traditionally been 

challenged in statistics, there is a growing trend toward interpreting the magnitude and 

direction of all effect sizes, as these effects may hold ecological or scientific importance 

regardless of their statistical significance (Greenland et al., 2016). Although not interpreting 

significance, I still chose to report p-values to retain information about estimated effects 

derived from GLMs. This provided further insights into the strength and direction of the 

relationships between large mammals and their habitat, humans, and each other, even when 

statistical significance was not present. Carnivores (Figure 3.4) and ungulates (Figure 3.5) 

responded very differently to both human activity and landscape features. Although cougars 

(β = -0.05, P = 0.64), deer (β = -0.14, P = 0.01), and black bears (β = -0.39, P = 2.35x103) 

spatially avoided highly peopled sites, elk (β = 0.50, P = 9.07x10-4) and wolves (β = 0.11, P = 

0.21) were positively associated with these sites. Conversely, cougars (β = 0.13, P = 0.02), 

black bears (β = 0.05, P = 0.27), and deer (β = 0.05, P = 0.29) were positively associated 

with vehicle detection frequency, while elk (β = -0.22, P = 7.02x10-3) and wolves (β = -0.66, 

P = 0.08) were negatively associated with vehicle detection frequency. Deer (β = 0.14, P = 

0.01), elk (β = 0.20, P = 0.14), and wolves (β = 0.41, P = 0.05) were associated with areas of 

high road/trail density, while cougars (β = -0.20, P = 0.01) and black bears (β = -0.13, P = 

0.03) avoided these areas. Although both carnivores and ungulates diverged in their responses 

to human activity, all species were detected less frequently in the public-access landscape, 

and more frequently in the restricted-access landscape. Grey wolves (β = -2.60, P = 0.23) and 

elk (β = -1.63, P = 4.3x10-11) showed the largest spatial avoidance of public-access sites, 

followed by cougars (β = -0.38, P = 7.97x10-5), black bears (β = -0.40 P = 2.14x10-7), and 

deer (β = -0.12, P = 0.08).  
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Figure 3.4: Responses of black bear (a), cougar (b), and grey wolf (c) to habitat, risk, and 

predator-prey covariates. Estimates above the red dashed line indicate positive associations, 

while those below indicate negative associations. Note the spatial scales used in the models: 

black bear (125m buffer), cougar (625m buffer), and grey wolf (500m buffer). 

Note: Silhouette of a black bear (Heath, 2013); silhouette of a cougar (Taylor, 2019); silhouette of a wolf  
(Traver, 2012).  
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Figure 3.5: Roosevelt elk (a) and Columbian black-tailed deer (b) responses to habitat, risk, 

and heterospecifics’ detection frequency covariates. Estimates above the red dashed line 

indicate positive associations, while estimates below the red dashed line indicate negative 

associations. Note the spatial scales used in the models: elk (750m buffer) and deer (250m 

buffer). 

Note: Silhouette of an elk (Sayol, 2021); silhouette of a deer (xgirouxb, 2019). 
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Carnivore species demonstrated moderately positive associations with each other (Figure 

3.4). Carnivores utilize some shared resources, as black bears (Conifer forest: β = 0.05, P = 

0.31; Broadleaf forest: β = 0.28, P = 6.35x10-16), cougars (Conifer forest: β = 0.08, P = 0.46; 

Broadleaf forest: β = 0.53, P = 1.12x10-8), and wolves (Conifer forest: β = 0.86, P = 0.01; 

Broadleaf forest: β = 0.91, P = 2.57x10-4) shared preferences for forested sites (higher 

proportions of conifer and broadleaf forest). Cougars (β = 0.02, P = 0.65) and black bears (β 

= 0.07, P = 0.02) exhibited positive associations with the prey species elk; however, wolves 

exhibited slightly negative associations (β = -4.22x10-4, P = 1.00). Black bears (β = -0.15, P 

= 0.01) and grey wolves (β = -0.57, P = 0.05) were negatively associated with deer. 

Conversely, cougars (β = 0.03, P = 0.57) were slightly positively associated with deer. 

Despite these shared spatial associations, some habitat preferences varied among carnivores. 

Cougars were negatively associated with the proportion of water features (β = -0.12, P = .31), 

while wolves (β = 0.53, P = 0.03) and black bears (β = 0.23, P = 4.81x10-9) were positively 

associated. Furthermore, cougars (β = -0.05, P = 0.58) and black bears (β = -0.25, P = 

5.17x10-6) were negatively associated with proportion of cutblock, while wolves were 

slightly positively associated (β = 0.05, P = 0.78).  

 

3.2.3 Visual Analyses - NMDS 

Large mammals steered clear of busy recreational areas, seeking refuge in quieter, 

restricted areas. This trend was evident across species, as NMDS findings backed up 

statistical results that showed large mammals’ clear preference for low-disturbance habitat. In 

Figure 3.6, we saw that each type of protected area (SHWA and GVWSA) displayed a unique 

community composition as shown by the clustering of similar points. Black bears, Roosevelt 

elk, and grey wolves were mostly found in the restricted-access (water supply) sites, while 

humans and cyclists were more common at sites in the park, indicating high dissimilarity 
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between the two protected areas. Further NMDS analysis of habitat characteristics revealed 

overlap between public-access and restricted-access sites at all six spatial scales (Appendix 

B). Plots displayed strong similarities between the two protected areas when it came to their 

vegetation characteristics (crown closure and proportion conifer forest) and their elevation, as 

seen in Figure 3.7. These findings suggest that other factors, beyond habitat characteristics, 

drove the differences in observed species. 

 

 

Figure 3.6: Non-metric multidimensional scaling (NMDS) plot illustrating site similarities 

and differences based on species counts. Clustering of points reflects similarity between sites, 

while separation indicates dissimilarity. 
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Figure 3.7: Non-metric multidimensional scaling (NMDS) plot showing site similarity and 

dissimilarity regarding habitat covariates within a 500-meter buffer radius. Clustering of 

points reflects similarity between sites, while separation indicates dissimilarity.  

 

3.3 Discussion 

Mammal species throughout the lower Vancouver-Island Douglas-fir complex 

spatially avoided areas of high human use, likely due to fear responses. Whereas past studies 

have shown declining wildlife use on a site-by-site basis, this study demonstrated that 

wildlife doesn’t just avoid humans at specific sites -- they actually change their overall 

distribution patterns across landscapes to escape human presence. Contrary to my hypothesis 

that carnivores would show the greatest avoidance of humans, trophic level did not appear to 

play a large role in the degree of spatial avoidance. However, my initial prediction that 

carnivores would use similar sites was supported, as they exhibited positive spatial 

associations with one another. Carnivores likely shared space due to similar habitat and 

resource requirements, but their overlap may also have been driven by human disturbance. 
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All species strongly avoided public-access sites in favour of restricted-access sites, 

supporting my predictions that carnivores would prefer habitat free from frequent human 

activity. However, these findings did not provide strong evidence for the human shield 

hypothesis. Furthermore, the spatial scale at which wildlife responded to habitat, risk, and the 

presence of other species varied among the five species studied.  

 

3.3.1 Community Responses to Risk 

 Ungulate species and top predators were not uniform in their responses to 

anthropogenic risk, reflecting complex and species-specific risk avoidance (Suraci et al., 

2021). Cougars, black bears, and black-tailed deer avoided humans at the weekly scale, in 

contrast to elk and wolves, which were positively associated with humans. Most of the 

wildlife community avoided areas with humans present, likely due to a heightened perception 

of risk (Gaynor et al., 2019; Laundré et al., 2001).  However, elk and wolves may have 

demonstrated a more habituated avoidance of sites frequented by humans over a longer 

temporal scale than was measured in this study. A possible habituated avoidance was 

evidenced by their negative associations with public-access sites (Schuette et al., 2013; Smith 

et al. 2015). My findings here align with those of Sytsma et al. (2022), who found wolves 

were totally excluded from sites experiencing human activity in a protected area. Cougars and 

black bears also avoided public-access areas, reinforcing previous findings that these species 

use spatial avoidance in the face of human-induced fear (Hubbard et al., 2022; Suraci et al., 

2019). Notably, deer demonstrated the least avoidance of these sites, indicating that they 

perceive a lower risk from humans than sensitive large carnivores. This finding aligns with 

previous research that found deer do not significantly avoid human recreation (Naidoo & 

Burton, 2020). The differential use of areas with high road and trail density further 

demonstrates species-specific responses to human-induced risk. While deer, elk, and wolves 
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were present in areas of high road and trail density, black bears and cougars avoided these 

areas. Black bears and cougars, both large-bodied carnivores, may be more sensitive to 

human-induced risk. Due to their long-ranging, low reproductive rate life histories, they 

likely avoid these areas to reduce potential encounters with humans (Suraci et al., 2021).  

Although elk and deer were present in these disturbed sites, their avoidance of public-access 

sites and their inconsistent response to human presence indicate weak support for the human 

shield hypothesis (Granados et al., 2023). In fact, this broad-scale avoidance of human 

presence could increase predator (carnivore species) and prey (ungulate species) overlap, 

proving energetically costly for deer and elk as they employ anti-predator responses (Frid & 

Dill, 2002). 

The wildlife community’s responses to vehicle activity offer additional insights into 

spatial partitioning. Elk and wolves' avoidance of vehicle activity contrasts with the positive 

associations that cougars, black bears, and deer exhibited with vehicle activity, suggesting 

different strategies in managing risks associated with various types of human disturbance. 

Although wolves were observed in areas with high road/trail density, their avoidance of 

vehicle activity and public-access sites suggests they may have used low-traffic roads as 

travel routes, as found by Whittington et al. (2005). While cougars have demonstrated 

avoidance of human activity (Dellinger et al., 2020), they have not demonstrated avoidance 

of vehicle routes within their home ranges and instead use these as travel paths (Dickson & 

Beier, 2009; Kertson et al., 2011). Additionally, Keim et al. (2019) found that some species 

tolerated low levels of vehicle traffic, especially during winter when vehicle routes provided 

snow-packed corridors for easier movement. Overall, the results supported my prediction that 

carnivores would consistently avoid risks of human presence, public-access, and road and 

trail density, aligning with past studies that found carnivores spatially avoid anthropogenic 

risk (Gaynor et al., 2019; Nickel et al., 2021; Smith et al., 2017; Suraci et al., 2019). 
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Although species exhibited positive spatial associations with some anthropogenic site 

characteristics, the consistent avoidance of public-access sites, coupled with the avoidance of 

at least one additional risk factor, provides valuable insights into the effects of outdoor 

recreation. These findings demonstrate the need for parks and conservation managers to 

consider implementing access restrictions and managing levels of human activity in protected 

areas. 

 

3.3.2 Carnivore Spatial Partitioning 

 Carnivores showed positive spatial association with each other, supported by the 

theory that spatial overlap occurs when carnivores are accessing shared resources, especially 

in the face of human disturbance (Sévêque et al., 2020). This spatial sympatry can be 

attributed to several underlying ecological processes, such as shared access to resources, 

mutual risk-aversion, and resource partitioning across different niche dimensions (temporal 

or trophic) (Schoener, 1974). Carnivores showed a preference for forested sites with higher 

proportions of conifer and broadleaf forests, consistent with Kays et al. (2017), who found 

that large, unfragmented forest habitats were important predictors of carnivore occurrence. 

The observed spatial avoidance of humans, public-access sites, high road/trail density, and 

vehicles may force these top predators into the limited remaining undisturbed habitats,  

increasing the likelihood of spatial overlap and interspecific competition (Farris et al., 2017; 

Sévêque et al., 2020). Greater spatial overlap among carnivores could decrease resource 

acquisition for the “losing” species due to heightened competition (Fisher & Burton, 2018; 

Smith et al., 2018). For instance, Engebretsen et al. (2021) observed reduced feeding times in 

cougars in areas with higher bear densities, revealing the pressure of interspecific competition 

that arises when multiple carnivore species share the same space.  
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Long-term research could better support the theory that human activity drives spatial 

overlap among carnivores in protected spaces, particularly if visitor numbers continue to rise. 

Species-specific responses to site characteristics like water features and elevation may be 

explained by one of two phenomena: species exhibited different habitat preferences, or 

species employed resource partitioning of preferred habitat through mechanisms other than 

spatial separation.  My research focused on one of the three main niche dimensions described 

by Schoener (1974) -- the spatial niche. While we have advanced our understanding of how 

wildlife partition space, species may also use temporal or trophic partitioning to access shared 

resources. Temporal partitioning might involve wildlife altering their habitat use to avoid 

"risky" times of day when predators or perceived threats (humans) are more active (Lewis et 

al., 2021; Procko et al., 2023). Some studies have revealed consistent shifts to increased 

nocturnality in response to human disturbance regardless of spatial impacts (Gaynor et al., 

2018). Other studies have found weak evidence that human presence induces shifts towards 

nocturnality in carnivores (Frey et al., 2020), or they have found correlational impacts to both 

spatial and temporal behaviours (Suraci et al., 2019; Wang et al., 2015). In trophic 

partitioning, we might observe shifts in wildlife diet or hunting and foraging behaviour due to 

an external force, such as human presence (Sévêque et al., 2020). Examining these 

dimensions would provide a fuller picture of how wildlife partition space in a human-used, 

mixed-accessibility habitat. In addition to studying niche partitioning within wildlife 

communities, future research should consider landscape-level impacts on protected areas. For 

example, outside influences, such as urban development, high population densities, housing, 

infrastructure, and major roads can impede wildlife movement in and out of ecologically 

important areas. Past studies have shown that carnivores tend to avoid densely populated 

housing areas, while ungulates may be more inclined to use these spaces (Kays et al., 2017). 

Examining connectivity between protected areas in the broader geographic region would 
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contribute to a fuller understanding of how humans alter the ecological dynamics occurring 

within these areas. 

 

3.3.3 Protected Area Effectiveness 

 Increasing human encroachment suggests that protected areas may no longer provide 

the pristine, ecological baselines for the world's remaining biodiversity that they once did 

(Arcese & Sinclair, 1997). Growing per capita wealth and increasing tourism across the 

world bring more people into these protected spaces (Wijesekara et al., 2022). High rates of 

human visitation--especially in parks close to urban centres, as in this study--have affected 

the spatial distribution of wildlife. Research increasingly suggests that even low levels of 

human activity can cause spatio-temporal avoidance behaviour, raising concern about how 

we visit and appreciate these spaces without harming the wildlife communities that inhabit 

them (Sytsma et al., 2022). The NMDS analysis of community composition revealed distinct 

groupings between public-access sites and restricted-access sites based on the species 

observed and their counts. The SHWA, consisting of public-access sites, predominantly 

supported a human-centric community of recreationalists and cyclists. In contrast, the 

GVWSA, characterized by restricted-access sites, harbored a wildlife-centric community of 

Roosevelt elk, grey wolves, and black bears. Although cougars and deer appeared in both 

protected areas, their measured spatial avoidance of public-access sites suggests a preference 

for less-disturbed habitat. The spatial impact of human disturbance is further evidenced by 

most wildlife species avoiding various forms of human risk. The measurable spatial impacts 

on wildlife support the theory that varying levels of disturbance can fundamentally alter 

community composition in protected areas, pushing disturbance-sensitive species into less-

impacted areas (Reed & Merenlender, 2008; Schuette et al., 2013). As these impacts 
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accumulate, they create greater differences in community composition and ecological health 

between low- and high-disturbance landscapes (Heim et al., 2019; Jones et al., 2018) 

 

3.4 Management Implications 

Wildlife consistently choosing quiet, low-disturbance areas over busy sites shows just 

how important it is to manage protected areas and limit access to natural spaces. However, 

this study’s design constraints must be considered, as study design created some spatial 

limitations. While it is known that wildlife use roads and trails for movement, cameras were 

exclusively placed on linear features and did not capture activity in off-trail areas. These 

areas likely provide valuable habitat for activities such as foraging, hunting, and denning 

(Kertson et al., 2011). Camera traps as a monitoring tool inherently introduce imperfect 

detection; wildlife could have been present nearby but not captured due to camera error, or 

because they remained outside the detection zone (Burton et al., 2015). Although imperfect 

detection remains a limitation of camera trap studies, the relatively small size of the study 

area (36 km2) may have further constrained inferences about spatial partitioning across these 

large mammals’ home ranges, particularly considering their seasonal movements that may 

have extended beyond the study area (Pierce et al., 1999). Surveying off-trail habitat and 

expanding the study area to include a larger and potentially more diverse landscape could 

reveal different spatial patterns or characteristic scales of selection due to other ecological 

processes at play (Wiens, 1989). While spatial buffers helped identify the scale at which 

wildlife select sites based on habitat preferences, the location of the cameras limited the 

ability to make definitive conclusions about wildlife activity in off-road and off-trail habitat 

(Parsons et al., 2016). Despite these limitations, the relatively close spacing of cameras across 

the study area captured the variability in habitat, as well as the variability in human and 
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wildlife occurrence throughout two protected areas. This provided strong evidence for the 

impacts of human visitation and protected area access on wildlife spatial dynamics.  

Although cameras were deployed across all four seasons, the deployment mainly 

occurred in the late spring, summer, and fall months, introducing a potential limitation. Many 

species, including cougars and ungulates, exhibit seasonal movements influenced by weather 

conditions, vegetation availability, and prey availability (Pierce et al., 1999; Dellinger et al., 

2018). By focusing solely on eight months out of the year, this study may not have fully 

captured the variation in habitat preferences, human visitation, or seasonal space use that 

occurs throughout a year. Further, long-term monitoring could provide evidence that 

increasing human visitation impacts wildlife, particularly as local and global trends suggest a 

notable rise in outdoor recreation in recent years (Balmford et al., 2015; CRD, n.d.). This 

long-term increase could drive a broader-scale exclusion of large mammals from highly used 

areas (Schuette et al., 2013). Continuous monitoring of human and wildlife space use in this 

mixed-access system would support more informed, long-term management plans. 

Additionally, my analyses grouped various human activities (hiking, cycling, dog-

walking) into a single “Human” count, generalizing the nuances of different types of human 

disturbance. This generalization could be a limitation, as different types of human activities 

likely have varying levels of disturbance to wildlife. For example, dog-walking may 

introduce a greater fear response by large mammals due the presence of a potential predator 

(dogs) (Parsons et al., 2016). Hiking or cycling may create different levels of disturbance due 

to speed or noise (Naidoo & Burton, 2020). Furthermore, varying types of vehicle activity 

were grouped together, introducing a similar limitation. For example, vehicle activity related 

to logging likely creates a greater disturbance then pickup trucks or small cars. Future 

research should focus on how different types of recreation affect wildlife spatio-temporal 

behaviour. Although this study found impacts to wildlife spatial dynamics from human and 



91 
 

vehicle activity, future studies might disentangle the specific effects of different types of 

recreation and vehicles.  

By refining methods to include off-trail surveys and more detailed categorization 

human activities, we can acquire a better understanding of wildlife habitat use and the 

influence of human presence. In the meantime, to effectively mitigate human disturbance and 

support the needs of both wildlife and recreationalists, we must enhance the connectivity and 

protection of wildlife habitat. By doing so, we can create more resilient ecosystems that 

accommodate the spatial and behavioural needs of wildlife species, ensuring long-term 

conservation of biodiversity in an increasingly urbanized world. To achieve this overarching 

goal, careful local management of outdoor recreation in protected areas is required, ensuring 

minimal human disturbance while addressing wildlife and recreationalists’ needs.   

 

  

 

  



92 
 

Appendix A 

Pairwise Pearson correlation coefficients for all covariates used in analyses at six buffered 

distances: (a) 125 meters, (b) 250 meters, (c) 375 meters, (d) 500 meters, (e) 625 meters, (f) 

750 meters. The correlation matrix displays the strength and direction of linear relationships 

between covariates. Negative correlations are indicated in red, while positive correlations are 

indicated in blue. The matrix helps identify how strongly variables are related to each other, 

with values ranging from -1 (perfect negative correlation) to +1 (perfect positive correlation).  
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Appendix B 

Non-metric multidimensional scaling (NMDS) plot showing the similarity and dissimilarity 

of sites based on spatially buffered habitat covariates at six buffer radii. Clustering reflects 

the level of similarity between the sites.  
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Chapter 4: Conclusion 

 

Researching how human activity impacts wildlife has become a critical area of study due 

to increasing outdoor recreation in protected or previously undisturbed places (Jones et al., 

2018). Protected areas across the world provide large refuges for important species from 

major infrastructure development and habitat fragmentation. These protected areas buffer 

from the threats of connectivity loss to wildlife populations (Crooks et al., 2011). However, 

non-consumptive activities within these “pristine” areas have been shown to alter wildlife 

spatial behaviours, thereby bringing into question the effectiveness of protected areas (Reed 

& Merenlender, 2008). To preserve the ability for protected areas to serve their goals of 

promoting biodiversity and maintaining healthy functioning wildlife communities, the 

potential negative effects of human visitation must be thoroughly examined (Jones et al., 

2018; Sarmento & Berger, 2017). This thesis aimed to expand our understanding of 

recreational impacts by assessing how human-induced risk and public access restrictions 

affect the risk-resource trade-offs of an apex predator and the spatial partitioning among a 

community of large mammals. 

 

4.0 Summary of Findings 

The effects of recreation on mammal space use show that species don’t simply “move 

aside” for humans at a site but actually adjust their distributions to accommodate for human 

activity. In Chapter 2, I examined the relative influences of habitat quality, perceived risk, 

and prey availability on cougar detection frequency across a landscape with varying public-

access. The results revealed that cougar presence was best explained by both habitat features 

and human activity, with a clear pattern of risk-avoidance emerging at fine and broad scales. 

Cougars were more willing to tolerate risk at sites with a higher proportion of their preferred 
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habitat, forcing them to make a trade-off in areas containing quality habitat and human 

activity. Despite the risk posed by activity in recreation areas, cougars may need to face the 

threat of human encounters to access essential resources (Sévêque et al., 2020). Cougars’ risk 

aversion, coupled with high levels of human activity, could affect their ecological role and 

the broader wildlife community (Ripple & Beschta, 2006). As apex predators, cougars 

regulate ecosystems by controlling herbivore behaviour through predation (Beier, 2009). 

However, when cougars do not avoid human activity, facing risk can be physiologically 

costly (Nickel et al., 2021; Smith, 2017), and may pose safety concerns for recreationalists 

(Beier, 2009). The increased likelihood of cougar-human encounters in areas of preferred 

habitat necessitates careful management of recreation and public education (Inskip & 

Zimmermann, 2009; Sweanor et al., 2008). This research improves our understanding of the 

factors that contribute to human-wildlife conflict and provides opportunities to mitigate risk 

(Sweanor & Logan, 2009). From this work, cougars emerge as a focal species for recreation 

impact studies due to their regulatory role in ecosystems (Ripple & Beschta, 2006, 2008), 

their status as an indicator species (Beier, 1993), and their charismatic ability to garner 

support for broader conservation efforts (Beier, 2009).  

In Chapter 3, I took a community-centric approach to assess how human presence and 

public-access influenced large mammal space use and partitioning among five ecologically 

important species. I found that large mammal species responded varyingly to habitat 

characteristics, types of human disturbance, and the presence of other wildlife species. 

However, access restrictions had a notable impact on the spatial partitioning of the broader 

wildlife community. Specifically, spatial overlap among the community of large carnivores 

was detected, likely due to their shared avoidance of public-access sites and partial exclusion 

from the regional park. This decrease in adequate spatial partitioning among large carnivores 

can lead to increased competition, impaired hunting success, and potential trophic cascades 
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that affect smaller mammals and local vegetation communities (Estes et al., 2011; Haswell et 

al., 2017; Winemiller et al., 2014; Winnie & Creel, 2017). For example, black bears, cougars, 

and wolves preferred highly forested sites, creating the potential for competition where these 

species spatially overlapped. In addition to more frequent interspecific-interactions, 

carnivores’ avoidance of human-used habitats can alter predator-prey relationships. Findings 

showed that ungulate prey species also avoided human activity and/or public-access sites, 

rejecting the human-shield hypothesis (Granados et al., 2023). Mutual avoidance of humans 

at the landscape scale could result in increased spatial overlap among predators and prey 

distributions, leading to more frequent predation and thus an increase in ungulates’ 

energetically costly anti-predator behaviours (Van Scoyoc et al., 2023). Highly protected 

areas free from outdoor recreation provide essential refuges to mitigate impacts to spatial 

partitioning, as even low levels of recreation can alter wildlife behaviour (Sytsma et al., 

2022). These protected areas can alleviate the anthropogenic pressures imposed by 

widespread human encroachment (Jones et al., 2018).   

The findings from Chapter 3 also showed that species exhibited varying responses to 

different types of human disturbance and habitat characteristics; yet their consistent 

avoidance of public-access areas indicated landscape-level effects. Study results confirmed 

that wildlife community composition differed notably between protected areas, even though 

these areas shared similar landscape characteristics. Human presence may have driven 

species to adjust their site use at fine scales, but differences in land-use restrictions drove 

distinct wildlife communities between two otherwise similar landscapes. Further, the negative 

responses of wolves, black bears, and elk to public-access areas suggest that human presence 

may drive exclusion from otherwise suitable habitat. Although some anthropogenic activities 

can consistently impact wildlife species at the landscape level (Reed & Merenlender, 2008), 

others can have different impacts at the site level (Rogala et al., 2011). Therefore, it’s 
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important to examine wildlife communities, in addition to indicator species (such as the 

cougar), to understand the full spectrum of human impacts. 

This thesis contributes to a growing body of literature examining the impacts of non-

consumptive human activity on wildlife. While numerous studies have explored these 

impacts at the site level, I went a step further by assessing impacts at the landscape level. 

These findings provide strong evidence that the effects of human presence can scale upwards 

to redistribute wildlife in ways that have been less thoroughly considered. Further, I modelled 

cougar occurrence across a visual prediction surface, providing an accessible visualization of 

how risk impacts cougar distributions (Gaynor et al., 2019). Additional findings improved 

our knowledge of how wildlife respond to their surroundings, more specifically revealing 

how cougars spatially assess human-induced risk and habitat in a heterogenous landscape. 

Cougars' willingness to tolerate risk in certain areas, especially where preferred habitat was 

present, indicated a trade-off between resource acquisition and risk avoidance. This 

behaviour revealed factors that may contribute to human-wildlife encounters in disturbed 

landscapes. Proactive insights into the conditions that could foster encounters add to a field of 

study that often makes management decisions only after encounters have occurred (Arundel 

et al., 2007). This work also contributes to the literature focused on the role of spatial scale in 

ecological processes (Fisher et al., 2011; Gaston et al., 2024; Heim et al., 2017; Heim et al., 

2019). My results confirmed long-established theory that ecological processes occur at 

characteristic scales (Wiens, 1989), especially for different species (Levin, 1992), as spatial 

selection of habitat was observed at varying scales for five species within a community of 

large mammals. It’s important to take a spatial approach and continue to assess ecological 

processes at multiple scales (Crooks, 2002; Wilmers et al., 2013), especially because 

landscapes are often managed spatially (i.e., closing off portions to protect critical habitat) 

(Reed & Merenlender, 2008). 
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4.1 Caveats and Management Implications 

Although this study derived well-supported conclusions regarding anthropogenic impacts 

on wildlife within protected areas, these inferences were spatially and temporally limited. 

Assessing spatial partitioning within protected areas provides valuable insights, but broad 

geographic features may regulate these processes. External influences such as proximity to 

urban centres and local population densities (Winkel et al., 2023), habitat connectivity 

(Crooks, 2002), and the presence of established wildlife corridors (LaRue & Nielsen, 2008) 

can influence where we find species throughout a large-scale patchwork of protected and 

developed land. Future studies might consider including broad-scale covariates that quantify 

external influences, such as distance to protected area edge, distance to major 

roads/highways, or distance to urban centres (Kays et al., 2017). My inferences were based 

on less than one year’s worth of data, temporally limiting the scope of analyses. Multi-year 

studies can effectively identify trends in protected area visitation, revealing long-term 

impacts of anthropogenic activity on wildlife. Findings could provide additional evidence of 

the total exclusion of species from recreation areas, or at least exclusion from high activity 

sites (Coppes et al., 2017).  

While human recreation affects wildlife spatial distributions, potential solutions exist to 

mitigate these impacts and strengthen the ecological benefits of protected areas. Numerous 

studies on human-wildlife interactions have identified spatial restrictions on recreation as a 

common management tactic to mitigate negative impacts (Larson et al., 2016). Restricting 

access to quality habitat can help reduce spatial overlap among carnivores, promote healthy 

competition, maintain predator-prey relationships, and minimize the effects of human-

induced fear (Baker & Leberg, 2018; Reed & Merenlender, 2008). Limiting development in 

highly cougar-trafficked areas and expanding undisturbed habitat can decrease negative 

encounters, thus increasing peaceful coexistence between humans and wildlife (Arundel et 



110 
 

al., 2007). Minimizing the density of roads and trails throughout natural areas may be one 

mode of ensuring sufficient undisturbed habitat for a variety of species (Whittington et al., 

2005). Establishing connectivity between quality habitat is essential for safe wildlife 

movement and dispersal. Further research and efforts to establish wildlife corridors between 

protected areas, especially in rapidly urbanizing regions, are recommended. Movement 

towards the coexistence of carnivores and people is possible, especially with public support 

and locally focused legislation and management practices (Chapron et al., 2014). 

Understanding human impacts and garnering public support are crucial for conserving large 

mammals, especially in the face of contentious public perceptions, range contractions in 

North America (Laliberte & Ripple, 2004), and threats to habitat through development and 

increasing population density (Woodroffe, 2000).  

 

4.2 Summary 

Overall, this research supports the hypothesis that human activities affect cougar spatial 

dynamics and reduce spatial partitioning among a broader wildlife community. My findings 

call for action from managers and research scientists to mitigate human disturbance amidst 

the rapid expansion of outdoor recreation. This thesis’ evidence that humans induce a fear 

response in cougars builds on a growing body of research and emphasizes the urgent need to 

address human influence on natural landscapes. Effective management of protected areas 

must ensure enough undisturbed habitat is available to maintain the ecological roles of 

cougars and other large mammals. Human activity in protected natural areas must be 

monitored and managed accordingly so that species do not face habitat degradation or 

exclusion from portions of their home ranges. Identifying these high use areas by both 

wildlife and humans can mitigate potential conflict, supporting public interest in local 
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conservation efforts. An approach that adaptively manages both wildlife needs, and human 

needs is essential for the long-term protection of biodiversity in shared spaces. 
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