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Abstract 

The risk-disturbance hypothesis proposes that organisms will perceive human 

disturbances as a predation risk. I investigated whether pronghorn antelope, Antilocapra 

americana, exhibited risk avoidance behaviour towards road traffic consistent with the 

risk-disturbance hypothesis. I compared observations of activity budgets and faecal 

pellet distributions across increasing traffic levels and proximity from roads. Pronghorn 

showed trends of higher vigilance and lower foraging times along high traffic roads. 

These behavioural expenses along high traffic roads may have influenced their preference 

for habitat near lower traffic roads. Roads create edges and if perceived as risky, may 

affect the distance pronghorn use habitat from the edge. Pellet densities were highest at 

intermediate distances from roads suggesting that individuals assess a degree of risk near 

the edge and reflected back into the habitat. Increases in densities of high traffic roads 

can disrupt behaviour, leading to changes in habitat use and potentially reducing 

population productivity. 
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CHAPTER 1: GENERAL INTRODUCTION: A CONCEPTUAL FRAMEWORK 

FOR THE EFFECTS OF HUMAN ACTIVITY ON WILDLIFE 

Human disturbances can have an extensive influence on wildlife behaviour and 

distribution (Boyle and Samson 1985; Jalkotzy et al. 1997; Forman et al. 2003). Animal 

responses from exposure to these disturbances have varied from negative to positive 

responses (Jalkotzy et al. 1997; Forman et al. 2003). The general focus has been the 

effects of human disturbances on trade-offs either between anti-predatory behaviour and 

other fitness behaviours (Walther 1969; Verhuist et al. 2001) or resource use and habitat 

avoidance (Forman and Alexander 1998; Forman and Deblinger 2000) but there is no 

comprehensive study linking the behavioural response with their distribution within the 

disturbed area. Pew of these studies test the responses under a conceptual model which 

may contribute to some of the variation observed in the responses. 

Using principles from the predation risk literature, the risk-disturbance hypothesis 

provides a model that can be tested in studies investigating human impacts on wildlife. It 

proposes that animals will assess risk or danger towards human disturbances based on 

particular characteristics that are analogous to a natural predator (Frid and Dill 2002). 

This study examines whether pronghorn antelope (Antilocapra americana) may perceive 

risk towards human disturbances by measuring activity budgets and animal distribution 

around the disturbance. 

Predator-prey interactions have shown that organisms can track short term 

changes in predation risk and alter their behaviour accordingly to minimize the risk of 

mortality (Lima and Dill 1990; Lima 1998). Individuals under the constraints of a natural 

predation hazard appear to assess trade-offs between minimizing the predation risk with 
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changes to other fitness behaviours, as well as the selection of habitat (Lima and Dill 

1990; Brown et al. 1999). The risk-disturbance hypothesis predicts that if human activity 

is perceived as a predation risk then wildlife behavioural activities would reflect these 

trade-off patterns produced under natural predation (Frid and Dill 2002). The strength of 

the response is expected to depend on the level of risk perceived, with stronger responses 

when the perceived risk is greater. 

For trade-offs to occur, individuals must assess potential fitness benefits and costs 

of performing specific behaviours. The benefit of anti-predatory decisions is a lower 

probability of encountering predators and thus mortality (Lima 1985). The cost of 

increased anti-predator behaviour is lowered energy intake or reproductive output which 

can affect their long term survival (Lima 1998). For example, a remnant caribou 

population selected habitat with low predation pressure but also lower forage phytomass 

which has led to reduced antler and body size (Ferguson et al. 1988). The ability of 

animals to assess predation risk may be affected by direct cues (presence of a predator) or 

non-lethal indirect cues such as habitat characteristics and grouping behaviour. Predator-

prey interactions often focus on the actual mortality event but the perceived risk of 

mortality, even when predators are absent, can also elicit similar increases in anti-

predatory behaviours to minimize potential encounters (Lima 1998). 

The effects of predation risk on animal distribution have been examined with 

organisms exhibiting ideal free distribution where individuals are of equal competitive 

ability and are free to move between habitat patches to obtain the greatest resource intake 

(Fretwell and Lucas 1970; Moody et al. 1996). The presence of predators may cause 

deviations from the ideal free distribution leading to resource-rich habitats being 
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underexploited when associated with increased predation risk (Sih 1980; Holbrook and 

Schmitt 1988; Utne and Aksnes 1994). Non-lethal indirect cues that influence the 

perceived "riskiness" of a habitat area such as cover or light intensity may also shape 

animal distributions because it may affect the probability of being detected (Underwood 

1982; Clarke 1983). If intra-specific competition in the safer habitat reduces individuals' 

foraging rates, individuals may accept greater risk to obtain sufficient resources (Moody 

et al. 1996; Holbrook and Schmitt 1988). The number of individuals within the riskier 

habitats may reflect how foraging benefits and predation costs are assessed and indicate 

their overall fitness. Individuals in poorer energetic condition may be found in riskier 

habitats to obtain necessary energy requirements (Lima 1998). 

The risk-disturbance hypothesis predicts that exposure to long term intense human 

disturbances will affect animal distribution by causing individuals to shift into habitat 

away from the predation hazard (Frid and Dill 2002). Habitat shifts may depend on the 

costs and benefits of leaving that current area and whether alternative habitat is available. 

If the perception of risk is high and the cost of performing risk avoidance behaviours 

outweigh the benefit of using that habitat, then individuals may shift into different 

habitats. A potential consequence of shifting into a new area may include moving into 

lower quality areas with fewer food resources or refuge areas (Vistnes and Nellemann 

2001). The strength of the response can be measured by comparing animal distribution 

as a function of distance from the disturbance. The "effect distance" which represents the 

distance at which animals show a significant response to the disturbance has been 

demonstrated for several species (Forman et al. 2003) but these studies lack a connection 

with the underlying ecological process. The perceived level of risk associated with the 
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disturbance may be influenced by the type of disturbance and how itchanges the habitat. 

Some disturbances, such as roads, may create boundaries between habitats and the 

perceived risk towards the traffic may affect animal movement and distribution around 

the road boundary. 

Studies have shown wildlife exhibiting negative (avoidance), positive (attracted) 

and neutral (habituation) responses towards human disturbances (Ries et al. 2004). It 

might be suggested that animals who show positive or neutral responses to human 

disturbances do not perceive any risk towards the disturbance which would contradict the 

risk-disturbance hypothesis. Yet species may be attracted to disturbances because they 

create new habitat allowing the expansion of geographic ranges or human alteration to 

the surrounding vegetation may create new foraging opportunities (Getz et al. 1978; 

Camp and-Best 1994). Wildlife distribution can also show a neutral response where 

animals that are protected from human caused mortalities such as hunting, habituate 

towards human activity (Schultz and Bailey 1978; Steidi and Anthony 2000). Hunting 

pressure or other human caused mortalities may reinforce the predation risk aspect of the 

risk-disturbance hypothesis. In hunted populations, overestimating the risk towards 

human disturbances can lead to a reduction in fitness-related activities but 

underestimating the risk could lead to mortality. Individuals who overestimate the 

predation hazard rather than underestimate it will have higher fitness (Bouskila and 

Blumstein 1992). 

Natural predation pressure incorporates both lethal and non-lethal aspects where 

the very act of predation often results in mortality (Lima 1998). Predation risk is the non-

lethal aspect that results from individuals making behavioural decisions based on factors 
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that influence their probability of being attacked. An argument against the risk-

disturbance hypothesis is whether animals will actually associate a human disturbance as 

a predator. Even though the actual stimulus may be new to their evolutionary history, 

prey have evolved responses to predation hazards based on general characteristics such as 

the speed or angle of the approaching predator rather than whether it is a lion or a vehicle 

(Frid and Dill 2002). For example, zebra danios exhibited similar flight initiation 

distances towards a largemouth bass and a black dot on a film (Dill 1974). The danios 

based their flight initiation on the speed of the approaching stimulus and when it reached 

a particular loom rate threshold, the danios fled. Animal responses to stimuli that cross a 

threshold value innate in their evolutionary history could result in analogous responses 

towards human disturbances that exhibit these characteristics. 

Mortality caused by the human disturbance or hunting pressure may influence the 

intensity of the responses towards the disturbances. Individuals in areas under hunting 

pressure may elicit stronger predation risk behaviour towards human disturbances 

because it is associated with humans (Verhuist et al. 2001). Frid and Dill (2002) 

compared the responses to human stimuli that were new to an animal's evolutionary 

history with the introduction of new predators into an area. However, for the local 

community to learn that the new predators are dangerous and not habituate, they must 

experience negative encounters with these individuals. The risk-disturbance hypothesis 

focuses on wildlife responses to non-lethal disturbances based on innate characteristics of 

threatening stimuli yet the additional effects of mortality caused by humans can elicit 

stronger wildlife responses. 
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Study Objectives 

The objective of this study was to investigate whether pronghorn antelope exhibit 

behaviour in response to a human disturbance consistent with the risk-disturbance 

hypothesis. Studies of the effects of human activity on pronghorn antelope from a 

behavioural approach are limited. Some pronghorn populations have shown avoidance of 

various degrees of human activity from recreational trails (Fairbanks and Tullous 2002) 

to fenced interstate highways (van Riper and Ockenfels 1998) but no apparent 

behavioural disruptions to military noise disturbances (Krausman et al. 2004). Most of 

these studies observed populations within protected national parks where responses may 

be weaker towards human disturbances because there is no cumulative effect of hunting 

pressure and natural predation. As well, there have been no studies of the impact of 

human activity on populations at their most northern range where they are already 

vulnerable to mortality from severe weather (Martinka 1967; Barrett 1982). In northern 

populations, suitable habitat is paramount for winter survival where individuals thay trade 

off minimizing predation risk with utilizing the good quality habitat despite the higher 

risk. Even in the absence of avoiding riskier habitats, individuals utilizing risky areas 

may still exert more energy towards other risk averse behaviours such as vigilance. Long 

term consequences of high energy expenditure towards anti-predatory behaviour may be 

decreased body condition and individual fitness (Ferguson et al. 1988). My study tests 

the risk-disturbance hypothesis by measuring pronghorn behaviour and habitat use 

towards human disturbances which will provide new and more detailed perspectives of 

human impacts on wildlife. 
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The disturbance I chose to examine was road traffic because activity within 

pronghorn range has been increasing due to residential expansions and increasing oil and 

gas industry which all require road networks into the landscape. Road traffic is a useful 

representative of the human activity within an area because people generally gain access 

to these isolated areas with the use of vehicles. Various studies have shown the impacts 

of roads on different species, including mammals (Dau and Cameron 1986; Joyce and 

Mahoney 2001; Gibeau et al. 2002; Rondinini and Doncaster 2002); and birds (Reijnen et 

al. 1996; Forman et al. 2003). Several general reviews on road effects on wildlife have 

also been published (Jalkotzy et al. 1997, Forman and Alexander 1998; Forman and 

Deblinger 2000; Trombulak and Frissell 2000). 

If organisms respond to generalized characteristics of threat stimuli, pronghorn 

may perceive road traffic as a risk because vehicles can exhibit fast and direct approach 

rates. Pronghorn may also experience mortality through vehicular collisions or increased 

access by hunters which can heighten their risk perception towards road traffic. Reported 

pronghom vehicle caused mortality is moderate with 30 documented deaths from 1999 to 

2003 (Quentin Isley, pers comm. 2003) which did not affect the average provincial 

populations at that time (16, 603). However, some animals may be injured and die later 

after they have moved further into the habitat. Moreover, some reported wildlife vehicle 

collisions did not specify species so this number could underestimate vehicle caused 

mortality rates for pronghorn. No information of pronghorn mortality related to hunters 

having increased access into pronghorn habitat exists. In Alberta, pronghorn are rated as 

one of top big game for hunters (Glasgow 1990). 
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I examined whether pronghorn may perceive risk towards road traffic and 

whether higher traffic or human activity may correspond to a higher risk perception. 

Specifically, I investigated whether pronghorn exhibited different behaviours towards 

various levels of road traffic which may reflect risk assessment. I focused on vigilance 

and foraging behaviours because they are good indicators of individuals assessing risk 

towards a stimulus (Lima and Dill 1990; Treves 2000). I predicted that pronghorn 

perceive road traffic as risky so that the time they spend being vigilant would increase 

with increases in traffic and proximity to roads while foraging would decrease. If these 

differences in behaviour are strong enough, they may also influence pronghorn habitat 

use in areas surrounding roads. Therefore, I predicted that if areas near higher traffic 

level roads and within close proximity to roads are perceived as riskier than areas 

experiencing less traffic and further away, there would be a relatively lower abundance of 

pronghorn in these areas. 

Study Species 

Pronghorn antelope belong to the Order Artiodactyla where they are the sole 

surviving species of the family Antilocapridae. Since many characteristics of the families 

Bovidae and Cervidae overlap in pronghorn, controversy still exists concerning the 

taxonomic placement of the Antilocapridae. Family Antilocapridae is usually placed 

within the suprafamily Bovidoidae based on physical and chemical characteristics 

(O'Gara and Yoakum 2004). 

Pronghorns are mid-sized animals reaching a shoulder height of 810-1040 mm 

and a weight of 36-70 kg (Nowak 1991). Males are usually 10% larger than females and 
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can be distinguished by facial markings. Both have tan coloured pelage with white 

patches on the face, neck underside and rump. Males have a black patch on the side of 

the cheek and rostrum coloration is darker than in females (Nowak 1991). Both have 

horns that consist of a permanent bony core that is covered with a keratinous sheath that 

are shed annually but female horns are seldom over 120 mm long while male's horns can 

reach up to 250 mm (Nowak 1991). 

Pronghorn antelope distribution ranges from Mexico to Canada, and the western 

United States. Within Canada, pronghorn range includes the southeastern corner of 

Alberta (Figure 1.1) and the southwestern corner of Saskatchewan. The Canadian Forces 

Base Suffield lies within the Alberta pronghorn range which includes a National Wildlife 

Area (458 km2) where military activities and public access are restricted. This area may 

be included within some pronghorn home ranges but not all of the National Wildlife Area 

is suitable habitat for pronghorn such as areas with sandhills and wetlands; therefore, is 

limited in size. This area may provide pronghorn with minimal relief from hunting 

pressure and is the only refuge within their Alberta range. Pronghorn require low rolling 

prairies or grasslands that receive 250-380 mm precipitation and snow accumulations not 

exceeding 25-30 cm for prolonged periods (Glasgow 1990). Some populations can 

survive on the moisture obtained from the plant material they consume but generally 

require water sources distributed no more than 5-6 km apart (Glasgow 1990). Vegetative 

composition requirements include 40-60% grass, 10-30% forbs and 5-20% shrubs and a 

preferred vegetative height of 38 cm (Glasgow 1990). 
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Figure 1.1 Pronghorn antelope habitat range (grey area) in southeastern Alberta (map 
credit from Glasgow 1990). 
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Winter range is paramount for pronghorn survival in their nofthern ranges and 

requires adequate supplies of sagebrush (Artemisia cana). Northern populations tend to 

show migratory behaviour where pronghorns move to wintering areas that represent only 

8% of their summer range in Alberta (Barrett 1982). Migrations can be impeded by 

livestock fencing, roads and railways which may act as movement barriers or cause 

mortality (Hepworth 1966). 

Pronghorn herd composition varies considerably with season. During the fall and 

winter months, males and females aggregate to form large mixed sex herds. In early 

spring, the herd begins to break up with females moving to isolated areas to give birth in 

late May. A female generally gives birth to a single fawn during her first pregnancy, but 

later births usually results in twins (Nowak 1991). After the fawns have reached at least 

3 weeks of age, they join other mothers and fawns in nursery herds (O'Gara and Yoakum 

2004). Bachelor herds consisting of young males under 3 years old are also common 

during the spring dispersal until the onset of the rut. Male reproductive behaviour is 

plastic with populations switching from territorial to harem defence (Byers 1997). In 

Alberta, males defend territories and attempt to maintain groups of females on this space 

during rut which peaks in mid September. 

Home range size and daily movements depends on habitat quality and quantity. 

Daily movement can range between 0.1-0.8 km in the spring and summer to 3.2-9.7 km 

in the winter months (Nowak 1991). Daily movements show longest distances during the 

autumn and shortest in the spring when forage is abundant (O'Gara and Yoakum 2004). 

Main predators of pronghorn, more so for fawns, include coyotes, bobcats and 

golden eagles. Females with fawns are highly aggressive, often chasing coyotes away 
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compared to males and non-lactating females yet these females tend to be more 

apprehensive towards humans (O'Gara and Yoakum 2004). Hunting is also a large 

component of game management with pronghorn season lasting for 3 to 4 weeks in 

September for archery, one week in October for trophy pronghorn and 3 to 6 days for 

non-trophy animals (Glasgow 1990). 

Study area 

My study area encompassed habitat from the Montana border to north of C.F.B. 

Suffield, from the Saskatchewan border to Brooks. Pronghorn range is divided into 

antelope management areas (AMA) in which several Fish and Wildlife Divisions are 

responsible for specific units. This study was conducted throughout the antelope 

management units of C, D, E, F, and G (Figure 1.2). Each antelope management area is 

further divided into several wildlife management units (WMU). 

Topography of southern Alberta consists of low to strongly rolling hills with 

elevations that range from 670 to 950 in (Mitchell 1980). This region is categorized as 

dry mixed grass which is the largest of the four grassland subregions (Alberta 

Environmental Protection 1997). The common vegetation in this area includes wheat 

grass (Agropyron smithii), spear grass (Stipa species) and blue grama (Bouteloua 

gracilis). This subregion is the warmest and driest in Alberta with high rates of 

evaporation, low precipitation, prolonged periods of drought and high variation in 

seasonal temperatures (Mitchell 1980). Summer temperatures can reach above 40°C 

while low winter temperatures of -30°C are often offset by south-westerly Chinook winds 

that reduce snow cover (Mitchell 1980). 
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Figure 1.2 Map of wildlife management units (WMU= numbers) with corresponding 
antelope management areas (AMA= letters) that were surveyed in this study. (Map credit 
Fish and Wildlife 2003). 
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Activities such as agriculture, residential development, roads and the petroleum 

industry have caused a 61% decline of prairie habitat (Alberta Environmental Protection 

1997). Habitat loss is a strong factor influencing pronghorn movement and leading to 

increases in human interactions as pronghorn attempt to find suitable habitat (Glasgow 

1990). In their Alberta range, 12 areas designated as pronghorn winter range have been 

impacted by increasing cultivation of land where the proportion of cultivated lands on 

these winter ranges increased from 9.7% to 14.4% during 1950 to 1983 (Glasgow 1990). 

One area known as the Walsh Flats has recently been consumed by cultivated land and is 

no longer suitable pronghorn winter habitat (J. Taggart, pers. comm. 2003). In Alberta, 

road networks have increased drastically with over 95,000 km of roads, rails and weilsite 

roads in the grassland region (Alberta Environmental Protection 1997). The dry mixed 

grass region of Alberta has one of the highest road densities (1.07 km/km2) compared to 

the other three natural regions (Alberta Environmental Protection 1997). 

Study Design 

Data were collected during the summer field seasons of 2003 and 2004. Stratified 

sampling of pronghorn range was used to select survey areas that consisted of similar 

land use practices (rangeland only), habitat, road fencing and pronghorn population 

densities (Patton 1992). Roads were categorized into traffic level ranges based on annual 

summer daily traffic counts for sections of that road supplied by the Alberta 

Transportation Department for 2002. Categories consisted of low (0-10 vehicles/day), 

medium (70-200 vehicles/day), high (>3 00 vehicles/day) and very high (>1000 

vehicles/day). Traffic categories were chosen based on the roads available within 
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pronghorn range. Each traffic category consisted of two roads in 2002 field season and 

three different roads in the 2003 field season. 

To assess whether pronghorn behaviour changed in response to traffic, I 

conducted observations across roads that increased in traffic level and as a function of 

increasing distance from roads. I used focal animal sampling which consists of observing 

a selected individual from the group for a specified amount of time and recording all 

instances of behavioural categories (Martin and Bateson 1993). Continuous recording of 

behaviour was used where each occurrence of a behaviour was reported with the time it 

began and ended to measure behaviour durations (Martin and Bateson 1993). 

Pellet group surveys were conducted to examine changes in pronghorn habitat use 

in areas surrounding roads relative to increasing traffic level and proximity to roads. 

Pellet group surveys have been found to be effective measures of relative animal 

distribution within a landscape (Neff 1968; Telfer 1978; Rost and Bailey 1979; Loft and 

Kie 1988; Weckerly and Ricca 2000). 

Thesis Organization 

In this thesis, I explore whether pronghorn antelope change their activity budgets 

in response to road traffic (chapter 2) and whether this is reflected in their distribution 

around the roads (chapter 3). I analyze these observations to test whether the risk-

disturbance hypothesis may provide a conceptual framework for this system. Finally, I 

discuss some management implications for pronghorn under increasing human activity in 

southern Alberta (chapter 4). 
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CHAPTER 2: PRONGHORN ANTELOPE ACTIVITY BUDGETS IN RESPONSE 

TO ROAD TRAFFIC 

INTRODUCTION 

Predation is a strong selective force influencing prey behaviour, distribution and 

population dynamics (Lima and Dill 1990, Brown et al. 1999). Some decisions animals 

make on a daily basis must involve assessing the risk of predation to effectively allocate 

behaviours - a trade-off between obtaining sufficient energetic resources within the 

constraints of predation. These choices can be reflected in changes to risk avoidance 

behaviour which may result in the reduction of other fitness related behaviours, increased 

stress or shifts into areas of lower predation risk. The benefits and costs of risk 

avoidance behaviour can depend on the level of predation risk with animals exhibiting 

higher risk avoidance behaviour under higher perceived risk (Lima and Dill 1990). 

Studies have shown how predation can cause individuals to trade-off between 

avoiding predation and maximizing resource acquisition (Edwards 1983; Wolff and Van 

Horn 2003; Smith et al. 2004). Predation involves lethal aspects where the outcome is 

death and non-lethal aspects that cause organisms to change their behaviour in response 

to a higher risk of attack by a predator (Lima 1998). Prey response patterns observed 

under predation have been used to develop a conceptual model to investigate the effects 

of human activity on wildlife which was previously lacking in the current literature. The 

risk-disturbance hypothesis proposes that when animals are exposed to human 

disturbances, they will exhibit responses analogous to those under natural predation risk 

(Frid and Dill 2002). The hypothesis focuses on non-lethal aspects of predation that 
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influences risk such as differences in habitat structure, grouping behaviour or 

reproductive status. It assumes that organisms respond to threatening stimuli based on 

innate general characteristics which individuals use to respond to stimuli new to their 

evolutionary history (Frid and Dill 2002). Human disturbances that exhibit similar 

characteristics as threatening stimuli may elicit anti-predatory behaviour. The 

behavioural responses may be stronger if the organisms experience mortality from the 

disturbance or hunting pressure which reinforces the lethal aspect of natural predator. 

Vigilance or foraging levels are generally used as measures of risk perception 

including other components that influence predation risk such as group size effects, sex 

of the focal animal and reproductive status (Elgar 1989; Treves 2000). The risk-

disturbance hypothesis predicts that a disturbance stimulus that represents a human 

presence or object will elicit an animal's risk avoidance behaviour such as vigilance (Frid 

and Dill 2002). Many studies have shown negative to positive animal responses towards 

human disturbances but most have weak explanations of the underlying ecological 

processes mediating these responses, as well as explanations of the variation between 

responses (Camp and Best 1994; Schneider and Wasel 2000; Duchesne et al. 2000; 

Papouchis et al. 2001). Many of these studies present the observed patterns but do not 

link these to any ecological process or incorporate habitat quality as a confounding 

variable. In comparison, a few studies have incorporated a risk perception component 

which addresses principles of the risk-disturbance hypothesis. Verlhulst et al. (2001) 

implied that oystercatchers might be perceiving humans on foot as a predation risk which 

disrupted their parental care abilities by reducing egg incubation rates and parental 

feeding rates of chicks. Gill et al. (1996) found pink-footed geese traded off between 
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using the available resources in the habitat with increased avoidance of the area 

containing high road activity. This suggests that the trade-off was analogous to trade-offs 

under predation risk because pink-footed geese were avoiding areas to minimize risk but 

with the cost of reduced resource consumption. 

The level of perceived risk is influenced by extrinsic (group size, distance to 

refuge, obstructive cover) and intrinsic factors (sex, reproductive status, age) which 

determine vigilance durations (Elgar 1989; Lima and Dill 1990; Treves 2000; Frid and 

Dill 2002). Time spent being vigilant decreases with increasing group size, decreasing 

distance from refuge and minimal obstructive cover (Poysa 1994; Roberts 1996; End 

1997; End and Dill 2002). The dilution and detection hypotheses have been proposed to 

explain why increasing group sizes should decrease vigilance duration. The dilution 

hypothesis proposes that more individuals in a group reduce the probability of any one 

individual getting attacked (Dehn 1990; Roberts 1996). For example, bighorn sheep that 

were located closer to other conspecifics diluted their predation risk relative to more 

solitary sheep (Mooring et al. 2004). The detection hypothesis suggests that with a 

cooperative effort in vigilance by all members of the group, approaching predators will 

be detected earlier (Dehn 1990; Lima 1995; Roberts 1996). Childress and Lung (2003) 

found that the overall group vigilance measured as the percentage of intervals with any 

elk scanning surroundings, was positively related to group size. Overall group vigilance 

is heightened by more individuals taking part in scanning for predators but each 

individual can also reduce their scan length to pursue other behaviours. In fact, the 

effects of group size may involve features of both the predator detection and dilution 

effect hypotheses (Dehn 1990). Intrinsic factors such as reproductive status can also 
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influence vigilance behaviour. Neonates are the most vulnerable to predation; therefore, 

females with young exhibit longer durations of vigilance corresponding with reduced 

foraging durations (Elgar 1989). 

Foraging is another behaviour that may reflect an individual's perception of risk 

within a particular area (Sih 1980; Lima and Dill 1990; Brown et al. 1999; Kie 1999). In 

ungulates, the act of foraging puts individuals in a vulnerable position as they must place 

their heads among the vegetation obscuring the surroundings. Therefore, individuals 

should forage longer in areas that they determine as having low predation risk. 

Kangaroos foraged longer when they were situated close to a refuge when in areas of 

high predator density (Banks 2001) and mule deer foraged less in riskier edge habitats 

(Altendorf et al. 2001). Individuals may find safety within larger groups allowing them 

to pursue activities other than vigilance such as foraging (Lima and Dill 1990; Treves 

2000). The relationship between increasing foraging with increasing group size may be 

difficult to quantify. Longer foraging bouts may not necessarily translate to individuals 

in larger groups having more foraging opportunities but that intra-specific competition 

may cause individuals to forage longer to obtain sufficient energy (Elgar 1989). Overall 

group size effects on increasing foraging behaviour have been difficult to detect but 

differences may exist mainly between solitary individuals and those in herds regardless of 

group size (Lipetz and Bekoff 1982; Berger and Cunningham 1988; Mooring et al. 2004). 

Strong foraging differences have been detected between solitary individuals versus 

individuals in herds because without conspecifics for assistance in detection or dilution of 

predation risk, solitary individuals may have to compensate by increasing vigilance and 

foraging less (Lipetz and Bekoff 1982). 
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Research Objectives  

I tested whether pronghorn exhibited behaviour consistent with the risk-

disturbance hypothesis by measuring changes in their vigilance levels correlated with 

changes to their foraging level thus reflecting trade-offs between these behaviours that 

correspond with responses under a natural predation threat. To identify potential 

differences in risk assessment, I compared vigilance and foraging times across different 

traffic levels and distances from roads. Resting behaviour was also analyzed because this 

activity can put individuals into a vulnerable position for a predatory attack which may 

reflect their risk perception in that particular habitat. Pronghorn should increase their 

vigilance durations corresponding with a decrease in foraging durations when the 

perceived risk is high. Resting individuals should be found more often in less riskier 

areas. High risk would be associated with higher traffic levels which would correspond 

to higher predator density and close proximity to roads. 

Other variables, such as herd size, sex and reproductive status have been shown to 

affect the degree of perceived risk under a natural predation threat which can influence 

vigilance and foraging levels. Pronghorn, like many other Artiodactyla species form 

groups for increased detection of predators and for dilution of the predation pressure 

(Lipetz and Bekoff 1982; O'Gara and Yoakum 2004). Vigilance durations should 

decrease with increasing herd size allowing individuals to have more opportunities to 

devote to other behaviours such as foraging. Solitary individuals may exhibit higher risk 

averse behaviour than individuals in herds and thus, group structure may affect foraging 

and vigilance behaviour. If pronghorn perceive human disturbances as a predation 
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hazard, these relationships with herd size should be observed in this study. I also 

examined whether using herd size as a function of distance from a road would indicate a 

level of perceived risk. Areas with larger herds might be associated with a higher level of 

perceived risk as individuals may try to dilute the predation pressure by joining herds. 

Females with young should also exhibit more vigilance corresponding to lower 

foraging because pronghorn fawns are extremely vulnerable to predation. The presence 

of fawns may also affect their distribution as females should utilize habitat further away 

from the higher risk area around roads compared to males. 

METHODS 

Study Area 

In Canada, pronghorn antelope are distributed across southeastern Alberta and 

southwestern Saskatchewan. Pronghorn range is divided into antelope management areas 

in which several Fish and Wildlife Divisions are responsible for specific units. This 

study was conducted throughout the antelope management units of C, D, B, F, and G. All 

data were collected during 2003 and 2004. Refer to Chapter 1 for a complete description 

of the study area and study system. 

Study System 

Pronghorn antelope have exhibited changes in their behaviour towards some 

human disturbances (Berger et al. 1983; van Riper and Ockenfels 1998; Fairbanks and 

Tullous 2002) but these responses were not associated with risk perception. One study 

found that the cumulative effects of hunting and resource extraction resulted in pronghorn 
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expressing higher vigilance levels in these areas, as well as forming larger herds which 

affected their foraging efficiency (Berger et al. 1983). My study complements Berger et 

al. 's (1993) study by incorporating a larger range of risk levels, combining behavioural 

patterns with habitat use (Chapter 3) and testing responses under a conceptual 

framework. 

My study examines road traffic as the disturbance stimulus which may be a form 

of mortality for animals crossing the road. Moreover, road traffic may be associated with 

human presence which may influence pronghorn response in a hunted population. 

Pronghorn in southern Alberta generally do not occur in any protected national parks 

except the wildlife area on Canadian Forces Base Suffield and are otherwise exposed to 

natural predation pressure and annual hunting periods. Natural predators include coyotes, 

bobcats, eagles and in some parts of their range, cougars (O'Gara and Yoakum 2004). 

Coyote populations are relatively high in southern Alberta mainly due to the lack of 

hunting for their pelts but absolute numbers representing coyote densities are not 

routinely collected (J. Taggart, pers comm. 2003). Coyote presence was found in several 

of the habitats surveyed; therefore, some predation pressure on pronghorn exists. The 

hunting season is 3-4 weeks long in September for archery, one week in October for 

trophy pronghorn and 3-6 days for non-trophy pronghorn (Glasgow 1990). Hunters often 

utilize roads to locate pronghorns and the creation of road networks into once 

inaccessible areas may affect the predation pressure on pronghorn. Pronghorn may 

associate road traffic with human presence and therefore perceive it with a predation risk. 
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Study Design 

Observation periods occurred within early morning and some late afternoons with 

each lasting 1 to 3 hours and consisting of several observation bouts on different focal 

individuals. Pronghorn were located for behavioural observations during these periods 

by driving along roads and scanning the surroundings, as well as, when individuals were 

located within the habitat during data collection for a concurrent study in chapter 3. 

Observations using binoculars or a spotting scope were made at a range of 100 m to 1000 

m from the pronghorn when observers were within the habitat or within a vehicle 

(Bromley 1969; Goldsmith 1990; Maher 1991). Some observations of pronghorn within 

close proximity to the road were conducted using a method referred to herein as the 

Russian tank manoeuvre (RTM) that consisted of using the vehicle as a blind. The 

vehicle is positioned to block the pronghorns' view of the observer moving to hide in the 

vegetation along the road, followed by the vehicle driving further out of sight. The three 

approaches for observations, within a vehicle, within the habitat and RTM were used to 

take advantage of every opportunity for observations when individuals were located. The 

observer dictated the behaviours to a second person via radios who recorded and kept 

time using a digital stopwatch. Pronghorns normally flare the white hairs on their rump 

when alarmed or if they detect a human presence (O'Gara and Yoakum 2004). Unless 

they exhibited this behaviour, I assumed that researcher presence did not affect their 

behaviour. 

Individuals were observed for 10 minutes using focal animal sampling where I 

recorded all instances of behavioural activities (Martin and Bateson 1993). When there 

were more than one animal, I only conducted one focal observation on an animal that was 
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arbitrarily selected from the group. Continuous recording of behaviour was used where 

each occurrence of a behaviour is reported with the time it began and ended to measure 

behaviour durations (Martin and Bateson 1993). Often when observing an individual, 

they may move behind an object (hill, bush). In this case, to maintain strict continuous 

recording protocol, the observation bout was stopped. Therefore, the duration of each 

behaviour category was converted to a proportion by dividing it by the observation bout 

length (Lipetz and Bekoff 1982; Maher 2000). For each focal observation, I recorded the 

size and herd composition (solitary versus herd), position in the group (peripheral, centre, 

solitary), sex and presence of fawns. I recorded all behaviours each individual exhibited, 

but for analyses, I focused on vigilance, foraging and resting behaviour while excluding 

social interactions, running and territory marking. Vigilance was defined as any time the 

individual had its head above shoulder height either standing still or walking. The head 

up position was used as an indicator of vigilance even though vigilance may occur during 

other periods of activities. The head up position is a useful indicator of vigilance because 

it is often the observed state of alertness when a predator is detected (Childress and Lung 

2003). Foraging was defined as any time an individual was consuming vegetation or 

searching with their head below shoulder height (Lipetz and Bekoff 1982). Resting 

represented individuals lying within the vegetation. 

Vigilance and foraging times were examined using a correlation analysis to test 

whether there were trade offs between the two behaviours. The times allocated to 

vigilance, foraging and resting were also analyzed based on the pronghorn's distance 

from the road and its traffic frequency. Distance from a road was estimated and 

categorized as 0-300 m and 301-1000m. Conducting pellet surveys at designated 
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distances along transects from roads for a concurrent study (chapter 3) helped establish 

the accuracy in estimating the distances pronghorn were from roads for behavioural 

observations. There were three traffic level categories, low (<10 vehicles/day), medium 

(70-200 vehicles/day), and high (>300 vehicles/day) which were based on 2002 average 

annual daily traffic (AADT) data provided by the Alberta Transportation Department. 

Over the two field seasons, each traffic category had a total of 5 roads that were used to 

locate pronghorn for behavioural observations. Season was divided into spring (May-

June) and summer (July to August) because pronghorn exhibit seasonal behaviour. 

Spring consists of young males joining bachelor herds, mature males beginning to select 

territories, females isolating themselves from other pronghorn to give birth and when 

young fawns are most vulnerable to predation (Glasgow 1990). Summer consists of 

females with their young joining nursery herds and mature males defending territories 

(Glasgow 1990). 

Every pronghorn sighting was recorded even if a behavioural observation was not 

conducted. For each sighting, I recorded herd size, composition of the group, estimated 

distance from the road, road traffic level category, habitat features and general GPS 

coordinates from the road. Pronghorn sightings were recorded from the vehicle as well 

as when I was surveying within the habitat. 

Analyses 

Statistical analyses were conducted in JMP IN version 4.0 computer package 

(SAS Institute, 2001) and SAS/STAT software version 6.04 (SAS Institute, 2001). All 

tests used Type I error rate of a=0.05 to determine significance. 
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I recorded a total of 10 hours of observations from focal animals who were 

solitary and from herds. To maintain independent observations, only a single focal 

observation from each herd was used in the analysis since individuals within a group may 

influence each other's behaviour (Martin and Bateson 1986). Individual animals were 

not marked; therefore, to avoid repeated observations of the same individual, focal 

observations from similar herd compositions and sizes along the same roads were 

excluded. Males tend to remain within selected territories and females are generally loyal 

to their groups in good quality habitat (O'Gara and Yoakum 2004). 

Changes in pronghorn vigilance and foraging behaviour were converted into 

proportions to reflect the length of the particular observation bout (Lipetz and Bekoff 

1982; Maher 2000). Data were transformed using arcsine of square root proportion to 

meet the assumptions of normality based on examination of the distributions using the 

Shapiro Wilks test. Where least square means (LSM) are reported, back transformations 

have been conducted which results in asymmetrical standard errors. Therefore, upper 

(USE) and lower standard errors (LSE) are reported. Stepwise backwards elimination 

was applied to ANCOVA models where non significant variables that contributed little to 

the overall model variation were removed because models with numerous variables and 

small sample sizes may have difficulty detecting relationships (Cohen 1969). To avoid 

multicollinearity or the correlation between independent variables, terms that had 

variance inflation factors (VIF) >10 were removed from the model. Apparent 

biologically relevant interaction terms were included in the initial model, but removed if 

VIF >10 and p>O.05. Some variables that were not significant remained in the models as 
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they explained a substantial proportion of the variability in the model (R). In the final 

model, post hoc Tukey's pairwise comparisons were conducted on significant terms. 

For each ANCOVA model, I measured which variables had the strongest 

influence on the dependent behaviour variable. To measure the strength of association 

between the effect and behaviour, I calculated the partial Eta squared (hp2) which 

represents the proportion of effect variation and error variation that contributes to the 

total variation (Tabachnick and Fidell 1996; Pierce et al. 2004). Partial Eta squared 

reports the amount of variance attributable to each factor as if it were the only variable in 

the model which means that the variability attributed to one factor is not masked by more 

powerful variables in the model (Tabachnick and Fidell 1996; Pierce et al. 2004). 

Data combined from the recorded sightings of pronghorn and the behavioural 

observations that were conducted were used for analyses on the relationship between herd 

size and distance as an indicator of perceived predation risk from roads. I also examined 

the effects of distance on the proportion of males and females when fawns werepresent 

or absent. Non-parametric tests were used if data could not meet normality and 

homogenous variance assumptions. 

RESULTS 

Behavioural Trade-Offs 

Vigilance occupied the largest percentage (45%) of pronghorn activity budgets 

compared to foraging and resting (Figure 2.1). The fourth category represents all other 

miscellaneous behaviour that was observed such as social interactions, running and 

marking territories. I assessed a potential trade-off between the amount of time 
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Figure 2.1 The percentage of each behaviour type across all the observations bouts 
(N=75). The other category includes social interactions, running and marking territories. 
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pronghorn spent being vigilant and when foraging using a Pearson's correlation test. 

Four observations were excluded from the analysis because the proportion of time 

pronghorn individuals were foraging and vigilant in these observation bouts equalled zero 

for both behaviours. These observations were not useful in testing for a correlation 

between vigilance and foraging because the focal animal was engaged in a different 

behaviour (i.e. resting) for that observation bout. For the remaining dataset which 

included all observations where both behaviours were observed, vigilance and foraging 

times were inversely correlated (Figure 2.2, Pearson's correlation r--O.5, p=O.0001, 

N=71) suggesting a trade-off. 

Vigilance 

The amount of time pronghorn spent being vigilant was analyzed as a proportion 

of vigilance of the total observation period and transformed using arcsine of square root 

proportion to meet parametric assumptions. Stepwise elimination procedures were used 

to remove non significant variables in an ANCOVA comparing vigilance behaviour with 

several treatment groups (whole model before eliminations of non significant variables: 

F21,53=O.8, p=O.7). Year was included in the initial model to account for any variation 

between the two field seasons but was removed because it was not significant (F1,21=1.2, 

p=O.3). Position of the focal animal in the herd was also not significant and removed 

from the final model (F3,21=O.4, p=O.8). Some non-significant variables were retained 

within the final model because they explained some of the variation and when removed, 

the model was an inadequate fit to the data. 
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Figure 2.2 The proportion of time pronghorn spent being vigilant was correlated with 
the proportion of time spent foraging to examine whether pronghorn trade off between 
these two behaviours. The plotted vigilance and foraging proportions were back-
transformed from an arcsine of square root transformation (N71). 



38 

The final ANCOVA model after stepwise eliminations assessed whether the 

proportion of time pronghorn spent being vigilant varied across the treatments described 

below (whole model after stepwise eliminations of non significant variables: F8,66=1.6, 

p=0.1, R2=0.16). The proportion of time pronghom spent being vigilant decreased as the 

number of individuals increased in a herd (F1,8=4.3, p=O.04.). Traffic level had a 

marginally significant effect on pronghorn vigilance (Figure 2.3; F2,8=3.0, p=O.054). 

Vigilance proportions were two times lower along low traffic level roads (back-

transformed least square mean (LSM)= 0.23, upper standard error (USE)=O.10, lower 

standard error (LSE)0.08) compared to high traffic level roads (back-transformed LSM= 

0.46 USE=0.09, LSE=0.08). The distance that pronghorns were located from roads did 

not affect vigilance levels (F1,8=1.O, p=O.3). Vigilance was not affected by sex of the 

focal animal (F2,8 0. 1, p=O.9) or whether fawns were present (Fi ,8=2.4, p=O. 1). Finally, 

individual vigilance did not differ between early and late seasons (F1,8=2,2, p=O.l). 

The partial Eta squared analysis suggests that traffic (hp2=8 .4%) and herd size 

(hp26. 1%) are the variables that explain the largest proportions of the variation in the 

model. 

Foraging 

The amount of time pronghorn spent foraging was analyzed as a proportion of the 

total observation period and transformed using arcsine of square root to meet parametric 

assumptions. Stepwise elimination procedures were used to remove non significant 

variables in an ANCOVA comparing foraging behaviour with several treatment groups 
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Figure 2.3 The proportion of time pronghorn individuals spent being vigilant across 
three traffic level categories (N75). Reported are back-transformed least square means 
with standard errors. 
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(whole model before elimination of nonsignificant variables: F21,53=l.l, p=0.3). Group 

size (F1,21=0.35, p=O.6), individual position within the herd (F3,21=l.l, p=O.3) and sex of 

the focal individual (F2,21=0.5, p=O.6) were not significant so they were removed from the 

final model. 

The final ANCOVA model after stepwise eliminations assessed whether the 

proportion of time pronghorn spent foraging varied across treatments described below 

(whole model after elimination of non significant variables:F8,66=2.0, pO.06, R2=0. 19). 

Foraging was higher in 2004 than in 2003 (Fi,8=6.2, p=O.02) but was not directly affected 

by season (Fi,8=1.3, p=O.3). The effect of traffic on the proportion of time spent foraging 

showed a trend that depended on season (interaction F2,8=2.8, p=O.O'7). In the spring 

season, foraging along medium level roads was higher (Figure 2.4a, back-transformed 

LSM=0.62, USE=0.13, LSE=0.14) compared to foraging times along high level roads 

(back-transformed LSM=0.15, USE=0.10, LSE=0.08). During the summer, foraging 

proportions were consistent across the three traffic levels (Figure 2.4b). 

Whether pronghorns were within close proximity to roads or further away did not 

affect their foraging levels (F1,8=1.0, p=O.3) nor did the presence or absence of fawns 

(F1,8 1.3, p=O.3). 

Year (hp28.6%) and the interaction between traffic and season (hp2=7.8%) 

contributed the largest proportion to the variation within the model. 

Resting Behaviour 

The frequency of resting was analyzed in a 2X2 table between low traffic level 

roads compared to a combination of all other traffic levels (medium and high). Resting 
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Figure 2.4 Proportion of time pronghorn spent foraging within habitat along roads of 
three different traffic level categories during two different seasons (2.4a spring, 2.4b 
summer). Reported are back-transformed least square means with standard errors 
(N=75). 
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behaviour was examined using a contingency table analysis rather than an ANCOVA 

because there were few observations of resting individuals (N=23). The number of 

pronghorn found resting in an area depended on traffic level of the road (Pearson Chi 

square x2=4.O, df=1, p=O.046, N=75). The proportion of pronghorn resting along low 

traffic level roads was 47% while along higher traffic level roads; the proportion was 

23%. Resting behaviour did not differ between the two distance categories from roads 

(Pearson Chi square 2=O.1, df=1, p=O.7, N=75). 

Group Structure: Solitary Individuals versus Herds 

Individuals that are solitary versus those in herds may differ in their foraging and 

vigilance behaviours relative to the distance they are from roads and with varying traffic 

level. Potential differences could be obscured when solitary and herd individuals are 

combined together as they are in the group size variable above. Group structure (solitary 

versus herds) was not included in the previous models because there was a linear 

dependency with the data of the focal individual's position in the group. I therefore 

examined behaviour relative to group structure in more detail. 

The effect of group structure on the proportion of time pronghorn spent foraging 

depended on the distance they were located from the roads (three-way ANOVA 

interaction: F1,7=7.4, p=O.Ol). Individuals in herds had higher foraging proportions at 

distances more than 300m from roads (Figure 2.5, back-transformed LSM=O.41, 

USE=O.07, LSE=O.07) than near roads (back-transformed LSM=O.18, USE=O.06, 

LSE=O.05). However, solitary individuals did not differ significantly in their foraging 

proportions between the two estimated distances from roads (Figure 2.5). Traffic level 
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Figure 2.5 Pronghorn foraging proportion across two distance categories that were 
estimated by sight for herds (A) and solitary individuals (B) (N=75). Reported are back-
transformed least square means and standard error bars. 
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had no effect on foraging for solitary or herd individuals (traffic level: F2,7=O.6, p=O.6; 

interaction: F2,7=1 .5, p=O.2). Moreover, contrary to the above finding where all 

observations on vigilance were pooled, vigilance behaviour did not differ with respect to 

distance from roads or traffic level for either solitary or herd individuals (three-way 

ANOVA whole model F7,67=1.3, p=0.3). 

Other Indicators of Risk Perception 

Data from the behavioural observations were then combined with pronghorn 

sighting data to enhance sample size. I investigated the effects of distance on herd size 

and the distribution of males and females as other indicators of individuals assessing risk 

towards road traffic. To minimize the inclusion of repeated observations, similar 

observations of group size and composition along the same roads were removed from the 

analysis. 

Herd Size  

Larger herds (>5 individuals) were found more often further away from roads 

than at close distances (Kruskal-Wallis %2=8.5, df=1, p=O.004, N=274). During the 

spring, larger herds were found significantly more often further away from roads 

(Kruskal-Wallis 2=3•7, df=1, p=O.002, N=136) but there was also a similar trend in the 

summer (Kruskal-Wallis 2=37, df=l, p=O.054'7, N=148). Pronghorn herd size varied 

seasonally with significantly larger herds found more frequently in the summer than in 

the spring (Kruskal-Wallis x2=40.3, df=1, p<O.000l, N=284). 
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Larger herds (>5 individuals) were more likely to have fawns present within the 

group than absent (Figure 2.6, Wilcoxon 2=112.3, df=1, p<0.000 1, N284). 

Distribution of Males and Females  

The proportions of males to females were analyzed across the two distance 

treatments in 2X2 contingency tables, when fawns were present versus absent from the 

group. More females were observed at distances of 301-1000m (N=87) than O-300m 

(N=58) and compared to males at further distances (N=10) when fawns were present in 

the group (x2=5.6, df=1, p=O.02, N=173). There was no difference in the number of 

males and females observed at either distance when fawns were absent (2=2.5, dfl, 

p=O.l, N=429). 

Contingency tables were also used to examine sex distributions relative to 

distance from roads for solitary individuals. Sex distribution of solitary individuals were 

not affected by the distance they were located from roads (X2-- 1.2, df=1, p=O.3, N144). 

DISCUSSION 

The objective of this study was to assess whether differences in vigilance, 

foraging and resting levels reflected patterns found under a natural predation threat. If 

pronghorns perceived road traffic as a predation risk, this would lend support to the risk-

disturbance hypothesis. Areas with higher human activity in the form of higher traffic 

levels may be perceived as areas with more predators thus pose a larger predation risk. I 

observed pronghorn being more vigilant and foraging less in habitat containing high 
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Figure 2.6 The distribution of observed herds sizes when fawns were present versus 
absent from the group. Larger herds were generally associated with the presence of 
fawns in the group (N=284). 
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traffic level roads. Road traffic should also affect social structure of pronghorn groups 

because of the presence of vulnerable fawns; therefore, females with young should be 

more risk averse than males. As predicted, social structure was affected by distance from 

the roads where females in groups with young were more likely to be further from roads 

compared to pronghorn groupings without young. Individuals in herds also foraged 

longer further away from roads than close to roads, unlike solitary individuals which did 

not show a difference in foraging. This could be influenced by the fact that larger herds 

tend to contain females with young who tend to be more risk averse to protect their 

young. This suggests that pronghorn may perceive lower traffic roads and distances >300 

in from roads as habitat with lower predation risk. Therefore, the amount of human 

activity influences the degree of response by wildlife. 

Other studies have found similar changes to risk avoidance behaviour in response 

to human activity (Papouchis et al. 2001). In Utah, pronghorns increased their vigilance 

rates when exposed to heavy traffic (>200 vehicles/week) associated with resource 

extraction and hunting compared to areas with low traffic (15 vehicles/week) (Berger et 

al. 1983). Ecotourism and recreational activity can also cause a similar response in 

wildlife. Caribou showed increased vigilance and reduced foraging when in the presence 

of tourists which was amplified as the number of people increased (Duchesne et al. 

2000). These responses are comparable to responses towards natural predation. For 

example, elk under wolf predation had higher vigilance rates compared to predator-free 

environments (Wolff and Van Horn 2003). 

Vigilance and foraging are often mutually exclusive behaviours that can be used 

to assess predation risk because an increase in one behaviour should correspond to a 
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decrease in another (Elgar 1989; Lima and Dill 1990). Qualitatively, pronghorn vigilance 

was highest compared to foraging, resting and other behaviours. In contrast, Byers 

(1997) found pronghorn activity budgets focused mainly on feeding and resting, during 

which rumination takes place. His study was conducted within the National Bison Range 

where hunting is prohibited so the pronghorn population may not exhibit strong predatory 

responses due to the relaxed predation pressure. Therefore, individuals with low 

predation pressure can allocate more time to foraging. Compared to Byers' (1997) study, 

pronghorn in my study exhibited higher vigilance levels, perhaps as a result of a stronger 

predation pressure combined by natural predation and hunters in my study population. 

Trade-offs would occur if individuals exhibiting vigilance behaviour incurred a 

cost to another behaviour such as foraging. For example, teals in the presence of an 

osprey predator increased the proportion of time they spent scanning during a feeding 

bout which resulted in a reduction of forage intake (Poysa 1987b). These trade-offs are 

often assessed indirectly where researchers assume that increases in vigilance and 

decreases in foraging correspond to a trade-off without directly analyzing for a 

correlation (Wolff and Van Horn 2003; Childress and Lung 2003). Pronghorn foraging 

and vigilance were inversely correlated in this study, suggesting a trade-off relationship 

between these behaviours. 

When vigilance levels were compared across areas of different traffic levels, 

pronghorn showed lower vigilance along low traffic level roads indicating a perception of 

risk towards the increased traffic activity. However, predation risk studies have shown 

confounding effects of group size, position in the group, presence of fawns and sex of the 

focal animal on vigilance rates (Lipetz and Bekoff 1982; Elgar 1989; Roberts 1996; Frid 
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1997; Mooring et al. 2004). Group size often has a negative correlation with vigilance 

rates suggesting that individuals can reduce their own level of vigilance without affecting 

the probability of detecting an approaching predator. The position of the individual 

within the group can also inflate the variance surrounding vigilance level. Individuals on 

the periphery generally have higher vigilance rates since they are at a greater risk of 

encountering an attacking predator compared to those within the centre of the group 

(Elgar 1989; Roberts 1996). My study suggests that group size and the presence of 

young are stronger determinants of risk avoidance behaviour than the position of the 

individual within the group because they explained a larger amount of the variation in the 

model. As more individuals gathered within the herd, pronghorn individuals exhibited 

lower individual vigilance rates. In another study, pronghorns were also found to benefit 

by grouping together because vigilance was lower for individuals in larger herds (Lipetz 

and Bekoff 1982). 

Vigilance was significantly different when individuals in all group sizes were 

considered but not on a smaller scale between solitary and herd individuals possibly 

because by separating the observations into these groups, it lowers the sample size. I had 

predicted that solitary individuals should have higher vigilance levels than individuals in 

herds because solitary animals cannot dilute their predation risk with conspecifics. The 

unexpected lack of a significant difference in vigilance behaviour between solitary and 

those herd individuals may also be connected to how vigilance was measured. Vigilance 

behaviour may have been underestimated because scans for predators could occur during 

other activities such as pellet deposition or feeding on taller shrubs which was not 

included in these vigilance times. Vigilance was assumed when the individual had their 
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head lifted and scanned the surroundings. This could reduce the power of detecting 

possible vigilance differences between solitary individuals versus those in herds. 

Group size can also indirectly reflect the presence of young because larger groups 

may contain pronghorn fawns to dilute their predation risk. Females with young tend to 

have higher vigilance rates compared to other females and males due to the vulnerability 

of the neonate to predation (Toigo 1999; Childress and Lung 2003; Wolff and Van Horn 

2003). I focused on the effects of fawns being present in the group rather than comparing 

responses of mothers to other females because it was not always possible to identify 

mother and fawn pairs. Because focal animals consisted of mothers, other females and 

males, this could have contributed to finding no relationship between vigilance levels and 

the presence of fawns. Fawn presence did not directly affect vigilance levels but did 

affect female distribution around the road. Females in groups with young present were 

located more often at distances further away from roads compared to males. 

The effect of increasing group size on decreasing vigilance also has implications 

for increasing foraging opportunities. Contrary to the prediction, group size did not 

affect pronghorn foraging proportions and was not included in the final ANCOVA 

model. Other studies have found no relationship with foraging and corresponding 

increases in herd size (Lipetz and Bekoff 1982; Berger and Cunningham 1988). Group 

structure (solitary versus herds) may be a stronger influence on foraging behaviour 

because solitary individuals have been found to have lower foraging and higher vigilance 

levels (Lipetz and Bekoff 1982). In my study, only individuals in herds were found to 

have higher foraging proportions when further away from roads compared to close to 

roads. Herds generally contain females with young; therefore, observations from these 
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individuals could contribute to the lower overall foraging in herds when close to the high 

risk road areas. If the effect of group size was the determining influence on foraging 

rates, herds should forage consistently at both distance categories. Yet even when 

individuals were within the safety of a group, they preferred areas away from roads 

suggesting that areas near roads had a higher risk associated with it. If solitary pronghorn 

are more vulnerable to predation, I might expect that these individuals would forage less 

and be more vigilant regardless of distance from roads. Solitary pronghorn foraging 

behaviour did not differ significantly across distance from roads even though the graphed 

means might appear to differ across the two estimated distances. The Tukey-Kramer test 

was used for pairwise comparisons between the group structure and distance interaction 

variable because sample sizes differed between the treatment groups. This analysis is 

more conservative in testing for significance when the differences in the sample sizes of 

the treatment groups is large such as the case with the solitary observations at 0-300m 

(N=15) and 301-1000m (N=7). 

The risk of predation also influences decisions of where to feed because 

individuals may choose forage areas that minimize their predation risk (Lima and Dill 

1990). Traffic level showed a trend of affecting pronghorn foraging behaviour, 

particularly within the spring season. The risk level associated with traffic may be 

enhanced during the spring season due to the births of vulnerable fawns. Pronghorn 

foraging rates are generally highest during the winter but females tend to forage longer in 

the spring than males due to gestation and lactation energy requirements (Byers 1997). 

However, sex of the focal individuals was a non significant term that was not included in 

the final model. Another study also did not find that the proportion of time pronghorn 
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spent foraging was affected by sex but instead found female foraging was influenced by 

the presence of fawns (Lipetz and Bekoff 1982). Previous studies have shown that the 

presence of active fawns can lower foraging rates of mothers as they increase their 

vigilance (Lipetz and Bekoff 1982; White and Berger 2001; Treves et al. 2003). Fawns 

are born in late May and are the most vulnerable to predation. In my study, the presence 

of fawns did not affect foraging rates when group size and sex were controlled but the 

relationship could be obscured because focal animals consisted of not only mothers but 

other females and males. 

The spring season also represents the emergence of new vegetation growth. If the 

increases in foraging times corresponded to new vegetation growth or differences in 

energy requirements, the spring foraging times should be consistent across traffic levels. 

Yet foraging was least along high traffic level roads in the spring season suggesting 

pronghorn may assess higher risk levels along these roads. I had expected pronghorn to 

forage more in habitat along low traffic roads because it may be associated with lower 

risk but foraging was highest along medium traffic roads. Behavioural observations were 

conducted in similar areas as the vegetation surveys discussed in chapter 3 so I am using 

these surveys to examine any possible differences between low and medium traffic roads. 

Shrub coverage was affected by traffic level but there were no significant differences 

between shrub coverage along low and medium traffic roads. Cactus coverage also 

differed but pairwise comparisons could not detect any significant differences between 

the traffic categories. Cactus coverage which included ball cactus (Mamillaria vivipara) 

and prickly pear cactus (Opuntia polyacanth) was qualitatively lower along medium 

traffic roads compared to low. It is unlikely that vegetation differences caused the lower 
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foraging levels near low traffic roads compared to medium because cactus is only a minor 

component of pronghorn diet (Mitchell 1980) and no other major diet components were 

significantly different. The weaker foraging response along low traffic level roads could 

be due to the lower number of observations along this type of road (N=19) compared to 

medium (N=26) and high (N=30) traffic level roads. Differences in the observation 

numbers were due to the process of excluding observations that occurred in similar group 

sizes and composition along the same roads to avoid pseudo-replication. 

Year was included in the model to help control for variation between the field 

seasons such as differences in vegetation availability between the two years which could 

influence foraging rates. The number of observations of individuals collected differed 

only slightly between the 2003 (N=35) and 2004 (N=40) field seasons. In 2003, 

behavioural observations were conducted in areas near the Montana/Saskatchewan 

borders which received lower precipitation than the areas surveyed in 2004. This could 

influence forage quality but pronghorn in areas with lower quality forage would be 

expected to forage longer to extract enough nutrients from the poorer vegetation. 

However, foraging proportions were higher in the 2004 field season perhaps due to 

differences in vegetation composition between the areas. Vegetation surveys discussed in 

chapter 3 showed vegetation differences between the two years. Wilcoxon analyses 

showed areas surveyed in 2003 had higher coverages of cactus and grass while areas in 

2004 contained higher forbs and shrubs (chapter 3). Pronghorn diet in the spring (April-

May) consists mainly of forbs and grasses while during the summer season (June-

August), forbs and shrub predominate (Mitchell 1980). Therefore, the longer foraging 

bouts in areas in 2004 may be influenced by the higher coverage of shrubs and forbs 
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which contribute to the majority of their spring and summer diet. However, these areas 

were not replicated over several years so it is difficult to say whether vegetation 

differences or natural temporal variation is influencing differences in foraging times. 

I also compared pronghorn resting periods across traffic level and distance as 

another behaviour which may indicate whether roads were perceived as a predation risk. 

An individual resting within the vegetation may increase their vulnerability to a predatory 

attack because escape effort would be hindered. Therefore, the location of resting 

individuals may represent areas where they perceive a lower risk level. The occurrence 

of pronghorn resting behaviour was different across traffic levels. The large difference 

between the ratio of not resting to resting individuals along higher traffic level roads 

suggest that pronghorn are less likely to rest near these roads. An interesting note during 

these observations was that some individuals were lying in the vegetation facing towards 

the road. This could indicate that individuals are sensing some risk towards roads; 

therefore, they prefer to keep the potential threat within sight. For example, African 

antelope prefer to keep potential predators within direct sight to allow them to assess 

whether a nearby predator is actively hunting or not based on postural cues (Underwood 

1982). 

Changes in herd size were examined as another possible indicator of whether 

pronghorns perceive a degree of risk associated with the human activity along roads. 

Individuals forming larger herds near a disturbance might suggest that they perceive a 

high degree of risk towards the disturbance. By grouping into larger herds, each 

individual can lower their probability of being attacked through the dilution effect and 

enhance the overall detection of predators (Dehn 1990). Fairbanks and Tullous (2002) 
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found pronghorn herd size was not correlated with distance from newly constructed 

recreational trails but groups with the smallest mean sizes were found significantly more 

often further away from these trails (Fairbanks and Tullous 2002). In contrast, another 

study found pronghorns remained in larger herds in an area disturbed by resource 

extraction even though their foraging efficiency was reduced (Berger et al. 1983). This 

suggests that the pronghorn were assessing a higher risk with the increased human 

activity but traded efficient energy intake for safety within numbers. Pronghorn herd 

sizes were tested against estimated distances from roads and larger groups were located 

further away from roads. This may seem to contradict what pronghorn should do under a 

predation risk but larger herds tended to contain fawns. Fawns are more vulnerable to 

predation so location further away from a predation risk would enhance survival. Even 

though individuals may be able to dilute their probability of attack within a large group, 

larger groups are also easier to detect by predators (Krebs and Davies 1993; Hebblewhite 

and Pletscher 2002). Coyotes may use some roads as corridors and hunters often locate 

pronghorn from roads. Predators that attack larger groups often have greater capture 

success because they tend to contain weak or old individuals (Hebblewhite and Pletscher 

2002). From an individual standpoint minimizing the detection rate and thus potential 

predator attacks would increase their chances of survival contributing to individuals 

forming herds further away from the disturbance threat. 

Pronghorn antelope behavioural activities were influenced by the traffic activity 

on roads that intersects their landscape. Pronghorn responses towards traffic are similar 

to behaviours exhibited under natural predation risk which supports the risk-disturbance 

hypothesis. Increases in traffic level reflected a gradient of risk levels which pronghorn 
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responded to by increasing their risk avoidance behaviour. Foraging behaviour was also 

reduced during the spring season at higher traffic levels. Moreover, groups that would be 

expected to be most risk averse, such as females with young, avoided areas within close 

proximity to roads. Understanding how pronghorn, already under predation and hunting 

pressure, respond to human perturbations will aid managers in minimizing the impact of 

new developments in pronghorn habitat. This will improve pronghorn management 

policies to assist in maintaining viable populations. 
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CHAPTER 3 THE EFFECTS OF ROAD TRAFFIC ON PRONGHORN 

ANTELOPE HABITAT USE 

INTRODUCTION 

The presence of predators can influence how an individual selects and uses a 

habitat patch for foraging, reproduction and other opportunities (Lima and Dill 1990; 

Lima 1998). The habitats that animals select often reflect a balance between avoiding 

predation and obtaining resources (food or mates). Individuals may shift between 

habitats depending upon the predation risk associated with the present habitat and 

whether adequate alternate habitat is available (Frid and Dill 2002). The boundaries or 

edges between habitat types may influence animal distribution depending on the 

predation risk associated with the feature because some generalist predators are 

associated with edge habitats (Fagen et al. 1999; Ries et al. 2004). The term "edge 

mediated effects" refers to how these habitat boundaries influence the behaviour of 

organisms which could involve assessing predation risk associated with the edge habitat 

(Fagen et al. 1999). 

Human disturbances in the form of linear developments can also generate induced 

edge boundaries (Yahner 1988) which may have implications for wildlife distribution in 

the surrounding habitat. How animals respond to linear disturbances has received some 

attention but most studies do not link the proximate factors causing the patterns to an 

ecological process (Mace et al. 1996; van Riper and Ockenfels 1998; Dyer et al. 2001; 

Fecske et al. 2002; Gibeau et al. 2002; Berger 2004). Animals that perceive the linear 

disturbance as a predation risk may alter their distribution within that habitat to minimize 
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interaction with the disturbance which would lend support to the risk-disturbance 

hypothesis (Frid and Dill 2002). According to this hypothesis, exposure to these 

disturbances may cause animals to shift into habitats that could have reduced resources or 

cover from predators, or where locations of mates or migratory routes are obstructed 

which could lead to population declines. 

Roads as Anthropogenic Edges 

Road networks as a linear feature can fragment the landscape by separating 

contiguous pieces of habitat which may create an induced edge or boundary. Following 

the risk-disturbance hypothesis, whether or not individuals perceive a degree of risk 

towards the anthropogenic edge may be reflected in their distribution surrounding that 

edge area. Four fundamental mechanisms underlying the animal abundance patterns 

along edges have been identified: the ecological flow of material or organisms across the 

edge, using edges to gain access to spatially separated resources, species interactions 

along edges and resource mapping (organism's distribution reflecting resource 

distribution) (Ries at al 2004). My study incorporates components from three of these 

mechanisms: ecological flow, species interactions and resource mapping. 

Ecological flow refers to the degree of movement or permeability across an edge 

which can influence animal distribution in habitat along that edge. Road permeability 

can be categorized as barriers (no movement across) or filters (permit some movement) 

(Jalkotzy et al. 1997; Forman and Alexander 1998). Depending on the specific 

population, roads as filters could pose a larger problem than barrier roads because it can 
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increase individuals encounters with direct (vehicular collisions) and indirect (predators, 

hunters) mortalities. Road characteristics that influence permeability may depend on 

road width and traffic level (Forman and Alexander 1998). Wider roads with high traffic 

loads may be perceived with higher risk resulting in low permeability and animals may 

aggregate along these edges. The distance animals are found from the edge can represent 

the degree of risk perceived towards it. Edge mediated effects can be represented as a 

function of distance from the edge which can be positive (attracted towards edges), 

neutral (response consistent across distance) or negative (avoid edges) (Ries et al. 2004; 

Figure 3.1). The accumulation of individuals within close proximity (positive) versus 

away from the edge (negative) may be influenced by the perception of danger associated 

with the edge. The higher the risk, the greater the distance individuals will be found from 

the edge. 

Animal reactions towards roads have shown various responses from positive to 

negative distance effects. Positive edge responses towards roads have been found for 

several bird species that prefer to nest in road side verges rather than the frequently 

disturbed cropland (Oetting and Cassel 1971; Warner et al. 1987; Clark and Karr 1979; 

Laursen 1981; Camp and Best 1994). Rodents were attracted to newly developed 

interstates in Illinois because the denser vegetation maintained along the roads provided 

suitable habitat for individuals to disperse through heavily agricultural landscapes (Getz 

et al. 1978). Negative edge responses can result from increased exposure of either direct 

(vehicular collisions) or indirect (increased predation) mortalities that may alter animal 

behaviour, causing changes in home range, movement patterns, escape response and 
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Response 
Variable 

Distance From Edge Boundary 

Figure 3.1 Three behavioural responses to an edge boundary; a) positive response 
(individuals attracted to the edge), b) neutral response (response consistent across 
distance), c) negative edge response (avoid edge). Figure re-created from Ries et al. 
2004. 
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habitat use (Jalkotzy et al. 1997). Avoidance of habitat along roads is a concern for 

maintaining viable populations of various species. For example, bears, particularly 

females, avoid high traffic level roads even if quality habitat is nearby (Mace et al. 1996, 

Gibeau et al. 2002, Fecske et al. 2002). 

The alteration of ecological flows that result in the aggregation of organisms 

along edges may also enhance encounters with generalist predators (Yahner 1988; Fagan 

et al. 1999). Therefore, species interactions at edges are affected due to the mortality 

indirectly related to the edge effects. Edge boundaries may cause predators and prey to 

remain longer near the boundary where the shorter the length of the boundary, the more 

likely they are to encounter each other (Kaiser 1983). Nest predation and parasitism has 

been shown to increase along edges with increasing fragmentation (Andren 1992, Paton 

1994, Burger et al. 1994; Wolf and Batzli 2001). 

Habitat quality may be influenced by edge effects that cause changes to micro-

climate gradients that can affect the plant distribution near that edge (Forman et al. 2003). 

Some variation in responses to linear disturbances may be associated with how that 

disturbance affects the habitat quality in that area. If animals map onto their resource 

distribution, then edge related changes to the resource distribution may result in the 

corresponding change in an animal's distribution (Kristan et al. 2003, Ries et al. 2004). 

How the animal assesses the habitat changes related to the disturbance may influence 

trade-offs between predation and resource acquisition because some individuals may 

utilize riskier habitats to obtain higher rewards (Lima 1998). Development of 

disturbances that increase vegetation diversity or density may attract some species to 

areas near the disturbance (Forman and Alexander 1998) while for other species pollutant 
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accumulation on plants (Harrison and Dyer 1984; Trombulak and Frissell 2000), 

introduction of invasive plant species (Tyser and Worley 1992), and increased noise 

disturbance (Reijnen et al. 1996; Forman et al. 2003) may contribute to habitat avoidance. 

Research Objectives  

The concepts of road effects understood to date suggest that positive or negative 

responses can be observed possibly due to varying levels of risk perceived along the edge 

created by roads. To test these concepts, I investigated whether pronghom antelope, 

Antilocapra americana, exhibit patterns of habitat use consistent with perceiving a 

predation risk towards road traffic. If ecological flows are affected by roads, then the 

relative pronghorn distribution should differ between areas that had no roads to areas 

with roads of various traffic levels. I examined how the presence of a road may affect 

pronghorn distribution and measured the extent of the distance effect further into the 

habitat. If pronghorn perceive habitat near roads as a riskier area, based on the 

probability for increased interaction with predators or humans, pronghorn presence 

should correspond to a negative edge response. Because risk is often assessed at different 

levels along a gradient, pronghorn should perceive a greater risk in habitats containing 

higher traffic or human activity, resulting in a lower presence of pronghorn in these types 

of habitat. 

Finally, to investigate whether pronghorn presence was influenced by an edge 

response or resource mapping, I measured specific habitat features to assess whether 

differences in vegetation existed across sites. If pronghorn do not consider habitat 

surrounding roads as risky areas, then pronghorn presence should be consistent with the 
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resource distribution of their preferred vegetation. If habitats near roads are risky, then 

pronghorn presence should reflect the behavioural decisions to avoid these areas. 

METHODS 

Study Area 

In Canada, pronghorn antelope are distributed across southeastern Alberta and 

southwestern Saskatchewan. Pronghorn range is divided into antelope management areas 

in which several Fish and Wildlife Divisions are responsible for specific units. This 

study was conducted throughout the antelope management units of C, D, E, F, and G in 

southeastern Alberta. Each antelope management unit is further subdivided into wildlife 

management units. All data were collected during 2003 and 2004. Surveys were 

conducted in antelope management areas C and F in 2003 and D, E, F and G in 2004. 

Refer to Chapter 1 for a complete description of the study area and study system. 

Study System 

In their northern range, pronghorn antelope form large mixed sex herds during the 

winter and may migrate up to 160 km between their winter and summer ranges (Nowak 

1991). In the greater Yellowstone range, they still exhibit long distance migration with a 

round trip of 550 km (Berger 2004). They migrate in accordance with snow depth and 

access to high energy forbs and shrubby browse (Dirschl 1963). Access to various 

landscape topographies on their summer range is also important for reproductive 

activities such as the birth of fawns and males establishing territories. Human 

development that impedes pronghorn movement in these areas can drastically alter their 
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behaviour, habitat use and population dynamics (Hepworth 1966, Oakley and Riddle 

1974, van Riper and Ockenfels 1998). 

Previous research has begun to examine how pronghorns respond to human 

activity; specifically, how human disturbances may affect habitat quality by creating 

movement barriers and increasing noise disturbance. One study found that fenced 

transportation corridors acted as a barrier to pronghorn crossing movement resulting in 

the isolation of two populations in Arizona (van Riper and Ockenfels 1998). The design 

of fences can influence pronghorn movement because pronghorns prefer to crawl under 

fences if there is adequate clearance (Hepworth 1966; Bruns 1977). Pronghorn habitat 

use was also affected by the creation of recreational trails in Antelope Island State Park 

resulting in pronghorn using areas further away from the trail areas compared to before 

the trails were opened (Fairbanks and Tullous 2002). The continued construction of a 

paved road within an important fawning area in the park caused females to shift into 

habitat at higher elevations to give birth to their fawns which may have contributed to the 

high fawn mortality rates recorded that year (Fairbanks and Tullous 2002). Pronghorn 

responses to roads have not been tested within their northern range where they are more 

susceptible to severe weather and barriers to migratory routes (Hepworth 1966; Oakley 

and Riddle 1974). In Alberta, pronghorn are not protected within any national parks, 

except for a small area on Suffield Military Base; therefore, the response of hunted 

populations to human activity may be heightened. 

Pronghorn response to noise disturbances that can affect habitat quality was 

examined for a population on a military base (Krausman et al. 2004). Noise levels 

emitted by human disturbances do not appear to play a major role in altering pronghorn 
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behaviour. Although pronghorn, along with bighorn sheep and deer, have less acute 

hearing than humans (Krausman et al. 2004), they did use areas with lower sound 

pressure more often than areas of higher sound pressure. However, the areas of high 

sound pressure also had higher human activity associated with it (Landon et al. 2003). 

Pronghorns generally rely on their acute vision and smell to detect predators (O'Gara and 

Yoakum 2004) which could mean that risk perception towards roads may be related to 

the visual component such as the number of vehicles on the roads. 

Study Design 

Faecal pellet surveys  

Stratified sampling of pronghorn range was used to select survey areas that 

consisted of similar land use practices (rangeland only), habitat, road fencing, and 

pronghorn population densities (Patton 1992). Differences in hunting effort between 

areas were minimized by selecting areas that had similar pronghorn population estimates. 

The number of hunting licenses issued for each wildlife management unit is dependent on 

the population estimates of that area. Each wildlife management unit had roads surveyed 

from low to high traffic level categories. Areas were sampled by systematic sampling 

where starting points were randomly selected along roads and plots searched at pre-

determined distances along a transect perpendicular to each road (Neff 1968; Patton 

1992). Roads were categorized into traffic level ranges based on annual summer daily 

traffic counts for sections of that road for which 2002 traffic data were supplied by the 

Alberta Transportation Department. Categories consisted of low (0-10 vehicles/day), 

medium (70-200 vehicles/day), high (>300 vehicles/day) and very high (>1000 
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vehicles/day). Traffic categories were chosen based on the roads available within 

pronghorn range. A total of 5 roads were sampled for each traffic level category over 

two field seasons. The very high category was the exception with one highway, the 

Trans-Canada, being surveyed in only 2004. The highway was surveyed in twodifferent 

areas that were separated by 60 km of road. A secondary highway in the high traffic 

volume category was also used twice over the two field seasons but the survey areas were 

separated by almost 170 km. A fifth category consisted of an area that was over 1 km 

away from any roads and was referred to as the "no road" category. In this category, 

surveys were conducted perpendicular from fences that separated pastures to compare to 

the surveys along the fenced roads. Fences varied from 3-6 barb wire strings. There 

were a total of 10 areas used for this category which were selected in areas that included 

roads of various traffic densities. Most ungulates have a visual acuity of 1 km (Nowak 

1991) therefore plots at distances beyond 1 km should be useful in comparing areas near 

roads and those away from roads. All plot and observation locations were recorded using 

GPS. 

Each road had temporary 30 m2 plots spaced at 0 in, 200 in, 400 in and 600 in 

along a transect perpendicular to a fenced road (Marques et al. 2001). Plots within the no 

road areas were designated distances of >1000 in from the road. The 0 in plots were 

placed at the fence line where road verges between the fence and road surface varied 

from 10-20 in in width. Each transect was placed at a minimum of 200 metres to >1km 

apart along the fence depending on topography such as the presence of a ravine. Each 

corner of the plot was flagged and the GPS coordinates recorded. Each road had a total 

of 40 plots where 20 plots were surveyed in the early spring (May-June) and the 
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remaining 20 plots surveyed later in the summer (July-August). Plois were searched in a 

grid-like fashion, with observers walking side by side scanning 1 metre in width around 

them. A pellet group was recorded if it contained >5 pellets of similar size, shape, colour 

and texture (Freddy and Bowden 1983; Rowland et al. 1984). I used the pellet 

counts/plot as an expression of pellet density. All pellets were recorded regardless of 

their deposition age. Aging of pellets was difficult because the openness of the 

grasslands increases exposure to weather and thus increasing rate of decay so seasonal 

effects could not be analyzed (Harestad and Bunnell 1987). Deer and pronghorn occur 

sympatrically in the area which could be a source of observer error by inaccurate 

identifications. However, the identification of pronghorn pellets was conservative to 

minimize any error. The identification of pronghorn pellets versus deer was based on 

descriptions of shape and size. Pronghorn pellets were normally -.49 mm in size and 

acorn shaped with a divot on the bottom. Deer pellets were normally >25 mm and 

cylindrical in shape. Pellets that did not fit these descriptions or were of intermediate size 

and shape were recorded as unknown samples (unknown samples found in 45% of the all 

plots). 

Because road orientation can occur east to west and north to south resulting in 

each side of road being exposed to different micro-climatic gradients (Forman et al. 

2003), I included transect placement across varying sides of a road within the analysis. 

Plots in the summer surveys were conducted on the opposite side of the road than in the 

spring. However, due to the selection criteria of roads for the traffic level categories and 

land access, plots surveyed are not balanced across the four transect directions (East 126 

plots, North=89 plots, South=223 plots and West--230 plots). 
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Road density for my study area was provided by Stefan Kienzle, a GIS specialist 

from the University of Lethbridge who calculated the road densities in the ArcView GIS 

program for each wildlife management unit surveyed. 

Vegetation Surveys 

Vegetation surveys were conducted in four circular plots of 5 in diameter 

randomly nested within the 30 m2 plots used for the pellet surveys. The GPS coordinates 

of the centre of the circular plot was recorded. Vegetation data was averaged across the 

four plots for data analysis. I conducted all the vegetation surveys for the two field 

seasons to maintain consistency. I used the Daubenmire canopy coverage method to 

estimate the percentage of coverage by specific vegetation categories (Daubenmire 

1959). I did not use the number of plants since a single large shrub could occupy more 

space than several small forbs. The categories for vegetation were sagebrush (Artemisia 

cana), pasture sagewort (Artemisiafrigida), other shrubs, forbs, cactus, grass and ground. 

Pronghorn diet consists of forbs and grasses in the spring; forbs and shrubs in the 

summer; forbs, shrubs and grasses in the fall and winter (Mitchell and Smoliak 1971). 

Major food items include silver sagebrush (A. cana), pasture sagewort (A.frigida), 

grasses, ball cactus (Mamillaria vivipara) and western snowberry (Symphoricarpos 

occidentalis) (Mitchell and Smoliak 1971). For statistical analyses, sagebrush was 

combined with other shrubs and pasture sagewort was combined with other forbs. 
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Analyses 

Statistical analyses were conducted in JMP IN version 4.0 computer package 

(SAS Institute, 2001) and SAS/STAT software version 6.04 (SAS Institute, 2001). All 

tests used a Type I error rate of a=0.05 to determine significance. For pairwise 

comparisons of significant interactions, the Dunn Sidak correction term was used to 

adjust the a level based on the number of comparisons conducted (1-(1_a) 11'). This 

lowers the Type I error for each comparison so that the probability of making a Type I 

error over the entire series of comparisons does not exceed the experimentwise error rate 

(a=0.05) (Sokal and Rolf 1981). 

Pellet group surveys have been found to be an effective tool in measuring the 

relative abundance of animals in an area (Neff 1968; Telfer 1978; Loft and Kie 1988; 

Weckerly and Ricca 2000). To confirm this relationship, I compared relative pellet 

densities to relative pronghorn population estimates. Relative pellet densities were 

calculated by dividing the total pellet count by plot size (0.09 ha) (Loft and Kie 1988). A 

pronghorn population estimate per antelope management area (AMA) for 2002 was 

supplied by Alberta Fish and Wildlife. Assuming that each wildlife management unit 

(WMU) was surveyed equally to produce the overall population estimate for the AMA, 

the pronghorn population estimate was divided by the number of wildlife management 

units within that AMA to represent a relative estimate for each WMU. This allowed me 

to compare relative pronghorn density per WMU to the average pellet group density I 

observed in that WMU because not all wildlife management units in every AMA were 

surveyed in my study. Road density within each WMU could also influence pronghorn 

presence in those areas so I conducted a partial Spearman's correlation between relative 
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pellet density and pronghorn population densities with road density per WMU held 

constant. 

Habitat use was examined by poisson regression which tests the number of 

occurrences of an event as a function of several independent variables in space or time. 

The no road data was not included in this analysis because these areas were assigned 

different distance categories (>l000m) which were not surveyed on the transects of the 

other traffic categories. Total pellet counts were used since a poisson regression requires 

integer values. Poisson regression is a form of a generalized linear model (GLM) which 

applies the regression analysis to a poisson distribution rather than a normal distribution 

(Gardner et al. 1995). The poisson regression uses a link function for a log 

transformation to model the mean of the events as a linear function of the independent 

variables. The least squared means (LSM) and standard errors of those variables were 

back-transformed which producs asymmetrical standard errors. Therefore, I reported 

the upper (USE) and lower standard error (LSE) bars separately. Since the poisson 

regression assumes that the mean and variance are equal, the fit of the model is assessed 

by comparing whether the deviance value/df is close to 1. Values greater than one 

indicate overdispersion, values under 1 indicate underdispersion of the data to the model 

(McCullagh and Nelder 1989). One recommended approach involves introducing a 

dispersion parameter into the relationship between the variance and the mean which holds 

the scaled deviance value at 1 (Cox 1983; McCullagh and Nelder 1989; Gardner et al. 

1995). This gives a correction term for testing the parameter estimates under the poisson 

model but the parameter estimates are not affected by the value of the dispersion 

parameter (McCullagh and Nelder 1989). The fit of my data to the poisson regression 
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model showed a modest overdispersion (deviance/df=1.43) due to a higher proportion of 

observed counts of zero leading to variances > means (Gardner et al. 1995). Therefore, I 

used the overdispersed deviance/df value as the estimate of the dispersion parameter 

rather than setting it to 1. I used stepwise backwards elimination to remove non-

significant variables that did not contribute largely to the variation in the model. 

To determine which model best approximates the data, I calculated the Akaike 

Information Criterion (AIC) for each model after each variable was removed. The model 

with the lowest AIC value represents the most parsimonious model which means it is the 

best balance between the variance and bias of the resulting parameter estimates (Burnham 

and Anderson 2002). Bias increases and variance decreases as the number of parameters 

in the model increase (Burnham and Anderson 2002). Because I used a dispersion 

parameter to correct for the slight overdispersion in the poisson regression, I incorporated 

the same correction term in the AIC calculation (Burnham and Anderson 2002). I then 

calculated the delta AIC values (j) that describe the relative difference between the 

global model with all the variables included to the model with the minimum AIC value. 

If the relative values of ij fall between 0-2, this suggests that the model strongly supports 

the data; 2-4 moderately fits and more than 7 represents a model that does not fit the data 

(Burnham and Anderson 2002). 

A Kruskal-Wallis analysis was used to compare pellet densities across the four 

traffic levels and the no road areas. Plots within no road areas were assigned distances of 

>1000 in and compared with the other distance measures to examine the extent of the 

edge response. If the test was significant, I used a non-parametric pairwise comparison 

test that compares the difference of the mean ranks of each comparison to an adjusted 
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critical value of z based on the number of comparisons (Siegel and Castellan 1988). If 

the rank differences are greater than the adjusted critical value than the null hypothesis 

can be rejected. 

To examine the possibility that animals may be mapping onto the resource 

gradients in the habitat surrounding the edge created by the road, I wanted to assess 

whether the vegetation coverages differed among the habitats along these various roads. 

Vegetation coverages were not normally distributed so the non-parametric test Kruskal-

Wallis was used to compare vegetation coverage across distance from roads and traffic 

levels including no road areas. 

RESULTS 

Pellet Group Surveys 

Relative pellet density represents the pellet group count divided by the plot size 

(0.09 ha) and averaged for each WMU. Pronghorn densities were based on population 

estimates from antelope management units divided by the number of wildlife 

management units in that AMA. Relative pellet density increased with pronghorn density 

(Partial Spearman's r=0.96, p=O.003, N=7) while controlling for road density suggesting 

that pellet group counts are an indicator of the distribution of pronghorn. 

A Poisson regression was used to examine the effect of road density, distance 

from a road, traffic, transect orientation, vegetation, year and biologically relevant 

interactions on the total pellet groups counted. Year was included as a random variable 

to account for any variation between the two field seasons. I will discuss variables 

separately as an edge response, gradient of risk and resource mapping but all were 
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included in a single poisson regression model with the lowest AIC value (AIC=185.6; 

Pellet densities were higher during the 2003 field season compared to 2004 

(G=6.14, p=O.Ol, df1, N=672). Wilcoxon analyses were conducted to compare 

vegetation coverages between the areas surveyed for the two field seasons. Both shrub 

()2=58 p=O.02, N=672) and forb (2=29.4, p<O.000l) coverages were higher in habitats 

surveyed in 2004. However, cactus (x2=14.6, p=O.000l), grass (2=6.3, p=O.Ol) and 

ground (%2=8.8, pO.003) coverages were higher in habitats surveyed in 2003. 

Edge Response 

Pellet densities first increased with distance from a road, reaching a maximum at 

200 m (back-transformed least squared mean (LSM)= 0.21, upper standard error 

(USE)=0.09, lower standard error (LSE)=0.06) and 400 m (back-transformed LSM=0.30, 

USE=0.11, LSE=0.08) but then declined with increasing distance (Figure 3.2; G=33.37 

p<O.000l, df=3, N=672). 

Road orientation varied across the surveys therefore placement of the plots along 

these roads were analyzed with pellet densities (Figure 3.3; G=77.71, p<O.000l, df3, 

N=672). Plots placed on the north side of the roads had the highest pellet densities (back-

transformed LSM=1.33, USB0.57, LSE=0.40) compared to all three other directions. 

Kruskal-Wallis analyses were used to compare each vegetation category by transect 

orientation. Non-parametric pairwise comparisons between the treatments were 

conducted on significant tests using differences between the rank means (Siegel and 

Castellan 1988). All vegetation categories differed across transect orientation (Figure 
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Figure 3.2 Pronghorn pellet densities (#/0.09 ha/plot) at four distances from roads, 
regardless of traffic level of the roads (N=672). Similar letters indicate no significant 
difference between least square means. Plotted are back-transformed LSM and standard 
error bars. 
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Figure 3.3 Pronghorn pellet densities (#/0.09 ha/plot) found along transects placed at 
different orientations along roads (N=672). Similar letters indicate no significant 
difference between least square means. Plotted are back-transformed LSM and standard 
error bars. 
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3.4, all pczO.05). North transects had lower forb coverage than east and south transects 

(Kruskal-Wallis x2=49.2, p<O.0001, df=3, N=672). Shrub coverage was also lower along 

north transects compared to other three transect orientations (2=77.2, p<O.000l, df=3, 

N=672). East transects had the lowest coverage of cactus compared to south transects 

with the highest coverage (x2=14.6, p=O.002, df=3, N=672). Grass coverage was highest 

along north transects compared to the other three transect orientations (%2=27.2, 

p<O.000l, df=3, N=672). Pellet density was also affected by road density within the 

wildlife management unit surveyed. Pellet densities decreased with increasing road 

densities (G=4.85, p<O.028, df1, N=672). 

Gradient ofRisk 

Pellet densities differed across distance depending on the traffic level of that road 

(G=26.2, p=O.002, df=9, N=672). Pairwise comparisons of this interaction were 

conducted using an adjusted alpha level based on the Dunn Sidak equation that adjusts 

the alpha level relative to the number of comparisons (ctO.009). Along medium level 

roads, pellet densities at 0 in (back-transformed LSMO.05, USE=0.O4, LSE=0.02) were 

significantly lower than at 200 in (back-transformed LSM=0.56, USE=0.32, LSE=0.20) 

from the road (Figure 3.5b; G=l 1.62, p=O.000'7, N=672). Along high level roads, pellet 

densities at 0 in (back-transformed LSM=0.02, USE=0.02, LSE=0.008) were 16 times 

lower than at 600 in (back-transformed LSM=0.31, USE=0.21, LSE=0.12) from a road 

(Figure 3.5c; G=11.11, p=O.0009, N=672). 
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Figure 3.4 The average percentage of each vegetation coverage along the four transect 
orientations (N672). 
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Figure 3.5 Pellet group densities (#/0.09 ha/plot) counted at four distances from fenced 
roads of different traffic levels (N=672). Similar letters indicate no significant difference 
between least square means. Plotted are back-transformed LSM and standard error bars. 
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No Road Areas 

Pellet densities differed across traffic and no road categories (x2=9.8, p=O.04., 

df=4, N=872) with no road areas having the lowest pellet densities across all of the traffic 

categories (Figure 3.6). The non-parametric pairwise comparison test could not detect 

any significant differences (all p>O.05) but the comparison with the largest difference 

was the no road areas compared to medium traffic level roads. 

All plots in the no road areas were designated a distance measure of 1000m. At 

this distance, I found the lowest pellet densities compared to the other four distance 

categories (Figure 3.7). Pellet densities differed between the distance categories 

(2 1O5 p=O.03, df=4, N=872) but no significant pairwise comparisons could be 

detected (all p>O.05). The comparison between distances of 400m and 1000m had the 

largest difference between the mean ranks in the pairwise comparison test. 

Resource Mapping 

Kruskal-Wallis analysis was used to examine whether vegetation patterns in the 

habitat varied based on traffic level and distance from the road. Shrub coverage 

(Kruskal-Wallis X2=l8.7, p=O.0009, df4, N=872) and cactus coverage (x2=14.3, 

p=O.007, df=4, N=872) differed across the traffic levels but forb, grass and ground did 

not (p>O.05). Non-parametric pairwise comparisons between the treatments were 

conducted on significant tests (Siegel and Castellan 1988). Shrub coverages were lower 

within no road areas compared to areas along medium and high traffic roads (p<O.05). 

Pairwise comparisons between cactus coverage and traffic level could not detect 
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Figure 3.6 Average pellet densities (#/0.09 ha/plot) for areas along four traffic level 
categories and no road areas (N=872). No road areas represent areas more than 1 km 
away from roads. Plotted are means ± one standard error. 
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Figure 3.7 Average pellet densities (#/0.09 ha/plot) across five distances from roads 
regardless of traffic level (N872). Plotted are means ± one standard error. 
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significant differences (p>O.05). All vegetation categories did not vary with distance 

from a road (all p>O.05). 

The relationship between pellet densities and vegetation coverages were 

compared in the poisson regression. Pellet densities varied with shrub and forb coverage 

depending on the traffic level of the roads (Shrub*Traffic: G=13.89, df=3, pO.003; 

Forb*Traffic: G=l 1.74, df=3, p=O.008). Multiple pairwise comparisons found pellet 

densities were affected by shrub coverage along high level roads compared to low level 

roads (G=lO.68, p=O.00l 1). Along low traffic roads, pellet densities were highest and 

shrub coverages were lowest while pellet densities along high traffic roads were lower 

but had higher shrub coverage. Pellet densities were also affected by forb coverage along 

high level roads compared to medium level roads (G=7.13, p=O.0076). Medium traffic 

roads had higher pellet densities and lower forb coverage compared to high traffic level 

roads. 

DISCUSSION 

Corresponding with other studies using pellet group surveys, estimates of 

pronghom density were reflected within the pellet distribution (Neff 1968; Femanda et al. 

2001). Pellet groups were a useful tool in measuring pronghorn distribution within 

specific habitats. 

Edge Response 

Pronghorn that assess human disturbances analogous to assessing a predation 

hazard, should avoid areas within close proximity to that disturbance. In this study, the 

human disturbance was road networks that create edges throughout the contiguous 
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grasslands. When roads are impermeable to dispersal, animals may accumulate at these 

edges (Ries et al. 2004). It has been shown that highways in Arizona have become 

barriers to pronghom movement and effectively separated populations whose habitat was 

located within National Parks (van Riper and Ockenfels 1998). I observed some 

pronghorn individuals crossing low and high traffic level roads which suggest that these 

roads are not impermeable barriers to movement, but rather only filters that may hamper 

pronghorn movement. Pronghorn pellet distribution in response to the road edge 

resembled a negative edge response where pellet densities were lowest near roads but 

highest at intermediate distances away from the road. This suggests that pronghorn 

assess some level of risk close to roads; therefore, prefer to use less riskier areas at 

intermediate distances away from roads. The idea of roads being perceived as a risk is 

supported by behavioural observations presented in chapter 2, where I show that risk 

averse behaviours are observed more often closer to roads with higher traffic levels. 

Other studies have found similar patterns with deer and elk avoiding areas within 

200m of roads (Rost and Bailey 1979) and woodland caribou avoiding areas within 250m 

of roads and seismic lines (Dyer et al. 2001). Animals may be avoiding areas along the 

edge to minimize interactions with humans or predators using roads as travel corridors. It 

has been suggested that woodland caribou avoid linear features like seismic lines and 

roads due to the increase in traffic and predators (Whitten and Cameron 1983; Curatolo 

and Murphy 1986, Dau and Cameron 1986; Dyer et al. 2001) which may impede the 

caribou's ability to avoid harsh weather and deep snow (Bide et al. 1986). In forested 

areas, these same linear features are used as conduits by wolves which provide them 
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increased access into caribou range and thus caribou who occupy habitat near a road 

suffer higher predation (James and Stuart-Smith 2000). 

The risk of neonatal mortality by coyote and eagle predations may dictate which 

habitat patches a female occupies. Pronghorn fawns adopt a hiding strategy in which the 

female maintains a distance from the fawns to minimize relaying any information to 

potential predators but also remaining close enough to drive away these predators 

(O'Gara and Yoakum 2004). Coyotes prefer to use corridors as habitat and are 

frequently seen crossing well travelled roads to move throughout an urban landscape 

(Tigas et al. 2002). To a small extent, coyotes do use roads to travel along in a grassland 

landscape (personal observations). Coyote tracks have been recorded along truck trails 

within the landscape more often compared to deer and elk (Forman et al. 2003). Because 

coyotes are also scavengers, they may be attracted to roads where vehicle collisions with 

wildlife often occur (Forman et al. 2003). Other sources of predation occur in the form of 

hunters who often locate pronghorn from roads. The potential higher exposure to 

predation hazards within close proximity to roads could contribute to pronghorn avoiding 

areas right along roads. 

A negative response to an edge should asymptote with further distances from the 

edge (Ries et al. 2004) but pronghorn pellet densities were lower in areas more than 1000 

m away compared to the intermediate distances from roads. This pattern does not fully 

support the asymptote shape of the distance function. Rather, my results suggest that the 

shape of the curve is a "hump" showing the lowest densities within 200 m of the road, 

highest between 200-400 m and then declining again. Depending on the degree of risk 

perceived towards the road which may be based on traffic level, individuals may bounce 
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off the boundary producing a pellet distribution that aggregates at intermediate distances 

from roads. Figure 3.7 illustrates how some individuals may interact with the edge 

boundary causing the bouncing effect. The landscape is divided into distance strata 

where each segment of the movement line within a distance stratum represents the 

proportion of time an individual remained at that distance. If the length of each line 

within each distance stratum is measured, the longest segments occur within the 

intermediate distance strata. This model simulates the findings in this study with higher 

pellet densities found at intermediate distances from the roads. The strength of the 

bouncing effect may be influenced by the degree of risk individuals perceive towards the 

various traffic levels. Pronghorn along low traffic roads may exhibit behaviour like 

individual A who perceives low risk towards the road edge and continues to cross the 

boundary. Individuals B and C approach the road edge but perceive a risk of danger 

towards the edge and reflect off the boundary returning into the habitat. Along high 

traffic level roads, individuals may not have to approach as close to the edge before 

detecting the visual stimulus. Individual C perceives a higher risk towards the road edge 

and may remain at that intermediate distance or move further back into the habitat. 

Other Influences on Edge Response 

Road orientation may also influence edge response. Road orientation is a variable 

that has not been considered often in literature exploring the effects of roads on wildlife 
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Figure 3.7 Illustration of the bouncing effect hypothesis. Individuals approach edge 
boundaries to investigate and reflect off the boundary returning back into the habitat. 
Individual A assesses lower risk level towards the edge boundary and continues to cross 
the road. Individual B has a stronger risk avoidance response bouncing off the road 
boundary while individual C perceived even greater risk towards the boundary. Dotted 
vertical lines represent increasing distance strata from a road. A digital map wheel was 
used to measure length of lines representing movement of individuals in each stratum. 
Bar graph represents the total length of lines in each stratum to represent the proportion 
of time individuals were located in those strata. 
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distribution (Forman et al. 2003). In temperate forests, south edges had stronger edge 

effects because of the increased sun exposure compared to the north (Ries et al. 2004). 

Along a north-south highway through open pastureland, soil temperature was highest on 

the west facing side but there was no significant difference in temperature and relative 

humidity beyond 8 in from the road (Ellenberg et al. 1981): For pronghorn, road 

orientation may influence wind exposure, noise disturbance, or plant exposure to vehicle 

emissions. In this study, pronghorn pellet densities were highest on the north side of 

roads. Conceivably, this could be a result of better forage on the north side. However, 

the north side of the roads that were surveyed had the least shrub and forb coverage 

compared to the other directions. Therefore, it seems that habitat along the north side of 

roads lacked some preferred pronghoni vegetation characteristics yet pronghorn were still 

attracted to these areas. Individuals using habitat on the north side of the roads would 

also be exposed to the frequent southwest winds which would expose individuals to 

traffic noise. Yet pronghorns were not affected by noise disturbances generated by 

military activity which may have been due to their low hearing acuity (Krausman et al. 

2004). Generally pronghorn rely on their keen eyesight to detect predators but scent that 

is carried by the wind is also an effective early detection measure (O'Gara and Yoakum 

2004). The selection of areas exposed to wind may be more valuable for predator 

detection. 

Road density within the area sampled is an important factor that might influence 

animal abundance because with the increase in road networks, the habitat patch becomes 

smaller and more dominated by edges (Ries et al. 2004). For example, bobolink presence 

was lower near double edge plots compared to the single edge plots, where it was still 



88 

lower than in the grassland interior (Fletcher 2005). Multiple edges 'also increased the 

distance of edge influence for these grassland birds. Studies of the effect of road 

densities on carnivore distributions suggests that the main threat of high road densities is 

the increase in human accessibility leading to wildlife accidental or intentional deaths 

(Thiel 1985; Van Dyke et al. 1986; Mech et al. 1988; Clevenger et al. 1997). For 

pronghorn, higher road densities may lead to higher accessibility into areas by hunters. 

Pronghorn are also a migratory species in their northern habitat and require habitat with 

few natural or anthropogenic barriers. Higher impermeable road densities may trap herds 

in particular areas (van Riper and Ockenfels 1998) which can impact pronghorn survival 

during already harsh winter months (Martinka 1967; Oakley and Riddle 1974). Higher 

road densities are also often associated with higher human activity which pronghorn may 

avoid, as indicated by the finding that pellet densities were highest in areas with lower 

road densities. Pronghom pellet densities were highest in wildlife management unit 102 

with a road density of 0.19 km/km2 and lowest in unit 148 with a road density of 0.62 

km/km2 

Habitats surveyed in the 2003 field season had higher pronghôrn pellet densities 

recorded than in 2004. There were vegetation differences between the areas in the two 

years with higher forb and shrub coverages within habitats in 2004. Habitats surveyed in 

2003 had higher cactus, grass and ground coverages which are unlikely strong influences 

on pronghorn distribution since cactus and grass are not large components of pronghorn 

annual diet. Qualitatively, road densities differed between the areas surveyed with lower 

road densities (0.19 km 1km2) in some of the habitats surveyed in 2003, compared to 

lowest road density area surveyed in 2004 (0.43 km /km). Pronghorn may prefer habitat 
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near areas surveyed in 2003 because of the lower overall human activity and 

development. 

Gradient of risk 

Whether an animal disperses across the edge of a patch may depend on the type of 

edge contrast. It is assumed that edge responses will be weaker along low contrast (soft) 

edges compared to high contrast (hard) edges (Pies et al. 2004). Human development 

that fragments the landscape can create sharp boundaries or edges between natural habitat 

and often unsuitable habitat (Kristan et al. 2003). The response to the edge contrast of 

roads can be species specific. While edge boundaries may be barriers to smaller 

mammals such as hedgehogs (Rondinini and Doncaster 2002), road edges are frequently 

crossed by larger mammals depending on traffic level (Van Dyke et al. 1986; Thurber et 

al. 1994). The permeability of these edges to dispersal depends on the level of risk 

associated with crossing the feature, which in the case of edges created by roads, depends 

on the traffic level. Pronghorn habitat use was more common in areas of low traffic level 

roads indicating that these areas have a lower risk associated with traffic activity. 

Pronghorns may perceive humans as a type of predator where lower traffic level roads 

translate into lower human activity thus lower risk. Risk can be in the form of potential 

hunters or potential collisions with motor vehicles. Moose vehicle collisions were found 

to be dependent upon traffic level where higher traffic levels were associated with greater 

collisions (Joyce and Mahoney 2001). 

Pronghorn did not completely avoid areas near higher traffic level roads. If 

competition between conspecifics in safer habitats reduce overall forage intake, some 
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individuals may choose to forage in riskier habitats to obtain higher resource rewards 

(Lima and Dill 1990; Lima 1998). Habitat near high traffic level roads had indeed higher 

coverage of shrubs. Pronghorn using these "riskier" areas could be subordinates that 

have been displaced to the lower quality habitats. Dominant lesser snow geese displaced 

subordinate geese to gain benefits in higher nutrient absorption rates of cotton-grass 

(Hupp et al. 1996). This dominance situation may be common among pronghorn males 

especially during rut for territories or harems. Female herds also have dominance ranks 

but lower ranking females try to avoid agonistic interactions by occupying the periphery 

of the herd (Byers 1997). Even though individuals were utilizing this riskier habitat, 

pronghorns were located at greater distances (600 m) from higher traffic roads than along 

lower level roads where highest pellet density was at 200-400 m from the road. This 

supports the idea of a higher risk associated with more traffic or human activity. 

I had predicted that if pronghorns perceive danger from roads, pellet distributions 

should be highest within areas that only had a fence present but no major roads. 

However, no road areas actually had the lowest pellet densities found compared to the 

other areas with roads. The bouncing effect hypothesis may explain these lower pellet 

densities because if there is no perceived risk with the boundary causing individuals to 

reflect off from, individuals may be more spread out within these areas and thus fewer 

pellet counts. 

One might argue that pronghorn are attracted to roaded areas either because of a 

higher quality of vegetation or differences in predator density. Shrub coverage was lower 

at no road areas compared to medium and high traffic roads and areas dominated by 

shrubs may be used more often as winter habitat. It is unlikely that the shrub coverage 
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along roads is attracting pronghorn to these areas because even though medium and high 

traffic roads had higher shrub coverage, pellet densities were still highest along low 

traffic roads. As well, fenced roads often act as snow breaks resulting in deeper snows in 

that area (personal observation) which can interfere with their movement and foraging 

(Martinka 1967; Oakley and Riddle 1974). These pellet counts represent pronghorn 

distribution over many seasons which include periods where shrubs are not important 

dietary requirements and yet the pattern persists. 

The effects of predator density on pronghorn distribution could not be analysed 

because coyote density estimates were not available for my study area. Other studies 

have shown that predators are also influenced by human activity and may avoid areas 

with higher human activity (Tigas et al. 2002; Atwood et al. 2004). If pronghorn were 

responding to natural predator density, we might see higher pronghorn presence in areas 

near high traffic roads. However these areas, in fact, had lower pellet densities. If 

predator densities were higher further away from roads, this might cause pronghorn to 

use habitat near roads. However, pronghorn behaviour and habitat use reflect a 

perception of risk towards the traffic activity. Pronghorn exhibited higher vigilance 

levels along higher traffic roads and pellet densities were higher further away from roads 

as traffic level increased. The bouncing effect may be the stronger influence in the 

distribution differences between roaded and no road areas. 

Resource Mapping 

Animal movement and aggregation are also influenced by resource distribution 

near the edges often referred to as resource mapping (Ries et al. 2004). It is not 
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surprising that pellet densities in my study were associated with shrub and forb coverage 

since those vegetation types contribute a large component to the pronghorn diet (Mitchell 

and Smoliak 1971). If pronghorn distribution is influenced mainly by resource 

distribution, then pellet distribution should follow the resources for maximum energy 

intake. However, other influences such as risk aversion from roads may have partially 

overridden effects of resource distribution. 

Vegetation coverage did not differ by distance unlike pellet distribution which 

was highest at intermediate distances from roads. The patterns of shrub and forb 

coverages across traffic levels were also not reflected within pellet distribution. Pellet 

densities were affected by shrub and forb coverage depending on the traffic level. Along 

high traffic level roads, shrub coverage was highest compared to low traffic roads and 

forb coverage was highest compared to medium traffic roads. This is the opposite pattern 

compared to the pellet distributions where densities were highest along low traffic level 

roads which did not have abundant coverage of shrub and forbs. 

Fragmentation of the landscape by road networks can impact species that utilize 

different habitat types for various breeding and seasonal requirements. Pronghorn 

migrate to wintering grounds that are abundant with sagebrush and cover from wind 

exposure. Fawns require specific microhabitat features during the first 2-3 weeks of their 

life such as gently rolling hills and areas near sagebrush bushes for cover (Barrett 1984). 

Therefore, as human development and road networks increase in the grasslands, there is 

reduced available habitat with varying microclimates to meet the needs of the pronghorn. 

Overall, pronghorns appear to perceive a level of risk hazard towards road traffic which 

is consistent with the risk-disturbance prediction that long term exposure may cause 
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habitat avoidance near the human disturbance. Pronghorn are affected by the increasing 

road networks and traffic which should be factored into pronghorn management plans. 
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CHAPTER 4: GENERAL CONCLUSIONS 

Studies on the effects of anthropogenic activity on wildlife have shown changes in 

their behaviour and habitat use (Boyle and Samson 1985; Forman and Alexander 1998; 

Jalkotzy et al. 1997; Trombulak and Frissell 2000; Forman and Deblinger 2000) but few 

address the potential ultimate factors of these proximate responses. The risk-disturbance 

hypothesis proposes that if organisms perceive human activity as a predation risk, they 

may exhibit analogous risk avoidance behaviour (Frid and Dill 2002). This is based on 

the assumption that organisms can track short term changes in natural predation hazards 

and allocate their risk avoidance behaviour accordingly to avoid predation (Lima and Dill 

1990; Lima 1998). This study examined whether pronghorn antelope, Antilocapra 

americana, exhibited behaviour and habitat use consistent with the risk-disturbance 

hypothesis towards road traffic. Pronghorn may perceive a degree of risk towards road 

traffic because it may be a source of mortality, either through vehicular collisions or 

increased hunter access. Pronghorn behaviour and habitat use were compared across 

varying levels of potential risk which included roads of increasing traffic activity and 

increasing distances away from roads. 

The risk-disturbance hypothesis predicts that organisms will increase their risk 

avoidance behaviour based on the degree of risk they perceive from the human 

disturbance. This can include increasing vigilance levels, higher flight probabilities, 

using habitat near a refuge, or reduced foraging in an area (Lima and Dill 1990). 

Pronghorn vigilance and foraging behaviour was compared across various traffic levels 

and distances from roads to examine how these behaviours may change with increasing 

risk. Group size, sex and reproductive status were also incorporated into analyses of 
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pronghorn vigilance and foraging behaviour because these variables have been found to 

influence the behaviour of social species (Elgar 1989; Lima and Dill 1990; Treves 2000). 

Animals may form groups for reproductive opportunities but conspecifics can reduce the 

probability of any one individual getting attacked and more eyes scanning the habitat will 

increase the probability of detecting predators (Dehn 1990; Roberts 1996). Generally, as 

more individuals join a group, each individual can reduce their vigilance without 

affecting the overall vigilance of the group. Pronghorn individuals reduced their 

vigilance levels as herd size increased which corresponds to predation risk theory. 

Foraging behaviour may have a weaker relationship with group size and may be 

dependent on forage quality in the area (Elgar 1989). Sex may also potentially affect 

foraging rates because males and females have different seasonal energy requirements 

but many studies show that the presence of fawns contribute more to these differences 

(Elgar 1989). My study suggests that traffic level and the presence of fawns are strong 

influences on the degree of risk avoidance behaviour exhibited by pronghorn antelope 

towards roads. 

Pronghom may perceive the infrequent vehicles along low traffic roads with 

lower predation risk because their vigilance levels were lower along these roads 

compared to higher traffic roads. Pronghorn also showed a pattern of lower foraging 

proportions along roads of higher traffic levels particularly during the spring season (May 

to June). Pronghorn fawns are born during late May and mothers may exhibit stronger 

risk avoidance responses to reduce the risk of mortality of their young (Elgar 1989). 

Females were located more often at further distances from roads than males when the 

herds included fawns. Distance from the roads also affected foraging behaviour of 
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individuals in herds where individuals had higher foraging proportions when located 

more than 300 in from roads. Larger herds may be easily detected in the landscape and 

generally include fawns; therefore, to reduce potential predation risk to fawns, herds may 

avoid areas near a potential threat such as road traffic. Solitary individuals cannot dilute 

their predation risk using conspecifics and may maintain similar foraging and vigilance 

rates regardless of distance. 

Pronghorn behaviour was affected by increasing traffic level and distance from 

these roads suggesting that some individuals may perceive road traffic as a predation risk. 

The energetic expenditures of these behaviours can cause organisms to shift into habitats 

away from the disturbance. If the behavioural disruption is strong enough, organisms 

may avoid areas near the disturbance. The higher risk associated with higher traffic roads 

caused pronghorn to increase their vigilance and forage less which corresponds to their 

lower presence along these roads. Assessing predation risk is often balanced with the 

ability of acquiring resources, such as food, territories or mates. Pronghorn pellet 

distribution was influenced by vegetation categories important to their diet. However, the 

potential risks associated with road traffic were stronger influences in pronghorn pellet 

distribution. 

Risk perception towards human disturbances may be influenced by how that 

disturbance affects the features of the landscape. Human linear disturbances may create 

edge boundaries between habitats and animals can exhibit positive (attracted), neutral (no 

response) or negative (avoidance) responses towards the edge depending on the level of 

risk perceived towards it (Ries et al. 2004). The negative edge response where animal 

distribution increases further away from the edge supports the habitat shifting prediction 
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of the risk-disturbance hypothesis. Pronghorn pellet distributions revealed a close 

resemblance to a negative edge response with low pellet densities along roads but higher 

at intermediate distances rather than further away regardless of their traffic level. The 

bouncing effect hypothesis may explain how animal movement patterns in response to 

the edge can produce higher pellet densities at these intermediate distances. A human 

analogy to illustrate this hypothesis relates to how people move through a museum to 

view artwork. People will approach artwork to view it more intensely but then move 

back to the middle of the room to move to the next artwork. Similarly, pronghorn may be 

approaching fenced roads to assess the risk associated with it but then move away from 

the boundary to move through the landscape. This would create higher pellet densities at 

these intermediate distances from the road. 

Other road features that also influence risk perception are road densities and 

orientation. Pronghorn preferred areas with lower road densities which can also reflect 

the overall human activity within that area. Transect placement had an unexpected 

relationship with pronghorn pellet distribution where the highest densities were along the 

north side of the roads surveyed. Wind exposure may influence this relationship where 

pronghorn may be able to detect predators earlier when the pronghorn are downwind. In 

my study areas, the prevailing wind direction comes from the southwest. Road 

orientation has been overlooked in the majority of studies examining the effects of roads 

(Forman et al. 2003). This relationship should be investigated further and incorporated 

into future road effect studies. 

Overall, pronghorn antelope were responding to road traffic consistent with the 

risk-disturbance hypothesis which was supported by observing differences in behaviour 
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and habitat use along roads of increasing traffic levels and distances from roads. The 

responses towards this human activity may persist because of the hunting pressure on the 

population and the occasional mortality from vehicular collisions. 

Understanding how pronghorn perceive and respond to human activity is an 

important tool in the management of sustainable populations. Relating their responses to 

situations under natural predation pressure would create useful tools in measuring the 

impact of human activity on pronghorn. Literature has shown how organisms tracking 

short term changes in predation hazard will alter the balance between avoiding predation 

and acquiring resources corresponding to the degree of risk perceived (Lima and Dill 

1990; Lima 1998). The greater the risk of mortality, the higher intensity of risk 

avoidance behaviours exhibited at the expense of reduced opportunities for acquiring 

resources. A continual human disturbance that causes individuals to increase their 

vigilance or flight responses can be a substantial energy drain which can lead to 

individuals avoiding that area entirely (End and Dill 2002). Potential consequences may 

include individuals forced into lower quality habitat or if there is no available alternative 

habitat, individuals must endure energetic drains from continued risk avoidance 

behaviour. This can lead to reductions in body condition which can have severe 

consequences for survival during already energy draining time periods such as rut, 

gestation and winter. The cumulative effect of natural predation and human disturbances 

can alter pronghorn risk avoidance behaviour which can affect their habitat availability 

and distribution. Therefore, pronghorn behaviour towards human disturbances should be 

considered in management plans. 
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Significance 

This study complements current knowledge because it examines whether an 

animals' behavioural response to a human disturbance will be reflected in their habitat 

use around the disturbance. Most studies focus on one particular aspect such as changes 

in population densities or specific behaviours relative to the disturbance but rarely 

connect these processes. It is important to understand the extent of the response which 

may reflect the degree of risk perceived because defining an organism's gradient of risk 

towards particular human disturbances will allow managers to assess the impact of new 

developments within the habitat. Exploring how changes in pronghom behaviour are 

reflected by their habitat use or distribution across the landscape will allow for the 

mapping of current and potential areas of conflict. 

Research on the impact of human activity on pronghorn behaviour has focused on 

populations within protected national parks which may not represent the full extent of the 

effect (van Riper and Ockenfels 1998; van Riper et al. 2001; Fairbanks and Tullous 

2002). This study contributes to pronghom management by examining populations that 

are not within protected areas because their behavioural responses to human disturbances 

will be influenced by the cumulative effect from natural predation, as well as, hunting 

pressure. In Alberta, the majority of pronghom range does not occur in protected areas. 

The National Wildlife Area on the Canadian Forces Base Suffield may be considered 

habitat that offers some protection from hunting but provides minimal suitable habitat. In 

the National Bison Range, Montana where pronghorn predation pressure is greatly 

reduced and hunting is prohibited, this population is not exhibiting strong risk avoidance 

behaviour compared to other populations (Byers 1997). With the increasing loss of 
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natural habitat in pronghorn range, understanding how populations respond when not 

protected is paramount for maintaining the current pronghorn range in North America. 

Another area that has been lacking in conservation research is the ability to 

explain to some extent why organisms are exhibiting particular behaviours towards 

human disturbances. These explanations may be rooted in ecological concepts based in 

the relatively well documented predator and prey literature but few studies compare 

wildlife responses under a conceptual framework. My study compares pronghorn 

responses to the risk-disturbance hypothesis that proposes organisms will perceive a 

predation risk towards human disturbances. The first step to understanding the 

mechanisms of how organisms respond to human perturbations in their landscape is being 

aware of why they might exhibit these specific behaviours. 

Management Implications 

Pronghorn populations in their northern range are already susceptible to mortality 

by severe weather such as droughts and harsh winters. The combined effect of human 

development within their habitat may enhance their vulnerability. Pronghorn antelope in 

Alberta migrate from their summer range to smaller winter ranges that represent only 8% 

of the entire summer range (Barrett 1982). Pronghorn winter survival depends on their 

ability to access suitable winter ranges represented by areas with high densities of their 

staple winter diet of sagebrush (Artemisia cana) and pasture sagewort (Artemisiafrigida), 

and are located in areas that are exposed to the warmer Chinook winds that help reduce 

snow depths. Obstacles such as fencing have been found to be detrimental to their winter 

survival during cold winters with deep snow because it prevents pronghorns from 

crawling under the fences and moving to more suitable habitat (Hepworth 1966; Oakley 
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and Riddle 1974). Many recommendations have been made concerning fence 

modifications for pronghorns but in Alberta, it is not enforced. Recommendations 

include constructing fences with 3 barb wires with the bottom wire smooth and at least 41 

cm from the ground; adjustable fences that allow some movement in the barb wire 

strands; keeping gates open when livestock are not using the pasture; flagging new 

fencing for pronghorns to become familiar with; and avoiding net wire fences that are 

movement barriers for pronghorn (Bruns 1977; Kie et al. 1996). Other features such as 

roads and railways also pose problems because during deep snows, pronghorn use these 

networks as corridors often resulting in their mortality by collisions. 

This study has also shown how road traffic can interrupt pronghorn daily 

behaviours and possibly lead to displacement of individuals from quality habitat. Winter 

survival depends on conserving valuable energy reserves and allocating sufficient time to 

foraging. Individuals that are increasing their vigilance towards human disturbances risk 

deleting their energy reserves more quickly with the potential consequence of not having 

enough to survive the remaining winter. Bradshaw et al. (1998) modelled energetic 

losses in woodland caribou in response to multiple encounters with a disturbance from 

petroleum exploration. Caribou normally lose 10-15% of their autumn mass during the 

winter and 20-34 disturbance events would be required to exceed the normal winter loss. 

Caribou were exposed to five disturbance events in five years that could potentially lead 

to losses exceeding the normal winter loss. The birth and rut season are also very energy 

demanding time periods that can be confounded by the effects of human disturbances. 

Females may experience higher energy depletions because they tend to exhibit higher risk 

averse behaviour when young are present. If females with young are avoiding high 
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quality habitat or increasing vigilance towards human disturbances, this can have 

negative ramifications on their body condition. As well, stress induced by human 

activities can also affect body condition. Hoatzin juvenile chicks disturbed by ecotourists 

had stronger hormonal stress levels compared to individuals at undisturbed sites (Muliner 

et al. 2004). Corticosterone, which is produced under stress, metabolizes fat and protein 

which if in high levels can potentially reduce body weight (Muliner et al. 2004). The 

continuous decline of female body condition may negatively impact their reproductive 

ability. If this continues over a long term basis, this may affect the population 

productivity resulting in population declines. 

Pronghorn require specific habitat characteristics for various seasonal periods 

such as winter ranges, travel corridors or fawn births (O'Gara and Yoakum 2004). 

Human disturbances that cause pronghorn to shift away from these areas may restrict 

individuals into habitat that does not represent suitable reproductive or winter ranges. 

Preferred bedding sites of fawns include terrain with gently rolling hills and areas near 

sagebrush bushes for cover (Barrett 1984). In Alberta, pronghorn have 12 identified 

winter ranges listed in their management plan but the winter range in the Walsh Flats area 

is no longer suitable winter habitat because of increased agricultural development 

(Glasgow 1990). This continued reduction in suitable habitat needs to be addressed in 

management plans, as well as related to road density and traffic level. Pronghorn that are 

bouncing off road edges are also exerting energy by moving back and forth throughout 

the landscape. When edge density increases as a result of higher road densities, 

individuals may exert even higher energy levels bouncing off more edges in the 

landscape. 
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Government support towards enhancing habitat or the creation of reserves that 

protect habitat for pronghorn is essential. Education programs geared towards private 

landowners explaining the role of pronghom in the health of the ecosystem and providing 

them incentives to enhance pronghorn habitat on their land are needed. Development and 

expansion in the southeastern region of Alberta is a continual process but the disruption 

caused by new developments may be minimized. The creation of a critical pronghorn 

habitat map overlaid with road networks and the corresponding traffic levels will help 

managers in identifying sensitive areas. Limiting development during energy sensitive 

periods for pronghorn may minimize the impact of increases in risk avoidance behaviour 

or habitat shifts away from breeding or winter habitats. As well, the design of roads can 

be an integral factor in minimizing the impact of road activity on pronghorn antelope. 

Because pronghorn utilized areas near low traffic roads more often than higher traffic 

level roads, restricting the use of current low traffic roads in sensitive pronghorn areas 

will reduce avoidance behaviour. High road density areas where roads may continue to 

increase in traffic may eventually become movement barriers (van Riper and Ockenfels 

1998) but the creation of overpasses along roads in pronghorn migratory corridors may 

facilitate the flow of animals across these roads. 

I hope this study has illustrated the relationship between behavioural ecology and 

wildlife management. Understanding how wildlife perceive and respond to human 

perturbations in the landscape can assist in minimizing the impacts of both current and 

new developments. 
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