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Abstract 

The mule deer population along Horse Creek Road in Cochrane plays an important 

role in the local ecosystem. With increasing challenges such as climate change, 

urban development, and the spread of diseases like Chronic Wasting Disease, it is 

crucial to understand this population’s status. This study aimed to estimate the mule 

deer population using the distance sampling method, supported using CyberTracker 

for data collection. The research focused on an 11 km stretch of Horse Creek Road, 

where the line transect method was applied. In addition to estimating the size of the 

population, the study also examined the spatial distribution of the deer, group sizes, 

and temporal activity patterns. Results were compared to a similar study conducted 

in 2017, allowing for insight into population trends. The results showed an estimate 

density of 0,101 density per hectare and a total abundance estimate of 57 mule deer 

within the 560-hectare study area. Compared to the 2017 study, which estimated 303 

individuals over a larger 768-hectare area, this suggests a decline in mule deer. Most 

observations were made in the first half of the road, especially on the west side. The 

west side consists of open fields and hilly valleys, preferred habitats for mule deer. 

The east side, which is more forested and developed, had fewer sightings. Deer 

tended to stay at an average distance of 221 meters from the road, with group sizes 

ranging from 1 to 11 individuals. Mule deer were primarily seen during dusk and 

dawn, indicating their crepuscular activity pattern. 
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1 Introduction 

Mule deer are a vital part of the ecosystem in North America, including the region 

around Cochrane, Alberta, Canada. The populations of these mammals are under 

pressure from various factors such as new housing developments, increasing human 

presence, and potentially climate change and the spread of diseases like Chronic 

Wasting Disease (CWD). 

 

This literature review provides a detailed overview of the ecology of mule deer, 

focusing on their physical characteristics, geographical distribution, diet, 

reproduction, and group composition The spread of diseases, such as CWD, is also 

addressed. Furthermore, different methods for population estimation are discussed, 

with a particular focus on distance sampling, the method used in this study. 

 

The study in this thesis focuses on estimating the mule deer population along a 11 

kilometre stretch of Horse Creek Road in Cochrane. This location was chosen due to 

its role in the local ecosystem and because a similar study was conducted in 2017, 

allowing for a comparison over time. A combination of the CyberTracker app and the 

distance sampling technique was used in this study. The observations were made 

using the line transect method, where the distance and angle to each observed group 

of animals was recorded. Data was collected on an hourly basis, from sunrise to 

sunset, to account for daily variations in animal behaviour. The data is then analysed 

using Distance software to estimate population density.  
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2 Literature study  

2.1 Physical characteristics of Mule deer  

Mule deer (Odocoileus hemionus) are cloven-hoofed mammals (Bauer, 1995). They 

get their name from the big ears they have, like a mule, which you can see in Figure 

1. You can distinguish them from other deer by their large ears and their distinctive 

way of jumping or unusual gait while running (Berry et al., 2019). Mule deer wear one 

or two coats depending on the season. The short, reddish-brown summer coat is 

worn for three to four months. It has almost no undercoat and has a sleek look. They 

shed in early fall and the coat is replaced by a much heavier, greyish-tan winter coat. 

The undercoat is a dense mat of fine hairs. This coat gives good insulation, as they 

can be in really cold weather (Bauer, 1995). Their tail is white but has a black tip 

(DeVos et al., 2003). On the head they have a dark V-shaped mark, that goes from 

the point between the eyes upward (Wallmo, 1981). Mule deer always have a white 

chin, white throats and bellies, and a light-coloured rump patch (Bauer, 1995). 

 

Adult mule deer are around one meter tall. Males can weigh up to 150 kg and females 

up to 75 kg (De Vos et al., 2003). When fawns are born, they weigh between 2 and 

5 kilograms (Bauer, 1995). The male mule deer, or bucks, have forked antlers which 

they use as a weapon. They use it to fight with competitors during the breeding 

season, also known as the rut. The female deer don’t have antlers (U.S. National 

Park Service, n.d.).  

 

Mule deer have a lower critical temperature then other deer. They have a great 

tolerance against the cold, which they really need, because in the areas they 

habituate it can easily be -30 degrees. That’s also why they prefer steeper and more 

rugged topography at higher elevations (Berry et al., 2019).  
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Figure 1: Mule deer buck and doe (Colorado Parks & Wildlife, n.d.) 

 

2.2 Geographical distribution  

2.2.1 Habitat  

Mule deer inhabit North America, ranging from Alaska down the pacific coast trough 

California. The range extends from Northern Zacatecas in Mexico to the Western 

great Plains, reaching Canada’s provinces Saskatchewan, Alberta, British Columbia, 

and the southern Yukon Territory (WAFWA, 2004).  The habitats of mule deer are 

categorized in seven ecoregions: Intermountain West, Great Plains, Northern Forest, 

Colorado Plateau Shrubland and Forest, Coastal Rainforest, California Woodland 

Chaparral and Southwest Desert (DeVos et al., 2003). 

 

Each ecoregion contains a diverse range of habitat types. The Western Great Plains 

have an open grassland, whereas the Coastal Rainforest is characterised by dense 

forest dominates. Habitats with periodic disturbances promote growth of grasses, 

forbs and shrubs that are easily accessible for browsing. Factors like wildfire, grazing 

and forest management play a big role in the habitat quality of mule deer (DeVos et 

al., 2003).  

 

All these regions present different challenges to the deer. Water availability is not a 

problem in most regions. However, if you visit the Southwest desert ecoregion, water 

is an important factor to consider. In all these ecoregions, the most important 

components are water, food, and shelter (WAFWA, 2009).  
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2.2.1.1 The Great Plains ecoregion  

The Great Plains is a region that extends from the Rocky Mountains in Alberta, 

Canada, down through the central United States. For about 1300 km, the plains 

gradually slope downward from the base of the Rocky Mountains to the Mississippi 

river, which can be seen on Figure 2 (Bauer, 1995).  

 

 

Figure 2: Ecoregions of Mule deer (WAFWA, n.d.) 

 

A significant portion of this area lies between 2.000 and 6.000 feet above sea level. 

The habitat areas are classified as mixed grass or shortgrass prairies, steppe, and 

shrub savanna. The climate is dry with extreme temperature variations. The climate 

can go from low to high temperatures give in a short period of time (Fox et al., 2009). 

The average daily temperatures in Alberta range from around −8°C in January in 

southern Alberta to approximately −24°C in the north. In July, daily averages shift to 

about 24°C in the south and 16°C in the north. During winter, cold Arctic air masses 

can cause extreme temperature drops, with recorded lows reaching −54°C in the 

north and −46°C in the south (Smithwick, 2023). There is not a lot of rain in these 
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areas, which makes the humidity in this area very low (Fox et al., 2009). Yearly 

precipitation varies from under 350 mm in the southeast to more than 450 mm in the 

northwest (Smithwick, 2023). 

 

This ecoregion features a diverse landscape, including broad, flat expanses, rolling 

hills and areas with significant streamside hills.  The rough topography makes it a 

valuable Mule deer habitat (Severson, 1981). Badlands are a common occurrence in 

these regions. They are steep, eroded terrain that is often barren but varied with 

shrub filles or wooded areas, as well as patches of diverse forbs and grass 

communities. The uneven landscapes offer lots of cover options for Mule deer (Fox 

et al., 2009).  

 

The plants in this ecoregion have undergone significant changes. A large portion of 

the native habitat has been converted into cropland. Overgrazing by livestock has 

periodically depleted native vegetation. This reduces the availability of preferred 

forage species while allowing non-desirable plants to spread. Disturbed areas have 

become hotspots for invasive species, which have overgrown upon native plants, 

often reducing biodiversity (Fox et al., 2009). 

 

The structure of vegetation had also been changed. Natural processes, such as fires 

and floods, have changed in frequency and intensity. In some areas, this has led to 

an increase in unwanted woody cover at the expense of diverse herbaceous plants. 

In other case, the decline of critical woody species has reduced food sources and 

shelter essential for mule deer during certain times of the year (Fox et al., 2009).  

 

2.3 Diet  

Mule deer are ruminants. They belong to the group of herbivores that have a four- 

chambered stomach. They have a similar system of digesting as cattle, but mule deer 

are less efficient than cattle (Staudenmaier et al., 2022). They have a smaller rumen 

in relation to their body size. That’s why they must be more selective in their feeding. 

Instead of eating large quantities of low-quality feed, such as grass, the deer must 

select the most nutritious plants and plant parts (WAFWA, 2009). Therefore, they 

can’t eat highly fibrous forage (Short, 1981). Due to the inefficient digestion, they eat 

plants with highly concentrated and digestible nutrients. They also consume 

deciduous and evergreen shrubs, which have higher levels of protein and lower dry 

matter (Staudenmaier et al., 2022).  

 

They eat primarily forbs, leaves and twigs of woody plants and some fruit, such as 

apples or berries (U.S. National Park Service, n.d). In the summer they will eat a lot 

of herbaceous flowering plants and grasses (Aikend et al., 2020). Due to higher 

energy flux and food intake in the summer, they can take advantage of the high-

quality forage for growth and fat storage. In the winter, they survive on a lower intake 

of poor-quality forage. Fat storage is utilised during the winter (Anderson, 1984). 

When winter comes, the herbaceous plants are no longer available. Mule deer adapt 
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by eating nutritious buds and leaves of woody plants, such as sagebrush, bitterbrush, 

mahogany, and cliffrose. In the winter, they burn more than they produce. During that 

period, there is a loss of weight (Monteith et al., 2014). The catalogue of foods eaten 

by Rocky Mountain deer listed 788 different plant species. More than half of these 

were forbs, a quarter were trees and shrubs, the rest consisted of grasses and 

sedges. Calcium is the one element that appears most regularly in foods mule deer 

prefer. Sodium is also essential. Most of the time, it is ingested trough natural mineral 

licks (Bauer, 1995).   

 

2.4 Reproduction  

The rut typically occurs from late November through mid-December, although this 

can vary depending on the location. The rut occurs during the doe’s annual oestrous 

cycle. During the rut, bucks spar to compete for the receptive does (Heffelfinger, 

2006). The bucks can be seen with swollen necks and polished antlers. They adopt 

a characteristic stance commonly observed in many ungulate males, characterised 

by a lowered neck, extended head, forward-facing head, curled upper lip, and slightly 

arched back (Government of Canada, 2025). Bucks will stimulate and poke with their 

nose and antlers until the doe urinates. With flehmen, they can detect the scent of 

urine to know if she is in oestrus (Bauer, 1995).  

 

The bucks will also fight for the does. For two to four weeks, male mule deer are 

involved in a continual tournament to determinate which animals will prevail and 

impregnate the great majority of does (Bauer, 1995). Older bucks with larger antlers 

outcompete the younger bucks most of the time (Heffelfinger, 2006). After being bred, 

there is a gestation period of 204 days (Anderson, 1984). The estimated birth period 

ranges from late May to early July (deVos et al., 2003). This can vary depending on 

location.  

 

The doe gives birth to one or two fawns. If they breed for the first or second time, 

they often have one fawn. The weight of a fawn at birth is 2 to 5 kg (Bauer, 1995). If 

the fawn is heavier, it usually means that the nutrition status of the mother was good 

and that there is a higher possibility of fawn survival (Monteith et al., 2014). In late 

fall, if the fawn has been well nourished, it may be very close to the mother’s size and 

weight. The fawns will always follow their mother. Eventually, they will join other 

families, forming small groups (Bauer, 1995).   

 

Weaning begins around five weeks of age and usually completed by 16 weeks. In 

males, most skeletal development is achieved by 49 months. In females, skeletal 

development is most advanced by 37 months. However, they continue to grow until 

120 months in males and 96 months in females. Female ovulation occurs around 12 

to 14 hours after the end of oestrus. There is a period of 27 to 29 days between the 

ovulation and implantation of the embryo. In males, testicular size and volume peak 

in November and reach their lowest levels between April and May (Anderson, 1984). 
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The age depends on the circumstances. Some captive deer have lived up to 20 

years, but wild individuals seldom survive than more than 10 years (Nowak & 

Paradiso, 1983) 

 

2.5 Group composition  

Mule deer are social animals that live in multigenerational family groups. These 

groups primarily consist of females with their fawns. As the bucks grow older, they 

tend to leave the family group. They will travel along or in small groups with other 

males. When it’s the end of summer, the groups will merge into bigger groups to 

provide better protection in the winter (U.S. National Park Service, n.d).  

 

Most mule deer will stay within their established home range. They tend to return to 

the same summer and winter ranges each year. Some may spread beyond their 

usual territory, traveling distances of up to 8 km to establish a new home range. 

Seasonal migrations often occur when deer move from higher elevations in the 

summer to lower elevations in the winter. This behaviour is influenced by dropping 

temperatures, heavy snowfall, and reduced food availability (Geist, 1981). 

 

Communication among Mule deer is primarily driven by scent glands that produce 

pheromones. This influences social and defensive behaviours. The metatarsal gland 

emits an alarm pheromone, the tarsal gland assists in individual recognition, and the 

interdigital gland leaves a scent trail. The purpose of the tail gland remains unclear. 

Urine serves multiple roles. In fawns it signals distress, in adults it functions as a 

warning signal. It sits on tufts of hair around the tarsal glands (Geist, 1981). 

 

Deer, in general, are a major prey item for carnivores, such as cougars, coyotes, 

bears, and wolves. They have evolved different strategies to evade predators. Mule 

deer have big ears and an excellent vision. They can detect danger fast. Males can 

visually track another animal as far as 600 meters. If they notice, there is danger they 

will hide and cautiously outmanoeuvre the predator. If the predator is still far away, 

they will move several miles. Another defence mechanism involves bounding swiftly 

uphill, making it difficult for predators to pursue due to high energy cost. This 

behaviour, with the release of metatarsal scent that alerts the others, often causes 

nearby deer to flee as well. If a predator is to close, mule deer rely on unpredictable, 

sharp changes in direction. However, this tactic is less effective against predators 

that hunt cooperatively. While mule deer are strong swimmers, they rarely use water 

as an escape route (Geist, 1981).  

 

2.6 Population of Mule deer  

Mule deer populations have fluctuated over time due to various environmental and 

human induced factors (deVos et al., 2003). Key influences on their numbers include 

habitat loss, fragmentation, poor forage quality, drought, severe weather, predation, 
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disease, and poaching (WAFWA, 2004). Among these, habitat loss and 

fragmentation pose the most significant threats across all ecoregions (WAFWA, 

2021).  

 

In Alberta, Canada, the estimated mule deer population in 2023 was 168,942. In 2021 

the estimated population was 193,000, which means there is a decline in mule deer. 

This downward trend (Figure 3) raises concerns about population management.  

 

 

Figure 3: Estimated population and harvest of mule deer in Alberta from 2000 to 2023 
(Gilligan & Hardie, 2024) 

 

2.6.1 Factors affecting populations 

Mule deer populations have fluctuated over the past century due to predation, 

changes in food availability, and varying weather conditions. While adult female 

survival remains stable, fawn survival rates are lower compared to other ungulates. 

However, this low survival rate is counterbalanced by high fertility (Forrester & 

Wittmer, 2013).  

 

The study of Forrester and Wittmer (2013) aimed to investigate the causes of 

mortality in non-captive female and fawn mule deer across various categories (Figure 

4). Fawn survival was analysed independently of sex across three distinct categories: 

summer survival (0–6 months of age), winter survival (6–12 months), and first-year 

survival (0–12 months). These categories enabled an evaluation of proximate 

mortality causes during biologically critical periods (Wallmo,1981; Gaillard et al., 

2000). To analyse how regional weather patterns affect mule deer, seasonal reported 

fawn an adult female survival rates were used (Forrester & Wittmer, 2013). 
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The most significant cause in this study is predation. Malnutrition and disease had a 

big impact, particularly during the winter and in the first year of fawns (Forrester & 

Wittmer, 2013). 

 

 

Figure 4: Causes of mortality for mule deer across different categories (Forrester & 
Wittmer 2013) 

 

Mule deer populations have been facing significant challenges due to a range of 

environmental changes and human activities. Shifts in habitat quality and availability 

are the primary factors influencing population dynamics. Habitat alterations stemming 

from changing weather patterns, land use, and increasing predation rates have all 

contributed to population declines (Ballard et al., 2001). One of the most significant 

impacts on mule deer habitats is the transformation of native environments into 

cropland, leading to habitat loss, reduced forage availability, and reduced nutritional 

quality. In addition, overgrazing by livestock has altered plant communities, promoted 

the growth of less desirable vegetation, and facilitated the spread of invasive plant 

species (WAFWA, 2009). 

 

Habitat quality has generally declined across much of the mule deer’s range, due to 

increases in invasive grasses and land use modifications. In many areas, the 

suppression of natural processes such as wildfires and floods has led to the loss of 

critical woody species. In other regions, changes in disturbance frequency and 

intensity have allowed undesirable woody vegetation to thrive, outcompeting diverse 

herbaceous species (WAFWA, 2009). This shift from shrubland and grassland 

ecosystems to increased woodland cover has become a global ecological issue. 
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Trees outcompete shrubs and herbaceous plants for essential resources, including 

light, soil nutrients, and water. Shrub and forb communities experience reduced 

productivity, which in turn decreases biomass (Morano et al., 2019). 

 

Resource availability and habitat structure have a direct impact on mule deer body 

condition, survival, and reproductive success. Variations in habitat quality and access 

to essential resources can lead to fluctuations in population size and stability. 

Individuals struggle to maintain adequate nutrition and energy reserves, resulting in 

a weakened physical condition and reduced survival chances (Morano et al., 2019). 

Habitat quality has declined across much of the species’ range due to increases in 

invasive grasses, changes in fire regimes, and land-use change. Inadequate nutrition 

is often a limiting factor for mule deer population growth (Schuyler, 2023). Strong 

correlations have been observed between the availability of summer resources and 

the nutritional condition of adult female mule deer, which is vital for successful 

lactation and the accumulation of energy reserves for winter. Declines in lower 

vegetation caused by increasing needle trees woodland cover can reduce the 

nutritional condition of mule deer, leading to lower pregnancy rates and reduced 

juvenile survival (Morano et al., 2019). 

 

In addition to natural habitat degradation, human activities have worsened the 

challenges faced by mule deer populations. Urban expansion and infrastructure 

development have reduced and fragmented habitats, leading to a decline in 

biodiversity. It also led to increased human presence, which further displaces mule 

deer from otherwise suitable areas (WAFWA, 2009). For instance, in western 

Wyoming, two mule deer herds experienced a 30% decline after parts of their habitat 

were developed for energy production, including oil and gas drilling, roads, pipelines, 

and gas processing plants (Kohler & O’Neill, 2014). The expansion of urban areas 

has fragmented critical habitats, created isolated populations, and increased the risk 

of vehicle collisions as deer navigate between remaining habitat patches (WAFWA, 

2014). 

 

While mule deer have shown some adaptability to urban environments, this 

adaptability comes at a cost. Increased interactions with humans and infrastructure 

result in higher mortality rates, primarily due to vehicle collisions (Sawyer et al., 

2013). Even as some populations persist in urbanized areas, the overall stability and 

viability of mule deer populations remain threatened by the combined effects of 

habitat loss, fragmentation, and increased human activities (Northrup et al., 2015). 

 

2.7 Migration  

Migration is common among ungulates in northern regions, where they move 

between lower-elevation winter habitats and higher-elevation summer habitats. While 

spring migration is associated with the emergence of new green plants, autumn 

migration is driven by different factors (Anton et al., 2025).  
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For mule deer, the primary triggers for autumn migration are snow depth and 

temperature changes. Deep snow makes it harder to find food and increases energy 

use, while colder temperatures also add to the energy demands. Hunting seasons 

can also influence migration, as deer may try to avoid hunting areas during their 

move. Mule deer often cross multiple boundaries during their migrations, which 

complicates wildlife management because these boundaries don't always match the 

animals’ movement patterns. This mismatch can cause problems with hunting 

regulations (Anton et al., 2025). 

 

Migration in mule deer offers several potential advantages, including the ability to 

escape seasonal threats such as predation or insect infestations. Migration allows 

mule deer to track changes in food availability throughout the year, as well as to 

access other essential resources like water. Migrating individuals often cover long 

distances, increasing their exposure to risks such as predation and vehicle collisions, 

particularly when crossing highways (Schuyler et al., 2018). 

 

Seasonal migration also exposes mule deer populations to diverse climatic 

conditions throughout the annual cycle (Post and Stenseth, 1999). For instance, 

shifts between summer and winter ranges can result in exposure to varying weather 

stresses. Key factors influencing mule deer survival include snow, winter 

temperatures, and summer drought conditions (Mote and Salathe, 2010). These 

environmental changes have the potential to impact mule deer populations at 

different stages of their life cycle (Schuyler et al., 2018) 

 

2.8 Diseases in deer  

2.8.1 Chronic Wasting Disease 

Chronic wasting disease (CWD) is a transmissible spongiform encephalopathy 

(Williams, 2005). The disease has been mainly found in Alberta and Saskatchewan 

(Government of Canada, 2024). It impacts a variety of verbid species, including 

white-tailed deer, mule deer, elk, moose, and reindeer (Haley & Richt, 2017). This 

disease lies close to bovine spongiform encephalopathy and scrapie.  However, the 

symptoms in CWD can be more subtle (Williams, 2005). CWD was discovered in 

1967 on a mule deer farm in Colorado. The exact origins remain unclear, but scientist 

believe it developed as a prion disease mutation, possibly from scrapie (Rivera et.al, 

2019).  

 

Since the discovery of CWD, it has spread throughout North America. It has spread 

due to natural movements of deer and human activities involving the transport of 

carcasses (Haley & Richt, 2017). The first published reports of CWD appeared in the 

early 1980s. Biologists working at affected facilities had already observed it as a 

syndrome that shortened the lifespan of captive mule deer. It took several years to 

establish that this syndrome in deer was contagious (Williams, 2005). 
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Spongiform encephalopathies are a group of degenerative brain disorders 

characterised as prion diseases. It causes small holes in the central nervous system 

(CNS) that give the brain a “spongy” appearance. The prion protein is widespread in 

the lymphoid tissues and the CNS from early in the incubation phase until death. The 

infectious protein must travel from the periphery, via oral exposure, to the CNS. Once 

the CNS is infected, the prions can also spread to peripheral excretory tissues. This 

allows the proteins to be shed into the environment, sustaining the transmission 

cycle. Prions can be present in peripheral tissues and begin to shed months or even 

years before clinical symptoms appear (Haley & Richt, 2017). The prions can be shed 

during the incubation period through saliva, urine, and faeces (Mathiason et al., 

2009).  

 

The precise transmission method of CWD remains unclear. However, evidence 

suggests that horizontal and indirect transmission are the primary ways by which the 

disease spreads. Epidemiological data indicate that CWD can be transmitted not only 

within species but also between them, for example, from elk to mule deer. Maternal 

transmission also occurs (Williams, 2005). This causes a lower percentage of live 

birth offspring (Nalls et al., 2013). Research has revealed that mule deer can become 

infected through contact with the skeletal remains of CWD-affected deer, as well as 

with the surrounding soil and vegetation. This finding highlights the importance of 

handling and disposing of high-risk tissues, such as the head and spine, from 

harvested cervids with care to prevent the introduction of CWD to unaffected areas 

(Williams, 2005). CWD has a long incubation period, with a minimum of 16 months. 

As a result, fawns typically do not show clinical signs of the disease (Williams, 2005). 

Prions can remain infectious in the area for years after an infected animal has died 

(Government of Canada, 2024).  

 

The primary clinical signs of CWD include gradual weight loss and behavioural 

changes that develop over several weeks to months. Some animals may also show 

teeth grinding, excessive salivation due to swallowing difficulties, ataxia, head 

tremors, oesophageal dilation, and regurgitation. In the advanced stages of the 

disease, animals may exhibit polydipsia and polyuria, along with fainting, 

disorientation, and abnormal interactions with other animals, including altered flight 

responses (Williams, 2005). Some animals infected with the disease might seem 

healthy until they die unexpectedly, while others may not exhibit symptoms until the 

disease is in its advanced stages (Government of Canada, 2024).   

 

They die most of the time within 4 months, but it can take longer or shorter than that. 

Deer affected by CWD can die more quickly due to environmental stressors, such as 

extreme cold weather. Due to the disease, they also have reduced capacity to find 

food or water. This can lead to an earlier death (Williams, 2005).  

 

CWD remains a concern in Alberta. Initially, it was detected along the eastern border 

but has since then spread westward beyond Calgary and northward past Edmonton 

(WAFWA, 2024). In the 2021/22 season, CWD prevalence was recorded at 10.4%, 
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based on testing 11,078 deer heads (WAFWA, 2022). Testing in 2023 revealed an 

18,8% infection rate among 3,758 sampled animals (WAFWA, 2024). Figure 5 shows 

the distribution of CWD in North America. It illustrates the distribution in free-ranging 

populations and captive facilities (National Wildlife Health Center, 2025).  

 

 

 

Figure 5: Distribution of Chronic Wasting Disease of free ranging and captive 
populations in North America (National Wildlife Health Center, 2025) 

 

2.8.2 Epizootic Haemorrhagic Disease and Bluetongue 

Epizootic haemorrhagic disease virus (EHDV) and Bluetongue virus (BTV) both 

belong to the Orbivirus genus within the Reoviridae family. These viruses are 

sustained in the environment through a transmission cycle (Appendix 1) involving 

biting midges, small insects such as mosquitoes, and their ruminant hosts (Ruder et 

al., 2015). BTV and EHDV are genetically diverse, each comprising multiple 

serotypes and genetically distinct strains (Machlachlan et al., 2019).  

 

In North America, the transmission of EHDV and BTV generally follows a seasonal 

pattern, with most infections occurring in late summer and autumn (Couvillion et al., 

1981). In northern regions, the spread of these viruses halts when colder 

temperatures bring an end to the active period of adult midges. While midges in 

southern regions can persist throughout the year, infection still typically peaks during 

late summer, possibly due to increased vector activity. The mechanism by which 
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these viruses survive the winter remains uncertain. In the review by Wilson and 

colleagues (2008), adult midges are unlikely to survive freezing conditions, and there 

is no evidence for the viruses persisting through transovarial transmission or in larval 

stages. In warmer southern regions it is possible that some adult midges may endure 

the cooler months (Machlachlan et al., 2019). 

 

Animals infected with BTV and EHDV can exhibit a broad spectrum of clinical 

outcomes, ranging from no visible symptoms to severe illness with high rates of 

sickness and death, particularly in populations that have not been previously exposed 

(Drolet et al., 2015). Susceptibility to infection and clinical expression varies across 

ruminant species, as well as among individuals and between distinct virus 

serogroups (De Clercq et al., 2021).  

 

Mule deer often show better resistance to these viruses. In naturally infected cases, 

affected mule deer displayed signs such as lethargy, incoordination, and reluctance 

to move when disturbed. Lameness and hoof problems, such as foot rot, have also 

been reported in California mule deer. Infection during late pregnancy has been 

linked to foetal loss and neonatal mortality (Jessup et al., 1984). 

 

Mortality usually occurs within 5 to 15 days post-infection (Vosdingh et al., 1968). 

Following the acute phase of illness, hoof abnormalities, such as cracks or abnormal 

overgrowth can form (Miller et al., 1986). Additionally, both deceased and visibly ill 

animals are frequently found close to water sources, likely driven there by high fever 

and dehydration (Roughton, 1975). 

 

2.9 Population estimating methods  

2.9.1 Distance sampling theory 

Distance sampling is a widely used method for estimating the density or abundance 

of biological populations. The difference between distance sampling and other 

population samplings theories is that the size of the sample area is most of the time 

unknown and many objects may not be detected for various reasons (Buckland et 

al., 1993). 

 

The two primary approaches are line transect sampling and point transect sampling. 

Both involve surveying designated lines or points in the field and recording the 

distance to detected objects. The collected data consists of these distances along 

with relevant covariates, such as angles. Distance sampling provides a reliable 

means of estimating object density (Buckland et al., 1993). The objects typically refer 

to animals or groups of animals, also called clusters. It can also include plants or 

inanimate elements. In some cases, detections involve indirect signs such as animal 

tracks, nests, dung, or behavioural cues like whale blows or bird songs (Thomas et 

al., 2010). 
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Among the different methods, line transect sampling is the most commonly used. In 

this approach, a study area is surveyed by placing lines at random or, more 

commonly, as a set of systematically spaced parallel lines with a randomly 

determined starting point. An observer moves along each line, recording all detected 

animals within a certain distance from the line. The standard assumption is that all 

animals directly on the line are detected, while detection probability decreases with 

increasing distance. Because not all individuals in the surveyed strip are necessarily 

observed, the recorded distances are used to estimate the proportion of animals 

detected, allowing for accurate calculations of population density and abundance. 

When animals form distinct clusters, such as flocks or herds, detections are recorded 

at the group level rather than for individual animals (Thomas et al., 2010). 

 

Another used approach is point transect sampling. Instead of using survey lines, this 

method relies on randomly placed points within the study area. Observers record the 

distances of detected animals from these points, following similar principles to those 

used in line transect sampling. Both methods offer valuable insights into population 

estimates and can be adapted to different species and environments (Thomas et al., 

2010). 

 

Distance sampling is based on three main rules to ensure accurate results. First, any 

animals located right on the line or point must be detected with certainty. This means 

observers need to pay close attention and be cautious not to overlook anything 

nearby. Second, animals should not move before they are detected. If they move 

because they notice the observers, it can affect the results. That’s because the 

method assumes animals are randomly located and not reacting to people. Third, 

distances must be measured accurately. To avoid errors, it’s best to use tools like 

laser rangefinders instead of relying on guesswork. Precise measurements are 

crucial for obtaining reliable data (Thomas et al., 2010). 

 

2.9.1.1 Distance software  

Distance is a software program used for counting animals or objects within a specific 

area and analysing the collected data (Buckland et al., 1993). It is designed for 

researchers and features a straightforward graphical interface. The process begins 

with creating a project. Each project focuses on a single, specific study and contains 

all necessary information related to that study. Data can be entered manually or 

imported from a text file. The data are organized into several layers. The global layer 

holds information about the entire study area, the stratum layer relates to specific 

subregions, the sample layer includes details about survey lines or points, and the 

observation layer contains data on individual sightings of animals (Thomas et al., 

2010). 

 

Distance supports two main tasks. Users can design a new survey or analysing 

previously collected data. When designing a study, decisions are made about where 

and how observations will be conducted in the field. The built-in design engine helps 

generate survey layouts, which may include straight lines, zigzag patterns, or points 
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systematically distributed. Distance can create maps showing how well the area is 

covered by a proposed design. A well-constructed design ensures that all locations 

in the study area have an equal chance of being surveyed, which is important for 

obtaining reliable results. Once the design is finalized, coordinates of survey points 

or lines can be exported and used in the field (Thomas et al., 2010). 

 

After the data have been collected, they can be analysed using Distance. The 

analysis consists of three components: selecting the survey data, applying filters, and 

choosing a model to interpret the data. Four analysis engines are available within 

Distance. The first is conventional distance sampling (CDS), which is the most basic 

and assumes that animals near the observer are always detected. This is used in 

cases where line or point transect is used. No major factors influence detectability. It 

assumes that all animals at zero distance are detected. The second one is multiple 

covariate distance sampling (MCDS). This is used in cases when detection 

probability may depend on covariates as group size, observer, weather, and habitat 

type (Buckland et al., 1993). The third method, mark-recapture distance sampling 

(MRDS), is employed when there is a risk that animals near the observer might not 

be seen, such as during aerial or marine surveys (Borchers et al., 2006). This method 

always uses two observers. The animals detected by both, only one or neither 

observer, is used to estimate detection probability at distance zero. This method 

combines the mark-recapture and distance sampling theory. The last method is DSM 

(density surface modelling). This estimates how animal density varies across a 

spatial area. This is used when animal density varies across space due to habitat, 

terrain, and environmental factors. This works in conjunction with spatial modelling 

tools, such as GIS. This provides detailed, location-specific density estimates. This 

method is practical when animal distribution is known or suspected to be influenced 

by habitat, geography, or environmental conditions (Thomas et al., 2010). 

 

Commonly, several models are tested to determine which best fits the data. This is 

achieved by examining graphs and evaluating how well the models align with the 

observed patterns. Distance provides statistical tests and scoring systems, such as 

the AIC value, to compare different models. The model with the lowest score is 

generally considered the best fit. If there is uncertainty in model selection, multiple 

models can be used, and the results combined to produce a more robust estimate 

(Thomas et al., 2010).  

 

2.9.2 Mark-Recapture and Resighting method 

This method is used in studying population size, movement patterns and survival 

rates. The mark-recapture methods are primarily used when individual animals have 

been physically captured, marked, released, and recaptured or resighted without 

capture (Hammond et al., 1990).  

 

One of the widely used methods is photo-identification. This involves capturing 

images of the animal unique natural markings (Hammond et al., 1990). This is only 
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effective when the species have markings that are sufficiently distinct or repeated 

recognition. A significant benefit of this method is that it eliminates the need to 

capture or handle animals, making it a non-invasive alternative to traditional tagging 

(Hammond, 2009).  

 

To obtain a reliable estimate, scientists must ensure that the animals they sample 

represent the entire population, not just a small subset of it. This method provides an 

estimate of the number of animals that regularly use the study area, rather than just 

the number present at a specific moment. That’s different from methods like line-

transect surveys, which count animals in a specific place and time, and focus more 

on area coverage than individual identity (Hammond, 2009).  

 

To estimate the size of a population, researchers capture and mark a group of 

animals. This group is referred to as n1. After marking, the animals are released back 

into their natural environment. After some time, a second group of animals is captured 

or resighted, known as n2. Researchers record how many of these were already 

marked from the n1 group; they are referred to as m2. If the conditions and 

assumptions are right, the proportion of marked animals in this second sample should 

represent the proportion of marked animals in the entire population. With this 

information there can be made an estimate of the total population size, based on the 

ratio of marked to unmarked animals observed (Hammond, 2009).  

 

2.9.3 Faecal pellet group count method 

Faecal pellet counts help estimate the number of animals living in an area without 

directly observing them (Lioy et al., 2014).  Faecal pellet groups are widely used to 

calculate the number of animals living in an area with dense vegetation, where direct 

spotting is difficult. These methods are commonly used in managing deer populations 

(Campbell et al., 2004). An accurate estimate of animal density can be achieved by 

combining the count of droppings with data on their decomposition rate and the 

species’ defecation frequency (Putman, 1984). 

 

There are two main types of these methods. The first is the faecal standing crop. This 

method counts the number of faecal pellets groups on the ground at a single point in 

time. To estimate the population, researchers need to know how long pellets last 

before decomposing. A separate study is usually done beforehand to measure pellet 

decomposition rates. With this information, they can estimate the number of animals 

present over the period during which the droppings accumulated (Campbell et al., 

2004). 

 

The second approach is the faecal accumulation rate. This approach counts the 

number of pellet groups that accumulate over a known period, for example between 

two visits to the same place. Knowing the average defecation rate and the time 

between visits, allows them to calculate how many animals must have produced the 

droppings (Campbell et al., 2004). 
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3 Empirical part  

3.1 Research design  

3.1.1 Problem statement  

The mule deer population along Horse Creek Road near Cochrane, Alberta, Canada, 

is a vital component of the local ecosystem. It is necessary to obtain an accurate 

estimate of population size and movement patterns. The last study of this population 

was conducted in 2017. Since then, several factors, such as habitat alternations, 

climate variations, increased human presence, and chronic wasting disease, may 

have influenced the population.  

 

3.1.2 Research objectives   

This study aims to provide an estimate of the mule deer population using the 

CyberTracker and distance sampling method. By comparing the 2025 findings with 

the 2017 data, this research will help identify trends in population changes and habitat 

utilisation. By comparing, we will have an insight into the potential decline or growth 

of the population. 

 

The population estimate is made using distance sampling, a method that relies on 

measuring the distance between the observer and the animal to calculate detection 

probabilities. This allows for an accurate estimate of the population size, even when 

not all individuals are directly observed. The results of the population estimate will be 

compared to the 2017 study. The observed changes may be linked to external 

pressures, such as habitat loss, climate variation, increased human activity, or 

disease impacts, including CWD.  

 

Additionally, CyberTracker data is used to analyse the movement patterns of mule 

deer throughout the study area. These movement patterns provide insights into 

spatial distribution and temporal activity.  

 

The goal of this study is not only to estimate the mule deer population but also to 

identify relevant ecological shifts and link them to potential causes. 

 

3.2 Material and methods   

3.2.1 Study area  

This study was conducted along an 11 km stretch of Horse Creek Road, near 

Cochrane, Alberta, Canada (Figure 6). The area where the mule deer will be detected 

is 560 hectares. Cochrane is a rapidly growing town located approximately 18 km 

west of Calgary, in the foothills of the Rocky Mountains. The region experiences a 
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temperate continental climate, characterised by cold winters and warm summers, 

which influences seasonal wildlife movement and habitat utilisation.  

 

Figure 6: Map of Canada (IUCN redlist, 2025) 

The area Horse Creek Road (Figure 7) consists of a mix of open fields, forested 

patches, and agriculture land. This part belongs to the Great Plains ecoregion. The 

road was selected as a transect for observations due to its accessibility. This location 

was also used in a 2017 study, allowing for a comparative analysis of population 

trends.  
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Figure 7: Horse Creek Road, Cochrane (Google Maps, 2025) 

 

3.2.2 Study design 

This research involves cyber tracking and the distance sampling method. The study 

utilises the line transect method to estimate deer density accurately. The line transect 

method involves systematically measuring the distance of each observed group of 

deer, also called a cluster, along with the angle at which it is sighted. For each 

detected cluster, we recorded the distance to the closest individual within the cluster. 

In cases where a single animal or group were located separately from the nearby 

group, it was recorded separately.  

 

The CyberTracker app is used to record and manage observations digitally. The app 

offers a customisable platform where researchers can design their own data 

collection to their specific research needs. The data recorded, including distance and 

angle, is immediately entered into the app during the observations. The app records 

every point where the data has been recorded on the map. This enables researchers 

to visualise the spatial distribution patterns of mule deer without using invasive 

methods, such as GPS collars.  

 

To assess mule deer presence along Horse Creek Road, a total of 13 survey drives 

were conducted, each taking place during a different hour of daylight between sunrise 

and sunset (Table 1). The surveys were distributed across multiple days, to cover the 

full range of daylight hours. This approach ensures that all times of day are equally 

represented and helps to understand how mule deer presence and activity change 

throughout the day. The observations were taken from 24th February 2025 till 4th April 
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2025. This timeframe allowed for observations under varying weather conditions and 

daylight patterns of late winter to early spring. During the research period, a transition 

from mountain standard time (MST) to mountain daylight time (MDT) occurred. This 

took place on March 8th. The clocks were set one hour forward. It’s essential to take 

this time change into consideration.  

 

Table 1: Observation days and time intervals of driving the transect line, Horse Creek 
Road 

Observation days Time interval 

2025-02-24 15:00-16:00 

2025-03-05 16:00-17:00 

2025-03-08 17:00-18:00 

2025-03-12 18:00-19:00 

2025-03-14 19:00-20:00 

2025-03-18 07:00-08:00 

2025-03-21 10:00-11:00 

2025-03-21 13:00-14:00 

2025-03-27 11:00-12:00 

2025-03-28 09:00-10:00 

2025-03-31 12:00-13:00 

2025-04-04 14:00-15:00 

2025-04-05 08:00-09:00 

 

3.2.3 Material  

To measure the distance and angle, a range of tools and materials needed to be 

used. A rangefinder measured the distance between the observer and the deer by 

emitting a laser that calculates the exact distance based on the time taken for the 

laser to return after hitting the target. This ensures an accurate measurement. The 

rangefinder that is used in this study is the Bushnell G-force DX. This rangefinder can 

measure a distance from 4,5 m to 1189 m (5 to 1300 yards). The Rangefinder has 

an accuracy margin of approximately 0,45 m (0,5 yard) at distances between 4,5 m 

to 181 m (5 and 199 yards), and within 0,90 m (1 yard) for distances from 182 to 1188 

m (200 to 1300 yards).  

 

The binoculars with a built-in compass provide a good observation and shows the 

exact angle of the observation. The binoculars that are used in this study are the 

Steiner Commander XP 7 x 15. These binoculars are designed primarily for marine 

and outdoor use. It has a 7x magnification and 50 mm objective lenses. The 

integrated compass shows a bearing of the user’s line of sight, measured in degrees 

from 0° to 360°.  

 

A phone with the CyberTracker app installed was used for data collection. Within the 

app, the details such as the distance, angle, and group size were manually entered. 
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The app automatically records the GPS coordinates at the time of entry, ensuring 

accurate spatial data is saved with each observation. The data collection was 

conducted by driving along the transect line, Horse Creek Road, in a car.  

 

For data analyses, a computer was used running the Distance software. Within this 

program, the CDS model was used. The CDS method was used because it does not 

rely on many additional variables. It was assumed that all animals were detectable 

during the road surveys, as individuals on or near the road were always visible.  

 

3.2.4 Data processing  

Once data collection is complete, the information collected in CyberTracker is 

automatically saved in CSV file format (Appendix 2). This file is exported and opened 

in a spreadsheet software such as Microsoft Excel for further processing. 

 

The next stage involves cleaning and editing the data to prepare it for use with 

Distance software. This includes reviewing the dataset for errors of inconsistencies, 

such as wrong data. Then, the data must be formatted in a way that the Distance 

software allows. Column headers must be standardised to match the format of the 

distance software (Appendix 3). Units of measurement need to be verified and, if 

necessary, converted. In distance, you can choose which unit you want to use, but 

this must be the same one as in the Excel file. 

 

Once the data has been cleaned and structured appropriately, the document must 

be saved as a CSV file. Distance doesn’t allow Excel files, so it must be transferred 

in a CSV file.  After that, it can be imported into the Distance software. The first step 

in Distance is to create a new project file. During this setup, Distance asks several 

questions about the purpose of the survey. In this research, the project type selected 

is “analyse a survey that has been completed,” as the data collection had already 

taken place. Other options include designing a new survey, using an existing 

Distance project as a template, importing a project from a previous version, or 

manually setting up the project.  

 

After choosing the project type, the user specifies the survey methodology. Options 

include line transect, point transect, cue count, or camera trap surveys. Additionally, 

the software asks about the observer configuration, single observer or double 

observer. For this study, a line transect method with a single observer setup was 

used. 

 

Next, the software asks how distance data is recorded. It can be entered directly as 

perpendicular distances or as a combination of distance and angle, which the 

software will use to calculate the perpendicular distance. It’s essential to specify 

whether observations represent individual animals or clusters. In this case, clusters 

of animals were observed. 
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Measurement units must also be defined. In this project, the distance is recorded in 

meters, the transect length in kilometres and the area in hectares. These units must 

match the units used in the original Excel data file.  

 

The next step is defining multipliers, which account for survey conditions such as 

incomplete detection. You can add them for surveys where sampling fraction is not 

1. This means that not the whole area was surveyed. The other choice is surveys 

where g (0) is less than 1 (Figure 8), which means that there is a change that animals 

directly on the line may be missed. In my case, neither of these options is necessary. 

Therefore, no multipliers are required 

 

 

Figure 8: Multipliers to account for incomplete detections (Distance software, 2025) 

 

For data import, the data import Wizard was used. The CSV file is selected and 

imported. The data must then be organized into layers. The standard layer structure 

for line transect surveys is that the lowest layer consists of observations, the parent 

layer is the study area, and the highest layer is the region (Figure 9).  
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Figure 9: Standard layer structure for line transect surveys (Distance software, 2025) 

 

After this, the software displays the imported data. Some adjustments are necessary 

to make it usable. For instance, the delimiter is set to comma to reflect the CSV 

format. The first row is not imported, as it contains column headers and not data. This 

must be clicked so it won’t include the first row.  For decimal symbols, the standard 

period “.” was selected.  

 

The next step is to match each column of data to the right field in Distance. In the 

region layer, each record includes the area of that region, expressed in hectares. 

This provides the spatial context and total survey area necessary for estimating 

population size. In the line transect layer, each line transect is identified by a transect 

label (for example, Line 1) along with its corresponding length, recorded in kilometres. 

This information outlines the layout and effort for the survey. The observations layer 

contains the actual sighting data. For each observation, the radial distance from the 

transect line is recorded, along with the angle to the observation. Lastly, the cluster 

size, which includes the number of animals observed together, is also shown (Figure 

10). 
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Figure 10: Data file structure to put into distance (Distance software, 2025) 

 

Once all these data fields have been named and assigned to their appropriate layers 

within the software, the dataset is ready for analysis. When the analysis is done, 

different numbers are given. In Distance, various types of analysis models can be 

used, such as CDS, MCDS, and MRDS. In this study, the model used was CDS, 

which is the default option provided by the software. CDS assumes that detection 

probability decreases with increasing distance from the transect line and that animals 

located directly on the line are always detected (g (0) = 1). This model is the most 

basic and widely used approach in distance sampling, especially when survey 

conditions are mostly consistent and limited covariate data are available. When 

additional variables like observer identity, habitat type, or weather conditions are 

recorded, more advanced models, such as MCDS or MRDS, can be used.  

 

Akaike information criterion (AIC) indicates how a model compares to the best-fitting 

one in terms of performance. A smaller value indicates that the model is closer to the 

optimal solution. It measures how well the model fits the data. Lower AIC values 

generally suggest a better model. 
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Effective strip width (ESW) or effective detection radius (EDR) represents the 

average distance from the transect line within which animals are effectively detected.  

 

Density (D) is the estimated number of individuals or clusters per unit area, usually 

expressed per hectare. This is used to make the population estimate. To reflect the 

uncertainty associated with this estimate, confidence limits are provided: the lower 

confidence limit (LCL) and upper confidence limit (UCL) define the range within which 

the actual density is likely to lie, with a 95% confidence level. The coefficient of 

variation (CV) measures the variability of the density estimate. A lower CV indicates 

greater precision and reliability in the results. To estimate the total population, the 

density is multiplied by the size of the surveyed area. Confidence limits for the total 

population can also be calculated using the same method.  

 

3.3 Results  

3.3.1 Observations  

During the surveys, mule deer were observed at specific times between 07:00 and 

20:00 to analyse patterns in their activity. The sightings were grouped into hourly 

intervals. The analysis revealed a clear time-based pattern in the distribution of mule 

deer sightings. The highest number of observations occurred between 17:00 and 

19:59, with a peak in the last interval of the day (19:00-19:59), where a total of 23 

mule deer were recorded. Most of the sightings occurred in the evening. The 

sightings were at 18:22 (3 individuals), 18:28 (1 individual), 18:30 (2 individuals), 

18:52 (3 individuals), 18:53 (5 individuals), 19:00 (1 individual), 19:02 (8 individuals), 

19:06 (3 individuals), and 19:14 (11 individuals). From 17:00 onwards, the number of 

mule deer sightings increased, suggesting heightened activity in the evening at 

twilight hours (Figure 11).  

 

A smaller peak in activity occurred during the early morning hours, specifically 

between 07:00 and 07:59, when a total of 10 individuals observed. Sightings at 07:46 

(3 individuals) and 07:57 (7 individuals) contributed to this morning peak. 

 

Sightings were absent between 08:00 and 09:59. A second cluster of activity 

occurred in the mid-morning, between 10:00 and 10:59, with sightings at 10:28 (3 

individuals), 10:29 (2 individuals), and 10:31 (5 individuals). In total, 10 individuals. 

No additional sightings occurred until 14:26, when a single mule deer was recorded. 

Mule deer were absent during five of the recorded time intervals.  

 

In the afternoon, activity remained low, with sightings recorded at 15:33 (6 

individuals) and at 16:19 (4 individuals). These observations suggest that mule deer 

activity increased gradually towards the evening. 

 

Taken together, these results suggest that mule deer exhibit a crepuscular activity 

pattern, with the highest activity observed during dawn, as shown in Figure 11.  
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The encounter rate is 0.133 detections per km. This means that on average, one 

group of mule deer was observed every 7.5 km.  

 

 

Figure 11: Hourly count of mule deer observed along Horse Creek Road during 
driving surveys 

 
During the observations, mule deer were rarely seen alone. In most cases, the 

animals occurred in small to medium-sized groups (Figure 12). Group sizes ranged 

from one to eleven individuals per sighting, with an average of approximately 4.2 deer 

per group. On the West side, the average of groups was 4.6. On the East side, the 

average was 3 deer per group. Solitary individuals were observed in three cases. 

Most sightings involved groups of two to eleven animals, with group sizes of three to 

five being particularly common. In some instances, two separate groups were 

observed relatively close to each other, suggesting that these deer may have been 

part of a larger group that was temporarily spread out. This indicates that some 

groups might be larger than recorded but were slightly dispersed during the 

observation, possibly due to their foraging behaviour. 
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Figure 12: Mule deer detections over time and distance, including observed group 
sizes. The positive values indicate the west side of the road, and the negative values 
indicate the east side of the road 

 

3.3.2 Spatial Distribution  

When looking at where mule deer were spotted along Horse Creek Road, a clear 

pattern becomes noticeable. Most of the sightings happened in the first half of the 

road (Figure 13Figure 13). This part of the road features numerous rolling hills, 

particularly near the beginning, which seemed to be a popular area for the deer.  
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Figure 13: Map of mule deer observation locations (Google Earth, 2025) 

 

Most of the mule deer were seen on the west side of the road. This side is more open 

and spacious, making it easier to see and providing more room for the mule deer to 

move around. The east side is hillier and includes more houses. Due to the hills, the 

observation distance is shorter. When they were spotted on the east side, they were 

usually found in or near bushes and forested areas in the valleys between hills. 

 

Near the end of Horse Creek Road, there’s an open field that leads into a wooded, 

hilly area. Deer were seen here twice, indicating that although it’s not their primary 

area, they also don’t altogether avoid it. The mule deer were only spotted along 7.8 

km of Horse Creak Road. On the last 3.2 km, no mule deer were observed throughout 

the study.  

 

The distance between the road and where they were seen ranged from 58.7 meters 

to 558 meters. On the West side, the average of distance was 249.15 meters. On the 



 

 
 

40 

east side, the average is 159.75. The average of the east side is lower because the 

east side doesn’t go that far as the west side. This indicates that deer generally 

remained relatively close to the road, with slightly longer distances observed on the 

west side of the road. As shown in Figure 14, most observations are in the first half 

of the road. Around the 7 km mark, two observations were recorded, including the 

largest group of 11 mule deer. The clustering of dots in some areas suggest that the 

deer tend to remain within certain zones.  

 

In some cases, the dots overlap or are closely spaced (Figure 14). This indicates that 

the deer were seen multiple times on the same places. On the east side three 

observations appear aligned in a particular area, around 4 km on the road. This area 

has trees and shrubs, which is likely a suitable area for the mule deer.   

 

Most of the sightings were to the west side of the road, 14 sightings in total. Only 5 

observations were made to the east side of the road. This suggests that mule deer 

preferred the more open and valley-side over the more built-up and smaller eastern 

side. To the east, the view was limited by hills. This restricted the observation range. 

The west side had an open view, which made it easier to see mule deer.   

 

The way mule deer are spread out along Horse Creek Road shows that they prefer 

open spaces and areas with valleys and hills. These features likely provide them with 

better visibility and a sense of shelter. 

 

 

 

Figure 14: Spatial distribution of animal sightings along the road. The positive values 
indicate the west side, and the negative values indicate the east side. 
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3.3.3 Population estimate  

Over the whole observation period, a total of 80 mule deer were visually recorded 

within the study area along Horse Creek Road, which covers 560 hectares. All 

observations, including days where no animals were seen, were included in the 

distance sampling analysis to estimate the population density. The data were 

analysed using the CDS method.  

 

The distance software produced an estimated D of 0.101 animals per hectare (Figure 

15). To calculate the total population estimate within the study area, this D was 

multiplied with the total area surveyed: 0.101 animals/ha x 560 ha = 56.56. This yields 

an estimated population size 56.56, rounded to 57 mule deer.  

 

 

Figure 15: Results of the analyses in the Distance software 

 
The model also provided a 95% confidence interval for the density estimate, ranging 

from 0.058 to 0.177 animals per hectare. This translates to a LCL estimate of 0.058 

× 560 = 32.48 animals and an UCL population estimate of 0.177 × 560 = 99.12 

animals. Therefore, the actual population size lies between 32 and 99 animals within 

the surveyed area (Figure 16Figure 16). 
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Figure 16: Estimated mule deer population density with LCL and UCL 

 

The CV for the density estimate was 0.279 (27.9%). This indicates a moderate level 

of uncertainty.  

 

The AIC value is 225.57. In this case, only a single model was tested, which means 

the AIC value cannot be used for direct model comparison. 

 

An ESW of 358.97 meters was calculated. This represents the distance from the 

transect line within which as many animals are missed as are detected beyond. The 

ESW is relatively wide. This means that animals were often spotted far away from 

the survey line, because the area was quite open or because the road gave a good 

view over the area.  

 

A total of 80 animals were observed; however, this number likely includes repeated 

sightings of the same individuals and does not account for the detection probability. 

Using detection distances, the distance sampling method estimates the likelihood of 

detecting animals at various distances from the transect, providing a more accurate 

estimate of actual population density and abundance. 

 

3.4 Discussion and evaluation  

The population estimate in this study was 57 individuals. When compared to the 

findings from 2017, this represents a significant difference. However, several 

methodological differences between the two studies that must be considered. The 

2017 was done by a student who did not complete the research project. As a result, 

no final paper was made. Only raw data from this study was available. The 2017 

study covered a larger area of 768 hectares and involved a transect length of 12.8 

km, whereas this study area and transect were smaller. In the 2017 study, 
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observations began earlier on the road then in this study. This difference in survey 

effort could have influenced the results and must be considered. 

 

Another important factor is the timing of the surveys. The 2017 research was 

conducted in November, while this fieldwork took place from February to April. 

Seasonal variation may impact the results, as spring migration may begin during this 

period, potentially affecting the population size and distribution in the study area. In 

the 2017 study, the 12.8 km transect was surveyed 9 times, whereas this study has 

been surveyed 13 times. In the 2017 study, distances were estimated visually rather 

than measured with a rangefinder, which can lead to some incorrect measurement. 

The distances from the 2017 study were mostly between 50 and 400 meters, which 

are comparable to the distances in this study.  

 

In the 2017 study, the reported D was 0.395 individuals per hectare. When multiplied 

by the 768-hectare study area, this results in a population estimate of 303 individuals. 

The LCL was 0.330, corresponding to approximately 253 individuals, while the UCL 

was 0.784, corresponding to approximately 602 individuals. When comparing the 

2017 study with this one, a significant difference is observed. This study estimates 

57 individuals, while in 2017, the study estimated 303 individuals (Figure 17). This is 

a difference of 264 individuals.  

 

 

Figure 17: A comparison of the estimated population density from this study and the 
2017 study with the LCL and UCL 

 

Group sizes in the 2017 study ranged between 2 and 11 individuals. In this research, 

group sizes were also between 2 and 11 individuals, indicating that mule deer in this 

region tend to form smaller groups. Medium-sized groups were often recorded during 

evening hours, showing that mule deer tend to gather later in the day. This pattern is 

consistent with previous studies, including findings by Lingle (2001), that mule deer 
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generally form larger groups during autumn and winter. The stability of mule deer 

groups appears to play a more critical role in reducing predation risk than group size 

alone. Coyotes, for example, are more likely to target individuals from small or 

fragmented groups (Lingle, 2001). This may explain the observation of medium-

sized, cohesive groups later in the day, when mule deer might attempt to lower 

individual predation risk by forming tighter groups without necessarily increasing 

overall group size. 

 

The spatial distribution of mule deer along Horse Creek Road revealed clear patterns 

that appear to be influenced by habitat structure and landscape features. The mule 

deer were mostly seen on the west side because there were fewer houses and more 

open space. Mule deer prefer more rugged and open habitats (Lingle, 2001) That 

area is a mix of small valleys and open ground, which makes the deer more visible. 

At the beginning of the route, deer were frequently seen in an area with a hill and a 

little valley. This area was close to the main road and several houses, suggesting 

that the mule deer were not easily startled by human presence. A notable observation 

was that mule deer appeared relatively unbothered by human presence. They often 

were close to the road. Unlike white-tailed deer, mule deer often remained still and 

alert (Lingle, 2001). The east side had more residential development and less 

visibility due to the hills. When mule deer were on that side, they staid mostly in the 

shrub and behind trees.  

No mule deer were observed within the final 3.2 kilometres of the road. This section 

begins with a turn near the last recorded sighting. Although two houses are located 

near this point, the landscape beyond becomes hilly. It is possible that deer remain 

hidden behind these hills or avoid this area. 

An important consideration is habitat disturbance caused by cattle grazing. There 

have always been cattle on these lands, but during the March observations, the cattle 

were relocated to one of the fields, where they were observed more frequently. When 

the cattle are there, mule deer won’t come there and move to another place, where 

they might not be seen. In areas where cattle grazed, preferred mule deer forage 

may have already been consumed, trampled, or outcompeted by other grass species 

(WAFWA, 2009). This can reduce the quality and quantity of available food.  

Mule deer were most active and detectable during twilight, particularly around sunset, 

with some activity noted during the early morning hours. This is because mule deer 

are crepuscular (Fish and Wildife California, n.d.). These are the times they are 

feeding the most. Deer have a diel activity pattern with peaks at sunset and just after 

sunrise (Beier, et al., 1990) 

CWD could also play a significant role in the decline of mule deer populations. CWD 

continues to spread and has become a concern in Alberta. Unfortunately, there is no 

specific data available regarding local CWD cases in the Cochrane area. Given the 

severity of the disease, it is reasonable to assume that it could have contributed to 

population declines in the region. CWD can be transmitted in various ways. Maternal 
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transmission is possible, and it can lead to a lower rate of live births (Nalls et al., 

2013). Mule deer can become infected through contact with the skeletal remains of 

CWD-affected individuals, as well as with contaminated soil and vegetation (Williams, 

2005). These ways of transmission show that CWD could be a reason for the 

population decline.  

During this study, no dead mule deer were observed, and there were no sightings of 

scavengers feeding on carcasses or flying over the area in a manner that would 

suggest the presence of dead animals. However, not seeing any clear signs does not 

mean CWD isn't present or having an effect. Because the disease lasts a long time 

and can spread in different ways, it could still be one of the reasons for the decline in 

mule deer. 

Along Horse Creek Road, urban development remained relatively stable. Between 

2017 and the present, only three new houses have been built in the area (Figure 

18Figure 18). Given the limited amount of construction, it is unlikely that urbanisation 

had a major impact on mule deer populations. But even small increases in human 

presence and infrastructure can lead to changes in animal behaviour. Although the 

scale of new development was minimal, it is still possible that the cumulative effects 

of ongoing human expansion may contribute to changes in the mule deer population.  

 

Figure 18: Comparison of the study area in 2017 and 2025, showing three new 
houses been built (Google Earth, 2025) 

 

In ideal circumstances, the study design could have been further strengthened to 

increase the reliability and comparability of the results. Several aspects could have 

been improved. Having access to more information about the 2017 population 

estimate would have been a big advantage. Since the study was not published as a 

paper, it was more challenging to find all the relevant data. Ideally, the study area 

and transect length would have been matched precisely to the 2017 survey to enable 

a direct comparison. This limited the study’s ability to make a good comparison.  
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Having more experience with the Distance software would have improved the quality 

and depth of the analysis. While the basic functions were applied correctly, having a 

better understanding and more time to learn to work with it would have improved this 

analysis better. Distance offers options to use different detection models and to 

visualize data points spatially by mapping observations. Creating such maps requires 

incorporating geographic coordinates and integrating the data with a geographic 

information system (GIS) platform. In this study, the use of GIS was not achievable 

due to the lack of accessible GIS resources and the additional expertise required to 

operate GIS software effectively. Improvements in data management, such as 

recording more detailed information on survey dates, environmental conditions, and 

survey effort could have increased the precision of the analysis. 

 

This study could have benefited from more observations. For instance, going more 

frequently, such as multiple times within an hourly interval. This research was 

conducted only once in each interval. Extending the surveys over different months or 

season could also provide valuable insights into temporal variations in mule deer 

activity and distribution. However, increasing the survey frequency requires time, 

which is not always possible.  

 

The entire 11 km transect was located in a suitable mule deer habitat, an area where 

mule deer are always seen for years. Mule deer were only observed along 7.8 km of 

the route. No deer were observed in the last 3.2 km of the transect during this study, 

even though they have been seen there in previous years. This could point to 

temporary changes in movement patterns, habitat use, or visibility conditions during 

the survey period. 

 
In this study, the line transect method was used. This was chosen because its non-

invasive and good for surveying large areas. This method worked well for this study. 

It is not that hard to use this method. However, in certain locations, dense vegetation 

may have reduced visibility. There are also other options for estimating a population. 

Point transect sampling is another non-invasive distance method, often used in 

studies involving vocal species such as birds. It is beneficial in areas where observers 

can go behind hills. However, this method was not applicable due to the terrain and 

species characteristics in this study. 

 

The mark-recapture method is invasive, as it requires capturing and handling 

animals. This is an accurate method. For this, you must capture animals and keep 

them somewhere. This is not a method that is easy to do, and this may give stress to 

the animals. 

 

Aerial surveys using drones represent another potential method for surveying large 

and hard-to-access areas. However, this method requires knowledge and expertise 

with drones. Using a drone is weather-dependent. In contrast, line transects can still 

be conducted in light rain or snow using a car, unless weather conditions become 

extreme. 
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Lastly, the faecal pellet group count method is commonly used in dense habitats and 

is commonly used in managing deer populations (Campbell et al., 2004) this method 

requires land access and knowledge of defecation rates. These conditions were not 

met during this study, though it could be a useful method in future research if access 

is granted. 

 

To further research the decline in mule deer, we could focus on CWD. The most 

common method of CWD is carcass surveillance. For this, you would have to contact 

people or find a dead mule deer carcass. This involves collecting tissue samples, 

typically from the lymph nodes or brainstem, of deceased animals. Sample collection 

requires appropriate field training, biosecurity measures, and collaboration with a 

certified diagnostic laboratory. CWD testing is conducted exclusively at APHIS-

approved university, state, or federal veterinary diagnostic laboratories (Animal and 

Plant Health Inspection Service, 2024). Any study involving CWD surveillance would 

need to partner with qualified institutions to process and analyse samples effectively. 

While fluids such as saliva, urine, blood, and faeces have shown potential for 

detecting prions, their reliability remains under investigation. The effectiveness of this 

sampling method remains limited (Haley et al., 2017).  
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4 Conclusion 

This study examined the temporal activity, spatial distribution, and estimated 

population size of mule deer along Horse Creek Road between February and April 

2025. The results provide an insight in mule deer behaviour and habitat use, offering 

a point of comparison with previous research conducted in 2017.  

 

Mule deer activity followed a distinct crepuscular pattern, with most sightings 

occurring during evening twilight hours (17:00–19:59), and a secondary peak during 

early morning (07:00–07:59). These findings align with the known diel activity 

patterns of mule deer, which means that they are most active around dawn and dusk. 

Group sizes range between 1 and 11 individuals, with an average of 4.2 per group. 

Mule deer were more frequently observed in medium-sized groups during peak 

activity hours.  

 

The mule deer showed a clear spatial preference for the west side of Horse Creek 

Road. The west side has more open terrain and valleys, compared to the more 

developed and obstructed east side. Most sightings occurred within the first 7.8 km 

of the 11 km transect, particularly in areas with a mix of hills and open fields. The 

final 3.2 km of the road has no sightings, probably due to unfavourable habitat 

features or decreased detectability. 

 

The population estimate was 57 individuals across a 560-hectare study area, 

resulting in a density of 0.101 deer per hectare. This is significantly lower than the 

2017 estimate of 303 individuals and a density of 0.395 deer per hectare. The 

moderate coefficient of variation, at 27.9%, and the wide confidence interval of 32–

99 deer, highlight some degree of uncertainty in the estimate. 

 

Despite some limitations, this study effectively applied non-invasive line transect 

method to evaluate mule deer presence. The findings suggest potential influences of 

seasonal movement, habitat disturbance, and possibly CWD in the observed 

population decline.  

 

Continued monitoring is necessary to understand long-term trends and potential 

causes behind population changes. Future research should consider conducting 

more frequent surveys, improving integration with GIS tools, and exploring potential 

CWD surveillance in collaboration with diagnostic laboratories. This would enhance 

the robustness of population estimates and support more effective wildlife 

management in the region. 
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Final word 

Throughout this project, I have improved my English by constantly speaking and 

writing in English, both in everyday situations and academic settings. It helped me to 

be more confident in expressing my thoughts and expand my vocabulary, especially 

with more technical terms.  

 

I gained a lot of experience in doing this research. I learned how to design a study 

and executing it. I learned to use Distance software. Working with the software wasn’t 

always easy, there were some ups and downs. However, in the end, it all worked out, 

and I learned a lot from this process.  

 

By helping and talking with the other students I also learned new study methods, 

which gave me more knowledge about various software’s and research approaches. 

This project helped me improve my planning and communication skills. I had to 

manage my time well and ensure that I could report my findings. I became more 

confident in making decisions on my own and figuring out how to solve problems 

when they occurred.  

 

Through this experience, I learned a lot about wildlife, particularly mule deer. Before, 

I didn’t even know mule deer existed. Doing the research and writing it all down 

wasn’t easy, but I managed to do it. This experience taught me a lot and helped me 

grow in many ways. 
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Appendix 1 

 

 

Appendix 1: Life cycle of EHDV and BTV (Rivera, et al., 2021) 
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Appendix 2 

 

Date (Capture 

local) 
Time 

(Capture 

local) 

Start 

Mule 

Deer 

2025 

Distanc

e (m) 
Bearing 

(Degre

es) 

Numbe

r of 

Animal

s 

Userna

me 
Device Id Latitude Longitude Submitted (UTC) Timestamp (UTC) Time Offset 

2025-04-04 14:26:25 Mule 

Deer 
83.3 210 1 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.21210138 -114.5133903 2025/04/05 

15:02:04 
2025/04/04 20:26:25 -06:00 

2025-03-21 10:31:50 Mule 

Deer 
558 201 5 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.22188219 -114.5133512 2025/04/05 

15:02:01 
2025/03/21 16:31:50 -06:00 

2025-03-21 10:29:26 Mule 

Deer 
332 275 2 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.22487814 -114.5133443 2025/04/05 

15:02:01 
2025/03/21 16:29:26 -06:00 

2025-03-21 10:28:15 Mule 

Deer 
92.7 241 3 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.22487097 -114.5133506 2025/04/05 

15:02:02 
2025/03/21 16:28:15 -06:00 

2025-03-18 07:57:14 Mule 

Deer 
140.8 68 7 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.27466822 -114.5299229 2025/04/05 

15:02:02 
2025/03/18 13:57:14 -06:00 

2025-03-18 07:46:08 Mule 

Deer 
305 140 3 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.23191552 -114.5133963 2025/04/05 

15:02:02 
2025/03/18 13:46:08 -06:00 

2025-03-14 19:14:17 Mule 

Deer 
64.7 74 11 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.2710123 -114.5288359 2025/03/15 

01:45:29 
2025/03/15 01:14:17 -06:00 

2025-03-14 19:06:14 Mule 

Deer 
240 263 3 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.24142286 -114.5171128 2025/03/15 

01:45:29 
2025/03/15 01:06:14 -06:00 

2025-03-14 19:02:19 Mule 

Deer 
144 316 8 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.23419974 -114.513619 2025/03/15 

01:45:28 
2025/03/15 01:02:19 -06:00 

2025-03-14 19:00:29 Mule 

Deer 
221 277 1 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.23084204 -114.5133122 2025/03/15 

01:45:29 
2025/03/15 01:00:29 -06:00 

2025-03-14 18:53:56 Mule 

Deer 
333 272 5 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.20998577 -114.5134085 2025/03/15 

01:45:28 
2025/03/15 00:53:56 -06:00 

2025-03-14 18:52:32 Mule 

Deer 
319 55 3 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.20999816 -114.5134131 2025/03/15 

01:45:30 
2025/03/15 00:52:32 -06:00 

2025-03-12 18:30:56 Mule 

Deer 
172.2 213 2 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.24323321 -114.5178352 2025/03/13 

00:30:59 
2025/03/13 00:30:56 -06:00 

2025-03-12 18:28:52 Mule 

Deer 
70.3 53 1 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.24142848 -114.5171477 2025/03/13 

00:30:59 
2025/03/13 00:28:52 -06:00 

2025-03-12 18:22:44 Mule 

Deer 
370 284 3 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.22427384 -114.5132391 2025/03/13 

00:22:52 
2025/03/13 00:22:44 -06:00 

2025-03-08 17:23:42 Mule 

Deer 
225 262 7 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.24235824 -114.5175059 2025/03/09 

00:23:45 
2025/03/09 00:23:42 -07:00 



 

 
 

III 

2025-03-08 17:16:22 Mule 

Deer 
139.8 262 5 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.20991926 -114.5130638 2025/03/09 

00:16:52 
2025/03/09 00:16:22 -07:00 

2025-03-05 16:19:54 Mule 

Deer 
329 262 4 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.23017051 -114.5133079 2025/03/05 

23:45:26 
2025/03/05 23:19:54 -07:00 

2025-02-24 15:33:05 Mule 

Deer 
58.7 75 6 Manon ct:cf9e64a79fe24348afbc4250ab1f1da

7 
51.24550094 -114.5188335 2025/02/25 

00:23:01 
2025/02/24 22:33:05 -07:00 

Appendix 2: Summary of field observations recorded with CyberTracker during line transect surveys
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Appendix 3 

 

 

Appendix 3: Excel table format to put into Distance software 
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