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EXECUTIVE SUMMARY
Chronic wasting disease (CWD) is a fatal transmissible spongiform encephalopathy of cervids that
was first detected in wild mule deer (Odocoileus hemionus) in eastern Alberta in 2005 and has
since been spreading across the province. Alberta has maintained a consistent hunter-based
surveillance program for CWD since its first detection in the wild and a wild herd reduction program
in 2006-2008. In 2006-2008 field studies on the ecology of mule deer and white-tailed deer
(Odocoileus virginianus) helped evaluate initial management approaches, guide the CWD
surveillance program, and model the impact of harvest management strategies on CWD.
The goal of this research project is to assess how heterogeneous habitats of eastern Alberta
may influence direct and indirect contact rates of mule deer to improve estimates in CWD
transmission and to link these models to observed patterns of CWD spread. Specifically, the
objectives are to: 1) collect field data to quantify sex-specific contact rates of mule deer and
determine how these vary across season and landscape patterns, 2) use the field data to predict
changes in CWD prevalence across landscapes in eastern Alberta, and 3) compare model
predictions to outcomes of statistical models of observed risk and spread of CWD using data from
the Alberta CWD surveillance program. In this report, we provide preliminary information on the
study area progress during the first 2 years of this 4-year study.
To date, 93 mule deer have been captured and collared since the start of the study in 2017
on Canadian Forces Base Wainwright (CFBW) and Cresthill Grazing Lease (CGL) with a shift in
effort of field studies to CGL in 2019. The areas are representative of the habitats of mule deer in
eastern Alberta. Vegetation mapping and compilation of GIS layers for topography, human
infrastructure and hydrology are in progress. Deer density and distribution are monitored monthly
on permanent line transects distributed across the study area and stratified by open, mixed, and
treed areas, and in winter with winter aerial surveys. Approximately 500 deer winter in the CGL
study area. Seasonal changes in deer density, group sizes, herd composition are also being
monitored by a network of remote cameras starting. Spatial estimates of local relative abundance
from line-transects and remote cameras have not yet been derived.
Both male and female mule deer were collared in the past 2 winters. Collared deer were
tested for CWD using rectal biopsy in 2017 and 2018 and tonsil biopsy in 2019. Female pregnancy
rates are >90% each year, and mortalities were primarily by hunters. Deer habitat use and 2-hr
movements are monitored with GPS collars and contact rates with proximity loggers. In summer,
daily contacts between male-male dyads (pairs of deer) were 21% higher than between femalefemale dyads and 54% higher than daily contacts between mixed sex dyads. In winter, daily
contact rates between female dyads were 16% higher than between males and 38% higher than
between mixed sex dyads. Preliminary analysis of where contacts are most likely to occur in winter
showed contact rates increased near woody cover, in grassland areas, and rugged areas but far
from water. Concomitant direct observation of contact rates of a subset of collared deer was
initiated in spring 2019.
We have made preliminary progress on two spread models. We have developed a
modelling framework to incorporate deer movements and distribution related to direct and indirect
contact into an epidemiological model for assessing the influence of landscape patterns on
increasing deer prevalence. We also updated the Alberta spatial risk model to include data from
2013 to 2018 and made the model available in a web-based Shiny App framework.
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1. INTRODUCTION
Chronic wasting disease (CWD) is a fatal transmissible spongiform encephalopathy (TSE) naturally
affecting mule deer (Odocoileus hemionus), white-tailed deer (Odocoileus virginianus), elk
(Cervus elaphus), and moose (Alces alces) populations throughout North America (Saunders et
al. 2012). Cervids are considered susceptible to varying degrees (Williams 2005, Mysterud &
Edmunds 2019). CWD was first documented in 1967 in Colorado, USA in a captive mule deer, and
in 1981 in a wild mule deer population (Miller et al. 2000). CWD has since spread to 26 US states
and two Canadian provinces in the wild: Saskatchewan and Alberta. CWD was detected in
Norway in free-ranging reindeer (Rangifer tarandus) 2016 (Benestad et al. 2016), later in moose,
and in one red deer (Cervus elaphus) in 2017 (Mysterud & Edmunds 2019); in 2018, CWD was
detected in Finland in moose (Pirisinu et al. 2018) and in 2019 in Sweden, similarly in moose
(Nöremark 2019).
CWD includes a latent infectious period (18-36 months) with no specific outward signs that
progresses to a clinical state with typical diagnostic features, such as weight-loss and behavioural
changes, that can last for several months and eventually lead to certain death (Williams & Miller
2002). During this time, the CWD agent is shed from infected hosts in urine, feces, saliva, blood,
and antler velvet and after death from the carcass itself (Saunders et al. 2012). CWD can be
transmitted both directly, animal to animal (Miller & Williams 2003) and indirectly through the
environment (Miller et al. 2004). In areas where CWD has been found, generally males initially
have higher prevalence than females (Rees et al. 2012), which, as speculated, is related to
differences in susceptibility, behavioural traits, and wide-ranging movements. There is growing
evidence that CWD can impair deer population reproduction and survival (Dulberger et al. 2010,
DeVivo et al. 2015, Edmunds et al. 2016), which would hinder population health and lead to
population declines at high prevalence levels (~0.30 in male deer).
The importance of various transmission routes remains uncertain, but it is likely that direct
animal-animal contact is the main route of transmission in early stages of CWD, whereas
environmental persistence of CWD is likely effecting disease dynamics in later stages as prions
build up in the environment (Millet et al. 2006, Almberg et al 2011, Mysterud & Edmunds 2019).
Direct contact as source of transmission is believed to be higher within than between social
groups. Because female deer tend to be philopatric (home ranges overlap) and interact
consistently with the same members of their matrilineal groups (Schauber et al. 2007, Kjaer et al.
2008), genetically related females have been shown to be at higher risk (Cullingham et al. 2011).
Vertical transmission from mother to offspring occurs (Nalls et al. 2013), but it is regarded as of
minor importance (Miller & Williams 2003).There is also some evidence that sexual segregation of
males into bachelor groups increases prevalence in males (Potapov et al. 2013). Landscape
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features and configuration also may influence rates of transmission and spread if it alters deer
distribution and contact rates and connectivity across the landscape (Nobert et al. 2016).
In this report, we provide preliminary information on the progress of the first 2 years of a 4-year
study that includes field studies, to document direct and indirect contact rates of mule deer in
landscapes representative of eastern Alberta, and use the information to help explain large-scale
patterns in CWD risk and spread observed in Alberta.
Our overall objectives include:
1) Collect field data to quantify sex-specific contact rates of mule deer and determine how
these vary across season and landscape patterns.
2) Use the field data to model CWD transmission and predict changes in prevalence across
landscapes of different patterns in eastern Alberta.
3) Statistically model the risk and spread of CWD using data from the Alberta CWD
surveillance program.

2. STUDY AREA AND ENVIRONMENT
2.1 Location
The Mule Deer Contact Rate project began in 2017 with a pilot study on the Canadian Forces Base
Wainwright (CFBW, WMU 728, 454.8 km2). Since then, the study has been expanded to
encompass the Cresthill Grazing Lease (CGL,
WMU 234, 76 km2), and the broader Ribstone
Creek Study Area (RCSA; WMU 234, 236,
730; 1,244 km2). All areas are located in eastcentral Alberta within the CWD management
zone. CGL was selected for the study
because it is leased by a single organization
and may allow for potential manipulation
experiments to test the effect of various
harvest strategies on spread of CWD. CGL is
part of a provincial land classification known
as Ribstone Creek Heritage Rangeland
Natural Area near Edgerton, AB. Deer
captures and most field work has
concentrated within the boundaries of CGL
since 2018. The RCSA, however,
encompasses the larger surrounding
landscape where deer disperse to during
summer months.

| P astudy
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Fig. 2.1. Location of the capture area and6main
Cresthill Grazing Lease, and the larger surrounding
Ribstone Creek CWD Study Area in east-central Alberta.

2.2 Weather
Mean daily temperatures recorded at the Edgerton
AGCM station (https://agriculture.alberta.ca/acis/prairieweather-data-viewer.jsp) ranged between 0-23°C in
summer (July-September) and −31-6°C during winter
(January- March) during 2016- 2019 (Table 2.1).
Summer precipitation averaged 56 mm (range: 14100) per month (Table 2.1). Total monthly snowfall
during fall and winter ranged between 0.4 and 22.8
cm, with the greatest accumulation in fall 2018/winter
2019 (Fig. 2.2;
https://www.worldweatheronline.com/edgertonweather-history/alberta/ca.aspx ). The growing
season extends from mid-April through September,
when temperatures are above 5°C (Fig. 2.3; Walter et
al. 1975).

Fig.2.2 Total snowfall (cm) for each fall/winter
from 2016/2017 to 2018/2019 for Edgerton, AB.

Table 2.1. Average daily temperature (°C) and total precipitation (mm) for each
season during the years of the study.

Season

Average Temperature
2016

2017

2018

2019

-11.6
10.4
13.4
-3.8

-12.6

-3.7

-8.2
10.3
15.6
-4.9

Winter
Spring
Summer
Fall

Total Precipitation
2016

2017

2018

2019
19.5

42.6

42.5
24.2
178.8 85.1
170.3 170.7
68.5
35.8

Fig. 2.3. Walter climate diagram illustrating the relationship between temperature and precipitation
for Edgerton, AB between 2016-2019. Average monthly temperature (°C) on left axis and total
monthly precipitation (mm) on the right axis. The dotted line at 5°C signifies the threshold above
which growing-degree-days occur. The grey vertical stripes depict the time of year when
temperatures and precipitation are high enough for vegetative growth.
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2.3 Vegetation and Land Cover
The RCSA is located within the Alberta parkland region, characterized by a mixture of open prairie
and dense stands of aspen (Populus tremuloides; Meijer & Karpuk 1999). Mule deer (Odocoileus
hemionus), white-tail deer (Odocoileus virginianus), moose (Alces alces), and elk (Cervus
canadensis) are the large herbivores in the RCSA, and coyotes (Canis latrans) are the
predominant large carnivore. There are two main creeks within the RCSA, Ribstone Creek, which
runs east-west through CGL, and Black Creek, which runs north-south and converges with
Ribstone Creek. Both are permanent, low-flow meandering creeks that range from ~2-5 m wide.
CGL is a cattle grazing area primarily on Crown-land that is part of a larger multi-use provincial
heritage rangeland natural area where hunting, off-highway vehicle (OHV) recreation, and cattle
grazing is permitted. Permission must be obtained from the owner of grazing leases (private or
organization) to access these lands. Natural areas are not strictly managed, but hunters and OHV
users are asked to respect the signage indicating hunting and OHV-use prohibitions. Grazing is
permitted on CGL from 15 June to 31 October. Agriculture is the dominant land-use in the RCSA.
Cattle grazing occurs on native pasture in CGL and/or on pasture crops in private fields, and
annual food crops are cultivated on much of the private land surrounding CGL within the RCSA.
2.3.1 Land cover classifications. We characterized land cover based on the Agriculture and Agrifood Canada (AAFC) Land Cover for Agricultural Regions 2000 map. The AAFC land cover raster
data set (30 m resolution) was derived from digital classification of Landsat 5 and Landsat 7 orthoimages acquired from 1998-2003 and included 14 cover types (Appendix 2.1). The AAFC land
cover does not have a strict minimum mapping unit, but features smaller than 0.4 Ha “may be
omitted” from classification. The AAFC land cover map was chosen instead of the 2010 ABMI WallTo-Wall Land Cover Map of Alberta (polygon) primarily because the ABMI land cover map is
partially derived from the AAFC land cover map, and the AAFC land cover includes wetland
classification, whereas ABMI does not. The updates in the 2010 compared to the 2000 ABMI land
cover map reflected new features of the following types: forestry cut-blocks, wildfires, surface
mines, and roads and urban development. Upon visual inspection, there were major differences in
classification of the roads and urban development in the 2010 ABMI land cover compared to the
AAFC land cover, but there were no major classification differences between the other land cover
classes present within the study area. Neither land cover map reflected the fire that occurred
northwest of CGL (~2 km south-east of Edgerton) in spring 2018. The AAFC classification system
delineated two separate cropland land cover classes, which we merged into one Cropland land
cover class to maintain consistency with previous studies (Appendix 2.1). Google Earth imagery,
verified by field observations, indicated the AAFC land cover did not accurately distinguish
between deciduous forest, mixed forest and/or shrubland, so we combined these classifications
into Deciduous cover (Appendix 2.1).
The AAFC land cover map was modified in multiple ways. To reflect the more
comprehensive classification of roads and urban development within the study area by the 2010
ABMI land cover, the AAFC ‘Built-Up’ class was replaced by the ABMI ‘Developed’ class, and
renamed ‘Human Development.’ (Appendix 2.1). To do this, the AAFC land cover was converted
from raster to polygon form, the ABMI Developed polygon was overlaid, and the Developed area
was erased from the AAFC map. The resulting AAFC land cover map had no data in the areas
corresponding to the ABMI Developed polygon; the ABMI Developed polygon was then merged
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with the resulting AAFC land cover map. Ribstone Creek and Black Creek were not included in any
land cover class on the AAFC land cover map. The existing Government of Alberta (GoA) GIS data
classifies these hydrological features as linear with no width, but for the purpose of land cover
maps the width (and therefore surface area) is relevant. The width of these creeks varies spatially
and temporally, but was estimated to be 2 m wide, on average, based on field observations.
Accordingly, a 1 m buffer was added to either side of the GIS linear hydrology features, thereby
converting them into 2 m wide polygon features. Similar to the process of merging the ABMI
human development features, the creek polygon was laid over top of the polygon version of the
AAFC land cover map, the creek polygon was erased from the AAFC map, and the creek polygon
was merged with the resulting modified AAFC map. Larger bodies of water were occasionally
misclassified as exposed land in the AAFC land cover; obvious misclassifications were rectified
through visual comparison of Google Earth imagery and the AAFC land cover map. After
modifications, our current land cover map has 10 land cover classes, eight of which are present
within the RCSA (Fig. 2.4, Fig. 2.5).

Fig. 2.4.The current land cover map for the Ribstone Creek Study Area. See
Appendix 2.1 for details.
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Fig. 2.5.The proportion of the area of each current land cover class present
within the Ribstone Creek Study Area with respect to the total area of the
Ribstone Creek Study Area (1,244 km2).

2.3.2 Vegetation. Deciduous tree stands in the RCSA are composed predominantly of aspen
(Populus tremuloides), with balsam poplar (P. balsamifera) occurring in depressions and shore
areas. The understory of deciduous tree stands in the RCSA is predominantly comprised of the
following shrubs: chokecherry (Prunus virginiana), saskatoon (Amelanchier alnifolia), snowberry
(Symphoricarpos occidentalis), rose (Rosa spp.), red-osier dogwood (Cornus stolonifera), willow
(Salix spp.), and juniper (Juniperus horizontalis and J. communis). These shrub species (except
Juniperus horizontalis and J. communis), either individually or in combinations, may form stands of
cover when trees are absent, and comprise the shrubland component of the Deciduous land cover
class (Appendix 2.1). Coniferous or mixed tree stands are rare in the RCSA, but when present,
white spruce (Picea glauca) is the predominant conifer tree species. The largest stands of
deciduous forest surround Ribstone Creek and extend to the south in larger networks as the
landscape becomes flatter. In the north region of CGL the topography is more varied, and
deciduous cover is comprised of small aspen patches and increased shrubland.
Drought-tolerant forbs and grasses,
such as Stipa spp., Bouteloua spp.,
Calamovilfa spp., Koeleria spp., and
Artemisia spp., dominate the drier, flatter
grasslands. In grasslands with finertextured soils, where moisture is retained
longer, grass communities are dominated
by Poa spp., Festuca spp., Bromus spp.,
and Agropyron spp. However, coarsetextured sandy soils are common in the
RCSA, often resulting in undulating sand
dunes prominent in the north of CGL, most
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Fig. 2.6. An example of bearberry and reindeer
lichen, which are common on the sand dune
grasslands within Cresthill Grazing Lease.

of which have been stabilized by vegetation over time. In the sand dune regions, juniper (Juniperus
horizontalis and J. communis), bearberry (Arctostaphylos uva-ursi), and reindeer lichen (Cladina
spp.) are prominent (Fig. 2.6).
Within CGL, Ribstone Creek is surrounded on both sides by wetland that extends up to 700
m from the creek; Typha spp. dominate this wetland. Smaller wetlands are scattered throughout
the RCSA, including within aspen stands. There are four larger lakes within the RCSA; three
(Ribstone, Clear, and Arm) are clustered in the north-west, and Dolcy Lake is situated just southwest of CGL. Additionally, there are numerous natural and man-made ponds dispersed throughout
the RCSA.
Croplands are commonly planted with annual crops which are canola, oats, and wheat, or
perennial crops for pasture, including alfalfa (Meliotus) fields mixed with wheatgrass (Agropyron
cristatum) or smooth brome (Bromus inermis). Human development is also prominent throughout
the RCSA, and includes clearings for paved and gravel roads, oil and gas development (seismic
lines, pipelines, access roads, well-sites), and OHV trails. The nature of exposed land
classifications within the RCSA have not been verified (see Appendix 2.1 for classification details).
2.2.3 Planned vegetation sampling: 2019. During summer 2019, we plan to conduct vegetation
sampling in the RCSA to address some of the limitations of the current vegetation and land cover
data. Within CGL, the landscape south of Ribstone Creek is particularly difficult to classify due to
heterogeneity of shrubland, grassland, and aspen patches. Consequently, we will map the
boundaries of deciduous forest, shrubland, and grassland within CGL and the broader RCSA, and
compare them to the current land cover classifications. Protocols will be developed to determine
land classification in areas with mixed vegetation, such as small wetlands located within stands of
deciduous trees. Mapping these smaller land cover features will require a minimum mapping unit at
a finer spatial-scale than the 0.4 Ha threshold used in the AAFC land cover map. Moreover,
vegetation sampling will help determine if nested land cover classifications, such as grass versus
shrub-dominated wetland, or tall versus short shrubland, are required in the RCSA; we will map the
boundaries of these areas if necessary. Vegetation sampling will also yield updated information on
major land cover changes that have occurred since 2010, such as the 2018 brush wildfire in CGL.
Updating the forage biomass data for forbs, grasses, and shrubs within the RCSA will be another
important outcome of summer vegetation sampling. Updated forage biomass data will better reflect
the current biomass patterns within the relatively small RCSA. Sampling within each of the land
cover classes will also help to verify the nature of certain land cover classifications, such as
Exposed Land. Finally, we have been working to map the extensive network of off-road trails in the
RCSA to augment the existing Human Development land cover classification, as well as further
classify roadways into paved, gravel, dirt, off-road, and/or seasonal.

2.4 Environmental GIS Layers
Environmental GIS variables were developed at either 30 m x 30 m, 100 m x 100 m, or 250 m x
250 m cell resolutions. The current environmental GIS variables fall into six categories:
topography, land cover, forage, hydrology, soils, and human development (Appendix 2.2).
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3. DEER CAPTURE AND COLLARING
3.1 Capture
To date, 93 mule deer have been captured and collared since the start of the study in 2017 (Table
3.1). To supplement the 25 deer captured on CGL in 2018, we collared and captured an additional
33 mule deer between 25 -29 January 2019 (Table 3.1). Deer were caught with a net shot from a
helicopter. Deer were captured throughout the study area and effort was made to capture multiple
individuals within a group. Once captured, the deer were restrained and blindfolded by the
helicopter crew. The samples of blood, feces, and tissue collected from each deer were kept
refrigerated. Female blood samples were sent to BioTracking Inc., Idaho, to determine pregnancy
in females. Male blood samples were sent to the University of Alberta as part of a study to
determine metabolite and protein markers for CWD. The second blood samples of both sexes and
the ear tissue samples were sent to the University of Alberta for determining genotype and
relatedness of captured deer. Fecal samples were sent to the University of Calgary as part of a
study testing the feasibility of detecting CWD agents (prions) in feces. Samples of external
parasites (i.e. ticks) were not collected during captures because none were visible across the body
or under the tail.
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Table 3.1. Summary information for deer captures for the
entire study, from 2017 to 2019.

Sex

CWD test
results

Year

Capture
Location

Female

Male

Pos

Neg

Unk

2017

20

15

1

4

30

CFBW

2018

17

8

1

7

15

CGL

2019

24

9

2

13

CGL

3.1.1. Tonsil Biopsies During three of the
four capture days in 2019 (25, 26, & 28
January), a second crew (Dr. James
Marshall, veterinarian and Johanna
Thalmann, project field leader) processed
the deer and performed tonsil biopsies
(Appendix 3.1). The last day, the helicopter
crew processed all deer independently
Fig. 3.1. Image of spring-loaded mouth gate and
because tonsil biopsies were not
laryngoscope before the tonsil biopsy began.
performed due to cold temperatures.
Tonsil biopsies were performed on 15 of
the 33 deer captured (Appendix 3.1). Upon capture and restraint, the net gunner administered 1mL
of Acepromazine to tranquilize the deer. Vitals were checked at the start and every ~10 minute by
taking rectal temperature, observing breaths per minute, and taking heart rate with a stethoscope.
The veterinarian then administered 1.5 mL of BAM (Butorphanol-Azaperone-Medetomidine)
intramuscularly (IM). While the BAM took effect, the helicopter crew or project personnel collared,
measured, took samples, and ear-tagged the deer. Measurements included total body length (tip of
nose to base of tail), hind food length (tip of toe to back of hock), and girth (centre of chest behind
the legs to between the shoulder blades). Before the biopsy began, the veterinarian estimated age
of the deer based on tooth eruption and wear. During the biopsy, the veterinarian took 3-5 small
(~1mm2) tissue samples from a single tonsil (Fig. 3.1). The tonsil biopsy procedure took, on
average, 12 minutes. To aid recovery, the veterinarian administered an antibiotic (Bio-Mycin,
~10mL), an anti-inflammatory (Meloxicam, 2mL), and supplemental Vitamin E and selenium
(Dystosel, 1.5mL). Over all, processing of the deer from the time the deer was caught to the time
the deer walked away averaged 59 min (SD=7). Tonsil biopsies were not performed on 18 of the
33 deer captured. Upon capture and restraint, the deer was immediately collared and ear tagged.
The helicopter crew took morphometric measurements and samples (blood, ear tissue, and feces).
Weight and age also were estimated for most deer prior to release. Age was estimated based on
body size and tooth eruption and wear. A full check of vitals was not necessary because the deer
were never under the influence of drugs or physically immobilized for long. The helicopter crew did,
however, keep an eye on breathing and overall levels of calmness during processing. On average,
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a new deer was captured and processed every 27 minutes (SD= 12 min, n=16). Tonsil biopsies
were sent to the Canadian Food Inspection Agency in Ontario to determine presence of CWD.

3.2 Collars
We deployed 15 Wildmon and 20 Lotek IridiumTrack collars (n = 17 males, 18 females) on the
Canadian Forces Base Wainwright (CFBW) and 55 Lotek Litetrack 420 collars (n = 16 males, 39
females) on the Cresthill Grazing Lease (CGL) between 2017-2019 (Table 3.2). All collars were
deployed in the winter season, from March 11-12 (2017), January 23-24 (2018) and January 25-29
(2019).
Table 3.2. Summary of collar information for deer captured on the Canadian Forces Base Wainwright
(CFBW) and in the Cresthill Grazing Lease collar from 2017-2019.

Collar Type
Wildmon
Lotek IridiumTrack
Lotek Litetrack 420
Lotek Litetrack 420

Study
Area
CFBW
CFBW
CGL
CGL

Year
2017
2017
2018
2019

Male
15
8
9

Number Deployed
Female
15
5
17
24

Total
15
20
25
33

Wildmon collars were GPS collars enabled with proximity loggers. Collars were programmed to
record GPS locations every hour as well as record the GPS location at the beginning and end of a
proximity event. Proximity events or “contacts” were recorded when two collars came within 1-5m
of one another. Whereas, the Lotek IridiumTrack were strictly GPS collars, programmed to record
GPS locations at 2-hr intervals. The Lotek Litetrack 420 collars are GPS collars with proximity
loggers. In addition to systematic GPS locations at 2-hr intervals, these collars record the start and
end time of a proximity event, the duration of each event and the reciprocal collar ID of the
contacted animal. In 2018, proximity events based on Lotek Litetrack 420 collars were recorded
when two collars were within 5 m of one another. In 2019, we updated the firmware for the newly
deployed Lotek Litetrack 420 collars so that GPS locations are recorded once a proximity event
has begun and at 15-minute intervals throughout the duration of that event. Furthermore, the
threshold distance for a proximity event was adjusted to 3 m in 2019. Collars deployed on male
mule deer had a magnetized expandable strip to allow for neck swelling during rut (Fig. 3.2).
Of the original 35 collars deployed on CFBW in 2017, we have retrieved 28 collars to date. We
have retrieved and downloaded the data from 21 of the 25 collars that were deployed on CGL in
2018. Of the 33 collars deployed on CGL in 2019, 30 are still collecting data (Appendix 3.1).

14 | P a g e

4. POPULATION DEMOGRAPHY
Expandable

4.1 Density
Population density and seasonal distribution of
mule deer on CGL were estimated with aerial and
ground-transect surveys. Results were
comparable between both survey methods.

4.1.1 Winter aerial surveys. Aerial surveys were
conducted at CGL on 20 February 2018 to
estimate winter deer densities. The survey was
Fig. 3.2. Male deer during capture.
flown with 100% snow coverage. One-hundred
Expandable extension to the collar is
forty-nine square kilometres were surveyed by
indicated in the photo and the numbered
flying 365 km during 31 transects. Transects were
ear tag can be seen. The deer is
blindfolded to reduce external stimuli.
flown at distances of 400 m apart with a 200 m
survey area on each side of the helicopter, which
represented complete survey coverage. A sightability adjustment was made for the density
estimate because past research identified that only 83% of the total population were observed
during aerial surveys in the parkland region (Merrill et al. 2013, Habib et al. 2011). Population
density is estimated to be ~500 mule deer within CGL, based on aerial surveys conducted
February 2018 (Table 4.1).

Table 4.1. Summary of aerial and ground transect survey data conducted on
February 2018 and July 2018-March2019, respectively. All data was collected on
Cresthill Grazing Lease (CGL) in Alberta, Canada.

Aerial Survey
Winter only
No. mule deer
No. mule deer groups
No. individuals/km2
No. groups/km2

413
71
1.13
0.19

Ground Transect Surveys
Summer
Winter
(July(OctoberSeptember)
March)
35
11
18
8
0.3
0.05
0.16
0.03

4.1.2 Ground Transects. In July of 2018, we initiated ground transect surveys to employ distance
sampling to estimate density and supplement data on distribution of deer based on GPS-collars
(Fig 8.2). The ground transects were designated as a subset of those flown during the aerial
surveys. Twelve transects ranging from 2.7 - 3.8 km were systematically located 800 m apart and
sampled monthly. Surveys were conducted at dawn and dusk, and were completed within 3 hours
(when possible). Observers walked along each transect and recorded the location, distance, and
angle of observed of mule deer (Table 4.1). The locations of white-tailed deer, moose, elk, and
coyotes were also collected along the transects using the same methodology (Table 4.2). We
calculated an overall detection function using dfuncEstim in Rdistance package in R, where
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detectionData was equal to perpendicular distances to each sighting, and siteData equaled
transect length (Carlise et al. 2018, McDonald et al. 2019).

Fig. 4.1. Detection curve for distances mule deer were seed during ground
transect surveys between July 2018- March 2019 on Cresthill Grazing Lease
near Edgerton, AB.

The resulting curve indicates that we met the assumption that deer were being seen on the ground
transect and that detections decline to 50% at distances >125m assuming a half-normal curve (Fig.
4.1).
Table 4.2. Summary of aerial and ground transect survey
The population estimate from
data conducted on February 2018 and July 2018-March
monthly ground transect surveys is 456
2019, respectively. All data was collected on Cresthill
mule deer (95% CI = 2.5 – 18.6;
Grazing Lease (CGL) in Alberta, Canada.
dfuncEstim function, McDonald et al.
Aerial
Ground Transect
2019) within CGL. As we accumulate a
No. white-tailed deer
342
25
larger number of detection, we will
No. moose
85
21
construct season-specific detection
No. elk
22
11
curves, as well as strata-specific curves
Not
based on vegetation heterogeneity.
No. coyotes
2
recorded

4.2 Group Size
Average group size in CGL during the winter 2018 aerial survey was 4.7 deer (SD=3.1, range=120, n=71). Groups of 10 or less were most common, encompassing 78% of mule deer
observations (Fig. 4.2). Group size during summer (July-September) and winter (October-March)
ground transect surveys did not differ significantly, with the average group size being 2.08 in winter
(SD= 1.8, range=1-8, n=7) compared to 1.5 in summer (SD=0.9, range =1-4, n=14) (Two-sample
T-test with unequal variance, P=0.3).
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Fig. 4.2. Frequency distribution of mule deer group size during aerial surveys
(n=71) of the Cresthill Grazing Lease in February 2018.

4.3 Herd composition and fecundity
4.3.1 Sex ratio. The sex ratio of male: female mule deer during winter 2018 was 55:100, based on
aerial survey data. Though the sample size of observed mule deer was small (n=9), groundtransect data during winter (October-March) also shows that half as many males were detected as
females (3:6). During summer ground transect surveys (July-September), however, males were
seen more often (10:3) than females.
4.3.2 Fecundity and fawn: doe ratios. On average, 94% of female mule deer have been pregnant
annually when tested during winter captures (Table 4.3). Fawn: doe ratios during the 2018 aerial
survey (2017 fawns) was 66:100. Currently, we do not have enough reliable data to calculate
fawn:doe ratios in 2018 because too few young-of-year were observed during ground surveys.
Data from remote cameras also may offer some additional insight into population age structure for
mule deer during winter 2018-2019.
Table 4.3. Percent of female mule deer that tested positive for pregnancy
during captures for all years of the study. Data from 2017 is from the
Canadian Forces Base Wainwright, while 2018 and 2019 data are from
Cresthill Grazing Lease.

2017

2018

2019

Percent (%) pregnant

20
95

17
94

24
91

No. pregnant

20

17

20

2 of 2
0

0 of 1
0

0 of 0
2

Sample size

No. of yearlings pregnant
No. of inconclusive tests
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4.4 Mortality
Twenty-one mortalities occurred of the 35 deer collared in 2017 on CFBW (Table 4.4). Only five
collared deer from CGL have died, all of which have occurred north of Ribstone Creek (Table 4.4).
The cause of most mortalities remains unknown due to difficulties in determining coyote-killed from
coyote-scavenged, especially when mortality site investigations begin after 48 hours (Appendix
3.1). Mortalities were marked as coyote-killed when there was abundant coyote sign (scat, prints,
urine, chew marks on collar, and/or fur pile <10 m from carcass), yet we can never be 100%
certain. One deer was likely killed by a collision with a train due to proximity to the rail-road tracks
(~25 m) and evidence of impact-related trauma ( shattered mandible with head of humerus and
shoulder joint broken/cracked). Evidence suggests that one deer was likely hunter-shot with the
collar removed and relocated. The collar of that deer was found far from last GPS points by the
side of a road, with human footprints nearby and absence of coyote tracks, chew marks on collar,
or the rest of the body.

Table 4.4. Number and cause of collared mule deer mortalities by year and
season. Deer captured and collared in 2017 were located on Canadian Forces
Base Wainwright. Deer captured and collared in 2018 and 2019 were located
on Cresthill Grazing Lease.

2017

Winter
coyote
capture
unknown
Spring
coyote
unknown
Summer
unknown
Fall
hunter-harvest
unknown

2018___
2017
2018
collars collars

1

___
2017
collars

2019______
2018
2019
collars collars

1

1

1

1

1
2

2

1

1

1

4
4

3

1
1
1

5. DEER DISTRIBUTION AND HABITAT USE
5.1 Aerial surveys: Winter distribution and habitat use
The overall distribution of mule deer inhabiting CGL during winter 2018 was identified during aerial
surveys and analysed using the kernel density function in ArcGIS. Total number of deer within
each group was used for the population field value within the kernel density tool. The search radius
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Fig. 5.1. Distribution of mule deer seen during aerial surveys on Cresthill Grazing
Lease for winter 2018.

distance, within which the density was calculated, was set to 100 m. Ninety and 50% contours
were calculated by reclassifying the kernel estimation into 50 and 90% density using the reclassify
tool in ArcGIS. The distribution of mule deer was concentrated north of Ribstone Creek during the
2018 aerial survey (Fig. 5.1). Most mule deer were in more rugged, open grasslands which
comprise much of northern CGL.
Male and female mule deer had similar distributions across the landscape (Fig. 5.2). There
was no significant difference in use of grassland and deciduous habitat by the sexes (X2 = 22.8,
df=1,106 P >0.05). Grassland habitat included grassland and open shrubland which had canopy
cover of ≤10%. Deciduous habitat included closed shrubland and deciduous forest with canopy
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cover ≥40%. This classification scheme incorporated sparse shrubland into the grassland
classification to account for the frequent misclassification of northern CGL as grassland by the
AAFC land cover map. Aerial surveys are better able to identify open and closed habitat based on
canopy cover, so those aerial habitat descriptions were used to divide the data into grassland

Fig. 5.2. Total number of male and female mule deer observed in open
grassland (≤10% canopy of shrubland) and closed deciduous (≥40% canopy
of shrubland and forest) habitat during the 2018 winter aerial survey on
Cresthill Grazing Lease.

(open) and deciduous (closed) habitat, as opposed to using the GIS land cover layers.

5.2 GPS-Collars: Seasonal distribution and habitat use
Deer habitat use was analysed during winter (January-March) and summer (July-September) for
mule deer collared in 2018. There were 22 collared deer with sufficient data for the winter analysis,
and 17 for the summer analysis. Collared mule deer were located most frequently in grasslands in
both winter (0.85 ± 0.020, mean proportion by animal ± SE) and summer (0.62 ± 0.067) of 2018
(Fig. 5.3). We suspect that the high proportional use of grassland may be related to the coarseness
of the land cover map, and that deer use deciduous cover more frequently than our current
analysis depicts. This discrepancy will be addressed with vegetation sampling in summer 2019.

6. MOVEMENT
6.1 Seasonal range classification
We visually and chronologically examined the GPS-fixes of individual deer to gain a general
understanding of their movement patterns throughout the year. We defined the 2018 collared deer
as migratory if, between 1 March and 31 May, the deer moved away from the range it had been
occupying since capture on winter ranges. Migration began when the first GPS-fixes were outside
of the range that the deer had been occupying (Fig. 6.1). Movements back and forth during
migration were common, so migration was not classified as complete until the day that the deer left
the previously occupied range and did not return for a minimum of 30 days. This resulted in fewer
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documented migrations during fall because collars dropped off before the deer completed the
suspected migratory movement. Lastly, the post-migration GPS-fixes could not have spatial
overlap with the previous range of GPS-fixes lasting more than seven days before the fall
migration. Deer were classified as having resident behaviour if there was spatial overlap between
the seasonal ranges of their GPS-fixes, and spatially separate clusters of GPS-fixes did not persist
longer than seven days. The GPS-collars of three mule deer defined as resident were prematurely
terminated on 27 May, 2 June, and 7 July, 2018. These deer were classified as residents because
of lack of prolonged spatially separate clusters of GPS-fixes, and the low probability of spring

Fig. 5.3. Mean proportion of GPS-fixes of collared mule deer in land cover classes within
Ribstone Creek Study Area during winter (January-March; n=22) and summer (JulySeptember; n=17) 2018. Mean proportions and error bars (standard error) are by individual
deer.

migration occurring so late in the year. Deer that were not clearly defined by either the resident or
migratory behavioural criteria were classified as atypical.

6.2 Seasonal range sizes
We calculated the seasonal home range sizes of GPS-collared mule deer (Appendix 6.1). For each
migrant deer, the winter range spanned from the time collaring finished (30 January) to the time its
spring migration began. The summer range spanned from the end of the deer’s spring migration to
the start of its fall migration, as defined in section 6.1. For resident deer, we used previously
documented median dates of spring (26 March) and fall (25 December) migration for deer in our
study area to delineate periods of winter and summer for home range calculations (Merrill et al.
2013). The winter and summer ranges of deer classified as atypical were delineated on a case-bycase basis using changes in movement patterns and/or median migration dates. We calculated
utilization distributions using the ‘reference’ method to calculate the bandwidth value in the
adehabitatHR package (Calenge 2006) in R (R Core Team 2018). We used the resulting 95%
kernel polygons in our analysis of home range size. GPS-fixes were sufficient to calculate winter
ranges for seven male and 15 female deer. Due to mortality and collar malfunctions, summer
ranges could only be calculated for six male and 12 female deer. One female deer was collared for
more than one year, so we used only the data for the first seasons to simplify the analysis and
maintain independence of observations. On average, male mule deer had larger home ranges than
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females, especially in their summer ranges (Table 6.1). It is noteworthy, however, that the 2018
sample sizes were relatively small with large variances, especially for male summer ranges (Table
6.1).
Table 6.1. Mean seasonal home range sizes (mean, km2) of GPS-collared mule deer.
Home range estimates were derived primarily from 2-hr locations using 95% utilization
kernels.

Female
Male

mean

Winter
SD

n

11.8
13.2

8.4
5.7

15
7

mean

Summer
SD

n

10.2
24.8

4.4
14.2

12
6

6.3 Deer migration and dispersal
In 2018, one female (7%) and three male (50%) mule deer were defined as migratory (Table 6.2,
Fig. 6.2, Fig. 6.3). Overall, 52% of GPS-collared mule deer remained in the same area seasonally
(resident), 19% of mule deer were migratory, while 29% were atypical (Table 6.2). Mule deer
classified as atypical demonstrated a variety of ambiguous movement behaviours. The only
atypical male demonstrated multiple movements to and from a range 3.5 km northeast of its winter
range. It occupied this range from 11 April – 3 May, and from 10 August – 25 October, reoccupying
its winter range in the interim period. One female moved to a range 7.5 km to the north of its winter
range on two occasions, in late-February and early-April. After returning to its winter range the
second time, it left on 21 June for a new range 48 km to the south, where it remained until collar
drop-off (Fig. 6.3). This deer is likely a disperser, but this behaviour cannot be confirmed without
repeated seasons of GPS-fixes. Two females had very similar movement patterns (the proximity
loggers confirmed that they were in frequent contact) in which the winter range had consistent
movement throughout a large area, then from early-May to mid-September they settled in a
summer range within the winter range. In spring and fall, both females had repeated exploratory
movements up to 6 km to the southeast. For another atypical female, the extremes of the winter
and summer ranges were spatially distinct, but there was frequent spatial overlap in the area
between the ranges throughout 2018. The final atypical female was monitored for more than a full
year, and demonstrated resident behaviour with the exception of stays in both the spring (late-

Table 6.2. Sex of GPS-collared mule deer classified as migratory,
atypical, or resident in east-central Alberta in 2018.
Number of
Sex
Migrant
Atypical
Resident
Deer
Female
15
1 (6.7%)
5 (33.3%)
9 (60.0%)
Male

6

3 (50%)

1 (16.7%)

2 (33.3%)

Total

21

4 (19.0%)

6 (28.6%)

11 (52.4%)
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April) and fall (late-September) to the same range 7 km southwest of the resident range, which
lasted longer than seven days.

Fig. 6.1. An example of spring migration by a GPS-collared male mule deer in 2018. The
blue polygon indicates the cluster of GPS-fixes up to spring migration, and the green
polygon indicates the first cluster of GPS-fixes after the spring migration The diamonds
indicate the complete spring migration movement. This deer eventually moved to a separate
second summer range.
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Fig. 6.2. Winter (n=7) and summer (n=6) distributions of GPScollared male mule deer in east-central Alberta during 2018.
These seasonal delineations of GPS-fixes were used to calculate
the seasonal utilization distributions. The initial summer ranges of
the three migrant males are indicated by red arrows.

Fig. 6.3. Winter (n=15) and summer (n=12) distributions of GPScollared female mule deer in east-central Alberta during 2018.
These seasonal delineations were used to calculate the seasonal
utilization distributions. The summer range of the only migrant
female is indicated by a red arrow. The summer range of the
atypical female with potential disperser behaviour is indicated by
a black arrow.
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6.4 Timing and distance of migration
6.4.1 Distance. Migration distance
was defined as the distance
between the centres of the summer
and winter ranges for each
migratory deer. The centre of these
ranges was determined by
calculating the centroids of the
summer and winter 95% kernel
polygons using GIS. If the summer
range of a deer had multiple kernel
polygons, as a result of multiple
distinct clusters of GPS-fixes within
its summer range, then the centroid
of the initial polygon/cluster
following spring migration was used
to calculate migration distance.
Although sample size precluded
Fig. 6.4. Frequency (count) of distances travelled by
GPS-collared mule deer in 2018 during spring (n=4, 1
comparing inter-sex or seasonal
female, 3 males) and fall (n=1, male) migrations in eastdifferences in migration timing and
central Alberta.
distances, migration distances of
males varied from 5 to 15 km, while
the single female migrant had a spring migration distance of 7 km (Fig. 6.4).
6.4.2 Timing. For the four confirmed migrant mule deer in 2018, we documented four spring
migration events (1 female, 3 males), but only 1 fall migration event (male) from 30 January to
December, 2018 (Table 6.3). Seasonal migration times were relatively consistent, with the
earliest spring migratory event beginning 23 April, and the latest on 8 May. The first fall
migration event began on 27 October, and was also the only complete fall migration observed,
while the last fall migration event occurred on 20 November (Table 6.3).

Table 6.3. Migration timing of GPS-collared mule deer in 2018. Date
is defined by day/month/year.
Spring Migration
Fall Migration
Deer ID Sex
Begin
End
Begin
End
1820039
F
23/4/18
23/4/18
20/11/18
NA
1810056
M
24/5/18
16/6/18
10/11/18
NA
1810058
M
15/5/18
16/5/18
7/11/18
NA
1810063
M
8/5/18
8/5/18
27/10/18
27/10/18
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6.5 Seasonal activity periods
To assess general activity patterns of mule deer in 2018, we analysed mean distance travelled
in 2-hour intervals (Table 6.4). Mule deer moved significantly greater distances during summer
(𝑥𝑥̅ =268 m ± 62 m, July-September) compared with winter (𝑥𝑥̅ =162 m ± 27 m, January-March;
two sample paired t-test, P<0.001, Fig. 6.5). Male and female deer had very similar activity in
both summer and winter (two sample t-test, df=38, P>0.05). Activity was crepuscular, with large
declines in distance moved during mid-day and mid-night. The peaks of highest movement were
more compressed during winter, with activity restricted to 0900 and 1900. During summer,
active periods occurred earlier (0700) and later (2100) in the day (Fig. 6.5). The largest
movements occurred during fall (𝑥𝑥̅ =284 m ± 110 m, Oct-Dec). Overall, movement was more
consistent throughout the day during fall, with less dramatic bimodality (Fig. 6.5). Males also
moved significantly further during crepuscular periods compared with females during rut in the
fall (Fig. 6.5).

Table 6.4. Sample sizes for computing means
of deer activity based on movement rates of
GPS collared deer during 2018.
Season
Winter
Spring
Summer
Fall

Male
7
6
5
6

Female
15
15
13
12

Fig. 6.5. Activity patterns of GPS-collared mule deer during winter (Jan-Mar), spring (AprJun), summer (Jul-Sep), and fall (Oct-Dec). Standard error display variation across individual
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7. CONTACT RATES
Although CWD has become a major management priority there is still little known about the
primary routes of transmission (Bollinger et al. 2004). The patterns of prevalence observed in
Alberta persist across multiple jurisdictions, which may indicate that behavioural differences
between host classes are influencing transmission dynamics (Miller et al. 2000; Rees et al.
2012). The reported increase in risk of CWD transmission between related females suggests
that contacts within groups may be driven by social interactions between females (Grear et al.
2010). Alternatively, the wider ranging distribution of males and their movement between groups
of female deer could increase the risk of transmission. Variability in contact rates between deer
host classes has received only limited focus in research of CWD (Silbernagel et al. 2011;
Williams et al. 2014). Landscape physiognomy can also affect the home range overlap,
distribution of deer groups, and direct contacts (Kie et al. 2002; Walter et al. 2009, Kjær et al.
2008; Habib et al. 2011). In this section, we describe sex-specific contact rates based on
proximity collars and GPS collars, and identify landscape characteristics at locations of contacts
to better understand the potential pathways of CWD transmission.

7.1 Seasonal Contact Rates – Proximity Collars
Proximity events or “contacts” were recorded when two collars came within 5 m for Wildmon
(2017) collars, within 5 m for Lotek Litetrack (2018) collars, and within 3 m for Lotek Litetrack
(2019) collars (Table 3.2). To date, we have analyzed contact events recorded by proximity
loggers for all deer collared in 2018. We compared the mean number of contacts/day between
deer dyad (pair) types and between
seasons using a Scheirer–Ray–
Hare test and evaluated pairwise
differences using the Dunn KruskalWallis multiple comparisons post
hoc test. For this analysis, we split
the year into two seasons, where
summer is defined as May-October
and winter as November-March.
We summarized contact data from
20 (n= 5 male, 15 female) collared
deer in the summer and 24 (n= 8
Fig. 7.1. Mean daily contacts between female,
male, 16 female) in the winter
male and mixed sex pairs of mule deer on the
(Table 7.1). In summer, daily
Cresthill Grazing Lease in 2018.
contacts between male dyads were
21% higher than between females (p=0.07) and 54% higher than daily contacts between mixed
sex dyads (p=0.001; Fig. 7.1). In winter, daily contact rates between female dyads were 16%
higher than between males (p<0.001) and 38% higher than between mixed sex dyads
(p<0.001). There was no significant difference between daily contact rates in summer and
winter of mixed sex dyad (H=4.5, p=0.08). The number of unique dyads in winter was 250%
greater than in the summer.
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Table 7.1 Mean daily contact rates and standard error between collared pairs of collared mule deer on
the Cresthill Grazing Lease (CGL) in 2018. Summer season (May-October) included data from 20 deer
(n= 5 male, 15 female) and winter season (November-March) includes data from 24 deer (n= 8 male, 16
female).

Summer
Dyad Type
Female
Male
Mixed Sex
Total

No. of Contact Rates
Dyads (contacts/day)
41
8
26
76

7.31 ± 0.43
9.28 ± 1.40
4.23 ± 0.42
6.84 ± 0.34

Range
1-39
1-37
1-25

No. of
Dyads
131
24
114
269

Winter
Contact
Rates
(contacts/day)
7.40 ± 0.30
6.23 ± 0.45
4.61 ± 0.30
6.10 ± 0.20

Range
1-72
1-43
1-86

In summer, there was significant variation in hourly contact rates between dyads types
(H=10.8, p=0.004; Fig. 7.2). Diurnal patterns of contacts did not differ between dyads of females
and males (p=9.34), but both males (p=0.02) and females (p=0.005) varied significantly from
mixed sex dyads. There was no significant variation of contact rates between hours of the day in
summer (H=13.5, p<0.26). Although there was significant variation in hourly contact rates
between dyad types (H=10.8, p=0.004). In winter, there was significant variation (H=46.8,
p<0.001) in hourly contact rates for male (p<0.001), female (p<0.001) and mixed group dyads
(p<0.001). There was also significant variation in contact rates between hours of the day
(H=77.5, p<0.001).

Fig. 7.2. Mean number of contacts between collared mule deer in 2-hour time intervals throughout
the day on the Cresthill Grazing Lease (CGL) in 2018. Summer season included data from 20 deer
(n= 5 male, 15 female) and winter season includes data from 24 (n= 8 male, 16 female). Contacts
were recorded by proximity loggers.
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We did not see as large a difference as expected between the contact rates in winter
compared to summer. We expected winter contact rates to be much higher than in summer
because mule deer are known to form larger aggregated groups in the winter resulting in higher
deer densities and increased probability of contact (Bowyer et al. 2001; Lingle 2003). Previous
studies that quantified seasonal changes in contact rates between female white-tailed deer
(Kjær et al. 2008; Williams et al. 2014) and mule deer (Fernanda et al. 2016) have
demonstrated that winter contact rates are greater relative to summer seasons. This
discrepancy could be due to the high variability in the number of contacts recorded/dyad,
particularly in winter because we had a higher number of unique dyads in winter relative to
summer. Additionally, our summer season definition extended to the end of October, which
likely inflated the summer contact rate due to increased deer interaction during the rut. Lastly,
GPS collars enabled with proximity loggers are still a relatively new technology (Tosa et al.
2015), and the discrepancy could have been the result of technical issues, such as
inconsistencies in the true threshold distance at which a contact is initiated.
We will further explore proximity-collar based contact data this year. Specifically, we will
test if contacts recorded in close consecutive time periods are better classified as a single
contact event, remain recorded as distinct contacts, or whether duration is a better metric of
proximity. Furthermore, we will use concurrent GPS locations from collared deer to determine
where on the landscape contacts are most likely to occur, and pair those predictions with
contact data from the proximity loggers on our collared deer.

7.2 Landscape associations with GPS-based contact rates
7.2.1 Methodology. We used GPS locations of mule
deer in winter 2018 (November-March) to assess
where joint contacts of mule deer occurred. We
defined GPS-based contacts as locations within ≤10
meters during a ≤ 3-minute window using the
package spatsoc (Robitaille et al. 2018) in R (R core
team 2018). Locations within 10 m were used to
account for GPS error (average GPS error = 4.3 ±
3.13 m). After defining contact location, we took the
midpoint between points and generated a 20 m buffer
surrounding each midpoint. We then compared the
site characteristics at a contact location to random
points within areas of overlap between individual
minimum convex polygons (MCP) generated for each
deer dyad (pair). This was done to account for areas
of overlapping space-use that could result in a
Fig. 7.3. Extent of area of composite
potential contact. Random points were generated
MCP home range of all deer used in the
2
0.01 pts/km within areas of home range overlap for
RSF analysis.
each deer pair. We used a 20 m buffer surrounding
each dyad location and random point to quantify five
habitat covariates that we hypothesized would be relevant to the joint distribution of mule (Table
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7.2; Appendix 2.2). We determined a set of 8 a priori candidate models and used Akaike’s
information criterion (AIC) and ΔAIC < 2AIC to select the highest competing model (Burnham
and Anderson 2002). All covariates were assessed for collinearity using the Pearson’s
correlation coefficient where we determined covariates with an r-value over 0.6 to be correlated
and thus were not included in the same model. Mixed-effect logistic regression was used to
determine coefficients of the exponential model. We included dyad ID (individual identifier
associated with each deer pair) nested within dyad type (dyad categorized as female-female,
male-female and male-male) as the random effect to account for the variability of contacts
between sex classes as well as individual dyad effects.
Table 7.2 Landscape covariates used to assess probability of direct contact between mule deer
(Odocoileus hemionus) in the Cresthill Grazing Lease (CGL) Alberta, Canada. All covariates are
30m2 pixel resolution.

Class
Landcover

Symbol
PropCov

Landcover

PropGr

Landcover

Dist2Wat

Anthropogenic

PropRo

Anthropogenic

PropWelL

Terrain

Rugg

Covariate
Proportion of
woody cover
Proportion of
grassland
Distance to all
water
Proportion of
roads
Proportion of
well pads
Terrain
ruggedness

Description
Proportion of woody cover within a 1 kmdiameter circular buffer (%)
Proportion of grasslands within a 500 mdiameter circular buffer (%)
Distance to streams, rivers and ponds (m)
Proportion of roads within a 500 mdiameter circular buffer (km/km2)
Proportion of well pads within a 1 kmdiametercircular buffer (%)
Ruggedness (standard deviation of
altitudes) within 175 km buffer

Finally, we determined the predicted values of contact probability across WMU 234 and
compared mean contact probability values from known locations, where CWD positive mule
deer were harvested with random points (Fig. 7.3). We used data of CWD-infected mule deer
and white-tailed deer harvested in WMU 234 between 2005-2018, and an equal number of
randomly distributed points. We extracted the mean predicted value from the top model within a
160m buffer at locations of CWD-positive hunter-killed deer. We used a buffer of 160 m
because it represented the median 2-hr movement step length of deer movements of the deer
prior. The mean values at CWD positive locations were compared to those at random location
using a non-parametric Mann-Whitney U test.
7.2.2 Results. Of the 25 deer collared in 2018, we included data collected from 22 individuals
(n=15 females and n=7 males) because some collars had incomplete GPS records due to
hunter-harvest, predation, or software malfunction. We recorded 752 contacts from the 22 deer
(Fig 7.4) across 573 km2, with the majority of locations centred within the CGL (Fig. 7.5). On
average, each deer had 2831±949 locations, with dyad contact rates for males, females, and
mixed sex (male and female) averaging 13.2±11.5, 10.1±10.7, and 8.88±16.9 respectively All
individuals included in the analysis had overlapping home ranges. Extent of overlap of malemale, female-female, and male-female dyads were 25.9±22.4 km2, 18.1±9.89 km2 and 16.5±
8.53 km2. Contacts were defined using concurrent GPS locations. The most parsimonious top
model included proportion of woody cover, proportion of grasslands, distance to water and
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ruggedness (Table 7.3), and we used this model to predict the relative probability of a contact
across WMU 234 (Fig. 7.6). The only
covariate present in the global model but
not in model 1 was proportion of roads. The
relative probability of a contact occurring in
a location was positively related to
proportion of cover (13.7 ± 0.52, mean
β+SE), proportion of grassland (20.2 ±
0.57), distance to water (0.25 ± 0.05) and
negatively related to terrain ruggedness (0.51 ± 0.12).
There were 187 known locations of
harvested CWD positive animals from
2005-2018. Mean values of relative
probability of deer contact (4.2*106 ±
4.9*106) at harvest sites of CWD-infected
Fig. 7.4. Frequency of contacts between femaledeer across all dyads was significantly
female (FF), female-male (FM) and male-male
6
higher than for random locations (3.0*10 ±
(MM)
dyads types. Contact recorded from collared
4.9*106, W=21559, P <0.001). Mule deer in
mule deer (n=22) on the Cresthill Grazing Lease in
WMU 234 are more likely to contact
winter 2018.
conspecifics in areas with relatively high
amounts of woody cover and grasslands. This
is likely a reflection of deer habitat selection as
deer often occupy forested areas and
grassland that provide ample forage and
thermal cover in adverse winter conditions
(Kjær et al. 2008). Grasslands may also
facilitate larger deer group sizes that increase
contact rates between conspecifics (Bowyer et
al. 2001; Mejía-Salazar et al. 2017). If deer in
this region select for the same types of habitat
they will likely have a greater degree of home
range overlap that will facilitate more direct
contacts (Schauber et al. 2007). Further, at
large spatial scales deer home ranges have
been demonstrated to aggregate around areas
of forest cover (Dumont et al. 1998, Habib et
al. 2010). As the CGL is surrounded by areas
dominated by agricultural land use, it is
possible that deer are congregating within
these relatively small patches of woody cover.

Fig. 7.5. Map depicting the locations of contacts by
each dyad type for mule deer collared in 2018 on
Cresthill Grazing Lease.
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Fig. 7.6. Predictive map depicting the
relative probability of a contact occurring
between collared mule deer. Contacts
are pooled across all dyad types.

Table 7.3. Ranked results of AIC model selection for probability of contacts between mule deer
(Odocoileus hemionus) in the Cresthill Grazing Lease (CGL) Alberta, Canada.

Model
Global
1
4
3
2
7
5
6
Null

Covariates
PropCov + PropGr + Dist2Wat + PropRo + Rugg
PropCov + PropGr + Dist2Wat + Rugg
PropGr + Dist2Wat + Rugg
PropCov + Dist2Wat + PropRo
PropRo + Rugg

AIC
3726
3727
3763
3766
3766

ΔAIC
0
0.583
36.1
39.2
39.2

AIC Weight
0.572
0.428
8.31*10-09
1.73*10-09
1.72*10-09

PropCov
PropRo + Rugg

3768
3847

41.8
120

4.83*10-10
3.69*10-27

Dist2Wat

3855
3869

129
143

5.92*10-29
6.03*10-32

Our results indicate that contact RSF values are greater in areas associated with CWD positive
deer than at random locations. Previous studies have provided some support for the theory that
direct contacts drive transmission of CWD. For example, the transmission of CWD between
genetically related female deer is significantly more likely than between unrelated females
(Grear et al. 2010; Cullingham et al. 2011). By comparing our predictions of direct contacts and
known locations of CWD positive animals we were able to relate mechanism of transmission to
geographic patterns in disease prevalence. Therefore, our results provide further evidence that
direct contacts may be the primary route of CWD transmission in free ranging deer populations.
7.2.3 Future work. To further our findings, we will expand our analysis to all deer seasons and
comparing influential landscape covariates between time periods. In addition, distinguishing
between proportion and configuration of high-quality deer habitat would further our
understanding of how landscape physiognomy affects contacts rates. We will also use GPS
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locations to quantify indirect contact rates to identify which landscape characteristics and habitat
types are most at risk to facilitate indirect transmission of CWD by allowing for a build-up of
prions in the environment.

8. CAMERA MONITORING
We have deployed remote cameras throughout the study area to assess deer densities,
distribution, and contact rates
relative to our predictions
based on collared deer
movement and habitat
selection (Fig. 8.1). We placed
25 of 35 remote cameras (Fig.
8.2) within a square grid of 1.6
x 1.6 km apart. This is within
the average home range of
mule deer within the study
area (Table 6.1). Cameras
were placed within 100m of the
Fig. 8.1. Setting up remote cameras during November 2018.
selected points,
overlooking trails or open
areas when possible.
Cameras had two
settings. First, cameras
were set to take photos at
regular 1-hour intervals
throughout the day
without animal detection.
Second, cameras were
set to be triggered by
animal movement within
the camera detection
zone. An additional 10
cameras will be located in
areas of selected collared
deer. Data from these
cameras will used to
estimate deer densities,
record fawn: doe ratios,
test deer-use predicted
from RSF models and
quantify direct and
Fig. 8.2. Locations of line-transects and remote cameras set
indirect contact rates as
throughout Cresthill Grazing Lease in fall 2018.
possible. Data from
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those cameras will be retrieved in spring and analyzed in summer 2019.

9. MATHEMATICAL MODELLING OF DISEASE
TRANSMISSION
CWD can be transmitted through both direct and indirect contacts of deer, and the movement of
deer determines how often they encounter each other and the distribution of accumulated prions
in the environment. In this project, we modelled the spread of CWD in a heterogeneous
landscape and separated this task into two parts. First, we developed the framework for a
restricted movement model using a system of ordinary differential equations. An important
component of that model is how areas of contact between individuals are altered by spatial
heterogeneity in the landscape. Second, we derived a preliminary function for the size of deer
home ranges based on extent of woody cover as a factor of environmental heterogeneity. We
derived home range sizes based on Mean Squared Displacement (MSD) of GPS-collared mule
deer. Here, we report the overall framework of the model, and some preliminary results for
relating deer home ranges to extent of woody cover.

9.1 Differential Equation Models of Movement and Disease
9.1.1. Restricted-movement model. To model the spatial spread of CWD, we first modelled
the movement of mule deer in space. Restricted-movement models have been previously used
to model animals with a home range (Reluga et al. 2006, Moorcroft & Lewis 2013). The spatially
one-dimensional model studies the movement of individuals in a population with a constant
location of attraction, 𝑥𝑥0 . Individuals change locations in a biased random walk. The probability
density of an individual at location x and time t is denoted by 𝑈𝑈(𝑥𝑥, 𝑡𝑡), which satisfies the
following partial differential equation (PDE):

where

where the first term on the right-hand side of the PDE denotes the random walk, the second
term denotes the bias towards the location of attraction, D is the diffusion coefficient, and c is

34 | P a g e

the tendency to go back to the location of attraction. The steady state can be solved to
represent the probability density when the time is long enough, that is,
.
The shape of steady state of the restricted-movement model is shown in Fig. 9.1.
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Fig. 9.1. Shape of the steady state of the restricted-movement model for one group.

If there are multiple groups close to each other, then the steady states of the probability
densities for multiple groups have some overlaps (Fig. 9.2). The further away the locations of
attraction of two groups are, the less likely for the home ranges to overlap. The more spread out
a probability density is, the more likely for that group to have overlaps with other groups.
However, the actual encounter probability between members from two groups depends on both
probability densities.
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Fig. 9.2. Overlaps of home ranges are shown in one-dimensional space. Deer from different groups are
distributed in space, and the different groups have their probability distributions centred at different
locations.
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9.1.2. Model of disease spread in a restricted-movement population. Based on the
restricted-movement model and its steady state, we separated the disease dynamics in space
and time by assuming the overall population distribution is in its steady state, not changing with
time. To do this, we used 𝑠𝑠𝑗𝑗 (𝑥𝑥, 𝑡𝑡) and 𝑖𝑖𝑗𝑗 (𝑥𝑥, 𝑡𝑡) to represent the density of susceptible individuals
and the density of infected individuals in group j, respectively; and used ℎ𝑗𝑗 (𝑥𝑥, 𝑡𝑡) to represent the
prions in the environment shed from the infected individuals in group j, with x denoting space
and t denoting time. We then considered the change of total susceptible individuals and infected
individuals in group j, and obtained the following equations:

In those equations, β is the probability of transmission/encounter and ϕ is the probability of
transmission from environment. The first terms on the right-hand side of these equations
represent direct transmissions and the second terms represent the (indirect) transmission from
the environment. Since we assume the distribution of individuals in each group is at its steady
state and movement of individuals is fast, the density of susceptible individuals and the density
of infected individuals in group j satisfy the following relations, at any given location x and time t:

where 𝑁𝑁𝑗𝑗 is the group size, 𝑆𝑆𝑗𝑗 (𝑡𝑡) is the proportion of susceptible individuals in group j, and 𝐼𝐼𝑗𝑗 (𝑡𝑡)
is the proportion of infected individuals in group j. We also proved that ℎ𝑗𝑗 (𝑥𝑥, 𝑡𝑡) can be written as
the following:

After which, we converted the whole spatial-temporal dynamics into temporal-only dynamics,
and used a system of ordinary differential equations (ODE) to study the spatial spread of CWD
across different female groups and male groups. For the full model, see Appendix 9.1. We
called that ODE system the SHI model, where S stands for susceptible individuals, H stands for
environmental hazard (prion concentration), and I stands for infected individuals. The interaction
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between the susceptible and the infected is the direct contact (SI), and the interaction between
the susceptible and the environmental hazard is the indirect contact (SH). The SHI model is
based on the traditional susceptible-infectious model in epidemiology. Our model considers
female groups and male groups with both direct and indirect transmissions (Fig. 9.3). For male
groups, the direct transmission of CWD to the male relies on the interactions between the
susceptible males and the infected individuals (both males and females), and therefore the term
𝑆𝑆𝑚𝑚 (𝐼𝐼𝑚𝑚 + 𝐼𝐼𝑓𝑓 ). The indirect transmission of CWD to the male relies on the interactions between
the susceptible males and the prions in the environment (shed from both males and females),
and therefore the term 𝑆𝑆𝑚𝑚 (𝐻𝐻𝑚𝑚 + 𝐻𝐻𝑓𝑓 ).

Fig. 9.3. Schematic diagram of the SHI model.

In addition to the disease dynamics, male groups also have a portion of individuals switching
groups. The effect of overlapping home ranges came into the model by affecting the encounter
rate, and hence transmission rate. Groups with larger overlaps of home ranges have larger
between-group transmission rates.
9.1.3 Future work. For our SHI model, we will conduct simulations in both one dimensional and
two dimensional cases, and study the impact of long distance male traveling on the spread of
CWD. Also, it is possible to combine this model with the effect of heterogeneity. In that way, we
will be able to predict the spread of CWD in a realistic landscape by feeding the environmental
factors into the model and deciding the distribution of deer groups in space. We also hope to
identify landscape features that accelerate or slow down the spatial spread of CWD.
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9.2 Home range overlap for contacts
9.2.1 Modelling concepts and overview. A key component of the above model is the
interaction of the heterogeneous landscape with space-use by the deer. This is critical because
the likelihood of a susceptible deer encountering CWD-infected deer during its movements
depends on joint space-use within shared home ranges, and location of prions in the
environment. There are few mechanistic movement studies that provide a framework to detect
animal interactions (Potts et al. 2014). Home range size can be influenced by sex, season, and
habitat quality and configuration (Anderson et al. 2005, Walter et al. 2018). For example,
Anderson et al. (2005) studied the effect of the quantity of forage biomass and percent-cover of
forested areas on the size and patterns of resident time within home range of elk. Walter et al.
(2018) examined the effect of edge density, patch density, patch cohesion index, proportion of
“like adjacencies”, aggregation, and landscape division index on the size of home range of
white-tailed deer. We begin by focusing on landscape factors, starting with the percent cover of
forested areas, which we refer to as woody cover.
Advanced animal technology using Global Positioning System (GPS) has enabled biologists to
sequentially track animal movements to understand spatial use of animals. We used a Mean
Square Displacement (MSD) approach that measured the displacement over a specific time
step (Moorcroft & Lewis 2013). MSD helps to determine if the movement of an animal belongs
to one of three patterns: free diffusion, transported movement, or confined movement. Diffusion
rates can be established by plotting MSD against the time step. If MSD increases proportionally
with the increase of the time step (i.e., the slope is a constant), then the animal diffuses freely. If
the slope increases with the increase of the time step, it means that the movement of the animal
tends to move away from a given location (transported movement, e.g. migration and dispersal).
If the slope decreases as time step increases, or the curve levels off, then the animal tends to
stay near that location (confined movement). For an animal that has a home range, its
movement is confined. As such, the MSD analysis works as a ‘bridge’ connecting landscape
features to the mechanistic home range analysis. Giuggioli et al. (2006) have shown that MSD
converges faster to the home range area compared with the minimum convex polygon (MCP)
method, and MSD can provide an estimation of usage distribution of the home range, which
MCP cannot. Here, we report approach and preliminary results for testing the influence of
woody cover distribution on the size of summer home range.
9.2.2 Methods and results. We used GPS location data collected from 2006 to 2010 for 31
female mule deer captured and collared in east-central Alberta. Deer locations were taken for
up to one year, at 1 to 36 hour intervals. We focused on the summer data. Approximately 90%
of deer finished spring migration by the end of May, and ~95% of deer had not started their fall
migration at the beginning of November (Merrill et al. 2013: Fig 7.1). We therefore defined
summer as 1 May to 31 October for the candidate summer months and then removed months
before and during spring migration, and months during and after fall migration. Times of
migration were detected by identifying the outliers of standard deviation of monthly movements.
As a result, we used data from 23 of the 31 deer because 8 of them had incomplete data for
those months.
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We calculated the MSD corresponding to all possible time steps, ranging from 1 hour up to 180
days. We plotted the MSD for each individual deer (example: Fig. 9.4A) and derived the slope of
the curve to classify as one of the three MSD movement patterns described above. Deer
D109308, for example, had confined movement, identified by the levelling off of the MSD curve
(Fig. 9.4A&B). Then, we removed outliers from the MSD values to account for stochastic
factors, and took the maximum value as an estimator of its home range (Fig. 10.4A).

(A)

(B)

Fig. 9.4. (A) The home range estimation using MSD is shown with red circle, the blue circles are the
summer months’ GPS fixes, and the black dots are all available GPS movement data (the space unit is
km). (B) MSD versus the time step for deer 109308.

We examined the effect of woody cover on the summer home ranges of the 23 mule deer. The
GIS woody cover layer included shrubland, deciduous forests, and mixed forests (Appendix
2.2). We calculated the extent of woody cover for the average MSD-derived radius for the
summer home range of each deer (Fig. 9.5, Fig. 9.6).
Fig. 9.5. The home range
radius of each deer and the
corresponding woody cover
percentage

We related extent of woody cover to the size of home ranges. For our preliminary analysis, we
separated deer into two groups, one with a smaller woody cover percentage and the other with
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a larger woody cover percentage, and tested for a difference in the means between the two
groups using a two-sample unequal variance t-test. We distinguished between the two groups,
by visually examining Fig. 9.5. Upon inspection, we initially divided deer in to 3 categories: low
(<10%), medium (40%~60%), and high (>70%) woody cover. We combined the <10% and
40%~60% into one group to obtain a group size comparable to group >70%. As such, we used
60% to separate deer into two groups (Fig. 9.7.).
We found that on average home ranges sizes did not differ when extent of woody cover was
above and below 60% (p-value = 0.9123). We tried other thresholds, but our conclusions did not
change. In conclusion, our analysis shows that the effect of woody cover percentage on the
home range size is not significant for our study area.

Fig. 9.6. The home range estimations using MSD for 23 deer are shown with red circles in a woody cover
GIS layer. We consider shrubland, deciduous forests and mixed forests as woody cover.
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(b) deer with >60% woody cover (n=15)
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Fig. 9.7. Distribution of home range radius in two groups with the woody cover threshold of 60%. (a) The
group of deer with smaller (<60%) woody cover percentage; (b) the group of deer with larger (>60%)
woody cover percentage.

9.2.3 Future work. We will test if home range sizes are influenced by other landscape
heterogeneity factors, including edge density, patch density, patch cohesion index, proportion of
“like adjacencies”, aggregation, and landscape division index. These factors contain information
on the patchiness of the landscape, which can have a larger impact on home range size than
the woody cover percentage.

10. STATISTICAL RISK MODELLING
In this section, we first evaluated the increase in CWD prevalence in six Wildlife Management
Units (WMUs) in Alberta from 2005 to 2018 to determine whether the rate of increase in CWD
prevalence changes over time. We focused on the same six WMUs to avoid the confounding
effect of an expanding surveillance area over which harvested deer are sampled. We
hypothesized that rate of increase in CWD prevalence would increase with time reflecting more
infected deer and environment over time. We predicted that the rate of change in prevalence
would occur earlier and increase faster for male than female mule deer following the
cancellation of the herd reduction program because they appear to be “super spreaders” (Rees
et al. 2012). Second, we compared models for the risk of a harvested deer being CWD positive
during the early surveillance period (2005-2012) and the late period (2013-2017) in all
mandatory CWD disease WMUs, and developed a full model using all data from 2005-2017. We
predicted that an effect of some landscape features influencing the distribution of CWD in
harvested deer might have changed over time, as the accumulation of CWD positive cases
increased and associations with landscape features, important during early stages, diminished.
We tested the prediction ability of our full model using out-of-sample data from harvested deer
in 2018 to provide an optimal cut-off point for maximizing the potential effectiveness of our
prediction model. Using harvest data, our approach can be generalized for developing risk maps
in other jurisdictions.
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10.1 Methodology
10.1.1 Study area. The study area is located within the Eastern Alberta Plains along the
Saskatchewan border encompassing all cases of CWD reported during 2005 – 2018 in Alberta
(Fig. 10.1). The area is largely within the aspen parkland ecosystem with small portions of
boreal transition in the north and moist mixed-grasslands in the south. The Battle River and
North Saskatchewan River are the major drainages on the north, and the Red Deer River and
South Saskatchewan River on the south, with several large lakes and numerous ponds and
wetlands scattered throughout the landscape. The typical vegetation pattern is a mixture of
dense tree stands and open prairie (Meijer & Karpuk 1999). Natural vegetation still
predominates on the coarser textured soils around water bodies. Vegetation and human
development in this study area are
comparable to the smaller RCSA
nested within it (see section 2.3.2).
Black and brown Chernozemic and
Solonetzic soils are typical for the
whole study area, with dominance of
loamy soils composed mostly of
sand, silt, and clay with high organic
matter content. Increasing evidence
suggests that horizontal transmission
of CWD involves soils as an
environmental reservoir of infectivity
due to their ability to bind prions
(Kuznetsova et al. 2018); however,
soils may also inhibit prion availability
(Dorak et al. 2017). For example,
infectivity of CWD prions decreases
with high concentrations of humic
acids, whereas lower levels of humic
acids do not impact CWD infectivity
(Kuznetsova et al. 2018). Clay has
also been associated with CWD in
Fig. 10.1. Overview of the study area, major rivers and Wildlife
Management Units (WMUs) in Alberta, Canada. Displayed CWDmany studies although its effect on
positive deer locations during 2005 - 2018 (n = 1405).
infectivity is still debated (Walter et al.
2011, Wyckoff et al. 2013, Dorak et al. 2017).
10.1.2 CWD surveillance data. CWD surveillance was initiated in 1996 based on a voluntary
head submission across the province. In 2006, after CWD was detected in two WMUs in 2005,
five WMUs along the Alberta-Saskatchewan border required mandatory submission of deer
heads for CWD testing. The surveillance area increased over time (every ~3 years) to include
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neighbouring units as new cases were being identified; in 2018 head submission was
mandatory for 42 WMUs.
Hunter-harvested samples (heads) for CWD testing were obtained from mule and white-tailed
deer in November (72.7%) and December (10.2%) as part of Alberta’s CWD surveillance
program from 2005 – 2017 (n = 54,763), and as part of Alberta’s herd reduction program in
2006 – 2008 (n = 7,404). Hunters provided species, sex, date of kill, and GPS coordinates or
legal land description located to the nearest ¼ section of where the deer was killed. Age was
determined for a subset of samples (n = 2,404) in 2006-2015 based on cementum annuli of
incisors (Mitchell 1963).
CWD was determined for all submitted heads by the TSE lab of Alberta Agriculture and Forestry
in Edmonton following the national standard for CWD laboratory diagnostic testing. The BioRad
TeSeE ELISA assay was used as a screening test on retropharyngeal lymph nodes and/or obex
samples. This included 2 stages - purification and detection. The purification protocol uses
proteinase K to degrade PrP, followed by a PrPCWD denaturation/renaturation process to yield
the ELISA test samples. The detection procedure is a conventional 2-site sandwich ELISA
protocol involving 2 specific monoclonal antibodies to PrPCWD. Reference positive and
negative controls are used in each assay to validate the test and to determine a specific cut-off
value for the ELISA results.

10.2 Spread Modelling – Change in Prevalence Over Time
10.2.1 Methods. We modelled the rate of increase in prevalence of CWD from harvested whitetailed and mule deer from 2005 to 2018 within six WMUs (Fig. 10.1). The six WMUs were
chosen because they were sampled continuously from 2005 through 2018 as part of Alberta’s
CWD surveillance program. We pooled data across the WMUs and estimated the overall linear
increase from 2005-2018 using a general linear model (R 3.5.3, Development Core Team
2017), and compared the βs of the linear model by sex for each species given the slope,
standard error and sample size for each line (Cohen et al. 2003). To determine whether the rate
of increase in CWD prevalence changed over time and in what year, we modelled prevalence
as a function of year using a piecewise linear regression (Package Segmented, R 3.5.3,
Development Core Team 2017). We compared an overall linear increase to models at break
point in prevalence from 2009 – 2013 and modelled R2 to determine the best model fit. We
limited our testing to break points during these years based on visual inspection of the data.
Prevalence values were natural-log transformed in all analyses, and F-test was used to test the
equality of coefficients of variation (Marwick 2019).
10.2.2 Results. When pooled across the same WMUs, annual estimates of CWD prevalence in
male mule deer were consistently higher (7.19 ± 2.01, mean ± SE) than in male white-tailed
deer (2.34 ± 0.80; t test paired by year, tpaired = 3.76, P = 0.002), but not in female mule deer
(3.30 ± 1.48) compared to female white-tailed deer (0.63 ± 0.26; tpaired = 2.00, P = 0.067). Annual
prevalence was consistently higher in male than female mule deer (tpaired = 3.63, P = 0.003), and
in male than female white-tailed deer (tpaired = 2.34, P = 0.04). Overall, increase in mean annual
prevalence across WMUs from 2005-2018 was similar in male (0.27 ± 0.04/yr, β + SE) and
female (0.36 ± 0.04/yr) mule deer (tpaired =1.43, P =0.17) as well as in male (0.42 ± 0.05/yr) and
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female (0.25 ± 0.09/yr) white-tailed deer (tpaired =1.54, P =0.14). The coefficient of variation in
annual prevalence among the six WMUs over this period decreased for male mule deer over
time (F5,13= 0.14, P = 0.05) but not for female mule deer or white-tailed deer (P = 0.16).
The rate of increase in prevalence across the six WMUs changed in male and female mule deer
but not in white-tailed deer (Table 10.1, Fig. 10.2). The best fit model indicated CWD prevalence
in male mule deer increased from 0.11 ± 0.14/yr (β ± SE) in 2005-2008 to 0.33 ± 0.19/yr in
2009-2018, and in female mule deer from -0.02 ± 0.11/yr in 2005-2009 to 0.48 ± 0.17/yr in
2009-2018. Rates of increase were similar in male and female mule deer before (t = 0.90, P =
0.38) and after the change in the rate (t = 0.60, P = 0.55) as well as in white-tailed deer
throughout 2005-2018 (t = 1.54, P = 0.14). The rate in female mule deer changed in 2010 when
overall prevalence was 0.84 ± 0.63 (Fig. 10.2).

Table 10.1. Top models (bolded) for rate of CWD prevalence among female and male mule deer and
white-tailed deer harvested during 2005 - 2018 in six WMUs where CWD occurred since 2005, based on
year of harvest, breaking point, and ranked based on R2. k is the number of model components.

Model
Mule deer males
Prevalence ~ Year
ln(Prevalence) ~ Year
ln(Prevalence) ~ Year + X2009

n

k

R2

14
14
14

2
2
3

0.74
0.78
0.80

Mule deer females
Prevalence ~ Year
ln(Prevalence) ~ Year
ln(Prevalence) ~ Year + X2010

14
14
14

2
2
3

0.46
0.83
0.87

White-tailed deer males
Prevalence ~ Year
ln(Prevalence) ~ Year
ln(Prevalence) ~ Year + X2010

14
14
14

2
2
3

0.68
0.83
0.81

White-tailed deer females
Prevalence ~ Year
ln(Prevalence) ~ Year
ln(Prevalence) ~ Year + X2010

14
14
14

2
2
3

0.31
0.34
0.32

10.3 Risk Modelling
10.3.1 Methods. We modeled CWD risk for the early (2005 - 2012) and late (2013 - 2017)
periods using surveillance data. Risk was defined as the probability that a harvested deer would
be CWD infected (Rees et al. 2012). Risk models included data from all CWD-infected deer
from 2005 -2017 (n = 905), but only a subset of randomly selected uninfected deer (n = 13,5
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MUDE ♂

MUDE ♀

WTDE ♂

WTDE ♀

Fig. 10.2. Natural log of prevalence (mean ± 95% confidence intervals) of CWD in harvested male and
female mule deer and male and female white-tailed deer in six WMUs in the CWD surveillance program
from 2005 to 2018. Lines indicate predictions of the top piecewise models chosen based on best fit model
R2.

64, 75% reduction), and assumed deer were independently harvested for the analysis. We used
rare-event logistic regression (Imai et al. 2008) in R (Zelig Package, R 3.5.3, Development Core
Team 2019) to determine the probability that a harvested deer was CWD-infected because of
the low ratio of CWD-infected to uninfected deer included in the sample. This approach utilizes
maximum likelihood to estimate model parameters while correcting for bias in parameter
estimation caused by low number of samples on one binary category (i.e., CWD-infected deer).
Inputs to the model included time since CWD positive deer were first detected in Alberta (2005),
deer species, sex, Euclidean distance from CWD-infected deer of either species detected in
previous years, and 10 landscape characteristics of the harvest site (Table 10.2). We used
Akaike’s Information Criterion (AIC, Burnham & Anderson 2002) to rank a priori candidate
models. We then compared models for the two time periods based on 1) variables included in
the top models, 2) changes in magnitude of the β coefficients between periods, and 3) withinsample classification accuracy of the model (infected vs uninfected) using the area under the
receiver operating curve (AUC, Fielding & Bell 1997).
Finally, we pooled data across years to develop a full model (2005-2017) and validated the
predictive accuracy of the full model using out-of-sample data from the surveillance program
2018 (nCWD+ = 500; nCWD- = 6,702). We assessed the ability of the risk model to accurately
predict the disease risk, first, by comparing classification accuracy of out-of-sample data using
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AUC and estimating the maximum potential effectiveness based on Youden’s Index and
Kolmogorov-Smirnov (KS) statistics, and second, by points using a t-test to compare mean
predicted risk from the top model at locations of only CWD-infected animals to 10,000 randomly
distributed.
10.3.2 Harvest-site characteristics. We measured 10 landscape variables (Table 10.2;
Appendix 2.2) associated with the occurrence of CWD-infected deer (Rees et al. 2012, Nobert
et al. 2016, Kuznetsova et al. 2018). We used the mean of environmental variables within a
circular buffer of 12 km2 (radius = 1954 m) around the kill site because similar risk models found
this buffer size improved model fit better than 3 and 6 km2, and it represented the home range
size of mule deer in the area (Nobert et al. 2016). Euclidean distance to the nearest previous
CWD positive cases was calculated for each harvested deer; for example, for a deer harvested
in 2017, nearest distance was calculated from all known CWD positive cases from 2005 – 2016.
Since harvest was performed by two methods, hunter harvest and sharp-shooters, we also
included a harvest method as a covariate. All spatial analyses were done in ArcGIS 10.6 (ESRI,
Relands, CA, 2019).

10.3.2 Results. We analysed data from 160 CWD positive and 8,489 CWD negative hunter
harvested deer in 2005-2012 and 745 CWD positive and 5,075 CWD negative in 2013-2017 to
determine how factors influencing CWD risk changed over time (Table 10.3). Both top models
for predicting CWD risk during early (2005-2012) and late period (2013-2017) while controlling
for species, sex, and time, included proximity to previous CWD positive and two landscape
characteristics, however representing different factors (Table 10.4). Both models, for early and
late period had a similar AUC of 0.81. During the early period, mule deer were 3.97 times more
likely to be CWD positive than white-tailed deer, and male deer were 2.55 times more likely to
be CWD positive than females. During the late period, the probability of being CWD positive
increased slightly in mule deer (to 4.17) compared to white-tailed deer, but remained similar
(2.45) for male deer compared to early period (Table 10.5). CWD risk increased linearly in time
by the rate of 1.41 per year for both species and both sexes during the early period; however,
the rate slightly decreased to 1.27 per year in the late period. During the early period, the risk of
CWD started to increase for both sexes at ~50 km from the previous CWD case, but during the
late period, males were at risk over a broader area (~75 km) compared to females (~40 km; Fig.
10.3). Overall, the effect of proximity to previous CWD cases was 0.98 – 0.91 during the early
period and stabilized at 0.90 during the late period (Table 10.5). During the early period, CWD
risk increased when deer were harvested near small stream drainages and on soils with low
organic carbon content (open habitats), while during the late period, CWD risk generally
increased in areas with high agriculture and was high along river drainages only when
agriculture was nearby (Table 10.5; Fig. 10.4).

46 | P a g e

Table 10.2. Covariates used in the logistic CWD Risk Model for predicting probability of a CWD positive
(CWD+) individual deer harvested by hunters or in a herd reduction program from 2005-2017.

Range of
values

Units

Species

0/1

–

Mule deer (1) or white–tailed deer (0).

Sex

0/1

–

Deer sex: male (1) or female (0).

Time

5 – 18

Covariate

Proximity

Definition

years Time in years since first CWD+ detected in 2000 in SK.
Distance (km) to nearest previously detected CWD+ case in
AB.

0.0 – 283.3

km

0/1

–

Driver

0. – 40.6

km

Dstream

0.0 – 9.0

km

Cover

0.0 – 0.97

%

Agri

0.0 – 0.97

%

Proportion of cultivated cropland and woody perennial crops
averaged within a 12 km2-circular buffer (ABMI 2010).

Rugg

0.0 – 81.0

m

Standard deviation in elevation (m) within a 12 km2-circular
buffer (GOA 2011).

Dwell

0.0 – 18.5

km

Nearest distance to wells. The urban and rural features in
the ABMI Human Footprint Map (ABMI 2010).

0.0 – 3.6

km

Distance to urban, rural dwellings, industrial development,
and hard linear features footprint. The “Urban & Rural
Features”, “Industrial & Resource Extraction Features”, and
“Hard Linear Features” in the ABMI Human Footprint Map
(ABMI 2010).

Clay

3.6 – 71.1

%

% clay content within 12 km2-circ. buffer (Hengl et al. 2017).

Sand

17.0 – 63.0

%

18.0 – 234.0

g/kg

Harvest

Dhard

Harvest method: hunter (1) or herd reduction (0).
Distance (km) to nearest river or major tributary. Classified
as all stream features (GOA 2013) with the name “river” or
“creek”.
Distance (km) to minor stream (i.e. not river or creek, GOA
2013).
Proportion of treed areas with at least a 10% crown closure
of trees and areas with >20% ground cover where >30% is
shrub, averaged within a 12 km2-circular buffer (ABMI
2010).

Soil type

Organic

% sand content within 12 km2-circ. buffer (Hengl et al.
2017).
Organic carbon within 12 km2-circ. buffer (Hengl et al.
2017).

Table 10.3. Number of CWD positive (CWD+) and negative (CWD-) mule deer and white-tailed deer
harvested and tested for CWD in Alberta during 2005-2018, and the overall CWD prevalence of all
harvested deer.
Year
Mule deer (n = 37,603)
White-tailed deer (n = 24,359)
All species

47 | P a g e

prevalence

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
Total

Female
CWD- CWD+

Male
CWD- CWD+

Female
CWD- CWD+

Male
CWDCWD+

704
1537
2622
1537
1569
1545
1061
807
1012
955
1333
1322
1580
1869
19453

616
1032
1753
1190
1097
1532
860
898
934
947
1300
1347
1575
1844
16925

140
1254
2259
596
736
717
434
425
404
372
407
466
962
742
9914

79
832
1563
759
1036
999
684
880
705
640
979
996
1869
2247
14268

5
7
5
1
3
5
12
7
13
16
27
35
59
98
293

7
7
16
6
9
13
18
19
28
58
77
119
214
341
932

EARLY

0
1
2
0
0
0
0
1
2
0
4
6
2
5
23

0
1
1
1
1
2
3
7
5
12
7
17
44
53
154

0.77
0.34
0.29
0.20
0.29
0.42
1.07
1.12
1.55
2.87
2.78
4.11
5.06
6.90

LATE

Fig. 10.3. Risk of Chronic Wasting Disease for male (green) and female (pink) deer in
Alberta during early and late surveillance periods.
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Table 10.4. Top five models for predicting probability that a deer harvested in Alberta is positive for
Chronic Wasting Disease (CWD) based on species and sex, proximity to previous case, time, and
environmental characteristics of the kill site. k is the number of parameters, AIC is Akaike’s Information
Criterion, ΔAIC is relative to the most parsimonious model and w is the AIC weight.
Model
k
AIC
ΔAIC
w
Early period (2005 - 2012)
Sex + Spec + Time + Proximity + Harvest + Dstream + Organic
+ Time * Proximity
Sex + Spec + Time + Proximity + Harvest + Dstream + Organic
Sex + Spec + Time + Proximity + Harvest
Sex + Spec
null model
Late period (2013 - 2017)
Sex + Spec + Time + Proximity + Driver + Agri + Driver * Agri +
Spec * Proximity
Sex + Spec + Time + Proximity + Driver + Agri
Sex + Spec + Time + Proximity
Sex + Spec
null model
Overall (2005 - 2017)
Sex + Spec + Time + Proximity + Dminor + Organic + Driver +
Agri + Driver * Agri + Time * Proximity
Sex + Spec + Time + Proximity + Dminor + Driver + Agri +
Organic
Sex + Spec + Time + Proximity
Sex + Spec
null model

8

1517.2

0.0

1.00

7
5
3

1531.1
1543.1
1644.7

13.9
25.9
127.5

0.00
0.00
0.00

1

1741.8

224.6

0.00

8

3634.8

0.0

1.00

7
5
3

3646.8
3658.6
4092.0

12.0
23.8
457.2

0.00
0.00
0.00

1

4455.2

820.4

0.00

11

5062.8

0.0

1.00

9

5101.7

38.9

0.00

5
3
1

5112.8
6208.8
6771.2

50.0
1146.0
1708.4

0.00
0.00
0.00
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Table 10.5. Top models predicting the probability that a deer harvested in Alberta is infected with Chronic
Wasting Disease (CWD) during early period using data from 2005 – 2012 and late period using data from
2013 – 2017 and compared with the full model using all data from 2005-2017 with parameter estimates,
standard errors, odds ratios and 95% confidence intervals of the odds ratios.
Variable

Period 2005 – 2012

Period 2013 – 2017

Period 2005 – 2017

β ± SE

OR

CI

β ± SE

OR

CI

β ± SE

OR

CI

Spec

1.38±0.23

3.97

2.55, 6.19

1.43±0.12

4.17

3.31, 5.25

1.43±0.11

4.21

3.40, 5.12

Sex

0.94±0.17

2.55

1.82, 3.57

0.90±0.14

2.45

1.86, 3.23

1.14±0.09

3.15

2.65, 3.70

Time

0.35±0.05

1.41

1.27, 1.57

0.24±0.03

1.27

1.18, 1.36

0.29±0.02

1.34

1.29, 1.39

Proximity

0.03±0.02

1.03

0.99, 1.07

-0.11±0.02

0.90

0.87, 0.92

0.02±0.01

1.02

1.00, 1.05

Harvest

1.22±0.27

3.37

1.96, 5.79

Dstream

-0.27±0.08

0.76

0.65, 0.90

-0.08±0.04

0.92

0.85, 0.99

Driver

0.06±0.01

1.06

1.03, 1.09

0.05±0.01

1.05

1.03, 1.08

Agri

0.53±0.19

1.70

1.16, 2.49

0.53±0.18

1.70

1.19, 2.43

-0.004±0.002

0.996

0.992, 0.999

-0.07±0.02

0.94

0.89, 0.98

-0.06±0.02

0.94

0.90, 0.98

-0.006±0.002

0.99

0.99, 1.00

-7.56±0.35

0.00

0.00, 0.00

Organic

-0.01±0.00

0.99

0.99, 1.00

Driver*Agri
Time * Prox.

-0.01±0.00

0.99

0.99, 1.00

-7.06±0.60

0.00

0.00, 0.00

Sex * Prox.
Intercept

0.04±0.02

1.04

1.01, 1.08

-6.80± 0.61

0.00

0.00, 0.00

The top full model for predicting CWD risk in Alberta using data from 905 CWD positive and
13,564 negative hunter-harvested deer over 2005-2017 included sex, species, time, proximity to
previous CWD case, and 4 landscape characteristics (Table 10.4). The harvest was comprised
of 50.8% male deer (either species), 61.2% mule deer, and 28.6% male mule deer specifically.
Mule deer were 4.21 times more likely to be CWD positive than white-tailed deer and male deer
were 3.15 times more likely to be CWD positive than females. CWD probability increased
linearly over time and decreased with distance to previous positive case, while the distance
where CWD risk is close to zero (~50 km) remained consistent over time (Fig. 10.5B). The risk
of CWD increased when deer were harvested in areas with high agriculture where soils
contained low amounts of organic carbon and near small stream drainages (Table 10.4). The
risk increased along large rivers only when agriculture was high in the area (Fig. 10.5A).
Harvest method was not significant in the top model. The out-of-sample AUC using harvest data
from 2018 was 0.73. The optimal cut-off point for maximizing potential effectiveness of the
prediction model was estimated at 0.42 (Fig. 10.6). The mean predicted CWD risk at 500
locations of CWD positive cases from 2018 (xi = 0.48) was significantly higher (t = 32.49; P ≤
0.001) than mean CWD risk at random locations (xi = 0.20; Fig. 10.7).
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A)

B)

Fig. 10.4. Predictions of the CWD risk for male mule deer based on the top models for A) early (2005 2012) and B) late (2013 - 2017) periods. During the early period the CWD risk was driven by streams and
soils with low organic carbon content, while during the late period, when the landscape became saturated
with prions, the CWD risk was driven by agriculture and increased along rivers only when agriculture was
high (Table 10.5).
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Fig. 10.5. Interactions of A) distance to river and amount of agriculture within a 12 km2 circular buffer and
B) distance to previous CWD positive case (CWD+) and time since 2000 influencing CWD risk in
harvested deer in Alberta during 2005-2017.

AUC = 0.73

Fig. 10.6. ROC curve of the full model for out-of-sample data from 2018 (n = 500) and optimal cutoff point
represented by the Youden Index.
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Fig. 10.7. Prediction of the CWD risk for male mule deer based on the full model 2005
– 2017 and evaluation by CWD positive (CWD+) cases from 2018 (n = 500). The
CWD risk was driven by streams and agricultural land with low organic carbon
content, and increased along large rivers only when agriculture was high (Table 10.5).
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APPENDICES
Appendix 2.1. Current land cover classes condensed from the Agriculture and Agri-Food Canada
(AAFC) land cover classes. Descriptions were derived from the AAFC Land Cover metadata, with the
exception of the ‘Human Development’ class, for which the land cover data and description were taken
from the 2010 ABMI Wall-to-Wall Land Cover map and metadata.

AAFC Land
Cover Classes

Current Land
Cover Classes

Descriptions

Cultivated
Agricultural Land

Cultivated Agricultural Land: This class is mapped
only if the distinction of sub-agricultural covers (below)
is not possible
o This land cover class is not present in the
Ribstone Creek Study Area

Annual Cropland

Annual Cropland: Classification process primarily
detects and delineates lands that change from bare
cover to green/vegetated cover during the growing
season.

Cropland
Perennial
Cropland and
Pasture

Perennial Cropland and Pasture: Periodically
cultivated cropland. Includes tame grasses and other
perennial crops such as alfalfa and clover grown alone
or as mixtures for hay, pasture or seed.

Coniferous
Forest

*Fall seeded crops such as winter wheat may be
erroneously identified in these classes.
*Grassland and shrubland may be delineated within
these classes.
Predominantly coniferous forests or treed areas.
*May include mixed forests and shrubland areas.

Coniferous
Forest

Deciduous Forest: Predominantly broadleaf/deciduous
forests or treed areas.
*May include mixed forests and shrubland areas.

Deciduous
Forest
Mixed Forest

Mixed Forest: Mixed coniferous and
broadleaf/deciduous forests or treed areas
Deciduous

Shrubland

Shrubland: Predominantly woody vegetation of
relatively low height (generally +/-2 meters).
*May include grass or grassland wetlands with woody
vegetation, regenerating forest.
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Appendix 2.1 CONTINUED.

AAFC Land
Cover Classes

Current Land
Cover Classes

Descriptions

Exposed Land

Exposed Land

Predominately non-vegetated and non-developed:
exposed lands, bare soil, snow, glacier, rock,
sediments, burned areas, rubble, mines, and other
naturally occurring non-vegetated surfaces. Excludes
fallow agriculture.
* Open water bodies may be erroneously identified in
this class

Forest/ Trees

Forest/ Trees

Predominantly forested or treed areas. This class is
mapped only if the distinction of sub-forest covers
(Coniferous Forest, Deciduous Forest, and Mixed
Forest) is not possible.
o This land cover class is not present in the
Ribstone Creek Study Area

Grassland,
Native Grass

Grassland

Predominantly native grasses and other herbaceous
vegetation.
*May include some shrubland cover.
*Land used for range or native unimproved pasture may
appear in this class.

Built-up

Human
Development

Water

Water

Urban and built-up areas (including industrial sites),
impervious artificial surfaces (e.g. airport runaways),
railways and roads. Acreages and farmsteads are
included in this class. Oil and gas well pads are
included in this class if connected to a road and not
abandoned or under reclamation. Urban terrain
underdevelopment is included in this class, even if the
land is exposed. Urban green areas are excluded from
this class if larger than 2 hectare and if they have less
than 2 buildings per hectare.
Water bodies (lakes, reservoirs, rivers, streams, salt
water, etc.). Obvious misclassifications of water bodies
as exposed land were reclassified to this class.
Ribstone Creek and Black Creek were added to this
class as 2 m wide features. Excludes ‘unnamed’ creeks
and streams.
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Appendix 2.1 CONTINUED.

AAFC Land
Cover Classes

Current Land
Cover Classes

Descriptions

Wetland

Wetland

Land with a water table near/at/above soil surface for
enough time to promote wetland or aquatic processes
(semi-permanent or permanent wetland vegetation,
including fens, bogs, swamps, sloughs, marshes, etc).
This class is mapped based on cover properties
corresponding with image date(s) conditions

Unclassified

Unclassified

Areas unclassified due to cloud, shadow or other image
quality factors.
o This land cover class is not present in the
Ribstone Creek Study Area
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Appendix 2.2. Description and source of GIS-based environmental variables. Raster variables were
developed at either 30 m x 30 m, 100 m x 100 m, or 250 m x 250 m cell resolutions.

GIS Layer

Description

Source (Year)

Digital elevation model (DEM). DEM is used
to derive ruggedness. (30 x 30 m)

Government of Canada
Open Data Portal (2015)

Land Cover

Derived from Agriculture and Agri-food
Canada Land Cover for Agricultural Regions
2000 and 2010 ABMI Wall-To-Wall Land
Cover Map of Alberta (see Appendix 2.1)

Agriculture and Agri-food
Canada (2000), and
Alberta Biodiversity
Monitoring Institute (2010)

Land Cover

The land cover maps used to derive ‘distance
to’ and ‘proportion of’ various land cover
types for use as covariates in modelling.

Topography
DEM
Land Cover

Section 7.2

Nobert (2012) (Derived
from Agriculture and Agrifood Canada (2010))

Section 9.2; Section 10.3

Alberta Biodiversity
Monitoring Institute (2010)

Forb biomass (g/m2) averaged within 12 km2
(30 x 30 m)
Grass biomass (g/m2) averaged within 12
km2 (30 x 30 m)
Shrub biomass (g/m2) averaged within 12
km2 (30 x 30 m)

Nobert (2012)

Forage
Forb Biomass
Grass
Biomass
Shrub
Biomass

Nobert (2012)
Nobert (2012)

Hydrology
Rivers and
Streams

Rivers or major tributaries are classified as all Government of Alberta
stream features with the name “river” or
(2013)
“creek.” Streams are defined as minor
streams (i.e. not a named river or creek; see
definition above).
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Appendix 2.2. CONTINUED.

GIS Layer

Description

Source (Year)

Clay Content

Mean % soil clay content (100 x 100 m)

Hengl et al. (2012)

Organic
Content

Soil organic carbon content (g/kg) at depth 0
– 5 cm (250 x 250 m);

Hengl et al. (2012)

Sand Content

Sand content (50-2000 micrometer) mass
fraction ( %) at depth 0 – 5 cm (250 x 250 m)

Hengl et al. (2012)

Soil pH

Soil pH in H2O at depth 0 – 5 cm (250 x 250
m); predicted using the global compilation of
soil ground observations. Accuracy
assessment is available in Hengl et al. (2017)

Hengl et al. (2017)

Alberta Biodiversity
Monitoring Institute (2010)

Roads

Distance to urban, rural dwellings, industrial
development, and hard linear features
footprint. The “Urban & Rural Features”,
“Industrial & Resource Extraction Features”,
and “Hard Linear Features” in the ABMI
Human Footprint Map (100 x 100 m)
Paved and gravel roads.

Well Pads

Oil and gas well pads.

Soils

Human
Development
Distance to
Hard
Surfaces

Alberta Biodiversity
Monitoring Institute (2000)

Section 7.2

Nobert (2012) (Derived
from Agriculture and Agrifood Canada (2010))

Section 10.3

Alberta Biodiversity
Monitoring Institute (2010)
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Appendix 3.1. Summary of data for all deer captured during the study to day, 2017-2019. Dates
are indicated by MM/DD/YY. The easting and northing coordinates correspond to the capture
site. NOT FOR GENERAL DISTRIBUTION. GENERAL INFORMATION PROVIDED UPON
REQUEST.
Appendix 6.1. The mean seasonal home range sizes of male and female GPS-collared mule
deer classified as having either migrant, atypical, resident, or unknown movement
behaviours. The individuals with unknown behaviour died at the end of winter.

Winter

Summer

mean

SD

n

mean

SD

n

Female

10.19

NA

1

5.97

NA

1

Male

18.04

4.00

3

27.05

13.81

3

Female

19.63

10.46

5

12.62

5.07

5

Male

5.76

NA

1

7.90

NA

1

Female

7.46

3.09

9

8.85

3.24

6

Male

12.79

0.16

2

29.83

11.70

2

6.84

NA

1

NA

NA

NA

Female

11.70

8.42

15

10.18

4.40

12

Male

13.18

5.75

7

24.79

14.17

6

Migrant

Atypical

Resident

Unknown
Male
Total
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Appendix 9.1. Equations for the SHI model. The first three equations are for females, and the latter three
for males.

The direct and indirect transmission rates between group j and group k with overlapping home
ranges are:
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Those terms represent how overlaps of home ranges affect the effective transmission rate
between two groups, that is, home range overlaps affect the encounter rate of deer from
different groups, and therefore affect the transmission rate.
Symbols used in the SHI model.

To explain the equations, we take the fifth equation in the model for example:
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On the right-hand side, the first line represents the disease transmission, and the second line
represents the long-distance travel to male group j and away from the group j. Inside the square
brackets, the first part is related to the disease transmission to the male group j caused by
contacts with female groups directly and with the prions in the environment shed by females,
and the second part is related to the disease transmission to the male group j caused by
contacts with male groups directly and with the prions in the environment shed by males.
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