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EXECUTIVE SUMMARY 

The North Border Deer Study was a 4-year collaborative research project between Alberta Fish 
and Wildlife and the University of Alberta conducted from January 2006 to April 2010. The 
study focused on the ecology and management of mule deer (Odocoileus hemionus) and white-
tailed deer (O. virginianus) in a CWD-infected region of east-central Alberta. 
 
The primary objectives of the research were to: 

1) Document mule deer and white-tailed deer densities, distribution, demographic 
characteristics, habitat use, food habits as well as establish a baseline of coyote 
predation on deer using scat analysis. 

2) Identify ecological and environmental influences on the spatial dynamics of CWD 
spread and transmission. 

3) Assess management actions directed at assessing CWD prevalence and controlling 
CWD spread. 

Results of these field studies are expected to provide the basis for further modeling of CWD 
disease dynamics and spread as well as assist management over the next decade.  

The study region was within the aspen parkland ecosystem, with agriculture being the 
dominant land use along with cattle grazing and petroleum development. The climate was 
typical of a northern temperate region with mean daily temperatures highest in July (17 °C) and 
lowest in January (-14 °C). Precipitation was greater but more variable during the summer than 
the winter. Winter snow depths averaged 23.1 and 19.0 cm during the winters of 2007-2008 
and 2008-2009, respectively. Forb and graminoid biomass peaked in June with cropland having 
the highest forb biomass and wetlands having the highest graminoid biomass. Shrub biomass 
was highest in wetland-shrub and Prunus/Amelanchier communities and lowest in moist and 
dry grassland.  

We captured and collared 272 deer (130 mule deer, 142 white-tailed deer) within five study 
blocks using a combination of clover traps and helicopter net gunning. Deer were fitted with 
either VHF (n = 173) or GPS (n = 99) collars to track their locations.   
 
Aerial surveys flights were conducted January 2007-2009 by Alberta Fish and Wildlife to 
estimate deer densities. Based on concurrent sightability trials with radio-collared deer, 
detection of deer was influenced by group size, activity, amount of woody cover and snow 
cover. Snow cover had the largest impact on detection. If our sightability model cannot be 
applied then we recommend a population correction factor of 1.10 if there is complete snow 
cover. Mule deer density averaged 0.79 ± 0.08 deer/km2 (mean ± SE; range: 0 -28.4 deer/km2), 
while white-tailed deer density averaged 1.07 ± 0.10 deer/ km2 (range: 0 - 22.9) across the 



 

study area during these years. There was no difference in densities between the two species. 
Number of deer harvested and submitted for CWD-testing from a 9-km2 cell was nonlinearly 
related to deer density and to the amount of cover and rugged terrain, but not road density. 
Based on radio-collar locations and aerial surveys, mule deer used more grassland and rugged 
terrain while white-tailed deer used more woody cover. In winter, male white-tailed deer used 
agriculture more than male mule deer but this was reversed in the summer.  
 
We determined the contents of deer fecal pellets (2008-2009) and coyote scat (2006-2007) 
collected in the field. Deer browsed primarily on forbs (alfalfa Medicago spp.) and deciduous 
shrubs (aspen Populus tremuloides and wolf willow Elaeagnus commutata) during summer then 
switched to graminoids, willow (Salix spp.), and evergreen shrubs (Juniperus spp.) in winter. 
Coyotes consumed mostly deer in the winter but their diet switched during summer to mostly 
vegetation, squirrels (Geomyidae/Sciuridae) and mice (Cricetidae/Muridae).  
 
Among deer collared for an entire year (n = 173), 25% migrated seasonally, moving to a winter 
range in the fall (November - January) and back to a summer range in the spring (March – May). 
More females (27%) migrated than males (7%), however because of dropped collars few males 
were tracked for a one year period (13 white-tailed deer and 14 mule deer). White-tailed deer 
migrated longer distances than mule deer, with 75% of mule deer migrating < 10 km but 68% of 
white-tailed deer migrating > 10 km. Only 4.4% of deer dispersed to a new range but this is 
likely biased low because we did not collar fawns, the primary dispersers among deer. Winter 
home ranges were smaller (5-6 km2) than summer ranges (10-12 km2). Males had larger home 
ranges than females but less so in winter. Deer were most active (i.e. moved greater distances) 
during the crepuscular hours of the day, but among males this was more variable than females. 
Male white-tailed deer were more active than female white-tailed deer but there was no sex 
activity difference for mule deer. Male white-tailed deer were also more active than male mule 
deer but there was no difference between females.  

Mule deer formed larger groups than white-tailed deer, based on aerial surveys and field 
observations. Male mule deer had larger group sizes than male white-tailed deer, especially in 
April and May. Mixed sex and female-fawn groups were largest in late winter (January-April) 
and smallest in mid-summer (June-August), likely due to females isolating themselves during 
the summer for fawning. Males were a smaller proportion of the population than females, with 
this difference greater among white-tailed deer than mule deer.  

Age and reproductive data were collected for female deer collected during the herd reduction 
program. Female white-tailed deer age structure was older compared to female mule deer, 
with 9% of white-tailed deer but no mule deer observed to be older than 12 years. A higher 
proportion of white-tailed deer fawns were pregnant (0.23) than mule deer (0.08). Among 
pregnant mule deer 14% had one fetus and 86% had twins but no triplets or higher. For white-
tailed deer, 16% had one, 73% had twins and 9% had triplets, with one female having 4 fetuses 
and another having 5 fetuses. Mule deer sample size was too low (n = 23) to asses sex ratio and 
conception dates but white-tailed deer fetuses conformed to a 50:50 sex ratio and 80% of 
white-tailed deer had conceived by 30 November. Adult mule deer were more likely to be 



 

pregnant as density increased while white-tailed deer fawns and adults were less likely to twin 
as density increased.  

Among the 272 collared deer, most died from hunting (44.3%) or unknown causes (26.1%) but 
we also observed mortalities from coyotes (8.0%), herd reduction (5.7%), non-CWD disease 
(1.1%), vehicle collisions (4.5%), and other natural causes (10.2%). Without hunting or herd 
reduction, annual survival rates were similar between species-sex classes (0.87 – 0.92). When 
considering all sources of mortality adult male mule deer had the lowest annual survival (0.65) 
compared to the other adult species-sex classes (0.79 – 0.82).  

To contribute to the understanding of CWD transmission dynamics and spread we assessed: 1) 
how deer contact rates varied as a function of deer density and landscape features and 2) the 
importance of movement-based landscape connectivity to CWD risk. We found that contact 
rates increased as a saturating function of density. In heavily wooded areas contact rates 
saturated at much lower densities. Landscape connectivity to previously detected CWD-
positives was an important contributor to CWD risk. We mapped CWD risk and found that risk 
was highest in the Battle River and Ribstone Creek drainages compared to the adjacent uplands 
devoid of woody cover.  

We estimated CWD prevalence among deer collected by hunters and during herd reductions 
across Alberta (2005 – 2011). Among hunter-harvested deer, mule deer males had the highest 
prevalence (0.79%) followed by female mule deer (0.29%), male white-tailed deer (0.14%) and 
female white-tailed deer (0.01%). This trend was similar for deer collected during herd 
reductions except these deer had higher prevalence, likely because they were collected in CWD 
“hot spots”. The probability of detecting a CWD+ deer in the hunter-harvest was best predicted 
in a spatial unit of 18-km2 requiring 16 deer to be sampled to detect CWD with 80% confidence. 
In Alberta, only 1.9 and 0.4 % of 18km2 cells within a mandatory or voluntary WMU, 
respectively, had >= 16 sampled deer. 

We evaluated three aspects of the herd reduction program: 1) if it reduced deer densities, 2) 
the ability of the 10-km buffer size to capture seasonal deer movements, and 3) if it reduced 
the rate of prevalence increase. Both mule deer and white-tailed deer densities decreased in 
areas where culling occurred relative to control sites. The 10-km buffer size was large enough 
to capture ~90% of GPS and VHF collared deer movements for non-migratory female deer but 
only ~60% for migratory females, with no difference between species. But only 25% of females 
were migratory. We could not conclude that herd reductions slowed the rate of prevalence 
increase during herd reduction (2006-2008) compared to later years (2009-2011). We mapped 
the locations of a CWD-positive GPS collared deer to demonstrate the potential area that may 
have been contaminated with shed prions (i.e. in feces, urine and saliva) and through contact 
with other deer. 

We developed deterministic models of CWD transmission the simulated the effect of different 
harvest regimes on prevalence over time. The models suggest that CWD is highly contagious ( ). 
Non-selective harvest may slow the disease but only when 50% of adult males are removed 



 

each year. In summary, this study provided baseline information for future CWD management 
policies and programs, as well as supporting the next phase of appropriate research.  
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Fig. 1.1. All 127 CWD-positive mule and white-
tailed deer detected Alberta from 2005-2011 by 
CWD surveillance program.  

1.  INTRODUCTION  
 
Chronic wasting disease (CWD) is an infectious, fatal prion disease of cervids that has the 
potential to significantly reduce wild cervid populations, imposing ecological and economic 
costs in areas where it becomes established. CWD was first detected in a Canadian wild cervid 

population in 2000 in the Manitou Sand 
Hills of Saskatchewan, approximately 11.8 
km from the Alberta-Saskatchewan border 
(Appendix I). In September 2005, the first 
case of infection among wild cervids in 
Alberta was discovered in a mule deer near 
Oyen, AB. As of April 2012, a total of 127 
CWD-positive deer were confirmed in 
Alberta centered in two main foci along 
the Saskatchewan border (Fig. 1.1). The 
first is in south-east Alberta along the Red 
Deer and South Saskatchewan river valleys 
near Empress (termed “South Border”), 
and the second is east-central Alberta 
around Chauvin and Wainwright (termed 
“North Border”), where the North Border 
Deer Study was conducted. In 2004, an 
International Expert Scientific Panel on 
CWD was convened by the Canadian 
Cooperative Wildlife Health Centre to 
address the issue of CWD in Canada and to 
make recommendations for the 
management of this emerging disease 
(Bollinger et al. 2004).  The panel 
recommended prioritizing the prevention 

of any new disease foci, because 
eradication is extremely difficult once CWD 
becomes established in wild populations. 
The North Border Deer Study was 

conducted to provide local information on white-tailed and mule deer ecology in support of 
management efforts for minimizing CWD spread in Alberta. In addition, the North Border Deer 
Study contributed to the peer reviewed scientific literature on CWD and deer ecology.  
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Fig. 2.1.  Location of the 5 study blocks within the 
North Border study area in east-central Alberta. 

2. STUDY AREA AND ENVIRONMENT  

2.1 Location  
In 2006, prior to any positive CWD-deer 
being located in the North Border area, we 
established 4 blocks for intensive study. 
Study blocks were selected based on their 
landscape characteristics and whether 
herd reduction was planned in the area. In 
winter 2008, we added a fifth study block 
(Cresthill) that was located south of Hwy 
610 between Edgerton and Chauvin, AB 
(Fig. 2.1). The location of the fifth block 
was chosen because CWD-positive deer 
were found in the general area, and 
because Ribstone creek in the area was 
hypothesized to be a corridor of deer 
movement. Characteristics of the 5 study 
blocks are given in Table 2.1. 
 

Table 2.1.  Description of the five study blocks of the North Border Deer Study. 
Block Size 

(ha) 
Land Cover1 Topography Herd 

reduction 
 
Dillberry 

 
18,220 

 
Primarily agriculture with diffusely 
distributed aspen and shrub stands 

 
Rolling hills with no major 
river drainages 

 
Yes 

Ribstone 8,224 Dispersed aspen stands within prairie 
parkland and agriculture.  

Ribstone Creek is a 
moderate drainage and 
linear topographic feature 

Yes 

Battle 15,516 Aspen along the north-facing slopes of 
the river drainage and grasslands on the 
south-facing slopes. Agriculture 
dominates in the valley bottom and in 
the upland areas above the river 
drainage 

Battle  River is a major river 
drainage and linear 
topographic feature 

No 

Metiskow 17,616 Dispersed aspen stands within prairie 
parkland 

Rolling hills with no major 
river drainage 

No 

Cresthill 12,198 Dispersed aspen stands within prairie 
parkland.   

Ribstone Creek is a 
moderate drainage and 
linear topographic feature. 

Yes 

1Land use estimated from aerial photographs 

Ribstone 

Battle 

Metiskow Dillberry 

Cresthill 

WMU 236 

WMU 234 
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2.2 Environment 

Glacial landforms are widespread across the area, exhibited as undulating to hummocky 
topography with average slopes of 2-20% (Meijer & Karpuk 1999). Coarse textured soils cover 
the region, often resulting in sand dunes that have stabilized with time. Water courses have 
carved valleys in some areas, with the largest, the Battle River, having a broad, flat bottom and 
steep walls. Smaller streams entering the Battle River have cut narrowly and steeply into the 
landscape. Lakes and wetlands are also common throughout the study area. The average 
elevation is 652 m, with a range from 776 m on the highest hill to 519 m in the deepest part of 
the river valley. 

The study area is located in the Central Parkland subregion of the Parkland Natural Region. The 
characteristic vegetation pattern of this subregion is a mixture of dense tree stands and open 
prairie (Meijer & Karpuk 1999). Natural vegetation communities still predominate on the 
coarser textured soils and around water bodies. Tree stands are composed predominantly of 
aspen (Populus tremuloides) with balsam poplar (P. balsamifera) occurring in depressions and 
shore areas. The understory is predominantly shrubs of the following species: chokecherry 
(Prunus virginiana), saskatoon (Amelanchier alnifolia), red-osier dogwood (Cornus stolonifera), 
willow (Salix spp.), snowberry (Symphoricarpos occidentalis), rose (Rosa spp.), and juniper 
(Juniperus horizontalis and J. communis). These shrubs, either individually or in combinations, 
also form stands of cover where trees are absent. Open prairie areas are dominated by 
drought-tolerant grasses and forbs, such as Stipa, Bouteloua, Calamovilfa, Koeleria, and 
Artemesia. Finer-textured soils, where moisture is retained longer, have grass communities 
composed of Poa, Festuca, Bromus, and Agropyron. 

Agriculture is the dominant land-use in the region and much of the finer-textured soils have 
been cultivated for crops. The common crops include canola, oats, and wheat, in addition to 
fields grown for forage (alfalfa Meliotus) mixed with either crested wheat grass (Agropyron 
cristatum) or smooth brome (Bromus inermis). Cattle grazing operations occur throughout the 
region, on both native and tame grasslands. Oil and gas extraction is also wide-spread 
throughout the region, resulting in numerous clearings for seismic lines, pipelines, and access 
roads 

2.3 Weather information 

The closest weather stations to the study area were to the northeast in Lloydminster to the 
west at the Wainwright Airfield. Because snow data were incomplete at Wainwright over the 
study period, weather data from Lloydminster were used (Environment Canada: 
www.climate.weatheroffice.gc.ca/climateData/canada). However, a comparison of the 15-year 
(1996–2010) mean monthly temperature and total precipitation between the two locations 
indicated a consistently higher mean temperature and reduced precipitation in Wainwright 
over this period (Fig. 2.2).  

http://www.climate.weatheroffice.gc.ca/climateData/canada
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Fig. 2.2. Comparison between Lloydminster and Wainwright long term averages (1996 – 2010) for (A) 
monthly mean daily temperature (OC) and (B) monthly total precipitation (mm). 
 
Total monthly precipitation (mm) was variable across years and months with the greatest 
variation in the summer months.  Fall precipitation was generally lower in 2008 and summer 
precipitation more variable in 2007 (Fig. 2.3). 
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Fig. 2.5. Average monthly snow depth (cm) on the 
ground recorded at Lloydminster for each year of the 

study and the 15-year average (1996-2010).  

In the winters (December – April) of 2007-2008 and 2008-2009 we monitored snow depths 
across approximately 20 sites. At each site we recorded snow depth in adjacent aspen, shrub, 
and open areas that were within <100m of each other. Snow depth was measured using a 
hollow metal tube with cm increments marked on it. Depth was measured on the high side of 
the snow tube.   

 
Fig. 2.4.  Snow depth measured within 3 cover types across the study area in the winters of 2007-2008 
and 2008-2009. 
 
Snow depth averaged somewhat higher in 2007–2008 (23.1+10.1 cm, Fig. 2.4) than in 2008–

2009 (19.0+11.86 cm), but the snow 
fall pattern differed between years. In 
2008–2009 there was an increase in 
snow depth towards the end of the 
winter. Within a winter, depth was 
consistently higher in shrub and treed 
areas than the open where winds and 
direct solar radiation likely attributed 
to sublimation and melt. In addition 
to snow depth measured in the field, 
we present Lloydminster snow depth 
data reported as the mean monthly 
snow depth on the ground (cm) for 
October–April (Fig. 2.5, Environment 
Canada: Error! Hyperlink reference 
not valid.).  
 
During the study, snow in 2009-2010 
was below 15-year average (1996-
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Table 2.2. Land cover classes used in the study  
Code Level 1 Level 2 Level 3 
Cu Cultivated/Cropland Cultivated/Cropland  
Fr Forage Forage  
Gr-M Grassland Cool season community,   
       i.e., C3 grass dominated  
Gr-D  Warm season community,  
       i.e. C4 grass dominated  
St-El Shrubs Tall Elaeagnus 
St-PA   Prunus/Amelanchier 
SL  Low  Rosa/Symphoricarpos 
Tr-D Trees Deciduous  
Tr-C  Coniferous  
We-G Wetland Grass  
We-S  Shrubs  
Wa Water   

       
 

2010) while snow in 2007-2008 was above the 15-yr average. In winter 2007-2008 the snow 
was particularly deep in December–February. Trends in snow depth records from Lloydminster 
weather station were consistent with those that we collected within the study area.  

2.4 Land cover classification 
 
Several existing digital vegetation maps were evaluated in the fall of 2006; however, none of 
these products were considered adequate for the purposes of the study. Therefore, we created 
a current land cover map consistent with other vegetation classification schemes in the 
province (e.g. the AFSC Land Cover Classification Project, c/o David Hildebrand), which also 
included important vegetation characteristics for deer. We used a multi-temporal remote 
sensing approach that combined Landsat 5 TM satellite imagery and field observations to 
classify the land cover within the study area into a hierarchical vegetation classification scheme.  
The highest level of classification (Level 1) was derived from the Prairie Farm Rehabilitation 
Administration (PFRA) Generalized Landcover for the Canadian Prairies, with subsequently 
lower levels specific to deer ecology and with some adjustment to reflect the classes that could 
be distinguished spectrally (Table 2.2, Appendix II).  
 
We used TM imagery acquired for 3 dates (6 May 2007, 7 Aug 2006, 21 Sep 2005; 25m x 25m 
pixel resolution). In addition, Alberta Environment (c/o Layne Seely/Don Page) provided 
ancillary datasets to aid in the classification and verification process. We employed a 
hierarchical classification approach using information from a preliminary classification based on 
unsupervised classification in ERDAS (ISODATA) and field data points collected in summer 2007 
and 2008. A total of 3355 ground sites were used as training points (~60%) and an additional 
2255 (~40%) were used as test points. Major difficulties were found in distinguishing areas of 
trees and cropland, low shrub areas were difficult to accurately distinguish from dry grassland 
areas, and we were not able to reliable identify small aspen patches (but have picked out 
smaller patches than other classifications).  
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2.5 Forage biomass 
 
We quantified the seasonal availability of forage biomass for deer during 2007-2008 within the 
level 2 vegetation communities excluding coniferous due to its rarity (Table 2.2).   
 
Herbaceous biomass. To determine peak graminoid and forb biomass, 59 transects, either 25-
m or 50-m long, were sampled from 21-25 July 2007, and 111 different 25-m transects were 
sampled from 20-25 July 2008. In total, 12-25 sites were sampled for each vegetation 
community with transect sites chosen throughout the study area to be representative. Each 
transect was sampled by placing 0.25 m2-quadrats every 5 m along a transect and visually 
estimating the proportion of living graminoid and forb biomass made up of each genus present. 
At the same distances along each transect, we then placed a second quadrat ~3m from the 
transect and clipped all forbs and graminoids to estimate biomass. Clipping was not done on 
the transect to maintain its integrity, because some of the transects were sampled repeatedly 
throughout the growing season (see below). We visually estimated the proportion of clipped 
biomass that was green (i.e., current year’s growth, CAG), dried clipped samples at 50°C for 48 
hours to obtain the dry weight, and corrected to dried weight by multiplying by the proportion 
that was green to provide an estimate of current year’s growth during the peak biomass. 
Biomass estimates were averaged across transects to estimate peak grass and forb biomass for 
each vegetation community.   
 
To estimate percent change in herbaceous biomass throughout the summer, the 59 transects 
sampled in July 2007, consisting of 3-8 transects of each vegetation community, were also 
sampled monthly in May, June, July, and August of 2008. Sampling occurred from the 13-16 day 
of each month. Sampling methods for these transects were the same as above. We used these 
data to determine the average proportion of peak grass and forb biomass (assumed to occur 
from 13 to 16 July) present in May, June and August for each transect. The percent change 
calculated for this subset of plots was then applied to estimates of mean biomass across a 
larger set up of transects (59+111=170) to estimate the seasonal change in herbaceous biomass 
across the study area.  
 
Peak estimates of grass and forb biomass in 2007 and 2008 were similar, with grass-dominated 
wetlands having the highest grass biomass and forage crops having the highest forb biomass in 
both years (Table 2.3).  Transects sampled monthly during 2008 showed that in all vegetation 
communities except grass-and shrub-dominated wetlands, forb biomass peaked in June and 
then steadily declined for the remaining summer months. In contrast, timing of peak graminoid 
biomass was more variable across vegetation communities. Graminoid biomass in grass-and 
shrub-dominated wetlands consistently increased from May to August, but most other 
vegetation communities peaked in June and then showed only small fluctuations for the 
remaining summer months. Although many vegetation communities had higher graminoid 
biomass in June and August than in July, the large standard errors around these means 
indicates no statistical difference in grass biomass across these three months (Fig. 2.6).  
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Table 2.3. Mean proportion of July grass and forb biomasses present in May, June, and August present in 
transects sampled repeatedly throughout the summer in the 9 land cover types defined for the North 
Border Deer Study (±1 standard error).  
 Grass  Forbs 
Land cover  May June Aug  May June Aug 
Moist grassland 0.11±0.02 0.76±0.13 0.86±0.44  0.11±0.06 0.97±0.34 0.50±0.31 
Dry grassland 0.17±0.04 1.22±0.35 1.12±0.29  0.19±0.07 1.59±0.41 1.22±0.11 
Tall shrubland1      0.16±0.06 1.12±0.23 0.98±0.20  0.18±0.05 1.45±0.40 0.63±0.14 
Tall shrubland2 0.20±0.06 1.44±0.30 1.22±0.22  0.11±0.03 1.39±0.36 0.60±0.11 
Low shrubland 0.16±0.05 1.28±0.21 1.38±0.20  0.23±0.06 1.64±0.35 1.20±0.14 
Deciduous trees 0.20±0.04 1.32±0.26 1.37±0.23  0.11±0.03 1.54±0.03 0.71±0.14 
Wetland – Grass 0.04±0.01 0.86±0.14 1.28±0.31  0.03±0.02 0.36±0.09 0.98±0.41 
Wetland – Shrub 0.07±0.02 0.86±0.13 1.67±0.29  0.07±0.02 1.27±0.34 1.53±0.39 
Planted forage crop 0.21±0.06 1.17±0.42 -  0.16±0.11 1.83±1.31 - 
Tall shrubland1  includes Elaeagnus spp. 
Tall shrubland2 includes Prunus/Amelanchier 
        

 
Fig. 2.6. Mean forb and grass biomass present in May, June, July, and August in 2007 and 2008 in the 9 
habitat types defined for the North Border Deer Study. July biomasses are based on intensive sampling 
from 21 to 25 July. Biomass in remaining months were extrapolated from July data based on the 

2007 2008 

Forbs 

Grasses Grasses 

Forbs 
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proportion of July biomass present in a smaller set of transects sampled from 13-16 of each month in 
2008. Error bars represent ±1 standard error. 
Shrub biomass. To determine shrub density within each vegetation community we surveyed 
2×4 m (8 m2) plots every 10 m along the same transects developed for the intensive herbaceous 
biomass transects sampled from July 21 to 25 in 2007 and 2008. Within each plot we counted 
the total number of stems of each shrub species and measured the basal diameter (BD; mm) of 
5 stems of each species that were a representative size of all stems of that species within the 
plot. To estimate shrub biomass, we first developed BD to biomass relationships by collecting 6 
to 30 individual stems for each shrub species in summer 2007.  For each stem, we measured BD 
(mm) and stripped and separated the leaves and current annual growth (CAG) of all stems, 
oven dried samples at 100 °C for 72 hours and weighed to the nearest 0.01 g. We considered 
leaves and the CAG of stems to be the total shrub biomass available to deer during summer. 
Biomass of stem CAG and leaves were then modeled separately for individual species based on 
BD in the form of either linear or power functions (Appendix III). We used the trembling aspen 
(Populus tremuloides) model for balsam poplar (Populus balsamifera) because balsam poplar 
was uncommon and no samples of that species were collected. 
 
To determine species specific shrub biomass within plots we took the average BD measured for 
each species and used the species-specific regression models to estimate total shrub biomass 
within each plot. We then multiplied the leaf and stem CAG biomasses for each species by the 
total number of stems of that species within a plot. We averaged biomass estimates for each 
species across plots to determine the mean biomass of each shrub species for each transect. 
We averaged across transects to estimate species specific shrub biomass for each vegetation 
community. 
 
Shrub biomass was more variable across years within vegetation communities with more leaf 
and stem current annual growth (CAG) but this may be due to difficulty in sampling procedures 
(Fig. 2.7).    
 

 
Fig. 2.7. Species-specific shrub biomass (g/m2) of leaves and current annual growth (CAG) of stems, and 
total leaf and CAG biomass across all species for the 9 land cover types defined for the North Border 
Deer Study in 2007 and 2008. 

 

2007 2008 
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2.6 Environmental GIS layers  
 

Environmental GIS layers were developed at a 30-m x 30-m cell resolution (Table 2.4). 
Topographic layers included elevation (m), slope, and terrain ruggedness index (Riley et al. 
1999) derived from a 30-m digital elevation model. Digital GIS layers for road density, linear 
feature (roads, rail lines, seismic lines, and power lines), and oil and gas well sites were 
obtained from Agriculture and Agri-Food Canada, Spatial Data Warehouse Ltd., and 
Saskatchewan Environment. Derivatives of these environmental layers are described in their 
respective analyses.   
 
Table 2.4. Description of GIS-based environmental variables derived from values of a 30-m2 grid cell that 
were used in analyses.  

Variable Description 
Topographic  

 Dem Digital elevation model for 30-m contours (m). 

 Slope Percent slope of a 30-m pixel.  

 Rugg175, 300 
 

Standard deviation in elevation within a 175-m or 300 m buffer around a cell (Frair et al. 
2004).  

Vegetation  

Agri100 Proportion of both annual and perennial cropland within a 100 m radius 

Grss100 Proportion of natural grassland within a 100 m radius 

Wet100 Proportion of wetlands within a 100 m radius 

Div100 Number of different land cover classes within a specified distance around a 30-m cell 
(Acevedo et al. 2005). Buffer sizes were 100 and 200 m from Div100 and Div200 
respectively. Values ranged from 1 to 5.  Div200 

 
Cov100 
Cov175 

 
Proportion of woody cover (tree or shrubs) within a specified distance around a cell 
(Hewison et al. 2001) with buffer sizes of 100, 175, and 300m.  

Cov300 
 
Edgeag 

 
Variable (0, 1) denoting cell is within a 100 m of agricultural edge. 

Edgecv Variable (0, 1) denoting cell is within a 100 m woody cover edge. 

Proximity  

Dcover Distance to woody cover  (m) 

Dstream Distance  to nearest stream (m)  

Dwater Distance to any water body including streams (m) 

Dpavgra Distance to any road (m)  

Dwell Distance to nearest well head (m) 

Droad1k Density of roads within a 1 km radius of a cell, expressed as km/km2 

Ddevel Distance to manmade objects such as roads and towns, units in meters. 
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3.  DEER CAPTURE AND COLLARING 
Deer were captured with Clover traps and helicopter net-gunning in the 5 study blocks (Fig. 
2.1). Ground trapping was not as successful in 2008-2009 (18.6 trap nights/deer) as in 2007-
2008 (7.9 trap nights/deer). There were less trap nights in 2008-2009 (317 compared to 1113 
trap nights in 2007-2008) due to unfrozen ground early in the trapping season making the traps 
unstable, and a run of days where temperatures were -20o C when trapping was suspended due 
to the risk of deer being harmed by the extreme cold. All deer captured in the Cresthill study 
block were captured by Bighorn Helicopters. More female deer were captured in Clover traps 
because they make up a larger portion of the population. Captures were conducted in 
accordance with animal care protocols and provincial permits (Univ. Alberta # 4941001; Alberta 
Sustainable Resource Development RP: #39576, CL: 39504; Alberta Tourism, Parks, and 
Recreation #RC09EC003, RC09EC005;  Saskatchewan Ministry of Environment # 09FW028). An 
independent document describing Clover trapping (Brownrigg et al. 2010) is available upon 
request (Dr. Evelyn Merrill: emerrill@ualberta.ca). For male deer, we used expandable collars 
with the thickest tubing described by Garrett & Merrill (2007). In the field, the final expandable 
collar design appeared to expand sufficiently during the rut while outside the rut they were 
positioned well on the neck without too much movement.  
 
From the initial pilot study in 2006 to the last trapping season in 2008-2009, we collared 272 
deer. Of those collared deer, 130 were mule deer and 142 were white-tailed deer, and 186 
were females and 86 were males (Table 3.1, Appendix IV). The number of deer trapped from 
each study block was fairly even, except in Cresthill. Disproportionately more mule deer or 
white-tailed deer were collared in some study blocks because ground-based trapping, unlike 
helicopter net gunning, appeared less selective. VHF collars, deployed by ground-based 
methods were approximately proportional to deer densities observed during aerial population 
surveys in January of 2007- 2009 (Alberta Fish and Wildlife unpublished data). In contrast, we 
attempted to put equal numbers of GPS-collars in each of the 4 initial study blocks.  
 
Table 3.1. All GPS and VHF collars deployed on white-tailed (WTDE) and mule (MUDE) deer during the 
2006, 2007-2008, and 2008-2009 capture seasons in east central Alberta.  

  Dillberry Ribstone Battle Metiskow Cresthill Total 
GPS        

Mule deer Female 5 9 7 9 4 34 
 Male 4 4 3 4 3 18 
White-tailed deer Female 10 7 6 7 3 33 

 Male 5 3 3 3 0 14 
VHF        

Mule deer Female 9 12 15 11 3 50 
 Male 5 7 8 4 4 28 

White-tailed deer Female 31 11 9 17 1 69 
 Male 9 4 5 6 2 26 

TOTAL  78 57 56 61 20 272 

mailto:emerrill@ualberta.ca
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4.  DEER SIGHTABILITY MODELS FOR THE PRAIRIE PARKLANDS 

Alberta Fish and Wildlife uses aerial surveys to obtain deer population estimates (Glasgow 
2000), which are the only practical method of directly assessing ungulate density over large 
areas (Caughley 1977, Bender et al. 2003). However, surveys typically suffer from poor 
detection or sightability bias that may lead to underestimating the number of animals present 
(Samuel et al. 1987; Unsworth et al. 1999). Sightability is typically assumed to be high in the 
parkland region due to its openness, but this has never been explicitly tested. We developed a 
sightability model for deer in this region. Further details of this work presented in Habib et al. 
(2012).  

4.1 Methods 

During the winters of 2007-2008 and 2008-2009, we conducted a total of 100 “sightability 
trials” in the five study blocks within WMU 234 and adjacent WMU 236 (Fig. 2.1). Trials involved 
54 radio-collared white-tailed and 46 mule deer and followed the protocols of Unsworth et al. 
(1999). Each trial consisted of a fixed-wing aircraft locating a radio-collared deer and 
transmitting the coordinates of an offset 1600 x 1600 m survey unit containing the deer to a 
helicopter which immediately surveyed the block following standard survey protocols for 
Alberta (Glasgow 2000). If the crew sighted the collared deer, we recorded several variables 
that may influence sightability: deer group size (deer within ~20 m of each other), deer activity 
(bedded, standing, or moving), light intensity (flat or bright), percent tree cover (within 20 m), 
vegetation class (open, shrubland, or forest), percent snow cover (within 20 m), and 
temperature.  If the collared deer was not detected, the helicopter crew immediately located 
the animal by telemetry and recorded the same variables. In all cases, we recorded these 
variables at the location where the radio-collared deer was first seen. Because snow cover was 
expected to be an important variable, we timed the trials to prioritize encountering a range of 
snow conditions. We used logistic regression to determine the probability, π, that a group of 
deer was sighted based on conditions at the animal’s location. We used Akaike’s Information 
Criterion corrected for small sample size (AICc) to select the best model a priori from several 
candidate models (Burnham & Anderson 2002), and also considered the area under the 
receiver-operating-characteristic curve (AUC) which is a measure of a model’s predictive 
success (Swets 1988). 

4.2  Results and discussion  

In the 100 sightability trials, we detected collared deer 83 times and missed animals 17 times.  
The proportion of mule deer (13%) and white-tailed deer missed (20%) was not significantly 
different (G = 0.960; df = 1, P = 0.33). The average detection rate of 83% applies to the range of 
conditions under which we sampled, where deer were observed in group sizes that averaged 
5.37 ± 5.78 SD, and white-tailed deer (31%) were more likely than mule deer (11%) to be 
bedded (G = 6.48, df = 1, P = 0.011). The small number of undetected mule deer (n = 6) 
precluded any meaningful species-specific sightability model for mule deer, so we did not 
include a species main effect or interactions in the models. 
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Group size and deer activity were the most consistent variables in the top models, with ΔAICc > 
8 for all models without both of these variables (Table 4.1). We selected the following model, 
which also included snow cover (Fig. 4.1) and vegetation class and had a high AUC (Table 4.1):   

  

where x1 = group size, x2 = standing (0 or 1), x3 = moving (0 or 1), x4 = snow cover (%), x5 = 
shrubland (0 or 1), and x6 = forest (0 or 1).   

Sightability was previously assumed to be high due to the open canopy of this environment, 
and we found this to be supported so long as snow cover was complete. More white-tailed than 
mule deer were recorded as bedded, so white-tailed deer may not respond as readily to 
helicopters flying in the area compared to mule deer. If true, underestimation of white-tailed 
deer may be more severe than for mule deer, and employing a sightability correction would be 
particularly helpful for surveys of white-tailed deer. Given our experience in the aerial surveys, 
we expect that the application of the sightability model may be problematic when deer 
densities are high (>~5/km2) because of the difficulty in reliably assessing and recording model 
variables for every deer group observed. At a minimum, recording groups size and snow cover 
is recommended in these situations. Alternatively, a more feasible approach would be to apply 
a population correction of at least 1.10 when survey conditions consist of full snow coverage, 
because our model predicted 90% sightability under these conditions (Fig. 4.1).  When snow 
cover is spatially variable, this correction factor could be adjusted locally. 

Table 4.1. Model selection results for a deer sightability model derived from 100 trials 
conducted in 2008-2009 on 46 mule deer and 54 white-tailed deer in the prairie parkland of 
east-central Alberta. Included are the model covariates, log-likelihood (LL), ΔAIC corrected 
for small sample size (ΔAICc), model weight (wi), and the area under the receiver-operating 
characteristic curve (AUC). 

 
Model LL ΔAICc wi AUC 

Group, activity, snow, veg class -29.94 0.00 0.20 0.872 
Group, activity, snow -32.50 0.45 0.16 0.844 
Group, activity, snow, light -31.47 0.69 0.14 0.852 
Group, activity, snow, veg class, light, temp -29.14 0.82 0.13 0.878 
Group, activity, light -32.84 1.13 0.11 0.830 
Group, activity, snow, veg class, light -29.64 1.81 0.08 0.875 
Group, activity, snow, light, canopy -30.85 1.82 0.08 0.864 
Group, activity -34.53 2.24 0.07 0.810 
Group, activity, veg class -33.40 4.56 0.02 0.826 
Group, snow, light -37.44 8.07 0.00 0.795 
Group, snow -38.57 8.09 0.00 0.788 
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Fig. 4.1. Effect of snow cover on white-tailed and mule deer sightability when deer are first 
observed standing (solid line) and bedded (dashed line), the two most common activity 
states. All other variables were held constant at their average (for continuous variables) or 
mode (for categorical variables) values.  The sightability model was based on 100 trials of 46 
mule and 54 white-tailed deer conducted from 2008-2009 in the prairie-parkland of east-
central Alberta. 
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Fig. 5.1.  Density of white-tailed and mule deer in winter based on aerial surveys at 25% 
coverage in January 2008 and 2009. Densities expressed as deer/km2 by inflating counts 4x 
assuming homogeneous distribution of deer and presented as the average for a 9-km2 cell. 

5. DEER DISTRIBUTION AND HABITAT ASSOCIATIONS 

 5.1 Winter deer distribution and densities 

General distribution and density of white-tailed and mule deer in winter were based on 
helicopter counts conducted across the entire region in January 2008 and 2009 by Alberta Fish 
and Wildlife (Fig. 5.1). Helicopter counts in 2006 and 2007 were not included in the distribution 
analysis because survey coverage was incomplete in those years. Surveys extended from 
Highway 41 in the west to 10 km into Saskatchewan. Deer counts on the Canadian Forces Base 
(CFB) at Wainwright were the average of counts conducted in 2007 and 2009 because these 
were the only years surveys were available.   

 

 

The region was surveyed along regularly spaced (1600 m) survey transects at 25% coverage 
between survey lines, with deer only within 200 m on either side of the aircraft being recorded 
except in the 4 original study blocks, which were flown at 100% coverage (400 m between 
survey lines). Because GPS locations of the flight path and observed deer groups were recorded 
in these years, we rarified the survey lines in the 4 study blocks to achieve a uniform level of 25 
% coverage throughout the study region. Placing a 3x3-km grid across the region, the number of 
observed deer were totalled within each cell in each of the two years and averaged across 
years. We assumed deer density was homogeneous across the 9 km2-cell, and multiplied the 
mean count by 4 to obtain the number of deer per grid cell, and expressed densities in 
deer/km2.    
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Across the 704 grid cells of the study area (Fig. 5.1), mule deer density ranged from 0 to 28.4 
deer/km2 and averaged 0.79 ± 0.08 deer/km2 (mean ± SE), while white-tailed deer density 
ranged from 0 to 22.9 deer/km2 and averaged 1.07 ± 0.10 deer/ km2. However, there was no 
difference in densities between the two species according to a non-parametric Mann-Whitney 
U test (P = 0.09). Within the 4 study blocks where counts were complete (grid cells = 69), mule 
deer density averaged 1.58  ± 0.08 and white-tailed deer averaged 1.93 ± 0.09 (see also Section 
11.3 on densities between 2007-2009 by study blocks and changes due to herd reduction 
programs). Mule deer were aggregated along the Battle River and in the Metiskow study block, 
while white-tailed deer were more broadly distributed and the highest densities were observed 
in the Dillberry, Cresthill, and Metiskow study blocks. Deer densities (#/km2) for both species 
within cells in 2008 and 2009 were positively correlated although there was considerable 
variation in the relationship (r = 0.19, P < 0.001). 

5.2 Deer density and distribution of hunter harvest/CWD submissions 
 
Using kill locations of hunter-harvested deer, submitted as part of the mandatory CWD 
surveillance program, we related the average number of deer harvested in each 9-km2 grid cell 
from 2007 to 2009 to mean deer densites (#/km2) averaged across winter surveys in 2008-2009.  
We also included the amount of woody cover and terrain ruggedness in the cell as indicators of 
deer visibility, and road density as an indicator of human access. We took averages in deer 
densities across years because we did not have fall deer densities and it was not clear whether 
densities based on the previous winter or the following winter best corresponded to fall deer 
densities. Because we primarily were interested in whether deer harvest was related to deer 
density, we kept deer density in all models. We used only cells where deer were found in at 
least one year of the the aerial survey (n= 608). Using Akaike’s information criterion (AIC) as the 
criterion for model fit, we first tested whether the relationship between deer density and the 
number of deer harvested was non-linear based on a exponential and power model by ln-
tranforming the variables.    
 
The mean number of deer per 9-km2 cell submitted for CWD testing between 2007 and 2009 
across the study area was 0.24 ± 0.75 deer/km2 (± standard deviation) for both species per 
season (0-17.26 range), with mule deer averaging 0.16 ± 0.52 deer/km2 per season (0 – 11.8 
range) and white-tailed deer 0.08 ± 0.25 deer/km2 (0 - 5.44 range, Fig. 5.2). We found there was 
considerably more support for a nonlinear than a linear model fit (Table 5.1). Number of deer 
harvested was related to deer density but our models explained only between 16-21% of the 
variation in either mule deer or white-tailed (Table 5.1). The proportional increase in harvest of  
mule deer (β = 0.140 ± 0.019) was similar (t-test, P>0.20, n=608) to white-tailed deer (β = 0.116 
± 0.014). Proportion of cover and extent of rugged terrain in a 9-km2 cell influenced deer 
harvest (P < 0.2), but road density (km/km2) did not (P > 0.2).  Road densitites in this area 
ranged from 0 km/km2 to 2.5 km/km2.  
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Table 5.1. Models relating number of deer submitted for CWD testing (ln Harvest) to 
deer density(ln Density) and landscape features. LN transformation indicate a non-
linear relationship   

 
      LN(Harvest) LN(Density) 
Species Variable   β SE P r2 AIC 
Mule deer       
 Intercept  0.319 0.143 0.026 0.208 1211.4 
 Mule deer density  0.095 0.019 0.000   
 Proportion cover3k  1.729 0.274 0.000   
 Terrain ruggedness3k  -0.137 0.039 0.001   
 
White-tailed deer 
 Intercept  0.027 0.115 0.813 0.166 935.7 

 
White-tailed deer 
density  0.086 0.017 0.000   

 Proportion cover3k  0.675 0.258 0.009   
 Terrain ruggedness3k  -0.085 0.035 0.016   
 
Both Intercept  0.378 0.104 0.000 0.256 1543.3 
 Total deer density  0.083 0.014 0.000   
 Proportion cover3k  1.930 0.249 0.000   
  Terrain ruggedness3k   -0.114 0.032 0.000     

Fig. 5.2. Average number of deer harvested then submitted for CWD testing from each 
9-km2 cell during fall hunting seasons of 2007-2009.  
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5.3 Winter and summer habitat use 
 
We assessed deer habitat use with locations of GPS-collared deer as well as aerial surveys of 
deer groups in winter. At each collared deer location or group of deer observed during an aerial 
survey, we recorded either the proximity (m) to nearest landscape features (ie. distance to 
water) or environmental attributes within a 100-m buffer (ie. proportion of agriculture, Table 
2.4). For the GPS-collared deer, the mean value within each species-sex class was compared 
based on robust standard errors in STATA (CLUSTER, v.11) due to differences in the number of 
locations per deer. For groups of deer observed during aerial surveys, we took the mean of 
environmental variables for all deer groups across both years. 
 
Based on locations of groups of deer during aerial surveys, both species used similar elevations 
and proportions of agriculture and wetlands (P > 0.05, one-way ANOVA), but mule deer used 
more grassland (P < 0.01) and more rugged terrain (P < 0.02) than white-tailed deer (Fig. 5.3).  
White-tailed deer used areas with more woody cover within a 100-m buffer (P < 0.01). Habitat 
use of GPS-collared deer in winter were largely consistent with the aerial survey observations. 
Locations of GPS-collared deer also allowed us to examine differences in habitat use by season 
and sex. In summer, mule deer used grassland and rugged areas more than white-tailed deer (P 
< 0.01). In winter, male white-tailed deer used agricultural areas more frequently than male 
mule deer (P < 0.01), but this was reversed in summer when male mule deer used agricultural 
areas more frequently (P < 0.01). Female mule deer used rugged areas and areas farther from 
human development more than male mule deer in winter (P < 0.01). In summer, male mule 
deer used agricultural areas more than females (P < 0.001), while female mule deer used 
wetland areas more than males (P < 0.01; Fig. 5.4, 5.5).  
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Fig. 5.3. Mean and standard errors of environmental variables at locations of observed groups of 
mule deer and white-tailed deer in east-central Alberta during winter aerial surveys in 2008-
2009. Sex-specific differences were not recorded because herd composition was not consistently 
recorded.  (*) indicates a significant differences between species P<0.05 based on a one-way 
analysis of variance. 
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Fig. 5.4. Mean values and robust standard errors of environmental variables at 24-hr  
locations of GPS-collared male (n=16) and female (n=30) mule deer and male (n=9) and 
female (n=30) white-tailed deer in east central Alberta during 2006-2009. (*) indicates 
significant differences between species (P<0.05) based on a one-way analysis of 
variance. 
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Fig. 5.5. Mean values and robust standard errors of environmental variables at 24-hr 
locations of GPS-collared male (n=16) and female (n=30) mule deer and male (n=9) and 
female (n=30) white-tailed deer in east central Alberta during 2006-2009. (*) indicates 
significant differences between species (P<0.05) based on a one-way analysis of 
variance. 
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6.  FECAL ANALYSES 

6.1. Deer diet: microhistological analyses  
 
Fecal pellets were collected throughout 2008 and 2009 to determine diets of deer in the study 
blocks, not including Cresthill. Differences in food habits between deer species could not be 
determined because pellets of mule deer and white-tailed deer could not be distinguished. A 
minimum of 10 (10-25) pellet groups were collected and 10 pellets from each pellet group were 
compiled in to 5 samples (summer) or 3 samples (winter) in each study block. Pellets were dried 
at 50°C for 48 hours, and each sample was ground and passed through a 0.1 mm screen before 
being placed on a slide.  Pellets were analyzed using microhistological analysis to identify 
principal food items at the Wildlife Habitat Lab at Washington State University, WA, USA.  
Twenty fields of view were read per slide, and the amount of each food type was quantified by 
its frequency of occurrence (Sparks & Malechek 1968). Seasonal food habits of deer were 
similar among the study blocks (Table 6.1). Deer browsed heavily on forbs and deciduous 
shrubs during summer, particularly alfalfa (Medicago spp.), aspen (Populus tremuloides), and 
wolf willow (Elaeagnus commutata), then switched to graminoids, willow (Salix spp.), and 
evergreen shrubs (e.g. Juniperus spp.) in winter (Appendix V). 
 

6.2. Coyote scats: deer predation 

We analyzed diet composition from 177 coyote scat depositions collected from September 
2006 to September 2007. Scats were collected opportunistically, mostly along dirt roads and 
trails, within the Battle, Ribstone, Dillberry, and Mitiskow study blocks. Scat samples were 
autoclaved for one hour at 130°C to remove any viable parasites (Holmes & Podesta 1968; Colli 
& Williams 1972). Autoclaved samples were individually washed in a 1-mm sieve to remove 
soluble material. Then the remaining insoluble material was divided into main prey species or 
species groups (e.g. deer [O. virginianus and O. hemionus]), squirrel [Geomyidae and Sciuridae], 
mouse [Cricetidae and Muridae], arthropods, and vegetation). Each category was specified a 
percentage, in increments of 5 %, based on relative occupancy volume per scat deposition. We 
cleaned and dried five to ten hairs from each scat sample for prey species identification by 
macroscopic and microscopic features using methods similar to Moore et al. (1974). Bone 
remains in the scat were also used to deduce relative prey identities. Scat samples were 
grouped by season into either winter (November 1-April 30) or summer (May 1-October 31) 
based on date of collection. Then we applied a Scheffe test to prey group volumes within each 
season to determine which prey items differed between seasons. We found that coyote scats 
were mostly composed of prey items from the deer, mouse, squirrel, cow and vegetation 
groups. Across all of the scat samples collected (n = 177) the two main prey groups detected 
were deer (0.30 volume) and mice (0.16 volume, Table 6.2). The Scheffe test analysis revealed 
that deer volume in coyote scat was significantly higher than all other prey items in the winter. 
The vegetation, squirrel, and mouse group volumes were shown to be similar, but higher than 
all other prey in the summer (Fig. 6.1).  
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Table 6.1. Percent frequency of forage classes in the diet of mule deer and white-tailed deer based on 
microhistological analysis of deer feces collected in the 4 study blocks in winter and summer 2008-2009 
in east-central Alberta.  

SUMMER 
  Dilberry        Metiskow Ribstone Battle 
 Mean SE Mean SE Mean SE Mean SE 
Forbs 11.13 1.29 13.73 1.60 11.80 1.16 11.30 0.55 
Grasses 3.21 1.86 7.13 3.40 1.17 0.62 3.13 1.88 
Carex spp. 0.00 0.37 4.03 1.62 0.00 0.00 0.00 0.00 
Shrubs 82.79 4.32 74.00 1.70 86.43 0.97 82.87 0.19 
Juniperus 0.00 1.98 1.10 1.91 0.60 0.60 0.00 0.00 
Moss 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Thorn 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 
Lichen 0.00 0.73 0.00 0.00 0.00 0.00 0.00 0.00 
Seed/Nut 2.87 0.00 0.00 0.00 0.00 0.00 2.70 1.27 
 100.00   100.00   100.00  100.00   
         

WINTER 
 Dilberry Metiskow Ribstone Battle 
 Mean SE Mean SE Mean SE Mean SE 
Forbs 0.05 0.00 1.32 0.58 2.15 2.27   
Grasses 10.78 2.84 11.47 1.69 4.83 1.44 -- -- 
Carex spp. 2.67 1.25 0.83 0.56 2.18 1.33 -- -- 
Shrubs 48.70 7.15 41.48 5.74 31.70 4.27 -- -- 
Juniperus 37.40 9.08 44.72 5.72 58.90 4.02 -- -- 
Moss 0.00 0.00 0.18 0.20 0.00 0.00 -- -- 
Thorn 0.22 0.26 0.00 0.00 0.00 0.00 -- -- 
Lichen 0.18 0.22 0.00 0.00 0.00 0.00 -- -- 
Seed/Nut 0.00 0.00 0.00 0.00 0.23 0.26 -- -- 
 100.00   100.00   100.00     
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Table 6.2. Frequency of occurrence (Freq.), percent frequency of occurrence (% Freq.) and 
proportion of volume (Vol.) of prey items identified in coyote scat samples from four blocks 
separated by season. Prey items were identified by macroscopic and microscopic features of 
hairs. Percent volume was estimated visually while frequency of occurrence was a direct count 
of presence within 177 coyote scat samples (winter = 99, summer = 78). * Indicates group of >2 
related species. 
 
 Winter  Summer  All Year 
Prey Freq. % Freq. Vol.  Freq. % Freq. Vol.  Freq. % Freq. Vol. 
Bird* 3 3.03 0.01  13 16.67 0.01  16 9.04 0.02 
Deer* 61 61.62 0.26  13 16.67 0.04  74 41.81 0.30 
Moose 3 3.03 0.01  0 0.00 0.00  3 1.69 0.01 
Pronghorn 1 1.01 0.01  0 0.00 0.00  1 0.56 0.01 
Porcupine 2 2.02 0.01  3 3.85 0.00  5 2.82 0.01 
Beaver 2 2.02 0.01  4 5.13 0.01  6 3.39 0.02 
Muskrat 0 0.00 0.00  2 2.56 0.01  2 1.13 0.01 
SS hare 4 4.04 0.02  8 10.26 0.04  12 6.78 0.06 
Jack Rabbit 2 2.02 0.01  1 1.28 0.00  3 1.69 0.01 
Cow 22 22.22 0.09  14 17.95 0.03  36 20.34 0.12 
Squirrel* 2 2.02 0.00  34 43.59 0.09  36 20.34 0.10 
Mouse* 31 31.31 0.06  47 60.26 0.10  78 44.07 0.16 
Insects* 1 1.01 0.00  32 41.03 0.02  33 18.64 0.02 
Vegetation* 38 38.38 0.08  69 88.46 0.10  107 60.45 0.18 
 
 
 
 
 
 
 
 

 
 

Fig. 6.1. Mean proportion of 6 
prey groups found within 
coyote scat (n = 177) collected 
in east-central Alberta 
(September 2006-2007) during 
the winter (n = 99, November 
1-April 30) and summer (n = 78, 
May 1-October 31). The 
lettering indicates groups with 
statistically similar volumes 
based on the results of a 
Scheffe test. 
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7. DEER MOVEMENTS 

7.1 Deer migration and dispersal  
 
We defined migration as movements to and from summer and winter ranges that were > 2 km 
apart. The majority of migrating deer (94%) had seasonal ranges > 5km apart and those < 5km 
were distinctly separate based on visual inspection of the overlap of adjacent deer locations. 
Throughout the duration of the study, a total of 173 white-tailed and mule deer were 
monitored for a period of at least one year, and 43 individuals showed migratory movements 
(25%, Table 7.1).  Across all years, 27% of female and 7% of male mule deer migrated, while 
30% of white-tailed deer females and no male white-tailed deer migrated. The sample of males 
who survived and retained their 
collars such that we could 
document migratory behaviour 
was small (n = 13 for white-tailed 
deer; n = 14 for mule deer), which 
may explain why no migrating 
male white-tailed deer were 
detected. Overall, 23% mule deer 
migrated while 26% white-tailed 
deer migrated for a combined 
migration rate of 25% of collared 
deer in the study area. 
 
Seasonal migration times were 
highly variable across individuals 
(Appendix VI). Spring migration 
began in March and ended by mid-May. The earliest observation of migratory movement in the 
spring was on 9 March.  Fall migration generally began in mid-November and went through 
January, but in some years migration continued into February. The earliest observed fall 
migration was 11 November, and by late January, 80% of the deer had moved to their winter 
ranges (Fig. 7.1A). One deer moved to a new area as early as mid-October, but it remained in 
this area through the following summer and therefore was not considered a typical migrant. 
Spring migration was initiated over a narrower interval than fall migration (Fig. 7.1B). Eighty 
percent of the deer had started to migrate in spring by 18 April.  One white-tailed deer 
migrated as late as 20 June in 2008. Distances migrated by GPS-collared white-tailed deer were 
both longer (X2 = 10.1, df=2, P =0.01) and more variable than mule deer migration distances, 
with 75% of mule deer migrating < 10 km and 68% of white-tailed deer migrating  > 10 km (Fig. 
7.2).   

Table 7.1. Species and sex of collared deer classified as 
migratory in east-central Alberta.  Migratory movements were 
movements to and return from summer and winter range 
areas >2 km apart. 

Species Sex Number 
deer Migrants Percent 

 
Mule deer Female 63 11 27.0 

 Male 14  1   7.1 
   Total 77 18 23.4 
     

White-tailed 
deer Female 83 25 30.1 

 Male 13  0   0.0 
   Total 96 25 26.0 

Total  173 43 24.9 
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Fig. 7.1. Timing of fall (A) and spring (B) migration of GPS and VHF collared white-tailed and 
mule deer in east-central Alberta from 2007-2010. Dashed line indicates 50% of the deer 
have migrated, while the dashed-double dotted line indicates 80%.  

 

0

20

40

60

80

< 5        5-10      10-15    >15 km   < 5       5-10       10-15     >15 km 

              Mule deer                                                 White-tailed deer 

Fig. 7.2. Frequency of distances traveled by collared mule deer and white-
tailed deer during spring and fall migrations in east-central Alberta. 
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Deer dispersal was defined by a movement of >5 km with no return within the following year.  
Based on collared deer with known fates over at least one entire year (n = 136), 4.4% (n = 6) of 
the deer dispersed. Given the small number of dispersers, we were unable to determine any 
pattern of dispersal rates among species or sexes, but both sexes and species were observed to 
have dispersed, which has been reported elsewhere (Gladfelter 1978, Nixon et al. 1991). The 
rate of dispersal we report is likely an underestimation of the proportion of dispersers in a 
population because we did not radio-collar fawns, which are the most likely segment of the 
population to disperse in their next year. For example, Nixon et al. (2007) observed 65% of 
male and 39% of female white-tailed deer fawns to disperse in another agro-forested 
environment in Illinois, USA.   

Among the 6 deer that dispersed, one male white-tailed deer captured in the Battle study block 
in 2007 dispersed north to an area northeast of Paradise Valley, AB (~20 km). In 2006 a female 
white-tailed deer dispersed northeast from Dillberry Lake Provincial Park, AB to an area north 
of Neilburg, SK (~40 km). Two white-tailed deer females (one in 2007 and the other 2008) 
trapped in the Metiskow study block dispersed north to areas west of the Wainwright Dunes 
Ecological Reserve (~12 km). In 2007, one female mule deer from the Battle study block 
dispersed northeast to an area east of McLaughlin, AB (~7 km). In 2008, a mule deer female 
captured in the Ribstone study block dispersed to an area southwest of Lone Rock, SK (~17 km).  

7.2 Home range sizes 

We calculated the seasonal home range sizes of GPS and VHF collared deer. For migrants, we 
visually separated locations from each individual deer’s winter and summer ranges because 
they were easily distinguishable. For resident deer, we used the median migration dates of 
spring (26 March) and fall (25 December) migration to delineate periods of winter and summer.  
For GPS-collared deer, we calculated utilization distributions (UD) using the plug-in method to 
calculate the bandwidth value (Gitzen et al. 2006) in R. We calculated the 95% volume contours 
using Hawth’s Tools (Beyer 2004) and used these polygons in our analyses of home range size.  
Because we had a larger number of VHF-collared deer than GPS, we also calculated the UD of 
VHF-collared deer to determine whether the species and seasonal trends held with a larger 
sample size. VHF-collared animals were used only if the deer had been relocated ≥ 15 times per 
season. If a deer had a seasonal range in more than one year, we used only the data for the first 
season to simplify the analysis and maintain independence of observations.  

Winter ranges of both the GPS and VHF collared deer were smaller (P < 0.01, ANOVA) than 
summer ranges (Table 7.2, Appendix VII). Generally, winter home ranges of GPS-collared deer 
averaged 5-6 km2 and summer home ranges averaged 10-12 km2. Male GPS-collared deer had 
larger home ranges than females in both species (P = 0.07, Appendix VII), but the difference 
was less pronounced in winter. There was no deference in home range size between the 
species (P = 0.37). Differences in home range size among VHF-collared deer were consistent 
with the patterns exhibited by GPS-collared deer, except that white-tailed bucks had smaller 
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home ranges in winter than females (P = 0.01, t-test), while male mule deer had winter home 

ranges equal to females (P = 0.96).  

 

 

7.3 Seasonal activity periods  
 
We used mean distance moved monitored at one-hour intervals to indicate general activity of 
deer in the study area between 2006 and 2008, with a total of 27 mule deer and 24 white-tailed 
deer used in this analysis (Table 7.3). Females of both species had consistent bimodal, 
crepuscular activity periods throughout 
the year (Fig. 7.3), whereas males were 
more variable. Across seasons, both sexes 
of each species were less active during 
the night than the day, but only male 
white-tailed deer were more active than 
females particularly during the fall (P< 
0.01). Male white-tailed deer also moved 
farther or were more active than mule 
deer males during each of the seasons 
(P<0.02), while the pattern was not 
consistent for females.  
 

Table 7.2 Mean home range sizes (μ , km2) of GPS-collared and VHF-collared mule deer and white-tailed 
deer.  Home range estimates of GPS-collared deer derived from 2-hr locations using 95% utilization 
kernel; home ranges of VHF-collared deer derived as minimum convex polygons. (See Appendix VII for 
statistical details).  

 GPS  VHF 
               Summer  Winter  Summer  Winter 
 μ SD n  μ   SD n  μ SD n  μ SD n 

 
Mule deer  

 
   

 
   

 
   

Female 6.74 5.41 17  4.81 2.67 16  7.60 8.09 75  2.61 3.68 71 
Male 12.65 4.23 8  4.55 1.18 7  16.00 10.86 33  2.56 4.14 38 
 
White- tailed deer 

 
   

 
   

 
   

Female 4.82 4.53 23  4.70 3.02 22  7.06 7.46 89  3.87 6.91 83 
Male 10.09 7.49 3  6.39 3.86 4  9.27 6.38 30  1.76 1.75 31 

Table 7.3. Sample sizes for computing means of 
deer activity based on movement rates of GPS 
collared deer during 2007-2008. 
  Mule deer   White-tailed deer 
Season Female Male  Female Male 
Winter 15 11  16 8 
Spring 16 10  16 8 
Summer 14 7  16 4 
Fall 13 5  16 3 
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Fig. 7.3. Activity patterns of GPS-collared mule deer during (a) winter (January-March), (b) 
spring (April-June), (c) summer (July-September), and (d) fall (October-December) and white-
tailed deer during (e) winter, (f) spring, (g) summer, and (h) fall based on distances moved 
during 1-hr intervals by sex. Robust standard error display variation across individual deer.   
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Fig. 8.1 Mean group size with 
standard errors for mule deer and 
white-tailed deer observed during 
aerial surveys from 2006-2009 in 
eastern Alberta. Sample sizes: mule 
deer from 2006-2009 equalled 394, 
656, 569, and 669 respectively; 
sample sizes for white-tailed deer 
from 2006-2009 equalled 223, 478, 
322, and 346 respectively. 
 

8. POPULATION DEMOGRAPHY 
 

8.1 Group sizes 
 
We used two sources of data to document seasonal group size. Deer group sizes were recorded 
during winter aerial surveys conducted in late January in 2006-2009 by Alberta Fish and 
Wildlife. Also, starting in February 2006 until the conclusion of field work, we opportunistically 
recorded the size of deer groups observed during field activities (n = 1299 mule deer groups; n 
= 1192 white-tailed deer groups). Although these data are biased in a number of ways, the 
biases (e.g., lower detection of small groups) likely apply equally to both species.   
 
Based on data from aerial surveys pooled across the winters of 2006-2009, average group sizes 
of mule deer (6.6 ± 0.4) were larger (P<0.01) than white-tailed deer (4.4 ± 0.2). Although the 
difference was present in all years (Fig. 8.1) in some years the difference was either larger (e.g. 
2008) or smaller (e.g. 2009) than in other years (species*year interaction, P < 0.001). 

 
 

From ground-based observations, mule deer male group sizes were larger than white-tailed 
deer (P < 0.01, ANOVA blocked by month), especially in April and May (Fig. 8.2). Group size 
among mixed-sex groups and female-fawn groups of both species were highest but very 
variable in late winter and smallest in mid-summer (June-August, test P < 0.01 for both species) 
when deer disperse for parturition and fawn rearing (Fig. 8.2). Mean summer group sizes from 
June-August were 1.8 ± 1.2 for mule deer and 1.5 ± 0.8 for white-tailed deer (Fig. 8.2). In mid-
winter (January-March) when deer were aggregated on their winter range, average group sizes 
of mule deer (5.4 ± 0.3) were significantly larger than in white-tailed deer (4.4 ± 0.2, P = 0.03).   



North Border Deer Study 

32 | P a g e  
 

All Groups

Jan Feb March April May June July Aug Sept Oct Nov Dec

0

2

4

6

8

10

12

14

Mule Deer
White-tailed Deer

Male Groups

Month

Feb March April May June July Aug Sept Oct Nov Dec

M
ea

n 
G

ro
up

 S
iz

e

0

2

4

6

8

10

12

14

Mixed Groups

Jan Feb March April May June July Aug Sept Oct Nov Dec

0

2

4

6

8

10

12

14

Female-Fawn Groups

Jan Feb March April May June July Aug Sept Oct Nov Dec

0

2

4

6

8

10

12

14

 

 
 

8.2 Herd composition  
 
Field observations. In 2006-2009, we opportunistically recorded the composition of deer 
groups observed during field activities and summarized those that we were most confident in 
the herd classifications (Table 8.1). Sample sizes were not large enough to assess by year.  
Further, these ratios should be viewed with caution because many biases exist (e.g., males may 
be underrepresented due to difficulty in classifying after antler drop (Jan-Mar), YOY become 
more difficult to differentiate from older deer in winter (Jan-Mar), and hunting season and 
migratory patterns (Nov-Dec; Apr-May respectively) may influence group composition.   
 
 
 
 
 
 

Fig. 8.2. Monthly mean group (± SE) sizes of deer based on ground observations of 1192 white-
tailed deer and 1299 mule deer collected from 2006-2009 in east-central Alberta. 
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Table 8.1. Mean proportion of adult females, adult males, and young of the year (YOY), as well as 
doe:YOY:buck ratios for mule deer (MUDE) and white-tailed deer (WTDE) in groups observed seasonally 
from the ground in east-central Alberta from 2006-2009. Reported during 6 time periods: January-
March (J-M), April-May (A-M), June, July-August (J-A), September-October (S-O) and November-
December (N-D).  
   Female  Male  YOY  
Species Time n Mean SE  Mean SE  Mean SE Doe:YOY:Buck 
MUDE J-M 108 0.56 0.03  0.13 0.03  0.31 0.03 100:74:NA 
 A-M 135 0.53 0.03  0.16 0.03  0.31 0.03 100:83:21 
 June 141 0.61 0.04  0.37 0.04  0.02 0.01 100:09:14 
 J-A 229 0.62 0.03  0.29 0.03  0.09 0.01 100:28:12 
 S-O 205 0.51 0.03  0.27 0.03  0.23 0.02 100:64:09 
 N-D   62 0.47 0.05  0.37 0.06  0.16 0.03 100:47:14 
            
WTDE J-M 142 0.51 0.26  0.04 0.18  0.43 0.26 100:105:NA 
 A-M 129 0.60 0.33  0.08 0.26  0.31 0.29 100:84:01 
 June 129 0.87 0.29  0.09 0.27  0.03 0.12 100:07:03 
 J-A 189 0.71 0.40  0.18 0.37  0.11 0.23 100:23:04 
 S-O 125 0.64 0.40  0.12 0.30  0.25 0.31 100:56:06 
 N-D   54 0.50 0.37  0.31 0.43  0.20 0.27 100:53:19 
 
Aerial survey. In January 2007, Alberta Fish and Wildlife completed a deer population survey 
using an experienced helicopter crew flying pre-determined parallel lines. During the survey, 
the herd composition of deer groups was recorded including whether individuals were adult 
male, adult female, or young of the year (Table 8.2). The study blocks except for Cresthill (Fig. 
2.1) as well as the Wainwright armed forces base (WMU 728 and 730) were surveyed at 
complete coverage with flight lines spaced 400 m apart. While the remainder of the study area 
encompassed by WMU 234 and 236 were flown at 25% coverage with flight lines separated by 
1600 m. 
 
Table 8.2. Proportion of adult females, adult males, and young of the year (YOY) as well as 
Doe:YOY:Buck ratios for mule deer and white-tailed deer in groups observed during an aerial population 
survey conducted during January 2007 in east-central Alberta.  
  Female  Male  YOY  
Species Total n Prop.  n Prop.  n Prop. Doe:YOY:Buck 
Mule deer 1401 587 0.42  250 0.18  564 0.40 100:96:43 
           
White-tailed deer 1467 744 0.51  201 0.14  522 0.35 100:70:27 
 
Two patterns emerge as hypotheses from these data. First, white-tailed bucks appear to 
comprise a smaller portion of the white-tailed deer population than mule deer bucks in the 
mule deer population. Although this is consistent with harvest regulations in the area, it is not 
consistent with survival rates of collared deer. Male white-tailed deer had equal or higher 
survival rates compared to mule deer when hunting was included as a factor in survival (see 
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Table 8.9). Alternatively, there is evidence that white-tailed deer use of woody cover is higher 
than mule deer (Fig. 5.4) and that white-tailed deer respond less to human disturbance (Habib 
2010), which may lead to sightability biases. Second, if observation biases in young are similar 
between species, the data indicate that fawn survival for white-tailed deer is lower than for 
mule deer. Although pregnancy rates of adults were similar between the species, white-tailed 
deer produce more fawns, and a higher proportion of white-tailed deer fawns were pregnant 
(Table 8.5). Low survival of white-tailed deer fawns might contribute to a smaller percentage of 
animals within the 2-3 year age classes (Table 8.3). 

8.3  Female age structure 
 

Age structure of the female portion of the deer population was estimated from deer collected 
during the herd reduction program in 2005-2007 by Alberta Fish and Wildlife. Approximately 
the same proportion of mule deer and white-tailed deer were 1-year old animals (Table 8.3). In 
contrast, white-tailed deer had an older age class distribution with 51% of the mule deer 
females being 2-4 year-olds while only 24% of the white-tailed were within this age class. 
Additionally, we observed no female mule deer older than 12 years but 9% of white-tailed deer 
were 12 years or older.   
 

Table 8.3. Age structure of female mule deer and 
white-tailed deer in WMU 234 harvested during 
herd reduction programs in 2005-2007 in east-

central Alberta. Sample size for mule deer by year 
was: 2005= 0, 2006=6 and 2007=108 for white-

tailed deer the samples were 2005=129, 2006=4 
and 2007=99. 

 MUDE  WTDE 
Age  No. %   No. % 

1 27 24  53 23 
2 26 23  19 8 
3 25 22  24 10 
4 7 6  14 6 
5 9 8  25 11 
6 5 4  22 10 
7 8 7  13 6 
8 2 2  8 3 
9 1 1  13 6 

10 2 2  10 4 
11 2 2  10 4 
12 0 0  8 3 
13 0 0  5 2 
14 0 0  5 2 
15 0 0  2 1 
17 0 0  1 1 
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8.4  Reproduction  
 
Fecundity. During CWD winter herd reduction programs from 2005-2007, Alberta Fish and 
Wildlife examined the uteri of a subset of culled female deer and recorded the number of 
fetuses present. We used the data collected from 295 mule deer and 715 white-tailed deer for 
which there was also body condition status to estimate fecundity for each species-age class.   
 
A higher (X2=7.46, df=1, P = 0.01) proportion of white-tailed deer fawns were pregnant (0.23) 
than mule deer (0.08), while an equal proportion (X2=0.0003, df=1, P >0.90) of adult females 
were pregnant in both species (Table 8.4). A similar distribution of adult females of white-tailed 
and mule deer were in excellent and good condition compared to fair and poor condition ( X2 

=3.01, df =1,  P=0.08), but a higher proportion of white-tailed deer fawns than mule deer fawns 
were in good condition (X2 = 6.27, df = 3,  P = 0.08).  
 
 

Total 114 100  232 100 

Table 8.4. Number of deer within each condition class and overall that were pregnant based on 
female deer removed during the herd reduction program in 2006-2008 in east-central Alberta. 
 
Mule deer Excellent Good Fair Poor    Overall 
Fawn No. % No. % No. % No. % No. % 
  Non pregnant 2 100 39 93 23 88 2 100 66 92 
  Pregnant 0 0 3 7 3 12 0 0 6 8 
    Total 2 100 42 100 26 100 2 100 72 100 
Condition 0.03  0.58  0.36  0.03    
Adult           
  Non pregnant 1 2 10 7 4 15 0 0 15 7 
  Pregnant 48 98 135 93 22 85 3 100 208 93 
    Total 49 100 145 100 26 100 3 100 223 100 
Condition 0.22  0.65  0.12  0.01    
 
White-tailed deer          
Fawn           
  Non pregnant 2 34 89 75.00 33 85.00 0 0 124 77 
  Pregnant 1 66 30 25.00 6 15.00 1 100 38 23 
     Total 3 100 119 100 39 100 1 100 162 100 
Condition 0.02  0.73  0.24  0.01    
Adult           
   Non pregnant 6 7 26 6 2 5 3 30 37 7 
   Pregnant 86 93 386 94 37 95 7 70 516 93 
     Total 92 100 412 100 39 100 10 100 553 100 
Condition 0.17  0.75  0.07  0.02    
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Litter size. For those deer where the number of 
fetuses were recorded, 14% of adult mule deer 
females had litters of 1 and 86% had twins 
(Table 8.5). None had triplets or higher. For 
white-tailed deer, 16% of the adult females had 
litter sizes of 1, 73% had twins, and 9% had 
triplets. One adult female had 4 fetuses and 
another female had 5 fetuses. Five fetuses has 
been reported previously by Van Deelen & 
Kaiser (2007) in an agricultural area in 
Wisconsin. 
 
Conception dates. Conception dates of both 
mule deer and white-tailed were estimated 
based on crown-rump lengths (Short 1970). The 
sample for mule-deer was too low (n=23) to 
adequately assess sex ratio or conception dates 
(Fig. 8.3a).  Sex ratio of fetuses of white-tailed 
deer were 45% females and 55% males, which 
was not different (X2 = 2.50, df =1, P=0.13) from 
a 50:50 ratio. Eighty percent of the white-tailed 
deer had conceived by 30 November (Fig.8.3b). Because collections were made in late winter, 
biases due to early collection dates (Rhodes et al. 1991) should not exist.    

  

Table 8.5.  Litter sizes of mule deer and white-
tailed deer collected during CWD herd reduction 
programs in 2005-2007 in east-central Alberta. 
 
Mule deer  
 Adult Fawn 
No. foetus No. % No. % 

1 3 14 0 NA 
2 19 86 0 NA 

Total 22 100 0 0 
    
White-tailed deer   
 Adult Fawn 
No. foetus No. % No. % 

1 34 16 12 71 
2 157 74 5 29 
3 20 9 0 0 
4 1 + 0 0 
5 1 + 0 0 

Total 213 100 17 100 

Fig. 8.3. Conception dates for mule deer (n=23) and white-tailed deer (n=227) based on crown-
rump lengths of fetuses collected during herd reduction program in 2005 in WMU 234 in central 
east Alberta. 
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Table 8.7. Sources of mortality of radio collared mule and 
white-tailed deer from 2006-2010 in east-central Alberta. 
  MUDE  WTDE   Total  
 Count %  Count %  Count % 
Coyote related 3 7.0  4 8.9  7 8.0 
Herd Reduction 3 7.0  2 4.4  5 5.7 
Disease 1 2.3  0 0.0  1 1.1 
Road killed 0 0.0  4 8.9  4 4.5 
Hunter 26 60.5  13 28.9  39 44.3 
Natural 5 11.6  4 8.9  9 10.2 
Unknown 5 11.6  18 40.0  23 26.1 
Grand Total 43 100   45 100  88 100 
 
 

 

Deer density and pregnancy rate. We related reproductive status of female deer harvested in 
the herd reduction program to winter density. Density per kilometer-squared was measured 
within 9-km2 grid cell in which the kill site was located (Fig. 5.1). A 3x3 km2 area is 40-55% 
smaller than a deer’s home range (Table 7.2), but was chosen to be consistent with other 

analyses. We defined a high 
pregnancy rate differently for 
each species. In mule deer 
high pregnancy was defined 
as pregnant (1) vs. not 
pregnant (0). In white-tailed 
deer, high pregnancy was 
defined as >2 fetus (1) vs. 1 
fetus/not pregnant (0) 
because only 7% of the adult 
white-tailed deer were not 
pregnant (Table 8.4). We 
used logistic regression to 
quantify the relationship 
between pregnancy status 
and deer density. The results 
suggest that density has the 
opposite effect on the 
pregnancy rates among the 
two species, with mule deer 

pregnancy rates having a positive relationship with density but for white-tailed deer, adults as 
well as fawns, the relationship is negative (Table 8.6). For mule deer fawns the relationship 
between pregnancy and density could not be calculated because pregnancies among this group 
were rare.   

8.5  Deer mortality  
Mortalities of radio-collared deer 
were recorded from January 2006 
to January 2010 with a total of 88 
deaths, not including one case of 
capture myopathy (Appendix IV). 
Not all carcasses were assessed for 
causes of death, especially for VHF-
collared deer due to infrequent 
relocations and the carcasses being 
heavily scavenged before they 
were examined.  
 

Table 8.6.  Parameters of the logistic model relating to con-specific 
deer density to pregnancy status in adult white-tailed deer (n = 
680), fawn white-tailed deer (n = 17) and adult mule deer (n = 213) 
in east-central Alberta. In mule deer high pregnancy was defined as 
pregnant (1) vs. not pregnant (0). In white-tailed deer, high 
pregnancy was defined as >2 fetus (1) vs. 1 fetus/not pregnant (0). 

  Density  Intercept 

Species Age β SE P  Β0 SE P 

MUDE Adult 
 

0.238 
 

0.097 
 

0.01 
  

-3.442 
 

0.013 
 

0.00 

WTDE Adult 
 

-0.060 
 

0.018 
 

0.01 
  

-0.516 
 

0.168 
 

0.01 

 
 Fawn  -0.168 0.098 0.08 

 
-2.233 0.653 .001 
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Causes of mortality. Of the deaths observed 44% (male = 14, female = 25) were due to legal 
harvest during the hunting season, 6% (male = 1, female = 4) were due to deaths during herd 
reductions for the CWD management program, 5% (male = 0, female = 4) were killed by vehicle 
collisions and 45% (male = 5, female = 35) were due to non-human or unknown causes (Table 
8.7). Collection staff avoided collecting deer with radio-collars during the CWD control program, 
so the small number of radio-collared deer collected (n = 5) is not representative of random 
harvesting rate during these control programs. Heads of most collared deer were not recovered 
in adequate condition to be submitted for CWD testing. However, of the 13 radio-collared deer 
submitted for CWD testing (including deer collected during herd reductions), 3 tested positive 
for CWD (see Section 9.3 for more details).   
 
 Fawn survival. Estimates of fawn 
survival were derived from observations 
of herd composition data collected in 
2006-2009.  We calculated fawn:doe 
ratios for two time periods: late 
summer/early fall (1 September – 31 
October, summer survival, FS) and late 
winter/early spring (1 April – 31 May, 
recruitment, FR).   
We compared these ratios to the ratio at birth (see previous pregnancy data, FB) to calculate 
the minimum fawn survival rates for summer (SS) and recruitment (SR) as SS = FS/FB and SR = 
FR/FB, respectively (Bender & Hall 2004, Table 8.8). These values represent minimum fawn 
survival rates because the comparisons between fawn:doe ratios do not account for doe 
mortality during the time periods (Bender et al. 2002). Our results indicate that there was little 
mortality between summer and winter, which is unlikely because deer fawns typically 
experience high mortality during this time period primarily from predation and malnutrition 
(Forrester & Wittmer 2013). We attribute this to an observational bias against seeing fawns in 
summer due to smaller body size and inactivity during the late summer, which would lead to 
higher survival rates during the summer period. Survival of untreated (i.e., not food 
supplemented), mule deer fawns in Colorado over the first 6 months was 0.482 (+0.055,SE), 
while overwinter survival was 0.684 (+0.044, Bishop et al. 2009)  
 
Survival rate. We used data from 272 radio-collared deer (130 mule deer and 142 white-tailed 
deer) to estimate annual survivorship for each of 3 age-sex classes per species (adult females, 
adult males, and yearling females) using a Kaplan-Meier estimator. Fawn survival rates could 
not be estimated because fawns were not collared. We also could not calculate survivorship for 
yearling males due to the small number of individuals collared in this age-sex class. Deer age 
was determined based on tooth replacement and wear (Larson & Taber 1980). Survivorship was 
calculated for two scenarios: 1) all sources of mortality and 2) without deer harvested either by 
hunters or during herd reductions.   
 
When harvest mortality was not included, survivorship was similar (P > 0.05) between adults of 
either sex or species, ranging from 0.87-0.92 (Table 8.9). Hunter-harvest had the greatest 

Table 8.8. Survival of white-tailed and mule deer fawns 
to late summer and late winter (recruitment) in east-
central Alberta, based on fawn:doe ratios obtained 
from ground observations of deer groups collected 
from 2006-2009. 
 Mule Deer White-tailed Deer 
Summer (Ss) 0.383 0.377 
Recruitment (Sr) 0.557 0.563 
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impact on male mule deer, such that when all sources of mortality were considered, male mule 
deer had an annual survivorship of 0.65 compared to 0.79-0.82 for other adult species-sex 
classes. 
             
Table 8.9. Annual survivorship (Sx) and standard error (SE) of mule deer and white-tailed deer derived 
for age and sex classes using Kaplan-Meier survival estimator for deer captured in east-central Alberta 
from 2006-2010. Estimates provided include and exclude mortalities due to hunter harvest and herd 
reduction. 

   Including human harvest  Excluding human harvest 
 

Species 
 

Age 
 

Sex 
 

Sx 
 

SE 
No.  

Deer 
No.  

Deaths 
  

Sx 
 

SE 
No. 

Deer 
No. 

Deaths 
MUDE Adult F 0.80 0.035 74 28  0.89 0.032 58 12 
  M 0.65 0.075 44 15  0.92 0.044 32 3 
  Both 0.77 0.032 118 43  0.89 0.028 90 15 
 Yearling F 0.68 0.155 7 3  0.86 0.132 5 1 
            
WTDE Adult F 0.82 0.027 100 37  0.87 0.026 85 22 
  M 0.79 0.073 40 7  0.89 0.072 35 2 
  Both 0.82 0.025 140 44  0.88 0.024 120 24 
 Yearling F 0.52 0.143 9 6  0.68 0.155 6 3 
            
Both Adult F 0.81 0.021 174 65  0.88 0.020 143 34 
  M 0.72 0.053 84 22  0.90 0.046 67 5 
  Both 0.80 0.020 258 87  0.86 0.018 210 39 
 Yearling F 0.59 0.107 16 9  0.76 0.107 11 4 
            
 
All deer    

 
0.79 

 
0.020 

 
274 

 
96  

 
0.88 

 
0.018 

 
221 

 
43 
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Fig. 9.1. Mean white-tailed (dashed line) and 
mule deer (solid line) group size as a function of 
density within 9-km2 survey blocks sampled in 
January 2008 and 2009 (n = 114 groups for white-
tailed deer and n = 133 groups for white-tailed 
deer) in east-central Alberta.  

9. LINKING DEER ECOLOGY TO CWD TRANSMISSION AND SPREAD 

9.1  Background 
 
Identifying mechanisms of disease transmission between hosts and spread to new populations 
helps wildlife managers choose control strategies that may effectively disrupt transmission. In 
this section we explore several aspects of deer behavior that may influence CWD transmission 
and spread. In section 9.2 we explore the influence of landscape patterns on deer distribution 
and how this may shape the relationship between deer-to-deer contact rates and con-specific 
density. Understanding the density-contact relationship has important implications for the 
effectiveness of control measures aimed at reducing deer densities. In Section 9.3 we illustrate 
the movements of a GPS-collared deer that died after about a year and when necropsied was 
diagnosed as being CWD-positive. In section 9.4 we evaluate the influence of movement-based 
connectivity on CWD risk using spatial models which can predict potential CWD “hotspots” on 
the landscape. 
 
9.2  Deer contact rates and landscape heterogeneity 
 
Effectively managing wildlife diseases requires an understanding of disease transmission, which 
may be affected by host density and landscape attributes. Transmission models are typically fit 
from time-series disease prevalence data based on how the contact rate among hosts is 
affected by density, which is often assumed to be a linear (density-dependent transmission, DD) 
or constant (frequency-dependent transmission, 
FD) relationship. However, long-term time-series 
data is not readily available for emerging 
diseases, like CWD, and time-series does not 
provide a mechanistic understanding of how the 
disease is spread to direct management. 
Therefore we use behavioral information on 
deer to empirically derive the contact rate–
density relationship in white-tailed and mule 
deer within our study area to determine whether 
it was affected by landscape. Further details of 
this work are presented in Habib et al. (2011).  
 
Methods. We developed empirical functions 
predicting home range size and pairwise contact 
rates of GPS-collared deer, with a contact 
defined as being within 25m of each other in a 
5-min period, from woody cover in the 
landscape, deer group sizes from deer density 
based on aerial surveys, as well as a resource 
selection function for locating deer on the 
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landscape (RSF, Johnson et al. 2006). We then used these functions to simulate deer 
distributions and to estimate contact rates across a range of densities and amounts of woody 
cover in the landscape. We focused our analyses on winter range, because deer density 
estimates were available, and because deer tend to aggregate during winter (Section 8.1), 
leading to potentially higher contact rates. 
 
Results 
We found that total per-capita contact rates increased as a saturating function of density, 
supporting a transmission dynamic intermediate between DD and FD transmission. This pattern 
was a result of deer group sizes reaching an asymptote with increasing deer density (Fig. 9.1). 
Also, the amount of tree and shrub cover on the landscape affected contacts, such that in 
heavily wooded areas, the between-group contact rate saturated at much lower densities 
(Fig.9.2, 9.3). Contact rates increased faster as density increased in areas little forest cover (e.g. 
12% cover in Fig. 9.2) because deer home ranges were much larger in these areas causing 
greater range overlap between groups resulting in greater contacts.  
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Fig. 9.2. Relative per capita between-group contact rate, cb (deer encountered/unit time), in mule deer 
as a function of density in each of four representative landscapes ranging from 12-67% forest cover, 
based on simulations developed in aspen parkland communities of Alberta. 
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Fig. 9.3. Relative per capita between-group contact rate, cb (deer encountered/unit time), in white-tailed 
deer as a function of density in each of four representative landscapes ranging from 12-67% forest 
cover, based on simulations developed in aspen parkland communities of Alberta. 
 
Management implications. These results indicate that reducing density may decrease contact 
rates and therefore CWD transmission because per capita total contact rates in both deer 
species increased as a saturating function of deer density. However, management actions, like 
herd reductions, could have variable results even within one management unit because the 
density-contact relationship differs considerably with landscape heterogeneity. Failure to 
reduce contact rates through herd reductions is particularly likely for landscapes with a high 
proportion of woody cover where we found contact rates to saturate at the lowest densities. In 
these areas with abundant cover (e.g. 67% cover in Fig. 9.3) if the deer density is reduced from 
12 to 4 deer/km2 the change in group contacts is marginal but if that area has only 12% cover 
(Fig. 9.3) then the same reduction in density dramatically decreases deer-deer contacts.  
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9.3 Movements of a CWD-positive mule deer 
 
During the study, 3 radio-collared deer were found to be CWD-infected once necropsied after 
their deaths. Only one deer (309311) was monitored with a GPS collar, which allows for the 
fine-scale tracking of movements. This deer (309311, ear-tag 407, CWD label 42400) was an 
adult male mule deer captured on 7 February 2009. The deer was found dead on 26 February 
2010 in a patch of shrubs with no sign of predation and cause of death was listed as unknown. 
Its remains were brought to Alberta Fish and Wildlife in Edmonton for necropsy. The deer was 
in very poor body condition with no visible internal or external fat depots as well as decreased 
muscle mass throughout. The intact carcass weight was 167 lbs. Samples from the 
retropharyngeal lymph node and obex tested well above the cut-off levels indicating an 
advanced stage of CWD. Seasonal movements from 8 February 2009 to 13 February 2010 (2883 
locations) are presented in Fig. 9.4. 

 
Fig. 9.4. GPS collar locations for deer 309311, which tested positive for CWD, during different periods of 
the year. The pink coloured star (lower-right panel) indicates the mortality location. 
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9.4  Landscape connectivity and risk of disease spread 

We quantified how landscape features impede and facilitate deer movement, which is termed 
“connectivity”. We hypothesized that in a high connectivity landscape deer can travel easily to 
new areas increasing the likelihood of spreading CWD. We then evaluated this hypothesis by 
incorporating movement-based connectivity into a CWD risk model, which predicts where 
positive deer are most likely to be harvested on the landscape. The risk model allowed used to 
test if including connectivity improved our ability to predict the locations of CWD+ and CWD- 
deer observed in the surveillance data. The final risk model was then used to map potential 
CWD “hotspots” on the landscape. 

Methods. We used surveillance collected from 2000 to 2010 in Saskatchewan and Alberta as 
part of the CWD herd reduction and hunter-harvest to build a risk model that predicted the 
probability of a harvested deer being CWD-positive (CWD+). This risk model included deer 
species and sex as well as harvest method (hunter-harvest, herd reduction) to account for host 
heterogeneity in prevalence (Section 10.2). Year harvested was also included in case prevalence 
changed over-time. We included habitat features at the kill site because they may increase the 
risk of CWD infection if they aggregate deer. We also compared connectivity versus straight-line 
distance to known sources of CWD (i.e., CWD+ deer in previous years). We found that 
connectivity, which accounts for ease of deer movement across the landscape, better predicted 
the occurrence of CWD+ deer than a simple measure of straight line distance. The risk model 
was used to map the future risk of a deer harvested being CWD+ in 7 currently “CWD-free” 
WMUs.   

Results. Across the study area, CWD prevalence increased by 1.5x from year to year, but still 
remains low (Section 10.2). Deer harvested during herd reductions had a 15.5x higher odds of 
being CWD+ than those harvested by hunters because herd reductions occurred in areas where 
the disease had already been detected. The odds of a mule deer being infected during this 
period of disease outbreak were 4.8x higher than a white-tailed deer. A male deer was 1.7x 
more likely to be infected than a female. If animals were harvested in areas with a high extent 
of agricultural lands, high stream densities, close to roads, and the area was well connected to 
disease sources, they were more likely to be CWD+. The highest risk of CWD infection is 
concentrated along the Battle River and Ribstone Creek in the southern portion of the study 
area (Fig. 9.5).  
 
Management implications. We show that incorporating landscape effects on deer movements 
improves the assessment of disease spread. A stated goal for CWD management in Canada is to 
contain the disease to its current distribution by not allowing spread into new regions 
(CNCWDCS 2011). The risk map we provide may help mangers in Alberta to achieve this goal by 
identifying areas where the disease is likely to spread to next. In high risk areas managers can 
apply control efforts like targeted herd reductions, focused hunter-harvest, or vaccination 
programs if vaccines for CWD become available. 
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Fig. 9.5. CWD risk map for 7 WMUs (203, 730, 232, 238, 254, 258 and 500) in east-central Alberta based 
on the predictions of the PIDM risk model with species and sex weightings proportional to estimated herd 
compositions specific to each WMU. The year in the PIDM is set to 2011. 
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10. DISEASE SURVEILLANCE  

10.1 Background on CWD surveillance in Alberta 

In response to an increasing awareness of the threat that CWD poses to wild cervid 
populations, Alberta initiated CWD surveillance in fall 1998 with the testing of hunter-harvested 
and clinically emaciated cervids (AESRD 2011). The first detected CWD+ case in wild deer was 
an emaciated mule deer found in 2005 near Acadia Valley in south-eastern Alberta (AESRD 
2012). From the inception of CWD surveillance in 1998 to the end of the fall 2011 surveillance 
period >30,000 wild deer have been tested for CWD in Alberta (Pybus 2012). As of April 2012, a 
total of 127 positives have been detected in eastern Alberta as part of the on-going hunter 
harvest surveillance and herd reduction program conducted from 2006-2008. The disease has 
been detected as far west as Duchess, AB in WMU 152, which is an incursion of ~118 km from 
the Saskatchewan border (Fig. 1.1).   
 
Using the collected surveillance data, we estimate sex-specific prevalence in mule deer and 
white-tailed deer in Section 10.2. This analysis is an initial step toward developing a weighted 
surveillance program, which can improve the cost-efficiency of disease testing. To determine if 
infected deer were more likely to be collected through herd reductions then hunter-harvest we 
also compared the prevalence levels of deer collected by both methods. Section 10.2 examines 
surveillance data collected throughout Alberta, as opposed to Section 9.4 which is specific to 
the North border region. In Section 10.3 we assessed the amount of sampling (hunter-harvest) 
required to detect CWD by modeling the probability of detecting CWD in an area of varying 
sizes (9–54 km2) as a function of time since first detection of CWD in Alberta, number of deer 
harvested (sampling intensity), age and sex-specific prevalence, and landscape features of the 
spatial unit (Rees et al. 2012).  

10.2 Host heterogeneities in CWD prevalence 

 We estimated the CWD prevalence among mule deer and white-tailed deer of both sexes 
based on deer heads submitted for testing by hunters across Alberta from 2006-2011.  
 
Methods. We calculated prevalence using two approaches. The first approach is a simple 
measure that can be compared to results of other studies and is based on the percentage of the 
deer sampled that were observed to be infected with CWD: 
 

 
 

where  is the number of infected deer among the total deer sampled ( ). Confidence limits 
of this simple percentage were calculated following the approach of Wilson (1927), which 
confines the variation between 0-1 making it ideal for the small proportions reflecting CWD 
prevalence in Alberta at this time (Newcombe 1998).   
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The second method provides a Bayesian estimate of species and sex-specific measures of 
prevalence that can be used as weights in a weighted surveillance approach. This approach is 
advantageous because it provides a non-zero estimate of prevalence when no positive 
individuals are detected in a sample and because the estimates of variance are unbiased (Roels 
et al. 2005, Ross 2003). The Bayesian estimate of prevalence (PB) was calculated using the R 
package binom, which uses the integration of a Bayesian posterior binomial distribution with 
diffuse priors (Dorai-Raj 2009). We also present final surveillance weights relative to male mule 
deer prevalence for use in a weighted disease surveillance program following Walsh & Miller 
(2010) by dividing annual species and sex-specific prevalence by male mule deer prevalence 
(reference group).   
 
Results. Hunter harvest surveillance. Over 15,000 mule deer and 8,500 white-tailed deer were 
tested for CWD between 2006-2011 (Table  10.1). CWD was more prevalent in mule deer than 
white-tailed deer (χ2 = 24.76, df=1, P<0.01) and in males than females within mule deer (χ2 = 
18.31, df=1, P<0.01) and white-tailed deer (χ2 = 4.15, df=1, P=0.04). Based on data collected 
between 2006-2011, we found that if mule deer male prevalence equals 1% then on average 
mule deer female prevalence would be 0.38% and white-tailed deer males and females would 
be 0.29% and 0.14%, respectively (Fig. 10.1). Applying these weights into a Poisson points 
system (Walsh & Otis 2012), detecting ≥1 CWD-positive deer at a reference group prevalence of 
1% (mule deer males) with 0.95 probability requires sampling one of the following: 300 mule 
deer males, 790 mule deer females, 1035 white-tailed deer males, or 2143 white-tailed deer 
females. 
 
Herd reduction program. CWD prevalence in deer was also derived using data from deer 
collected and tested for CWD during the herd reduction program in 2005-2008 using similar 
analysis methods (Table 10.2). Males had 2.5x and 1.8x higher prevalence than females in mule 
deer and white-tailed deer, respectively. Male mule deer were 7.9x more likely to be CWD+ 
compared to female mule deer and male white-tailed deer were 4.6x more likely than female 
white-tailed deer. This pattern of higher prevalence among mule deer, especially males, is 
consistent with prevalence pattern in the hunter-harvest.  
 
Comparing hunter harvest and herd reduction. Deer collected during the herd reductions were 
4.6x more likely to be CWD-positive compared to hunter-harvest (Wilcoxon signed-rank test 
P<0.01). The higher prevalence associated with herd reductions than hunter harvest resulted 
from the herd reduction program targeting areas around CWD-positive deer where the disease 
was most likely to occur. While hunters harvest deer across a broader landscape which may or 
may not be near CWD foci. 
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Table 10.1. Number of hunter harvested deer tested for CWD ( ) and number of infected deer ( ) 
from 2006-2011 by species and sex in Alberta. Prevalence is estimated as percent infected of those 
sampled ( ) and with a Bayesian prior method ( , Ross 2003). We report the 95% confidence 
intervals (CI) for both prevalence estimates.  

 Mule Deer 
 Male  Female 

Year    (95% CI)  (95% CI)     (95% CI)  (95% CI) 
2006 732 2 0.27 (0.05 - 1.10) 0.34 (0.06 - 0.87)  1071 2 0.19 (0.03 - 0.75) 0.23 (0.04 - 0.60) 
2007 1257 5 0.49 (0.15 - 0.98) 0.44 (0.15 - 0.87)  1918 1 0.05 (0.00 - 0.34) 0.08 (0.01 - 0.24) 
2008 1209 6 0.50 (0.20 - 1.13) 0.54 (0.21 - 1.02)  1482 1 0.07 (0.00 - 0.44) 0.10 (0.01 - 0.31) 
2009 1119 10 0.89 (0.45 - 1.69) 0.94 (0.46 - 1.58)  1505 3 0.20 (0.05 - 0.63) 0.23 (0.06 - 0.53) 
2010 1556 12 0.77 (0.42 - 1.38) 0.80 (0.42 - 1.30)  1495 5 0.33 (0.12 - 0.83) 0.37 (0.13 - 0.73) 
2011 883 18 2.04 (1.25 - 3.27) 2.09 (1.26 - 3.13)  1072 12 1.12 (0.61 - 2.01) 1.16 (0.61 - 1.89) 
Total 6756 53 0.78 (0.59 - 1.03) 0.79 (0.59 – 1.02)  8543 24 0.28 (0.18 - 0.42) 0.29 (0.18 – 0.41) 

          
 White-tailed Deer 
 Male  Female 

Year    (95% CI)  (95% CI)     (95% CI)  (95% CI) 
2006 496 0 0.00 (0.00 - 0.96) 0.10 (0.00 - 0.39)  516 0 0.00 (0.00 - 0.92) 0.10 (0.00 - 0.37) 
2007 935 1 0.11 (0.01 - 0.69) 0.16 (0.01 - 0.50)  729 0 0.00  (0.00 - 0.65) 0.07 (0.00 - 0.26) 
2008 782 1 0.13 (0.01 - 0.83) 0.19 (0.01 - 0.60)  561 0 0.00  (0.00 – 0.85) 0.09 (0.00 - 0.34) 
2009 1050 1 0.10 (0.00 - 0.62) 0.14 (0.01 - 0.44)  659 0 0.00  (0.00 - 0.72) 0.08 (0.00 - 0.29) 
2010 1016 2 0.20 (0.03 - 0.79) 0.25 (0.04 - 0.63)  669 0 0.00  (0.00 - 0.71) 0.07 (0.00 - 0.29) 
2011 700 3 0.43 (0.11 - 1.36) 0.50 (0.12 - 1.14)  430 0 0.00  (0.00 - 1.10) 0.12 (0.00 - 0.45) 
Total 4979 8 0.16 (0.07 - 0.33) 0.19 (0.09 – 0.33)  3564 0 0.00  (0.00 - 0.13) 0.01 (0.00 – 0.05) 

 
 

 

Fig. 10.1. Mean surveillance 
weights with 95% confidence 
intervals for female mule deer, 
male white-tailed deer and female 
white-tailed deer relative to male 
mule deer.  Calculated as the ratio 
of annual prevalence from a 
particular species-sex group 
relative to mule deer males then 
averaging across years (2006-
2011). Data were based on 
hunter-harvested deer collected 
across Alberta from 2006-2011. 
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Table 10.2. Number of deer collected during herd reductions tested for CWD ( ) and number of 
infected deer ( ) from 2006-2011 by species and sex in Alberta. Prevalence is estimated as percent 
infected of those sampled ( ) and with a Bayesian prior method ( , Ross 2003). We report the 95% 
confidence intervals (CI) for the  estimate. 

 Mule Deer 
 Male  Female 

Year    (95% CI)  (95% CI)     (95% CI)  (95% CI) 
2005s 16 0 0.00 (0.00 - 24.07) 2.94 (0.00 - 11.15)  32 0 0.00 (0.00 - 13.34) 1.52 (0.00 - 5.78) 
2005f 71 2 2.82 (0.49 - 10.72) 3.47 (0.59 - 8.73)  71 0 0.00 (0.00 - 6.40) 0.69 (0.00 - 2.66) 
2006 678 5 0.74 (0.27 - 1.82) 0.81 (0.28 - 1.61)  795 4 0.50 (0.16 - 1.38) 0.57 (0.17 - 1.19) 
2007 319 4 1.25 (0.40 - 3.40) 1.41 (0.42 - 2.95)  449 6 1.34 (0.54 - 3.03) 1.44 (0.56 - 2.73) 
2008 520 11 2.12 (1.12 - 3.87) 2.21 (1.13 - 3.63)  645 4 0.62 (0.20 - 1.69) 0.70 (0.21 - 1.47) 
Total 1604 22 1.37 (0.88 - 2.11) 1.40 (0.89 – 2.03)  1992 14 0.70 (0.40 - 1.21) 0.73 (0.40 – 1.14) 

          
 White-tailed Deer 
 Male  Female 

Year    (95% CI)  (95% CI)     (95% CI)  (95% CI) 
2005s 109 0 0.00 (0.00 - 4.24) 0.45 (0.00 - 1.74)  327 0 0.00 (0.00 - 1.45) 0.15 (0.00 - 0.59) 
2005f 6 0 0.00 (0.00 - 48.32) 7.14 (0.00 - 26.42)  13 0 0.00 (0.00 - 28.35) 3.57 (0.00 - 13.49) 
2006 77 0 0.00 (0.00 - 5.92) 0.64 (0.00 - 2.46)  136 0 0.00 (0.00 - 3.42) 0.36 (0.00 - 1.40) 
2007 352 1 0.28 (0.01 - 1.82) 0.42 (0.00 - 1.32)  728 1 0.14 (0.01 - 0.89) 0.21 (0.01 - 0.64) 
2008 652 0 0.00 (0.00 - 0.73) 0.08 (0.00 - 0.29)  1492 2 0.13 (0.02 - 0.54) 0.17 (0.03 - 0.43) 
Total 1196 1 0.08 (0.00 - 0.54) 0.13 (0.01 – 0.39)  2696 3 0.11 (0.03 - 0.35) 0.13 (0.03 - 0.30) 
s - Spring 

f  - fall 
 

10.3  Spatial detection of CWD   
 
We explored the influence of harvest based sampling intensity on the likelihood of detecting 
CWD in a range of spatial units while controlling for species and sex-specific deer prevalence in 
a CWD infected region  
 
We modeled the probability of detecting CWD within spatial units of varying sizes (9 – 56 km2) 
where CWD-positive deer had previously been detected using surveillance data from Southern 
Saskatchewan (Fig. 10.2). We assumed that a spatial unit in which CWD had been previously 
detected remained infected following the harvest of the first infected animal for the duration of 
our study period (2002 – 2007). Surveillance data included 11,932 hunter-harvested mule deer 
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and white-tailed deer tested for CWD in Saskatchewan from 2002 to 2007. Further details of 
this work are presented in Rees et al. (2012). 
 
Methods. Using logistic regression (lme4 package in R) we modelled the probability ( ) that at 
least one CWD-positive deer was harvested from a hexagonal spatial unit at time t given a 
CWD-positive deer had been detected at least once from the same spatial unit in the past (t−n) 
based on demographic characteristics of the harvested deer. The hexagonal unit identifier was 
included as a random effect to account for the lack of independence in observations on the 
same spatial unit across years.  is modelled separately for spatial unit areas of 9, 18, 36 and 
54 km2 reflecting ~0.5 - 3.0x the home range size of a mule deer in this region (20 km2, 
Silbernagel 2010). In modelling  we evaluated number of deer harvested (nDeer), median 
(medianAge) or mean (meanAge) deer age, proportion males in the harvest from the unit 
(pMales), and proportion of total harvest from the unit that were mule deer (pMude). We also 
included number of years since CWD was first detected in the study area (i.e., 2002; hereafter 
time) and interactions between time and the demographic covariates to represent changing 
prevalence levels. An a priori set of models were assessed based on Akaike information 
criterion (AIC) and area under the receiver operating curve (AUC). 
 
Results. The probability of detecting a CWD+ deer in the harvest from a spatial unit was best 
predicted in 18-km2 units with the next best model based on a unit size of 36 km2. The model 
including the variables time since first detection in the area, number of deer harvested, and an 
interaction of time × number of deer harvested was most consistently among the top models (∆ 
AIC< 2.0) across all spatial scales (Fig. 10.3). We attributed the weaker relationship in 2003 to a 
low sample of cells where the disease had previously been detected. By year 5, there was an 
80% probability of detecting a CWD+ deer within an 18 km2 unit if 16 deer were harvested, 
given the current harvest composition of males and females in the harvest.   
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Fig. 10.2. Study area and major river drainages in south-western Saskatchewan. Symbols 
indicate harvest locations of deer infected with Chronic Wasting Disease for mule deer (*) and 
white-tailed deer (black triangle) in Saskatchewan (2002–2008). 
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Fig. 10.3. Probability, , of detecting Chronic Wasting Disease (CWD) as a function of the 
number of deer harvested in 18 km2 spatial units in years 2003–2007 as derived from the SK 
harvest data (2002–2007). Dashed lines indicate the upper and lower standard errors of the 
CWD detection probability. 
 
 

10.4 Management Implications  
 
Based on our results, a moderately small analysis unit (18 km2) required 16–18 deer harvested 
at current population sizes and species composition for confidence levels of 80 and 90%, 
respectively, five years after the initial infected deer was harvested, but these estimates are 
likely minimum samples sizes. In south-western SK, the harvest in only 11% of the 18 km2 cells 
met this requirement. In Alberta, in an average year only 1.9 and 0.4 % of 18km2 cells had >= 16 
sampled deer in WMUs with mandatory or voluntary head submissions, respectively (Appendix 
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IX). Nonetheless, sampling within moderately sized units may permit more effective disease 
detection than thinly sampling over larger areas where clusters of disease can go undetected 
(Samuel et al. 2003).  
 
Under deer densities and hunting regimes similar to those in SK over the past 6 years even the 
largest sample of harvested animals in an 18 km2 unit during the first few years would not have 
improved detection. As a result, hunter harvest data similar to what exists in south-western SK 
are unlikely to detect CWD at the local scale until prevalence exceeds ~1% in an area, even if 
other biases in these data can be addressed (Walsh & Miller 2010). This limits wildlife 
managers’ ability to be proactive in formulating immediate management actions to constrain 
disease before it becomes well established without additional sampling effort. 
 
Instead of relying on hunter-harvest for disease detection, a more effective approach could be 
implementing a program similar to the herd reductions. We showed that herd reductions were 
more likely to remove or detect a CWD+ deer than hunter-harvest because they target high risk 
areas where the disease is known to occur. Adopting this strategy of sampling in high risk areas 
(Section 9.4) could provide a method of early detection critical for disease control. Also, the 
hunter harvest could be made more efficient with the utilization of a weighted surveillance 
approach where the high prevalence groups like mule deer males are sampled more 
intensively. The advantage of weighted surveillance is testing fewer deer to detect the disease 
at the same level (e.g. 1% prevalence) without the loss of statistical power (Walsh & Otis 2012). 
Resources saved from reduced testing could be applied to alternate programs like herd 
reductions.   
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11. ASSESSMENT OF MANAGEMENT ACTIONS 

11.1 Background on CWD management actions in Alberta 

After the initial detection of CWD in wild deer, Alberta Fish and Wildlife initiated an active 
control program aimed at increasing hunting opportunities and herd reductions. Alberta 
liberalized hunter harvest along the Alberta-Saskatchewan border by extending hunting 
seasons, increasing the number of draw licenses, providing a landowner quota license and 
implementing earn a buck program (harvest 2 antlerless and 1 antlered) from 2006-2011 (GOA 
2006; Pybus 2012). During this period the winter of 2010-2011 was particularly severe with 
deep snow and prolonged low temperatures causing reductions in deer population throughout 
the province (Sexton 2011; Smylie 2011; Pybus 2012). This led to diminished support from 
hunters for regulations aimed at increasing harvest. As a result quota licenses and extended 
seasons were canceled for the 2012 fall hunting season (Pybus 2012).  

In 2006 when CWD was still considered to be in the initial outbreak phase, Alberta also adopted 
an aggressive herd reduction program aimed at removing infected deer and reducing deer 
densities in areas where the CWD-infected deer were detected. The management strategy was 
based on the hypothesis that lower deer densities would slow the rate of CWD transmission 
(Pybus 2012). Management utilized a “one-two punch” approach where herd reductions were 
implemented within a 10-km radius of CWD-positive deer detected in the hunter-harvest 
surveillance in the previous fall. Herd reductions were conducted from January to March 2005 – 
2008 resulting in the collection of 3596 mule deer and 3892 white-tailed deer from 5 WMUs 
along the Alberta-Saskatchewan border (Fig. 11.4). In 2009, the herd reduction program was 
suspended by the Minister of Environment pending the review of the program’s effectiveness 
(Brooymans 2009). The decision to cease the herd reduction was precipitated in part by a lack 
of understanding among some of the public about the delivery of the program (Pybus 2012). 

As part of our study, we evaluated several assumptions of these programs. In Section 11.2 we 
evaluate the efficacy of using a 10-km radius for herd reduction around CWD-positive deer.  
This buffer size was assumed to encompass a large enough area to insure the removal of any 
other deer associated with the initial infection detected during the fall hunting season. 
However, because the herd reductions were not done until the winter after the fall hunting 
season, when deer may have moved out of the area, we measured how far VHF and GPS 
collared deer ranged between these two time periods relative to the 10-km radius. In Section 
11.3 we evaluate whether the herd reduction program reduced deer densities in 3 collection 
sites compared to 2 control sites within our study area. In Section 11.4, we provide a 
preliminary evaluation of whether herd reductions decreased the rate at which CWD 
prevalence increased in 5 WMUs along the SK-AB border.   

11.2 Herd reduction buffer sizes: Did they capture seasonal deer movements?  

Because the herd reductions occurred 1-3 months after the fall hunting season when CWD+ 
deer were detected, it was unknown whether 10-km would be an effective buffer size for herd 
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a

b
c d

Fig. 11.1. Hypothetical deer GPS/VHF locations 
in November-December (c) with centroid (d) 
and November- December buffer (a), and same 
deer’s January-February points (b).  In this 
example, the proportion of January-February 
points in the November-December buffer 
would equal 0.10. 

reduction. To address the question of whether a CWD+ harvested deer and its social group 
would have remained in this buffer, we assessed the probability that a GPS-collared deer 
located during the hunting season would have moved out of a 10-km radius. We hypothesized 
that differences in movements among species, sex and migratory status would influence our 
results and conducted the analyses for these deer groups.  
 
Using both VHF (n = 100) and GPS (n = 73) collars, the geometric centroid of deer locations from 
1 November – 15 December was identified for each animal in a year to correspond to the major 
period of hunting in WMU 234. Placing buffers of 1, 2.5, 5, 10, and 20-km radii around the 
centroid, we recorded the proportion of locations of the collared deer from 15 January – 28 
February found within each buffer size (Fig. 11.1). Because the variable of interest was a  

 
 
 
 
 
 
 
 
 

 
proportion, we used probit models to evaluate differences among species , sex, and migratory 
status using a robust standard errors based on the Sandwich estimator because the same deer 
contributed across more than one year. The comparison by sex was limited because there were 
no male deer with sufficient relocations that migrated for inclusion in the analysis.  To illustrate 
the relationship, we fit a two-parameter hyperbolic function (  using 
non-linear least squares where  is the proportion of January-February points in the 
November-December buffer,  is the culling radius, and  and  are fitted parameters.   
 
The proportion of deer relocations that fell within the fall buffer in winter was no different 
between species (P > 0.10) and was lower for migratory than non-migratory female deer (P < 

Fig. 11.2. Hyperbolic model fit to the 
proportion of all January- February GPS or VHF 
locations that are within the previous 
November-December buffer radii.  Migrating 
females: = 1.256  0.138 and  = 8.157 

 2.016; non-migrating females: = 
1.103  0.020 and  = 1.316   0.105. 
Female population is based on weighting 
population for 24.6% of females being 
migratory;  = 1.140 and  = 3.080. Non-

i i  l    1 190  0 060 d   
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0.01, Table 11.1, Fig. 11.2). The analysis indicated that similar buffers can be used for both 
species, unless major differences exist between males. A 10-km buffer is likely to obtain ~ 90% 
of the non-migratory females but only about 60% of migratory females (25% of deer migrated).   
 
Table 11.1. Mean proportion (μ) and standard errors (SE) of locations of white-tailed deer (WTD) and 
mule deer (MD), migration (migratory = Mig., Non-migratory = Non-mig.), and sex at various radii 
derived from 173 deer (VHF = 100; GPS = 73). 
  1 km  2.5 km  5 km  10 km  20 km 

 Deer μ SE  μ SE  μ SE  μ SE  μ SE 

White-tailed deer 

All 96 0.32 0.03  0.62 0.04  0.76 0.04  0.87 0.04  0.95 0.03 
Non-
mig. 71 0.38 0.04 

 
0.74 0.04 

 
0.90 0.03 

 
0.96 0.02 

 
0.99 0.01 

Mig. 25 0.34 0.04  0.79 0.04  0.94 0.02  0.98 0.01  0.99 0.01 

                

Mule deer 

All 77 0.30 0.04  0.69 0.05  0.88 0.03  0.95 0.02  0.99 0.01 
Non-
mig. 59 0.34 0.04 

 
0.79 0.04 

 
0.94 0.02 

 
0.98 0.01 

 
0.99 0.01 

Mig. 18 0.07 0.06  0.17 0.08  0.54 0.12  0.78 0.12  1.00 0.01 

                

Non-migratory 

All 130 0.36 0.03  0.76 0.03  0.92 0.02  0.97 0.01  0.99 0.01 

                

Migratory 

All 43 0.16 0.05  0.29 0.06  0.47 0.07  0.69 0.08  0.90 0.06 

                

Females 

All 146 0.33 0.03  0.65 0.03  0.80 0.03  0.89 0.03  0.96 0.02 
Non-
mig. 104 0.40 0.03 

 
0.79 0.03 

 
0.93 0.02 

 
0.97 0.01 

 
0.99 0.01 

Mig. 42 0.16 0.05  0.29 0.06  0.47 0.07  0.69 0.08  0.90 0.06 

                

Males 

All 27 0.20 0.05  0.67 0.07  0.86 0.05  0.97 0.03  1.00 0.01 
 
All deer 

All 173 0.34 0.03  0.67 0.04  0.80 0.04  0.89 0.04  0.96 0.03 
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11.3  Winter herd reduction program: Did it reduce deer densities? 
 
Aerial surveys were conducted by Alberta Fish and Wildlife in WMU 234 in January 2007, 2008, 
and 2009 immediately prior to herd reduction activities. We used these data to assess changes 
in deer densities as a result of the herd reduction program in the study blocks of the North 
Border Deer Study during the surveys (Fig. 2.1). The Battle study block was sampled at 100% 
coverage in 2007 and 2008 but only 25% coverage in 2009. The Cresthill block was not 
established until winter 2008 and it was surveyed at 50% in 2007, 25% in 2008, and 100% in 
2009. For further survey details see Section 5.1. Herd reductions were conducted by Alberta 
Fish and Wildlife in March 2007 and 2008 in Dillberry (812 deer collected), Ribstone (208), and 
Cresthill (1037) study blocks, while no deer were removed from the Metiskow or Battle block in 
any year.   
 
Methods. We used a two-way factorial ANOVA to test the effects of herd reduction and species 
on the percent change in density within a study block from 2007-2008 and 2008-2009. We used 
a natural logarithm transformation of percent change in density prior to analysis to normalize 
the percent change. Herd reductions had a significant effect on the annual change in deer 
densities from year to year (P = 0.01). However, there is no significant effect of species (P = 
0.09) and no species x herd reduction interaction (P = 0.69) on annual change in density (Table 
11.2, Fig. 11.3). 
 
Table 11.2. White-tailed and mule deer densities (deer/km2) in the 5 study blocks which were part of 
North Border Deer Study in eastern central Alberta. Surveys were completed prior to herd reductions in 
2007-2009. Survey coverage was 100% unless otherwise noted. 

 Annual herd reductions  No herd reduction 
 Dillberry  Ribstone  Cresthill  Metiskow  Battle 

Year WTD MD  WTD MD  WTD MD  WTD MD  WTD MD 
2007 4.96 2.34  2.00 2.75  2.48† 3.21†  1.25 2.30  0.08 1.28 
2008 2.62 0.44  2.32 1.82  3.37‡ 1.65‡  2.88 4.32  0.63 2.38 
2009 3.00 0.57  1.76 0.99  3.53 0.70  2.35 3.65  0.542 2.282 

† Block survey coverage at 50%. 
‡ Block survey coverage at 25%. 
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Fig. 11.3. Change in mule deer and white-tailed deer densities in 5 study blocks in east-central Alberta 
during two time periods 2007-2008 and 2008-2009. Three of these blocks (Dillberry, Ribstone and 
Cresthill) experienced herd reductions while two had none (Metiskow and Battle). 
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11.4 Change in prevalence with herd reductions 
 
Targeted herd reductions surrounding previously detected CWD-
positive cases were conducted between 2006-2008 in WMUs 
236, 234, 163, 151 and 150 (Fig. 11.4). We used the hunter-
harvest CWD surveillance data for mule deer (2006-2011) from 
these 5 WMUs to assess the evidence for prevalence increasing 
more slowly during the 3-year period of herd reductions (2006-
2008) compared to the 3-year period after herd reductions 
ceased (2009-2011).  
 
Methods. Prevalence estimates and associated 95% confidence 
intervals were calculated using a Bayesian posterior distribution 
method (Dorai-Raj 2009; Ross 2003). We then assessed the rate 
of change in prevalence over this 6-year period in a model 
selection framework by regressing the natural logarithm of 
prevalence (RB) as a function of time and comparing model fit 
based on AICc.   
 
The 6 models being compared included: 
 

(1) an intercept only model corresponding to no change in RB over time, 
(2) a linear model  indicating RB increases at a constant rate , 
(3) exponential model indicating a RB continuously changing rate of increase    
(4) break-point model (pg. 425-430 in Crawley 2007) indicating an abrupt  change in the 

rate of increase RB  
(5) quadratic  model reflecting a hypothesized decline in RB during the herd reduction and 

an increase in RB post-herd reduction,   
(6)  3rd order polynomial assuming a more complicated pattern.  

Results. For females the best model was the intercept-only model indicting no change in 
infection rate over this period. For males the rate of infection increased with similar support for 
a constant (linear) and increasing (exponential) rate of infection (Table 11.3, Fig. 11.5). Sample 
sizes were too small to fully assess the break-point and 3rd order polynomial models to 
determine if the potential increase in infection rate corresponded directly to the period after 
herd reductions.   
  
Discussion. Although we based disease prevalence on samples of deer from the same 5 WMUs 
over time, our analysis still assumed a similar distribution of samples both within and between 
WMUs. These assumptions are not commonly met in CWD surveillance and the disease tends to 
be aggregated spatially (Joly et al. 2009; Nusser et al. 2008, Farnsworth et al. 2006; Joly et al. 
2006). For example, the relative intensity of sampling in a WMU shifted 0.1 to 17.1% from year 
to year (Appendix X). Further, we have shown that the risk of disease is highly heterogeneous 

Fig. 11.4. We examined the 
change in prevalence from 
2006-2011 in the 5 WMUs 
where the herd reduction 
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within a unit the size of a WMU (Section 9.4). Based on the analysis presented here, there is 
limited information to support a slower rate of increase during herd reduction at the scale of 
the WMU. Although further evaluation using more sophisticated modeling approaches like 
hierarchical Bayesian model may refine these results, we contend the management actions 
were conducted for too short a period to warrant more complicated analyses. To evaluate the 
effects of management, a more appropriate design may require a comparison of changes in 
prevalence rates in the presence and absence of herd reductions over a longer period. Further, 
because WMUs range in size from 25 km2 to 26,150 km2 and include high landscape 
heterogeneity, our results indicate analysis units of 18 km2 (Section 10.3) may be more 
appropriate for monitoring changes in CWD.   
 

 
Table 11.3. Top models for rate of 
prevalence among female and male mule 
deer in 5 WMUs where herd reductions 
had occurred ranked based on Akaike’s 
information criterion corrected for small 
sample size (AICc). 
 
Models n k AICc ∆ AICc 
Females     
Intercept only 6 2 23.0 0.0 
Exponential 6 3 29.0 6.0 
Linear      6 3 30.0 7.0 
Quadratic 6 4 54.8 31.9 
     
Males     
Exponential  6 3 16.5 0 
Linear      6 3 18.4 1.9 
Intercept only 6 2 23.0 6.5 
Quadratic  6 4 46.8 30.2 
     

Fig. 11.5. Natural log of estimated 
prevalence of CWD from 2006-2011 in 5 
WMUs where herd reductions had 
occurred in 2006-2008. Lines indicate top 
models chosen with small sample size AIC.  
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12. MODELS OF CWD TRANSMISSION AND HARVEST MANAGEMENT 

Estimates of CWD transmission that allow us to predict changes in disease prevalence are not 
currently available in Alberta because long-term data are required and CWD was first detected 
in Alberta in only 2005. Rates of transmission from other jurisdictions are not appropriate due 
to regional differences in deer population structure, densities and contact networks resulting 
from landscape patterns. Therefore, we first developed epidemiological models for CWD in 
deer to understand the disease transmission pathways, and second to recommend control 
strategies for mule deer in Alberta. Specifically, we developed models that: 
(1) assessed the most plausible disease transmission mechanisms from observed prevalence 
data in mule deer; (2) determined whether non-selective harvest can be used as a management 
tool to reduce CWD prevalence, (3) found the most efficient harvest management regime for 
the indicated transmission mechanisms.  We also estimated R0, or the basic reproduction 
number, which is the number of cases one infected animal can generate on average over the 
course of its infectious period, for the period 2005-2012 of the CWD outbreak in Alberta by 
fitting disease model to CWD positive and negative data for hunter harvest. The metric is useful 
because it reflects whether or not an infectious disease can spread through a population, i.e if > 
1 disease will spread while <1 it will not spread. 

Methods: modeling approaches 

We created three deterministic models for deer population and disease transmission (Fig. 12.1). 
Deer population data were taken from field studies described in this report, from Alberta SRD 
aerial survey and hunter harvest data in WMU 728, 730, and from the literature (see Potapov et 
al. 2013 for details). Because CWD transmission parameters needed to evaluate long-term 
trends in CWD at present are unknown, our approach was to consider a range of possible 
coefficients, use values that produced the observed prevalence difference between males and 
females (i.e., ~2x), or fit some of the less complicated models to available Alberta hunter 
harvest data using stochastic model of hunter harvest and maximum likelihood estimates. 

In our first modeling approach, we developed a fully mechanistic model of CWD transmission in 
deer) that included sex-age structured deer population dynamics, density dependence through 
juvenile survival, but not through reproduction or adult survival  as well as seven disease 
transmission paths (Fig. 12.1, box A, Potapov et al. 2013). The model accounted for 
transmission within and between social groups, deer behaviour reflecting different seasonal 
contact rates among sexes, direct deer contacts related to within group transmission and 
transmission during the rut, and indirect transmission through prions in the environment and 
consumed with food intake. Mechanisms of environmental transmission were not explicitly 
modeled; instead, they were based on the work of Miller et al. (2006), who found that prions in 
the soil become inaccessible to deer relatively quickly. The goal of this effort was to identify 
possible combinations of the direct and indirect disease transmission mechanisms capable of 
reproducing the observation that CWD prevalence was at least twice as high in males than in 
females (e.g., Miller & Conner 2005, Heisey et al. 2010, Rees et al. 2012, Section 10.2).   
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Next, we assessed the efficiency of “non-selective” harvest and vaccination to control CWD.  
Assessing the importance of harvest management for control of CWD depends strongly on 
whether the disease transmission is assumed to be density-dependent (DD) or frequency-
dependent (FD, Wasserberg et al. 2009). Because our assessment of disease transmission 
mechanisms indicated the most plausible mechanisms of CWD transmission were FD, we 
assumed only FD transmission in this evaluation. First, we used a simple model with no age-sex 
structure, or seasonality, but assumed DD recruitment (Fig. 12.1, Box B, Potapov et al. 2012). In 
this effort we focused on assessing the intensity of harvest with and without vaccination to gain 
an understanding of basic mechanisms allowing for non-selective harvest for disease 
management under FD transmission.  Second, we assessed harvest intensity and structure for 
controlling CWD using an age-sex structured model with a second, simplified model for the 
deer population assuming several plausible FD transmission mechanisms (Fig. 12.1, box C, 
Potapov et al. submitted). We initially used the model to assess under what intensity of disease 
transmission and non-selective deer harvest CWD prevalence could be reduced without 
population collapse. Then, we compared the effects of seven harvest policies typically used to 
harvest deer within Alberta that focused on removing different proportions of harvested males, 
females and fawns. Finally, we identified the optimal harvest proportions for a given harvest 
intensity and disease transmission mechanism. We also tested sensitivity of the results to 
model assumptions. 

Results 

From outcomes of the full-modeling efforts (Fig. 1A), we found that the major deer behaviors 
that resulted in 2x the CWD prevalence in males than females were associated with 
transmission of the disease within male bachelor groups, which was associated with seasonal 
segregation of males from family groups (i.e., females and juveniles). Four major pathways 
were identified that could contribute to the higher prevalence in males: (1) higher male 
susceptibility to prions, (2) increased environmental exposure to prions in males due to greater 
food consumption (i.e., environmental transmission), (3) increased male-male contacts (direct 
transmission), and (4) high transmission from females to males during mating. All these 
mechanisms imply frequency-dependent transmission. At this time, information is insufficient 
to support the likelihood of one of these mechanisms over the other. We also noted that the 
male/female prevalence ratio was highly sensitive to proportion of time deer spend in sexually 
segregated groups. 

The basic model (Fig. 12.1, B) of non-selective harvest under FD-disease transmission indicated 
that population self-regulation through density-dependent recruitment can influence disease 
prevalence due to “dilution”, but not under regulation by DD adult mortality. Harvests that 
change deer density may have other effects that we did not evaluate such as the effect of group 
size and composition on transmission rates. Under the model assumptions, harvest of deer had 
two major effects: (1) it reduced the lifespan of infected individuals, which diminishes the 
number of secondary infections; and (2) harvest that reduces deer density can increase the 
recruitment of new healthy adults in to the population, which dilutes the disease prevalence.  
Provided the species has high enough recruitment potential (about one healthy juvenile 
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recruited per one adult at low density, but this depends on other model parameters), it may 
even “flush” the disease out of the population.  This result is based on our assumption that 
CWD had low disease transmission to juveniles which is supported by the outcomes of the sex-
age structured model (Fig. 12.1C). In that model we show that as little as 50% less transmission 
to juveniles from females may be enough to produce this dilution effect. 

Use of the simplified model (Fig. 12.1C) to assess non-selective, but sex-age structured harvests 
of deer indicated that the efficacy of a harvest approach in reducing prevalence strongly 
depends on (1) the specific disease transmission pathways, and (2) the intensity of the harvest 
(Fig. 12.2). In all cases the harvest strategy resulting in the least disease prevalence required 
intensive harvest of males because it removed infected individuals without diminishing 
population viability. Intensity of disease transmission to juveniles (fawns) determined the 
intensity of antlerless harvest. If juvenile transmission is low, then the most efficient harvest is 
one that achieves the highest possible recruitment by density reduction, which requires 
intensive female harvest but does not lead to population collapse. As a result, a better 
understanding of the nature of the density dependent juvenile recruitment (i.e., shape of the 
function between deer density and juvenile recruitment) is key. A harvest strategy achieving 
high fawn:doe and low buck:doe ratios may lead to eventual disease eradication in several 
decades if no net increase in the rate of environmental prion accumulation occurs. If 
transmission to juveniles is the same as to females, then the effect of increasing the fawn:doe 
ratio is limited by some optimal ratio, and increasing it further does not diminish the disease 
prevalence. Under these circumstances the primary harvest target are males, and disease 
eradication may not be possible. We studied the influence of age structure of male harvest 
(young adults vs. older adults), but due to high variability in results, we could not generalizable 
the advantages of such differentiation, unless older males have less chances to get the disease 
because of higher mortality. 

Finally, because effectiveness of the harvest strategy depends on the transmission pathway, we 
evaluated effects of a harvest strategy that was a weighted combination of optimal harvest 
strategies for 6 different transmission mechanisms. Given the weighted approach we found the 
recommended harvest strategy would be one that included a gradual increase in the proportion 
of harvested females ranging from 0 to about 15% when the proportion of removed males 
changes from 0 to 80% (Figure 12.2). This harvest approach does not lead to deer extinction 
and for some of the mechanisms disease eradication may be possible. At present, average male 
harvest at Eastern Alberta is about 13%, but at WMU 728, 730 it is 2-3 times higher.  

Management implications 
 
Our modeling results show that CWD is a highly contagious disease with 83.0 ≈R  (Potapov, 
unpublished). Our results show that non-selective harvest alone may slow the disease, but even 
in the best cases it would require very intensive harvest for many years with removing more 
than 50% of adult males each year. Whether this is desirable or achievable in practice by 
hunters alone across broad areas is unknown. Understanding whether fine-tuning harvest by 
altering the age of the harvest brings any advantages depends on disease pathway and 
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mortality in older adult male class. At present the most efficient management tool might be 
selective removal of infected animals, first of all infected females because they likely lead to 
more secondary infections than infected males. Developing such a technique requires either 
use of spatial inhomogeneities in distribution of infected deer, or search for visual cues to 
distinguish infected and healthy individuals at earlier disease stages. Alternatively with this R0, 
disease eradication by vaccination would require immunity of more than 70% of deer 
population at 100% efficacy, which may not be achievable in management practice.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
Fig. 12.1. Models of CWD transmission developed for the project. 
 
 
 
 
 

A. Full transmission model  
Goal: Test CWD transmission mechanisms (TM) able to 
produce observed 2:1 ratio of CWD prevalence in male deer. 
Model: Sex-age structured deer population, seasonal sex 
segregation, density-dependent, DD recruitment of healthy 
young, direct within and between group and environmental 
transmission. 
Key result: Only frequency-dependent (FD) mechanisms can 
reproduce observed male/female CWD prevalence ratio. 

(Potapov et al. 2013) 

B. Basic transmission model with harvest  
Goal: Basic understanding of CWD prevalence 
dynamics with harvest under FD transmission.  
Model: No sex-age structure, DD recruitment, 
no seasonal sex segregation, FD transmission 
only, harvest with no selectivity for infected 
animals. 
Key result: Harvest-based control of CWD 
possible due to higher mortality of infected 
(and non-infected) deer and dilution effect 
due to DD recruitment.  Synergistic effects of 
harvest and vaccination (Potapov et al. 2012) 

C. Simple transmission model with harvest 
Goal: Assess intensity of harvest and optimal 
age/se harvest strategies for CWD control. 
Model: Sex-age structure, DD recruitment,  
sexual segregation, FD transmission only,  
sex/age structured harvest regimes with no 
selectivity for infected animals. 
Key results: Efficiency of harvest management 
and optimal harvest composition depends on 
transmission mechanisms and rate of 
transmission to juveniles. 

(Potapov et al. submitted) 
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Fig. 12.2. Long-term disease prevalence under non-selective harvest for different harvest 
intensity (proportion of removed adult males per year) and 6 different disease transmission 
mechanisms (TM1 equal transmission, TM2 equal+rut, TM3 environmental mediated by food 
consumption, TM4 environmental+rut, TM5 equal transmission with twice greater male 
susceptibility, TM6 twice greater male-male contact rate).  Proportions of removed antlerless 
deer are adjusted to harvest intensity to avoid population collapse.  Harvest is most efficient as 
a management tool when the disease transmission to juveniles is low and transmission to 
females is moderate, as in case TM3, however the mixed policy does not explore density-
dependent recruitment to full extent under TM3 and TM4.  

 



North Border Deer Study 

67 | P a g e  
 

13. CONCLUSIONS AND FUTURE DIRECTIONS 

Our study provides a foundation of knowledge on mule deer and white-tailed deer ecology (e.g. 
home range sizes, mortality rates, migration distances etc.) in a CWD-infected region. This host-
specific ecological information can be used to parameterize spatially explicit CWD transmission 
and spread models (Gewin 2004; Ostfeld et al. 2005). For example, Peterson et al. (2003) 
incorporated information on bird migration patterns to improve the predictability of West Nile 
virus spread models. While Hamede et al. (2012) utilized data on reproduction, mortality and 
spatial heterogeneity in contact rates among Tasmanian devils (Sarcophilus harrisii) to construct 
a network model for the transmission of devil facial tumour disease. The ecological information 
described in this report is an initial step towards the development of spatially explicit CWD 
spread models.  

We quantified species-sex specific differences in CWD prevalence (Section 10.2), which will help 
improve the detection of CWD in Alberta using weighted surveillance (Walsh & Miller 2010) and 
improve our understanding of the mechanisms of CWD transmission (Section 9.5). Mule deer 
had higher CWD prevalence than white-tailed deer in our study area (Section 10.2), which is 
consistent with other CWD infected regions where these species co-occur including 
Saskatchewan (Rees et al. 2012; Government of Saskatchewan 2011) and Colorado (Miller et al. 
2000). Higher prevalence in mule deer cannot be explained by higher densities, because 
densities were similar between the two species (Section 5.1). Also both species range over a 
similar sized area (Section 7.2) with mule deer being either less (in males) or equally (in 
females) as active as white-tailed deer (Section 7.3), meaning mule deer should not have a 
greater likelihood of encountering sources of disease. However there are some behavioral 
differences between the species which could explain the prevalence differential. Mule deer 
form larger social groups than white-tailed deer (Section 8.1) with these large groups leading to 
higher within group per-capita contact rates (Section 9.2). Additionally, mule deer have a more 
protracted mating event than white-tailed deer (Geist 1981) which could potentially increase 
the likelihood of transmission.  

Within both mule deer and white-tailed deer, males had higher prevalence than females 
(Section 10.2), which has been observed among: mule deer in Colorado (Miller et al. 2000; 
Miller & Conner 2005), white-tailed deer and mule deer in south-west SK (Rees et al. 2012), and 
white-tailed deer in Wisconsin (Grear et al. 2006). There is no evidence for males being more 
susceptible to CWD infection than females (Williams & Young 1980; Miller & Wild 2004; Miller 
& Conner 2005). Instead the higher prevalence in males could be a result of their higher levels 
of activity (Section 7.3) and ranging over a wider area (Section 7.2) increasing contacts with 
infected deer or environmental sources of infectious prions. Also during the breeding season 
males combat other males (Geist 1981) and have multiple mates (Miller & Conner 2005) 
increasing their overall contact with conspecifics. 

We provide several findings that will help improve the management and surveillance of CWD in 
Alberta. First, we develop a modeling framework for predicting the risk of CWD using readily 
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available surveillance data (Section 9.4). Developing spatially explicit risk models can help 
managers prioritize areas for surveillance and control prior to the disease becoming well 
established. In our study region these high risk areas are adjacent to river drainages particularly 
where agriculture dominates in adjacent uplands. Second, we demonstrate that reducing deer 
densities can decrease the amount of deer-to-deer contact and presumably impact CWD 
transmission but less so in heavily forested areas (Section 9.2). As a result managers may 
consider augmenting their control programs by reducing densities in forest areas more 
drastically than open habitat. If a vaccination for CWD becomes available perhaps prioritizing 
vaccines for deer in forested areas could be more effective than herd reductions. Third, we 
build a deer sightability model for the parkland region, which will provide more accurate 
predictions of deer densities and population sizes important for evaluating the effectiveness of 
hunter-harvest or herd reduction programs (Section 4.0)  Fourth, we model the relationship 
between number of deer submitted for CWD testing with local deer densities and habitat 
characteristics (Section 5.2). Deer submission increased with density and amount of forest 
cover but decreased with terrain ruggedness. When WMUs further west into Alberta are made 
mandatory for head submission, our model can help AB managers predict the expected sample 
size and thus likelihood of detecting new cases at various prevalence levels (Samuel et al. 2003).  

Our evaluation of Alberta’s CWD control program suggests the herd reduction program was an 
effective method for disease control. Compared to hunting, herd reductions were more likely to 
remove infected deer from the landscape (Section 9.4, 10.2). The 10-km herd reduction radius 
was large enough to capture the majority of deer associated with the initial infection (Section 
11.2). Removing as many deer as possible within the 10-km radius around previous positives 
successfully reduced deer densities in that area in subsequent years (Section 11.3). We did not 
find conlusive evidence for a slower rate of prevalence increase in areas where herd reductions 
were implemented (Section 11.4). However, we recommend further examination of the 
impacts of herd reduction on CWD transmission and spread. Specifically, the effects of herd 
reduction on prevalence may become more apparent over a longer period of time (i.e > 3 years 
post herd reduction) especially because CWD is a slow progressive disease (Williams 2005). 
Also, comparing how prevalence differs between regions with and without herd reduction 
could help identify the impacts on CWD transmission.  

In this study we focused on evaluating the herd reduction program but since 2009 hunter-
harvest has been the principle means of CWD control. We suggest an assessment of the efficacy 
of the current hunter-harvest regime. For example, to increase hunter-harvest AB managers 
implemented several measures including: extended hunting seasons, earn a buck and land 
owner quota hunts (Pybus 2012), but have they achieved their goal? If so, did an increase in 
harvest reduce deer densities or impact CWD transmission? Addressing these questions 
provides a means of evaluating the hunter-harvest based control program and allows for an 
adaptive management approach. In this study we address the aspect of CWD detection using 
hunter-harvest, finding the amount of harvest is currently insufficient to provide a high 
likelihood of detecting the presence of CWD (Section 10.3). Based on this assessment we 
recommend that surveillance be supported by organized winter hunts or agency initiated herd 
reductions. 
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The results of this study will help Alberta wildlife managers with disease control and 
surveillance decisions over the next decade. In addition, our novel research on: the deer-deer 
contact relationship with density and landscape (Section 9.2); movement-based connectivity 
and disease risk (Section 9.4); harvest intensity and disease detection (Section 10.3) and 
transmission models and harvest regimes (Section 12) contributes significantly to published 
literature on CWD in wild cervids. Knowledge about chronic wasting disease will better equip 
managers and improve methods for mitigating the negative effects of this fatal disease.  
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