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EXECUTIVE SUMMARY 

Since its inception in 1998, the chronic wasting disease (CWD) surveillance program tested 
~48,000 wild cervids from Alberta. Of these, there were 211 CWD-positives primarily mule deer 
(n = 183) and white-tailed deer (n = 27), as well as one moose. To ensure the program remains 
efficient and effective, we reviewed the CWD surveillance literature and evaluated Alberta’s 
program by applying statistical analyses to the data collected 2005 to 2012.  

The primary objectives were to 1) describe the occurrence of CWD in wild deer in Alberta (raw 
data and weighted surveillance measures), 2) compare disease occurrence in hunter-harvest 
and disease control data, 3) evaluate the sensitivity of the surveillance data to detect CWD 
occurrence,  4) assess validity of possible geographic spread and/or numerical increase of CWD 
in Alberta, 5) assess spatial variation in CWD risk, 6) predict future spread, and 7) develop a 
sampling approach to assess occurrence of CWD in northern, western, or central Alberta . 

Surveillance data from hunter-harvest and herd-reduction programs were assessed.  In harvest 
data, prevalence (% infected) differed among species-sex groups, with a predominance of CWD 
in mule deer and males. These differences were then used to calculate surveillance weights (w): 
mule deer males (w = 1), mule deer females (w = 0.38), white-tailed deer males (w = 0.29) and 
white-tailed deer females (w = 0.14). Weights were used as part of a weighted surveillance 
approach for evaluating disease detection based on available surveillance data and setting 
sampling goals for detecting CWD at low prevalence with high likelihood. In disease control 
(=herd reduction) data similar patterns of species-sex prevalence were seen. However, deer 
collected during herd reduction programs were more likely to be CWD+ than deer harvested by 
hunters. Weighted surveillance values in disease control deer were 0.55, 0.67, and 0.44 for 
mule deer females, white-tail males, and white-tail females, respectively.  

We made a general assessment of CWD occurrence across WMUs.  In units where CWD was 
detected in at least one deer, the prevalence in mule deer males from 2005-2011 ranged from 
0 to 2.9% (Fig. 3.1). However, prevalence in 2011 alone was consistently higher in many units, 
reaching 29% in WMU 150 (Fig. 3.2). Prevalence and/or consistency of disease occurrence 
indicated WMUs 150, 151, and 234 are core areas of infection. 

New CWD+ were almost always (99.9%) within 100 km of previously detected CWD+ cases. We 
considered this 0 to 100 km zone around known CWD+ as the main surveillance region, since 
undetected CWD+ are likely to occur in that zone.  Within this area, the majority of CWD+ (81%) 
were within 30 km of a previous case. Thus we identified four categories of disease occurrence: 
infected WMUs, high risk (within 30 km of a CWD+), low risk (>30 but < 100 km), or least 
concern (>100km)(Fig. 4.2).  

Due to the limited risk of CWD occurrence in wild elk and moose (primarily as spillover from 
infected deer) the number of elk and moose tested was low, reflecting sampling emphasis on 
deer. In regards to CWD in deer, we applied weighted surveillance to the cumulative hunter-
harvest data (2005-11) and found that only 17.5% of uninfected WMUs in the surveillance 



 
 

region (within 100km of a CWD+ deer) had adequate surveillance and detectability. Detection 
was good to the north and south, but inadequate to the west of infected WMUs (Fig. 5.4). Units 
with high detectability had 2-7 yr surveillance and multiple years as mandatory submission. 

To identify CWD “hotspots” we built a risk model and mapped the spatial variation in CWD risk.  
Risk increased over time and with proximity to previous cases.  Risk was high along rivers and 
major tributaries where agriculture dominates; however, away from rivers, risk was high in non-
agriculture land cover like forest and native grassland. We predict riparian areas along the 
Battle, Red Deer, and South Saskatchewan rivers are high risk, particularly among non-
mandatory WMUs associated with the Red Deer and Bow rivers.  WMUs 732 and 624 (CFB 
Suffield and Cypress Hills Provincial Park, respectively) appear to warrant special attention to 
increase CWD surveillance. These units currently lack samples yet lie well within areas indicated 
as high risk for CWD occurrence.  Outlier CWD+ deer in WMU 119 (southeast of Medicine Hat) 
also warrant increased surveillance in order to gain perspective on CWD occurrence in this area. 

In the current WMUs where CWD is known to occur we evaluated detectability to determine 
whether the apparent CWD spread in Alberta is a product of expansion of the mandatory zone 
or is a valid pattern of disease spread. We found that mandatory designation consistently 
improved CWD detection. For 50% of the infected WMUs sampling effort supports a conclusion 
that CWD is spreading to new areas. In the other half of the units sampling was insufficient 
before initial detection to state prior disease absence, suggesting mandatory zone expansion is 
partially driving the pattern of spread.  Analyses also indicate the prevalence in hunter-
harvested deer is increasing over time, and the data support a resurgence of CWD in WMU 150 
after the winter disease control program was discontinued.  

We looked into the future to estimate surveillance parameters in new mandatory areas. We 
modeled number of deer heads submitted by hunters as a function of deer population size to 
predict the influx of new submissions when a WMU is made mandatory. Using the predicted 
submissions we estimate CWD detectability in a WMU the 1st year it is mandatory is 5% 
prevalence (0.80 prob.) and not until the 7th year is detecting 1% prevalence (0.90 prob.) 
realistic. While 5% prevalence seems inadequate, it is well within the range of current 
prevalence in mule deer males in many infected WMUs.  

We also examined possible surveillance programs in 15 regions beyond the current CWD 
surveillance region, that is, in northern, western, and central Alberta. Weighted surveillance 
models indicate reasonable sample sizes could detect CWD at acceptable detection goals. To 
detect CWD at 1% prevalence with high confidence (0.90 prob.) a minimum sample of 230 deer 
need to be tested in a region. However problems arise when sampling in a WMU is restricted to 
a small local population. We assessed the CWD surveillance value of deer collected in WMU 108 
(south of Lethbridge), including targeted winter hunts in 2009 and 2010. Clustered sampling 
and a preponderance of white-tailed deer females (the lowest species-sex risk probability) 
significantly limited the surveillance value of the sampling.  Whenever possible, CWD testing 
should span across multiple local populations and include mule deer males. 

 



 
 

General Recommendations include: 
 
 Formally adopt an explicit management goal of “reducing the number of infected cervids 

and their spatial extent within Alberta”. 
 Focus detection on mule deer and white-tailed deer using weighted surveillance to combine 

data from both species to improve detectability and statistical inference.  
 Expand the mandatory deer head submission zone further west into Alberta, particularly 

along high risk watersheds (Fig. 7.2). 
 Establish a monitoring program for elk and moose in an area where CWD is known to occur 

in deer. This will provide better understanding of dynamics of secondary CWD occurrence in 
these species relative to mule deer and white-tailed deer.  Consider CFB Wainwright and 
adjacent areas.  

 Re-establish targeted disease control and surveillance via herd reduction or organized 
winter hunts in high risk areas. 

 Introduce a mule deer hunt in CFB Suffield and the Cypress Hills (CH) to improve disease 
detection. Encourage education of CH park users about CWD, and have local staff or 
researchers collect heads from deer killed by cougars or in collision with vehicles.  

 Continue to test all heads submitted from mandatory and voluntary areas.  
 Consider targeted surveillance in regional blocks of WMUs outside the current surveillance 

region.  Sample size of ~200 or ~100 mule deer males should provide detection of CWD at 
1% or 2%, respectively (Table 9.1). 

 
Expansion of these recommendations is provided in Section 11: Management 
Recommendations (p 64-65). Specific details leading to the recommendations are 
provided in the associated sections in this document.  
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1. Literature Review: Implications for Alberta 

Introduction 

Disease surveillance is the ongoing observation of disease within a wild population designed to 
assist disease management (Artois et al. 2009 ).  

Three general goals of Disease Surveillance (Samuel et al. 2003): 

1) To identify the spatial distribution of a pathogen.  
a. Requires confidently detecting the presence and absence of the disease 

2) Measure disease “intensity” in areas where the infection is known to occur 
a. Measured 5 ways including prevalence and force of infection.  

3) Monitor Goals #1 and #2 over time to identify temporal trends (i.e. increase in 
prevalence or spatial spread), to evaluate control programs and inform research.  

The sequence of these 3 goals follows a general trend over-time in surveillance for an 
area or region (e.g. prov/state or WMU) from detection (goal #1), measuring intensity (goal #2) 
and long-term monitoring (goal #3, Samuel et al. 2003). By addressing these 3 goals surveillance 
assists disease control in different ways. For goal #1 (detection) surveillance is used as an early 
warning system so control programs (e.g. vaccinations) can be implemented as quickly as 
possible (Morner et al. 2002; Merianos 2007). Goal #2 allows for the identification of “hot 
spots” for disease and control measures can be targeted in these areas where they should have 
the most impact. Long-term monitoring, goal #3, allows managers to track the “success” of 
their disease control efforts, which can be signalled by a reduction in: disease spatial extent, 
intensity, or time present in a region (Artois et al. 2009). 

It is important that the design of a surveillance program be tailored to the disease 
management goals (Samuel et al. 2003). For example, if the management goal is eradication 
then sampling should be done every year instead of every other year and with a sample size 
sufficient to confidently determine if the disease is present or absent. However, if the 
management goal is monitoring trends in prevalence then less intensive sampling is an option. 
A helpful exercise is to think about the control actions, like hunter harvest or herd reductions, 
which will precipitate as a direct result of the surveillance findings. 

Alberta has not formally adopted an explicit CWD management goal or associated 
strategy to insure its achievement. Wisconsin for example has a 15-year CWD management 
plan (2010-2025) that details specific actions their wildlife agency will take to achieve their 
explicit management goal which is to “minimize the area of Wisconsin where CWD occurs and 
the number of infected deer in the state” (Wisconsin DNR 2010). In AB, three management 
scenarios have been proposed by Pybus (2012): status quo (do nothing), control (limit spread 
and number of infections), and eradication (drive prevalence to zero). Which of these options 
Alberta will pursue is unclear. But adopting a singular objective, will improve the effectiveness 
of surveillance in AB by ensuring that surveillance results are contributing to the management 
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goals. Additionally, a specific long-term plan could help galvanize support from the public, 
stakeholders, and politicians.  

Trends in CWD Surveillance 

Across jurisdiction in North America, including Alberta, surveillance among wild deer 
populations utilizes 4 main and 2 rare sources of deer samples for CWD testing (Miller et al. 
2000; Hibler et al. 2003; Krumm et al. 2005; Walsh & Miller 2010; Saunders et al. 2012): 

- Hunter-harvest 
- Clinically suspected cases (reported by the public or found by agency staff) 
- Road-kill 
- Herd Reductions 
- Predator-killed deer (rare) 
- Poached or confiscated deer remains (rare) 

CWD typically is found at relatively low prevalence among wild cervids. In Colorado, 
enzootic regions of the state had prevalence among wild mule deer, white-tailed deer, and elk 
populations of 4.9%, 2.1%, and 0.5%, respectively, despite the disease being present for >30 
years (Miller et al. 2000). However, prevalence in local populations often exceeds these levels 
(Miller et al. 2008).  Initial disease introduction requires detecting the disease at a very low 
prevalence rate (<1%); requiring a large sample size at great financial cost (Diefenbach et al. 
2004). In fact, Rees et al. (2012) suggested that Saskatchewan with its current voluntary hunter-
harvest surveillance program is unlikely to detect the presence of CWD until it is above the 
threshold of 1% prevalence.  

Based on our review of other CWD management programs, managers typically set a goal 
of collecting and testing at least 300 deer from an area at risk for the purpose of disease 
detection. This sample size provides a 95% probability of detecting at least one CWD-positive 
deer among an infinitely large deer population with a minimum prevalence of 1% (Samuel et al. 
2003). Therefore, if 300 deer are sampled and all test negative then local managers can be 
reasonably confident that CWD is not present at or above 1% prevalence. This estimated 
sample size and level of confidence relies on two assumptions: 1) every deer in the population 
is equally likely to be sampled and CWD-positive; and 2) the diagnostic test has 100% sensitivity 
and specificity. Despite the fact that the first assumption is violated by non-random sampling 
(Joly et al. 2009; Nusser et al. 2008) and the spatial aggregation of CWD (Farnsworth et al. 
2005; Joly et al. 2006, Rees et al. 2012) this bench mark is still widely used. Alberta tested 
~35,000 cervids for CWD in the previous 7 years (2005 - 2011) in areas where the disease is 
known to occur and in adjacent WMUs which are at risk. However, they have not set a target 
for prevalence detection (e.g. 0.1%, 1%, or 5%) or a sample size goal in at risk WMUs. More 
importantly AB has yet to assess the level of confidence that CWD is absent in at risk WMUs, 
which could be done using their current set of surveillance data. This assessment would allow 
managers to evaluate whether the current sampling regime is sufficient to identify the presence 
and absence of CWD, which is necessary to identify the true extent of CWD in the province.  
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In an effort to make CWD detection more effective and cost efficient most jurisdictions 
prioritized sampling for high risk areas. These areas are typically proximate to known CWD foci 
(i.e. where CWD-positives have been detected just across the border), have a high 
concentration of cervid farms, and/or have high densities of wild deer (Saunders et al. 2012). 
For example, Minnesota started sampling along their eastern-border in response to adjacent 
cases detected in Wisconsin (Minnesota DNR 2013), Maryland had a similar response when 
CWD has found in neighbouring West Virginia (Maryland DNR 2013) and Alberta used the same 
strategy when the disease was detected in Saskatchewan. Ontario appears to have adopted the 
most sophisticated approach to prioritizing an area for sampling. They use a model which 
predicts risk of CWD based on several factors including: cervid farm density, wild deer density, 
proximity to neighbouring CWD-positives (Buchanan 2012). However, the specific model details 
like its structure, parameters, and assumptions have to our knowledge not been reported or 
peer-reviewed.  

Alberta prioritized sampling not only near known foci along the AB-SK boundary but also 
along major rivers associated with CWD infections, for example, specifically making the 
submission of hunter-harvested deer heads mandatory in WMU 160 because it lies further 
westward up the Red Deer River from known CWD-positives. This decision was made based on 
locally developed CWD risk models (Nobert 2012; Rees et al. 2012) which indicate high CWD 
risk along river drainages particularly where adjacent uplands were dominated by agriculture. 
Wildlife managers may choose to develop these predictive risk models using CWD surveillance 
data throughout the province and predicting potential “hot spots” in at risk WMUs. These hot 
spot predictions could be used in several ways including: 1) identifying new WMUs to make 
mandatory for CWD testing or 2) identify high risk townships within currently mandatory 
WMUs to implement targeted winter hunts to support the fall surveillance.  

Probability of Detection and Freedom from Disease 

The only true way to confirm a population is disease-free is to test every individual (Dohoo et 
al. 2009). However, this is unfeasible for a wild population, especially those which are wide-
spread and abundant like the cervid populations in Alberta. A solution is setting a minimum 
prevalence (𝑃𝑚𝑚𝑚) above which the disease is considered “present” and below which it is 
“absent”. Establishing  𝑃𝑚𝑚𝑚 allows managers to calculate: 1) the probability of detecting one or 
more CWD-positive deer (𝛾) given a certain sample size (𝑛) and 2) the number of deer that 
need to be tested (𝑛) to demonstrate freedom from disease with a certain degree of confidence 
(𝛾). The probability of CWD-detection and sample size can be calculated by rearranging the 
same equation.  
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Fig. 1.1. Wildlife Management Units (WMU) within 
either 30 or 100 km of CWD positives detected 
among mule deer and white-tailed deer from 
2005-2011 in Alberta.  

Importance of 𝜸 and 𝒏 in Alberta? – In Alberta, as of fall 2011 at least one confirmed case of 
CWD was detected in 16 WMUs. Within 
close proximity (30 km) to these detected 
positives are 15 additional WMUs where 
CWD was not detected but are at high 
risk for CWD spread (Fig. 1.1). Of these 
high risk WMUs, some have been 
sampled intensively, like WMU 500 
where from 2006-2011 a total of 604 
deer were tested. While other WMUs, 
like 732, over the same time period had 
far fewer deer tested (n = 54). 

In which WMUs is the amount of 
sampling sufficient to detect CWD if it is 
present at certain prevalence (e.g. 5%)? 
Alberta managers can address this 
question by estimating 𝛾, the probability 
of disease detection. If 𝛾 is 0.99 for a 
WMU, with no positives detected, 
managers can conclude with high 
confidence that CWD is not present at or 
above the minimum prevalence. 
However if 𝛾 is 0.17, more sampling is 
required. As Alberta continues to 
prioritize new WMUs for surveillance 
they will need to set a goal of how many 
deer to test to determine if an area is 
disease free. Calculating the sample size 
(𝑛) needed to detect CWD with a high 
level of confidence would give AB 
managers a statistically rigorous goal.  

Alternative Methods – There are 4 common methods for estimating 𝛾 and 𝑛, 2 assume an 
infinite population (simple) and 2 account for population size (more complex). Although no 
wildlife population is infinite, a “rule of thumb” is that it can be considered infinite if a small 
proportion of the total population (𝑁) is sampled (𝑛 / 𝑁 <0.1, Evans et al. 2000) or if N < 1000 
(Dohoo et al. 2009). The first method assumes a binomial distribution and infinite population 
size (Dohoo et al. 2009; Cannon 2002) to calculate the probability of detecting one or more 
CWD positive (𝛾) given a minimum prevalence (𝑃𝑚𝑚𝑚) and sample size (𝑛): 
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                                                                  𝛾 = 1 − (1 − 𝑃𝑚𝑚𝑚 )𝑚                                                   Eqn. 1 

 

The formula can be rearranged to estimate the sample size: 

                                                                  𝑛 = − ln (1−𝛾)
ln (1−𝑃𝑚𝑚𝑚)

                                                           Eqn. 2 

The second method assumes the number of positive cases follows a Poisson distribution 
(Dohoo et al. 2003) with an infinite population size.  

                                                              𝛾 = 1 − exp (−𝑃𝑚𝑚𝑚  × 𝑛)                                              Eqn. 3 

                                                                    𝑛 = − ln (1−𝛾)
𝑃𝑚𝑚𝑚

                                                                Eqn. 4 

 

Cannon (2002) used these equations (3,4) in a points systems developed for weighted 
surveillance (see below). As a result, the two weighted surveillance systems developed for CWD 
in mule deer (Walsh & Miller 2010) and elk (Walsh & Otis 2012) adopt this approach. We have 
yet to determine why this Poisson method (Eqn. 3,4) is used instead of the binomial (Eqn. 1,2).   

The third method accounts for the population size (𝑁) using an approximation to the 
hypergeometic distribution (Roe & Cannon 1982).  

                                                            𝛾 ≅ 1 − �1 − 𝑚
𝑁−12(𝐷−1)

�
𝐷

                                               Eqn. 5 

                                                         𝑛 ≅ �1 − (1 − 𝛾)1 𝐷� � �𝑁 − 𝐷−1
2
�                                          Eqn. 6 

where 𝐷 is the number of infected individuals in the population (𝐷 =  𝑁 ×  𝑃𝑚𝑚𝑚). If more 
positives are present in the population (𝐷) than the sample size (𝑛) a better approximation of 
the confidence level (𝛾) can be obtained by interchanging 𝐷 and 𝑛 in equation 5 (Cannon 2001). 
Equation 6 is the basis for Appendix 4 in Samuel et al. (2003) which is a guide for CWD 
managers on the sample size needed to determine freedom from disease at different 
population sizes, levels of confidence and minimum prevalence. 

The fourth method accounts for population size, providing an exact probability of disease 
detection using the hypergeometric distribution (Cameron & Baldock 1998 a; b). Unlike the 
previous three approaches, the equations associated with method four are complex. Therefore, 
a computer program, “FreeCalc” (Cameron & Baldock  1998a), is required to estimate 𝛾 and 𝑛. 
The program is free to download (http://www.ausvet.com.au/) and easy to use.  
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 Potential Pitfall – When applying the disease detection methods detailed above, managers 
need to keep in mind the number of positives within the population that a particular minimum 
prevalence represents (Diefenbach et al. 2004). For example, 1% prevalence in a population of 
1,000 deer represents 10 infected deer while 1% prevalence in a population of 1,000,000 
represents 10,000 positives. Testing enough deer to confirm that CWD is present at <1% in 
these two populations (1,000 versus 1,000,000) are not equivalent as 10,000 infected deer in a 
large population would be much harder to manage than 10 positives in a small population. 
Therefore, when Alberta managers apply these detection methods they should consider the 
size of the population and the number of positive cases. Specifically how many CWD-positive 
deer is Alberta willing to accept? 

Potential Issues with Non-Random Sampling 

All four disease detection methods assume a perfect diagnostic test and random sampling. 
Equations 1-6 can be modified to account for a diagnostic test with less than perfect sensitivity 
(distinguishing a true positive), but for simplicity we did not include this correction term. 
Adjusting for low specificity, which is the ability to identify a true negative, is not as simple 
(Cannon 2001). However, issues associated with poor diagnostic testing are of little concern for 
CWD surveillance in Alberta because the BioRad CWD ELISA test has near perfect sensitivity 
(100% CI: 100-99.8%) and specificity (100% CI: 100-99.7%, Gavier-Widen et al. 2005).  

Random sampling requires that all individuals within a cervid population be equally likely 
to be sampled and infected with CWD. The assumption of random sampling can be violated in 
several ways including: biased collection methods (e.g. clinically symptomatic deer) and 
clustered sampling (e.g. collecting deer for testing only along roads).   

Biases in Sampling Method – If the probability of sampling a CWD-positive from a deer 
population is less than random (i.e. sampling method is biased against collecting positives), 
disease detection will be overestimated. The management implications for overestimating 
disease detection can be serious, especially if a region is falsely deemed to be disease-free and 
then surveillance is reduced. The alternative, underestimating detection, is less of an issue as it 
leads to greater sampling and more cautious conclusions for disease presence/absence. To our 
knowledge, none of the 6 CWD sampling methods are biased against collecting infected deer. 
Instead sampling biases are either not evident (e.g. hunter-harvest) or positive (e.g. clinically 
suspect, vehicle collisions, herd reductions, and predator killed; see Appendix 1). As a result, 
sampling bias causing an overestimation of CWD detection is of low concern for Alberta and 
other jurisdictions.  

Spatial Non-Random Sampling and Disease Distribution – In Alberta, there is likely a certain 
degree of clustering in the distribution of CWD and hunter-harvest sampling. CWD is not 
randomly distributed within a region or population. For example, locally CWD is associated with 
specific habitats like those adjacent to river drainages (Nobert 2012; Rees et al. 2012) and 
clusters of disease tend to form within matrilineal female groups (Cullingham et al. 2011a;b).  In 
addition, high CWD prevalence has been linked to forest cover in Wisconsin (Joly et al. 2006) 
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and urban areas in Colorado (Farnsworth et al. 2005). Also, hunters do not randomly harvest 
deer across the landscape because of spatial variation in human-access (Stedman et al. 2004; 
Farmer et al. 2006; Frair et al. 2007) and deer vulnerability (Harden et al. 2005; Storm et al. 
2007; Grovenburg et al. 2011). The clustering of both disease and sampling are likely to reduce 
the probability of disease detection (Samuel et al. 2003). 

Using simulations, Nusser et al. (2008) explored the effects of CWD clustering within a 
hypothetical deer population and the ability of different sampling strategies (random sampling, 
vehicle collisions, and hunter harvest) to detect the disease. They found that when CWD was 
randomly distributed within a deer population all sampling methods had a similar high 
probability of detection. However when CWD was clustered, random sampling had the highest 
likelihood of detection. Detection among hunter-harvested deer was only slightly reduced 
because of an imposed negative bias on hunters who harvest positive deer. Testing deer killed 
in vehicle collisions rarely detected the presence of CWD when roads did not intersect a disease 
cluster.   

In conclusion, Alberta managers should attempt to collect samples throughout a WMU or 
region of interest to help insure disease foci are not missed. When sampling is concentrated 
(e.g. the Magrath winter hunt in WMU 108, see Appendix 2) estimates of detection need to be 
interpreted cautiously.  Managers should be especially cautious if only enough samples have 
been collected to estimate detection <0.80 because below this threshold the bias in detection 
caused by non-random hunter-based sampling is the greatest (Joly et al. 2009). Alberta could 
also consider adopting a detection method which accounts for non-random sampling like that 
developed by Joly et al. (2009).  

Weighted Surveillance: using prevalence differences to improve detection 

Weighted surveillance increases surveillance efficiency by utilizing differences in 
prevalence between sampling groups or strata (Walsh & Otis 2012). Strata are defined by 
factors which influence the probability of a deer being CWD-positive such as: species (Miller et 
al. 2000; Merrill et al. 2013), sex-age class (Miller & Conner 2005; Heisey et al. 2010; Rees et al. 
2012), clinical symptoms (Walsh & Miller 2010), collection method (e.g. vehicle collision 
[Krumm et al. 2005], hunter harvest [Grear et al. 2006], and predator killed [Miller et al. 2008; 
Krumm et al. 2010]). Weighted surveillance increases efficiency by prioritizing testing among 
high prevalence groups (e.g. mule deer males in AB, Merrill et al. 2013) instead of low 
prevalence groups (e.g. white-tailed deer females in AB). As a result, CWD can be detected with 
fewer samples without a loss of statistical confidence. An additional benefit, particularly 
pertinent to Alberta, is the ability to combine multiple sources of surveillance data (e.g. across 
species-sex groups) into a single confidence estimate for disease detection.  

Weighted surveillance was originally developed for BSE in cattle (Doherr et al. 2001; 
Cannon 2002) but Walsh & Miller (2010) adopted this approach for CWD surveillance in mule 
deer in Colorado. Developing a weighted surveillance system is a 2 step process, with further 
details provided by Walsh & Miller (2010) and Walsh & Otis (2012). The first step is to estimate 
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weights for each stratum of interest, relative to a reference group. These weights are similar to 
a relative risk ratio, which is the ratio of the probability of an event (e.g. disease) occurring in 
one group versus a second group.  For example, if the probability of infection in a male is 0.5 
and 0.05 for a female then if female is the reference group the weight is equal to 10. Therefore, 
a male is 10-times as likely to be infected relative to a female. The reference group could be any 
stratum but it is best to use one that has been sampled intensively.   

Biased weights can either over- or underestimate the probability of disease detection. 
However, even with moderately biased weights (<= 50% bias) estimates of disease detection 
are better than traditional sampling techniques which assume all deer tested are equally likely 
to be infected (Walsh & Miller 2010). In fact, if weights cannot be estimated locally because 
CWD has yet to be detected, Walsh & Miller (2010) suggest inferring them from the literature. 
Preferably, local weights should be estimated. Walsh & Miller (2010) suggest at least 5000 
samples would be required to calculate local weights. 

The second step is to use a points system to determine the number of samples needed 
from each stratum to detect disease at a specific prevalence (e.g. 1% prevalence for the 
reference group) at a set confidence level (e.g. 95%). The weight of each stratum equate to the 
number of points it contributes to the required sample size. For example if 300 points are 
required to detect CWD at 1% prevalence then you could either sample 300 deer from the 
reference group (weight = 1) or 30 from another stratum with a weight of 10. The method used 
to determine the number of points or sample size for detection depends on the population size. 
If the population is large then managers can use the simpler Poisson distribution method 
(Dohoo et al. 2003; Walsh & Otis 2012) but if the population is small the hypergeometic 
distribution is more adequate (Samuel et al. 2003).  

Alberta Weighted Surveillance – To demonstrate a weighted surveillance system we used 
prevalence estimates for mule deer and white-tailed deer from 2006-2011 hunter-harvest data 
across Alberta (Merrill et al. 2013). During this 6-year period ~19,000 mule deer and ~12,000 
white-tailed deer were tested for CWD, far greater than the minimum 5,000 suggested for 
estimating local weights (Walsh & Miller 2010). We estimated weights for 4 strata, one for each 
of the species-sex classes (e.g. mule deer female). We set mule deer males as the reference 
group. Because of their lower prevalence the remaining three strata all have weights less than 
one: mule deer females (w = 0.38), white-tailed deer males (w = 0.29), and white-tailed deer 
females (w = 0.14, Merrill et al. 2013).  

In WMU 108, south of Lethbridge, Alberta no CWD positives were detected as of 2011. 
Alberta Fish and Wildlife estimated a population of 8113 mule deer and white-tailed deer prior 
to the hunting season in 2011 (Kim Morton pers. comm.). Based on the hypergeometic 
distribution method (Samuel et al. 2003), 294 “points” are needed for a 95% probability 
(confidence level) of detecting 1 or more CWD-positive deer at a mule deer male prevalence of 
1% (reference group) for this combined deer population. Achieving the points goal would 
necessitate hypothetically sampling either: 294 mule deer males, 774 mule deer females, 1014 
white-tailed deer males, or 2100 white-tailed deer females. In reality samples will be collected 
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from all 4 strata. In that case as deer are tested their points are accumulated until the goal of 
294 is reached then testing can stop. This approach can provide significant financial savings by 
reducing the number of tests. We further explore the likelihood of CWD detection in WMU 108 
using actual surveillance data collected from 2006-2011 (Appendix 2).  

Long-Term Monitoring 

Approaches to long-term monitoring of CWD are less established than those for disease 
detection (Langenberg et al. 2012). For example, weighted surveillance was developed to assist 
with early detection of new disease foci but is not applicable to long-term monitoring (Walsh & 
Miller 2010; Walsh & Otis 2012). Langenberg et al. (2012) suggest two valuable long-term 
monitoring strategies:  

1) Align monitoring with concurrent research so they can inform each other 

2) Use monitoring to evaluate management actions to allow for adaptive management.  

The final design of a long-term monitoring program should be supportive of the ultimate goal. 
An important consideration is program consistency, as too many changes from year to year will 
confound and complicate analyses.  

There are 5 metrics of disease intensity which can be monitored through time to inform 
research and management programs about variation in CWD transmission and dynamics. These 
metrics include the number of positives, prevalence, force of infection, incidence, and yearling 
prevalence (Table 1.1, Langenberg et al. 2012). At this time Alberta can report the number of 
positives detected and the prevalence among hunter-harvested deer. However, more sensitive 
metrics of disease intensity like incidence, force of infection and yearling prevalence are not an 
option. Incidence cannot be calculated as the disease status of individual deer needs to be 
observed over time.  This requires radio-collaring and periodic field tonsil biopsies (Wolfe et al. 
2004; Haley et al. 2012), which is not feasible on a provincial scale. Both force of infection and 
yearling prevalence require age-specific prevalence data and in AB deer age currently is not 
estimated for hunter-harvested deer tested for CWD. If the goal in AB is to monitor trends in 
CWD over the long-term (i.e. a decade scale) then prevalence should be sufficient. In certain 
cases like a proposed experimental harvest research project a disease metric which is more 
sensitive to changes in transmission dynamics should be considered.  

In Alberta areas where CWD has been present for some time, like WMU 151 (CWD 
present since at least 2005), perhaps managers should consider sampling every 2-3 years or 
chose a single species, like mule deer, to monitor. Adopting one of these measures might be a 
more efficient use of limited management resources. From prion uptake to mortality, the 
course of CWD infection is 2-3 years (Williams 2005) therefore sampling at this interval should 
be adequate to demonstrate long-term trends (Langenberg et al. 2012). Sampling could be 
done on a rotational basis, where every year a different set of WMUs is tested. However, a 
serious potential drawback of alternate year sampling is that hunters could lose interest in the 
program leading to decreased participation and low sample sizes. 
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Alberta has 4 cervid species (mule deer, white-tailed deer, elk , and moose) that can serve 
as potential CWD hosts (Williams et al. 2002; Baeten et al. 2007) [plus caribou].  A surveillance 
program that samples all 4 may spread resources too thinly. Focusing on only one species is 
feasible only if surveillance results from one species can be used to infer disease intensity in 
another species with confidence (Langenberg et al. 2012). In Alberta, it may be feasible to 
monitor mule deer only, because mule deer show a consistent higher prevalence than white-
tailed deer (Merrill et al. 2013). However, this may result in considerable criticism from the 
public, if a lack of sampling among white-tailed deer is seen as a weakness in the program. In 
addition, despite a lack of evidence of human health risk, many hunters seek peace of mind in 
knowing their deer was tested for CWD, regardless of which species they harvested.  

Adequate surveillance in other jurisdictions (CO, WY) indicates that prevalence of CWD in 
free-ranging elk and moose is significantly less than in mule deer and white-tailed deer, and 
does not occur in the absence of infected deer. However, there are too many unknowns about 
CWD in elk and moose in Alberta to discontinue a targeted approach to surveillance of these 
species. It seems reasonable to continue to accept heads of these species for testing, and 
particularly to focus on testing elk and moose in areas with higher CWD risk, such as CFB 
Wainwright and CFB Suffield, and surrounding areas. 
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Table 1.1. Advantages and disadvantages for 5 potential metrics to monitor CWD intensity, from Langenberg et al. (2012). 

Intensity 
Metric 

Definition Advantages Disadvantages Notes 

No. of 
Positives 

Number of positives 
detected during a 
period of time. 

 Easy to communicate  Little utility without number of samples 
(e.g. 2 positives among 5 is different from 
2 among 5000).  

Should be reported but not 
the basis of any statistical 
analysis or management 
evaluation.  

Prevalence Proportion of 
population diseased 
during sampling period. 

 Easy to communicate 
 Consistent record of 

intensity through time 

 Lag-time before a detectable response in 
transmission. 

Need to sample same 
reference population through 
time (e.g. species, sex, age 
etc.). 

Force of 
Infection 

Probability over short 
time period that a 
negative becomes a 
positive. 

 More sensitive to 
changes in 
transmission than 
prevalence 

 Applicable to 
epidemiological 
models 

 Difficult to communicate 
 If CWD mortality is low, trends in FOI 

through time may correspond with 
prevalence giving no specific advantage 
to FOI over prevalence.  

Can be estimated from age-
specific prevalence data. 

Incidence Rate of new infections 
(proportion of new 
infections per time 
period). 

 More Sensitive to 
transmission than 
prevalence 

 Commonly used for 
human diseases 

 Only feasible in small defined deer 
populations where same individual can 
be monitored through time (e.g. collared 
deer).  

Would need to collar deer and 
test them periodically for 
CWD, easy for humans not for 
wildlife.  

Yearling 
Prevalence 

Prevalence among 12-
24 month cohort only.  

 Crude incidence 
estimate because 
infection was recent. 

 Need sufficient aged sample, and high 
infection rate in yearlings. 

Properly aged cohort is essential 
(may be difficult with deer) 
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2. Host Heterogeneities in CWD Prevalence 

Using surveillance data collected through hunter harvest and herd reductions throughout 
Alberta, we estimated sex-specific prevalence in mule deer and white-tailed deer (e.g. male mule 
deer). Then as an initial step to developing a weighted surveillance system, we calculated 
prevalence ratios between species-sex groups. To determine if infected deer were more likely to 
be collected through herd reductions than hunter-harvest, we compared the prevalence of CWD 
in deer collected by each method. 

Hunter-Harvested Deer 

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. Prevalence in 
each species-sex class was estimated using two different methods. The first is a simple 
percentage of deer sampled that were infected with CWD: 

𝑃𝑂 =
𝐼
𝑛𝑡

 ×  100 

where 𝐼 is the number of infected deer among the total deer sampled (𝑛𝑡). Confidence limits 
were calculated using the method  of  Wilson (1927) corrected for continuity, which cannot 
produce limits outside 0-1 making it ideal for small proportions (Newcombe 1998). A second 
estimate of prevalence 𝑃𝐵was derived for use in calculating surveillance weights (see below) 
because it provided a non-zero estimate of prevalence when no positive individuals were 
detected in a sample (Roels et al. 2005), and the estimates of variance were unbiased (Ross 
2003). The Bayesian estimate PB was calculated using the R package binom from the integration 
of a Bayesian posterior binomial distribution with diffuse priors (Dorai-Raj 2009).  We present 
both prevalence estimates for comparison (Table 2.1). We calculated weights relative to male 
mule deer prevalence for a weighted disease surveillance program following Walsh & Miller 
(2010) by dividing yearly prevalence for each species-sex class by male mule deer prevalence. 

Over 15,000 hunter-harvested mule deer and 8,500 white-tailed deer were tested for CWD 
between 2006-2011 (Table 2.1). 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 prevalence in mule deer 
females was 0.38% and in white-tailed deer males and females was 0.29% and 0.14%, 
respectively (Fig. 2.1). 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 either: 300 mule deer males, 790 mule deer females, 1035 
white-tailed deer males, or 2143 white-tailed deer females. 
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Table 2.1. Number of hunter-harvested deer tested for CWD (𝒏𝒕) and number of infected deer (𝑰) from 
2006-2011 by species and sex in Alberta. Prevalence is estimated as percent infected of those sampled 
(𝑷𝑶) and with a Bayesian prior method (𝑷𝑩, Ross 2003). We report the 95% confidence intervals (CI) for 
both prevalence estimates.  

 Mule Deer 
 Male  Female 

Year 𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (95% CI)  𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (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 𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (95% CI)  𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (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. 2.1. Mean surveillance 
weights with 95% confidence 
intervals for mule deer females, 
white-tailed deer males and 
white-tailed deer females relative 
to mule deer males.  Calculated as 
the ratio of annual prevalence 
from a particular species-sex 
group relative to mule deer males 
then averaging across years 
(2006-2011), using hunter-
harvested deer collected across 
Alberta from 2006-2011. 
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Herd Reduction Program 

CWD prevalence in deer also was derived from deer collected during the herd reduction 
programs from 2005-2008 using similar analysis methods (Table 2.2). Males had 2.5x and 1.8x 
higher prevalence than females in mule deer and white-tailed deer, respectively. Males were 7.9x 
more likely and females 4.6x more likely to be CWD-positive if they were mule deer than if they 
were white-tailed deer.  

Table 2.2. Number of deer collected during herd reductions tested for CWD (𝒏𝒕) and number of infected 
deer (𝑰) from 2005-2008 in Alberta. Prevalence is estimated as percent infected of those sampled (𝑷𝑶) 
and with a Bayesian prior method (𝑷𝑩, Ross 2003). We report the 95% confidence intervals (CI) for both 
prevalence estimates. 

 Mule Deer 
 Male  Female 

Year 𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (95% CI)  𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (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 𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (95% CI)  𝑛𝑡 𝐼 𝑃𝑂 (95% CI) 𝑃𝐵 (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 
 

Comparing Hunter Harvest and Herd Reduction 

Deer collected during the herd reductions were 4.6x more likely to be CWD-positive compared to 
those submitted by hunters (Wilcoxon signed-rank test P<0.01). The higher prevalence resulted 
from targeting the herd reduction program to areas around CWD-positive deer, that is, where the 
disease was most likely to occur. In contrast, hunters harvest deer across a broader landscape, 
which may or may not be near foci of CWD. 
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3. Prevalence by WMU 

Using hunter-harvest surveillance data CWD prevalence for mule deer males was estimated then 
mapped in each WMU within the CWD surveillance region during two time periods, 2005-2011 
and 2011 only (Appendix 3). We chose mule deer males because 62% of the 87 positives 
detected in 2005-2011 were from this species-sex group, reflecting its higher prevalence (Section 
2). The goal of mapping prevalence across WMUs was to help identify potential core areas of 
infection. Prevalence was highest in WMU 150 in both time periods (Table 3.1, Fig. 3.1, Fig. 3.2), 
reaching an extremely high 29% in 2011. The relatively high prevalence and early detection of 
CWD suggests WMU 150 may be a core area of infection. Other WMUs with consistently high 
prevalence included 151, 163, and 203. Although CWD was detected early in WMU 234 (year 
2006) prevalence was relatively low compared to other WMUs. However, prevalence here may 
be diluted by a cumulative large sample size widely distributed across a large WMU over a 
prolonged surveillance period, particularly since CWD is known to occur in clusters on the 
landscape (Miller et al. 2008). 

Consistency of disease occurrence from year to year also may indicate core areas of CWD 
infection. CWD was found in 6 of 7 years in only three WMUs: 150, 151, and 234 (Table 3.2).  In 
conjunction with the proximity and along shared watercourses (see Section 6) with known cases 
of CWD in Saskatchewan (Nobert 2012), these units appear to be core areas of infection in 
eastern Alberta. 

Table 3.1. CWD surveillance of mule deer males in two time periods in 16 WMUs where at least 
one CWD-positive deer (not necessarily a mule deer male) was detected. These estimates are 
calculated using hunter-harvest surveillance data.  

 2005-2011  2011 only 
WMU Sampled Positives Prev. (%)  Sampled Positives Prev. (%) 
119 55 0 0.00  8 0 0.00 
150 348 10 2.87  24 7 29.17 
151 563 6 1.07  34 2 5.88 
152 173 2 1.16  55 0 0.00 
162 246 0 0.00  54 0 0.00 
163 408 8 1.96  41 2 4.88 
164 137 1 0.73  35 1 2.86 
200 742 1 0.13  145 0 0.00 
202 256 2 0.78  86 1 1.16 
203 175 2 1.14  43 2 4.65 
232 205 1 0.49  43 0 0.00 
234 984 5 0.51  42 1 2.38 
236 428 7 1.64  55 0 0.00 
256 178 1 0.56  12 0 0.00 

728/730 1015 8 0.79  86 2 2.33 
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Table 3.2. Number of CWD+ deer per Wildlife Management Unit per year. 
WMU 2005 2006 2007 2008 2009 2010 2011 
150 1 7 2 2  1 9 
151 3 3 2 1 2 1 3 
163   2 11 1  2 
234  3 11 5 2 1 2 
236   1 4 2 6  
256   1   1  
728    2 2 3 2 
119     1  1 
200     1 2 2 
232     1   
202     1 1 6 
152      4  
203       3 
730       1 
162       1 
164       1 

 



 | P a g e  
 

17 

 
Fig. 3.1. CWD-prevalence in mule deer males by wildlife management unit, in combined hunter-
harvested surveillance data from 2005-2011 (n = 6,909). Also indicated, all positive deer ( ) as 
well as WMUs without mule deer male samples or positives. 
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Fig. 3.2. CWD-prevalence in mule deer males by wildlife management unit, in hunter-harvested 
surveillance data collected in 2011 only (n = 877). Also indicated, all positive deer ( ) as well as 
WMUs without mule deer male samples or positives.   
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4. Defining the CWD Surveillance Region 

The CWD surveillance region in Alberta should encompass a large enough area around known 
infections to identify adjacent foci, but not so large that management resources are stretched 
thin by sampling where the disease is absent. To identify the extent of the surveillance region in 
Alberta, we assessed the minimum distance (𝑑) of newly detected CWD-positives in year 𝑡 from 
infected deer detected in all previous years (e.g. 𝑡 − 1, 𝑡 − 2). We calculated 𝑑 for 81 positive 
deer (mule deer n =73; white-tailed deer n = 8) detected from 2007-2011 in hunter-harvested 
deer collected throughout Alberta. The positives identified in 2005 and 2006 (n = 6) were 
included as a reference for calculating proximity to later positives, but their distance to previous 
positives in Saskatchewan could not be estimated because specific locations were not available. 
To ensure 𝑑-values represent the true distance between new positives and previous ones (rather 
than a product of the proximity of sampling), 𝑑 was assessed for the 21,582 negative deer 
collected concurrent to the 81 positives. 

Results 

The majority (81%) of the CWD-positives were within 30 km of those infected deer identified in 
previous years, while 99.9% of new infections were within 100 km (Fig. 4.1A). Compared to 
positives, the negative deer were sampled at farther distances, ≤ 470 km for 99.9% of samples, 
from previous positives (Fig. 4.1B). This supports using 100 km as a maximum distance for the 
annual spread of CWD, because sampling was not truncated at or below 100 km, but extended 
well beyond this distance.   

We used the positive distance thresholds (i.e. 30 km, 100 km) to designate wildlife 
management units into high risk (𝑑 ≤ 30 km), low risk (30 km > 𝑑 ≤ 100 km) and least concern (𝑑 
> 100km) for CWD spread, based on proximity to the 127 positives detected in Alberta from 
2005-2011. We suggest the active sampling of hunter-harvested deer concentrate in WMUs 
which are infected, high risk, and low risk, because they capture the extent of the leading edge of 
CWD spread. The least concern WMUs can be monitored with passive surveillance methods such 
as testing deer with clinical signs. We defined the CWD surveillance region as 56 WMUs in 
southeast Alberta: 16 infected, 15 high risk and 25 low risk for spread (Fig. 4.2). The remainder of 
the province, 134 WMUs, is classified as least concern for CWD spread.  

As of the 2012 hunting season, submission of hunter-harvested deer for CWD-testing is 
mandatory in every infected WMU. Among the high risk WMUs 73% have mandatory CWD-
testing (732, 624, 142 and 138 are not mandatory), while testing is only compulsory in 8% of the 
low risk WMUs (102 and 160 are mandatory).  
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Fig. 4.1. A) Nearest distance (𝑑) new CWD-positive deer (mule deer and white-tailed deer) are detected 
from infected deer in previous years. B) Comparing 𝑑 between CWD-positive and negative deer. CWD-
positives (n = 81) and negatives (n = 21582) were hunter-harvested deer from 2007-2011 throughout 
Alberta.  
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Fig. 4.2. Alberta CWD surveillance region for wild cervids. Wildlife management units are classified as: 
infected (CWD detected from 2005-2011), high risk (≤ 30km from adjacent positives), low risk (> 30km, ≤ 
100 km) or least concern (> 100 km from adjacent positives). Also displayed are the 127 positive deer ( ) 
detected from 2005-2011.  
 



 | P a g e  
 

22 

5. Detecting CWD within At Risk WMUs in the Surveillance Region 

To assist Alberta’s CWD surveillance program, we estimated the probability of disease detection 
for elk, moose, and mule deer/white-tailed deer combined within WMUs in the surveillance 
region (Fig. 4.2). In general, we only estimated detection in WMUs where:  1) no positive cases 
were detected as of April 2012 and 2) pre-hunting season population estimates were available. 
Detection was calculated based on an approximation to the hypergeometic distribution (Roe & 
Cannon 1982) using hunter-harvest data from 2005-2011 and pre-hunting season population 
estimates from 2007-2011. For mule deer and white-tailed deer we adopted a weighted 
surveillance approach (Walsh & Miller 2010; Walsh & Otis 2012), allowing detection to be 
estimated with surveillance data from both species combined.  

Methods 

Detection and Sample Size – We estimated the probability of CWD detection (𝛾) and sample size 
(𝑛) for detecting the disease with a 90% probability at differing prevalence (𝑃𝑚𝑚𝑚: 1, 2, 5, 10, 25, 
and 100%) using the following equations:  

                                                 𝛾 ≅ 1 − �1 − 𝑚
𝑁−12(𝐷−1)

�
𝐷

                                                  Eqn. 5 

                                           𝑛 ≅ �1 − (1 − 𝛾)1 𝐷� � �𝑁 − 𝐷−1
2
�                                          Eqn. 6 

where: 𝑁 is the population size, 𝑛 is the number of individuals tested for CWD, and 𝐷 is the 
number of infected individuals in the population (𝐷 =  𝑁 ×  𝑃𝑚𝑚𝑚). If 𝐷>𝑛, they were 
interchanged in Eqn. 5 to improve the approximation of detection (Cannon 2001). 

Weighted Surveillance - We considered 4 species-sex surveillance groups: 1) male mule deer, 2) 
female mule deer, 3) male white-tailed deer and 4) female white-tailed deer. Surveillance 
weights were calculated as the ratio of prevalence for a species-sex group relative to the 
reference group (male mule deer). Prevalence was calculated annually using hunter-harvest 
surveillance data from 2006-2011 based on a Bayesian Method (R package binom, Dorai-Raj 
2009). The resulting mean prevalence ratios from 2006-2011 were 0.38 in female mule deer, 0.29 
in male white-tailed deer and 0.14 in female white-tailed deer (Section 2).  

For calculating probability of detection and required sample size, we used equations 5 and 
6, respectively. The population size was equal to the summation of the mule deer and white-
tailed deer pre-hunting season population estimates. The 6 𝑃𝑚𝑚𝑚 prevalences (1, 2, 5, 10, 25, and 
100%) were specific to mule deer males because they are the reference group. If the sex of a 
sampled deer was unknown (3% of hunter-harvested deer from 2005-2011) it was considered 
female for further analysis making detection estimates more conservative because females have 
lower surveillance weights than males in both species. 
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Pre-Hunting Season Population Estimates - For estimating CWD detection, we based cervid 
population sizes in a WMU on the pre-hunting season population estimate from 2007-2011 
(provided by Rob Corrigan, F&W Edmonton HQ). Pre-hunting season population estimates are 
the basis for determining the hunting license allocation for each WMU or region. Area wildlife 
biologists produce the population estimates based on aerial surveys, but because a WMU is not 
surveyed every year, the population estimate is extrapolated in non-survey years based on a 
population model which accounts for winter mortality, hunter success, and fawn recruitment. For 
calculating detection from 2005-2011, we used the mean population estimate in a WMU from 
2007-2011 (Appendix 4). No population data were available prior to 2007. We inflated the 
population estimate by 20% for 2 reasons: 1) the population estimates determine the number of 
hunting licenses, which are likely biased low to avoid over-harvest and 2) the uncertainty around 
the population estimates were unavailable, as a result, the 20% inflation provides a more 
conservative detection estimate. Unless otherwise stated the original population estimates (i.e. 
not inflated) are presented in this report. 

For this analysis Canadian Forces Base (CFB) Wainwright was considered a single unit 
because separate population estimates were unavailable for the WMUs 728 and 730, west and 
east Wainwright, respectively. Population estimates were unavailable for mule deer and white-
tailed deer in CFB Suffield, as well as white-tailed deer in Cypress Hills Provincial Park, reflecting 
the absence of deer hunting seasons in these areas (WMU 732 and 624, respectively). Despite 
the lack of pre-hunting season population estimates we assessed disease detection in mule deer 
and white-tailed deer because of the relatively high ungulate densities in these two areas.  Partial 
population estimates for mule deer (n = 2724) and white-tailed deer (n = 585) in CFB Suffield 
were obtained from an aerial survey in the eastern portion of the base January 9-11 2008 
(Appendix 5). In regards to Cypress Hills, we used the mean density (0.48 white-tailed deer/km2) 
in adjacent WMUs (116, 118 and 119; Appendix 6) and calculated a population estimate of 102 
white-tailed deer.  

Results 

Moose – Based on the population estimates, moose densities ranged from 0.009 – 0.581 
moose/km2, with generally higher densities in WMUs in the northern extent of the surveillance 
region (Fig. 5.1). Few prairie WMUs had large enough moose populations to warrant population 
estimates. Cypress Hills Provincial Park (WMU 624) and CFB Wainwright (WMU 728/730) had 
high moose density relative to surrounding WMUs. Moose were tested for CWD in only 8 of 35  
(n = 23%) WMUs with substantial moose populations (Fig. 5.2). In these 8 units the number of 
moose tested ranged from 1 to 3 (Table 5.1). The low number of samples resulted in no WMU 
with a high probability (≥90%) of detecting CWD, even at an unrealistically high prevalence of 
25% (Table 5.1, Fig. 5.2). At 25% prevalence, 275 infected moose could be present in WMU 500 
with an inflated population of 1101 (Appendix 7A). Detecting CWD at 25% prevalence with a high 
degree of confidence (≥90%) only requires testing 8 moose in most WMUs (Appendix 7A). 
However, to detect the disease at a low prevalence (1%) in a WMU with a small moose 
population (e.g. WMU 156 with 46 individuals) requires testing every individual in the inflated 
population (Appendix 7A). 
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Table 5.1. Probability of detecting CWD in moose at differing prevalence (%) in WMUs where at 
least one moose was tested from 2005-2011.  

   Probability of Detection 
WMU Pop.† n 1% 2% 5% 10% 25% 100% 
163 120 1 0.01 0.02 0.05 0.10 0.25 1.00 
200 242 3 0.03 0.06 0.14 0.27 0.58 1.00 
202 279 1 0.01 0.02 0.05 0.10 0.25 1.00 
203 156 2 0.02 0.04 0.10 0.19 0.44 1.00 
234 377 2 0.02 0.04 0.10 0.19 0.44 1.00 
256 232 1 0.01 0.02 0.05 0.10 0.25 1.00 
514 1069 1 0.01 0.02 0.05 0.10 0.25 1.00 

728/730 427 3 0.03 0.06 0.14 0.27 0.58 1.00 
†20% inflated pre-hunting season population estimate 
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Fig. 5.1. Moose density in each WMU in the CWD surveillance region based on the mean pre-
hunting season population estimates from 2007-2011. Population estimates not available for the 
whole region.  
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Fig. 5.2. Prevalence that CWD can confidently be detected (>90% probability) in moose based on 
cumulative surveillance data from 2005-2011 and accounting for population size in each WMU.  
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Elk – In the CWD surveillance region there are 9 elk populations. Four of these are “regional” 
populations, meaning they are managed across several WMUs. The regional populations 
included: Cypress Hills, Suffield Region, East of Red Deer, and Wainwright Region. The remaining 
five populations are contained within single WMUs: 102, 104, 151, 152, and 504. The 3 largest elk 
populations (Suffield Region, Wainwright Region, and Cypress Hills (Fig. 5.3)) also had the highest 
number of elk tested for CWD during 2005-2011, ranging from 25 in Suffield Region to 127 in 
Wainwright Region (Table 5.2). There is a high probability (0.94) that if CWD is present at 2% in 
the Wainwright regional elk herd it would have been detected (Table 5.2, Fig. 5.3). However, in 
Suffield Region and Cypress Hills the detection is only high (≥0.90) if the prevalence is 10%. The 
East of Red Deer, WMU 102, and WMU 151 elk herds had only 1-3 elk tested, resulting in a low 
probability of detection (0.25 – 0.58) even at extremely high prevalence (25%). In 3 elk 
populations (WMU 104, 152, and 504) no samples were collected, therefore any disease could 
not be detected regardless of the prevalence. Detecting CWD at low prevalence (1%) in these 3 
populations with a reasonably high probability (0.90) requires testing at least 59-118 elk, which is 
the majority (79-98%) of the respective populations (Appendix 7B).   

Table 5.2. Probability of detecting CWD in 9 elk populations at differing prevalence (%) based on 
cumulative surveillance data collected 2005-2011.  

   Probability of Detection 
WMU Pop.† n 1% 2% 5% 10% 25% 100% 
102 210 1 0.01 0.02 0.05 0.10 0.25 1.00 

         
104 120 0 0.00 0.00 0.00 0.00 0.00 0.00 

         
Cypress Hills 

(624, 119, 118, 116) 865 30 0.26 0.46 0.79 0.96 1.00 1.00 
         

Suffield Base 
(732, 150, 148, 144, 124) 3935 25 0.22 0.40 0.72 0.93 1.00 1.00 

         
151 120 3 0.03 0.06 0.14 0.27 0.58 1.00 

         
152 60 0 0.00 0.00 0.00 0.00 0.00 0.00 

         
East of Red Deer 
(164, 166, 208) 192 2 0.02 0.04 0.10 0.19 0.44 1.00 

         
Wainwright Base 

(200, 202-204, 232, 234, 728/730) 867 127 0.75 0.94 1.00 1.00 1.00 1.00 
         

504 150 0 0.00 0.00 0.00 0.00 0.00 0.00 
†20% inflated pre-hunting season population estimate 
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Fig. 5.3. Nine elk populations in the CWD surveillance region along with their respective: (1) 
mean population size from 2007-2011, (2) number of elk tested (n) from 2005-2011 and (3) 
minimum detectable prevalence (DP) that CWD can be confidently detected (≥90% probability) 
based on the cumulative surveillance data from 2005-2011. 
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Mule deer and White-tailed deer – Deer densities differ considerably among WMUs within the 
surveillance region (Appendix 8A). Mule deer densities are particularly high in CFB Wainwright 
and around the Cypress Hills (Appendix 8B). Unlike white-tailed deer (Appendix 8C), mule deer 
density is lower in the North compared to the South. The likelihood of detecting CWD was higher 
in WMUs that were mandatory for deer head submissions in the 2010-2011 hunting season 
relative to those with voluntary submissions (Fig. 5.4, Fig. 5.5). Hunters submitted far more deer 
from 2005-2011 in mandatory (mean = 351.4, SD = 230.6) than in voluntary WMUs (mean = 14.4, 
SD = 12.7) resulting in higher probability of detecting CWD in mandatory units (�̅� = 0.70 at 1% 
prevalence, SD = 0.27) relative to voluntary (�̅� = 0.06, SD = 0.06, Appendix 9).   

Uninfected WMUs with the best detection (>0.90 probability; 1 and 2% prevalence) were 
located either north of the core of infection around Chauvin or surrounding the infected WMU 
119 in south-east Alberta. However, only two WMUs (148, 238) had sufficient samples to detect 
CWD at 1% prevalence. Nine WMUs (144, 142, 138, 156, 160, 166, 204, and 230) are of concern 
because they border the western extent of the known CWD distribution but all have poor 
detection (Fig. 5.4). The surveillance points needed (ie. number of mule deer males tested) to 
detect the disease at 1% prevalence in these 9 WMUs ranges from 188-227 (Appendix 7C).  

Table 5.3. Probability of detecting CWD in deer (mule deer and white-tailed deer) in WMUs 
within 30km of previous positives (Fig. 4.2) at differing prevalence (%) based on cumulative 
surveillance data collected 2005-2011. Points are the summation of the surveillance weights and 
equate to the sample size (see Appendix 7C).  

   Probability of Detection 
WMU Pop.† Points 1% 2% 5% 10% 25% 100% 
116 4535 129.20 0.73 0.93 1.00 1.00 1.00 1.00 
118 4127 175.28 0.83 0.97 1.00 1.00 1.00 1.00 
124 2352 49.50 0.40 0.64 0.92 0.99 1.00 1.00 
138 965 0.71 0.01 0.01 0.04 0.07 0.18 1.00 
142 701 3.33 0.03 0.07 0.16 0.30 0.62 1.00 
144 545 9.81 0.09 0.18 0.40 0.65 0.94 1.00 
148 3000 409.71 0.99 1.00 1.00 1.00 1.00 1.00 
204 6936 15.80 0.15 0.27 0.56 0.81 0.99 1.00 
230 3335 14.24 0.13 0.25 0.52 0.78 0.98 1.00 
238 3445 227.56 0.91 0.99 1.00 1.00 1.00 1.00 
254 5317 202.11 0.87 0.98 1.00 1.00 1.00 1.00 
258 7318 89.20 0.59 0.84 0.99 1.00 1.00 1.00 
500 6432 190.40 0.86 0.98 1.00 1.00 1.00 1.00 
624 660 1.00 0.01 0.02 0.05 0.10 0.25 1.00 
732 3971 29.23 0.26 0.45 0.78 0.95 1.00 1.00 

†20% inflated population estimate 
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Fig. 5.4. Minimum prevalence that CWD can confidently be detected (0.90 probability) in mule 
deer and white-tailed deer based on the cumulative surveillance data from 2005-2011 and 
accounting for deer population size in each WMU. 
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Fig. 5.5. WMUs within the CWD surveillance region with mandatory deer head submissions in 
2010-2011 and added in 2012 hunting seasons. Submissions in the remaining WMUs were 
voluntary.  
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Discussion 

Estimates of disease detection in our analyses are based on a “best-case scenario” because of 
two assumptions: 1) within each cervid population every individual has an equal probability of 
being sampled and 2) CWD is present at the same prevalence level throughout the sampling 
period (i.e. CWD was not introduced in the middle of the sampling period). For CWD surveillance 
the first assumption is difficult to achieve because hunters cannot access all areas and may 
selectively harvest certain individuals, such as mature males (Gratson & Whitman 2000;  
Stedman et al. 2004; Farmer et al. 2006; Frair et al. 2007). In regards to the second assumption, 
this region of Alberta is on the leading edge of disease spread, therefore, it is unlikely that the 
disease was present at a constant prevalence from 2005-2011. As a result, detection probabilities 
provided in this section are likely an over estimate of the true probabilities. Any conclusions or 
interpretation drawn from these results need to regard this likely bias.  

The low level of CWD detectability in moose and elk populations is by design (CWD 
detection was poor in all moose populations and most elk populations except the Wainwright 
Regional elk herd).  Analysis of CWD risk indicates its occurrence in wild elk and moose is largely 
spillover from sympatric deer populations. Thus, in Alberta the emphasis is focused on sampling 
mule deer and white-tailed deer as the best surveillance indicators of disease occurrence and 
geographic distribution. Mandatory submission of deer heads began in designated areas in fall 
2006 and expanded slowly over time (Pybus 2012). In contrast moose and elk are submitted 
opportunistically (e.g. voluntary submission by hunters or collection of heads from animals found 
as road-kills, found dead, or in distress). In areas where detection among mule deer and white-
tailed deer is high Alberta managers need not be concerned about low detectability in moose and 
elk. [[supplemental: in February 2013 CWD was detected in road-killed moose in WMU 150.  This 
moose shared the limited available ungulate habitat along the S. Saskatchewan River with 
infected mule deer and white-tailed deer]]. 

At what prevalence should detection of CWD in deer be deemed adequate from 2005-
2011? In infected WMUs during this time period prevalence ranged from ~1-3%. As a result, we 
can consider adequate surveillance as those WMUs where sampling was high enough to detect 
CWD at 1 or 2% with high confidence (0.90 probability). Based on this criterion, 7 of 40 WMUs 
(17.5%) in the surveillance region have an adequate level of surveillance. 

Detection is especially low in the area that lies east of a line connecting Alberta’s major 
urban centers (Calgary, Edmonton and Red Deer) and west of the current known disease 
distribution along the AB-SK border. As a result, using only the surveillance data we cannot 
confidently state that CWD is absent farther west (however, there are no known risk factors to 
suggest CWD occurs there).  North and south of the area of primary CWD occurrence, 
surveillance and thus detectability is significantly better. These areas were subject to mandatory 
head submission for 2-7 years depending on the WMU. In contrast, as of April 2012 no WMU 
with low detection (𝑃𝑚𝑚𝑚 = 10-100%) has been designated for mandatory head submission. This 
pattern of high detection in mandatory WMUs suggests that implementing mandatory head 
submission significantly improves detectability. Expanding the mandatory zone farther west into 
Alberta would help define the true extent of CWD distribution in the province.  
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6. CWD Risk Model 

To identify potential CWD hotspots in low risk WMUs (Fig. 4.2), we built a spatially explicit CWD 
risk model using the hunter-harvest and herd reduction surveillance data within the surveillance 
region from 2006-2011 (CWD+ = 123, CWD- = 25660). The risk model predicts the probability that 
a harvested deer is CWD+ based on: time, deer species and sex, proximity to known CWD+, and 
landscape characteristics of the kill site. Using the final risk model we mapped risk in the North 
and South Border regions to visually test if an independent set of 35 CWD+ cases observed in 
2012 occurred within the predicted high risk areas. Finally, using all CWD+ cases detected in 
Alberta from 2005-2012 (n = 162), risk was predicted throughout southeast Alberta.  

Methods 

Risk Model - The risk model was built as a logistic generalized linear model (CWD+ =1, CWD- = 0) 
in R (R Development Core Team 2012). As covariates, we included species, sex, time (years since 
2000), and harvest method (herd reduction or hunter-harvest) because they are known to 
influence probability of an individual deer being infected (Heisey et al. 2010, Walsh & Miller 
2010, Rees et al. 2012). Proximity to known CWD+ was calculated as the straight-line distance 
(km) between the kill site and the location of the nearest known CWD+ case detected in previous 
years in either Alberta or Saskatchewan. Locations of CWD+ in southern SK are approximate 
because exact locations were unavailable. 

Landscape characteristics shown to influence CWD risk (Farnsworth et al. 2005, Joly et al. 
2006, Walter et al. 2011, Nobert 2012, Rees et al. 2012) were measured either within circular 
buffers (3 and 12 km2) or as the shortest distance (km) to a feature. The landscape covariates 
quantified: riparian habitat (rivers, creeks, and streams), woody cover (coniferous forest, 
deciduous forest, and shrubs), agriculture land cover, terrain ruggedness, human development 
(roads, well sites, and towns), and soil clay content (details in Appendix 10). Buffer sizes 
correspond to the range in deer home range sizes in the North Border Deer Study in east-central 
AB (4.5 – 12.7 km2, Merrill et al. 2013). All covariates were tested for correlation and were not 
placed in the same model if they were strongly correlated based on Spearman’s rank correlation 
(rs > ± 0.50, P < 0.05). We used Akaike information criterion (AIC) to rank a priori competing 
models (Anderson 2008). We assessed the risk model predictive ability using area under the 
receiver operating curve (AUC, Fielding & Bell 1997) in the package ROCR (Sing et al. 2005) in R. 

Mapping Risk –Using the 2005-2011 CWD+ cases we visually compared the independent set of 
25 positives obtained from hunter-harvest surveillance in 2012. Using all known positives 
detected from 2005-2012 (n = 162) we made a second risk prediction to help identify areas with 
high CWD risk in southeastern AB, slightly beyond the CWD surveillance region (Fig. 4.2). All risk 
predictions were specific to mule deer males harvested by hunters.  

Results 

Initial results did not indicate any landscape effects on CWD risk with only distance to nearest 
known CWD+ influencing the spatial variation in risk (Appendix 11). Because landscape effects 
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influence CWD risk in the North SK and Battle (Nobert 2012) and South SK and Red Deer (Rees et 
al. 2012) river drainages, we re-analyzed using only locations within these two areas (i.e., 
removed cases in WMU 163, where infected deer occur in an isolated prairie upland area with 
little connection of other deer in AB). The re-analysis yielded significant landscape effects.  

The top ranked CWD risk model had strong support (AIC weight = 0.82) relative to the 
alternatives, which were similar but lacked certain landscape covariates (Table 6.1). All 4 top 
ranked models had effects of time, species, sex, harvest type, and proximity to known CWD+. We 
based risk predictions on the top model alone. According to the top risk model CWD risk is higher 
in later years, for males compared to females, for mule deer relative to white-tailed deer, and for 
deer collected during herd-reductions (Table 6.2). The farther a deer is harvested from a known 
CWD+ the less likely that deer will be infected. For landscape effects, distance to rivers and 
amount of agriculture interact such that in areas with abundant agriculture, risk was high near 
the river rather than farther away but the opposite was true in areas with little agriculture (Fig. 
6.1). Also, deer harvested closer to minor streams, which may be associated with coulees or 
rugged terrain, had higher risk of being CWD+ (Table 6.2). The 2012 CWD+ cases appear to occur 
in the predicted high risk areas (Fig. 6.2, 6.3). The visual agreement with an independent set of 
positives along with an AUC score of 0.82 suggests a good predictive model.  

There appears to be 3 core areas of high CWD risk based on the predictions for 2013 in the North 
Border, South Border, and in the vicinity of Cypress Hills (Fig. 6.4). CWD risk generally coincides 
with primary rivers (e.g. Red Deer River) and their major tributaries. The model also supports a 
pattern of increasing prevalence of CWD in hunter-harvest deer over time. This pattern is 
particularly evident in WMUs where CWD was detected in earlier years. 

Discussion 

The risk model produced in this analysis is consistent with similar studies done in the North 
Border region (Nobert 2012) and southern Saskatchewan (Rees et al. 2012). All 3 risk models 
showed increasing risk over time and with proximity to known CWD+ cases. Also, mule deer, 
especially mule deer males, had consistently higher prevalence compared to other species-sex 
groups. For landscape effects on disease risk, all studies showed that areas with abundant 
agriculture far from rivers are low risk, but when agriculture is the main land cover type in 
adjacent uplands the river drainages have high disease risk.  

Why is risk high along rivers when agriculture is the dominate land cover? Deer are known 
to aggregate along rivers and their tributaries when agriculture is abundant because alternative 
woody cover is unavailable. This aggregation causes increased deer contact directly (Habib et al. 
2011) and indirectly (Silbernagel et al. 2011), both of which facilitates CWD-transmission. In 
addition the linear arrangement of high connectivity habitat along and adjacent to river valleys 
(Nobert 2012) may expedite the arrival and accumulation of CWD in riparian habitats. Rees et al. 
(2012) found that over time river drainages became less important indicators of prevalence, 
suggesting that CWD spreads beyond the river valleys and moves into adjacent upland habitat. 
However, in Alberta we did not observe a similar trend despite testing for time specific 
interactions with landscape covariates.  
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Our analyses indicated strong landscape effects after the cluster of cases in WMU 163 was 
removed. We believe these cases exerted a significant effect contrary to the basic pattern of 
CWD occurrence in the surveillance area.  The 17 cases (14% of the total 123) were in a group of 
deer with limited connection to other local deer populations in Alberta and occur within an 
isolated area of rugged upland habitat surrounded by natural grasslands and intensive 
agricultural activities. That is, an area with abundant agriculture far from a river, which according 
to our model prediction is low risk for CWD (Fig. 6.1).  These cases, with the opposite landscape 
pattern, apparently swamp the overall effect on CWD risk. However, we feel confident in 
removing them because an ancient dry riverbed (not classified a ‘river’) provides a corridor of 
suitable deer habitat directly connected to the S. Saskatchewan River in nearby SK, an area 
where CWD is common. Further examination of this apparent anomaly in WMU 163 could help 
improve the accuracy of the CWD risk model in regions proximate to a river or major tributary.  

Our results validate the surveillance approach of Alberta Fish and Wildlife: make WMUs up-
river from known CWD cases mandatory for deer head submissions as early as possible. For 
example, WMU 160 was made mandatory in fall 2012 because it lies along the Red Deer River 
upstream from known CWD+ deer. We recommend this approach be continued because it 
targets higher risk habitat and natural corridors for disease spread. If the province implements 
organized hunts for surveillance or control purposes the risk model could be used to prioritize 
townships where such activities would be more likely to remove CWD-infected deer.  

Although our risk model appears to predict the occurrence of CWD with accuracy, it should 
be evaluated empirically when the CWD-negative locations from fall 2012 become available. The 
2012 surveillance dataset was collected independent of the risk model, so it provides a good test 
of the model accuracy. [[supplementary: done in 2014 - good concurrence to the predictions]]. 

Table 6.1. Top CWD risk models predicting probability of a CWD+ harvested deer in 2005-2011 in 
eastern Alberta. Also included are the number of estimated parameters (k) and AIC weight (wi). 

Model Covariates k  AIC ∆AIC wi 
1 Time*, Species, Sex, Harvest, +Proximity†, Driver§, 

Dstream¶, Agri12km‡, Driver x Agri12km 
10 1203.0 0.0 0.82 

2 Time, Species, Sex, Harvest, +Proximity, Driver, Dstream, 8 1207.1 4.2 0.10 
3 Time, Species, Sex, Harvest, +Proximity, Driver 7 1208.0 5.0 0.07 
4 Time, Species, Sex, Harvest, +Proximity 6 1212.3 9.4 0.01 

* Years since 2000 
† Distance (km) to nearest previously detected CWD+ case 
§ Distance (km) to nearest river or major creek  
¶ Distance (km) to nearest minor stream 
‡ Proportion of agriculture within a 12km2 circular buffer.
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Table 6.2. Parameters (B) for the CWD risk model, which predict probability that a harvested 
deer is infected with CWD. Standard errors (SE) and statistical significance (P-value) provided.  

Covariate B SE P-value 
Intercept -9.67 0.89 <0.01 
Time* 0.35 0.08 <0.01 

Species (mule deer = 1) 1.85 0.32 <0.01 

Sex (male = 1) 0.77 0.21 <0.01 

Harvest (herd-reduction = 1) 0.60 0.31 0.05 
+Proximity† -0.04 0.01 <0.01 
Driver§ 0.04 0.04 0.25 
Dstream¶ -0.23 0.11 0.04 
Agri12km‡ 1.03 0.51 0.04 
Driver x Agri12km -0.27 0.10 0.01 

* Years since 2000 
† Distance (km) to nearest previously detected CWD+ case 
§ Distance (km) to nearest river or major creek  
¶ Distance (km) to nearest minor stream 
‡ Proportion of agriculture within a 12km2 circular buffer 

 
Fig. 6.1.  Interaction of distance to river and amount of agriculture in influencing CWD risk. 
Abundant agriculture: 80% of a 12km2 circular buffer is agriculture land cover; limited 
agriculture is only10%.   
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Fig. 6.2. Predicted 2012 CWD risk (probability of a harvested deer being CWD+) in North Border 
(Chauvin/Wainwright area) based on known CWD+ cases prior to fall 2012. Includes actual 
independent CWD+ cases from fall 2012 (black stars).  
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Fig. 6.3. Predicted 2012 CWD risk (probability of a harvested deer being CWD+), in South Border 
(Empress) based on known CWD+ cases prior to fall 2012. Includes actual independent CWD+ 
cases from fall 2012 hunter-harvest surveillance (black stars). 
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Fig. 6.4. Predicted 2013 CWD risk in southeast Alberta based on locations of 162 CWD+ cases 
detected from 2005-2012.  
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7. Next WMUs to Make Mandatory 

In the 2012 hunting season, WMUs 160, 204, and 230 were made mandatory for deer 
head submissions. To help determine the next set of WMUs the province should make 
mandatory, we calculated the mean risk using the logistic risk model (Section 6) in 41 WMUs as 
well as Elk Island National Park (Fig. 7.1) surrounding the zone of currently mandatory WMUs 
(Fig. 5.5). Risk ranking does not reflect the order the WMUs should be made mandatory. 
Instead the rankings are meant to guide the decision process for expanding the mandatory 
zone. 

Top 10 riskiest WMUs: 

 
1. 732 – CFB Suffield  
2. 624 – Cypress Hills Provincial Park 
3. 142 – Newell 
4. 138 – Majorville 
5. 156 – Rosebud River 
6. 136 – Arrowwood 
7. 140 – Rainier 
8. 166 – Sullivan 
9. 228 – Camrose 
10. 128 – Vauxhall 
 

The majority of these WMUs are in southern Alberta associated with the Red Deer and 
South Saskatchewan River drainages (Fig. 7.2).  

 

Discussion 

Four WMUs stand out as significant risk over all the other uninfected units. CFB Suffield 
(WMU 732) and Cypress Hills Provincial Park (WMU 624) are at greatest risk of CWD occurrence 
or invasion. These areas lie directly adjacent to, and in the case of CFB Suffield partially 
surrounded by, known CWD-infected sites. Thus they are areas of high risk for CWD occurrence, 
yet opportunities for surveillance samples are limited. Detection of CWD would be greatly 
improved with the establishment of mule deer hunts in these two WMUs. The occurrence of an 
elk hunt in WMU 732 during fall 2012 perhaps opens the door for further discussions with the 
Department of National Defense regarding a mule deer hunt on CFB Suffield. Although there 
was mandatory submission of all elk harvested on the base in 2012, the hunt was limited to 
antlerless elk (females and calves) and harvested animals came largely from the west side of 
the base, while the disease risk is highest on the east side along the S SK River. This severely 
limits the disease detection value of the sample and it will take many years to gain sufficient 
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sample to determine the actual CWD risk at CFB Suffield. In contrast, 223 or 113 male mule 
deer would be sufficient to reliably (> 0.90) detect the disease at 1 or 2%, respectively in WMU 
732 (Appendix 7C). 

Similarly there is an ongoing elk hunt in the Cypress Hills area (including the park), which 
could perhaps lay the foundation for a mule deer hunt within WMU 624 and thus significantly 
improve CWD detection. Further to this Cypress Hills is a small provincial park with a high 
density of recreational users in the summer. Educating users to identify and report clinically-
affected cervids (weak, lethargic, emaciated) could supplement ongoing CWD surveillance. 
Detection of CWD clinical cases in areas where the disease is not known to occur often is the 
first indication of disease presence (Samuel et al. 2003), including the first case of CWD 
detected in wild deer in Alberta (Pybus 2012). Thus clinical cases have the advantages of 
providing higher surveillance value and lower sample size compared to hunter harvests. The 
Cypress Hills area also has a particularly high density of cougars (Bacon 2010), and in other 
regions cougars preferentially prey upon CWD-infected deer (Miller et al. 2008; Krumm et al. 
2010). Cougars could reduce the occurrence of clinical deer and thus the effectiveness of such 
surveillance, particularly since cougars prey primarily on mule deer and white-tailed deer in 
Cypress Hills Park (Bacon et al. 2011). Alternately, cougars may reduce the occurrence and 
perhaps prevalence of CWD in the Cypress Hills by removing diseased cervids from the 
population. We recommend that researchers and park staff be encouraged to submit for CWD 
testing the head of any dead cervids found in the Cypress Hills, especially mule deer.  

Based strictly on distance from current CWD+ deer, WMUs 142, 138, 156, 136, and 140 
along the Red Deer and Bow (tributary of South Saskatchewan) rivers, could be considered as a 
block of WMUs to designate as mandatory for deer head submissions. These 5 WMUs not only 
have relatively high CWD risk, but surround WMU 152, which represents the current western 
extent of CWD in Alberta. These WMUs occur high on the Bow River, and well upstream from 
cases within the same watershed on the lower South Saskatchewan River (Fig 7.2) and may 
appear beyond the range of immediate CWD risk. However, tributaries of the Bow and Red 
Deer rivers are in close proximity in these units and may provide an opportunity for the disease 
to enter the Bow watershed. Perhaps for this reason alone, WMUs 156, 138, and 142 merit 
closer surveillance attention. For similar reasons WMU 166, gaining risk from both the Battle 
River to the north and the Red Deer River to the south may also warrant early mandatory 
designation.  

 



 | P a g e  
 

42 

 
Fig. 7.1. Mean CWD risk in 41 WMUs and Elk Island National Park around the current mandatory zone. These risk rankings can guide 
priorities for the next set of WMUs to become mandatory for deer head submissions.
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Fig.7.2. Top 10 WMUs based on mean CWD risk predicted using a logistic risk model (Section 6) 
surrounding the zone of current mandatory WMUs.  
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8. Submissions and Detection in Mandatory WMUs 

At the beginning of the 2011 hunting seasons, deer heads were submitted by hunters on a 
mandatory basis in 26 of the 56 WMUs in the surveillance region (Fig. 5.5). These mandatory 
WMUs had more deer submitted for testing compared to voluntary WMUs, resulting in an 
increased likelihood of detecting CWD at low prevalence (Section 5). To improve CWD 
detection, we recommend that all or a portion of the 30 voluntary WMUs in the surveillance 
region be made mandatory (expanding on Section 7). To understand the implications of making 
these voluntary WMUs mandatory we address three questions: 

1. How many additional deer would be submitted for testing?  
2. What would be a reasonable detection goal the first year a WMU is made mandatory?  
3. How many years would it take until enough deer were tested in a WMU to detect CWD 

at low prevalence (1%) with a high probability (0.90)? 

To address these questions we developed four Poisson models, one for each species-sex 
group, to predict the number of deer submitted for CWD testing in a mandatory WMU as a 
function of the species-specific population size. These Poisson models were used to predict the 
number of deer submitted in the 30 voluntary WMUs if they were made mandatory in 2011. 
The predicted sample size was then used to evaluate the likelihood of CWD detection at 
differing prevalence (1, 2, & 5%) in the non-mandatory WMUs over a 10 year period (2011-
2020) assuming constant deer head submission rate and population size.  

Methods 

Poisson Models - The four Poisson models were built using the lmer4 package in R based on the 
observed number of deer submitted in mandatory WMUs as part of hunter surveillance from 
2009-2011 (2009 = 16 WMUs, 2010 = 23 and 2011 = 23) and the concurrent annual pre-hunting 
season population estimates in each WMU (c/o Rob Corrigan). WMUs 728/730 were not 
included in this analysis because, unlike the other WMUs where hunters drop off deer heads at 
freezer locations at their convenience, in 728/730 heads are collected at a check station 
resulting in complete compliance with the program.  A WMU identifier was included as a 
random effect to account for repeated observations across years. Also, the unique identifier of 
each observation was included as a random effect to account for over dispersion.   

Predicting Submissions and Detection – In the current voluntary WMUs, the number of deer in 
each species-sex group which would be submitted if they were mandatory was predicted based 
on the population size in 2011 (Appendix 4). These predicted new submissions were compared 
to the actual number of deer tested as part of the hunter-harvest surveillance in 2011 to 
calculate the potential increase in submission (Question 1). Based on the predicted species-sex 
submission in each WMU we estimated the probability of detecting CWD at 1, 2, and 5% mule 
deer male prevalence using a weighted surveillance approach (details in Section 5). These rates 
were consistent with the range in prevalence observed among male mule deer in infected 
WMUs in 2011 (Fig. 3.2). Assuming that the predicted number of deer submitted and 
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population size in 2011 are constant for a 10-year period, we calculated detection from year to 
year as the number of deer tested for CWD accumulated.  

Results 

Submission Models - According to the Poisson submission models, as the mule deer or white-
tailed deer population in a WMU increases, the number of males and females from that species 
submitted for CWD testing increases (Fig. 8.1, Appendix 12). The following equations can be 
used to predict the number of mule deer males (𝑆𝑚𝑚), mule deer females (𝑆𝑚𝑚), white-tailed 
deer males (𝑆𝑤𝑚) and white-tailed deer females (𝑆𝑤𝑚) submitted for CWD testing as a function 
of the respective population size (𝑁𝑚; 𝑁𝑤): 

𝑆𝑚𝑚 = 𝑒−4.99+(1.15×ln𝑁𝑚) 
𝑆𝑚𝑚 = 𝑒−5.78+(1.27×ln𝑁𝑚) 
𝑆𝑤𝑚 = 𝑒−1.11+(0.62×ln𝑁𝑤) 
𝑆𝑤𝑚 = 𝑒−2.46+(0.74×ln𝑁𝑤) 

For a population of 8000 mule deer (ln = 9), more females are predicted to be submitted 
(n = 272) than males (n = 210). However, among equivalent white-tailed deer populations more 
males would be submitted (n = 87) compared to females (n = 64). For large population sizes (> 
2000 deer; ln > 7.6) more mule deer are submitted than white-tailed deer, especially females. 
For small populations, male white-tailed deer are submitted more than the other species-sex 
groups. For example, if mule deer and white-tailed deer have the same population size of 400 
deer (ln = 6) then the Poisson models predict 7 male mule deer, 6 female mule deer, 14 male 
white-tailed deer, and 7 female white-tailed deer would be submitted (Appendix 13).  

Submissions if 30 voluntary WMUs were mandatory - In 2011, among the 30 voluntary WMUs 
in the surveillance region (Fig. 5.5.) only 51 deer were submitted by hunters. If these WMUs 
were made mandatory in 2011, then the Poisson submission models predict that based on the 
2011 population sizes in these WMUs that 2332 deer would be submitted (2281 more deer 
than were actually submitted from these 30 WMUs). Added to the heads actually submitted in 
2011 (n=3123), this translates to a prediction of 5404 deer submitted in the whole of Alberta in 
2011. Therefore the extra 2281 submission represents a ~70% increase in the number of deer 
submitted for testing.  

Detection Goals in new mandatory WMUs – In the first year 30 voluntary WMUs are 
hypothetically made mandatory, the maximum probability of detection in a WMU is 0.64 at 1% 
prevalence (Appendix 14). No WMU reached the minimum 0.80 detection threshold (and thus 
also fell short of the preferred 0.90). However, at 2% and 5% prevalence 3 and 12 WMUs, 
respectively have a detection ≥0.80. Based on a plot of median detection over ten years (Fig. 
8.2), CWD can be detected in approximately half of the WMUs at a prevalence of 5% at 0.80 in 
year one and 0.90 in year two. As the number of deer tested accumulates, in year three and 
four CWD should be detectable at 2% prevalence with 0.80 and 0.90 likelihood, respectively. 
Not until year six and eight can CWD be detected at 1% with high confidence.  
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Discussion 

Detecting CWD at 5% prevalence in the initial two years a WMU is mandatory may seem 
inadequate because overall prevalence rates were much lower from 2006-2011 in mule deer 
males, ~1-2% (Fig. 3.1). However, in 4 of 9 WMUs with infected mule deer males in 2011, mule 
deer male prevalence was near or above 5% (Fig. 3.2). Ideally CWD should be detected at ≤1% 
as a general surveillance goal; however, this is an unrealistic goal given the number of deer 
heads currently submitted for testing. As a result, it will take several years to accumulate 
sufficient samples to detect CWD at low prevalence. In this section, we examined the 
hypothetical scenario of 30 WMUs being made mandatory in the same year. The scenario was 
chosen purposely as an extreme example to evaluate the maximum number of new samples 
that could be expected in a single year. We do not advise implementation of this scenario in 
Alberta. Instead, high risk WMUs (Section 7) should be made mandatory prior to low risk ones 
as funds and logistics become available to support the increased sampling. The results of 
Section 8 help mangers predict the potential influx of new samples when a WMU is made 
mandatory, as well as set yearly detection goals depending on the desired prevalence.  

 

 
Fig. 8.1. Predicted number of mule deer (MUDE) and white-tailed deer (WTDE) of each sex 
submitted for CWD testing in a WMU where submissions are mandatory, as a function of the 
natural logarithm of the population. Based on four independent Poisson models using hunter-
harvest surveillance data and pre-hunting population estimates (2009-2011). 
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Fig. 8.2. Median probability of detecting CWD in 30 WMUs, where deer head submissions were 
voluntary in 2011. Estimates of detection are based on predictions of the Poisson submission 
models for each species-sex group.  
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9. Sample Size Goals in Low Risk Regions of Western and Northern Alberta 

Current sampling results indicate it is unlikely that CWD occurs in wild deer in Alberta outside of 
the surveillance region (Fig. 4.2). In addition the primary risk factors for introduction of CWD in 
farmed cervids or proximity to known sources of CWD are limited or non-existent, respectively, 
in western and northern regions.  Further to this, ongoing passive surveillance across Alberta 
includes testing heads of emaciated (=clinical) cervids, identified as a primary surveillance 
target for detecting new areas of CWD occurrence (Samuel et al. 2003), yet no cases of CWD 
have been detected beyond the eastern border region. 

However, CWD can be transported long distances through the trade of farmed cervids or 
potentially by hunters disposing of infected carcasses. At some point managers may wish to 
declare western and northern low risk regions as “CWD-free”. We therefore looked at sample 
size goals in 15 regions beyond the current CWD surveillance zone (Fig. 4.2) in terms of the 
amount of disease surveillance/number of deer heads needed to achieve detection of specified 
prevalence goals.  

Methods 

We grouped WMUs outside the CWD surveillance zone (Fig. 4.2) into 15 regions (Fig. 9.1) based 
on Alberta eco-regions (NRC 2006), landscape features identified with Google Earth (Google Inc. 
2013), and WMU mule deer densities in 2012 (Appendix 15). Of these 15 regions: 2 are in the 
boreal forest (East-Boreal, West-Boreal), 3 are in the Rocky Mountains (North-Mountain, 
Central-Mountain and South-Mountain), 2 are associated with the foothills (Central-Foothills, 
Slave Lake), 2 are associated with the boreal transition (North-Edmonton, Cold Lake), and  3 
surround major cities (Edmonton, Calgary, and Grande Prairie). The remaining 3 regions are 
uniquely situated in: agricultural dominated parkland (Red Deer), prairie habitat with high mule 
deer densities (West-Lethbridge), and around the town of Peace River where mule deer 
densities are high relative to neighbouring regions (Peace River).  

We used two different methods to calculate the sample size for detecting CWD at 1, 2, 5 
and 10% prevalence with 0.90 confidence. Both methods used Eqn. 6 but had different 
assumptions. The first approach assumed that all deer had an equal prevalence regardless of 
species or sex. The second approach accounted for differences in species and sex prevalence 
using weighted surveillance (see Section 5). Both approaches accounted for the regional deer 
population size, which was the summation of the pre-hunting season population estimates in 
each WMU in 2012 (as provided by the game management program, Rob Corrigan).  

Results 

Across the 15 regions the mean number of WMUs per region is 8.4 (SD = 5.4) with a range of 3-
20 WMUs. The average mule deer and white-tailed deer population in a region is 5,609 (SD = 
4,354; range = 978-16,481) and 10,276 (SD = 4,777; range = 2,273 – 19, 350), respectively. 
Cumulative mule deer and white-tailed deer population in each region results in an average of 
15,973 (SD = 6,473; range = 3,720-26,493) total deer per region.  
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Assuming Equal Prevalence – At 1% prevalence, a region on average will contain 160 CWD+ 
deer (SD = 65; range = 37 - 265). As the hypothetical prevalence increases to 2, 5, and 10% the 
mean number of potential CWD+ in a region increases to 319, 799, and 1,597, respectively 
(Table 9.1). Sample size needed to detect CWD with confidence (0.90 probability) had a narrow 
range of values at each low prevalence (1% = 223-229 deer; 2% = 113-114 deer) and was 
constant at each high prevalence (5% = 45 deer; 10% = 22 deer; Table 9.1). This trend is typical 
of disease occurrence in large populations (> 10,000).  

Weighted Surveillance– Sample size for each species-sex group (e.g. mule deer female) are 
reported in Table 9.2. These results assume only a single species-sex group is sampled at one 
time (i.e., unlike surveillance data as currently collected by wildlife agencies). Note that the 
results from this 2nd approach are not directly comparable to the 1st because the prevalence for 
weighted surveillance is specific to the mule deer males, the reference group (surveillance 
weight = 1). For example, for the 1st approach, 228 CWD+ are expected in the Peace River 
region if prevalence in all groups is 1% (Table 9.1) compared to only 90 CWD+ in the second 
approach (Table 9.2), where mule deer males have 1% prevalence but the remaining species-
sex group have lower weighted prevalence: mule deer females (0.38%), white-tailed deer males 
(0.29%), and white-tailed deer females (0.14%, Fig. 2.1). Thus the 2nd approach requires much 
higher sample sizes in trying to detect the disease at lower (but more realistic) prevalence than 
the 1% in mule deer males.  

Using this weighted surveillance approach in the Peace River region, if CWD occurs at 2% 
prevalence in male mule deer, managers would need to sample one of the following: 114 mule 
deer males, 300 mule deer females, 394 white-tailed deer males, or 815 white-tailed deer 
females. Although analyses using the weighted approach could assess the combined value of 
samples collected from all four species-sex groups, we cannot predict how many of each group 
would be submitted from the Peace River region. Therefore, mule deer males represent the 
minimum sample size and white-tailed deer females the maximum sample size, because they 
are the groups with the highest and lowest surveillance weights, respectively. A reasonable 
regional surveillance scenario could focus on mule deer males in the Peace River region until 
sufficient samples are tested to attain 0.90 probability of finding CWD if it occurred at 1%, or 
perhaps 2%.
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Table 9.1. Based on equal prevalence in 15 CWD low risk regions in Alberta, required sample size (n) to detect CWD at differing 
prevalence with 0.90 confidence. Included are the mule deer, white-tailed deer, and total deer populations within each region 
estimated for 2012 as well as the expected number of positives (# Pos.).  

    1% prevalence 2% prevalence 5% prevalence 10% prevalence 
Region MUDE WTDE Total Deer # Pos. n* # Pos. n # Pos. n # Pos. n 
East-Boreal 3,481 13,200 16,681 167 228 334 114 834 45 1668 22 
West-Boreal 2,902 7,110 10,012 100 227 200 114 501 45 1001 22 
Calgary 5,800 5,730 11,530 115 227 231 114 577 45 1153 22 
Cold Lake 978 11,163 12,141 121 227 243 114 607 45 1214 22 
Edmonton 2,882 13,009 15,891 159 228 318 114 795 45 1589 22 
Central-Foothills  7,330 17,554 24,884 249 229 498 114 1244 45 2488 22 
Grande Prairie 9,077 9,473 18,550 186 228 371 114 928 45 1855 22 
West-Lethbridge  8,154 6,295 14,449 144 228 289 114 722 45 1445 22 
Central-Mountain 3,295 3,580 6,875 69 226 138 114 344 45 688 22 
North-Mountain 1,447 2,273 3,720 37 223 74 113 186 45 372 22 
South-Mountain 16,481 10,012 26,493 265 229 530 114 1325 45 2649 22 
North -Edmonton 2,620 19,350 21,970 220 228 439 114 1099 45 2197 22 
Peace River 12,556 10,263 22,819 228 228 456 114 1141 45 2282 22 
Red Deer 4,984 11,921 16,905 169 228 338 114 845 45 1691 22 
Slave Lake 3,481 13,200 16,681 167 228 334 114 834 45 1668 22 
            
   Mean 160 227 319 114 799 45 1,597 22 
   SD 65 1 129 0 324 0 647 0 
   Min 37 223 74 113 186 45 372 22 
   Max 265 229 530 114 1,325 45 2,649 22 
 
* Calculated using Eqn. 6 and assumes all species-sex groups in population have equal prevalence.  
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Table 9.2. Based on weighted surveillance, the number from each species-sex group (MM = mule deer males, MF = mule deer 
females, WM = white-tailed deer males, WF = white-tailed deer females) needed to detect CWD with high confidence (0.90) at mule 
deer male prevalence of 1, 2, 5, or 10%. The number of positives in the region (# Pos.) is based on the relative prevalence in each 
species-sex group (Fig. 2.1) and an assumption of 70% females in each deer population.   

  1% MM prevalence 2% MM prevalence 5% MM prevalence 10% MM prevalence 

Region Deer # Pos. MM* MF* WM* WF* # Pos. MM MF WM WF # Pos.  MM MF WM WF # Pos.  MM MF WM WF 

East-Boreal 16,681 44 228 600 787 1,629 88 114 300 394 815 221 45 119 156 322 441 22 58 76 158 

West-Boreal 10,012 30 227 598 783 1,622 59 114 300 394 815 148 45 119 156 322 296 22 58 76 158 

Calgary 11,530 43 227 598 783 1,622 87 114 300 394 815 217 45 119 156 322 434 22 58 76 158 

Cold Lake 12,141 26 227 598 783 1,622 52 114 300 394 815 131 45 119 156 322 262 22 58 76 158 

Edmonton 15,891 40 228 600 787 1,629 81 114 300 394 815 202 45 119 156 322 404 22 58 76 158 

Central-Foothills  24,884 74 229 603 790 1,636 148 114 300 394 815 370 45 119 156 322 740 22 58 76 158 

Grande Prairie 18,550 69 228 600 787 1,629 138 114 300 394 815 345 45 119 156 322 689 22 58 76 158 

West-Lethbridge  14,449 58 228 600 787 1,629 116 114 300 394 815 289 45 119 156 322 578 22 58 76 158 

Central-Mountain 6,875 25 226 595 780 1,615 51 114 300 394 815 126 45 119 156 322 253 22 58 76 158 

North-Mountain 3,720 12 223 587 769 1,593 25 113 298 390 808 62 45 119 156 322 124 22 58 76 158 

South-Mountain 26,493 112 229 603 790 1,636 224 114 300 394 815 559 45 119 156 322 1,118 22 58 76 158 

North -Edmonton 21,970 51 228 600 787 1,629 101 114 300 394 815 253 45 119 156 322 506 22 58 76 158 

Peace River 22,819 90 228 600 787 1,629 180 114 300 394 815 450 45 119 156 322 901 22 58 76 158 

Red Deer 16,905 50 228 600 787 1,629 101 114 300 394 815 251 45 119 156 322 503 22 58 76 158 

Slave Lake 16,681 44 228 600 787 1,629 88 114 300 394 815 221 45 119 156 322 441 22 58 76 158 

                      

 Mean 51 227 599 785 1,625 103 114 300 394 815 256 45 119 156 322 513 22 58 76 158 

 SD 26 1 4 5 10 52 0 1 1 2 131 0 0 0 0 262 0 0 0 0 

 Min 12 223 587 769 1,593 25 113 298 390 808 62 45 119 156 322 124 22 58 76 158 

 Max 112 229 603 790 1,636 224 114 300 394 815 559 45 119 156 322 1,118 22 58 76 158 
 
* Calculated using Eqn. 6 using surveillance weights provided in Section 2   
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Fig. 9.1. Fifteen CWD low risk surveillance regions where neighbouring WMUs are grouped 
based on ecoregion, landscape features, and mule deer densities in 2012.  
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10. Evaluating Surveillance Prior to Detection in Infected WMUs 

From 2005-2011, CWD+ deer were detected in 15 WMUs, if 728 and 730 are considered as a 
single unit. In 2005 CWD was known in only 2 WMUs (150 and 151). In each subsequent year a 
new CWD+ was observed in one or more additional WMUs (2006 = WMU 234; 2007 = WMU 
163, 236, and 256; 2008 = WMU 728/730; 2009 = WMU 119, 200, 202, and 232; 2010 = WMU 
152; 2011 = 162, 164, and 203). The continued increase in the number of infected WMUs is a 
product of CWD+ deer being detected farther to the west, north, and south of the suspected 
disease origin in neighbouring SK. This expansion of positives creates the appearance that the 
disease is spreading farther into Alberta.  

However, a criticism of this “spread hypothesis” is that the mandatory head submission 
zone expanded along with the CWD+ cases (Fig. 10.1). This leads to an alternative “chase 
hypothesis,” where surveillance is behind the leading edge of the disease and as new WMUs 
become mandatory, new CWD+ are detected and thus create the illusion of spread.  If the 
chase hypothesis is correct it could have a significant impact on CWD management in Alberta, 
as it suggests that the disease could be more widespread. To evaluate these contrasting 
hypotheses, we examine the ability of the surveillance program to detect the disease prior to 
actual detection and relative to the prevalence observed after detection.  For example, in WMU 
202 the first CWD+ cases was detected in 2009 and accounting for the total deer sampled in the 
unit the prevalence was estimated at 1.79%.  If the surveillance program could detect CWD at 
1.79% prior to 2009 with high probability (0.80-0.99) then there is support for the “spread 
hypothesis” but if the probability of detection is low (<0.80) it supports the chase hypothesis.  

Methods 

Using the weighted surveillance approach (details in Section 5) we estimated the prevalence 
that CWD could be detected with high probability (0.80, 0.90, 0.95 and 0.99) in each WMU per 
year (2005-2011) based on hunter-harvest surveillance data. In addition when a CWD+ deer 
was detected in a WMU we estimated the prevalence for that species-sex group using the total 
number of that group sampled in that particular year.  

Because weighted surveillance uses a prevalence specific to a single reference group 
(mule deer males for this analysis), when a CWD+ deer from one of the other species-sex 
groups was detected in a WMU we adjusted the prevalence estimates to a mule deer male 
equivalent prevalence (using the prevalence ratios among species-sex groups from Section 2 
(Fig. 2.1)). Within the 15 infected WMUs new CWD+ cases were detected in 40 instances and 
adjustment of the prevalence was required in only 20% of those instances (n = 8).  

Results 

Of the 15 WMUs infected in 2011, 53.3% (n = 8; WMU 150*, 151*, 152, 163, 202, 232, 234, 236) 
had insufficient surveillance in years prior to the first CWD+ cases to confidently detect CWD. 
The remaining 7 WMUs had 1 year (13.3%, n =2; WMU 256, 728/730), 2 years (20%, n = 3; 
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WMU 164, 200, 203) or 4 years (13.3%, n =2; WMU 119, 162) with high probability of detection 
prior to the initial discovery of a CWD+ case. *These results assume the probability of detection was low 
in WMUs 150 and 151 prior to initial findings of CWD in 2005 due to limited emphasis on early surveillance in the 
southern border region. Data were not available to test this assumption; however at least 63 and 128 deer from 
WMU 150 and 151, respectively, were tested in 2004 suggesting this assumption may not be valid.  

When a WMU is first made mandatory for deer head submission there is a general 
pattern of improvement in the probability of detection at low prevalence (Fig. 10.2-10.9). This 
suggests mandatory status of a WMU has a large influence on the ability to detect CWD.  

Discussion 

The overall pattern of surveillance effort and detectability (Fig. 10.2-10.9) appears to lend equal 
support for the spread and chase hypotheses. In approximately half the WMUs surveillance was 
adequate prior to initial detection but not in the other half. The WMUs with low probability 
prior to detection are of concern because there is inadequate data to infer how long the 
disease may have been present. Special attention is warranted in such WMUs on the margins of 
the known extent of CWD in the province (WMUs 150, 151, 232, and 236). However, WMUs 
around these units became mandatory after the initial disease findings. Added surveillance 
value from samples collected from the adjacent units supports analyses of the leading edge of 
CWD spread, and gives further weight to the spread rather than chase hypothesis. 

Data from WMU 150 indicate that detectability was good in the period between the 
CWD+ cases found in 2007 and 2010. The prevalence of disease seen in 2010 and 2011 should 
have been detected if the disease was present in the intervening years.  This WMU received 
considerable disease control effort from September 2005 to March 2008 (Pybus 2012). Current 
analyses support a conclusion of a resurgence of CWD in this unit after 2009. 

Note that data from WMU 119 may be misleading. The analysis implies that WMU 119 
may be a hotspot of disease, approaching the prevalence of CWD in WMU 150. Although only 2 
CWD+ cases were found in this WMU, detectability is low (Fig. 10.9), thus there could easily be 
more positives in the local deer population. Alternatively, as of fall 2011, despite testing 55 
male mule deer from WMU 119,  CWD was not detected in this species-sex group (CWD+: 1 
female white-tailed deer and 1 female mule deer). Thus the prevalence values were adjusted 
for the analysis and may be biased towards a higher prevalence than actually occurs. In 
addition, CWD+ deer in WMU 119 are relatively distant from other known cases in Alberta (or 
Saskatchewan) and perhaps warrant further surveillance.  More intensive sampling in and 
around WMU 119 would help determine if it is an actual hotspot or an artefact of the 
adjustment of prevalence . Adjacent WMUs are now mandatory submission and the increased 
sampling will provide improved perspective on the occurrence of CWD in this area. 
[[supplementary: three cases of CWD in adjacent WMU 118 detected in 2013 indicate 
established CWD presence in the area]] 
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Fig. 10.1. Number of WMUs with mandatory or voluntary hunter-harvest head submission 
within the surveillance region, as well as number with CWD+ wild deer (Fig.1.1).  
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Fig. 10.2. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).  
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Fig. 10.3. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   
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Fig. 10.4. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   



59 | P a g e  
 

 
Fig. 10.5. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   



60 | P a g e  
 

 
Fig. 10.6. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   
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Fig. 10.7. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   
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Fig. 10.8. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   
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Fig. 10.9. Prevalence that CWD can confidently be detected (0.80, 0.90, 0.95, and 0.99 
probability) given the number and composition of hunter harvest deer tested. Also shown, 
estimated prevalence of CWD adjusted to a mule deer male prevalence (•).   
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11. Management Recommendations 

 Alberta should formally adopt a CWD management goal of reducing the number of 
infected cervids and their spatial extent within the province. Adopting and enabling 
this explicit goal would help define the role of disease surveillance (Section 1, pg. 1-2). 
For example, achievement of the management goal can be tracked using surveillance 
data that defines the distribution of CWD and monitors prevalence in known foci.  
 

 For detection in low risk areas, sample and test mule deer and white-tailed deer using 
a weighted surveillance approach. Weights and equations (Section 2, Section 5) 
provided herein can help quantify likelihood of detection and set sampling goals by 
combining data from both species. If possible, surveillance should focus on mule deer 
males because their higher prevalence can decrease testing and improve cost savings 
(Section 2). However, we would not recommend exclusively testing mule deer males for 
two reasons: 1) difficult and unlikely to get enough hunters to turn in samples (Section 
8) and 2) the disease may be overlooked if it persists in white-tailed deer populations 
alone (e.g., Saskatchewan (Nipiwan), Wisconsin, Illinois).  

 
 Expand the mandatory zone further west into Alberta. The disease may occur further 

west than currently known because of weaker detectability at the western extent of 
CWD distribution (Section 5). Specifically, we recommend WMUs 142, 138, 156, and 166 
be made mandatory as soon as possible because of their high risk and location in 
proximity to the Red Deer, South Saskatchewan, and/or Battle rivers (Section 7).WMUs 
adjacent to WMU 152 are of particular concern since CWD detectability was low in 
WMU 152 prior to the initial detection in 2010 (Section 10), and the Red Deer River (a 
primary corridor for spread of CWD) runs through a large portion of this unit. 

 
 For the purpose of detection, only test elk and moose when a population is of high 

ecological or economic importance. Although Alberta has tested few moose and elk, in 
jurisdictions with sympatric populations of deer, moose, and elk, and where the disease 
has been present for many decades, CWD predominates in mule deer and white-tailed 
deer (Section 2). Therefore it is unlikely that CWD will occur in elk and moose in Alberta 
except as spillover for a higher prevalence in co-mingling deer species. As a result, 
efficient surveillance should focus on the high risk species (mule deer, white-tailed deer) 
instead of elk and moose (Section 2). Because deer occur throughout Alberta (Appendix 
15) they are likely to occur wherever elk and moose are found.  However, for highly 
visible herds (e.g., elk in CFB Suffield or Ya Ha Tinda Ranch; moose in CFB Wainwright) it 
may be prudent to test elk and moose.  
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 To improve our understanding of CWD dynamics in elk and moose in Alberta establish 

an intensive monitoring program in an area where these species co-mingle with 
infected deer. Investigation of CWD risks among co-mingling cervid species could be 
used to develop surveillance weights for elk and moose similar to those established for 
mule deer and white-tailed deer (Section 1, Section 2, Section 5). CFB Wainwright is an 
ideal location for this program because CWD is present, all 4 cervid species occur at high 
density (Fig. 5.1, 5.3; Appendix 15), and an ongoing organized hunt includes a hunter 
check station that ensures complete sampling of all harvested animals. [[ supplemental: 
mandatory testing of moose harvested in CFB Wainwright began in 2013]] 

 
 When a WMU is made mandatory ensure resources are available to test the new 

influx of submitted deer heads. Any successful surveillance program involving public 
submissions must follow through with testing. If hunters submit heads that are not 
tested it will lead to dissatisfaction with the program and seriously undermine future 
participation. The Poisson model in Section 8 can help predict the approximate number 
of deer that will be submitted when a WMU becomes mandatory. 

 
 Introduce organized hunts or re-establish deer reduction programs that target disease 

control and surveillance. Deer harvested in disease control areas are more likely to be 
CWD+ (Section 2) because they are collected in local areas where the disease is known 
to occur. The logistic risk model (Section 6) allows managers to predict where CWD+ 
deer are likely to occur (Fig. 6.4). Targeted herd reductions in these high risk areas could 
improve the system of early disease detection and remove significant numbers of 
infected deer.  Organized winter hunts within designated areas such as townships or 
sections could be an alternate way to achieve these objectives.  

 
 Establish a hunt in CFB Suffield and the Cypress Hills that targets mule deer, especially 

males, along with mandatory CWD testing (Section 7). The disease likely is present in 
one or both of these regions but current detectability is poor (Section 5). A mule deer 
hunt would increase the available samples thus providing the opportunity to confirm 
CWD presence or absence. 

 
 To improve surveillance in the Cypress Hills, encourage a CWD awareness campaign 

and promote government staff and researchers opportunistically collecting heads 
from deer killed by cougars or in collision with vehicles. The park has many users who 
can observe and report clinically suspect cervids. Deer killed by cougars and in vehicle 
collisions have a higher risk of being CWD+. 
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 Consider targeted surveillance in regional blocks of WMUs outside the current 

surveillance region.  Although there is limited risk of CWD occurrence beyond 100 km 
from known cases, systematic occasional sampling of other areas could provide 
statistical validation that CWD is not there (Section 9).  
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Appendices 

Appendix 1: Biases in CWD Sampling Methods  
 
Among the 6 common methods of surveillance for CWD in wild cervid populations often there 
is no information about sample bias (poached or confiscated deer), no evidence of bias (hunter-
harvest), or positive sampling bias (clinically suspect, vehicle collisions, herd-reductions, and 
predator killed)  
 
Poached or Confiscated Deer – Prevalence of poached or confiscated deer relative to other 
sampling methods has not been examined. Therefore, the potential sampling bias from 
poached deer is unknown.  
 
Hunter-Harvest - Conner et al. (2000) found evidence of a slight bias in prevalence estimates 
from hunter-harvested mule deer in Colorado. However, in the core CWD-infected region of 
Wisconsin there was no difference in harvest rate of infected and non-infected white-tailed 
deer (Grear et al. 2006). Most hunter-harvested deer are in early stages of CWD (prior to 
clinical signs) and thus there are no behavioural differences of infected mule deer and white-
tailed deer which could affect vulnerability to hunters, and no sampling bias among hunter-
harvested deer (Spraker et al. 1997), Grear et al. (2006).  
 
Clinical Deer Reported by Public – Mule deer which displayed clinical signs consistent with CWD 
had higher prevalence than hunter-harvested deer in Colorado (Walsh & Miller 2010).  
 
Vehicle Collisions – Vehicle-killed mule deer in northern Colorado were more likely to be 
infected with CWD than deer harvested by hunters in the same area, which suggests that 
positive deer have greater vulnerability to vehicle collisions (Krumm et al. 2005).  
 
Herd Reductions – Deer collected in Alberta during herd-reductions had higher prevalence than 
hunter-harvested deer from the same time period (Pybus 2012; Merrill et al. 2013). This trend 
is probably related to sampling in high risk areas rather than selection by sharpshooters for 
positive deer. During herd reductions the best effort was made to remove any deer from the 
area not just infected individuals. Also, the majority of infected deer in Alberta were in the early 
stages of infection and did not show clinical or behavioural signs of CWD.  
 
Predator-Killed - Infected mule deer were 4x more likely preyed upon by cougars compared to 
healthy deer in north-eastern Colorado (Miller et al. 2008). Both female and male mule deer 
killed by cougars in northern Colorado were more likely to be CWD-positive than deer 
harvested by hunters in the same region (Krumm et al. 2010). These studies suggest cougars 
selectively prey upon infected deer.  There are no similar data to assess possible wolf 
predation, although theoretically over the long term wolves could limit CWD in a population 
(Wild et al. 2011). 
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Table A2. Potential number of CWD-positive deer among 
3869 mule deer and 4244 white-tailed deer in WMU 108, 
based on a 70/30 female-male sex ratio and prevalence 
weights reported by Merrill et al. (2013). Reported 
prevalence (Prev.) is among the reference population mule 
deer males. 

Appendix 2: CWD Detection in WMU 108 
 
From 2006-2011, a total of 266 deer tested for CWD in WMU 108 were negative (Table A1). In 
2011, there were an estimated 3869 mule deer and 4244 white-tailed deer within this WMU. 
However, has sampling been sufficient to suggest with confidence that CWD is absent from this 
WMU?  
 
Table A1. CWD surveillance data from WMU 108, south of Lethbridge, AB. Deer were submitted 
for testing by hunters, all deer were negative for the disease.  

 Mule Deer  White-tailed Deer 
Year Female Male Unknown  Female Male Unknown 
2006 12 2 1  - - - 
2007 2 - 1  - - - 
2008 - - -  - - - 
2009 - - -  96 37 2 
2010 - - -  90 23 - 
2011 - - -  - - - 

TOTAL 14 2 2  186 60 2 
 
 
To evaluate the potential absence of CWD within this population, we determined if sampling 
was sufficient to detect one or more positive deer with a high likelihood (95%) at differing 
prevalence for mule deer males (0.1%, 1%, 2%, 5%, 10%). At these levels the total number of 
CWD-positives within the population ranges from 2 (0.1% prevalence) to 298 (10% prevalence, 
Table A2). We used a weighted surveillance design with 4 strata: mule deer males (weight [w] = 

1), mule deer females (w = 0.38), 
white-tailed deer males (w = 0.29), 
and white-tailed deer females (w = 
0.14). Mule deer males were the 
reference group and weights were 
based on ratios of prevalence for 
hunter-harvest data collected from 
2006-2011 (Merrill et al. 2013). The 
hypergeomteric distribution (Samuel 
et al. 2003) was used to estimate the 
number of “points” required to insure 
confidence of detection at certain 
reference group prevalence. Deer of 
unknown sex (n = 4) were assumed to 
be females, making detection 

probabilities more conservative than assuming they were males.  
 

 Mule Deer  White-tailed Deer   
Prev. (%) Female Male  Female Male  Total 

0.1 1 1  0 0  2 
1.0 10 12  4 4  30 
2.0 21 23  8 7  59 
5.0 51 58  21 18  148 

10.0 103 116  42 37  298 
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Table A3. Number of surveillance points needed 
to detect ≥1 CWD-positive deer with 95% 
confidence at differing mule deer male (MM) 
prevalence within a population of 8113 deer (3869 
mule deer; 4244 white-tailed deer) in WMU 108. 
Also noted is whether the 51.8 surveillance points 
from 2006-2011 are above this threshold. 

Fig. A1. From 2006-2011, 266 mule deer and white-tailed 
deer were harvested by hunters and tested for CWD. Of 
these, 93% were harvested near Magrath as part of a 
special winter hunt.   

Results – The 262 deer identified to species and sex totalled 51.8 weighted surveillance points. 
This value is sufficient to confidently detect CWD at a mule deer male (reference group) 
prevalence of 10%, but not 5% or less (Table A3). Thus, CWD could be present within this 
population since 2006 at a reference group prevalence of 5% and based on current sampling 
among the 4 species-sex classes we cannot be confident (<95% probability) that ≥ 1 positive 
case would have been detected.  

 
This analysis of disease detection is based 
on an optimistic scenario, using two 
important assumptions: 1) deer were 
randomly sampled within the WMU and 2) 
CWD is present at the same prevalence 
throughout the sampling period (i.e. CWD 
was not introduced during the period).  The 
first assumption was violated as 93% of 
samples came from a small area near 
Magrath ~180 km2 (Fig. A1). The entire 
WMU is 4522 km2 . Therefore sampling is 
highly clustered. If CWD is present in a small 
focus outside the Magrath area then 
detection is unlikely.  

 
Despite the obvious violation of random 
sampling, this analysis provides valuable 
information to local mangers - if an ideal 
scenario fails to provide appropriate 
surveillance sampling then detection is 
unlikely. In order to assess the CWD risk in 
WMU 108 we recommend sampling 
continue but with greater emphasis on 
testing deer outside the Magrath area.   
 
Detection of CWD using the current data 
from WMU 108 is further hampered by the 
high proportion of white-tailed deer, 
particularly females in the sample, the 
lowest value species-sex group (Section 2). 

Thus further surveillance in the unit 
should focus on testing higher risk mule 
deer males. 
 
 

MM Prevalence Points Achieved? 
0.1% 2548 no 
1.0% 294 no 
2.0% 148 no 
5.0% 59 no 

10.0% 29 yes 



77 | P a g e  
 

Appendix 3. Male Mule Deer CWD-Prevalence in each wildlife management unit (WMU) 
within the surveillance region of Alberta, including the number sampled and number positive. 
Prevalence calculated on hunter-harvest surveillance data combined from 2005-2011 and in 
2011 only.  

 2005-2011 2011 only 
WMU Sampled Positives Prevalence (%) Sampled Positives Prevalence (%) 
102 90 0 0.00 19 0 0.00 
104 3 0 0.00 0 0 No Samples 
106 0 0 No Samples 0 0 No Samples 
112 7 0 0.00 1 0 0.00 
116 82 0 0.00 2 0 0.00 
118 134 0 0.00 18 0 0.00 
119 55 0 0.00 8 0 0.00 
124 33 0 0.00 4 0 0.00 
128 3 0 0.00 0 0 No Samples 
130 2 0 0.00 0 0 No Samples 
134 4 0 0.00 1 0 0.00 
136 1 0 0.00 0 0 No Samples 
138 0 0 No Samples 0 0 No Samples 
140 2 0 0.00 0 0 No Samples 
142 2 0 0.00 0 0 No Samples 
144 5 0 0.00 2 0 0.00 
148 268 0 0.00 12 0 0.00 
150 348 10 2.87 24 7 29.17 
151 563 6 1.07 34 2 5.88 
152 173 2 1.16 55 0 0.00 
156 5 0 0.00 2 0 0.00 
160 9 0 0.00 1 0 0.00 
162 246 0 0.00 54 0 0.00 
163 408 8 1.96 41 2 4.88 
164 137 1 0.73 35 1 2.86 
166 8 0 0.00 0 0 No Samples 
200 742 1 0.13 145 0 0.00 
202 256 2 0.78 86 1 1.16 
203 175 2 1.14 43 2 4.65 
204 8 0 0.00 0 0 No Samples 
206 1 0 0.00 0 0 No Samples 
208 3 0 0.00 0 0 No Samples 
222 0 0 No Samples 0 0 No Samples 
226 0 0 No Samples 0 0 No Samples 
228 3 0 0.00 0 0 No Samples 
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230 7 0 0.00 2 0 0.00 
232 205 1 0.49 43 0 0.00 
234 984 5 0.51 42 1 2.38 
236 428 7 1.64 55 0 0.00 
238 114 0 0.00 21 0 0.00 
240 0 0 No Samples 0 0 No Samples 
242 0 0 No Samples 0 0 No Samples 
252 2 0 0.00 0 0 No Samples 
254 104 0 0.00 22 0 0.00 
256 178 1 0.56 12 0 0.00 
258 20 0 0.00 1 0 0.00 
260 0 0 No Samples 0 0 No Samples 
500 50 0 0.00 4 0 0.00 
501 1 0 0.00 1 0 0.00 
502 2 0 0.00 0 0 No Samples 
504 1 0 0.00 0 0 No Samples 
514 0 0 No Samples 0 0 No Samples 
624 1 0 0.00 0 0 No Samples 
732 21 0 0.00 1 0 0.00 

728730 1015 8 0.79 86 2 2.33 
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Appendix 4A. Moose Pre-hunting Season Population Estimates from 2007-2011 for wildlife 
management units (WMU) within the CWD surveillance region. Population estimates were not 
available in all WMUs. Included are the minimum (Min), maximum (Max), and mean annual 
population estimate for the 5 year period (2007-2011).  

WMU 2007 2008 2009 2010 2011 Min Max Mean 
151 - - - - 100 100 100 100 
156 10 50 50 50 30 10 50 38 
160 75 100 100 100 100 75 100 95 
162 50 50 50 50 50 50 50 50 
163 100 100 100 100 100 100 100 100 
164 10 50 50 50 50 10 50 42 
166 209 210 211 201 220 201 220 210 
200 100 200 245 230 230 100 245 201 
202 207 198 185 181 390 181 390 232 
203 107 97 93 150 200 93 200 129 
204 104 130 140 159 163 104 163 139 
206 75 50 57 84 101 50 101 73 
208 289 200 220 230 254 200 289 239 
222 95 60 66 73 93 60 95 77 
226 103 75 81 107 130 75 130 99 
228 106 98 90 110 98 90 110 100 
230 106 105 90 100 130 90 130 106 
232 209 223 194 317 277 194 317 244 
234 107 350 380 390 342 107 390 314 
236 236 268 245 221 185 185 268 231 
238 205 220 219 226 185 185 226 211 
240 40 50 48 49 64 40 64 50 
242 392 422 408 389 348 348 422 392 
252 96 100 84 90 115 84 115 97 
254 339 338 306 290 260 260 339 307 
256 250 261 150 158 144 144 261 193 
258 293 301 300 280 280 280 301 291 
260 228 240 240 240 240 228 240 238 
500 841 946 950 950 900 841 950 917 
501 148 162 162 300 300 148 300 214 
502 400 706 700 700 600 400 706 621 
504 1,300 1,154 1,100 1,100 1,100 1,100 1,300 1,151 
514 700 902 902 1,000 950 700 1,000 891 
624 83 80 80 80 80 80 83 81 

728/730 321 350 363 360 384 321 384 356 
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Appendix 4B. Elk Pre-hunting Season Population Estimates from 2007-2011 for wildlife 
management units (WMU) within the CWD surveillance region. Some population estimates 
were at a regional scale consisting of a group of adjoining WMUs. Included are the minimum 
(Min), maximum (Max), and mean annual population estimate for the 5 year period (2007-
2011). 

WMU  2007 2008 2009 2010 2011 Min Max Mean 
102 150 150 191 190 191 150 191 174 

         
104 100 100 100 100 100 100 100 100 

         
Cypress Hills Region 
(624, 119, 118, 116) 550 597 751 821 884 550 884 721 

         
Suffield Base Region 

(732, 150, 148, 144, 124) 2,500 2,750 3,000 3,750 4,392 2,500 4,392 3,278 
         

151 - - 100 100 100 100 100 100 
         

152 - - - 50 50 50 50 50 
         

East of Red Deer Region 
(164, 166, 208) 50 100 200 209 238 50 238 159 

         
Wainwright Base Region 

(200, 202, 203, 204, 232, 234, 728/730) 537 725 750 750 850 537 850 722 
         

504 125 125 125 125 125 125 125 125 
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Appendix 4C. Mule Deer and White-tailed Deer Pre-hunting Season Population Estimates from 2007-2011 for wildlife 
management units (WMU) within the CWD surveillance region. Included are the minimum (Min), maximum (Max), and mean annual 
population estimate for the 5 year period (2007-2011). 

 Mule Deer  White-tailed Deer 
WMU 2007 2008 2009 2010 2011 Min Max Mean  2007 2008 2009 2010 2011 Min Max Mean 
102 3,965 4,843 5,510 3,315 1,607 1,607 5,510 3,848  561 561 587 600 570 561 600 576 
104 766 1,601 1,682 1,769 973 766 1,769 1,358  379 379 439 395 395 379 439 397 
106 857 721 704 699 384 384 857 673  334 334 355 369 369 334 369 352 
112 1,444 1,000 968 847 466 466 1,444 945  1,057 1,057 1,652 1,232 600 600 1,652 1,120 
116 3,203 3,782 4,068 2,535 986 986 4,068 2,915  773 773 1,012 1,000 762 762 1,012 864 
118 3,285 3,650 3,930 2,925 1,544 1,544 3,930 3,067  332 332 442 400 352 332 442 372 
119 2,405 2,833 2,923 1,314 602 602 2,923 2,015  1,051 1,051 1,224 1,200 985 985 1,224 1,102 
124 1,606 1,911 1,123 1,206 475 475 1,911 1,264  822 822 740 700 390 390 822 695 
128 1,385 1,244 1,157 1,035 599 599 1,385 1,084  788 788 817 762 762 762 817 783 
130 1,560 1,495 1,480 1,396 768 768 1,560 1,340  1,743 1,743 2,132 2,442 2,442 1,743 2,442 2,100 
134 476 441 418 376 207 207 476 384  336 336 308 380 380 308 380 348 
136 452 396 344 441 243 243 452 375  1,310 1,310 1,768 358 358 358 1,768 1,021 
138 282 290 298 257 1,414 257 1,414 508  298 298 323 280 280 280 323 296 
140 462 407 353 158 87 87 462 293  250 250 209 419 419 209 419 309 
142 300 308 268 240 132 132 308 250  300 335 333 351 351 300 351 334 
144 250 278 278 278 200 200 278 257  200 200 200 200 180 180 200 196 
148 1,603 1,903 2,087 1,465 523 523 2,087 1,516  1,165 1,105 952 952 740 740 1,165 983 
150 562 352 616 701 701 352 701 586  434 434 227 250 396 227 434 348 
151 1,950 2,322 2,218 2,200 1,540 1,540 2,322 2,046  2,500 3,752 2,821 3,000 2,250 2,250 3,752 2,865 
152 3,300 2,770 3,966 3,500 2,625 2,625 3,966 3,232  2,000 2,000 2,000 2,000 1,500 1,500 2,000 1,900 
156 1,800 1,800 1,800 1,800 1,350 1,350 1,800 1,710  800 900 1,000 900 720 720 1,000 864 
160 4,000 4,000 3,500 3,300 2,881 2,881 4,000 3,536  1,000 1,000 1,000 800 640 640 1,000 888 
162 1,000 1,275 2,690 2,850 1,995 1,000 2,850 1,962  500 603 863 1,012 759 500 1,012 747 
163 1,600 1,398 2,324 2,400 1,680 1,398 2,400 1,880  1,100 906 1,117 729 547 547 1,117 880 
164 1,200 1,500 2,000 2,750 2,063 1,200 2,750 1,903  600 800 800 908 726 600 908 767 
166 3,070 4,441 3,376 3,266 2,420 2,420 4,441 3,315  3,912 6,152 3,536 3,536 2,588 2,588 6,152 3,945 
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200 1,500 3,924 6,394 6,784 5,082 1,500 6,784 4,737  1,639 6,000 5,396 5,740 4,616 1,639 6,000 4,678 
202 1,270 1,356 1,060 2,500 7,013 1,060 7,013 2,640  1,608 1,928 1,836 1,867 4,668 1,608 4,668 2,381 
203 2,335 2,980 2,908 2,683 2,470 2,335 2,980 2,675  1,409 1,660 1,580 1,674 1,250 1,250 1,674 1,515 
204 2,014 3,025 2,018 1,914 1,384 1,384 3,025 2,071  3,592 5,664 3,398 3,398 2,488 2,488 5,664 3,708 
206 922 1,396 1,187 1,156 859 859 1,396 1,104  3,489 5,466 2,064 2,064 1,511 1,511 5,466 2,919 
208 2,347 3,349 1,381 1,039 766 766 3,349 1,776  3,363 5,200 1,586 1,586 1,161 1,161 5,200 2,579 
222 285 401 341 341 568 285 568 387  2,422 3,816 2,290 2,290 1,676 1,676 3,816 2,499 
226 241 336 286 284 210 210 336 271  1,172 1,622 973 973 712 712 1,622 1,090 
228 630 696 1,700 770 542 542 1,700 868  2,953 3,335 3,176 3,324 2,457 2,457 3,335 3,049 
230 494 524 750 1,796 1,334 494 1,796 980  1,569 1,819 1,900 2,112 1,592 1,569 2,112 1,798 
232 1,830 2,010 1,789 2,769 2,033 1,789 2,769 2,086  3,015 3,536 3,368 2,750 2,107 2,107 3,536 2,955 
234 3,693 2,506 2,068 2,223 1,550 1,550 3,693 2,408  2,648 1,680 3,780 2,635 1,998 1,680 3,780 2,548 
236 1,803 1,557 2,330 2,460 1,939 1,557 2,460 2,018  2,134 1,696 1,560 1,591 1,185 1,185 2,134 1,633 
238 812 841 777 806 547 547 841 757  3,000 2,037 1,940 2,057 1,533 1,533 3,000 2,113 
240 286 300 260 290 225 225 300 272  1,776 1,950 1,855 2,072 1,624 1,624 2,072 1,855 
242 500 571 491 508 359 359 571 486  4,462 4,905 4,337 4,397 3,255 3,255 4,905 4,271 
252 1,000 1,012 930 1,007 716 716 1,012 933  1,961 2,822 2,495 2,621 1,988 1,961 2,822 2,377 
254 1,500 1,635 1,479 1,410 1,040 1,040 1,635 1,413  3,427 2,882 3,434 3,000 2,342 2,342 3,434 3,017 
256 2,409 2,684 960 1,092 992 960 2,684 1,627  3,904 4,610 2,730 3,067 2,460 2,460 4,610 3,354 
258 900 750 750 750 700 700 900 770  7,150 5,690 4,800 4,800 4,200 4,200 7,150 5,328 
260 500 400 400 400 300 300 500 400  2,650 2,070 1,800 1,700 1,900 1,700 2,650 2,024 
500 950 1,000 600 600 500 500 1,000 730  5,000 4,950 4,800 4,400 4,000 4,000 5,000 4,630 
501 100 120 120 200 200 100 200 148  3,000 3,120 3,200 3,100 2,800 2,800 3,200 3,044 
502 120 250 340 350 350 120 350 282  7,100 6,880 6,150 6,100 6,600 6,100 7,100 6,566 
504 120 250 250 150 200 120 250 194  3,500 2,660 2,150 2,000 2,200 2,000 3,500 2,502 
514 200 240 240 240 240 200 240 232  4,200 4,470 1,880 1,800 2,300 1,800 4,470 2,930 
624 447 447 447 447 447 447 447 447  - - - - - - - - 

728/730 3,383 3,383 2,394 2,175 2,211 2,175 3,383 2,709  1,937 1,406 1,853 1,310 1,702 1,310 1,937 1,642 
732 - - - - - - - -  - - - - - - - - 
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Appendix 5: Population Estimates on CFB Suffield 
 
We manually constructed a polygon of the approximate survey area (App. 5 - Fig.1) based on a 
map of the survey flight lines (App. 5 - Fig.2). The area surveyed was 1295 km2 which 
represented 49% of CFB Suffield. During an aerial survey conducted January 9-11 2008 there 
were 1327 mule deer and 285 white-tailed deer observed in this survey area. This equates to a 
density of 1.02 mule deer/km2 and 0.22 white-tailed deer/km2. Assuming the density within the 
survey area is representative of the whole base there should be 2724 mule deer and 585 white-
tailed deer across the entire base.  
 

 

App. 5 - Fig. 1. Approximate area surveyed for ungulates (yellow polygon) within Canadian 
Forces Base Suffield in southeastern Alberta.  
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App. 5 - Fig. 2. Survey lines flown (green lines) for an ungulate survey within Canadian Forces 
Base Suffield (grey outline) during January 9-11 2008. Roads are red lines and blue is water.  
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Appendix 6: Population Estimate in Cypress Hills 
Cypress Hills Provincial Park is a 209.2 km2 area.  Assuming the density of white-tailed deer in 
the park is equal to the mean density in the adjacent 3 WMUs (App. 6 – Table 1) then there 
should be 102 white-tailed deer in the park.  
 
 

App. 6 – Table 1. Mean white-tailed deer density among 3 WMUs 
adjacent to Cypress Hills Provincial Park. The number of white-tailed 
deer in each WMU is the average pre-hunting season population 
estimate from 2007-2011 (Appendix 3C).  

WMU Area (km2) No. White-tailed Deer Density (deer/km2) 
119 1295 1102 0.85 
116 2093 864 0.41 
118 1960 372 0.19 
    
  Mean Density 0.48 
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Appendix 7A: CWD Detection in Moose. 

Probability of detecting CWD (Det.) in moose at differing prevalence (%) in WMUs within the surveillance region based on the 
cumulative number of moose tested for CWD (n) from 2005-2011. Reported for each prevalence are the number of positives 
expected in the population (Pos.) and the sample size required (n-req.) to detect CWD with a 90% probability.  

 1% 2% 5% 10% 25% 
WMU  Pop.† n Pos. Det. n-req. Pos. Det. n-req.  Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. 

151 120 0 1 0.00 103 2 0.00 74 6 0.00 38 12 0.00 20 30 0.00 8 
156 46 0 0 0.00 46 1 0.00 43 2 0.00 29 5 0.00 18 12 0.00 8 
160 114 0 1 0.00 99 2 0.00 73 6 0.00 38 11 0.00 20 29 0.00 8 
162 60 0 1 0.00 59 1 0.00 52 3 0.00 32 6 0.00 19 15 0.00 8 
163 120 1 1 0.01 103 2 0.02 74 6 0.05 38 12 0.10 20 30 0.25 8 
164 51 0 1 0.00 51 1 0.00 46 3 0.00 30 5 0.00 18 13 0.00 8 
166 253 0 3 0.00 151 5 0.00 92 13 0.00 42 25 0.00 21 63 0.00 8 
200 242 3 2 0.03 149 5 0.06 91 12 0.14 41 24 0.27 21 61 0.58 8 
202 279 1 3 0.01 157 6 0.02 94 14 0.05 42 28 0.10 22 70 0.25 8 
203 156 2 2 0.02 121 3 0.04 81 8 0.10 40 16 0.19 21 39 0.44 8 
204 168 0 2 0.00 126 3 0.00 83 8 0.00 40 17 0.00 21 42 0.00 8 
206 89 0 1 0.00 83 2 0.00 65 4 0.00 36 9 0.00 20 22 0.00 8 
208 287 0 3 0.00 158 6 0.00 95 14 0.00 42 29 0.00 22 72 0.00 8 
222 93 0 1 0.00 86 2 0.00 66 5 0.00 36 9 0.00 20 23 0.00 8 
226 120 0 1 0.00 103 2 0.00 74 6 0.00 38 12 0.00 20 30 0.00 8 
228 121 0 1 0.00 103 2 0.00 74 6 0.00 38 12 0.00 21 30 0.00 8 
230 128 0 1 0.00 107 3 0.00 76 6 0.00 38 13 0.00 21 32 0.00 8 
232 293 0 3 0.00 159 6 0.00 95 15 0.00 42 29 0.00 22 73 0.00 8 
234 377 2 4 0.02 172 8 0.04 99 19 0.10 43 38 0.19 22 94 0.44 8 
236 278 0 3 0.00 157 6 0.00 94 14 0.00 42 28 0.00 22 70 0.00 8 
238 254 0 3 0.00 151 5 0.00 92 13 0.00 42 25 0.00 21 64 0.00 8 
240 61 0 1 0.00 60 1 0.00 52 3 0.00 32 6 0.00 19 15 0.00 8 
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242 471 0 5 0.00 182 9 0.00 102 24 0.00 43 47 0.00 22 118 0.00 8 
252 117 0 1 0.00 101 2 0.00 73 6 0.00 38 12 0.00 20 29 0.00 8 
254 368 0 4 0.00 171 7 0.00 99 18 0.00 43 37 0.00 22 92 0.00 8 
256 232 1 2 0.01 146 5 0.02 91 12 0.05 41 23 0.10 21 58 0.25 8 
258 349 0 3 0.00 168 7 0.00 98 17 0.00 43 35 0.00 22 87 0.00 8 
260 286 0 3 0.00 158 6 0.00 94 14 0.00 42 29 0.00 22 72 0.00 8 
500 1101 0 11 0.00 207 22 0.00 109 55 0.00 44 110 0.00 22 275 0.00 9 
501 258 0 3 0.00 152 5 0.00 93 13 0.00 42 26 0.00 21 65 0.00 8 
502 746 0 7 0.00 198 15 0.00 106 37 0.00 44 75 0.00 22 187 0.00 9 
504 1381 0 14 0.00 212 28 0.00 110 69 0.00 45 138 0.00 22 345 0.00 9 
514 1069 1 11 0.01 207 21 0.02 109 53 0.05 44 107 0.10 22 267 0.25 9 
624 97 0 1 0.00 88 2 0.00 68 5 0.00 36 10 0.00 20 24 0.00 8 

728/730 427 3 4 0.03 178 9 0.06 101 21 0.14 43 43 0.27 22 107 0.58 8 
†20% inflated pre-hunting season population 
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Appendix 7B: CWD Detection in Elk. 
Probability of detecting CWD (Det.) in elk at differing prevalence (%) in WMUs within the surveillance region based on the 
cumulative number of elk tested for CWD (n) from 2005-2011. Reported for each prevalence are the number of positives expected in 
the population (Pos.) and the sample size required (n-req.) to detect CWD with a 90% probability.  

      1% 2% 5% 10% 25% 
WMU Pop.† n Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. 
102 210 1 2 0.01 140 4 0.02 88 11 0.05 41 21 0.10 21 53 0.25 8 
104 120 0 1 0.00 103 2 0.00 74 6 0.00 38 12 0.00 20 30 0.00 8 

Cypress Hills Region 
(624, 119, 118, 116) 865 30 9 0.26 202 17 0.46 107 43 0.79 44 87 0.96 22 216 1.00 9 
Suffield Base Region 

(732, 150, 148, 144, 124) 3935 25 39 0.22 223 79 0.40 113 197 0.72 45 394 0.93 22 984 1.00 9 
151 120 3 1 0.03 103 2 0.06 74 6 0.14 38 12 0.27 20 30 0.58 8 
152 60 0 1 0.00 59 1 0.00 52 3 0.00 32 6 0.00 19 15 0.00 8 

East of Red Deer Region 
(164, 166, 208) 192 2 2 0.02 134 4 0.04 86 10 0.10 41 19 0.19 21 48 0.44 8 

Wainwright Base Region 
(200, 202, 203, 204,  
232, 234, 728/730) 867 127 9 0.75 202 17 0.94 107 43 1.00 44 87 1.00 22 217 1.00 9 

504 150 0 2 0.00 118 3 0.00 80 8 0.00 39 15 0.00 21 38 0.00 8 
†20% inflated pre-hunting season population 
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Appendix 7C: CWD Detection in Mule Deer and White-tailed Deer. 

Probability of detecting CWD (Det.) in mule deer (MUDE) and white-tailed deer (WTDE) at differing prevalence (%) in WMUs within 
the surveillance region based on the cumulative surveillance weights (Points) of males (M), females (F) and deer of unknown sex (U) 
tested for CWD from 2005-2011. Reported for each prevalence are the number of positives expected in the population (Pos.) and 
the sample size of mule deer males required (n-req.) to detect CWD with a 90% probability.  

  n - MUDE n  - WTDE  1% 2% 5% 10% 25% 

WMU Pop.† F M U F M U Points Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. Pos. Det. n-req. 

102 5309 87 90 2 33 33 1 138.15 39 0.76 225 79 0.94 113 196 1.00 45 393 1.00 22 982 1.00 9 

104 2107 0 3 0 0 0 0 3.00 14 0.03 218 29 0.06 111 72 0.14 45 144 0.27 22 361 0.58 9 

106 1231 2 0 0 0 1 0 1.05 8 0.01 210 15 0.02 109 38 0.05 45 76 0.10 22 190 0.26 9 

112 2478 7 7 0 3 15 0 14.43 13 0.14 219 25 0.25 112 63 0.52 45 125 0.78 22 313 0.98 9 

116 4535 73 82 5 21 48 5 129.20 31 0.73 224 62 0.93 113 155 1.00 45 310 1.00 22 775 1.00 9 

118 4127 73 134 5 20 30 1 175.28 31 0.83 223 62 0.97 113 155 1.00 45 311 1.00 22 776 1.00 9 

124 2352 21 33 2 12 20 2 49.50 14 0.40 219 29 0.64 112 72 0.92 45 144 0.99 22 360 1.00 9 

128 2242 0 3 0 8 1 0 4.41 13 0.04 218 26 0.09 112 64 0.20 45 129 0.37 22 322 0.72 9 

130 4129 2 2 0 7 3 0 4.61 19 0.05 223 39 0.09 113 96 0.21 45 193 0.38 22 482 0.73 9 

134 879 7 4 0 0 0 0 6.66 5 0.06 202 10 0.13 107 24 0.29 44 48 0.51 22 119 0.85 9 

136 1676 1 1 0 0 3 0 2.25 7 0.02 215 13 0.04 111 33 0.11 45 67 0.21 22 167 0.48 9 

138 965 0 0 0 3 1 0 0.71 6 0.01 204 12 0.01 108 29 0.04 44 58 0.07 22 146 0.18 9 

140 725 1 2 0 1 0 0 2.52 4 0.03 197 8 0.05 106 19 0.12 44 38 0.23 22 95 0.52 9 

142 701 2 2 0 2 1 0 3.33 3 0.03 196 7 0.07 106 17 0.16 44 34 0.30 22 86 0.62 9 

144 545 7 5 0 4 5 1 9.81 3 0.09 188 6 0.18 103 15 0.40 44 31 0.65 22 77 0.94 8 

148 3000 170 268 27 97 175 18 409.71 18 0.99 221 35 1.00 112 89 1.00 45 177 1.00 22 443 1.00 9 

156 3089 10 5 0 5 8 1 11.96 19 0.11 221 38 0.21 112 96 0.46 45 192 0.72 22 481 0.97 9 

160 5310 14 9 1 5 2 0 15.98 37 0.15 225 74 0.28 113 186 0.56 45 372 0.81 22 929 0.99 9 

166 8712 10 8 1 10 9 0 16.19 44 0.15 227 88 0.28 114 220 0.56 45 440 0.82 22 1099 0.99 9 

204 6936 19 8 0 0 2 0 15.80 31 0.15 226 62 0.27 114 156 0.56 45 311 0.81 22 778 0.99 9 

206 4828 2 1 0 1 4 0 3.06 19 0.03 224 39 0.06 113 97 0.15 45 194 0.28 22 484 0.59 9 
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208 5228 1 3 0 0 0 0 3.38 25 0.03 225 50 0.07 113 125 0.16 45 249 0.30 22 623 0.62 9 

222 3464 1 0 0 0 0 0 0.38 11 0.00 222 22 0.01 113 56 0.02 45 111 0.04 22 278 0.10 9 

226 1635 0 0 0 1 0 0 0.14 6 0.00 214 12 0.00 111 29 0.01 45 59 0.01 22 147 0.04 9 

228 4701 3 3 0 1 2 0 4.86 17 0.05 224 35 0.09 113 87 0.22 45 174 0.40 22 436 0.75 9 

230 3335 8 7 0 1 14 0 14.24 15 0.13 222 30 0.25 113 74 0.52 45 149 0.78 22 372 0.98 9 

238 3445 114 114 9 79 186 13 227.56 14 0.91 222 27 0.99 113 68 1.00 45 136 1.00 22 340 1.00 9 

240 2554 3 0 0 4 6 0 3.44 8 0.03 220 16 0.07 112 41 0.16 45 81 0.30 22 203 0.63 9 

242 5709 2 0 0 1 5 0 2.35 17 0.02 225 35 0.05 113 87 0.11 45 173 0.22 22 433 0.49 9 

252 3973 5 2 0 1 12 0 7.52 16 0.07 223 32 0.14 113 81 0.32 45 161 0.55 22 403 0.89 9 

254 5317 100 104 5 89 151 14 202.11 23 0.87 225 45 0.98 113 113 1.00 45 227 1.00 22 567 1.00 9 

258 7318 31 20 1 123 132 11 89.20 23 0.59 226 46 0.84 114 116 0.99 45 232 1.00 22 580 1.00 9 

260 2909 0 0 0 1 4 1 1.44 10 0.01 221 20 0.03 112 49 0.07 45 99 0.14 22 246 0.34 9 

500 6432 90 50 7 188 260 13 190.40 21 0.86 226 41 0.98 113 104 1.00 45 207 1.00 22 519 1.00 9 

501 3831 2 1 0 11 16 1 8.08 10 0.08 223 21 0.15 113 52 0.34 45 104 0.57 22 260 0.90 9 

502 8219 1 2 0 2 5 1 4.25 22 0.04 226 44 0.08 114 110 0.20 45 221 0.36 22 552 0.71 9 

504 3236 0 1 0 5 5 0 3.15 9 0.03 222 19 0.06 112 46 0.15 45 93 0.28 22 231 0.60 9 

514 3795 1 0 0 3 5 1 2.39 11 0.02 223 22 0.05 113 54 0.12 45 109 0.22 22 272 0.50 9 

624 660 0 1 0 0 0 0 1.00 7 0.01 194 14 0.02 105 33 0.05 44 66 0.10 22 165 0.25 9 

732 3971 15 21 1 3 5 2 29.23 40 0.26 223 80 0.45 113 199 0.78 45 398 0.95 22 993 1.00 9 

†20% inflated population estimate 
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Appendix 8A. Combined Mule Deer and White-tailed Deer Densities in each WMU in the 
CWD surveillance region based on mean pre-hunting season population estimates from 2007-
2011. Population estimates were unavailable in CFB Suffield (WMU 732) and the Cypress Hills 
(WMU 624) so they were generated as described in Appendix 5 and 6, respectively. 
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Appendix 8B. Mule Deer Densities in each WMU in the CWD surveillance region based on the 
mean pre-hunting season population estimates from 2007-2011. Population estimates were 
unavailable in CFB Suffield (WMU 732) so mule deer density was estimated from a partial aerial 
survey in winter 2008 (see Appendix 5).             
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Appendix 8C. White-tailed Deer Densities in each WMU in the CWD surveillance region 
based on the mean pre-hunting season population estimates from 2007-2011. Population 
estimates were unavailable in CFB Suffield (WMU 732) and the Cypress Hills (WMU 624) so deer 
density was calculated as described in Appendix 5 and 6, respectively.  
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Appendix 9.Deer Submissions & Probability of Detection 

Number of deer submissions and probability of detecting CWD at 1% prevalence between 
mandatory and voluntary WMUs within the CWD surveillance region (Fig. 4.2) from 2005-2011. 

.  
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Appendix 10. Covariates in the Logistic CWD Risk Model for predicting probability of a CWD+ 
individual deer harvested by hunters or in a herd reduction program from 2005-2011. Spatial 
data came from 4 sources: Government of Alberta, Alberta Biodiversity Monitoring Institute, 
GeoBase, and Alberta Agriculture and Rural Development 

Covariates Description 
Riparian Habitat  
Driver 
 

Distance (km) to nearest river or major tributary. Classified as all stream features (GOA 
2013) with the name “river” or “creek” (e.g. Ribstone Creek).  

Dstream Distance (km) to minor stream (ie. not a named river or creek, GOA 2013).. See 
definition above.  

Strm3km & Strm12km Length (km) of all streams within 3 or 12 km2 circular buffer (GOA 2013). 

  

Forest/Agriculture 
Landcover 

 

Cov3km & Cov12km Proportion of woody cover (coniferous forest, deciduous forest, mixed forest, and 
shrubs) within a circular buffer with area of 3 or 12 km2 (ABMI 2000). 

Agri3km & Agri12km Proportion of agriculture (cropland and pasture) land cover within a circular buffer with 
area of 3 or 12 km2 (ABMI 2000). 

  

Terrain Ruggedness  
Rugg3km & Rugg12km Standard deviation in elevation (m) within a circular buffer with an area of 3 or 12 km2 

(GeoBase 2011).  
  

Human 
Development 

 

Dwell12km Proportion of urban and rural dwellings footprint buffered 100m within a 12km2 circular 
buffer. The “Urban & Rural Features” in the ABMI Human Footprint Map (ABMI 2010). 

Hard12km Proportion of urban, rural dwellings, industrial development, and hard linear features 
footprint buffered 100m within a 12km2 circular buffer. The “Urban & Rural Features”, 
“Industrial & Resource Extraction Features”, and “Hard Linear Features” in the ABMI 
Human Footprint Map (ABMI 2010). 

  

Soil Clay Content  
Clay3km & Clay12km Mean % soil clay content within either a 3 or 12km2 circular buffer (AARD 2011).  
  

Other important 
Factors 

 

+Proximity Distance (km) to nearest previously detected CWD+ case in AB or SK 
Harvest Harvest method: hunter (1) or herd reduction (0) 
Time Time in years since first CWD+ detected in 2000 in Saskatchewan 
Species Deer species: mule deer (1) or white-tailed deer (0) 
Sex Deer sex: male (1) or female (0) 
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Appendix 11. Top CWD Risk Models predicting probability that a harvested deer in 2005-
2011 in eastern Alberta is CWD+ based on combined surveillance data in the surveillance region 
instead of the northern and southern regions. Included for each model are the number of 
estimated parameters (k) and AIC weight (wi). 

Model Covariates k  AIC ∆AIC wi 
1 Time*, Species, Sex, Harvest, +Proximity† 6 1007.5 0 >0.99 
2 Time, Species, Sex, Harvest 5 1037.5 30.0 <0.01 

* Years since 2000 
† Distance (km) to nearest previously detected CWD+ case 
 
 
 
 
 
 
 
 
 
 
 
Appendix 12. Parameters (Beta), Standard Errors (SE), and P-values calculated for each 
species-sex Poisson model which predicts the number of deer submitted as a function of the 
natural logarithm (ln) of either the mule deer or white-tailed deer population size.  

    Intercept  ln (Population Size) 
 Species Sex  Beta SE P-value  Beta SE P-value 
MUDE Male -4.99 0.73 <0.01   1.15 0.10 <0.01 
  Female -5.78 1.06 <0.01   1.27 0.14 <0.01 
WTDE Male -1.11 0.66 0.10   0.62 0.09 <0.01 
  Female -2.46 0.62 <0.01   0.74 0.08 <0.01 
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Appendix 13. Number of Deer Submitted per Year in a mandatory WMU predicted by the 
Poisson submission model based on the natural logarithm (ln) of either the mule deer or white-
tailed deer population size in a particular WMU. 
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Appendix 14. Box Blots of Detection in 30 WMUs if they were made mandatory based on the 
Poisson model predicted submissions. Submissions constantly accumulate each year and the 
population remains constant at 2011 estimates.  
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Appendix 15A. Mule Deer Density based on 2012 pre-hunting season population estimates 
in each WMU (c/o Rob Corrigan) divided by WMU area (km2).  
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Appendix 15B. White-tailed Deer Density based on 2012 pre-hunting season population 
estimates in each WMU (c/o Rob Corrigan) divided by WMU area (km2). 
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