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ABSTRACT 

Models for Predicting the Occurrence of Gravid Prairie Rattlesnake 
(Crotalus viridis viridis) Habitat and Hibernacula in Alberta 

By: Alexis Fast 

June, 2003 

Prepared in partial fulfillment of the requirements of the degree in the Faculty of 
Environmental Design, The University of Calgary 

Supervisor: Dr. C. Cormack Gates 

The prairie is one of the most human-altered and fragmented landscapes in 

Canada. Consequently, numerous wildlife species have experienced declines in this 

region. In Alberta, the prairie rattlesnake has a general status of 'may be at risk' and has 

been designated as 'data deficient'. My research developed a model for predicting the 

occurrence of rattlesnake hibernacula (dens) and a protocol to develop a model to predict 

the occurrence of gravid rattlesnake habitat. Prairie rattlesnakes select hibernacula with 

surface features that favour thermoregulation in the spring and fall and with biophysical 

characteristics that support survival through the long, harsh winters in Alberta. Results 

show that increasing slope, slumping, increasing solar irradiance and east aspects are 

important biophysical features determining the occurrence of hibernacula. As a result of 

radio transmitter failure, only one gravid rattlesnake could be tracked through to 

parturition. The methods and results were reported and were used to develop a protocol 

•for future research. Results show that gravid rattlesnakes likely select habitat to optimize 

thermoregulation. Habitat was selected based on the presence of a hole (typically 

resembling ground squirrel burrows), southeast and flat aspects, increased distance to the 



river within the study area, and increased proportions of sand and cactus at the site. The 

presence of a hole appears to be a critical component of gravid rattlesnake habitat when 

no rock outcrops or rock piles are available. More research is required to determine the 

movement radius of gravid rattlesnakes around den sites and to determine habitat 

selection by gravid prairie rattlesnakes. 

Key words: Crotalus viridis viridis, GIS, gravid, habitat selection, hibernacula, land use, 

models, prairie rattlesnake, South Saskatchewan River, species management 
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CHAPTER 1: RESEARCH CONTEXT 

Development of the native prairie is thought to have had serious effects on the 

distribution and abundance of prairie rattlesnakes (Crotalus viridis viridis) in Alberta 

(Watson and Russell 1997). Intensive agriculture, road and pipeline construction, and 

intentional persecution have had the greatest effects (Watson and Russell 1997). In 

addition to causing direct mortality, these activities can destroy critical winter dens 

(hibernacula) and summer habitat. In Alberta, the prairie rattlesnake has a general status 

of 'may be at risk' (Alberta Sustainable Resource Development 200 1) and has been 

designated as 'data deficient' on the recommendation of the Alberta Endangered Species 

Conservation Committee (AESCC; AESCC 2000). Under the Alberta Wildlife 

Act/Regulation, it is illegal to kill, possess, buy, or sell prairie rattlesnakes in Alberta and 

hibernacula (dens) are protected year-round. 

The prairie rattlesnake is the most widely distributed subspecies of the western 

rattlesnake (Crotalus viridis). Its range extends from northern Mexico into southeastern 

Alberta and southwestern Saskatchewan. Throughout its range, the prairie rattlesnake 

inhabits the western prairies up to and including the foothills of the Rocky Mountains. It 

prefers grassy plains, country with light brush cover, or areas where sandstone outcrops 

and buttes are numerous (Klauber 1997). In Alberta, the prairie rattlesnake is found along 

the major river valleys of southeastern Alberta, although its historical range extended 

almost as far north as Red Deer and as far west as Calgary (Russell and Bauer 2000) 

(Figure 1). 
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Figure 1. Distribution of the prairie rattlesnake (* recent reports) (- pre-1978 reports) 
in Alberta (adapted from Russell and Bauer 2000). 
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The prairie rattlesnake is at the northern limit of its range in Canada, where cold 

temperatures result in temporal and spatial limitations in activity patterns. The prairie 

rattlesnake is able to survive the long, cold winters in Alberta by moving from 

widespread summer ranges to congregate in subterranean refuges for hibernation 

(Gannon 1978, MacArtney and Weichel 1989). Of critical importance to survival, these 

refuges (hibernacula) are located below the frost line where body temperatures are 

maintained only a few degrees above ambient temperatures (MacArtney et al. 1989, 

Klauber 1997). Hibernacula are frequently characterized by slump blocks, meander 

scarps, subterranean water channels, and rock outcrops (Cottonwood Consultants 1987, 

Gannon 1978, Klauber 1997, Russell and Bauer 2000). Burrowing mammals modify and 

enlarge fissures and caverns and provide holes for rattlesnakes to occupy (Pendlebury 

1977, Klauber 1997). Hibernacula are often found on south-facing slopes where solar 

insolation is maximized and protection from prevailing winds is provided (Gannon 1978, 

MacArtney et al. 1990). 

The habitat required by gravid prairie rattlesnakes during the active season (April-

October) is also of importance to rattlesnake populations. Gravid females aggregate at 

birthing rookeries located close to hibernacula (Gannon and Secoy 1985). Although little 

is known about the purpose of rookeries, it has been suggested that they aid in 

thermoregulation to ensure proper embryonic development and may provide hiding cover 

(Keenlyne 1972, Gannon and Secoy 1985, Graves and Duvall 1987). During gestation, 

gravid rattlesnakes feed infrequently, if at all (Keenlyne 1972, MacArtney and Gregory 

1988) and do not disperse as far from hibernacula as do males and non-gravid females 

(Keenlyne 1972, Gannon and Secoy 1985, MacArtney and Gregory 1988). The 
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differences in habitat requirements are likely attributable to the differences in feeding 

associated with reproductive status, however, little is understood about the use of habitat 

by gravid rattlesnakes (Gibbons and Semlitsch 1987). Gravid rattlesnake habitat and 

associated hibemacula are critical for rattlesnake populations and it is important to 

understand the biophysical characteristics that define these sites. 

Rattlesnake aggregations associated with gravid rattlesnake habitat and 

hibernacula increase the vulnerability of this species to disturbance. Understanding the 

selection of habitat by prairie rattlesnakes is critical for the management and protection of 

-this species in Alberta. Selection of habitat refers to its disproportionate use compared to 

what is available (Manly et at. 2002). Many studies have examined habitat selection in 

different snake species (e.g. Burger et al. 1988, Reinert and Zappalorti 1988, Blouin-

Demers and Weatherhead 2001, Cross and Petersen 2001), however, habitat selection by 

prairie rattlesnakes has not been subject to quantitative study. In Alberta, limited progress 

has been made in developing predictive models for defining critical habitat (i.e. 

hibernacula) using air photo interpretation and land classification based on qualitative 

assessments (Wolfe and Watke 1997, Didiuk 1999, Nicholson and Rose 2001). 

Resource selection functions (RSFs) are a common tool for quantifying the use of 

resources by animals (e.g. Boyce et al. 1994, Mladenoff et al. 1995, Mace et al. 1996) 

and can be interfaced with geographic information systems (GIS) to facilitate analysis 

and map predicted resource use (Boyce and McDonald 1999). The purpose of my 

research was to develop resource selection functions for predicting the occurrence of 

prairie rattlesnake hibernacula and habitat selection by gravid prairie rattlesnakes in 

Alberta. These models were developed in conjunction with geographic information 
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systems and were designed to be used as land use decision-making tools to aid Alberta 

Sustainable Resource Development in protection of prairie rattlesnake habitat. My 

objectives were: 1) to create a den site selection model for prairie rattlesnakes based on 

remotely sensed data; 2) to create a habitat selection model for gravid prairie rattlesnakes 

to determine critical habitat around den sites; and 3) to offer recommendations on how to 

implement .these models. 

First, I developed a den site selection model following the analytical methods of 

Manley et al. (2002) to predict the occurrence of prairie rattlesnake hibernacula (Chapter 

2). I systematically searched the study area to locate den sites. To derive the resource 

selection functions describing the probability of use of a site in relation to different 

environmental parameters (e.g., slope, elevation, or aspect), I overlaid den location data 

with habitat information contained in various GIS thematic layers. I then integrated a 

resource selection function for significant habitat variables in a GIS framework and 

extrapolated to generate a probabilistic map of den site patterns throughout the study 

area. 

Next, I developed a habitat selection model following the analytical methods of 

Manley et al. (2002) to predict the occurrence of gravid prairie rattlesnake locations 

(Chapter 3). I determined the location of a gravid rattlesnake at 3-day intervals using 

radio telemetry. To derive the resource selection functions describing the probability of 

use of a site in relation to different environmental attributes (e.g., slope, aspect, or 

vegetation cover), I compared snake location data with habitat information obtained at 

random points in the field. 
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Finally, I reviewed the current legal framework for species at risk protection and 

land management procedures practiced by the Government of Alberta as they may affect 

prairie rattlesnakes, and provided recommendations for improving operational guidelines 

for protecting hibernacula and gravid rattlesnake habitat (Chapter 4). The greatest 

challenge faced by the Alberta Fish and Wildlife Division is defining and locating critical 

habitat for this species; protection cannot occur without identification of these areas. The 

development of models that aid in the location of critical habitat improves the efficiency 

and effectiveness of the land use referral system, which can provide for the protection of 

prairie rattlesnake habitat. 
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CHAPTER 2: SELECTION OF HIBERNACULA BY PRAIRIE 

RATTLESNAKES ALONG THE SOUTH SASKATCHEWAN RIVER IN 

ALBERTA 

INTRODUCTION 

In Alberta, prairie rattlesnakes appear to be limited in distribution and abundance 

by the availability of suitable hibernacula (Cottonwood Consultants 1987, Gannon 1978, 

MacArtney and Weichel 1989, Pendlebury 1977), and the availability of summer 

foraging areas and birthing habitat (Watson and Russell 1997). Hibernacula (winter dens) 

are particularly important because they are highly localized in occurrence, and provide 

the only opportunity for this poikilothermic species to survive sub-freezing winter 

temperatures (Gannon 1978, MacArtney and Weichel 1989). Dens are located below the 

frost line and provide temperatures within the thermoregulatory range necessary for 

successful hibernation (Klauber 1997, Russell and Bauer 2000). Hibernacula are 

frequently characterized by slump blocks, meander scarps, subterranean water channels, 

and rock outcrops (Cottonwood Consultants 1987, Gannon 1978, Klauber 1997, Russell 

and Bauer 2000), which provide access to deep fissures and subterranean cavities 

(Pendlebury 1977, Gannon 1978). Burrowing mammals canmodify and enlarge fissures 

and caverns and excavate holes that rattlesnakes may use as dens (Pendlebury 1977, 

Klauber 1997). Hibernacula are often found on south-facing slopes where solar insolation 

is maximized and protection from prevailing winds is provided (Gannon 1978, 

MacArtney et al. 1990). Prairie rattlesnakes den communally with conspecifics and other 

snake species (Cottonwood Consultants 1987, Duvall et al. 1985, Gannon and Secoy 
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1985, Klauber 1997, Didiuk 1999). In Alberta, these species are the bullsnake (Pituophis 

catenfer), wandering garter snake (Thamnophis elegans) and plains garter snake 

(Thamnophis radix). Rattlesnakes show high fidelity to hibernacula, often returning to the 

same den each year (Brown et al. 1982, Didiuk 1999). 

The prairie rattlesnake may be at risk because it aggregates at hibernacula during 

the winter and in the spring and fall, and exhibits high fidelity to den sites, which are 

vulnerable to terrain disturbances caused by road and pipeline construction and 

agricultural activities (Watson and Russell 1997). Intentional- persecution is another 

limiting factor. Because hibernacula are a critical component of prairie rattlesnake habitat 

in Alberta, they receive year-round protection under the Alberta Wildlife Act. There is 

limited knowledge of the historic and current distribution of den sites and den habitat. 

Information on hibernaculum distribution and habitat use is required for making land use 

decisions to protect rattlesnakes and for planning recovery actions (AESCC 2000). While 

many studies have described snake den characteristics (e.g. Pendlebury 1977, Gannon 

1978, Klauber 1997), few have quantitatively examined the selection of hibernacula by 

snakes (e.g. Burger et al. 1988). In Alberta, only limited progress has been made in 

developing qualitative predictive models for defining hibernacula using air photo 

interpretation and land classification (Wolfe and Watke 1997, Didiuk 1999, Nicholson 

and Rose 2001). My research provides quantitative models for predicting the probability 

of occurrence of hibernacula and offers recommendations on how these models can be 

employed for conservation and land use decision-making. 
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STUDY AREA 

This study was conducted along the South Saskatchewan River in southeastern 

Alberta (Figure 2). The study area spanned from approximately 20km north of Medicine 

Hat, Alberta north along the river to the south boundary of the Koomati region of 

Canadian Forces Base Suffield (CFB Suffield), and included the oxbow, Old Channel 

Lake. The study area extended 1km on either side of the river and oxbow to fully 

encompass areas within which dens may have been present. The study area is similar to 

that used by Wolfe and Watke (1997) who predicted prairie rattlesnake bibernacula 

occurrence using air photo interpretation. The selection of approximately the same study 

area permitted comparison of the two models. 

The study area is within some of the most extensive native grasslands remaining 

in Canada (Dickinson and Baresco 1996). Located in the Dry Mixed Grass Ecoregion 

(Adams et al. 1997), the climate is characterized by relatively low rainfall (330mrn/yr) 

and high summer temperatures (mid- to high-30°Cs). Vegetation in the area consists 

primarily of drought-resistant species of grass, cactus and shrubs (Dickinson and Baresco 

1996). Dominant plant species include western wheatgrass (Agropyron smithii), needle-

and-thread (Stipa comata), blue grama (Bouteloua gracilis), pincushion (Coryphantha 

vivipara) andprickly pear cacti (Opuntiapolyacantha), sagebrush (Artemisia cana) and 

red choke cherry (Prunus virginiana) (Adams et al. 1997). Landforms consist of South 

Saskatchewan River Valley lowlands and coulees and secondary drainages flowing from 

the upland grasslands (Nicholson and Rose 2001). Horizontal layering of the bedrock in 

cliffs along the river show sandstone, shale, and ironstone, overlain by glacial till and 

post-glacial gravels and sands (Dickinson and Baresco 1996). Elevations range from 
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approximately 600-760m. Land use in the area includes irrigation for hay crops, grazing 

of cattle on both private and public lands, and oil and gas drilling and production 

activities. Part of the study area is located within the National Wildlife Area of CFB 

Suffield; military exercises are not conducted in this area. 

Figure 2. Location of the den site selection study area in southeastern Alberta (adapted 
from Wolfe and Watke 1997). 
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METHODS 

Field Research 

I conducted ground searches for hibernacula sites in spring 2002. Thirty 1km2 

search plots were laid out systematically within the study area; equal numbers of plots 

were searched on either side of the Saskatchewan River and Old Channel Lake. To 

maximize success, during the limited time available for locating den sites, I stratified the 

study area into high and low probability areas. Because hibernacula sites are associated 

with slumping along coulees and river courses (Pendlebury 1977, Gannon 1978), I 

performed a complete search of those areas within each search plot (i.e. cliffs and 

terraces), and searched plateau areas with half the intensity. I conducted searches by 

walking transects, which ran parallel to the river or oxbow, and visually swept the area to 

either side of each transect. In areas of high probability, transects were spaced so that the 

entire area search plot was searched; this distance was doubled in low probability areas. 

Prairie rattlesnakes den communally with conspecifics and other snake species 

(Cottonwood Consultants 1987, Duvall et al. 1985, Gannon and Secoy 1985, Klãuber 

1997, Didiuk 1999). Consequently, dens were confirmed by the presence of at least two 

snakes basking in or near a hole or crevice in the landscape during spring emergence; at 

least one of them had to be a prairie rattlesnake. Holes grouped together on the same 

slope were considered to be one den. I used five factors to maximize the chance that 

spring emergence was occurring during the searches: 1) searches were conducted over 

'two weeks in May, which is consistent with spring emergence in the area (Didiuk 1999); 

2) the average temperature during searches was 17.1°C with no precipitation and little or 

no cloud cover, maximizing the probability that rattlesnakes could be observed basking; 
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3) the Canadian Wildlife Service captured rattlesnakes as they emerged from dens on 

CFB Suffield throughout the duration of our searches; and 4) rattlesnakes were observed 

basking at den sites throughout the duration of our searches. 

At each den site, I recorded location using a global positioning satellite (GPS) unit 

with UTM grid and NAD83 datum. Time, date, climatic conditions, and number of 

snakes of each species observed were also noted. I recorded the following biophysical 

attributes at each den site: den type (mammal hole, rock crevice, bank fissure etc.), slope, 

aspect, percent of vegetative cover types within a 1 m2 quadrat of the main opening, and 

distance to physical features on the landscape such as water bodies, oil and gas activity, 

and roads. 

Biophysical Data 

I analyzed the biophysical attribute data collected at den sites with an availability 

data set to create the den site selection model (Manly et al. 2002). I created the 

availability data set by generating random points in the study area and characterizing 

them using available remotely sensed digital data; random points were generated using 

the Animal Movement extension in ArcView 3.2. I wanted to use the smallest number of 

availability samples that would represent the variability in the landscape yet reveal the 

relationships being examined (Tabachnick and Fidell 2001). Therefore, to minimize the 

number of random points, I graphed the variance of each variable and visually evaluated 

the number of random points at which each variable achieved stability. 

I selected the variables used in development of the model based on availability of 

digital data and their biological meaningfulness: slope (degrees), aspect, elevation 
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(meters), slope stability (slumping category), % native prairie cover, spring global solar 

insolation (KWH/rn), spring solar insolation duration (hours), fall global solar insolation 

(KWH/rn2), fall solar insolation duration (hours), and terrain ruggedness. 

For each random point in the availability data set and for all use data that could 

not be measured in the field, I extracted data in ArcView 3.2 using the Spatial Analyst 

extension. Slope, aspect, and elevation were derived using a 25m-resolution digital 

elevation model (DEM). I created two continuous variables to represent aspect, each 

based on a continuous scale from 0-100; one variable represented the continuous gradient 

from west to east, and the other variable from north to south (e.g. Poole et al. 2000, Apps 

et al. 2001). Percent native prairie cover was derived from a quarter section-scale 

digitized layer (Grassland Natural Region Native Prairie Vegetation Inventory), classified 

into ordinal classes based on the following intervals: 0%, 1-25%, 26-50%, 51-75%, and 

76-100% native prairie. 

I digitized a slope stability layer (slumping) in ArcView 3.2 using stereo 

interpretation of air photos taken in 1995 at 1:10,000 scale. The air photos were all taken 

after the spring flood of 1995. Air photos for the oxbow, Old Channel Lake, were not 

available at the same scale, therefore, I interpreted a separate series of air photos taken in 

1998 at 1:30,000 scale for that area. I represented slope stability with four categories: no 

slumping, actively eroding slopes, potentially unstable slopes, and stable slumping. I used 

the following criteria to classify slope stability: no slumping areas were flat, actively 

eroding slopes were steep and unvegetated,.potentially unstable slopes were steep with 

little vegetation, and stable slopes were rounded with vegetation (Dr. G. Ross pers. 

comm.). 

13 



Geomar Consulting Ltd. (Grand Forks, British Columbia) developed a terrain 

ruggedness index and solar insolation models using available 25m resolution digital 

elevation data. Terrain ruggedness was calibrated to express relative ruggedness of the 

land ranging from 0 (least rugged) to 1 (maximum ruggedness). Solar insolation models 

were developed using methods described by Kumar et al. (1997) in which altitude, 

elevation, slope, aspect, and position relative to neighbouring surfaces were used to 

calculate the sum of the direct and diffuse radiation (global models) and the number of 

hours a pixel 'sees' the sun (duration models). Models were developed for both the spring 

egress and fall ingress periods of the prairie rattlesnake life cycle for den sites. Based on 

data collected by the Canadian Wildlife Service at CFJ3 Suffield, I determined spring 

egress to be 15 April to 15 June and fall ingress to be 15 August to 15 Oátober (Didiuk 

1999). 

Statistical Analysis 

All statistical analyses were performed in SPSS version 11.0.1. I performed 

univariate tests to determine if there were significant differences between den site 

attributes and availability of those attributes. T-tests were conducted for continuous and 

ordinal variables (Zar 1999). However, if variables were not normally distributed, I used 

Levene's Test, which is less dependent on the assumption of normality, to determine the 

t-statistic (SPSS Inc. 2001). Chi-square tests were performed for categorical variables 

(Zar 1999). I screened pairs of variables for collinearity using the Spearman rank 

correlation coefficient and removed one variable of any correlated pair (r>O.75, p<O.00l) 

from further analyses (e.g. Miadenoff et al. 1995). 

14 



I used logistic regression to develop the resource selection probability function. 

Resource selection probability functions take the following form (Manly et al. 2002:100): 

w*(x) = exp(Bo + B1x1 + B2x2 + ... + Bx), 

where w*(x) is the probability of den site selection, and B1 is the coefficient of variable x. 

I adjusted the constant (Bo) to account for sampling probabilities of available and used 

locations (Manly et al. 2002). 

I computed small sample size adjusted Akaike's information criteria (AIC) for 

each of a set of den site selection models. The set of models analyzed included all 

combinations of variables for which univariate tests showed significant differences 

(p<O.05) between measures at dens and random sites. The model in which AICC was 

minimized was considered the best model given the data and set of candidate models. 

However, I considered models with AIQ diffçrences of less than or equal to two 

equivalent and reported them (Burnham and Anderson 1998). 

Habitat Suitability Map 

I mapped the resource selection probability function predicting the occurrence of 

prairie rattlesnake hibernacula over the study area. I classified the probability surface into 

probable (0.01 - 1.00) or no probability (<0.01) classes using a moving window with a 

radius of 212.5m in a GIS. This radius was selected because it is consistent with a,, 

prescribed set back distance of 200m for development around prairie rattlesnake 

hibernacula (Fish and Wildlife Division 2001a). 
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RESULTS 

Hibernaculum Searches 

I located sixteen hibemacula during systematic ground searches in the high 

probability search areas within the thirty 1km2 plots. No dens were found in low 

probability areas. In total, 45 prairie rattlesnakes were observed (Table 1). Hibemacula 

appeared to be found predominantly (n = 14) in abandoned mammal burrows possibly 

excavated by badgers, (Taxidea taxus), coyotes (Canis latrans), or foxes ( Vulpes vulpes). 

The other dens were in bank fissures. 

Table 1. Number of snakes observed by hibemaculum. 

Prairie Wandering Plains Garter 
Hibernaculum Rattlesnake Bullsnake Garter Snake Snake Total 

1 1 1 2 

2 5 1 1 1 8 

3 1 1 2 

4 2 2 

5 2 1 3 

6 3 1 4 

7 1 1 2 

8 8 8 

9 4 4 

10 4 - - 4 
11 4 1 - 5 

12 2 - 2 

13 2 - 2 

14 2 1 - 3 

15 2 - 2 

16 2 - - 2 

Total 45 1 5 4 1 55 

16 



Availability Data Set 

To minimize the number of random points without losing information about the 

variability of the landscape, I graphed the variance of each variable and visually 

evaluated the number of random points at which each variable achieved stability. All 

variables were adequately described with 2500 random availability points (Appendix 1). 

Univariate Statistics 

Hibemacula sites were not located randomly across the landscape with respect to 

slope, the gradient from west to east aspects, spring and fall solar duration, terrain 

ruggedness (Table 2, Figure 3) and slumping ()C2 (3) =  95.0, p<O.00l; Figure 4). 

Compared to random points in the study area, den sites had significantly greater slopes, 

easterly aspects, fewer hours of solar duration in both the spring and fall, and greater 

terrain ruggedness. Additionally, den sites were found predominantly in stable slopes, 

while availability data locations were found predominantly in no slumping (flat) areas. 

Table 2. T-test results comparing hibernacula and availability data. 

Variable t-statistic Degrees of Freedom p-value 

Slope 4.278 15.0** 0.001* 

Elevation 1.041 15.7** 0.314 

North-South Aspect 1.701 2514 0.089 

West-East Aspect 2.706 2514 ØØQ7* 

% Native Prairie Cover 0.364 2514 0.716 

Spring Solar Insolation 1.376 15.1** 0.189 

Fall Solar Insolation 0.238 15.1** 0.815 

Spring Solar Duration 2.778 15.1** 0.014* 

Fall Solar Duration 2.579 2514 0.010* 

Terrain Ruggedness 2.525 2514 0.012* 
*significant at the 0.05 level 
**Levene's Test 
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Figure 3. The median and quartiles of (a) slope, (b) elevation, (c) north-south aspect, 
(d) west-east aspect, (e) % native prairie cover, (f) spring solar insolation, 
(g) fall solar insolation, (h) spring solar duration, (i) fall solar duration, and 
(j) terrain ruggedness for hibernacula and availability locations. 
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Figure 4. The percent of hibernaculum and availability locations in each slumping 
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Den Site Selection Models 

I used the results of the univariate statistics to select variables for inclusion in the 

logistic regression models; I included variables for which den sites differed significantly 

from random points (p<O.05). The variables selected were: slope, west-east aspect, 

slumping, terrain ruggedness, and spring and fall solar duration. Spring and fall solar 

duration were highly correlated (r>0.75, p<O.00 1). I retained fall solar duration for 

further analysis because of its biological significance in selection of hibernacula by 

rattlesnakes. Prairie rattlesnakes select hibernacula in the fall; the conditions at a den site 

in the spring are a result of those selected during fall ingress to dens. 

I computed the small sample size adjusted Akaike's information criteria (AIC) 

for each combination of the variables. Two models had AICC differences of less than or 

equal to two (i.2) (Table 3). The Akaike weights (wi) indicated that the first model was 

2.55 (0.718/0.282) times more likely to be the best predictor of hibernacula occurrence 

than the second model. The best model included slope, slumping, west-east aspect, and 

fall solar duration (Table 4). Slope had the highest predictive power (P<0.001). Beta 

values for all variables were positive, indicating that hibernacula are more likely to occur 

in areas with greater slopes, east aspects, in areas of increased fall solar duration, and on 

slopes compared to flat land. The Nagelkerke R2 statistic indicated that approximately 

43.8% of the "variation" in the outcome variable is explained by the logistic regression 

model. See Appendix 2 for regression results for the two equivalent models. 
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Table 3. AIC analysis (<=2) of models predicting the occurrence of prairie 
rattlesnake hibemacula. 

Variables K -2LL AJCC A, w, 

Slope, Slumping, West-East Aspect, 
Fall Solar Duration 
Slope, Slumping, West-East Aspect, 
Fall Solar Duration, Terrain Ruggedness 

8 110.772 126.829 0.000 0.718 

9 110.622 128.694 1.865 0.282 

Table 4. Regression results for the best model predicting the occurrence of prairie 
rattlesnake hibemacula. 

Degrees of 
Variable Beta Coefficient Standard Error Freedom Significance 

Slope 0.184 0.034 1 <0.001* 

Slumping 3 0.021* 

Active 8.615 19.016 1 0.651 

Potential 9.742 19.013 1 0.608 

Stable 7.188 18.997 1 0.705 

Fall Solar Duration 0.015 0.007 1 0.027* 

West-East Aspect 0.021 0.011 1 0.053 

Constant -25.385 19.606 1 0.195 
*significant at the 0.05 level 
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Habitat Suitability Map 

I modified the constant term in the logistic regression equation for sampling 

probabilities of used and available locations and produced the following resource 

selection probability function predicting the occurrence of prairie rattlesnake hibernacula: 

w*(x) = exp( -28.322 + 0.184(Slope) + 8.615(Active Slumping) + 

9.742(Potential Slumping) + 7.188(Stable Slumping) + 

0.015(Fall Solar Duration) + 0.02 l(West-East Aspect)) 

I mapped the resource selection probability function over the landscape. 

Classified areas in which the probability of occurrence of rattlesnake dens was between 

0.01 and 1.00 occupied 17.2% of the study area (Figure 5). 12 of 16 den locations were 

correctly classified. 
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Figure 5. Classification of the study area into probable (0.01 - 1.00, white) and 
improbable areas (<0.01) based on the best den site selection model. 
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DISCUSSION 

In Alberta, prairie rattlesnakes are at the northern limit of their range (MacArtney 

and Weichel 1989, Klauber 1997). Therefore, specialized behavioural adaptations are 

expected in response to the relatively short active season and the cold climate at this 

latitude (Gannon and Secoy 1985). The availability of suitable hibernacula is critical for 

persistence of rattlesnake populations. In more southerly areas, rattlesnakes may emerge 

from hibernacula for brief periods during warm weather. However, in Alberta 

rattlesnakes hibernate continuously between October and April (Gannon and Secoy 1985, 

MacArtney et al. 1990). Geomorphological conditions that provide accessible 

subterranean cavities with stable above-freezing temperatures represent critical landforms 

for supporting rattlesnake populations. 

The distribution of hibernacula is restricted by local topography and 

geomorphology (Gannon 1978). Prairie rattlesnakes do not create their own dens, but rely 

on naturally occurring formations (i.e. fissures, caverns, mammal burrows) in landscape 

features such as slump blocks, meander scarps, and rock outcrops (Pendlebury 1977, 

Gannon 1978, Klauber 1997). Consistent with this, I found that slope and slumping were 

strong predictors of den occurrence. In my study area, the availability of burrows 

presumably excavated by burrowing mammals such as badgers, coyotes, or foxes may be 

a limiting factor for the occurrence of hibernacula (Didiuk 1999, pers. obs.). Burrowing 

mammals may also modify and enlarge fissures and caverns and provide access by 

rattlesnakes to cavities and crevices in the underlying rock (Pendlebury 1977, Klauber 

1997, Didiuk 1999). 
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In addition to suitable subterranean microclimatic conditions, prairie rattlesnakes 

select hibernacula locations that provide suitable surface thermal conditions for 

regulation of body temperatures (Klauber 1997). Prairie rattlesnakes congregate at 

hibemacula entrances for a few weeks before entering dens for the winter and again in 

the spring before leaving (Klauber 1997). During these periods, rattlesnakes prolong their 

active season by taking advantage of the last warm days of fall and the first warm days of 

spring without being susceptible to sudden drops in temperature. In northern populations 

where active seasons are only five to seven months long (Gannon and Secoy 1985, 

MacArtney et al. 1990), the ability to maximize the amount of time available for 

physiological processes such as digestion and gestation is an important factor in the 

growth and survival of these populations. Active seasons are also prolonged at 

hibernacula with optimal thermal conditions that slow, the cooling of the soil substrate .in 

the fall and increase its heating in the spring. Sexton and Marion (198 1) showed that 

entry to and exit from dens is regulated by a reversing thermal gradient that is the result 

of differential cooling or heating of the soil substrate. Consequently, thermal conditions 

at a den site strongly affect the timing of fall ingress and spring emergence. Results from 

my study showed that prairie rattlesnakes selected east aspects (compared to west) and 

increased solar duration, both of which maximize surface thermal conditions at a 

hibemaculum site. 

The thermal ecology of rattlesnakes in Alberta is poorly understood (Watson and 

Russell 1997). The moderate prediction success of the best model for predicting the 

occurrence of hibernacula may reflect uncertainties in knowledge of the variability of 

thermal conditions in subterranean cavities, which I did not measure. For example, in a 
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study on thermal dynamics of rattlesnake hibernacula in British Columbia, MacArtney et 

al. (1989) found that the internal temperature of an occupied den was 3 to 5°C during the 

coldest part of the winter, whereas an apparently suitable unoccupied site exhibited 

subzero temperatures that would have been lethal to rattlesnakes. Further research on 

thermoregulation and surface and subterranean thermal microclimates during spring, fall, 

and winter may provide greater insights into the limiting influence of geomorphology on 

the distribution of rattlesnakes in Alberta and provide greater understanding of the 

vulnerability of rattlesnake populations to human disturbance of hibernacula. Further 

research is also warranted on the role of burrowing mammals such as badgers, coyotes 

and foxes, in creating hibernacula. 

26 



CHAPTER 3: SELECTION OF HABITAT BY GRAVID PRAIRIE 

RATTLESNAKES ALONG THE SOUTH SASKATCHEWAN RIVER IN 

ALBERTA 

INTRODUCTION 

Rattlesnake habitat requirements vary with reproductive status. Upon emergence 

from hibernacula in spring, gravid rattlesnakes remain at or near the hibernaculum 

(Keenlyne 1972, Gannon and Secoy 1985, MacArtney and Gregory 1988) and are often 

observed in aggregations at birthing rookeries (Gannon and Secoy 1985). Little is known 

about the purpose of rookeries; it has been suggested that they aid in thennoregulation to 

ensure proper embryonic development, and fnay provide hiding cover (Keenlyne 1972, 

-Gannon and Secoy 1985, Graves and Duvall 1987). Gravid rattlesnakes feed infrequently, 

if at all, and utilize fat resources accumulated in previous active seasons (Keenlyne 1972, 

MacArtney and Gregory 1988). This reduction in feeding suggests a loss of energy into 

reproduction or growth, however, gravid rattlesnakes greatly restrict their movements and 

spend much of their time basking (Gannon and Secoy 1985, MacArtney and Gregory 

1988). In contrast, during the active season, male and non-gravid female rattlesnakes 

perform lengthy migrations in searáh of prey (Duvall et al. 1985, King and Duvall 1990) 

and travel greater distances from hibernacula (Gannon and Secoy 1985). It is likely that 

the differences in habitat requirements for gravid prairie rattlesnakes are attributable to 

the differences in feeding associated with reproductive status (Gibbons and Semlitsch 

1987). 
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A relatively short active season in northern rattlesnake populations (April-

October) restricts the amount of time available for energy acquisition, growth, 

reproduction, and lipid storage. As a result, northern rattlesnakes exhibit slower growth 

and reproduction rates compared to southern conspecifics (MacArtney and Gregory 1988, 

MacArtney et al. 1990) and have life history characteristics adapted to the short active 

season. Offspring cannot be brought to full term within one season, therefore, mating 

occurs in the late summer, and parturition occurs the following year in late August or 

early fall (MacArtney and Gregory 1988, Charland 1989, Russell and Bauer 2000). This 

results in a potential biennial reproductive cycle. Reproductive frequency appears to be 

determined by the rate of body mass recovery following parturition (MacArtney and 

Gregory 1988); reproductive frequency in northern populations has been observed to be 

either biennial or longer (Gannon and Secoy 1984, MacArtney and Gregory 1988, 

MacArtney et al. 1990, Brown 1991, Russell and Bauer 2000). Because more time is 

required for growth, age of sexual maturity occurs later in northern rattlesnake 

populations than in those at southern latitudes. MacArtney et al. (1990) found that 

western rattlesnake populations in southern British Columbia reached sexual maturity at 

three to four years of age for males (53 5mm SVL) and at five to seven years of age for 

females (650mm SVL). Litters range from four to twelve (MacArtney and Gregory 19.88, 

Kissner et al. 1996, Russell and Bauer 2000) and are correlated with body size of the 

gravid rattlesnake (Klauber 1997). Late reproductive maturity, relatively small litters, and 

biennial or longer reproductive cycles indicate that reproductive capacity and recruitment 

levels are relatively low for northern rattlesnake populations (MacArtney and Weichel 

1989, Charland et al. 1993). 
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Little is understood about the habitat requirements of gravid rattlesnakes (Gibbons 

and Semlitch 1987). Studies on habitat selection by gravid snakes have been performed 

(e.g. Reinert and Zappalorti 1988, Blouin-Demers and Weatherhead 2001), however, 

habitat selection has not been thoroughly investigated for northern rattlesnake 

populations. - 

The goal of my research was to develop a habitat selection model for gravid 

prairie rattlesnakes around hibernacula. Unfortunately, due to mechanical failure of 

transmitters, only one gravid rattlesnake was tracked through to parturition. Therefore, I 

developed a protocol for model development to be used in future research. I report on 

results obtained for the single gravid rattlesnake observed in this study. 

STUDY AREA 

This study was conducted at four sites within the den selection study area 

described in Chapter 2. Three sites were located on CFB Suffield along the South 

Saskatchewan River and one on private land along Old Channel Lake, an oxbow of the 

South Saskatchewan River located approximately 22km north of Medicine Hat, Alberta. 

The four sites were similar in terms of vegetation, elevation, and topography (Chapter 2). 

Land use at all four sites consisted of cattle grazing, and oil and gas drilling and 

production activities. The study site in which the one rattlesnake was successfully tracked 

was located on CFB Suffield. 
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METHODS 

Radio Telemetry 

In spring 2001, I caught seven gravid rattlesnakes from four sites in funnel traps 

along drift fences or around den sites. Reproductive status was determined by palpation 

for developing embryos (Fitch .1987). Dr. Robert Gainer (Veterinary Clinic, Hanna, 

Alberta) surgically implanted radio transmitters into the snakes (model G3-1V, AVM 

Instrument Company Ltd., Livermore, California, USA). Transmitters were implanted 

into the peritoneal cavity and whip antennas were fed subcutaneously along the length of 

the body, following the methods described by Reinert and Cundall (1982). Charland 

(199 1) found that transmitter implantation did not interfere with the gestation of gravid 

snakes. Implanted transmitters were cylindrical (27x13x7mm) with a whip antenna and 

weighed approximately 6 grams. Rattlesnakes were released at their capture locations 24 

hours after surgery. Surgeries were performed following approval by the Animal Care 

Committee of the University of Calgary, protocol B12001-018. 

I tracked the rattlesnakes at least once every three days from 4 June until radio 

transmitters failed. Relocations were confirmed visually unless the snake was in a hole. 

Time spent at each snake location was minimized to decrease disturbance to the snake. 

Measurements were made in the presence of the snake, but because movements were 

rare, many measurements did not need repeating. Rattlesnakes appeared to be 

unconcerned by our presence after a few days of regular tracking and did not appear to 

alter habitat use or movements, as they remained relatively sedentary. Past studies have 

also noted that after repeated disturbance, snakes seemed relatively unconcerned by a 

researcher's presence (King and Duvall 1990). I characterized snake relocations for the 
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following biophysical factors: % of vegetative cover types within a 1m2 quadrat around 

snake location (grass, cactus, shrub, sand, etc.), slope, slumping (none, active, stable), 

aspect (Flat, N, NE, E, SE, S, SW, W, NW), and distance to landscape features such as 

water, roads, and oil and gas activity. I also recorded the presence of a hole within a 1 m2 

quadrat and snake activity. 

Availability Data 

I analyzed the snake location attribute data with an availability data set to create 

the gravid rattlesnake habitat selection model (Manly et al. 2002). I created the 

availability data set by characterizing random points generated within a circle around the 

snake's hibernaculum, using the maximum distance moved by the snake from the den as 

the radius of the circle (study area). Because the den location of the snake in this study 

was unknown (she was caught in a drift fence lining the river escarpment), the radius was 

calculated as the perpendicular distance from the furthest snake location to the river and 

the circle was drawn around that point at the river. I excluded the river and area across 

the river from analysis. Movements across the river were believed not to occur for gravid 

rattlesnakes because they do not travel in search of foraging opportunities or mates 

(Klaüber 1997). 

I generated three hundred random points within the study area using the Animal 

Movement extension in ArcView 3.2. In spring 2002, I characterized each point in the 

field using the same biophysical information collected at each snake relocation. 
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Statistical Analysis 

All statistical analyses were performed in SPSS version 11.0.1. I performed 

univariate tests to determine if there were significant differences between gravid 

rattlesnake habitat attributes and availability of those attributes. T-tests were conducted 

for continuous variables (Zar 1999). However, if variables were not normally distributed, 

I used Levene's Test, which is less dependent on the assumption of normality, to 

determine the t-statistic (SPSS Inc. 2001). Chi-square tests were performed for 

categorical variables (Zar 1999). I screened pairs of variables for collinearity using the 

Spearman rank correlation coefficient and removed one variable of any correlated pair 

(r5>0.75,p<0.001) from further analyses (e.g. Miadenoffet al. 1995). Categorical 

variables were assessed for dominance over each other by analyzing models with and 

without each of the categorical variables and observing differences in significance of the 

p-values. If dominance occurred, one variable was removed (e.g. Theberge 2002). 

I used logistic regression to develop the resource selection function. Resource 

selection functions take the following form (Manly et al. 2002:100): 

w(x) = exp(Bixi + B2x2 + ... + 

where w(x) is the proportional probability of habitat selection by gravid rattlesnakes, and 

B, is the coefficient of variable x1. 

I computed small sample size adjusted Akaike's information criteria (AIC) for 

each of a set of gravid rattlesnake habitat selection models. The set of models analyzed 

included all combinations of variables for which univariate tests showed significant 

differences (p<0.05) between measures at gravid rattlesnake habitat and random sites. 

The model in which AlCc was minimized was considered the best model given the data 
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and set of candidate models. However, I considered models with AICc differences of less 

than or equal to two equivalent and reported them (Burnham and Anderson 1998). 

RESULTS 

Radio Telemetry 

Seven gravid rattlesnakes were captured and implanted with radio transmitters. 

However, due to transmitter failure, I followed only one gravid rattlesnake (the snake) 

through to parturition. The results presented are based only on this snake; 43 relocations 

were obtained. The snake was captured on 17 May in a drift fence along the top of the 

river escarpment in the Frog Pond area of CFB Suffield. After release at the drift fence, 

the snake moved approximately 380m out onto the prairie plateau. The snake remained 

on the plateau until the beginning of July, making only four long distance movements 

(>lOm), when it moved below the cliff edge into the ravine where its den is believed to 

have been located (Figure 6). The snake remained there for the rest of the summer until 

parturition; five neonates were observed. Unfortunately, her signal was lost and she could 

not be tracked back to her den. At each location the snake was observed either basking in 

the sun or seeking cover (vegetative or small mammal hole). A small mammal hole was 

present within a 1m2 quadrat of her location at all times. The size of the holes were 

consistent with burrows excavated by Richardson's ground squirrels (Spermophilus 

richardsonii), thirteen-lined ground squirrels (Spermophilus tn decemlineatus) , Northern 

poóket gophers (Thoinomys talpoides), or Nuttall's cottontails (Sylvilagus nuttallii), which 

have been recorded in the area (Reynolds et al. 1999). No other snakes were observed 

with the snake in this study. 
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Figure 6. Gravid rattlesnake locations. 

Availability Data Set 

The snake moved a perpendicular distance of 640m from the river. Consequently, 

the study area had a 640m radius. I generated 300 random points in the study area to 

create the availability data set and I characterized them in the field for the same 

biophysical attributes as the snake relocation data. 
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Univariate Statistics 

Habitat used by the gravid rattlesnake was not located randomly across the 

landscape with respect to the percentage of grass, cactus, and sand within a 1 m2 quadrat, 

distance to the river (Table 5, Figure 7), slumping (x2(2) = 10.9, p = 0.004; Figure 8), and 

aspect (2(7) 67.4, p<O.00l; Figure 8). Compared to data collected at random points in 

the study area, gravid rattlesnake habitat had significantly less grass and more cactus and 

sand within a 1 m2 quadrat, and was found at increased distances from the river. Gravid 

rattlesnake habitat was found on both flat land and stable slopes and at flat and southeast 

aspects. A small mammal hole was found within a 1m2 quadrat in 100% of snake 

relocations (n = 43), compared to only 3% of 300 random points (2(j) = 275. 1, 

p<0.0 01). 

Table S. T-test results comparing habitat used by the gravid rattlesnake and 
availability. 

Variable t-statistic Degrees of Freedom p-value 

Percentage of Grass (1m2) 6.5 108.1 <0.001* 

Percentage of Cactus (1m2) 4.7 47.0** <0.001* 

Percentage of Shrub (1m2) 1.1 141.0** 0.266 

Percentage of Sand (1m) 6.2 132.8** <0.001* 

Slope 1.2 92.2** 0.225 

Distance to River 2.6 48.8** 0.012* 
*significant at the 0.05 level 
**Levene's Test 
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Figure 7. The median and quartiles of (a) % grass within 1m2 quadrat, (b) % cactus 
within 1m2 quadrat, (c) % shrub within 1m2 quadrat, (d) % sand within 1m2 
quadrat (e) slope, and (1) distance to river for habitat used by the gravid 
rattlesnake and availability. 
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Figure 8. The percent of gravid rattlesnake habitat and availability locations in each 
(a) slumping and (b) aspect category. 
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Gravid Rattlesnake Habitat Selection Models 

I used the results of the univariate tests to select variables for inclusion in the 

logistic regression models; I included variables for which gravid snake sites differed 

significantly from random points (p<O.05), except the presence of a hole. I initially ran 

the models including the presence or absence of a hole and found that the effect 

overwhelmed the role of other variables. Therefore, the variables selected for the resource 

selection models were: % grass, cactus, and sand within a 1m2 quadrat, distance to river, 

slumping and aspect. Domination occurred between the two categorical variables of 

aspect and slumping. Chi-square test results showed that differences between habitat use 

and availability were more significant for aspect (p<O.00I) than slumping (p = 0.004), 

therefore, I removed slumping from further analysis. 
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I computed the small sample size adjusted Akaike's information criteria (AIC) 

for each combination of the variables. Two models had AICc differences of less than or 

equal to two (Aj2) (Table 6). The Akaike weights (wi) indicated that the first model was 

2.27 (0.694/0.306) times more likely to be the best predictor of habitat selected by gravid 

rattlesnakes than the second model. The best model included aspect, distance to river, and 

percentage of sand and cactus within a 1 m2 quadrat (table 7). Beta values indicated that 

gravid prairie rattlesnake habitat is more likely to occur with southeast aspects (compared 

to flat), farther away from water, and with an increasing proportion of sand and cactus at 

the site. The Nagelkerke R2 statistic indicated that approximately 62.7% of the 

"variation" in the outcome variable was explained in the logistic regression model. See 

Appendix 3 for regression results of the two equivalent models. 

Table 6. AIC analysis (<=2) of models predicting habitat use by gravid prairie 
rattlesnakes. 

Variables K -2LL AICC & WI 

Aspect, Distance to River, Sand, Cactus 12 120.384 145.329 0.000 0.694 

Aspect, Distance to River, Sand, Cactus, Grass 13 119.861 146.967 1.638 0.306 
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Table 7. Regression results for the best model predicting habitat use by gravid prairie 
rattlesnakes. 

Degrees of 
Variable Beta Coefficient Standard Error Freedom Significance 

Aspect 7 <0.001* 

North -3.767 190.044 1 0.984 

Northeast -9.522 44.826 1 0.832 

East -9.185 36.919 1 0.804 

Southeast 5.375 0.943 1 <0.001* 

South -9.930 189.261 1 0.958 

Southwest -5.966 137.874 1 0.965 

West -4.290 146.372 1 0.977 

Distance to River 0.011 0.003 1 <0.001* 

Sand 0.069 0.013 1 <0.001* 

Cactus 0.055 0.016 1 0.001* 

Constant -8.921 1.448 1 <0.001* 

*significant at the 0.05 level 

DISCUSSION 

Gravid rattlesnakes are expected to select habitat on the basis of suitability for 

gestation and parturition (Gibbons and Semlitsch 1987). While males and non-gravid 

female rattlesnakes migrate away from hibernacula in search of prey during the active 

season (Duvall et al. 1990, King and Duvall 1990), gravid females, which feed 

infrequently, if at all (Keenlyne 1972, MacArtney and Gregory 1988), remain in the 

vicinity of hibernacula (Gannon and Secoy 1985, MacArtney and Gregory 1988). Gravid 

rattlesnakes are often observed in aggregations at birthing rookeries, sites often 

characterized by large flat table rocks or rock piles Keen1yne 1972, Duvall et al. 1985, 

MacArtney and Gregory 1988). 
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Incubation within appropriate thermal limits is important for the normal 

development of reptilian embryos (Osgood 1978). Rattlesnakes, which are ovoviviparous, 

maintain their embryos internally and can potentially control their temperature of 

development through behavioural thermoregulation. Although the mean body 

temperatures of gravid and non-gravid female rattlesnakes do not differ (Charland and 

Gregory 1990), gravid rattlesnakes maintain significantly less variable body temperatures 

than males and non-gravid females (Gier et al. 1989, Charland and Gregory 1990). 

Greater aboveground thermoregulatory activity levels (e.g. sunning, shading) are 

consistently observed in gravid rattlesnakes (Gannon and Secoy 1985). 

In my study, the gravid rattlesnake selected habitat in a non-random manner, 

appearing to optimize thermal conditions and hiding cover. Unlike other studies of gravid 

rattlesnakes (Keenlyne 1972, Duvall et al. 1985, MacArtney and Gregoly 1988), there 

were no large table rocks, rock outcrops, or rock piles present my study area. However, a 

small mammal hole large enough for the snake to enter was always present at sites 

selected by the snake, although they were relatively uncommon in the study area (3% of 

random locations). Other selected habitat attributes included southeast and flat aspects, 

increasing distance from the river, and an increase in the proportion of sand and cactus at 

the site. 

Rattlesnakes require adequate refuges from adverse weather conditions and 

enemies (Klauber 1997). While foraging, rattlesnakes often occupy mammal burrow 

systems for several weeks, occupying the holes and ambushing prey (Duvall et al. 1985, 

1990). While being an effective method of prey capture, the occupation of mammal holes 

provides refuge from the sun and predators. Although not used to secure prey, the 
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occupation of mammal burrows by gravid rattlesnakes was found to be an important 

habitat feature in my study area. These holes likely provided hiding cover from predators, 

shade during the day, and warmer than ambient thermal conditions at night. Although I 

could find no specific reference in the literature to a symbiotic relationship between 

gravid rattlesnakes and burrowing mammals, observations of communal birthing areas 

(rookeries) characterized by abandoned mammal burrows beneath large table rocks were 

made by Duvall et al. (1985). In Chapter 2, I found that mammal burrows located on east 

facing, stable slopes appear to be commonly used by rattlesnakes as hibernacula in my 

study area and it is well documented that small mammals form a large component of the 

diets of rattlesnakes (e.g. Diller and Johnson 1988, Wallace and Diller 1990, Klauber 

1997, Hill et al. 2001). The ecological significance of burrowing mammal populations to 

rattlesnakes warrants further study. 

The rattlesnake was relatively sedentary throughout the active season and was 

often observed basking in the sun or seeking cover (vegetative or a small mammal hole). 

For the first half of the active season she rested on the prairie plateau, and then moved 

below the cliff edge into the river escarpment until parturition. On the prairie plateau, 

habitat was selected in which thermoregulation conditions were likely optimized for 

embryo development. Flat aspects maximized the amount of sunlight received at a site 

and solar radiation absorbed at sandy sites provided a source of heat for maintaining 

nighttime temperatures necessary for embryo development. In addition to providing 

security cover, the presence of a small mammal hole and vegetative cover (i.e. cactus, 

sage brush) allowed the snake to seek cover from the sun when it was too warm. In the 

river escarpment, the rattlesnake appeared to select habitat that optimized 
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thermoregulation opportunities and the chances of survival of her young. 

Thermoregulation was optimized within the escarpment by taking advantage of southeast 

aspects with sandy sites. Again, the rattlesnake selected habitat in which a hole was 

present. The ability to rapidly locate suitable winter refugia shortly after birth is essential 

for neonatal rattlesnakes in northern climates, where neonates use the same hibernacula 

as adults (Duval et al. 1985, Gannon and Secoy 1985). By selecting parturition sites in 

the river escarpment where hibernacula are located (see Chapter 2), gravid rattlesnakes 

may increase the likelihood that neonates will locate suitable bibernacula for the winter. 

Because the location of the hibernaculum of the rattlesnake in this study was 

unknown, the maximum distance traveled by the rattlesnake was calculated using the 

farthest perpendicular distance from the river, which was 640m. This likely 

overestimated the actual movement radius of the snake from the hibernaculum site. 

Gravid rattlesnakes in the study area have been observed to move as much as 1 km from 

their hibernaculum (Didiuk 1999). Unlike the snake observed in my study, Didiuk (1999) 

• found that radio-marked gravid rattlesnakes on CFB Suffield remained along the river 

escarpment and did not migrate up onto the prairie plateau. Further research is required to 

better understand the selection of habitat by gravid prairie rattlesnakes around 

hibemacula. 
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CHAPTER 4: APPLICATION OF HIBERNACULA AND GRAVID PRAIRIE 

RATTLESNAKE HABITAT SELECTION MODELS TO LAND USE DECISION-

MAKING IN SOUTHEASTERN ALBERTA 

in Alberta, prairie rattlesnakes appear to be limited in distribution and abundance 

by the availability of suitable hibernacula (Cottonwood Consultants 1987, Gannon 1978, 

MacArtney and Weichel 1989, Pendlebury 1977), summer foraging areas, and birthing 

habitat (Watson and Russell 1997). The availability of suitable habitat for prairie 

rattlesnakes may be declining in the province due to the loss of native prairie through 

increased cultivation and development, the construction of roads and pipelines, and 

intentional persecution (Watson and Russell 1997). In Alberta, public lands and natural 

resources (i.e. wildlife) are the responsibility of the provincial government. The Public 

Lands Division of the Ministry of Sustainable Resource Development (SRD) is 

responsible for managing and making land use decisions on public land, and for issuing 

dispositions to land users. Their philosophy is one of integrated resource management 

(IRM), in which the agency attempts to manage the land for multiple uses, including 

watershed protection, recreation, water, fish and wildlife, grazing, forest production and 

industrial development (Public Lands Division 2002). The Fish and Wildlife Division of 

SRD is responsible for managing the sustainability of fish and wildlife resources in the 

province; one of their roles being to provide recommendations to public land managers 

and land users to help avoid or minimize the potential adverse effects of land use 

activities on wildlife and wildlife habitat. 
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To protect wildlife and wildlife habitat, the terms and conditions of dispositions 

authorized by Public Lands are to be followed by the land user. Fish and Wildlife has 

developed guidelines for development around selected wildlife species and key wildlife 

areas. One such document, "Recommended Land Use Guidelines for Protection of 

Selected Wildlife Species and Habitat within Grassland and Parkland Natural Regions of 

Alberta", recommends timing and setback restrictions for selected species and habitat; 

prairie rattlesnake hibemacula being one element (Table 8) (Fish and Wildlife Division 

2001a). 

Table 8. Recommended restricted activity dates and setback distances by land use 
category for prairie rattlesnake hibernacula (Fish and Wildlife Division 
2001a). 

Restricted Setback Distances by Land Use Category* 

Species Key Areas Activity None Short-Term Long-Term 
Dates 

Prairie 
Rattlesnake 

Hibernacula 

Apr 1-May 31 200m 200m 200m 

Jun 1-Aug 14 50m 200m 200m 

Aug 15-Oct 31 200m 200m 200m 

Nov 1 -Mar 31 1 00 200m 200m 

*Land use categories are defined as follows: None (e.g. surveying, monitoring), Short-Term Vegetative Disturbance (e.g. low footprint 
seismic activities), Long-Term Vegetation Disturbance, Human Structures Created, or Soils Disturbed (e.g. welisite, powerline, pipeline, 
battery, road). 

According to the Public Lands Division (2002), consideration is given to species 

with provincial rankings of 'at risk', 'may be at risk', and 'sensitive', and to species that 

are rare, used for recreational purposes or provide economic benefits to the province. The 

prairie rattlesnake has a general status of 'may be at risk' and is legally designated as a 

'non-game animal' and further described as 'data deficient'. Designated non-game 
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animals receive protection in which it is illegal to kill, possess, buy or sell these species 

in Alberta. Additionally, hibemacula of prairie rattlesnakes are protected yearlong under 

the Alberta Wildlife Act/Regulation. 

APPLICATION OF MODELS TO LAND USE DECISION-MAKING 

Within the current legal framework and management structure, the greatest 

challenge for Fish and Wildlife is mapping the location of listed or sensitive wildlife 

species and their associated habitats; protection cannot occur without identification. 

Because of funding restrictions and subsequent personnel shortages, the ability of Fish 

and Wildlife staff to go out into the field and locate such sites is limited (J. Taggart pers. 

comm.). As such, development of ecological models that aid in the location of wildlife 

and habitat are of great assistance. The Division of Fish and Wildlife in Medicine Hat 

solicited the development of such models within prairie rattlesnake habitat (D. Eslinger 

pers. comm.). Consequently, my research developed resource selection functions 

predicting the occurrence of prairie rattlesnake hibernacula and habitat selection by 

gravid prairie rattlesnakes along the South Saskatchewan River in Alberta. These models 

were based on data collected in the field and were developed as land use decision-making 

tools to be used with geographic information systems (GIS) to aid Alberta Sustainable 

Resource Development in protection of prairie rattlesnake habitat. 

Alberta Sustainable Resource Development can use the models developed in this 

study to stratify the landscape so that in areas of probable den and gravid rattlesnake 

habitat occurrence, operating conditions for industry are changed. I recommend that the 

den site selection model be applied to an area in which development is proposed so that 
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probable areas of den occurrence are delineated over the landscape. I then recommend 

that a buffer be applied to the probable areas of den occurrence, representing the habitat 

required by gravid rattlesnakes around probable den site areas. In my study, the distance 

moved by the rattlesnake from its hibernaculum was unknown. However, on CFB 

Suffield, Didiuk (1999) found that radio marked gravid rattlesnakes moved 

approximately 1km from their dens. Consequently, until further research modifies this 

distance, I recommend that a 1km buffer be applied (Figure 9). If development is to occur 

within the areas delineated on the landscape, operating conditions should be changed so 

that a complete census of these areas is performed to locate rattlesnake dens. Wildlife 

consultants, hired by industry, should conduct these searches during fall ingress or spring 

emergence when aggregations around dens make detection possible. If a den is located, a 

protective notation should be placed on the land, restricting development to protect the 

den and associated habitat required by gravid rattlesnakes. If a den is found within 1km 

of a proposed development, setback and timing restrictions should be implemented. I 

recommend that the guidelines developed by Fish and Wildlife for development around 

prairie rattlesnake hibernacula be modified to include the protection of gravid rattlesnake 

habitat (Table 9). 
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Figure 9. 1 k buffer around areas classified as probable (0.01 - 1.00, white), based on 
the best den site selection model, extrapolated to area around the study area. 

Probable Occurrence 
of Prairie Rattlesnake 
Hibernacula 

lkrnBüffér 
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Table 9. Revised recommended restricted activity dates and setback distances by land 
use category for prairie rattlesnake hibernacula to protect gravid rattlesnake 
habitat. 

Restricted Setback Distances by Land Use Category* 

Species Key Areas Activity None Short-Term Long-Term 
Dates 

Prairie 
Rattlesnake 

Hibernacula 

Apr 1 -May 31 200m 1000m 1000m 

Jun 1-Aug 14 50m 1000m l000rn 

Aug 15-Oct 31 200m 1000m l000m 

Nov 1 -Mar 31 lOOm 200m 1000m 

*Land use categories are defined as follows: None (e.g. surveying, monitoring), Short-Term Vegetative Disturbance (e.g. low footprint 
seismic activities), Long-Term Vegetation Disturbance, Human Structures Created, or Soils Disturbed (e.g. weilsite, powerline, pipeline, 
battery, road). 

Additionally, the den site selection model developed in this study can be used as a 

tool by Fish and Wildlife to focus surveys for prairie rattlesnake hibernacula along the 

South Saskatchewan River and perhaps along other river drainages within the species' 

range in Alberta. However, as a word of caution, predictive ability decreases when the 

value of variables in an area are outside those used to derive the original model (Zar 

1999). Therefore, the model is best applied to areas similar to the study area. By 

classifying the probability surface derived from the model into probable and no 

probability classes, time spent in the field is minimized by searching only those that are 

probable. 

In 2001, the Division of Fish and Wildlife set out recommendations and future 

directions for prairie rattlesnake protection in the province, including: 1) work on 

refinement of (hibernaculum) predictive tools to improve accuracy and reliability; 2) 

expand this type of project range-wide so that a more extensive search of hibernacula can 

be conducted throughout the major river valleys in southern Alberta; and 3) place 
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adequate levels of protection on all den sites to provide year-round security (Fish and 

Wildlife Division 200 ib). The research developed in this study helps to meet these 

objectives. The hibernacula suitability map provides a quantitative model based on actual 

data collected at den sites to predict the location of hibernacula, which can be 

extrapolated to other river drainages throughout the prairie rattlesnake's range. Once 

located, adequate levels of protection can be placed on den sites. Evaluation of the model 

developedin this study and those developed through air photo interpretation and land 

classification needs to be carried out to determine if accuracy and reliability have been 

improved. The development of an appropriate experimental design to gather new 

bibernaculum data is required to determine the predictive validity of each model (Johnson 

2001). 

Future research concerning the development of hibernaculum selection models 

needs to consider inclusion of remotely sensed variables currently unavailable or 

unavailable at suitable scales for model development. For example, hibernacula depth 

and humidity may play an important role in determining the location of a den. 

Additionally, further development of gravid rattlesnake habitat selection models using the 

protocol developed in this study will provide information required to maintain adequate 

reproductive habitat around hibernacula. 
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MANAGEMENT RECOMMENDATIONS 

Management of the prairie rattlesnake in Alberta must address the threats faced by 

the species: loss or alteration of native grassland habitat, mortality associated with roads 

and pipeline construction, and intentional persecution (Watson and Russell 1997). My 

results suggest that habitat management for prairie rattlesnakes must consider protection 

of the river escarpment and coulees throughout the prairie rattlesnake's range in Alberta. 

Development should be avoided in these areas. However, if land use is to occur, 

appropriate timing restrictions and setback distances should be implemented to minimize 

effects on hibernacula and birthing habitat. Additionally, because the availability of 

burrows created by mammals, (i.e. badgers, ground squirrels) appears to be a limiting 

factor for hibernacula and gravid rattlesnake habitat in the study area (Didiuk 1999, pers. 

obs.), management of the native prairie for these species must also be considered. Small 

mammal abundance is also an important factor determining availability of prey during the 

summer, as the diet of prairie rattlesnakes consists primarily of small mammals (Klauber 

1999, Hill et al. 2001). 

Each year, the migration of male and non-gravid female prairie rattlesnakes out 

onto the prairie plateau in search of prey (Duvall etal. 1990), results in mortality caused 

by roads and pipeline construction (Cottonwood Consultants 1987, Watson and Russell 

1997, Didiuk 1999). Snakes are killed by vehicles on roads or fall into pipeline trenches 

and are filled in. Fortunately, companies are beginning to monitor and remove 

rattlesnakes from trenches, greatly reducing the mortality associated with pipeline 

construction (Watson and Russell 1997). However, road mortality still poses a threat to 

rattlesnake populations. In the study area, many snakes are killed each year by vehicles 
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on roads (Powell et al. 1998, Didiuk 1999, pers. obs.). Management for the prairie 

rattlesnake must address the issue of road mortality throughout its range. Radio-marked 

snakes on CFB Suffield moved up to 24.7 km from hibernacula (Didiuk 1999), indicating 

that roads at great distances from hibernacula are potential threats to rattlesnakes. 

Although site-specific research must be performed to determine effectiveness for prairie 

rattlesnakes in Alberta, road mortality mitigation measures can include measures such as 

snake tunnels/culverts and fences, seasonal road closures, elevation of road surfaces, 

diversion of roads, diversion of habitat, and implementation of traffic speed control and 

signs. 

Thethird threat posed to rattlesnake populations is that of intentional persecution 

resulting in direct killing of individuals and/or destruction of critical den sites. A 

misunderstood and feared wildlife species, the rattlesnake is sometimes intentionally 

killed and its dens destroyed. The destruction of hibernacula is a particular concern for 

prairie rattlesnake populations because rattlesnakes appear to exhibit high fidelity to den 

sites (Duvall et al. 1985). Consequently, the loss of such sites may result in high mortality 

if rattlesnakes fail to find a suitable overwintering alternative (Watson and Russell 1997). 

Although public attitudes toward rattlesnakes appear to be improving, public education 

and information programs on the importance of rattlesnakes, their conservation and how 

to avoid negative interactions are recommended (Cottonwood Consultants 1987, Ernst 

2002). 

Management of prairie rattlesnakes and associated habitat (and other species of 

management concern) is the responsibility of the Fish and Wildlife Division of the 

Ministry of Sustainable Resource Development, while the responsibility for managing 
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public lands and issuing dispositions to land users is that of the Public Lands Division. 

Because of this management structure and the legal system in Alberta, Public Lands has 

the primary authority for management of cumulative effects of development on wildlife 

habitat. Presently, the only protection afforded prairie rattlesnake habitat is for 

hibernacula. Public Lands and land users are under no legal obligation to follow Fish and 

Wildlife recommendations for development guidelines or for performing pre-construction 

inventories. Therefore, within these constraints, it is critical that Fish and Wildlife locate 

critical rattlesnake habitat and residences so that protective measures can be 

implemented. Development of predictive models to aid Fish and Wildlife personnel and 

the continuation of research into species of management concern in the province is 

critical for providing Fish and Wildlife with the tools and information necessary for the 

protection of Alberta's wildlife. 

Should the conservation status of rattlesnakes decline in Alberta to a level where 

the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) lists the 

species as 'endangered' or 'threatened', provisions of the recently enacted federal Species 

at Risk Act could be invoked to prevent further destruction of critical habitat in the 

province. It is my hope that appropriate measures will be applied to mitigate further 

habitat destruction and other human activities that adversely affect rattlesnake 

populations, and that federal listing of the Alberta population will remain unnecessary. 
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APPENDIX 1: VARIANCE GRAPHS USED TO DETERMINE # RANDOM 

POINTS IN DEN SITE SELECTION MODEL AVAILABILITY DATA SET 
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APPENDIX 2: REGRESSION RESULTS FOR EQUIVALENT MODELS 

PREDICTING THE OCCURRENCE OF PRAIRIE RATTLESNAKE 

HIBERNACULA 

Model #1: 

Degrees of 
Variable Beta Coefficient Standard Error Freedom Significance 

Slope 0.184 0.034 1 <0.001* 

Slumping 3 0.021* 

Active 8.615 19.016 1 0.651 

Potential 9.742 19.013 1 0.608 

Stable 7.188 18.997 1 0.705 

Fall Solar Duration 0.015 0.007 1 0.027* 

West-East Aspect 0.021 0.011 1 0.053 

Constant -25.385 19.606 1 0.195 
*significant at the 0.05 level 

Model #2: 

Degrees of 
Variable Beta Coefficient Standard Error Freedom Significance 

Slope 0.182 0.034 1 <0.001* 

Slumping - - 3 0.020* 

Active 8.561 18.940 1 0.651 

Potential 9.664 18.937 1 0.610 

Stable 7.109 18.921 1 0.707 

Fall Solar Duration 0.014 0.007 1 0.03 1* 

West-East Aspect 0.022 0.011 1 0.030* 

Terrain Ruggedness 0.585 1.525 1 0.701 

Constant -25.409 19.516 1 0.193 
*significant at the 0.05 level 
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APPENDIX 3: REGRESSION RESULTS FOR EQUIVALENT MODELS 

PREDICTING HABITAT USE BY GRAVID PRAIRIE RATTLESNAKES 

Model #1: 

Degrees of 
Variable Beta Coefficient Standard Error Freedom Significance 

Asect 7 <0.001* 

North -3.767 190.044 1 0.984 

Northeast -9.522 44.826 1 0.832 

East -9.185 36.919 1 0.804 

Southeast 5.375 0.943 1 <0.001* 

South -9.930 189.261 1 0.958 

Southwest -5.966 137.874 1 0.965 

West -4.290 146.372 1 0.977 

Distance to River 0.011 0.003 1 <0.001* 

Sand 0.069 0.013 1 <0.001* 

Cactus 0.055 0.016 1 0.001* 

Constant -8.921 1.448 1 <0.001* 
*sign ificant at the 0.05 level 
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Model #2: 

Variable  

Aspect 

North 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Distance to River 

Sand 

Cactus 

Grass 

Constant 

Beta Coefficient Standard Error 
Degrees of 
Freedom Significance 

7 <0.001* 

-4.508 189.133 1 0.981 

-9.606 45.261 1 0.832 

-9.259 37.314 1 0.804 

5.226 0.959 1 <0.001* 

-9.954 189.200 1 0.958 

-6.261 142.082 1 0.965 

-4.378 146.462 1 0.976 

0.012 0.003 1 <0.001* 

0.057 0.020 1 0.005* 

0.042 0.023 1 0.073 

-0.014 0.018 1 0.455 

-7.705 2.125 1 <0.001* 
*significant at the 0.05 level 
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