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Abstract 

Prairie dogs (Cynomys ludovicianus) are considered a keystone species due to 

their ecological role in maintaining the prairies. In Canada, they are federally listed as a 

threatened species. This study was conducted to identify the limiting factors to the 

expansion of prairie dog colonies in Grasslands National Park, Saskatchewan. I tested 

different hypotheses to compare landforms, vegetation, and soil characteristics in three 

treatments: consistently occupied (Consistent), inconsistently occupied (Inconsistent), 

and never occupied (Buffer) by prairie dogs. I sampled four prairie dog colonies (blocks) 

from 17 July 2019 to 28 August 2019 using a randomized complete block design. I used 

ANOVA to test variables for significant differences among treatments. My results 

showed that hills, water channel, shrublands, grass cover, shrub cover and vegetation 

height classes (>30 cm) were significantly higher (p <0.05) in Buffer compared to 

Consistent and Inconsistent. Shrubs and tall vegetation should be mowed down to 

enhance the expansion of prairie dog colonies for restoring their population. 

Keywords:  prairie dogs; Cynomys ludovicianus; colony expansion; barriers; habitat 

use; restoration 
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Chapter 1. Introduction 

1.1. Prairie dog biology and their decline 

Prairie dogs (Cynomus spp.) are social, burrowing animals forming an integral 

part of the North American prairie grasslands (Hoogland, 2006). Prairie dogs maintain 

species diversity, ecosystem function and habitat heterogeneity with their feeding and 

burrowing behavior (Miller et al., 2007; Davidson et al., 2012), and so are regarded as a 

keystone species (Kotliar et al., 2006) and habitat engineer (Jones et al., 1994). 

There are five sub-species of prairie dogs in two subgroups (black-tailed and white-

tailed) within the genus Cynomys (Hoogland, 2006). The black-tailed subgroup 

(subgenus Cynomys) contains black-tailed prairie dog (C. ludovicianus) and mexican 

prairie dog (C. mexicanus). The white-tailed subgroup (subgenus Leucocrossuromys) 

contains gunnison prairie dog (C. gunnisoni), utah prairie dog (C. parvidens), and white-

tailed prairie dog (C. leucurus). Among these, black-tailed prairie dog (‘prairie dogs’ from 

here) is the most widely distributed, ranging from southern Canada to northern Mexico 

(Knowles et al., 2002). 

In the last 20th century, black-tailed prairie dog populations suffered drastic decline 

across their entire range (Proctor et al., 2006) due to multiple factors such as habitat 

loss and fragmentation from native prairies conversion into agriculture and urban lands 

(Hoogland, 2006), prairie dog poisoning programs (Delting, 2006), and sylvatic plague 

outbreak (Cully et al., 2010). At present, prairie dogs are distributed within 2% of their 

historical range (Knowles et al., 2002; Proctor et al., 2006; Miller et al., 2007). 

The decline in prairie dog populations negatively impacted the native prairies as the 

result of loss of ecological service provided by prairie dogs to habitat (Ceballos et al., 

2010; Lourdes et al., 2013) and to associated wildlife species such as burrowing owls 

(Athene cunicularia), mountain plover (Charadrius montanus) and black-footed ferrets 

(Mustela nigripes) (Miller et al., 2007; Davidson et al., 2012). Burrowing owls and 

mountain plovers rely on prairie dog colonies for their nesting habitat (Kotliar et al., 

1999), and black-footed ferrets prey on prairie dogs (Kotliar et al., 2006; Miller et al., 

2007). The decline in the prairie dog populations enhanced shrub encroachment (Van 
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Auken, 2000), which reduced forage quality and quantity for plains bison (Bison bison) 

(Fahnestock & Delting, 2002). 

1.2. Background and Rationale 

In Canada, a small population of prairie dogs is confined within and around the 

west block of Grasslands National Park (GNP) in southern Saskatchewan. It is 

geographically isolated from all other populations found in the US (COSEWIC, 2011). 

Federally, it is listed as ‘threatened’ (SARA, 2020) and provincially ranked as S2 

(Imperiled/very rare) (Saskatchewan Conservation Data Centre, 2019). The primary 

drivers of historical declines and current fluctuation in abundance of this population are 

poorly understood, but most likely, climate plays an important role (Stephens et al., 

2018). Also, the spatial analysis of prairie dog colonies from year 2000 to 2017 (GIS 

data for prairie dog colonies was shared by GNP) showed that colonies didn’t expand 

beyond their maximum perimeter observed in 2009. 

Severe winters, short growing seasons, and an expected increase in drought periods 

can potentially limit food availability for prairie dogs in Canada (COSEWIC, 2011; Lloyd 

et al., 2013). Based on research in the United States, prairie dogs prefer areas with high 

availability and quality of grass and forb. Their diet contains more than 85% grass and a 

maximum of 12% forb (Uresk,1984; Clippinger, 1989;). Prairie dogs prefer areas with 

low shrub density and low vegetation height (optimal <30 cm and maximum ≤60 cm) for 

predator vigilance (Clippinger, 1989; Hoogland, 2006; Avila-Flores, 2009). They select 

terrain with slope <10 degrees, with deep (>1 m), well-drained soil suitable for burrow 

construction (avoiding extreme soil and rocky content)  (Reading & Matchett, 1997; 

Clippinger, 1989; Hoogland, 2006). 

Peripheral populations often have less optimal habitat comparing to center of their 

distribution (Brown, 1984; Caughley et al., 1988). So, animals become more selective to 

choose habitat patches at periphery of their distribution (Brown, 1984; Proctor, 2006; 

Avila-Flores, 2009). This selection can decrease the frequency of occurrence and 

population density at periphery (Brown, 1984; Hampe & Petit, 2005). Selection criteria 

could be different at the regional and site-specific scale (Johnson,1980). The relationship 

between occupancy and habitat attributes could be studied by comparing used and 

unused sites (Manley, 2002). 
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Few studies have been done in Canada to understand the mechanism behind fluctuation 

of prairie dog population and steady maximum colonies extent, using both observational 

and manipulative experiments. Lloyd (2011) examined if food is a limiting factor for 

growth of prairie dog population and expansion of prairie dog colonies in GNP using a 

control. She did not find significant results for food as a limiting factor to prairie dogs. 

She also stated that predator pressure is not such abundant to decline the prairie dog 

populations. Lloyd suggested that prairie dog colonies are surrounded by tall vegetation, 

a non-preferred food, which might be limiting factor for expansion of prairie dog colonies 

in GNP, along with a temporal variation in food demands. 

Stephens (2012) studied factors associated with the distribution of prairie dogs by 

comparing abiotic variables (elevation, slope, terrain ruggedness, mean winter solar 

radiation, surficial geology, and soil texture) in used and unused units on a regional level 

using remote sensing data. She found that elevation, slope, and terrain ruggedness 

were significantly lower in used sites. She did not use vegetation (primarily a food 

requirement) as a predictor variable because the difference in vegetation characteristics 

is heavily influenced on and off colonies by prairie dogs foraging and clipping behavior 

(Koford, 1958; Hoogland, 1995). Stephens et al. (2018) studied the potential impact of 

climate change on prairie dog populations in Canada. Their study suggested that the 

predicted increase in drought conditions may affect prairie dog populations in the future. 

Thorpe and Stephens (2017) developed a habitat suitability model (HSM) as an early 

initiative to form a conservation strategy for the population of prairie dogs and greater 

sage grouse (Centrocercus urophasianus) at a regional scale. They mapped potential 

habitat for prairie dogs in the west block of GNP, using coarse remote sensing data on 

slope, mean winter solar radiation, soil texture, pH, organic carbon, and distance from 

water. They did not use vegetation data as a result of prairie dogs influence (Thorpe & 

Stephens, 2017). 

1.3. Study Approach 

My study goal was to collect ground data on both abiotic and biotic factors to compare 

between occupied and non-occupied sites, to see if they are limiting the expansion of 

prairie dog colonies in GNP. I classified my variables into three types: landforms (hills, 

water channel, shrublands, topology), vegetation (grass cover, forb cover, shrub cover 
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and vegetation height), and soil (soil texture, relative soil moisture , soil pH and 

nutrients). I selected these variables based on their direct and indirect influence on 

prairie dogs habitat requirements and preference (Koford,1958; Clippinger, 1989; 

Hoogland, 1995; Reading & Matchett, 1997; Roe & Roe, 2003; Gummer, 2005; Avila-

Flores, 2009; Moebius-Clune et al., 2016). Soil pH and nutrients have a direct influence 

on vegetation growth and thus could indirectly affect the availability and quality of forage 

for prairie dogs (Moebius-Clune et al., 2016). 

When I compared the boundaries of prairie dog colonies from year 2000 onwards in 

ArcMap (10.6), it was interesting to see that some habitat was consistently occupied by 

prairie dogs in every year. In contrast, some patches were inconsistently occupied by 

prairie dogs. Prairie dogs could have a significant impact on vegetation and soil at 

occupied (active), abandoned (inactive) sites as a result of their foraging, clipping, and 

burrowing activities (Osborn and Allain,1949; Koford,1958; Klatt and Hein 1978; 

Coppock et al.,1983; Barth et al., 2014; Gervin et al., 2019). Considering this, I divided 

occupied sites into Consistent and Inconsistent treatments. Consistently occupied sites 

might represent a preferred habitat in comparison to Inconsistently occupied (T. 

Stephens, personal communication, May 25, 2019). 

I tested different hypotheses to see if landforms, vegetation, and soil characteristics 

were significantly different across occupied (Consistent & Inconsistent) and non-

occupied sites (Buffer) of prairie dogs. This study will fulfill the research gap in 

understanding the critical limiting factors for the expansion of prairie dog colonies in 

GNP. This information will be further useful to refine the Habitat Assessment Index (HAI) 

(unpublished, Calgary Zoo) as a decision tool for the restoration and creation of prairie 

dog colonies in GNP. 
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Chapter 2. Study Area 

2.1. Location 

This study was conducted in GNP (49°070N 107°450W), situated in southern 

Saskatchewan near the United States border (Fink, 2014). GNP was founded in 1981 to 

protect an area of 905.52 km2. It is divided into isolated east and west blocks, both 

having different physical characteristics (He & Guo et al., 2006). The east block contains 

the badlands of rock creek and wood mountains uplands. The west block is bisected by 

the Frenchman River valley (Parks Canada Agency, 2016) and subdivided into north and 

south sections based on grazing regime. The north section is grazed by bison whereas 

the south section is grazed by cattle. Prairie dogs colonies (n=20) are distributed along 

the Frenchman river, 18 in West block (ten in North and eight in South) and two colonies 

lies outside park boundary (Figure 1). 

2.2. Climate 

The climatic condition of the park is semi-arid, with mean temperature varying between 

12°C in January to 18°C in July. The minimum temperature recorded in January was -

49°C and the highest was 41°C in July (Fink, 2014). The average annual precipitation is 

398 mm and it falls mostly in June and July. Summer drought is quite common and 

occur frequent; the most recent severe drought occurred in 2017 (T. Stephens, personal 

communication, May 20, 2020). 

2.3. Flora and fauna 

GNP is classified as a mixed-grass prairie. It is a transitional zone between tallgrass 

prairie and short grass prairie (Bragg, 1995). Uplands, valleys, and badlands 

characterize the vegetation. Uplands are dominated by spear grass (Heteropogon 

contortus), needle and thread grass (Hesperostipa comate), and blue grama (Bouteloua 

gracilis) grass and western wheatgrass (Pascopyrum). Valley vegetation communities 

mainly consist of western and northern wheatgrass (Agropyron cristatum) and 

sagebrush (Artemisia tridentate) with shrubs and occasional trees along the Frenchmen 

River (Zhaoqin & Xulin, 2012). Sloped communities have mixed upland and valley 
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vegetation species. Crested wheatgrass (A. cristatum) and smooth bromegrass (Bromus 

inermis) are two predominant invasive species in GNP(Li, 2017).  

GNP contains about 300 wildlife species including many endangered and threatened 

species such as burrowing owl, greater sage grouse, greater short-horned lizard 

(Phrynosoma hernandesi), little brown myotis (Myotis lucifugus), mountain plover, 

sprague pipit (Anthus spragueii) and prairie rattlesnake (Crotalus viridis) (COSEWIC, 

2011). The Extirpated species, such as swift fox (Vulpes velox), plains bison, and black-

footed ferret were reintroduced in GNP in 1983, 2006 and 2009 respectively (Parks 

Canada Agency, 2016). At present, there is no recent sighting of reintroduced black-

footed ferret (T. Stephens, personal communication, June 5, 2020), but swift fox and 

plains bison got down listed to threatened species (SARA, 2019). 

 

Figure 1: Map of west block of Grasslands National park, Saskatchewan showing the location of prairie dog 
colonies in 2017. Colonies were distributed along the Frenchman River, 18 colonies lying within west block 

and two colonies are present outside the park boundary. 
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Chapter 3. Goals and Objectives 

3.1. Goal: To identify factors limiting the expansion of 
prairie dog colonies in GNP. 

3.1.1. Objective: To evaluate if landforms are limiting the expansion of 
prairie dog colonies in GNP. 

a. Hypothesis: Presence of hills are limiting the expansion of prairie dog colonies. 

Prediction: Hills are present higher in Buffer comparing to Inconsistent and 

Consistent. 

b. Hypothesis: Presence of shrublands are limiting the expansion of prairie dog 

colonies. 

 Prediction: Shrublands are present higher in Buffer comparing to  Inconsistent 

and Consistent. 

c. Hypothesis: Presence of water channel is limiting the expansion of prairie dog 

colonies. 

Prediction: Water channels are present higher in Buffer comparing to 

Inconsistent and Consistent. 

d. Hypothesis: Topology limits the expansion of prairie dog colonies.  

Prediction: Buffer has steeper, highly undulating terrain in comparison to 

Inconsistent and Consistent. 

3.1.2. Objective: To evaluate if vegetation composition and structure 
is limiting the expansion of prairie dog colonies. 

a. Hypothesis: Vegetation composition is limiting the expansion of prairie dog 

colonies. 

 Prediction: Buffer has higher shrub cover, low grass, and forb cover in 

 comparison to Inconsistent and Consistent. 



8 

b. Hypothesis: Vegetation height is limiting the expansion of prairie dog colonies. 

Prediction: Buffer has high vegetation height in comparison to Inconsistent and 

Consistent. 

3.1.3. Objective: To evaluate if soil characteristics are limiting the 
expansion of prairie dog colonies. 

a. Hypothesis: Soil texture and relative soil moisture is limiting the expansion of 

prairie dog colonies. 

Prediction: Buffer has unsuitable soil texture and low relative soil moisture in 

comparison to Inconsistent and Consistent. 

b. Hypothesis: Soil pH and nutrients (organic matter (C), available nitrogen 

(ammonia (NH4), nitrate (NO3)), and phosphorus (P) are limiting the expansion of 

prairie dog colonies extent: 

Prediction: Buffer has either acidic or alkaline soil, lower C, NH4, NO3, and P in 

comparison to Inconsistent and Consistent. 
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Chapter 4. Methods 

4.1. Sampling design: 

Sampling was conducted in four prairie dog colonies (Sage, Monument, Police, and 

Larson) in northern section of GNP, from 17 July 2019 to 28 August 2019 (Figure 2). I 

combined Monument colonies A and B into a single sampling site because of their 

proximity to each other. Colonies were chosen based on expansion potential as per the 

HSM developed by Thorpe and Stephens (2017) and Parks Canada priorities for multi-

species conservation (L. Stefano, personal communication, June 3, 2019). Following a 

randomized complete block design (RCBD) (Morrison et al., 2009), I stratified colonies 

into three treatments: Consistent, Inconsistent, and Buffer (Figure 2). Treatments were 

classified based on spatial analysis of boundaries of prairie dogs colonies from year 

2000 to 2017 in ArcMap (10.6) using the GIS database provided by Parks Canada. 

Treatment ‘Consistent’ was mapped as an occupied area by prairie dogs every year 

since 2000, and ‘Inconsistent’ was mapped as an intermittently occupied area by prairie 

dogs from 2000 to 2017. The ‘Buffer’ was mapped as an area unoccupied by prairie 

dogs stretched to 120 m by merging occupied (Consistent & Inconsistent) areas since 

2000. Buffer width was selected as double the average size of prairie dog coterie (0.3 

ha) given by Hoogland (1995). In each treatment, I laid 25 points systematically (at an 

equal distance) to sample landform and vegetation variables (Figure 3). For soil 

sampling, I established six points systematically to collect soil samples (Figure 4). If a 

sampling point laid on or near the edge of other treatments, I moved the point 20 m 

inside relative treatment in a random direction to avoid the effect of other treatment. 
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Figure 2: Map of northern section of Grasslands National Park (west block), Saskatchewan, representing 
nine colonies (merged Monument A & B). Four sampling sites (Sage, Monument, Snakepit, Police (Police 
Coulee)) were selected for sampling (highlighted in multi-colors) and stratified into three treatments: 
Consistent (in rose red), Inconsistent (in green), and Buffer (in blue) during 17 July 2019 - 28 August 2019. 
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Figure 3: Map showing systematically laid points (n = 25)  for sampling landforms and vegetation variables in 
occupied (Consistent in rose red, Inconsistent in green ) and unoccupied (Buffer in blue) treatments on Sage 
colony of prairie dogs in Grasslands National Park, Saskatchewan during 17 July 2019 - 3 August 2019 

using ArcMap (10.6). 
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Figure 4: Map showing systematically established points (n=6) for soil sampling in occupied (Consistent in 
rose red, Inconsistent in green ) and unoccupied (Buffer in blue) treatments on Police colony of prairie dogs 
in Grasslands National Park, Saskatchewan during 17 July 2019 - 3 August 2019 in ArcMap (10.6). 

4.2. Data Collection 

The landform and vegetation data were collected from 17 July 2019 to 3 August 

2019 from all three treatments on all four colonies (‘blocks’ from now). All three 

treatments at each block were sampled simultaneously for vegetation to minimize 

phenological variations (Swacha et al., 2017). Soil samples were collected between 18 

August 2019 and 28 August 2019 from all three treatments on all four blocks. Samples 

were collected on dry days and at least 72 hours after the last rain. 

1. Objective: To evaluate if landforms are limiting the expansion of prairie dog 

colonies in GNP. 

 To assess if hills, water channels, and shrublands are limiting the expansion of 

prairie dog colonies, I gathered data visually on presence/absence of hills, water 

channels (both permanent and ephemeral) within 30 m, and shrublands (>80% shrub-
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covered) within 100 m of each sampling location. Hills were defined as a naturally 

elevated area of land above the surrounding terrain. 

To assess if topography is limiting the expansion of prairie dog colonies, I collected data 

(visually) on topographical features at each sampling location. Topography was 

categorized into three broad types: flat, undulating, and sloped. Undulating was further 

divided into three sub-types: low, medium, and high. The slope was classified into three 

categories: less than 10%, 10 to 20%, greater than 20%. The slope was measured by 

Clinometer. Topography was classified and sub-classified to account for the varying 

preferences of each category by prairie dogs (Clippinger, 1989; Avila-Flores et al., 

2009). 

2. Objective: To evaluate if vegetation composition and structure is limiting the 

expansion of prairie dog colonies in GNP. 

To assess if prairie dogs are limited by vegetation composition (grass, forbs, and 

shrub cover), I used the quadrat method to visually estimate total ground cover (%) at 

each sampling point (Sutherland, 2006). A quadrat (50 cm x 50 cm) was placed in a 

random direction at the center of each point. Ground cover was grouped into different 

categories: grasses (live & dead), forbs (live & dead), shrubs, moss, lichen, litter, and 

bare ground (Avila-Flores et al., 2009). Shrubs (> 50 cm) were also assessed in a 

square plot of 25 m2 around the center of sampling point. Percent cover for each group 

was estimated using the canopy cover reference sheet (Bonham, 2013). 

To assess if prairie dogs are limited by vegetation height (low, medium, and high), I 

recorded vegetation height at each sampling point using a Robel pole (Robel et al., 

1970) and classified into four class: less than 10 cm, 10 cm-30 cm, 30 cm-60 cm, and 

greater than 60 cm (Clippinger, 1989). 

3. Objective: To evaluate if soil characteristics are limiting the expansion of prairie 

dog colonies in GNP. 

A pit was dug to a minimum depth of 30 cm. From one side of the pit, soil 

samples were collected from two layers: A (0 cm-15 cm) & B (15 cm-30 cm), due to 

differences in soil characteristics within depth (Barth et al., 2014). From each layer, a 

300 g sample was collected in a plastic bag and stored (below 4 °C) until processed. 
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To assess if soil physical properties are limiting the expansion of prairie dog colonies, all 

samples were analyzed for texturing using hydrometer (Ashworth et al., 2011), and oven 

dried for relative soil moisture (Carter et al., 2008) at British Columbia Institute of 

Technology (BCIT). For chemical analysis, all six samples from each treatment were 

mixed in equal proportion to make one consolidated sample (150 g) for each layer 

separately. These samples were analyzed at the “BC Provincial Soil Lab” to estimate 

pH, C, NH4, NO3, and P. 

4.3. Statistical analysis:  

A univariate statistical analysis was performed in SPSS (IBM SPSS Statistics for 

Windows, Version 24.0) to examine the magnitude of difference for each variable among 

Consistent, Inconsistent, and Buffer. Soil data were analyzed separately for layers A and 

B. Count data was transformed using square root transformation, and Continuous data 

was transformed using Arcsine transformation (Zar, 2010). One-way analysis of variance 

(ANOVA) was used to compare the presence of landforms (hills, water channel, and 

shrubland, terrain classes), vegetation height, and soil texture classes among three 

treatments. 

A two-factor ANOVA was used was to compare vegetation (grass cover, forb cover, and 

shrub cover) and relative soil moisture among three treatments and four blocks 

(Mcdonald 2014). The Interaction term (between treatment and block) for forb and shrub 

cover and relative soil moisture was significant (Appendix A), so a one-way ANOVA 

were performed to test treatments within each block to avoid the effect of site(block) 

variation. Soil nutrients (NH4, NO3, C, P) and pH was also analyzed using one-way 

ANOVA among three treatments. A tukey test was used for post hoc analysis. 
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Chapter 5. Results 

5.1. To evaluate if landforms are limiting the expansion of 
prairie dogs colonies in GNP. 

5.1.1. Hills: 

There was a significant difference in presence of hills (F2,9 = 5.007, p = 0.035) among 

treatments (Table 1). Hills were present significantly higher in Buffer than Inconsistent (p 

= 0.031) (Figure 5). The mean proportion of sample plots with hills present in Consistent 

was much lower in comparison to Buffer (Figure 5), but I failed to detect any significant 

difference (p = 0.141) (Table 1). 

Table 1: Summary of one-factor ANOVA performed to test landforms for significant difference among 
treatments in Grasslands National Park, Saskatchewan, from 17 July 2019 to 03 August 2019. The level of 
significance was < 0.05. Values in bold were significant or close to significant. (df = degree of freedom, f = F 
value, p = probability). 

 One factor ANOVA Post hoc (Tukey test) 
 Among treatments Consistent vs. 

Inconsistent 
Consistent vs. 
Buffer 

Inconsistent vs. 
Buffer 

 df f p p p p 

Hills 2,9 5.007 0.035 0.609 0.141 0.031 
Shrub land 2,9 15.980 <0.001 0.276 <0.001 0.010 
Water Channel 2,9 7.340 0.013 0.657 0.031 0.051 
Flat terrain 2,9 0.806 0.476 0.954 0.474 0.640 
Undulating low  2,9 0.133 0.877 0.868 0.979 0.948 
Undulating medium 2,9 1.491 0.276 0.811 0.255 0.548 
Undulating high 2,9 1.000 0.405 1.000 0.469 0.469 
Slope < 10 % 2,9 0.295 0.751 0.931 0.731 0.914 
Slope 10 – 20 % 2,9 1.990 0.192 0.907 0.194 0.346 
Slope > 20 % 2,9 2.100 0.178 0.921 0.184 0.315 
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Figure 5: Mean (± SE) proportion of sample plots with hills present across three treatments in Grasslands 
National Park, Saskatchewan, from 17 July 2019 to 3 August 2019. Hills were absent in Inconsistent.   

5.1.2. Shrublands 

Shrublands were significantly different (F2,9 = 15.980, p ≤ 0.001) among treatments 

(Table 1). Shrublands were significantly higher in Buffer compared to Consistent (p < 

0.001), and Inconsistent (p = 0.010) (Figure 6, Table 1). 

 

Figure 6: Mean (± SE) proportion of sample plots with shrublands present across three treatments in 
Grasslands National Park, Saskatchewan, from 17 July 2019 to 3 August 2019. Shrublands were absent in 
Consistent.  
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5.1.3. Water Channel: 

Water channels were significantly different (F2,9 = 7.380, p = 0.013) across treatments 

(Table 1). The mean proportion of sampling plots that had water channels present was 

significantly higher in Buffer than Consistent (p = 0.013) and Inconsistent (p = 0.05) 

treatments (Figure 7, Table 1). 

 

Figure 7: Mean (± SE) proportion of sample plots with water channels present across three treatments in 

Grasslands National Park, Saskatchewan, from 17 July 2019 to 3 August 2019. 

5.1.4. Topography 

Topography analysis revealed that terrain classes (flat, undulating (low, medium & high) 

and slope (<10%, 10-20%, >20%)) were not significantly different among treatments (p > 

0.05) (Table 1). I failed to detect a significant difference in treatments relative to each 

other (Table 1). Mostly treatments fall under flat category for all three treatments (Figure 

8). 

0

0.05

0.1

0.15

0.2

0.25

0.3

Consistent Inconsistent Buffer

M
ea

n
 p

ro
p

o
rt

io
n

 o
f 

sa
m

p
li

n
g
 p

lo
ts

 

w
it

h
 w

at
er

 c
h

an
n

el
s 

p
re

se
n

t

Treatments

Consistent

Inconsistent

Buffer



18 

 

Figure 8: Mean (± SE) proportion of sample plots within each of terrain class across three treatments in 
Grasslands National Park, Saskatchewan, from 17 July 2019 to 3 August 2019. Undulating medium, high 
and slope >20% was absent in Consistent. Undulating high was absent in Inconsistent.  

5.2. To evaluate if vegetation composition and structure is 
limiting the expansion of prairie dog colonies in GNP. 

5.2.1. Grass cover:  

Grass cover was significantly different among all three treatment (F2,6 = 14.560, p = 

0.005) and relative to each other (F2,6 = 14.560, p < 0.05) (Table 2). Percent of grass 

cover was observed to be highest in Buffer, followed by Inconsistent and Consistent 

(Figure 9). 

Table 2: Summary of two-factor (treatments & blocks) ANOVA performed to test grass cover for significance 
difference among treatments in Grasslands National Park, Saskatchewan, from 17 July 2019 to 3 August 
2019. The level of significance was < 0.05. Values in bold were significant or close to significant (df = degree 
of freedom, f = F value, p = probability). 

 Treatments Blocks Interaction 
(treatment * block) 

Post hoc analysis 

 df f p df f p df f p Consistent 
vs. 
Inconsistent 

Consistent 
vs. 
Buffer 

Inconsistent 
vs. 
Buffer 

Grass 2, 
6.180 

14.560 0.005 3, 
6.396 

23.561 <0.001 6, 
257 

.908 .489 0.007 0.000 .044 
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Figure 9: Mean (± SE) percent cover of grass across three treatments in Grasslands National Park, 
Saskatchewan, from 17 July 2019 to 3 August 2019. 

5.2.2. Forb cover: 

Forb cover was significantly different among treatments at the Snakepit and Police 

Colonies. At Snakepit, forb cover was significantly higher in Consistent than Inconsistent 

(F2,63 = 5.427, p = 0.006) (Table 3). At Police Colony, forb cover was significant lower in 

Buffer as compared to Consistent (F2,64 = 11.420, p < 0.001) and inconsistent (F2,64 = 

11.420, p = 0.003) (Figure 10).  
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Table 3: Summary of one-factor ANOVA performed to test vegetation (forb and shrub) cover and height for 
significant difference among treatments in Grasslands National Park, Saskatchewan, from 17 July 2019 to 3 
August 2019. The level of significance was < 0.05. Values in bold were significant or close to significant. (df 

= degree of freedom, f = F value, p = probability). 

 One – factor ANOVA Post hoc (Tukey test) 

 Among treatments Consistent 
vs. 
Inconsistent 

Consistent vs. 
Buffer 

Inconsistent vs. 
Buffer 

 df f p p p p 
Forb (Monument) 2, 58 0.483 0.620 0.636 1.000 0.767 
Forb (Police) 2, 64 11.420 <0.001 0.373 <0.001 0.003 
Forb (Sage) 2, 72 1.837 0.167 0.626 0.141 0.585 
Forb (Snake Pit) 2, 63 5.427 0.007 0.006 0.101 0.734 
Shrub (Monument) 2, 61 13.742 <0.001 0.565 <0.001 <0.001 
Shrub (Police) 2, 63 78.171 <0.001 0.276 <0.001 <0.001 
Shrub (Sage) 2, 72 76.341 <0.001 0.826 <0.001 <0.001 
Shrub (Snake Pit) 2, 64 16.060 <0.001 0.062 <0.001 0.002 
Vegetation height (0 
cm – 10 cm) 

2, 9 2.610 0.128 0.876 0.129 0.263 

Vegetation height 
(10 cm – 30 cm) 

2,9 1.029 0.396 0.723 0.797 0.366 

Vegetation height 
(30 cm – 60 cm) 

2,9 37.453 <0.001 0.030 <0.001 <0.001 

Vegetation height (> 
60 cm) 

2,9 9.852 0.005 0.463 0.005 0.032 

  

 

Figure 10: Mean (± SE) percent cover of forb across three treatments at Snakepit and Police in Grasslands 
National Park, Saskatchewan, from 17 July 2019 to 3 August 2019. 
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5.2.3. Shrub cover:  

Results showed a significant difference (p < 0.05) among treatments within each block 

(Table 3). Shrubs were significant higher in Buffer compared to Inconsistent (p < 0.05) 

and was absent in Consistent (p < 0.05) in each block (Figure 11). 

 

Figure 11: Mean (± SE) percent cover of shrub across three treatments at each block in Grasslands National 

Park, Saskatchewan, from 17 July 2019 to 3 August 2019. Shrubs were absent in Consistent. 

5.2.4. Vegetation height 

Vegetation height class (30 cm-60 cm) and (>60 cm) was significantly different among 

treatments (Table 3). Both were absent in Consistent (Figure 12). Vegetation height 

class (30 cm-60 cm) was significantly higher (F2,9 = 37.453, p < 0.05) in Buffer and 

Inconsistent relative to Consistent and between each other (Table 3). Vegetation height 

class (>60 cm) was significantly higher in Buffer comparing to Inconsistent (F2,9 = 9.852, 

p = 0.032) and Consistent (F2,9 = 9.852, p = 0.05) (Figure 12). 
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Figure 12: Mean (± SE) proportion of sampling plots within each vegetation height classes across three 
treatments in Grasslands National Park, Saskatchewan, from 17 July 2019 to 3 August 2019. Vegetation 
height class 30 cm-60 cm and >60 cm was absent in Consistent.  

5.3. To evaluate if soil characteristics are limiting the 
expansion of prairie dog colonies in GNP. 

5.3.1. Soil Texture: 

a. Layer A (0 cm-15 cm): 

Soil layer ‘A’ had seven types of soil texture: Clay, Clay Loam, Loam, Sandy Clay Loam, 

Silt Loam, Silty Clay, and Silty Clay Loam (Figure 13). All were non-significantly different 

among treatments (p > 0.05) and relative to each treatment (p > 0.05) (Table 4). 
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Table 4: Summary of one factor ANOVA was performed to test Soil Texture (Layer A and B) for significant 
difference among treatments in Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 
August 2019. The level of significance was < 0.05. Values in bold were significant or close to significant. (df 

= degree of freedom, f = F value, p = probability). 

 One – factor ANOVA Post hoc (Tukey test) 

 Among treatments Consistent 
vs. 
Inconsistent 

Consistent vs. 
Buffer 

Inconsistent vs. 
Buffer 

 df f p p p p 

Soil texture, Layer A 
(Clay) 

2, 9 0.422 0.668 0.978 0.784 0.667 

Soil texture, Layer A 
(Clay Loam) 

2, 9 0.018 0.983 0.986 0.986 1.000 

Soil texture, Layer A 
(Loam) 

2, 9 0.175 0.842 0.968 0.830 0.937 

Soil texture, Layer A 
(Sandy Clay Loam) 

2, 9 1.444 0.286 0.769 0.260 0.601 

Soil texture, Layer A 
(Silt Loam) 

2, 9 0.529 0.607 0.954 0.595 0.765 

Soil texture, Layer A 
(Silty Clay) 

2, 9 1.118 0.368 0.812 0.341 0.673 

Soil texture, Layer A 
(Silt Clay Loam) 

2, 9 0.000 1.000 1.000 1.000 1.000 

Soil texture, Layer B 
(Clay) 

2, 9 0.085 0.919 0.932 1.000 0.932 

Soil texture, Layer B 
(Clay Loam) 

2, 9 5.917 0.023 0.403 0.019 0.153 

Soil texture, Layer B 
(Loam) 

2, 9 1.000 0.405 0.469 0.469 1.000 

Soil texture, Layer B 
(Sand Clay Loam) 

2, 9 0.503 0.621 0.850 0.594 0.894 

Soil texture, Layer B 
(Sandy Loam) 

2, 9 1.000 0.405 0.469 1.000 0.469 

Soil texture, Layer B 
(Silt Loam) 

2, 9 1.000 0.405 1.000 0.469 0.469 

Soil texture, Layer B 
(Silty Clay) 

2, 9 2.653 0.124 0.420 0.108 0.610 

Soil texture, Layer B 
(Silty Clay Loam) 

2, 9 0.980 0.412 0.835 0.384 0.703 
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Figure 13: Mean (± SE) proportion of sampling plot within each soil texture classes across three treatments 
from layer A (0 cm-15 cm) in Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 August 
2019. Sandy Clay Loam was absent in Consistent. Silt Loam was absent in Buffer.  

b. Layer B (15 cm-30 cm): 

Soil samples from layer ‘B’ had eight types of soil texture: Clay, Clay Loam, Loam, 

Sandy Clay Loam, Sandy Loam, Silt Loam, Silty Clay, Silty Clay Loam (Figure 14). Clay 

Loam (F2,9 = 5.917, p = 0.023) was only significantly different among treatments. It was 

significantly higher in Consistent compared to Buffer (F2,9 = 5.917, p = 0.019) (Table 4). 
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Figure 14: Mean (± SE) proportion of sampling plots within each soil texture classes across three treatments 
from layer B (0 cm-15 cm) in Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 August 
2019. Sandy Loam and Silt Loam was absent in Consistent. Loam and Silt Loam was absent in Inconsistent. 

Loam and Sandy Loam was absent in Buffer.  

5.3.2. Relative Soil Moisture:  

a. Layer A (0 cm-15 cm): 

Relative soil moisture was non-significant within each block in layer ‘A’, except at 

Monument (Table 5). It was significant higher in Buffer comparing to Consistent (F2,14 = 

10.746, p = 0.004) and Inconsistent (F2,14 = 10.746, p = 0.003) (Figure 15). 

 

 

 

 

 

 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

Clay  Clay Loam Loam Silty Clay Sandy Clay

Loam

Sandy

Loam

Silt Loam Silty Clay

Loam

M
ea

n
 p

ro
p

o
rt

io
n

 o
f 

sa
m

p
li

n
g
 p

lo
ts

  

w
it

h
in

 s
o

il
 t

ex
tu

re
 c

la
ss

es

Texture classes across treatments

Consistent

Inconsistent

Buffer



26 

Table 5: Summary of one-factor ANOVA was performed to test Relative soil moisture (Layer A and B) for 
significant difference among treatments in Grasslands National Park, Saskatchewan, from 18 August 2019 
to 28 August 2019. The level of significance was < 0.05. Values in bold were significant or close to 

significant. (df = degree of freedom, f = F value, p = probability). 

 One – factor ANOVA Post hoc (Tukey test) 

 Among treatments Consistent 
vs. 
Inconsistent 

Consistent vs. 
Buffer 

Inconsistent vs. 
Buffer 

 df f p p p p 

Relative Soil Moisture - 
Monument (Layer A) 

2,14 10.746 <0.001 0.993 0.004 0.003 

Relative Soil Moisture - 
Police (Layer A) 

2, 15 0.864 0.442 0.447 0.993 0.542 

Relative Soil Moisture - 
Sage (Layer A) 

2, 16 2.168 0.147 0.496 0.126 0.519 

Relative Soil Moisture – 
Snake Pit (Layer A) 

2, 15 0.765 0.483 0.458 0.730 0.890 

Relative Soil Moisture - 
Monument (Layer B) 

2, 15 3.456 0.058 0.842 0.059 0.161 

Relative Soil Moisture - 
Police (Layer B) 

2, 15 1.247 0.315 0.377 1.000 0.387 

Relative Soil Moisture - 
Sage (Layer B) 

2, 14 4.359 0.034 0.825 0.039 0.096 

Relative Soil Moisture – 
Snake Pit (Layer B) 

2, 15 .765 0.483 0.458 0.730 0.890 

 

 

Figure 15:Mean (± SE) proportion of relative soil moisture across three treatments from layer A (0 cm-15 
cm) at Monument in Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 August 2019. 
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b. Layer B (15 cm-30 cm): 

I failed to detect a significant difference for relative soil moisture in Layer ‘B’ within each 

block except at Sage (Table 5). Relative soil moisture was significantly higher in 

Consistent compared to Buffer at Sage (F2,15 = 4.359, P = 0.039) (Figure 16). 

 

Figure 16: Mean (± SE) proportion of relative soil moisture across three treatments from layer B (15 cm-30 
cm) at Sage in Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 August 2019. 

5.3.3. Soil pH and nutrients: 

a. Layer A (0 cm-15 cm): 

Soil pH and all soil nutrients have non-significant difference among treatments (p > 0.05) 

and relative to each other (p > 0.005) in top layer (Table 6, Figure 17). 
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Table 6: Summary of one-factor ANOVA was performed to test soil nutrients (Layer A and B) for the 
significant difference among treatments in Grasslands National Park, Saskatchewan,  from 18 August 2019 
to 4 August 2019. The level of significance was < 0.05. Values in bold were significant or close to significant. 

(df = degree of freedom, f = F value, p = probability). 

 One – factor ANOVA Post hoc (Tukey test) 

 Among treatments Consistent 
vs. 
Inconsistent 

Consistent vs. 
Buffer 

Inconsistent vs. 
Buffer 

 df f p p p p 

NH4 (Layer A) 2, 9 .173 0.844 0.849 0.894 0.995 
NO3 (Layer A) 2, 9 .426 0.665 0.703 0.722 0.999 
C (Layer A) 2, 9 1.726 0.232 0.956 0.360 0.246 
pH (Layer A) 2, 9 1.587 0.257 0.437 0.253 0.906 
P (Layer A) 2, 9 2.049 0.185 0.167 0.452 0.744 
NH4 (Layer B) 2, 9 1.983 0.193 0.491 0.715 0.173 
NO3 (Layer B) 2, 9 .084 0.921 0.981 0.973 0.913 
C (Layer B) 2, 9 2.204 0.166 0.676 0.147 0.468 
pH (Layer B) 2, 9 .637 0.551 0.679 0.558 0.977 
P (Layer B) 2, 9 .554 0.593 0.723 0.595 0.974 

 

 

Figure 17: Mean (± SE) of soil pH and nutrients in layer A (0 cm - 15 cm) across three treatments in 

Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 August 2019. 

b. Layer B (15 cm-30 cm) 

Soil pH and all soil nutrients have a non-significant difference among treatments (p > 

0.05) and relative to each other (p > 0.005) in bottom layer (Table 6, Figure 18). 
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Figure 18: Mean (± SE) of soil pH and nutrients in layer B (15 cm-30 cm) across three treatments in 

Grasslands National Park, Saskatchewan, from 18 August 2019 to 28 August 2019. 
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Chapter 6. Discussion 

Spatial analysis of prairie dog colonies in Grasslands National Park (from year 

2000 to 2017) showed that prairie dog colonies did not expand beyond their maximum 

extent recorded in 2009. It was crucial to examine what is restricting prairie dog colonies 

from expanding to foster the long-term goal of prairie dogs and their habitat conservation 

in Canada. This was study conducted to determine if habitat attributes (abiotic and 

biotic) are limiting the expansion of prairie dog colonies. It was the first observational 

research done at Colony scale to compare physical and biological variables among 

consistently occupied (Consistent), inconsistently occupied (Inconsistent), and never 

occupied (Buffer) areas in GNP at the northern edge of prairie dogs distribution. 

6.1. Landforms 

Landforms might be limiting the prairie dog colonies expansion. My results 

showed a significant difference in the presence of shrublands and water channels 

among all three treatments. Shrublands were present significantly higher in Buffer 

compared to Inconsistent and was absent in Consistent. It shows that the prairie dog 

avoids occupying areas dominated by shrubs. Similar results were found by (Koford 

1958; Clippinger, 1989; Hoogland, 1995; Avila-Flores, 2009). This trend could be 

explained by the fact that shrublands act as a visual barrier, whereas the prairie dog 

prefers low visual obstruction to keep predator vigilance (Archer et al., 1987; Roe & Roe, 

2003; Ponce-Guevara et al., 2016). Another reason for avoiding shrubland could be 

limited food availability in these areas as the prairie dog diet constitutes mostly grasses 

(>85%) (Clippinger, 1989; Hoogland,1995) and shrubs are seen suppressing grass 

growth when present in abundance (Kochy & Wilson, 2000; Alvarez et al., 2011). Prairie 

dogs are seen decreasing shrubs by foraging on seedlings and clipping them (Weltzin et 

al., 1997; Ceballos et al., 2010; Ponce-Guevara et al., 2016). 

Water channels were present significantly higher in Buffer comparing to Consistent and 

Inconsistent. Prairie dogs probably avoid occupying areas in or close to the waterways 

banks due to flood risk. They meet with their daily water needs from grasses and forb 

(May, 2003), so they do not require a direct water source (Clippinger, 1989). Relocated 

Utah prairie dogs were seen avoiding constructing new burrows in drainage (Curtis & 
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Frey, 2013). Roy and Roy (2003) recommended enough soil (2.4 m, Boulder county 

staff, 2000) must be available over water table for prairie dog to establish new burrows. 

Prairie dog builds conical mound around their burrows to avoid water flow in their 

burrows (Koford, 1958). 

Presence of hills might not be a limiting factor for prairie dog colonies expansion 

provided gentle slope. Hills were present significantly higher in Buffer compared to 

Inconsistent. On the contrary, presence of hills did not vary significantly between 

Consistent and Buffer. My field observation that was prairie dogs had constructed 

burrows on hills (at Monument & Snake Pit) only when the slope was gentle. (Koford, 

1958; Dalsted et al., 1981; Clippinger,1989; Hoogland,1995; Avila-Flores, 2009; Reading 

& Matchett, 1997; Proctor, 1998; Wagner & Drickamer, 2004). 

The topography is probably not limiting colonies to expand prairie dogs. My analysis 

showed a non-significant difference for the three subtypes (flat, undulating, and sloped 

terrain) among all three treatments. Mostly sampling points fall under flat terrain even in 

Buffer (Avilla-Flores, 2009). Prairie dog prefers to occupy flat, gentle and moderate slope 

areas (Clippinger, 1989;Reading & Matchett, 1997; Proctor,1998; Magle & crooks 2007; 

Stephens, 2012;).Wagner and Drickamer (2004) and Hoogland (1995) suggested that 

prairie dogs occupy sites with less varying slopes to detect predator and surge alarm 

calls. 

Reading and Matchett (1997) found that flat or moderate slopes might also be less prone 

to erosion, and thus enhance the structural stability of burrows. Prairie dogs prefer slope 

less than < 20% for building burrows (Dalsted et al., 1981; Clippinger,1989; Roe & Roe, 

2003). At my site, terrain with a slope greater than 20% was observed in Inconsistent, 

which could be due to the use of less optimal habitat on higher slope sometimes as 

colonies expand (Koford,1958). The undulating terrain classes showed a similar trend as 

slope among treatments; Stephens (2012) also found a correlation between slope and 

terrain ruggedness in GNP. Canadian prairie dog colonies mostly occur along bottoms 

and lower slopes of the Frenchman River valley and its tributaries (Stephens, 2012) 
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6.2. Vegetation 

Vegetation attributes might be contributing to limit prairie dog colonies expansion. 

Grass and shrub cover were found significantly different among the three treatments. 

Grass cover was lowest in Consistent, intermediate in Inconsistent, and highest in 

Buffer. Most likely, it is an artifact of difference in intensity of habitat use by prairie dogs 

(Gervin et al., 2019, Klatt & Hein, 1978). As mentioned above, prairie dog mostly feeds 

on grasses so continuous presence of prairie dog in Consistent lowered the grass cover 

comparative to others (Bonham & Lerwick, 1976; Coppock et al., 1983; Clippinger, 1989; 

Winter et al., 2002; Magle & crooks 2007; Avilla-Flores, 2009). Mean grass cover found 

in Consistent was around minimum forage cover (15%) required for continuous 

habitation of prairie dog as given by Clippinger (1989). Different authors explained this 

decline in the United States and Mexico as well (Bonham & Lerwick,1976; Archer et al., 

1987; Coppock et al., 1983b; Daniel & Robert, 2001;Connel et al., 2019). Grazing 

preference by other large grazing animals such as bison and cattle on prairie dog sites 

due to enhance food quality at prairie dog colonies could also contribute to this decline 

(Coppock et al., 1983b). 

Bonham and Lerwick (1976) found  that prairie dogs increases plants species diversity, 

and perennial grasses but reduce annual grasses. Daniel and Robert (2001) explained 

that this change could be due to climatic conditions, and it is observed differently on 

landscape and site scale. Archer et al.(1987) also found an increase in species diversity. 

Connel et al. (2018) said on prairie dog sites, multiple mechanisms such as rainfall, 

species composition, growth, and soil influence forage quality and quantity across years. 

He found non-significant difference for above ground herbaceous biomass on and off 

prairie dog colonies on a landscape scale, but a significant difference was found 

between colonies. It is worth mentioning here prairie dogs maintain short grass 

communities rather than removing vegetation; if this were the case, they would not have 

flourished in prairies from the centauries (Koford 1958; Clippiner, 1989). 

Grass cover in Inconsistent was found in between Consistent and Buffer, possibly 

because of intermittent use of habitat by prairie dog in this treatment and it gives a lag 

for grass to regrow when prairie dogs are not using the area when shrubs are not 

outcompeted yet ( Cid et al., 1991; Gervin et al., 2019). As expected, Buffer had the 

highest grass cover because of the absence of a prairie dog (Koford, 1958; Bonham & 



33 

Lerwick,1976). In comparison, Gervin found significantly higher grass cover in inactive 

comparing to active and control. It could be because he used Control as non-occupied 

habitat, which was identified as suitable based on low cover grasslands and lower slope. 

Still mean grass cover at my site in Inconsistent and Buffer was less than 25% minimum 

reported by Fagerstone et al. (1997). It could be possible that forage is limited for prairie 

dog, which could be contributing to temporal fluctuation in the prairie dog population 

(Stephens, 2012) and thus limiting the expansion of prairie dog colonies. Lloyd (2011) 

found that prairie dogs are not limited by food in GNP, at least during her study time 

frame (2008-2009). She suggested it could be a different trend yearly. If food is not 

limiting prairie dog colonies expansion, the other possible factors could be high 

vegetation density, and tall height as prairie dog avoids occupying areas which have 

lower predator detection (Koford, 1958; Clippinger, 1989; Hoogland, 1995; Roe & Roe, 

2003; Lloyd, 2011). 

Results for shrub cover were comparable to other research on shrub cover patterns on 

sites with and without prairie dogs across United States and Mexico (Weltzin et al.m 

1997; Nistler et al., 2004; Avila-Flores, 2009; Gervin et al., 2019; Connell et al., 2018). 

Shrubs were absent in Consistent and significantly lower in Inconsistent compared to 

Buffer. As mentioned above, prairie dog avoids inhibiting areas occupied with shrubs 

due to reduction in predator detection (Clippinger,1989; Hoogland, 1985; Milne-Laux et 

al., 2006; Avila-Flores, 2009;) or due to shrubs impact on grass growth (Koford, 1958; 

Alvarez et al., 2011; Kochy & Wilson, 2000). Prairie dogs also clip shrubs to facilitate 

detection (Bonham & Lerwick, 1976; Guevara et al., 2016; Koford, 1958; Archer et al., 

1987; Roe & Roe 2003) so higher shrub cover recorded in Buffer could be restricting the 

expansion of prairie dog colonies (Hoogland,1995; Knowles et al., 2002; Milne-Laux et 

al., 2006).  

Prairie dog prefers small vegetation height (<30 cm) to keep high visibility (>30%) for 

predator detection and often find clipping vegetation to maintain high visibility 

(Koford,1958; Clippinger, 1989; Bonham & Lerwick, 1976; Hoogland,1995; Winter et al., 

2002; Roe & Roe 2003; Avila-Flores, 2009; Connell et al., 2018). Similar results were 

found in my study. Vegetation height classes 30 cm to 60 and >60 cm was significantly 

different among three treatments. Both classes were absent in Consistent and 

significantly higher in Buffer comparing to Inconsistent. Thus, vegetation height could be 
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a factor restricting the expansion of prairie dog colonies in GNP (Cincotta et al. 1987, 

Milne-Laux et al. 2006).  

My results for forb cover showed a varied trend in colonies. It was non-significant at 

Monument and Sage (Avilla-Flores, 2009) but significantly differed at Snakepit and 

Police (Gervin et al., 2019). At Snakepit, it was higher in Consistent compared to 

Inconsistent but did not differ with Buffer. At Police, it was similar on Consistent and 

Inconsistent but significantly lower at Buffer (Gervin et al.,2019). Forb cover in 

Consistent could be higher because of prairie dog activities (Koford,1958; Bonham & 

Lerwick, 1976; Dalsted et al., 1981; Coppock et al., 1983; Archer et al., 1987; Beals et 

al., 2014) or due to grazing by Bison (Coppock et al., 1983, Desmond, 2004, Ceballos et 

al., 2005, Siera-Corona et al., 2015). Area colonized by Prairie dog changes from grass-

dominated to forb dominated (Dalsted et al., 1981; Coppock et al., 1983; Daniel & 

Robert, 2001; Magle and crook, 2008). Coppock et al. (1983) stated that forbs are 

disturbance tolerated (annual forbs) (Braidek et al., 1984). Inconsistent could have lower 

forb cover because of the intermittent absence of prairie dogs (Cid et al., 1991). 

Prairie dogs require at least 5% forbs in their diet for nutritional purposes (Clippinger, 

1989). They prefer grass over forbs (Hansen and Gold, 1977; Hoodland, 1995; 

Clippinger, 1989;Uresk, 1984; Fagerstone et al., 1981). Fagerstone et al. (1977) 

observed that prairie dogs switch diet between forbs and grass depending on availability 

(Koford, 1958; Clippinger, 1989;). Authors saw a shift from 73% forb & 5% grass to 9% 

forb & 82% grass when forbs were reduced in abundance, and prairie dogs did not show 

any prevalent effect on the weight, health, or activities. Thus, it seems like prairie dogs 

are probably not limited by food in GNP. Relative Soil moisture and nutrients were non– 

significant at Snakepit and Police (refer soil results), so probably these variations in forb 

cover influenced by prairie dog grazing or in the combination of other grazing animals 

(Coppock et al., 1983). 

6.3. Soil 

Soil texture was non-significantly different among three treatments in both layers 

excepting Clay Loam soil in layer B (15 cm-30 cm), which was significantly differed 

between Consistent and Buffer (µ = 0). In contrast, Stephens (2012) found clay loam 

significantly higher in non-occupied sites. This difference might be because Stephens 
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(2012) used broad soil texture classifications on the regional scale, whereas I used 

original texture classes, and data were analyzed on a colony scale. I found layer A (0 

cm-15 cm) has Clay, Clay Loam, Silty Clay, and Silty Clay Loam soil present across all 

three treatments. In comparison, layer B also has Clay, Silty Clay, and Sandy Clay Loam 

soil common across three treatments, but Clay loam soil was absent in Buffer as 

described earlier.  

These textures classes are suitable for prairie dog occupancy as supported by other 

studies (Koford, 1958; Clippinger,1989; Proctor,1998; Roe & Roe, 2003; Stephens, 

2012; Avilla-Flores, 2010). In general, prairie dogs can habitat all types of soil until 

suitable for burrows and well-drained, without excessive sand and rock content 

(Koford,1958; Dalsted et al., 1981; Clippinger,1989; Reading & Matchett,1997; Roe & 

Roe, 2003; Wagner & Drickamer 2004; Stephens, 2012;). Apps et al. (2002) suggested 

that soil with high clay and silt content could collapse easily. 

Moisture was suggested important attribute for habitat selection (; Koford, 1958; Avilla-

Flores 2009). At my site, relative soil moisture was found non-significantly different at 

colonies in both layers except at Monument in Layer A and Sage in Layer B. Avilla-

Flores (2009) also found a moisture regime non-significant differences among used and 

non-used habitat units. At Monument, relative soil moisture was significantly higher in 

Buffer comparing to Consistent and Inconsistent. Whereas at Sage, it was significantly 

higher in Consistent compared to Buffer. These exceptions could be explained as a 

result of colonies variation. Overall it reflects that relative Soil moisture might not be 

limiting the expansion of prairie dog colonies in GNP.  

Soil nutrients were non-significantly different in both layers. It reveals that soil is probably 

not limiting prairie dog colonies expansion in Buffer. In contrast, Broth et al. (2014) and 

Carlson & White (1987) found soil nutrients significantly higher at the site occupied by 

prairie dogs in comparison to the non-occupied site. 

6.4. Restoration Recommendation 

Prairie dog populations are observed fluctuating in GNP without any significant 

expansion of prairie dog colonies (Lloyd, 2011; Stephens, 2012). My study findings state 

that expansion is restricted probably because of tall vegetation, and shrub presence 
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along the boundaries of prairie dog colonies. As its consequence, these limitation on 

expansion probably driving the fluctuation in prairie dog population (Lloyd,2011). These 

prairie dog colonies are relatively old (>15 years), and possibly they have reached their 

carrying capacity due to food limitation (Garett et al., 1982). The foremost step for 

restoring prairie dog populations should be to assist prairie dogs in expanding their 

colonies.  

Habitat is found suitable for wildlife species to survive and reproduce if it could provide 

food, shelter, and predator cover (Halls & Morrison, 1977; Morrison et al., 2009). Grass 

cover is significantly higher in Buffer, but as we have seen, prairie dogs avoid occupying 

areas dominated by shrubs and tall vegetation (Clippinger, 1989; Roe & Roe, 2003). It is 

highly recommended to reduce shrub cover and vegetation height in Buffer to assist 

prairie dogs in expanding their colonies. Vegetation (>30 cm) must be mowed down 

using machinery or fire as a grassland management tool (Milne–Laux & Sweitzer, 2006; 

Northcott et al., 2008; Augustine et al.,2007). Studies have illustrated that expansion of 

prairie dogs colonies is possible with habitat manipulation (Koford,1958; Franklin & 

Garrett,1989; Milne-Laux & Sweitzer 2006). While implementing measures for prairie 

dogs, care should to avoid any negative impact on other species as every species have 

individual habitat requirements (Morrison et al. 2009).  

The habitat patches were also seen predominated by invasive grass species, which 

could lower forage quality for grazing animals (Ditomaso et al., 2000; Henderson & 

Naeth, 2005;). It is recommended to restore those patches to foster native species 

diversity and biomass using grassland restoration techniques (Bailey et al., 2010). 

Species should be selected those are preferred by prairie dogs and other grazers. Soil 

properties and topography were found similar between occupied and non-occupied sites 

to construct their burrows for shelter and predator cover, so restoration measures should 

be taken to make forage accessible to prairie dogs to enhance their population.  

Populations must be well connected to enhance genetic diversity (Magle et al., 2010; 

Palmer et al., 2016). Although the linear distance between colonies is within the range 

(≤10 km) of prairie dog dispersal distance (Stephens, 2012), Prairie dog has seen using 

the meandering route for dispersal with corridor characteristic by lower vegetation height 

(Garrett & Franklin,1988; Knowles, 1982). So, it is recommended to regulate vegetation 

height to ensure proper corridors within prairie dog colonies (Cincotta et al., 1987). 
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Vegetation height or mechanical structure could also be used as a visual barrier to avoid 

prairie dog following a false trap to less optimum habitat or private land (Franklin & 

Garrett,1989; Merriman et al., 2004; Morrison et al., 2009). Visual barriers should be 

selected based on individual site assessment and other species requirements. 

Adaptive management must be followed to measure the success of restoration actions 

(Palmer et al., 2016). Monitoring must be setup following BACI (Before-after-control-

impact) experiment design to test our restoration approaches (Green,1979). If there 

seems any requirement to augment populations of prairie dogs in GNP; this could be 

done through the captive breeding program (Morrison et al., 2009) or by translocating 

population from other metapopulation but make sure that populations are genetically 

same (Truett & Savage, 1988; Truett et al. 2001; Roe & Roe 2004; Dullum et al., 2005; 

Morrison et al., 2009). 

6.5. Conclusions  

This study showed that expansion of prairie dog colonies might be limited 

because of different physical, and vegetation factors. The presence of shrublands and 

water channels in Buffer could be restricting the expansion of prairie dog colonies. In 

contrast, topography and hill presence did not show a comparable difference between 

occupied (Consistent/Inconsistent) and non-occupied (Buffer) sites. Vegetation analysis 

showed that shrub cover and vegetation height might be a limiting factor for expansion of 

prairie dog colonies in Buffer. Whereas the soil was found similar to occupied sites with 

few exceptions. Clay Loam soil was absent in Buffer at layer B, and relative soil moisture 

was higher in Buffer (in Layer A) and in Consistent (in Layer B) at Monument and Sage, 

respectively.  

My soil results could be an artifact of fewer sample size and consolidation of soil 

samples for chemical analysis due to limited resources. Thus, probably average value 

lowered the variation among treatments. In my methods, I explained choosing a 

transitional period for vegetation assessment to minimize phenological difference. For 

future research, it is suggested to collect vegetation data separately for different 

seasons. Also, I did not separate invasive species, so it will be worth analyzing 

vegetation separately for native and invasive species in further research. I did a 
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qualitative assessment of hills; results could be enhanced by taking quantifying 

measures for slope and elevation. 

This study was focused only in the north section of GNP, which is grazed by bison. As 

we have seen colony variation for vegetation and soil is prevalent, it will be worth 

conducting similar studies in the south section as well, which is grazed by cattle. It will 

give us better insight if grazers have a diverse impact on prairie dog colonies. This year 

GNP had good rainfall, it would be interesting to collect data over multiple years to see 

the trend in vegetation cover between occupied and non–occupied sites over a gradient 

of precipitation. There could be other factors such as population demography and 

predation pressure; those might have a significant impact on prairie dogs colonies 

expansion. It is suggested to contrast habitat attributes with them to understand complex 

prairie dog ecosystem. 

These studies filled a research gap by creating baseline information to compare habitat 

attributes spatially at Colony scale. My Result showed that habitat could be suitable for 

prairie dog expansion if we get to manage shrublands, shrub cover, and vegetation 

height around colonies. Management should prioritize prairie dogs sites for conservation 

& restoration based on local site history, features, connectivity, gene pool, and multiple 

species conservation plans. I saw signs of colonies expansion at Sage. Looking at 

fluctuation in prairie dog populations and expected increase in drought, it is a vital time 

to take management initiative to restore prairie dog populations in GNP before they get 

extinct at their northern edge of distribution.  
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Appendix A. Two factor ANOVA table (When 
Interaction term was significant)  
 

 

Table A1. Summary of (treatments & blocks) ANOVA performed to test vegetation 

variables for significance difference among treatments in Grasslands National Park, 

Saskatchewan from 17 July 2019 to 3 August 2019. The level of significance was < 0.05. 

Value equal or near to significance are bold. (df = degree of freedom, f = F value, p = 

probability). 

 Treatments Blocks Interaction 
(treatment * block) 

Post hoc analysis 

 df f p df f p df f p Consistent 
vs. 
Inconsistent 

Consistent 
vs. 
Buffer 

Inconsistent 
vs. 
Buffer 

Forb 2, 6 3.276 .108 3, 6 8.570 .013 6, 
257 

2.603 .018 .002 .000 .450 

Shrub 2, 6 30.690 .001 3, 6 1.933 .224 6, 
260 

2.545 .021 .043 .000 .000 

 

Table A2. Summary of two - factor ANOVA (treatments & blocks) performed to test 

relative soil moisture (Layer A and B) for significance difference among treatments 

Grasslands National Park, Saskatchewan from 18 August 2019 to 28 August 2019. The 

level of significance was < 0.05. Value equal or near to significance are bold. (df = 

degree of freedom, f = F value, p = probability). 

 Treatments Blocks Interaction 
(treatment * block) 

Post hoc analysis 

 df f p df f p df f p Consistent 
vs. 
Inconsistent 

Consistent 
vs. 
Buffer 

Inconsistent 
vs. 
Buffer 

Layer A, 
Relative 
Soil 
Moisture 

2, 
6.009 

.428 .670 3, 
6.011 

17.296 .002 6, 
60 

4.529 .001 .698 .050 .229 

Layer B, 
Relative 
Soil 
Moisture 

2, 
6.006 

.236 .796 3, 
6.005 

7.087 .021 6, 
58 

3.717 .003 .509 .573 .995 
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Appendix B. Photos of prairie dogs and their habitat  

 

Figure B1. View of prairie dog colony matrixed in hetrogeneous landscape.  

 

Figure B2. Photo representings hills sourrounded prairie dog colonies. 
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Figure B3. View of tall vegetation and shrubs sorrounding a prairie dog colony. 

 

Figure B4. Photo representing a prairie dog active burrow.  
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Figure B5. Photo representing mounds built by prairie dogs at their burrows.  

 

Figure B6. Photo showing dense, tall vegetation and shrubs in Buffer. 
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Figure B7. Photo representing a site unused by prairie dogs.  

 

 

Figure B8. Frenchman river passing along the prairie dog colony.  


