
14 Natural Areas Journal Volume 28 (1), 2008

Natural Areas Journal 28:14–25

•

Implications 
of Black-tailed 

Prairie Dog Spatial 
Dynamics to Black-

footed Ferrets

David S. Jachowski
Joshua J. Millspaugh1

Department of Fisheries and 
Wildlife Sciences

University of Missouri
302 Natural Resources Building

Columbia, MO 65211 USA

Dean E. Biggins
U.S. Geological Survey

Fort Collins Science Center
2150 Center Ave., Bldg. C

Fort Collins, CO 80526, USA

Travis M. Livieri
Prairie Wildlife Research

P.O. Box 308
Wellington, CO 80549, USA

Marc R. Matchett
U.S. Fish and Wildlife Service
Charles M. Russell National 

Wildlife Refuge
P.O. Box 110

Lewistown, MT 59457, USA

•

R E S E A R C H   A R T I C L E

1  Corresponding author: 
MillspaughJ@missouri.edu

ABSTRACT: The spatial dynamics of black-tailed prairie dog (Cynomys ludovicianus) colonies affect the 
utility of these environments for other wildlife, including the endangered black-footed ferret (Mustela 
nigripes). We used location data of active and inactive black-tailed prairie dog burrows to investigate 
colony structure, spatial distribution, and patch dynamics of two colonies at ferret recovery sites. We 
used kernel-based utilization distributions (UDs) of active and inactive burrows from two time periods 
(six and 11 years apart) as the basis for our analysis. Overall, the total extent of our prairie dog colonies 
changed little over time. However, within colonies, areas with high densities of active and inactive prairie 
dog burrows formed patches and the distribution of these patches changed in size, shape, and connectivity 
over time. At the Conata Basin site, high-density active burrow patches increased in total area covered 
while decreasing in connectivity as they shifted towards the perimeter of the colony over time. At the 
UL Bend site, we observed a similar but less pronounced shift over a longer period of time. At both 
sites, while at a large scale it appeared that prairie dogs were simply shifting areas of activity towards 
the perimeter of colonies and abandoning the center of colonies, we observed a dynamic interaction 
between areas of active and inactive burrows within colonies over time. Areas that previously contained 
inactive burrows tended to become active, and vice versa, leading us to hypothesize that there are shifts 
of activity areas within colonies over time as dictated by forage availability. The spatial dynamics we 
observed have important implications for techniques to estimate the suitability of ferret habitat and for 
the management of prairie dog colonies. First, fine-scale techniques for measuring prairie dog colonies 
that account for their patchy spatial distribution are needed to better assess ferret habitat suitability. 
Second, the shift of high-density areas of active prairie dog burrows, likely associated with changes in 
vegetation, suggests that through the management of vegetation we might be able to indirectly improve 
habitat for ferrets. Finally, we found that prairie dog distributions within a colony are a naturally dy-
namic process and that management strategies should consider the long-term value of both active and 
inactive areas within colonies.

Index terms: black-footed ferrets, Conata Basin, prairie dogs, spatial distribution, UL Bend

INTRODUCTION

Black-tailed prairie dogs (Cynomys ludovi-
cianus) (hereafter referred to as prairie 
dogs) are diurnal, herbivorous, colonial 
rodents that live as distinct family groups 
or coteries in well-defined burrow systems 
(Hoogland 1995). Prairie dog colonies are 
composed of clusters of one or more cote-
ries with adjacent, but rarely connecting, 
burrow systems. Colonies vary greatly in 
size and density but typically have well 
defined boundaries that can be identified 
by the extent of burrow entrances above 
ground. Because prairie dog colonies dis-
tinctively alter their environment through 
burrow systems, soil turnover, and vegeta-
tion modification, they are host to a variety 
of uniquely adapted species (Miller et al. 
1994; Kotliar et al. 1999), including the 
critically endangered black-footed ferret 
(Mustela nigripes).

Colony dynamics and spatial distribution 
of prairie dogs are important determinants 
of habitat conditions for dependent species 
(Biggins et al. 2006a), and understanding 
these parameters is essential for establish-
ing management goals. Current manage-

ment goals primarily focus on the area 
occupied by prairie dogs rather than their 
abundance and spatial distribution within 
the colony (U.S. Fish and Wildlife Service 
2004). While measurements of average 
prairie dog density have been used to 
characterize colonies (Biggins et al. 1993), 
prairie dogs are unevenly distributed within 
a colony (Cincotta et al. 1989). Variations 
in the spatial distribution of prairie dogs 
within occupied areas could have large 
impacts on the assessment of habitat for 
dependent species such as the ferret, which 
has been shown to select for areas with 
high prairie dog burrow density (Biggins 
et al. 2006a).

We collected and used comprehensive 
data on active and inactive burrow loca-
tions to assess the colony structure, spatial 
distribution, and patch dynamics of prairie 
dogs over time in two prairie dog colonies 
that are ferret recovery sites. By applying 
spatial analysis techniques to geographic 
information system data, we looked for 
patterns in these attributes that could 
advance our understanding of prairie dog 
ecology and management and aid in the 
recovery of ferrets.
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METHODS

Study Areas

UL Bend National Wildlife Refuge, 
Montana

The U.S. Fish and Wildlife Service, as 
part of the Charles M. Russell National 
Wildlife Refuge in north-central Montana, 
manages the UL Bend National Wildlife 
Refuge. The UL Bend contains one of the 
largest (1182 ha) prairie dog complexes 
in Montana. The UL Bend area has been 
a recovery site for ferrets since 1994 and 
has received 208 captive-born kits and 
produced over 191 wild-born kits, yet the 
spring 2005 population count revealed only 
12 individuals. Our core study area at the 
UL Bend site was the Locke sub-complex 
with an area of 445 ha, which comprised 
38% of the entire complex (Figure 1).

Conata Basin, South Dakota

The Conata Basin in southwestern South 
Dakota is a portion of the Buffalo Gap 
National Grassland administered by the 
U.S. Forest Service. The Conata Basin 
contains more than 8907 hectares occupied 
by prairie dogs. In contrast to the UL Bend, 
ferret reintroduction at the Conata Basin 
was a rapid success. Reintroductions began 
in 1996 and continued through 1999 with 
the release of approximately 146 captive-
born animals over three years. In 2000, 
due to the large number of ferrets present 
and the belief that all available habitat was 
occupied, no more captive-born animals 
were released. In 2001 and 2002, 64 and 60 
litters of wild-born kits were documented, 
respectively. Each year from 2003 to 2005, 
the total fall population count was esti-
mated to be around 200 individuals (Livieri 
2006). Our core study area was the North 
Exclosure of Sage Creek sub-complex with 
an area of 202 ha, which comprised about 
2% of the entire area occupied by prairie 
dogs (Figure 1).

Sampling Methods

Large-scale, indirect techniques often are 
used to estimate prairie dog distribution 

over large geographic areas based on the 
extent of burrows (Sidle et al. 2001; White 
et al. 2005). Such techniques lack accuracy 
compared to visual estimation and mark-
recapture techniques (Severson and Plumb 
1998; Biggins et al. 2006b), but frequently 
are more feasible given that prairie dogs 
spend a majority of the time below ground 
and that, in some cases, their colonies are 
distributed over large areas. The correlation 
between active burrows and the occurrence 
of prairie dogs is widely used in examining 
patterns of spatial distribution (Uresk et 
al. 1982; Biggins et al. 1993; Johnson and 
Collinge 2004; Biggins et al. 2006b). In 
addition, burrows provide habitat structure 
and escape cover for ferrets.

In 1994, we mapped all active and inac-
tive burrows on the study area at UL 
Bend (n = 12,244 burrows). In 1999, we 
mapped all active and inactive burrows 
on the study area at Conata Basin (n = 
21,798 burrows) (Biggins et al. 2006a). 
In 2005, we resurveyed both sites (UL 
Bend n = 13,996 and Conata n = 27,890 
burrows) using the same equipment and 
methodology as in the previous surveys. 
The northern boundary of the Conata Basin 
study area is adjacent to Badlands National 
Park. We did no mapping of prairie dog 
burrows within the park in 1999. Teams 
of 2-4 persons collected data at each site 
with Trimble CMT MC-V GPS receivers 
(Trimble Navigation Limited, Sunnyvale, 
CA) with data loggers mounted on all-
terrain vehicles. Stopping at each burrow 
entrance, the observer classified the burrow, 
recorded GPS coordinates, and marked the 
burrow with flour to prevent re-mapping. 
Based on the presence of a prairie dog, 
prairie dog fecal material, or fresh digging, 
burrows were classified as: (1) active, (2) 
inactive, or (3) plugged (Dullum 2001). 
To minimize the potential for observer 
error in classifying burrows, we provided 
training to all personnel involved in col-
lecting data. We conducted all mapping 
between May and September in 2005 to 
match previous sampling seasons and to 
sample during summer when prairie dog 
populations are at their maximum size and 
exhibit the highest activity levels.

Statistical Analyses

The locations of active and inactive burrows 
at each study site formed the basis for our 
spatial analyses. We evaluated whether the 
cumulative distribution of active burrows 
across each site was distributed randomly 
or showed a positive or negative tendency 
to cluster using a Ripley’s K function 
(Ripley 1977, 1981):

( ) ( )
N N

-2
t i j

i i j

K t   N A I  u
≠

= ∑∑

in program R (Dalgaard 2002) where t is 
the radius of a circle centered on a burrow 
i, N is the total number of burrows, A is 
the area of the prairie dog colony, and It 
is a counter-variable that is set to 1 if the 
distance between burrows i and j is ≤ t, 
otherwise It = 0.

We created utilization distributions (UDs) 
from the active and inactive burrow spa-
tial data (van Winkle 1975) using a fixed 
kernel approach (Kernohan et al. 2001) 
to estimate the distribution of active and 
inactive burrows across each study area.

The UD value [ ( )ˆ ,U  Df x y  at location 

(x, y)] represents the relative number of 
burrows at that location (or cell) relative to 
other locations on the site and results in a 
probability density function. We calculated 
UD values in Matlab (The Mathworks 
Incorporated, Natick, MA) as the 100% 
extent of prairie dog burrows using the 
‘Kde folder’ (Beardah and Baxter 1995) 
and “plug-in” methods for bandwidth 
selection (Wand and Jones 1995; Gitzen 
et al. 2006).

We used a volume of intersection (VI) 
index (Seidel 1992; Millspaugh et al. 
2004) analysis to quantify how the overall 
spatial distribution of active and inactive 
prairie dog burrows changed over time at 
UL Bend and Conata Basin. We defined 
the VI index as

( ) ( )1 2ˆ ˆVI  , , ,f x y f x y dxdy= ∫ ∫
where 1f̂  is the estimated UD for one 

burrow data set (e.g., 1994 UL Bend ac-
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tive burrow UD) and 2f̂  is the UD for 

a second burrow data set (e.g., 2005 UL 
Bend active burrow UD). A VI index score 
of 1 implies that the 3-D surfaces of the 
two UDs are identical.

We used the active burrow UDs to assess 
fine-scale shifts in prairie dog burrow 
distribution and patch dynamics. We es-
timated the relative change in prairie dog 
burrow distribution by subtracting UD 
values at time t+1 from UDs at time t for 
both sites. This produced values for the 
relative change in prairie dog burrow dis-
tribution over time throughout each colony. 
We also evaluated the change in patch 
characteristics over time. To assess patch 
dynamics, we classified use-intensities of 
the active burrow UDs into a five-level, 
ordered factor based on the quantiles of 
the UD (i.e., Type 1 contained the lowest 
density patches and Type 5 contained the 
highest density patches). We used program 
FragStats (McGarigal et al. 2002) to esti-
mate patch spatial attributes related to the 
size and distribution of all patches. While 
multiple metrics can be derived from the 
spatial distribution of patches, we focused 
on the number, size, connectivity, and per-
centage of the study area covered by each 
patch type at both sites during both time 
periods. We measured patch connectivity 
using a connectance index,

Connectivity ( )1

2

n

i  j  k
j k

i i

c

n n
=

 
 
 

=  − 
 
 

∑

where cijk is the joining between patch j 
and k (0 = unjoined, 1 = joined) of the cor-
responding patch type (i), within 200 m of 
each other, and ni is the number of patches 
in the landscape of the corresponding 
patch type (class). We combined patches 
of Types 4 and 5 to represent high-density 
patches due to the potential value of these 
areas to ferrets (Biggins et al. 2006a). By 
estimating mean active burrow density 
within each patch type, we examined how 
burrow density varied between sites and 
between years.

RESULTS

The spatial distribution of active bur-
rows was highly variable at both sites 
and showed a tendency to cluster into 
high-density areas (Figures 2 and 3). The 
Ripley’s K function values (Figure 4) for 
both study sites and both sampling peri-
ods indicated a strong tendency for active 
burrows to be clustered at all distance 
scales. Visual inspection of UDs (Figures 
2 and 3) supported the Ripley’s K result 
and showed the variability in active bur-
row density across each site, as well as 
the tendency for clustering of burrows in 
high-density areas.

While the maximum spatial extent of ac-
tive prairie dog burrows changed very little 
over time at either site (Figures 2 and 3), 
we found that the relative distribution of 
burrows changed at both sites over time. 
The total area of colonies at the UL Bend 
site changed from 906.84 to 965.07 ha over 
an eleven-year period and colonies at the 
Conata Basin site changed from 618.48 to 
643.02 ha over a six-year period. UL Bend 
had a relatively high VI score for active 
burrows of 0.93 between 1994 and 2005, 
while Conata Basin had a lower score of 
0.82 between 1999 and 2005, suggesting 
a greater degree of change in the spatial 
distribution of active prairie dog burrows 
at Conata Basin. This was further sup-
ported by an increase in the ratio of active 
to inactive burrows over time at Conata 
Basin (Table 1), while the ratio remained 
relatively constant at UL Bend.

Finer-scale analyses of active prairie dog 
burrow distributions demonstrated a ten-
dency for high-density burrow patches to 
shift over time. At UL Bend, the cumula-
tive area of high-density patches increased 

slightly, but the number of such patches 
decreased (Table 2). The connectance in-
dex at UL Bend was relatively low among 
patches at both time periods (Table 2). 
Despite these modest changes, there was 
a trend towards an increased number of 
high-density patches on the perimeter of 
the colony (Figure 3). Similarly, at Conata 
Basin, the cumulative area of high-density 
patches increased. Although Conata Basin 
had a higher degree of connectivity than 
UL Bend (Table 2), the connectance index 
decreased from 1999 to 2005 (Table 2). 
The decrease in the connectance index was 
the result of high-density patches shifting 
toward the periphery of the colony (Figure 
2), which also resulted in lower relative 
densities in the interior (Figures 2). High-
density patches made up a slightly higher 
percentage of the colony area at Conata 
Basin than at UL Bend (Table 2).

We observed a dynamic relationship be-
tween active and inactive burrows over 
time. At both study sites, we observed a 
shift from active to inactive, and vice versa, 
over time (Figures 5 and 6). For example, 
the highest relative density of active bur-
rows at UL Bend in 1995 became the 
highest relative density of inactive burrows 
in 2005 (Figure 6).

DISCUSSION

We found that prairie dogs formed distinct 
high-density patches of occurrence within 
their colonies and that the size, shape, and 
connectivity of these patches changed over 
relatively short time scales. Despite these 
internal dynamics, colonies changed little 
in total extent at either site. While others 
have reported rapid expansion of colo-
nies (Knowles 1986, 1987), we attribute 

Site Year Active:Total Inactive:Total Inactive:Active
Conata Basin 1999 1:1.1 1:9.4 1:8.3

2005 1:1.2 1:5.7 1:4.6
UL Bend 1994 1:1.1 1:10.7 1:9.7

2005 1:1.2 1:10.1 1:8.6

Table 1. Ratio of active:total, inactive:total, and inactive:active burrows at each study site during 
both time periods.
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Figure 4. Output for Ripley’s K analysis showing that the spatial distribution of active burrows across each area tends to be clustered for (1) UL Bend 1994 
(n = 11,317, k = 100), (2) UL Bend 2005 (n = 11,921, k = 100), (3) Conata Basin 1999 (n = 19,105, k = 100), and (4) Conata Basin 2005 (n = 22,671, k = 100). 
Dashed lines represent 95% confidence envelopes that delineate significant departures from randomness. Solid lines above the envelopes represent the tendency 
of points to form a clumped rather than regular (below envelope) or random (within envelope) distribution.
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their relative stability at our study sites 
to several factors, including topographic 
and vegetative barriers (Hoogland 1995, 
2006). The observed shifting of patches 
with relatively high densities of active 
burrows has important implications for 
how we currently assess ferret habitat, the 
management of prairie dog colonies, and 
overall ferret recovery.

Estimating prairie dog abundance and 
distribution is a critical factor in estab-
lishing management goals and assessing 
habitat for dependent species, such as the 
black-footed ferret. Current management 
plans frequently set prairie dog manage-
ment goals based on the commonly used 
measurements of total acreage covered 
by prairie dog colonies as defined by the 
maximum extent of burrows (Knowles 
1999; Cooper and Gabriel 2005) and 
average burrow density (Biggins et al. 
1993). These methods, while valuable 
in measuring habitat at a large scale, fail 
to account for the patchy distribution of 
prairie dogs within colonies that might 
be crucial to ferret resource selection and 
survival. Assuming that female ferrets 
select for areas with high prairie dog bur-
row density within a colony (Biggins et al. 
2006a), we hypothesize that the ability of 
a site to maintain a self-sustaining ferret 
population is partly influenced by the size, 
availability, and density of high-density 
patches of prairie dogs. This supposition 
is supported by the greater connectivity of 
high-density patches and percent of area in 
mid to high-density patches at the Conata 
Basin where ferret reintroduction has re-
sulted in a self-sustaining population.

How areas of high active burrow density 
shift over time is not solely limited to col-
ony expansion, but likely occurs at smaller 
scales within colonies as dictated by for-
age availability and soil type. Prairie dog 
occupancy has been shown to drive plant 
community structure over time (Cincotta 
et al. 1989), and prairie dog distribution 
likely responds to changes in vegetation 
species composition and productivity. The 
vegetation zones on prairie dog colonies 
have been noted to form concentric rings 
(Garrett et al. 1982). Changes in vegeta-
tive cover and species composition over 
time have been attributed to prolonged 
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Figure 5. Utilization distributions of active and inactive burrows across the Conata Basin study sites during both mapping occasions depicting the shift in 
prairie dog activity areas over time. Areas within circles show areas within colonies that previously had high densities of active burrows and have since become 
inactive, or areas within colonies that previously had high densities of inactive burrows and have since become active over time.
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Figure 6. Utilization distributions of active and inactive burrows across the UL Bend study site during both mapping occasions depicting the shift in prairie 
dog activity areas over time. Areas within circles show areas within colonies that previously had high densities of active burrows and have since become inac-
tive, or areas within colonies that previously had high densities of inactive burrows and have since become active over time.

intensive grazing pressure, with palatable 
perennial grass species shifting to the 
perimeter of colonies, and being replaced 
in more central areas by weedy annual 
species (Coppock et al. 1983; Archer et 

al. 1987; Detling and Whicker 1987). At 
a large scale, our results support these pre-
vious findings and show that prairie dogs 
moved towards the perimeter of colonies 
over time. However, looking more closely 

at prairie dog distribution within colonies, 
we found that previously occupied areas 
within colonies become inactive and vice 
versa (Figures 5 and 6). Multiple factors 
could explain these cyclical shifts from 
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activity to inactivity over time ranging 
from the potential effect of sustained ferret 
occupancy and predation to the potential 
effects of non-epizootic or enzootic sylvatic 
plague (Matchett et al., in prep). However, 
the most likely factor to induce these 
observed shifts are changes in vegetative 
cover. We hypothesize that the relationship 
between vegetative cover and prairie dog 
occupancy is likely a dynamic process, 
where activity areas of prairie dogs shift 
spatially within colonies over time, thereby 
enabling long-term occupancy of a defined 
area or burrow system. Thus, the inactive 
portion of prairie dog colonies should not 
be viewed as low in habitat value over the 
long term because these sites might again 
become populated.

Our findings also suggest that where climate 
and soil conditions allow, management of 
vegetation structure might serve as a tool 
to create and sustain patches of high prairie 
dog density and patch connectivity, thus 
improving habitat for dependent species. 
Given that ferrets select and likely compete 
for areas of high prairie dog density (Big-
gins et al. 2006a), the spatial dynamics we 
observed have important implications for 
techniques to estimate the suitability of 
ferret habitat and for the management of 
prairie dog colonies. The shifting of high-
density areas of active prairie dog burrows 
within colonies over time, likely associated 
with changes in vegetation, suggests that 
through the management of vegetation we 
might be able to improve habitat for ferrets 
by creating large high-density areas.
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