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Abstract

Factors governing the rate and direction of prairie dog
(Cynomys spp.) colony expansion remain poorly un-
derstood. However, increased knowledge and ability to
control these factors may lead to more effective reintro-
ductions of prairie dogs and restoration of grassland habi-
tats. We present density and directional analyses of the
establishment of new burrows on three reintroduced colo-
nies of Black-tailed prairie dog (Cynomys ludovicianus)
in southern New Mexico; the study colonies had been sub-
jected to mow and burn treatments in the second year of
the study. Our hypotheses were that prairie dogs will pref-
erentially dig new burrows in the treatment plots versus
control plots and that the colonies will expand in the

direction of the treatment plots. The results support these
hypotheses; analysis of burrow counts by site and treat-
ment shows that prairie dogs preferentially colonized both
mow and burn treatments compared to untreated areas at
the periphery of the colonies. Directional analysis showed
a significant posttreatment orientation of new burrows
toward the treatment plots for all colonies. Our results
show that the direction of expansion of prairie dog colo-
nies can be manipulated. Effective control of the expan-
sion of prairie dog colonies may lead to more successful
reintroductions.

Key words: Black-tailed prairie dogs, Cynomys ludovicia-
nus, directional analysis, fire, grasslands, reintroductions.

Introduction

Given suitable habitat and exclusion of factors such as rec-
reational hunting, poisoning, habitat loss, and Yersinia
pestis (the bacterium causing the plague), reintroduced
prairie dog (Cynomys) colonies will typically expand from
year to year (Halpin 1987; Garrett & Franklin 1988;
Hoogland 1995). In this study, we define colony size as the
area occupied by a prairie dog colony and expansion as
colonization of new habitat outside the existing colony
boundaries. Colony expansion occurs mainly during the
spring with emergence of juveniles; the direction of colony
expansion depends on the availability of vegetation with
suitable height and cover type and on low-slope areas
with soil suitable for burrowing (King 1955; Koford 1958;
Cincotta et al. 1988; Hoogland 1995). Nevertheless, factors

and processes that could be manipulated to control colony
expansion remain poorly understood.

Historically, the public did not view prairie dogs favor-
ably. Eradication programs were encouraged by govern-
ment agencies due to the fear of disease transmission and
competition with livestock for forage (Merriam 1902;
Hoogland 1995). Today, attitudes toward prairie dogs are
improved (Zinn & Andelt 1999) due to better science,
introduction of financial compensation and incentive pro-
grams (Coon 2002; Lybecker et al. 2002), the importance
of prairie dogs to the recovery of the critically endangered
Black-footed ferret (Mustela nigripes; Forrest et al. 1988;
Biggins et al. 1993), and popular opinion favoring restora-
tion of ecosystems to ‘‘pristine’’ conditions (Cole 2000a,
2000b; Landres et al. 2001). These factors provide a favor-
able social and political context for prairie dog reintroduc-
tion and restoration programs.

The Black-tailed prairie dog (Cynomys ludovicianus)
is a member of the squirrel family Sciuridae (Murie &
Michener 1984). These fossorial rodents occupy open flat
grasslands with little or no woody vegetation (King 1955;
Koford 1958; Butler 1995). In North America, there are
four other species of prairie dog: Gunnison’s (C. gunni-
soni), Utah (C. parvidens), Mexican (C. mexicanus), and
White-tailed (C. leucurus). Populations of all five prairie
dog species have declined dramatically in the past 100
years. The Utah prairie dog is classified as threatened, and
the Mexican prairie dog is classified as endangered
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(Hoogland 1995). Of all these species, the Black-tailed
prairie dog is the most abundant and widespread (Graves
2001).

Prairie dogs are social animals that live in colonies or
towns (Costello 1970). Black-tailed prairie dogs are the
most colonial prairie dog species (Graves 2001). Benefits
of coloniality are well documented and include increased
predator detection, mate selection, and location of food
sources through communication (Patterson 1965; Munro &
Bedard 1977; Bertram 1978; Hoogland 1981; Wittenberger
& Hunt 1985; Hoogland 1995). Physical barriers such as
arroyos, streams, or roads within a colony may further
divide the colony into subcolonies or wards (King 1955).
Thus, there is at least one ward per colony. In addition,
there are family units called coteries consisting of a single
breeding adult male, three or four females, and juveniles
(Hoogland 1995). Within the coterie’s territory, all mem-
bers have unlimited access to about 60–70 burrow entran-
ces connected through branching underground tunnels;
underground connections between coteries have not been
documented (Hoogland 1995).

At times, historic colonies were immense landscape fea-
tures spanning thousands of square kilometers and con-
taining millions of individuals, such as the famous prairie
dog town near Lubbock, Texas, that covered approxi-
mately 6,475,000 ha (Bailey 1905; Agnew et al. 1986). The
largest present-day colony is near Janos, Mexico, occupy-
ing approximately 15,000 ha (Van Pelt 1999; Marce-Santa
2001). Today, most existing colonies are fragmented over
the landscape owing to habitat loss due to agriculture and
urban development (Hoogland 1995).

Burrowing rodents have been shown to have profound
effects on vegetation and soils in a variety of systems
(Zhang et al. 2003; Arias et al. 2005; Eldridge et al.
2006). These effects are often in conflict with human
land use patterns. Thus, there is a need to manage habi-
tat use by such species, particularly when they form
large colonies as prairie dogs do. Although studies have
assessed the use of nonlethal methods such as visual
barriers to constrain prairie dog colony expansion
(Hygnstrom 1996; Van Pelt 1999; Hendrie 2004), very
little work has been done on how habitat manipulations
such as mow and burn treatments can affect the direc-
tion of prairie dog colony expansion. A recent study
conducted in North Dakota (the northern extent of the
Black-tailed prairie dog range) by Milne-Laux and
Sweitzer (2006) has shown that prairie dogs venture
more readily and dig burrows into experimental plots
treated by burning and mechanical brush removal. It is
reasonable to expect colony expansion to be related to
vegetation structure because Black-tailed prairie dogs
have difficulty colonizing areas with tall and/or dense
plant cover (Garrett & Franklin 1988; Wolff 1999).
Thus, manipulation of vegetation structure through mow
and burn treatments can promote colony expansion.
In this study, we analyze changes in the spatial pattern
of burrows in three study colonies pre- and posttreat-

ment to determine whether the treatments influence col-
ony expansion.

We hypothesize that prairie dogs will preferentially dig
new burrows in or near plots treated by mowing or burn-
ing, thus influencing the rate and direction of colony
expansion. We analyze this cause-and-effect relationship
in two parts. First, we use analyses of burrow density to
examine whether new burrows are preferentially located
in the treatment plots. Then, we use directional analysis to
examine whether the colonies are expanding in the direc-
tion of the treatment plots.

Methods

Study Area

The Armendaris Ranch in southern New Mexico contains
some of the last natural remnants of Chihuahuan Desert
grassland and occupies 145,750 ha in the Jornada del
Muerto Basin. Chihuahuan Desert landscapes are com-
posed primarily of semidesert grassland and Chihuahuan
Desertscrub. Dominant grasses in the study area are
perennial bunchgrasses including Alkali sacaton (Sporo-
bolus airoides), Tobosa (Pleuraphis mutica), and Burro-
grass (Scleropogon brevifolius; Brown 1994; Hartsough
2002). These species form clumps varying in height from
10 to 60 cm. Desertscrub is dominated by Vine mesquite
(Panicum obtusum) and Creosote bush and is typically not
a suitable habitat for prairie dogs because the height and
spatial arrangement of the grasses and shrubs make visual
predator detection difficult. Black-tailed prairie dogs were
reintroduced to the Armendaris Ranch into areas from
which native colonies had been extirpated as late as 1965
(Oakes 2000). Currently, there are 14 introduced prairie
dog colonies on the Armendaris Ranch; these colonies
were established using the methods of Truett and Savage
(1998) and Truett et al. (2001). The three colonies we
studied were Red Lake (12 ha), established in 1998, and
S-Curve (8 ha) and Deep Well (5 ha), both established in
1999; all three are located in desert grassland portions of
the ranch.

Data Collection

Characteristics of prairie dog burrows were recorded dur-
ing four survey periods from 2000 to 2004. These periods
were pre-treatment: summer 2000; posttreatment: summer
2001 and fall 2001; and 2 years posttreatment: fall 2003 for
Deep Well and S-Curve and summer 2004 for Red Lake.
For each survey, all new burrows were marked with a steel
peg and numbered tag; their locations (in Universal
Transverse Mercator coordinates) were recorded using
the Trimble Geo-Explorer III (Trimble Navigation Lim-
ited, Sunnyvale, CA, U.S.A.). The point data were differ-
entially corrected and then imported into ArcMap as
shapefiles to create digital spatial maps for each colony.
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Several characteristics of prairie dog burrows were
recorded including the activity status of burrows. Status
was determined by the presence of fresh digging, tracks,
scat, and/or visual observation. Inactive burrows were not
used in the analyses reported here; only active burrows
were used because this characteristic more accurately
reflects population density (Cincotta et al. 1988; Biggins et
al. 1993; Hoogland 1995).

Study Design

Multiple 50 3 50–m plots were established on the peri-
phery of the three study colonies. There were a total of
11 plots at Deep Well, 14 at S-Curve, and 23 at Red
Lake. Six of these plots were randomly chosen to receive
mow (n ¼ 3) or burn (n ¼ 3) treatments at Deep Well
and S-Curve colonies, and eight of the plots were ran-
domly chosen to receive mow (n ¼ 4) and burn (n ¼ 4)
treatments at Red Lake colony. Treatment type (mow vs.
burn) was then randomly assigned to each plot that had
been selected to receive either the mow or the burn
treatment. Plots not selected for treatment were control
plots.

Data Analysis

Burrow densities were calculated for all plots at all three
sites for the pre-treatment (summer 2001) and first post-
treatment (fall 2001) periods. We calculated the differ-
ence in burrow counts (pre-treatment vs. posttreatment)
and the percent change in burrow counts from the pre-
treatment period to the posttreatment period. Finally,
we used analysis of variance (ANOVA) to assess differ-
ences between burrow counts due to site and treatment
effects.

Directional analyses examined the orientation of colony
expansion to test whether new burrows were oriented
toward the treated plots relative to their nearest neighbor
from the previous year, regardless of whether those new
burrows were located in the treated plots or not. Direc-
tional data have two components: a magnitude and an
angle (Burt & Barber 1996). In this case, the magnitudes
represent distances from a new active burrow to the near-
est active burrow from the preceding field survey. Angles
were measured between these nearest neighbors from suc-
cessive field seasons. The directional statistics we present
here used only the angle data.

These measurements resulted in three directional data-
sets derived over four survey periods: pre-treatment, post-
treatment, and 2 years posttreatment (2.5 years in the case
of Red Lake). The magnitude and direction of these vec-
tors were plotted graphically using rose diagrams or circu-
lar histograms (Davis 1986; Burt & Barber 1996). Mean
direction, X0 (Mardia 1972), mean resultant length, R, and
circular variance, S20 (Davis 1986; Burt & Barber 1996,
were calculated for vector data using the following
equations:

X0 ¼ 360� � ðarctanð
X

sinh=
X

coshÞÞ ð1Þ

R ¼
��X

sinh
�
2
1

�X
cosh

�
2
�
1=2

ð2Þ

S20 ¼ 1 � ðR=nÞ; ð3Þ

where h is the observed angle and n is the total number of
observations. The mean resultant length is a measure of
dispersion of a sample of directional measurements (Burt
& Barber 1996). Circular variance complements R and is
a measure of variability (Davis 1986; Burt & Barber
1996). The mean resultant R and S20 both range from 0 to
1. These ranges are opposite; for R, 1.0 means a strong
mean vector with little dispersion, whereas for S20, the
maximum variability or dispersion equals 1.0 (Davis 1986;
Burt & Barber 1996). There are no units associated with
R or S20. Statistical hypothesis tests based on the von Mises
distribution (the circular equivalent of the normal distri-
bution) were performed to assess directional randomness
(H0: j ¼ 0, H1: j > 0) in the data (Mardia 1972; Davis
1986). The concentration parameter, j, is a function of
R. If j ¼ 0, then the data can be assumed to follow a circu-
lar uniform distribution (Davis 1986); if this hypothesis is
rejected, then a preferred direction exists. The mean
direction (X0) can only be calculated in the presence of
such a trend. This X0 was calculated and superimposed on
the rose diagrams (Mardia 1972).

Directional statistics have been used in studies of ani-
mal behavior (Christman & Lewis 2005), especially animal
orientation (Marchetti & Scapini 2003; Zimmerman et al.
2003), and in studies of plant growth (e.g., Macek & Leps
2003). However, this study is the first, to our knowledge,
to use directional statistics to examine expansion of occu-
pied habitat, which is typically studied using methods
based on diffusion (Okubo & Levin 2001) or random walk
models (Turchin 1998). The statistical techniques used in
this study can have broad application in analyzing wildlife
movements and habitat expansions.

Results

Results support the hypothesis that both mow and burn
treatments created conditions conducive to colony ex-
pansion by Cynomys ludovicianus. ANOVA showed that
burrow densities increased from pre-treatment to post-
treatment on treatment plots versus control plots for all
colonies (Table 1); the two treatments did not differ (p <
0.0001). The differences between the burrow counts pre-
and posttreatment are always greater for treatment plots
versus control plots, indicating that prairie dogs moved
preferentially to the treatment plots.

From these results, it can be expected that because prai-
rie dogs preferentially colonized treatment plots versus
control plots, the overall direction of colony expansion
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will be oriented toward the treatments (Fig. 1). Directional
statistical analyses showed no detectable preferred direc-
tion for the pre-treatment datasets (Table 2). However,
posttreatment and 2 years posttreatment (2.5 years post-
treatment for Red Lake) significant directions were de-
tected. Posttreatment mean directions (X0) were oriented
toward the treatment plots on the colony periphery (Figs.
2–4). The mean direction for new burrows 2 years post-
treatment (2.5 years posttreatment at Red Lake) deviated
slightly from the 1 year posttreatment direction at Deep
Well (287�) and S-Curve (334�) but deviated substantially
for Red Lake colony (162�). Our hypothesis is supported;
mow and burn treatments influence the location of new
burrows at both the plot and the whole-colony scales.

Based on the above results, it is reasonable to ask if the
treatments also had an effect on the rate of colony expan-
sion. To assess this, we performed an ANOVA with the
same treatment structure as the analysis reported in
Table 1; however, in this analysis, the experimental units

Table 1. Difference in burrow densities between treatment and con-

trol plots for all colonies from summer 2001 (pre-treatment) survey

to fall 2001 (first posttreatment) survey; overall test of treatment

effect significant at p < 0.001 in an ANOVA with colony as a random

effect and treatment as a fixed effect (Pinheiro & Bates 2004).

Colony Treatment
Average
Difference

% Density
Increase

Deep Well Burn 14.0 309
Mow 7.33 240
Control 2.20 62.5

S-Curve Burn 4.33 291
Mow 5.67 290
Control 1.75 143

Red Lake Burn 4.25 480
Mow 3.0 400
Control 21.3 51

‘‘Average difference’’: (fall 2001 burrow count) 2 (summer 2001 burrow
count); ‘‘% Density increase’’: (average difference/summer 2001 burrow count)
3 100%.

Table 2. Rayleigh’s test for the presence of a directional trend in

orientation of new burrows for the three colonies for the three time

periods.

Colony Time Period

Calculated Value
for Mean Resultant

Length, R X0 S

Deep Well Pre-treatment 0.125 — —
Posttreatment 0.354* 278� 0.997
2 years later 0.205* 287� 0.998

S-Curve Pre-treatment 0.089 — —
Posttreatment 0.297* 315� 0.998
2 years later 0.320* 344� 0.995

Red Lake Pre-treatment 0.218 — —
Posttreatment 0.313* 357� 0.994
2 years later 0.359* 162� 0.993

A preferred direction exists only for the two posttreatment periods.
*Mean direction significant in a test of directional randomness (H0: j ¼ 0,
p � 0.05).

Figure 1. (a) Overview of Deep Well colony displaying location of

treatment plots’ active burrows from pre-treatment: summer 2001 to

posttreatment: fall 2001. (b) Overview of S-Curve colony displaying

location of treatment plots’ active burrows from pre-treatment:

summer 2001 to posttreatment: fall 2001. (c) Overview of Red Lake

colony displaying location of treatment plots’ active burrows from

pre-treatment: summer 2001 to posttreatment: fall 2001. B, burned

plots; M, mowed plots; U, untreated (control) plots.
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were the individual new burrows and the response variable
was the distance from each new burrow to the nearest
active burrow from the previous burrow census. These dis-
tances were significantly greater posttreatment than pre-
treatment, indicating that the treatments increased the rate
of colony expansion in addition to influencing its direction
(Table 3).

Discussion

Preferential colonization of the treatment plots did indeed
cause the colonies to expand in a preferred direction. In
the absence of the treatments, one would expect equal-
sized plots at the colony periphery to contain roughly
equal numbers of new burrows (i.e., those not present in
the preceding census). Instead, densities of new burrows
were consistently higher in the treatment plots than in the
control plots. In the absence of the treatments, one would
also expect that the colonies would expand more or less
uniformly around their entire periphery, subject to the
constraints of available habitat into which to expand. We
found that new burrows tended to be concentrated in the
direction of the treatment plots, whether those new bur-
rows were located in the treatment plots or not. The treat-
ments also led to an increase in the mean distance from
existing burrows to new burrows. These treatments there-
fore can be used to manipulate the rate and direction of
Black-tailed prairie dog colony expansion. Similar results
have been found in similar studies (Milne-Laux & Sweitzer
2006).

As mentioned above, untreated colonies would be
expected to expand uniformly around their periphery sub-
ject to constraints of available habitat, including variation
in habitat quality, vegetation height, soil properties, roads,
etc. In addition, colony shape might be expected to influ-
ence the direction of colony expansion, so that, all other
things being equal, a growing colony with unlimited avail-
able habitat would tend to become circular in shape (note,
however, that the details of prairie dog foraging might
favor more perimeter relative to area than allowed by
a circular colony). Thus, there are a number of potential
complications in our directional analysis. However, the
analysis of burrow counts can only provide information
about burrows located within the treatment and control
plots. The directional analysis on the other hand pro-
vides information about the overall direction of colony ex-
pansion. Thus, the two analyses that were presented in
Tables 1 and 2 are complementary rather than redundant.

Black-tailed prairie dog alarm calls provide communal
defense against predators (Hoogland 1981, 1995). Increased
visibility may increase the effectiveness of predator detec-
tion and cooperative defense because Black-tailed prairie
dogs visually locate predators and utter alarm calls to alert
conspecifics that predators have been detected (Hoogland
1981, 1995). Black-tailed prairie dogs clip tall vegetation
to improve predator detection, unlike C. leucurus which
use tall vegetation for cover from predators (Hoogland
1995). Thus, the mow and burn treatments likely increased
both visibility and available habitat for the prairie dogs.

There is some evidence of long-term influences of treat-
ments. Our final survey for Deep Well and S-Curve was
carried out at 2 years posttreatment; at that time, the vege-
tation on the treated plots remained similar to that on the

Figure 2. Rose diagram for DeepWell colony showing distributions of

vectors from each active burrow at the pre-treatment period to the near-

est new burrow at the posttreatment period. Mean directionX0 ¼ 278�,
significant in a test of directional randomness (H0: j ¼ 0, p � 0.05).

Figure 3. Rose diagram for S-Curve colony showing distributions of

vectors from each active burrow at the pre-treatment period to the near-

est new burrow at the posttreatment period. Mean directionX0 ¼ 315�,
significant in a test of directional randomness (H0: j ¼ 0, p� 0.05).
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rest of the colony, with considerably shorter overall vegeta-
tion height and more bare ground than off-colony areas. At
the final survey, colony expansion continued toward the
treatment plots. Although the influence of the treatments
decays over time because the colony expands beyond the
treatment plots, colony expansion appears to have some
‘‘momentum’’ because the colony continues to expand in
the same direction as for both posttreatment surveys.

However, this effect was not observed at the Red Lake
colony; the mean direction of colony expansion was ori-
ented away from the treatment areas at the final survey
2.5 years posttreatment. One plausible reason why this
effect was not observed at Red Lake might have to do
with population fluctuations on the colonies during the
study. Partly due to the drought conditions prevailing
during the study, Red Lake, the largest of the study colo-
nies, was the only one of the three colonies that had

a declining population between the first and the second
posttreatment surveys (A. Facka 2004, NMSU researcher
personal communication). The low population numbers at
Deep Well and S-Curve resulted in fewer new active bur-
rows at those colonies. Deep Well and S-Curve experienced
a decline in burrow establishment from posttreatment to
2 years posttreatment. At posttreatment, there were 110
new burrows tagged on Deep Well colony, but only 84
tagged at 2 years posttreatment, a 24% decline; S-Curve
experienced a 52% decline. The number of new burrows
at Red Lake colony remained relatively stable throughout
the course of the study. This decline in population and
thus new burrows may explain why mean directions devi-
ated only slightly from one another during posttreatment
and 2 years posttreatment at Deep Well and S-Curve.

Implications for Practice

d Although much prairie dog habitat has been con-
verted to agriculture and suburbs, conflict between
prairie dog colonies and humans could be reduced
through management interventions to control colony
expansion.

d As ecosystem engineers (Jones et al. 1994), prairie
dogs create suitable habitat for many other species
(Miller et al. 1994; Stapp 1998; Ceballos et al. 1999;
Kotliar et al. 1999; Bangert & Slobodchikoff 2000),
which has been recognized by many public and pri-
vate protected areas, parks, and as a result, these
conservation lands have begun reintroducing prairie
dog colonies.

d Expansion of prairie dog colonies can be manipu-
lated. Where suitable vegetation cover exists on the
colony periphery, mow and burn treatments can be
used to influence the rate and direction of colony
expansion.

d Further studies could combine the use of visual bar-
riers with vegetation management to determine if
this combination results in more effective control of
colony expansion.

d Additional research and a history of successful rein-
troductions may eventually allow management of
prairie dog colonies in urban settings with minimal
human–wildlife conflict.
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