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CHAPTER I
GENERAL INTRODUCTION

This study was developed to assess the use of playa lakes as refiige habitat for
black-tailed prairie dogs (Cynomys ludovicianus) in the Texas Panhandle. Playas are
already the primary source of remaining habitat for many resident and migrant species
throughout the region. This study was conducted within a 2,899,990-ha, twelve county
area of the Panhandle of Texas. To the best of our abihty, using remote sensing and work
on the ground we located all of the prairie dog colonies within these twelve counties and
determined the distance between the colonies and the nearest playas. We assessed the
utihty of digital orthogonal quarter quadrants (DOQQs) for locating prairie dog colonies.
To assess prairie dog colony effects on vertebrate diversity and composition, we paired
29 of tiie colonies, which were along the slopes of playas, with nearby playas that had not
been colonized by prairie dogs. At these paired sites small mammal frapping was
conducted. We also conducted avian surveys at 14 of these sites.
In addition to these aspects of the study, we developed a new metiiodology for
estimatmg the population sizes of black-tailed prairie dog colonies. For our study this
was necessary because we intended to estimate population sizes and densities at all of the
colonies in our area. Previous metiiods would take more time than we had available to
us. Every two weeks for two years we spent an entire day at a colony documenting
prairie dog behavior to develop this methodology.
The results of this research are presented in three chapters. Chapter II presents
the population estimation model and metiiodology that we developed. In Chapter III, the

applicability of DOQQs to locate prairie dog colonies is assessed. Chapter III also
assesses the use of playa lakes by black-tailed prairie dogs. The resultsfromthe
vertebrate surveys are presented in Chapter FV. All chapters will be submitted separately
for publication.

CHAPTER n
A BLACK-TAILED PRAIRIE DOG COLONY POPULATION
ESTIMATION MODEL

Absfract
The black-tailed prairie dog {Cynomys ludovicianus) is a candidate for listing as a
threatened species throughout its 11 -state range. Effective management requires an
adequate means of censusing prairie dogs; however, an accurate and efficient way to
assess the population size of a large number of individual prairie dog colonies is lacking.
We assessed seasonal variation in prairie dog activity patterns by conducting dawn to
dusk counts twice a month at a colony in Lubbock County, TX from January 20, 2002 to
December 13, 2003. Using these data, we developed models to improve population
estimates from visual counts. Our models allow estimation of the proportion of a prairie
dog population aboveground with a measurable degree of error, at given time and
weather conditions during summer or winter seasons. Summer model estimates had an
average difference of 6% from the known population (approximately 5 prairie dogs). The
difference of winter model estimates from the known population was 10%. These models
will provide natural resource managers a method to efficientiy obtain improved estimates
of black-tailed prairie dog population sizes at colonies.

Infroduction
Prairie dog {Cynomys spp.) populations have declmed dramatically during tiie
last century because of loss of habitat, plague and unregulated shooting and poisoning

contixjl efforts (Luce 2003). Merriam (1901) estimated that prairie dogs occupied 283
milHon ha in tiie late 1800s; but by 1971, prairie dog colonies had been reduced to less
ttian 0.6 million ha (Cain et al. 1971). This apparent decline led to tiie black-tailed prairie
dog {Cynomys ludovicianus) being found to warrant listing for protection under tiie
Endangered Species Act (ESA; Departinent of the biterior 2000). However, listing under
the ESA was precluded due to higher priority issues. The prairie dog's current status as a
candidate species has caused a stir throughout its native range m the Great Plains of the
United States. While the prairie dog is considered to be a species of concern by some
members of society, others consider it to be a nuisance and a pest. As such, the prairie
dog continues to be confrolled and persecuted throughout much of its distribution.
Because there is confroversy as to the actual status of the black-tailed prairie dog, many
states have begun to survey and assess the current status of the species (Luce 2003).
However, an accurate and efficient method of conducting population surveys over a large
spatial scale has not been developed.
One approach to assessing a prairie dog population is to use GIS and aerial
images to delineate the area of a colony and estimate the total area occupied by prairie
dogs (Cheatem 1973, Lovaas 1973, Tietjen et al. 1978, Senseman 1991, Assal 2001).
However, different observers may have different interpretations of the images.
Furthermore, temporal change in the spatial aspects of prairie dog colonies can occur
between the time the photographs were taken and the time they are analyzed. Colonies
that were present in the images of dated material may no longer exist and new colonies
may have appeared elsewhere. Thus, aerial photographs provide spatial data for colonies
only at that point in time when tiie photograph was obtained; unless photographs are

obtained annually, they cannot be used to assess current acreage values for prairie dog
colonies. An additional Umitation of using aerial photograph interpretation to assess the
population status of prairie dogs is that colony area is not always linearly related to
population size (King 1955).
Another method of prairie dog population estimation is to count burrows (King
1955, Fagerstone and Biggins 1986, Powell et al. 1994). This method is simple in
application, but relatively undefinitive as some burrows may be abandoned, others may
house multiple individuals, and some individual prairie dogs may use multiple burrows
(Merriam 1901, King 1955, Koford 1958). An additional problem associated with
burrow counting is the issue of property access. In order to accurately count burrows,
one must have permission to be on the colony, which is not always possible when
attempting to survey large areas or numbers of colonies in areas dominated by private
land ownership (ex: Texas Panhandle).
The most accurate method of population estimation is live-frappmg (Fagerstone
and Biggins 1986, Menkens and Anderson 1993). When attemptmg to assess the status
of a species as widespread as the prairie dog, this method is financially prohibitive and
logistically unreahstic. This method would be feasible only if data on individual animals
were required or, possibly, if only a small sample of colonies were being studied.
Visual counts are tiie recommended metiiod for surveying a large number of
prairie dog colonies in a short amount of time, (Fagerstone and Biggins 1986, Menkens et
al. 1990, Menkens and Anderson 1993). Typically, counts are conducted in tiie morning
before tiie hottest times of tiie day when prairie dogs are most likely to refreat to their
burrows (Tileston and Lechleitiier 1966). Three or four counts are done in one morning

and the highest count is considered to be the population size (Fagerstone and Biggins
1986, Menkens and Anderson 1993, Severson and Plumb 1998). Advantages of this
method compared to the other methods are the ease in which it can be conducted and, if
the colony is visible from a road, it does not require permission to access the property.
An improbable assumption of this method is that the entire population is abovegroimd
during one of the counts. However, the major shortcoming is attempting to survey only
in the morning and therefore being limited to only one colony per surveyor per morning.
Time can become an issue when surveying a large number of colonies.
In order to facilitate surveys of prairie dogs at the regional scale, a method of
population estimation without the limitation of surveying only in the morning is
necessary. Previous studies have observed that there are patterns to the aboveground
activity of prairie dogs (Clark 1968, Fagerstone and Biggins 1986, Powell et al. 1994).
However, behavioral patterns of prairie dog activity have not been assessed for possible
application to estimation of population sizes of colonies. The goal of this study was to
develop a statistical model based on the activity patterns of prairie dogs to estimate the
populations of colonies.

Study Area and Methods
We conducted this study at prairie dog colonies in Lubbock County, Texas. AH
prairie dog colonies used in this study were visible from public roads so as to eliminate
the need to gain landowner permission for access. We conducted all-day counts twice a
month at a single prairie dog colony (16.6 ha) on the nortiiem edge of tiie city of
Lubbock, Texas (33°39'N, 101°49'W) from 20 January 2002 tiirough 13 December

2003. All-day counts consisted of scanning the entire colony and counting every visible
prairie dog at half-hour intervals from dawn to dark. We conducted counts from a tmck
using a window-mounted spotting scope. The tmck also fimctioned as a blind,
minimizing the possible disturbance that observer movements may have on the prairie
dogs' activities (Smith 1958, Menkens and Anderson 1993). Immediately foUoAving each
coimt, we measured temperature, wind speed and barometric measure with a Kesfrel®
4000 (Nielsen-Kellerman, Boothwyn, Permsylvania, USA) handheld weather imit. We
also estimated percent cloud cover, and recorded numbers of other visible bird and
mammal species.
We considered the highest count on any given day to be the total population of the
colony (Fagerstone and Biggins 1986). We then converted all other counts from that
same day into a percentage of the total population. This standardized the data from all of
the days as the population of the colony fluctuated throughout the year. Because most
statistical tests will not yield accurate results with proportion data, we fransformed the
proportion data with the arcsine square root fransformation (Kleinbaum and Kupper
1978, Zar 1999).
Black-tailed prairie dogs have been shown to exhibit a unimodal pattem m the
winter witii a single activity peak in the afternoon (Davis 1966, Althen 1975, Powell et al.
1994). In confrast, a bimodal pattem is observed during summer montiis witii activity
peaks in tiie morning and in the evening; fewer prairie dogs are above ground at any one
time during tiie hottest parts of tiie day (Merriam 1901, Altiien 1975, Loughry 1993,
Powell et al. 1994). Previously suggested season-specific bimodal and unimodal activity
patterns of prairie dogs were supported by our data (Figure 2.1).

Because of seasonal differences in activity patterns, we divided our data into two
seasons. We defined summer as May tiirough September and winter as November
through March. Black-tailed prairie dogs will go into a hibernation-like state for a few
days up to a couple of weeks in tiie northern regions of their range (Harlow and Menkens
1986, Hoogland 1995). However, tiiat has not been found to occur within tiie southern
areas occupied by black-tailed prairie dogs, such as the panhandle of Texas. Because of
this we were able to observe the prairie dogs year-round in our study area. Prairie dogs
greatly reduce all aboveground activity during any precipitation regardless of
temperahire, time of day, or season (King 1955, Fagerstone and Biggins 1986, Menkens
and Anderson 1993, Severson and Plumb 1998). Thus, we deleted from analysis any data
collected during adverse weather (rain or snow).
Due to the fact that each season consisted of multiple months, some days had
almost fourteen hours of daylight (summer) while others had as few as ten (winter). In
order to represent time of day in a biologically meaningfiil manner, we calculated time as
a percentage of day-length (Tpd), where

Tpd =

(Tc-T^/(T,-T^

with Tc = time of count, Td= time of sunrise, and Ts = time of sunset. We calculated all
times in minutes starting at zero for sunrise. We then pooled the Tpd for each count into
time categories often percent daylight intervals (Table 2.1). Tj and Ts were obtained
from an online ahnanac website (Yankee Publishing 2004).

Best subsets regression with Akaike Information Criterion (AIC) consistently
indicated that time, temperature and humidity were the most influential variables on
prairie dog activity (Table 2.2). Thus, we only considered these three variables for
fiirther model development. Because temperature is related to time of day, a unique
model was required for each time category. We created models for each time category
using simple regression with the fransformed proportion of prairie dogs seen as the
dependent variable and with temperature as the single independent variable, and then
again with both temperature and humidity as independent variables.
We tested the models by conducting independent all-day counts at other colonies
in Lubbock County. We used five summer test colonies and eleven winter test colonies.
We collected and processed these data exactly as with the original colony. We used a
random number generator to randomly select individual counts to make up trials. The
only restriction on randomness was that no count be within two hours of any other coimt.
This was done to reduce the possibihty of violating independence. A trial consisted of
one, two, three, four, or five individual counts collected during the same all-day survey.
We ran a total of 100 tiials for each test colony; 20 tiials for each number of counts. In a
trial, the data from each individual count were subjected to the model that correlated with
the time the count was conducted. The mean of the outputs of tiie individual count
models was then calculated as tiie output for the trial. To assess the number of counts
required for accurate population estimation, we tested the tiial results using both Tukey's
honestiy significant difference (HSD) and Fisher's least significant difference (LSD)
tests.

Results
Analysis
We developed models for each time category in botii of the seasons using
temperature as the sole variable and using two variables of temperature and humidity.
Based on paired t-tests, tiie models for both of these possibilities yielded statistically
equivalent results in botii tiie summer (ti28 = 0.79; P = 0.4336) and in the winter (t267 = 1.59; P = 0.11). Therefore, the most parsimonious models use temperature as the only
variable and were applied tiiroughout tiie rest of the shidy (Tables 2.2 and 2.3). We
calculated the standard error for each model by taking the square root of the residual
mean square (Ott and Longnecker 2001) and then used the arcsine square root
fransformation to present a proportion (Tables 2.2 and 2.3).
The summer trials with three and four counts differed from the observed
estimated population by 8% (approximately six prairie dogs in most colonies on the study
area). Based on Tukey's HSD test, trials with only one count were statistically less
accurate than those with two, three, four and five counts (P < 0.0000; Figure 2.2). Trials
with two counts were statistically different from trials with four counts {P = 0.0239), but
did not differ from trials with three or five counts {P > 0.4284; Figure 2.2). Trials with
three, four and five coimts were statistically smiilar to each other (P > 0.5633; Figure
2.2). At all numbers of coimts the 95% confidence intervals were 1.1% of the mean or
less.
In the winter, trials with 4 counts were the most accurate, differing by 10% from
the estimated population (approxmiately seven prairie dogs in most colonies in the study
area). However, in winter, tiials witii one or two counts were significantly less accurate
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tiian those witii tiiree, four or five counts (Figure 2.2). At all numbers of counts the 95%
confidence intervals were less than 0.05%.
The summer model provided more accurate results for four out of the five
possible count levels than did the winter model (Figure 2.2). Trials with one (tsig = -1.76;
P = 0.0792), two (t3,8 = 1.03; P = 0.3031), or five (tm = 1.51; P = 0.1317) counts were
statistically the same for both seasons. In tiials witii three (tsig = 2.03; P = 0.0429) or
four (t3i8 = 2.70; P = 0.0073) counts, summer trials were statistically more accurate than
were the winter trials.

Apphcation
Our model can be applied as demonsfrated in the following example. Complete
visual coimts were conducted at Colony 57 on 1 June at 1659 hrs, 2 June at 1330 hrs, and
4 June at 1039 hrs (Example 1). Thus, counts were conducted on days that were almost
consecutive and at times that were at least two hours apart. Including a five-minute
acclimation period upon arrival at the colony, each count took approximately 10 minutes
to conduct, after which the number of prairie dogs observed and the temperature were
recorded (Example 1).

Example 1. Data recorded at time of surveys.
Date
County ID
Hockley 57 6/1/2003
Hockley 57 6/2/2003
Hockley 57 6/4/2003

Time
1659
1330
1039
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Temp (°C) # P. Dogs
30.4
52
29.7
55
68
23.6

Sunrise and sunset times were obtained for the dates in which counts were
conducted from an online almanac website (wvm.almanac.com). The most cenfral town
or city in tiie relevant county was used as tiie location for all colonies witiiin the county.
Daylengtii was calculated by subti^cting tiie time of sunrise from tiie time of sunset. The
time of sunrise was subfracted fix)m the time of each individual count. The result was
then divided by the daylength to achieve a percentage of tiie daylength at which tiie count
was made. For example, for cbunt 1:

Count 1 % Daylengtii = ((1659 - 640) / 1415) * 100 = 72.0

[2.1]

Table 2.1 was then referenced to determine that 72% daylength falls into time
category 8. Results for counts 2 and 3 are shown in Example 2.

Example 2. Survey data with time of day category results.

Date
6/1/2003
6/2/2003
6/4/2003

Daylength
Time Temp (°C) # P. Dogs Sunrise Sunset Daylength %Daylength Category
30.4
52
640
2055
1415
1659
72.0
8
29.7
55
640
2055
1415
48.8
1330
6
639
2056
1417
23.6
68
28.2
4
1039

Table 2.3 provides the appropriate equations into which each temperature
should be entered. For example:

Count 1 Output = 1.31 - (0.0144 * 30.4) = 0.87131368
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[2.2]

The result is then fransformed using the reverse of the arcsin square root
transformation.

Count 1 Estimated Proportion = (sin 0.87131368)^ = 0.5038

[2.3]

This results in the estimated 50.4% proportion of the colony above ground during
count 1. Dividing the number of prairie dogs counted by this proportion results in a
population estimate based on a single count. In this case, the estimated population based
solely on count 1 is

Count 1 Estimated Population = 52 / 0.5038 = 103

[2.4]

The standard error for this estimate is calculated by using the standard error for
tiie corresponding tune category (Table 2.2) and multiplying it by the estimated
population. The standard error for the Count 1 estimate is

Count 1 Standard Error = 103 * 0.0532 = 5

[2.5]

This process is conducted for the remaining two coimts (i.e., Count 2 estimated
population = 135 ± 4; Count 3 estimated population = 89 + 2). The average of the tiiree
estimates results in an estunate of the population of the colony

Estimated Population = (103 + 135 + 89) / 3 = 109
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[2.6]

Because tiiere are tiiree different models used to establish a final estimated
population, tiiree different standard errors of estimates are generated. A coarse measure
of error may be obtained by taking tiie average values generated among tiie three standard
errors.

Standard Error of Estimate = (0.0501 + 0.0261 + 0.0276) / 3 = 0.0346

[2.7]

Therefore, the final estimated population is:

Fmal Estimated Population = 109 + (0.0346* 109) = 109 ± 4 prairie dogs

[2.8]

Discussion
The differences observed in the accuracy of the summer and winter models may,
at least in part, be explained by the climate of the study area. In the Texas Panhandle, the
summer temperatures are relatively consistent throughout the season. However winter
weather is much more variable and can change from -3.2°C to 25°C (25°F to 73°F) in
just one day (National Oceanic and Atmospheric Adminisfration 2004). This variability
may cause prairie dog activity pattems in winter to be just as uncertain as the weather.
The difference in precision between the two seasons may also be due to differences in the
number of test colonies sampled each season. Due to time limitations, we conducted allday counts at only five test colonies m the summer, but at eleven in the winter.
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Counts cannot be used individually with any degree of certainty as to the
population size of the colony in question. Thus, trials consisting of one and two counts
lacked accuracy. Trials witii tiiree and four counts appeared to provide tiie most accurate
assessment of tiie population size for both season, but there was no apparent benefit
gained by conducting additional counts.
To gain a reasonably accurate estimate of the population of a black-tailed prairie
dog colony in the Southern High Plains, we suggest that three counts be conducted at
least two hours apart throughout the day. While coimts need not be conducted on the
same day, they should not be conducted more than a few days apart to reduce possible
changes in the population (e.g. depredation, emergence of pups, confrol efforts). The
observer need only note the date, time, temperature and number of prairie dogs observed
during the count. In colonies which were too large to observe from a single location,
observers should determine the area being surveyed and apply the estimated density to
the remainder of the colony.
Our method provides a way of accurately estimating the populations of multiple
colonies in a much shorter amount of time than did previous methods. The ability to
conduct counts throughout the day rather than being restricted to only early morning
hours provides for maximum use of the daylight hours. This method also does not
require a researcher to remain for several hours at a single colony. Using models
provides for the probability that the observer is only observing a proportion of the total
population during any given count. It should be cautioned, however, that while this has
been tested in much of tiie panhandle of Texas, tiiere is no certainty that these exact
models will apply equally in other parts of tiie black-tailed prairie dogs' range. While
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there is no reason that this approach should not be applicable, the actual models may need
to be refined to local conditions such as latitudinal differences in daylength and
temperature range.
We have developed a more efficient method of black-tailed prairie dog population
surveying than is currently available. Because our method reducesfiscaland logistical
constraints, its application may facilitate a better understanding of the current range-wide
status of prairie dog populations. In turn, accurate population estimates can facilitate
management decisions for the conservation of the black-tailed prairie dog.
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Table 2.1. Time categories and the daylight period intervals represented

Time Category

Daylight Period
Percentage Interval

1

-4% to 5%

2

6% to 15%

3

16% to 25%

4

26% to 35%

5

36% to 45%

6

46% to 55%

7

56% to 65%

8

66% to 75%

9

76% to 85%

10

86% to 95%

11

95% to 105%
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Table 2.2. Top five models and Akaike's Information Criterion (AIC) values for
each season. Temp refers to temperature. RH denotes relative
humidity. BP denotes barometric pressure. Cloud refers to the
percentage of cloud cover. Predator refers to the presence of a
predator. Wind refers to the wind speed.

Summer

Model

k"

AAICc''

AIC weight

Temp, RH, Time

4

0.000

0.22

Temp, RH, BP, Time

5

1.292

0.12

Temp, RH, Cloud, Time

5

1.708

0.10

Temp, Wind, RH, Time

5

1.978

0.08

Temp, RH, Time, Predator

5

1.999

0.08

AAICc

AIC weight

* Number of parameters.
^ The lowest AIC. score was -298.700.

Wmter

Model
Temp, Wind, Cloud, Tune

5

0.000

0.33

Temp, Wind, RH, Cloud, Time

6

1.879

0.13

Temp, Wind, BP, Cloud, Tune

6

1.953

0.12

Temp, Wind, Cloud, Time, Predator

6

1.974

0.12

Temp, Cloud, Tune

4

3.670

0.05

* Number of parameters.
^ The lowest AICc score was 34.286.
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Table 2.3. Black-tailed prairie dog summer population estimation models for
each time category with temperature as the only variable. Standard
error is defined as the square root of the residual mean square for the
model.
Time Category

Summer Population Model

Standard Error of Estimate

1

-0.129+(0.0174*Temp)

0.0532

2

0.756+(0.00988*Temp)

0.0953

3

2.00-(0.0345*Temp)

0.0479

4

1.87-(0.0339*Temp)

0.0275

5

1.51-(0.0254*Temp)

0.0246

6

1.23-(0.0181*Temp)

0.0261

7

0.818-(0.00374*Temp)

0.0233

8

1.31-(0.0144*Temp)

0.0501

9

1.56-(0.0176*Temp)

0.0585

10

0.953+(0.00615*Temp)

0.0581

11

0.102+(0.0256*Temp)

0.1679
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Table 2.4. Black-tailed prairie dog winter population estimation models for each
time category witii temperattu-e as the only variable. Standard error is
defined as the square root of the residual mean square for the model.

Time Category

Winter Population Model

Standard Error of Estimate

1

0.0286+(0.0140*Temp)

0.0640

2

0.343+(0.0249*Temp)

0.0812

3

0.569+(0.040rTemp)

0.1000

4

0.5919+(0.0345*Temp)

0.0898

5

0.788+(0.0165*Temp)

0.0803

6

0.987+(0.000794*Temp)

0.0464

7

1.30-(0.0136*Temp)

0.0572

8

0.969+(0.00882*Temp)

0.0798

9

0.730+(0.0260*Temp)

0.0831

10

0.549+(0.0373*Temp)

0.1082

11

0.108+(0.0304*Temp)

0.2409
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CHAPTER m
BLACK-TAILED PRAIRIE DOG COLONY AND PLAYA LAKE
DISTRIBUTION IN THE PANHANDLE OF TEXAS

Absfract
As black-tailed prairie dogs {Cynomys ludovicianus) have been deemed to
warrant listing as a tiireatened species, state wildlife agencies witiiin tiie historic
distribution of black-tailed prairie dogs are attempting to assess tiie status of
prairie dogs within their state. One common technique for conducting these
large-scale surveys has been to utilize remote sensing to locate prairie dog
colonies and measure colony area. Digital orthogonal quarter quadrants
(DOQQs) are commonly used in this methodology. However, DOQQs are
typically several years old before being made available for research such as this.
Our study sought to assess the correlation of dated DOQQs to current surveys.
The DOQQs we used were generated in 1995-1996, while our ground surveys
were conducted in 2002-2003. Of the 425 active prairie dog colonies we located
in 2002-2003, only 51% were visible on tiie 1995-1996 DOQQs. We also
examined the relationship of those colonies to playa lakes. Playa lakes are the
primary water source and run-off system in the southern Great Plains, and provide
critical habitat for many wildlife species, especially waterfowl. Within the Texas
Panhandle there are over 20,000 playa lakes. We found that prairie dog colonies
are associated with playas more than random distribution would account for.
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Playas appear to have become a major portion of the black-tailed prairie dog's
habitat in the Southern High Plains of Texas.

Infroduction
The black-tailed prairie dog {Cynomys ludovicianus) has been found to
warrant listing as a threatened species under tiie Endangered Species Act, but has
been precluded due to higher priority species (Department of the Interior 2000).
This preclusion has provided state, federal and tribal wildlife agencies with the
opportunity to assess the status of black-tailed prairie dogs, and develop
conservation and management plans to preclude the need to list them as a
federally protected species. The eleven states in which black-tailed prairie dogs
were historically located (Arizona, Colorado, Kansas, Montana, Nebraska, New
Mexico, North Dakota, Oklahoma, South Dakota, Texas and Wyoming) formed
the Black-Tailed Prairie Dog Interstate Working Group (Texas Black-Tailed
Prairie Dog Working Group, 2003). In addition to this large-scale interstate
effort, individual states also formed state-level working groups. Each state
working group sought to assess the current status of black-tailed prairie dogs
within their state and develop a conservation and management plan for their state.
Texas Parks and Wildlife, in conjunction with the Texas Black-Tailed Prairie Dog
Working Group, began an effort to inventory all of the prairie dog colonies witiiin
Texas in March 2002 using photo interpretation of DOQQs and subsequent
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ground-tiaitiiing (J. Singhurst, pers. com., Texas Black-Tailed Prairie Dog
Working Group, 2003).
The most time efficient metiiod to complete a large-scale survey of blacktailed prairie dogs is often considered to be tiirough tiie use of remote sensing.
Remote sensing is tiie process of obtaining information about an object witfiout
direct contact witii tiie object being investigated (Colwell 1983, Lillesand and
Kiefer 1987). Aerial miagery is the most common metiiod of remote sensing and
has been utilized by wildlife biologists since the 1930s (Senseman 1991, Best
1982). More recentiy, LandSat and SPOT-HRV satellite images have been used
to locate prairie dog towns (Senseman 1991, Assal 2001, Gustafson 2002). While
the use of satellite images to identify prairie dog colonies has been shown to be
accurate in large expanses of grasslands, identification of colonies has been more
difficult and less precise in agricultural settings where the land-cover types are
highly variable (Senseman 1991). In addition, satellite images are difficult for the
unfrained observer to interpret, as a working knowledge of color band
manipulation and interpretation is required. For these reasons, most studies using
remote sensing to locate prairie dog colonies have relied on aerial photographs
(Cheatem 1973, Lovaas 1973, Tietjen et al. 1978, Dalsted et al. 1981, Schenbeck
and Myhre 1986). In these photographs prairie dog colonies appear as areas of
white stipphng in the landscape (Senseman 1991, Cheatem 1973, Schenbek and
Myhre 1986). The white dots are prairie dog burrows which have been denuded
of vegetation (Schenbeck and Myhre 1986). While interpretation of color
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photographs is easier than black-and-white photos, both yield similar results
(Senseman 1991).
Playa lakes are a prominent feature of tiie Soutiiem High Plains, and are
an integral part of the grassland ecosystem in tiie Soutiiem Great Plains of tiie
United States (Simpson et al. 1981, Haukos and Smitii 1992, Fish et al. 1995,
Smitii 2003). Fish et al. (1995) reported 20,577 playas witiiin Texas, all of which
are located in the Southern Great Plains region. Playas are shallow circular
depressions that are the natural drainage system in this region (Haukos and Smith
1992). Playas are rarely directly associated with groundwater; rather they are
ephemeral and filled with water through precipitation and runoff from agricultural
irrigation (Haukos and Smith 1992, Smitii 2003). Because of the water captiire
function of playas, flora and fauna diversity within and immediately around
playas in much higher than elsewhere m the plains (Fish et al. 1995).
Playas are greatly impacted by land use practices on adjoining areas (Fish
et al. 1995). However, agricultural interests often view playas as a land
management challenge (Schwiesow 1965, Gutiiery and Stormer 1984). Because
playas are likely to flood at least once a year, they are often left unplowed as they
are considered unsuitable for farming. Thus, playa basins and their grassland
slopes are functionally oases of potential wildhfe habitat m an mhospitable
mosaic of agriculture. Playas have been documented to be essential habitat for
migrating birds, especially waterfowl, and resident wildlife of all classes (Gutiiery
1981, Traweek 1981, Gutiiery and Stormer 1984, Fish et al. 1995).
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Because playas and their slopes provide important habitat for wildlife in
the High Plains, they may serve as habitat refuges for prairie dogs. The objectives
of this study were to 1) determine the distribution and sizes of prairie dog colonies
in the region, 2) estimate the population sizes of the colonies in the region, 3)
assess the accuracy and precision of the chosen survey method, and 4) examine
the distribution of black-tailed prairie dogs in relation to playa lakes in the region.
Our goal was to develop a better understanding of the status of prairie dogs in the
region and provide information for management actions related to prairie dogs
and playa habitats.

Study Area
We conducted this study in twelve counties within the High Plains
ecoregion of Texas: Armsfrong, Briscoe, Carson, Casfro, Crosby, Floyd, Hale,
Hockley, Lamb, Lubbock, Randall, and Sv^sher (Figure 3.1). The Texas portion
of the High Plains ecoregion was historically composed of short and mid-grass
prairie but is now dominated by agriculhire production (e.g., cotton, milo) and
cattle grazing (Brook and Emel 1995). Playas are the dominant natural water
source within the region, and within the twelve-county study area tiiere are 11,213
playa lakes (Fish et al. 1995).
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Metiiods
We attempted to locate all black-tailed prairie dog colonies witiiin tiie
sttidy area. We initially located colonies using remote sensing. We obtained
digital ortiiogonal quarter-quadrants (DOQQs) for the entire 12-county sttidy area
torn tiie Texas Natural Resources Information System. Using Arc View 3.2, we
visually scanned each DOQQ for colonies by zooming m to one-mi^ blocks.
Colonies were denoted by a white stippling on tiie landscape (Cheatem 1973,
Schenbeck and Myhre 1986, Senseman 1991). When a suspected colony was
located on tiie DOQQ, we generated a polygon around tiie detectable border of the
colony. We were liberal in our determination of what was a colony. Any white
stippling, which indicated that it might be a colony, was assumed to be such.
The DOQQ images we used were produced from 1995 and 1996 photos.
Therefore, once we delineated colony signatures on the DOQQs, we then visited
each location in 2002 or 2003 to verify that a colony was present, assess the status
of the colony (e.g., active, extirpated), and map the current perimeter of the
colony. Because we did not have permission to access the properties on which
the colonies were located, perimeters were mapped from the closest public road.
We used a laptop computer, afready loaded with the appropriate DOQQs, to map
the edges of the colonies in Arc View. Perimeter mapping was based on marks on
the landscape that were visible from vehicles as well as on the DOQQs. In
addition, we were able to access the property on which 23 colonies were located.
We determined exact perimeters of these colonies by walking around the exterior
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active burrows holding a Garmin 12 handheld GPS unit while in fracking mode
and uploading the data to the computer. After colonies were mapped into
ArcView, the area of each colony was calculated using the calculate area function
within ArcView.
In addition to ground-tmthing all colony signatures that we delineated on
the DOQQs, we drove every public road within the twelve-county study area in an
attempt to locate any recently established colonies, or colonies not delineated on
the DOQQs. The counties within the study area have a well-developed road
system with county roads approximately every mile. Given the flat topography of
our study area, visibility was typically much greater than one mile, which allowed
for a reasonably complete ground survey of the entire study area. All colonies
found were mapped as described above.
We conducted three counts of the prairie dog population at each of the
active colonies following the methodology established in Chapter 2. Once we
obtained a population estimate for each colony, we calculated the density based
on the size of the mapped colony area.
In an effort to assess the accuracy of DOQQ images, we documented the
number of colonies located on the image within each county. We then compared
the number of those colonies that were still active and the newfound colonies
located to those that we delineated on the DOQQ.
To examine distiibution of prauie dog colonies in relation to playa lakes,
we obtained a digital layer of all of tiie playa lakes witiiin Texas (E. Fish, Texas
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Tech University). We measured tiie distance between nearest edge of all current
active colonies and tiie edge of tiie nearest playa lake witii tiie measuring tool in
ArcView. The edges of tfie playa lakes were delineated by Fish et al. (1995) and
defined by tiie area of Randall clay. We tiien generated 1,000 random points
across the study area and measured the distance between the points and the
nearest playa. We used a student's t-test to compare tiie distiibution of prairie
dog colonies and random point in relation to playa lakes.

Results
By analyzing the 1995-96 DOQQs, we delineated 1,202 possible colonies.
Of tiiese colonies, only 196 (16.3%) were active during the 2002-2003 groundtmtiiing period (Table 3.1). Our driving surveys located an additional 229
colonies which had not been detected on DOQQs. This resuUed in a total of 425
active colonies in the 12-county survey area in 2002-2003. Upon location of the
229 additional colonies, we rescaimed the DOQQs to determine possible observer
error. We discovered that 23 of the colonies were able to be detected on the
DOQQs and had been overlooked in original scans. However, the remaining 207
additional colonies were not visible on the DOQQs and were presumed to be
colonies that became established after the DOQQs were taken in 1995 and 1996.
In total, of the 425 colonies located in our 12-county study area in 2002-2003,
51% were visible on the 1995-1996 DOQQs and 49% were estabhshed between
1995-1996 and 2002-2003 (Table 3.1).
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We conducted population surveys at 406 of the 425 colonies and observed
prairie dogs on 403 colonies. Mounds and burrowing owls {Athene cunicularia)
were observed on the three colonies without prairie dog activity indicating that
prairie dogs had likely inhabited the area recently. Population sizes of the 403
active colonies averaged 157 ± 13-prairie dogs (median = 68; range = 1 - 2587)
(Table 3.2) based on formulae developed and presented in Chapter 2.
Colony area varied greatly, ranging from 0.1 to 598.6 ha (x = 22.0 ±51
ha; median = 9.0 ha). Mean population density was 14 ± 22 prairie dogs/ha
(median = 9 prairie dogs/ha; Table 3.3).
To assess the association of prairie dog colonies with playas and because
playas were not located off of the caprock within our study area, only those
colonies located on tiie Llano Estacado caprock (372 of the 425 colonies) were
used (Table 3.4). Likewise, the 1,000 random points were also located only on
top of the caprock. Prairie dog colonies were more closely associated with playas
than would be expected if randomly distributed (ti370 = -H-3185; P < 0.0000).
The median distance between prairie dog colonies and playas was 63-m and the
mean was 277 ± 23 m (Table 3.4). The random points were a median distance of
513 m from playas and the mean was 580 ± 14 m (Table 3.4).

Discussion
Our results reveal that usmg DOQQ images to assess current prairie dog
colony areas should be done witii caution. It is not possible for us to assess
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observer error in image interpretation of the 1995-1996 DOQQs because the
actual locations of colonies in 1995-1996 are unknown. However, based on the
limited number of active colonies not dehneated as a colony prior to groundtmthing, it appears that observer error is not a large factor for inaccuracy of
DOQQ interpretation. Rather, temporal changes in colony location, development
of new colonies, and colony area appeared to be much more important factors
contiibuting to the accuracy of DOQQ interpretation. The use of DOQQ images
can be very effective in locating colonies, but there is a time lag in the
information. Thus, information on DOQQ images should not be considered as
current data, but as the status at the time the images were taken.
Population sizes and densities of prairie dog colonies were highly variable
throughout the study area. There was no apparent pattem to density and location.
This lends further credence to the need for caution when making management
decisions based solely upon the area occupied by prairie dogs, as it does not allow
detection of population frends.
Prairie dog colonies were more commonly associated with playas in our
study area. However, there is no direct evidence that playa slopes were
preferentially selected by prairie dogs. Rather, it is more likely tiiat playas are not
as frequently used for agricultural production as the surrounding landscape and
can, therefore, be inhabited by prairie dogs without continued agricultural based
disturbance (e.g., plowing) or extreme persecution by landowners. It appears that
the most relevant factors in colony location are the land use practices and
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opinions of landowners toward prairie dogs. Human attitudes and efforts to
reduce prairie dog populations appear to be the determining factor in the location
of prairie dog colonies. Because playas are not used for agricultural production,
they persist as remnant patches of potential habitat in a landscape dominated by
crop cultivation. If land conversion to agriculture continues throughout the
Southem High Plains, playas may become the only areas available to prairie dogs
regardless of management decisions.
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Figure 3.1. Twelve Texas countiestiiatcomprised tiie study area in 2002-2003.
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3.2. Mean population estimates of surveyed black-tailed prairie dog colonies by county
for 2002-2003 based on formulae developed in Chapter II.

County

# Colonies

Mean Population + SE

Armsfrong

3

65.32 + 61.41

Briscoe

7

244.701155.28

Carson

24

108.54128.28

Casfro

55

225.25 1 37.02

Crosby

10

59.06119.52

Floyd

58

137.55121.59

Hale

17

103.96+18.83

Hockley

50

153.18 + 38.32

Lamb

58

114.01120.52

Lubbock

42

72.17123.97

Randall

43

240.14144.61

Swisher

36

239.33 + 77.47

TOTAL

403

157.52 + 12.63
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Table 3.3. Mean area and prairie dog density of surveyed colonies within study area
during 2002-2003.
County

# Colonies

Mean Area (ha) 1 SE

Mean Density (p.dogs/ha) 1 SE

Armstrong

3

4.9112.94

9.8414.94

Briscoe

7

22.40112.68

8.3412.04

Carson

24

15.8115.28

8.2511.38

Casfro

55

24.10 + 4.62

19.14 + 5.44

Crosby

10

7.93 12.32

9.0712.21

Floyd

58

13.0312.22

11.7811.19

Hale

17

21.7014.64

6.36 10.91

Hockley

50

32.22 113.50

17.6513.56

Lamb

58

14.5812.39

15.1412.19

Lubbock

42

12.6112.30

12.2712.75

Randall

43

50.02 ± 14.66

13.4114.56

Swisher

36

20.53 1 6.36

16.33 + 2.83

TOTAL

403

22.23 + 2.58

14.0511.13
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Table 3.4. Mean distances between black-tailed prairie dog colonies and playas, and
randomly generated points and playas, by county. AH colonies and points are
located on the Llano Estacado Caprock. Distances were measured in meters.

Colonies

Random Points

County

n

Mean Distance to
Nearest Playa 1 SE

Armsfrong

3

72 + 72

61

529150

Briscoe

8

118143

39

386151

Carson

25

331+94

75

6321 59

Casfro

49

329 + 70

94

733 1 4 2

Crosby

9

49 + 47

53

443151

Floyd

58

105129

90

374124

Hale

21

140155

121

519126

Hockley

54

346 1 6 3

100

713148

Lamb

39

316199

75

6271 71

Lubbock

38

386167

103

553131

Randall

34

4461104

78

777 1 72

Swisher

34

213 + 53

111

545 1 37

TOTAL

372

277 1 2 3

1000

580114

44

n

Mean Distance to
Nearest Playa 1 SE

CHAPTER IV
SMALL MAMMAL AND AVIAN DIVERSITY
ASSOCL\TED WITH PLAYA LAKES AND PRAIRIE
DOG COLONIES

Abstract
It has been hypothesized that prairie dogs {Cynomys spp.) are a keystone species
and that prairie dog colonies contain more faunal diversity than adjacent lands. In this
study, we compared small mammal and avian diversity and abundance on playa lake
slopes which were colonized by black-tailed prairie dogs (C. ludovicianus) to paired
nearby playa lake slopes which were not occupied by black-tailed prairie dogs. We
conducted small mammal frapping on 29 pairs of sites. In the first year of this study
(2002), small mammal diversity and evenness did not differ between colony and noncolony sites. However, in 2003, diversity and evenness were higher on non-colonized
sites. While overall abundance did not differ between site types, individual small
mammal species did exhibit preference toward colony {Onychomys leucogaster) or noncolony sites {Chaetodipus hispidus preferred non-colony sites). We conducted variable
cfrcular plot counts on 15 pairs of sites to survey avian species. Avian species diversity
and evenness did not differ between colony or non-colony sites. Burrowing owls {Athene
cunicularia) were more abundant at colonies and the westem meadowlark {Stumella
neglecta) displayed a preference for non-colony sites. All other species were equally
abundant at both site types.
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hifroduction
The North American Great Plains comprises a grassland bioregion covering over
2.6x10 km (Chaplin et al. 1996). Some researchers have suggested that prauie dogs
{Cynomys spp.) are a keystone species witiiin the Great Plams ecosystem. Power et al.
(1996) defined a keystone species as "one whose impact on its community or ecosystem
is large and disproportionately large relative to its abundance". Kotiiar et al. (1999)
found that prairie dogs appeared to meet the specifications of the Power et al. (1996)
definition in that they were not high in the trophic chain and had impacts on their
ecosystem aside from consumptive value.
The constant burrowing and grazing by prairie dogs causes continual disturbance
in and around the colony (Hansen and Gold 1977, Whicker and Detling 1988). Within a
community, prairie dog activities result in a mosaic of grass and forb species by bringing
nutrient-rich soils to the surface and preventing of the encroachment of woody shmb
species on rangelands (Hansen and Gold 1977, Whicker and Detling 1988, Weltzin et al.
1997).
In addition to changing the vegetation stmcture of the immediate area, prairie
dogs and their colonies provide numerous resources for many species (Kotiiar et al.
1999). Prairie dogs serve as prey for many species including fermgmous hawks {Buteo
regalis), golden eagles {Aquila chrysaetos), prairie rattlesnakes {Crotolus viridus),
badgers {Taxidea taxus) and the endangered black-footed ferret {Mustela nigripes)
(Koford 1958, Kotiiar 2000). Prairie dog burrows provide refuge and shelter for many
invertebrates, amphibians, birds and mammals including burrowing owls {Athene
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cunicularia), nortiiem grasshopper mice {Onychomys leucogaster), tiurteen-lined ground
squirrels {Spermophilus tridecemlineatus), prairie rattlesnakes {Crotalus viridus), great
plains toads {Bufo cognatus) and tiger salamanders {Ambystoma tigrinum) (Campbell and
Clark 1981, Sharps and Uresk 1990, Kotiiar 2000, McCaffrey 2001). The constant
grazing by prairie dogs also keeps the vegetation on colonies at a lower and more
nutiitional serai stage (Birch 1977, Agnew et al. 1986). This is tiiought to account for ttie
preferential grazmg on prairie dog colonies by elk {Cervus elaphus), pronghom
{Antilocapra americana) and bison {Bison bison) (Coppock et al. 1983, Knowles 1986,
Assal 2001). This vegetative grov^^ stage is also thought to be preferred by several
species of small rodents (e.g., Peromyscus maniculatus) (Birch 1977).
In light of these findings, it is not surprising that prairie dog colonies have been
reported to contain a higher diversity and abundance of fauna when compared to
noncolonized grasslands (Hansen and Gold 1977, Miller et al. 1994, Kothar et al. 1999).
Several studies have found that small mammal densities tend to be higher on prairie dog
colonies than off (Agnew 1983, Agnew et al. 1986, Ceballos et al. 1999). However,
species richness has been found to be higher on both colony and noncolony areas,
depending on the study (Agnew 1983, Agnew et al. 1986, Stapp 1998). Avian abundance
and diversity are consistently reported to be higher on colonies than on non-colonized
areas (Agnew 1983, Agnew et al. 1986).
Playa lakes are the primary surface water source in the Southem Great Plains of
Texas (Dvoracek 1981), but fill only during periods of rain. Because they frequently
flood, playa lakes are not typically plowed for agricultural production but used for
irrigation of crops (Haukos and Smith 1992). In chapter 3, we explored how this has lead
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to playa lakes and adjacent grassland slopes becoming, in essence, habitat refiiges for
black-tailed prairie dogs in the region. Our objective was to determine whetiier the
presence of prairie dogs influences small vertebrate and avian species abundance or
composition at playa lakes in the study area.

Study Area
We conducted this study in nine counties within the Southem High Plains of the
Texas panhandle: Carson, Casfro, Floyd, Hale, Hockley, Lamb, Lubbock, Randall, and
Swisher during the summers of 2002 and 2003 (Figure 4.1). This region was historically
composed of short and mid-grass prairie, but today much of the land is dominated by
production agriculture; some areas are also used for grazing cattle. Playas are the
dominant surface water source within the region. Within the nine counties of our study
area tiiere are 8,829 playa lakes (Fish et al. 1995).
We conducted vertebrate surveys on 29 pairs of sites (Table 4.1). A "pafr of
sites" consisted of one site along the slope of a playa which was occupied by prairie dogs
and another site along the slope of the nearest accessible playa not occupied by prauie
dogs. We randomly selected 29 prairie dog colonies to survey from the 403 active
colonies that we located as described in chapter 3. We then attempted to pair colony sites
witii non-colony sites under smiilar land-use. Our first consfraint was that the colony was
located on the grassland slope of a playa lake. A second consfraint to randomization was
that any colony sampled had to be large enough to contain an 8,100-m small mammal
frapping array. The final consti-aint, willingness of landowners to allow us on their
property to conduct our study, was beyond our confrol. In order to reduce possible
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effects of weatiier and climate on vertebrate species composition, our pairs of sites were
no more than 3.2-km apart.

Methods
We sampled small mammal diversity and abundance at pafred sites during June August of 2002 and 2003. We sampled at 16 pairs of sites in Carson, Hale, Hockley and
Lubbock counties m 2002 (Figure 4.1, Table 4.1). This distiibution of counties was
selected m order to explore tiie possibility of a latihidinal difference in small mammal
species composition. In 2003, we sampled all but one of the paired sites used in 2002,
and sampled an additional 13 paired sites in Casfro, Floyd, Hockley, Lamb, Randall and
Swisher counties (Figure 4.1, Table 4.1). The excluded pair was due to a change in
landownership and an inability to access the property on half of the pan.
We sampled small mammal abundance and diversity at paired sites with 100-frap
grids of collapsible Sherman live traps arranged with fraps spaced 10-m apart (Davis
1982, McCaffrey 2001). We attempted to set up grids in a 10 x 10-frap square; however,
this was not always possible due to shape of prairie dog colonies and landscapes around
playas. Thus, we modified grid shape as necessary in order to keep the entire grid within
the prairie dog colonies and within the same landscape type along the edges of the playas
where there was not a colony. Trap grid edges were at least 10-m from the colony or
landscape edge in an attempt to reduce the influence of other land-use and landscape
types.
Because almost all of our sites were on private property, access was limited and
frap grids could not be pre-baited before actual frapping commenced. Trapping was
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conducted for tiiree consecutive nights (McCaffrey 2001). Paired sites were frapped on
the same nights to insure that climatic conditions were equivalent. We baited and set
fraps with a mixture of safflower seed and oatmeal in the evening. At first light we
checked t r ^ s for animals and closed them for the day.
We attempted to identify all captured animals to the species level. However, it
was not possible to definitively differentiate among several species; in those cases we
identified individuals to the genus level. This was necessary in particular with the pocket
mice species of the genus Perognathus. Perognathus merriami (Merriam's pocket
mouse) and P. flavus (silky pocket mouse) differ at the genetic level and P.flavescens
(plains pocket mouse) has a slight coloration difference from the other two. All have
similar size and weight measurements. A similar situation existed with the harvest mice.
Reithrodontomys megalotis (westem hzirvest mouse) and R. montanus (plains harvest
mouse) differ very slightly in size and in the distinctness of the black stripe down the
spine (Wilkins 1986). Because of this, we pooled them at the genus level. Finally, both
Peromyscus leucopus (white-footed mouse) and P. maniculatus (deer mouse) were
captured; however, due to the exfreme coloration and size similarities within the region of
our study area (Whitaker 1996), we pooled the species rather than risk erroneous
identification.
We measured tiie tail, ear, and hindfoot lengtiis, weighed body mass, and
determined age and sex of each captured animal. Finally, we attached a uniquely
numbered ear-tag before releasing each ammal at the site of capture (Davis 1982).
We calculated species abundance, diversity and evenness; we also calculated
relative abundance of small mammals using the catch-per-unit-effort metiiod (Lancia and
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Bishir 1996). Catch-per-unit-effort equaled the number of captured individuals divided
by the number of traps available (frap nights per session - closed fraps - fr^s occupied
by recaptured animals) (McCaffrey 2001). We standardized abundance across the frap
sites as the number of individuals per 100 frap nights. We calculated diversity using the
complement to Simpson's index (Krebs 1989) and assessed evenness with Pielou's
evermess index (Ludwig and Reynolds 1988). We evaluated differences in values with
paired t-tests with significance assigned when p < 0.05.
In late spring of 2003 (2-11 June), we conducted avian surveys at all of the paired
sites from 2002 except two (due to inability to contact landowners). Avian surveys were
both visual and aural in scope using variable cfrcular plot methodology (Bibby et al.
2000). Count points were situated at the center ofthe small mammal frap grids. All
surveys were conducted between dawn and 1000 hrs. After arriving at the count point,
the observer waited for 1 minute before beginning the 5-minute survey. Most species
occurred at too low a frequency for distance sampling (Bibby et al. 2000). Therefore,
because survey sites were stracturally similar, we assumed equal detectability on a
species by species basis and pooled data from colony and non-colony sites. We
compared relative abundance of avian species between colonies and non-colonies. We
used a pafred t-test to statistically assess differences between colonies and non-colonies
for those species tiiat were detected on 25 or more occasions. We also measured
diversity and evenness for all of tiie survey sites. Diversity and evenness differences
between colony and non-colony sites were assessed statistically using paired a paired ttest with significance assigned when P < 0.05.
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Results
We captured 17 different species of small mammals during this study. We
captured less than five individuals of four species: Baiomys taylori, Cryptotis parva,
Microtus ochrogaster and Mus musculus (Table 4.2). We did not use those species for
individual analysis but did include them in overall diversity and abundance measures of
sites. Sigmodon hispidus and Spermophilus tridecemlineatus had insufficient captures in
2002 for individual analysis, but were analyzed individually in 2003. In contrast,
Perognathus spp. captures were high in 2002, but were insufficient for meaningful
analysis in 2003.
In 2002 we collected data at 16 paks of sites. Confrary to previous studies, we
found overall small mammal abundance did not differ statistically between playa lakes
with and witiiout prauie dog colonies {t\5 = 2.1172, P = 0.0514; Table 4.3). While not
statistically significant, on average the abundance on noncolony sites (x = 5.16
individuals per 100 frap nights) was higher than on colony sites (x =3.30 individuals per
100 frap nights). An a posteriori power analysis indicated our data had a power of only
30% and would have required a sample size of 100 pairs of sites. In 2002, the only
individual species that showed a statistically significant difference in site selection was
Chaetodipus hispidus, which exhibited a preference for non-colonized sites (fg = 2.70, P
= 0.0245; Table 4.3).
We found that tiiere was no significant difference in total abundance between
colony and non-colony sites in 2003 (/27 = 1-50, P = 0.1455). Abundance of some
individual species, however, did differ between colony and non-colony sites (Table 4.3).
We assessed pattems of abundance only for those species for which more than 30
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individuals were captiu-ed. From tiie data collected in 2003, Chaetodipus hispidus (/,9 =
4.6\,P = 0.0002) and Reithrodontomys spp. {tu - 4.12, P = 0.0010) were more abundant
on sites witiiout prairie dogs tiian on prairie dog colonies, hi confrast, Onychomys
leucogaster was tiie only species found significantly more often on prauie dog colonies
tiian sites witiiout prauie dogs {tu = 5.96, P = 0.0000). Peromyscus spp. (/24 = 1.00, P =
0.3256), Sigmodon hispidus {ts = 1.96, P = 0.1072) and Spermophilus tridecemlineatus
(/i7 =\JS,P

= 0.0932) did not exhibit a preference to sites with or without prairie dogs.

We evaluated diversity and evenness for all pairs of sites using the complement to
Simpson's diversity uidex (D = 1 - 1 p^) and Pielou's measure of evenness (J' = H'/ hi
Nspecies) (Tables 4.4 and 4.5). On sites that were surveyed in both study years, diversity
was compared between years and did not differ on colony (/H = 1.82, P = 0.0905) or noncolony sites (ri4 = 1.47, P = 0.1639). Likewise, evenness did not differ between years on
colony (ri4 = 1.11, P = 0.2842) or non-colony sites (f M = 1.79, P = 0.0949). While we did
not detect differences between colony and non-colony sites in diversity {tis = 0.02, P =
0.9812) or evenness (/15 = 0.32, P = 0.7538) in 2002, 2003 data exhibited significant
differences between site types in both diversity (^2? = 2.89, P = 0.0075) and evenness {tjy
= 2.68, P = 0.0125). These results indicated that small mammal diversity was higher and
more evenly distributed across species on non-colony sites than on those sites inhabited
by prauie dogs (Tables 4.4 and 4.5).
We observed thirty species of birds during June 2003 avian surveys (Table 4.6).
Avian diversity and evenness were calculated for all survey sites (Table 4.7). Paired ttests resulted in no statistical difference in diversity levels between colony and non-
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colony sites {tu = -0.24, P = 0.8115). Likewise, evenness did not differ between colonies
and non-colonies (^M = 0.32, P = 0.7570).
Paired comparisons suggested burrowing owls {Athene cunicularia) were
positively associated witii prairie dog colonies {tu = 3.22, P = 0.0062; Table 4.8). hi
contrast, westem meadowlarks {Stumella neglecta) were dissociated with prairie dog
colonies {t^ = -2.28, P = 0.0385; Table 4.8). Cassin's sparrows {Aimophila cassinii; tu =
-1.26, P = 0.2282), westem kingbirds {Tyrannus verticalis; tu = 1.03, P = 0.3216),
homed larks {Eremophila alpestris; tu = -0.91, P = 0.3769), mourning doves {Zenaida
macroura; tu = 1.30, P = 0.2148), red-winged blackbird {Agelaius phoeniceus; tu = 0.37, P = 0.7153) and house sparrows {Passer domesticus; tu = L46, P = 0.1664) did not
exhibit any pattem of differential association between colonies and non-colonies (Table
4.8). All other species occurred too infrequently for statistical analysis, but upon coarse
examination, all but the grasshopper sparrows {Ammodramus savannarum) appeared to
occur in relatively equal proportions (Table 4.8).

Discussion
Latitudinal differences between the northem and southem most counties of our
study area are, at a geographic scale, slight, and we were unable to detect any latitudinal
difference m small mammal abundance or diversity. One possible explanation is that
there was not a biologically relevant difference within the scale of our study area.
Alternatively, a difference may have existed but remained undetected due to inadequate
sampling.
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While we realize tiiat it is recommended to conduct at least 5 consecutive frap
nights to enable effective assessment of diversity, due to time consfraints and following a
metiiodology used by a previous sttidy in our sttidy area (McCaffrey 2001), we only
sampled for 3 consecutive nights at each site. Although tiie diversity of species we
detected may not account for less detectable and rarer species, at tiie very least it displays
a relative diversity among all of tiie sites frapped witiiin tiie sttidy area. We found the
relative small mammal diversity in our area was higher and more even on sites that had
not been colonized by prairie dogs. These results confrast other shidies reporting higher
diversity on prauie dog colonies (Hansen and Gold 1977, Ceballos et al. 1999). While
this contradicts some previous studies, we suspect that the reason for this lies with the
agricultural or ranching land-use practices of different study regions.
Another factor to this confradiction may he in the fact that our study was
conducted exclusively along playas. Playa lakes have been documented to have high
floral and faunal diversity (Guthery 1981, Guthery and Stormer 1984). We found that
small mammal diversity on playas is indeed high and is higher when the playa has not
been colonized by prairie dogs.
While prairie dogs undoubtedly have a major effect on their immediate
environment, the impact that they have on the abundance of small mammals has yielded
variable results in many studies (Hansen and Gold 1977, Clark et al. 1982, McCaffrey
2001). We found no statistical difference in small mammal abundance between playa
sites with and without black-tailed prairie dogs. However, upon conducting an a
posteriori power analysis, we found that we only had a power of 30.39%. To achieve a
power of 80%, our sample size would have needed to be 100 pairs of sites. This sample
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size was not feasible for us and may provide another possible explanation for the lack of
a detectable statistical difference.
Peromyscus spp. were by far the most abundant species within the study area, and
we captured and marked 373 individuals over the two years this study was conducted.
This genus has been reported as a generalist species in previous studies and our study
similarly indicates it was ubiquitous across our colony and non-colony sites. However,
like the results for overall abundance, our test had very little power supporting it (power
= 16.23%). If we had surveyed 221 pairs of sites, we would have achieved a power of
80%. Again, this was impractical and not feasible for our study.
We also captured 100 Onychomys leucogaster during the course of this study.
This was the only species to exhibit a sfrong association with prairie dog colonies (Table
4.3). This species is primarily insectivorous, but will also depredate small herpetofauna
and rodents. This species is also known to utilize prairie dog burrows for nesting and
sheUer (McCarty 1978). We suspect that the short vegetation of prauie dog colonies and
the apparent frequency and, probable, ease of detection of grasshoppers may facilitate
foraging activities by O. leucogaster.
Throughout tiiis sttidy we capttired 101 Chaetodipus hispidus (Table 4.2). This
was the only species to exhibit a significant preference toward one habitat type in 2002
(Table 4.3). This species' preference of non-colonized sites was reconfirmed witii more
significant data in 2003 (Table 4.3). It is unclear as to why tiiis preference may exist for
this species.
Reithrodontomys spp. were also found to be significantiy more abundant on noncolonized sites (Table 4.3). However, tiiis difference was only detectable in 2003 {P =
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0.0014). hi 2002, tiie abundance of Reithrodontomys spp. was not found to be different
among sites {P = 0.1959). However, we suspect this was due to the relatively few sites
on which it was captured and the uneven distiibution of those captures. It should be
noted that in 2002, 22 ofthe 39 captures occurred on a single non-colony site. The 2003
data are much more evenly distributed with the capture of 32 individuals at 15 noncolony sites with no single site yielding more than 6 individual Reithrodontomys spp.
These species have been reported to prefer areas of denser vegetation in which the
amount of bare soil is less than 40% ofthe area (Webster and Jones 1982, Wilkins 1986).
Based on this alone, prairie dog colonies in our study area would be ill-suited to these
species as, on average, bare soil and litter account for 45% ofthe ground cover (A.P.
Teaschner, unpublished data).
Over the two study years, we captured 47 individual Sigmodon hispidus (Table
4.2). All of these captures occurred on non-colonized sites. However, this only occurred
on 6 sites and a single site yielded 21 ofthe captured individuals. Because ofthe lack of
occurrence, our test had a power of 24.28%. We would have needed to survey 131 pairs
of colony/non-colony sites to achieve a power of 80%. While S. hispidus was not found
to have a statistically significant preference towards either colonized or non-colonized
sites (Table 4.3), our data suggest there is a biologically meamngfiil pattem to its
distiibution among colony and non-colony sites. S. hispidus primarily feeds on grasses
and shmbs (Cameron and Spencer 1981). It is unlikely tiiat tiiis species would be able to
effectively compete witii prairie dogs.
Our evaluation of avian distributions and abundances at colony and non-colony
sites was lunited by sample size. Only burrowing owls demonsfrated a sfrong affinity for
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prairie dog colonies. This is in concordance witii several otiier sttidies indicating tiie
importance of prairie dog colonies in providing nest and roost burrows for burrowing
owls (Koford 1958, Stapp 1998, Kotiiar et al. 1999). Altiiough it was a common species
at botii colonies and non-colonies, the westem meadowlark occurred significantly more
frequently at non-colonies. This may be due to possible differences in grass cover
between the site types. Similarly, Cassin's sparrows and grasshopper sparrows, both of
which require grass cover, were also numerically fewer at colonies. Our information on
mourning doves, house sparrows, starlings, and swallows (Table 4.6) is misleading in that
large numbers of these species were located at single colonies or non-colonies, which can
substantially bias interpretations of site use. All other species appeared to occur in
relatively similar numbers independent of colony or non-colony type. Thus it appears
that the only avian species dfrectly benefited by prairie dogs in our study area during the
summer months is the burrowing owl. Our data suggest that meadowlarks may be
negatively affected even though it was a common species at colonies. Within the scope
or our study, prairie dogs did not appear to have a detectable influence on the other avian
species considered during the summer months. This lack of effect may be real, possibly
due to the small size of colonies in our study. Larger colonies may have a more
discemable influence on avian species presence and abundance. Altematively, real
effects may have gone undetected due to our sample sizes. This could be addressed
through more rigorous avian surveys at a wider selection of colonies.
Black-tailed prairie dogs are a very conspicuous species throughout much ofthe
Southem High Plains. It has been cited as a keystone species for numerous small
mammals that inhabit the area. While prairie dogs are certainly important for some
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species (e.g., Onychomys leucogaster and Athene cunicularia), we have also found that,
at least at playa lakes, they may not be as imperative to the presence and survival of as
many ofthe small mammals and birds that coexist with them as was previously thought.
Additional research across a wider landscape incorporating landscape factors may fiirther
elucidate the interspecific relationships between black-tailed prairie dogs and small
rodent and avian communities.
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Table 4.1. The number of pairs of sitesfrappedin each county in 2002 and 2003.

County

No. of Pairs 2002

No. of Pairs 2003

Carson

9

8

Castro

0

4

Floyd

0

2

Hale

1

1

Hockley

1

2

Lamb

0

3

Lubbock

5

5

Randall

0

1

Swisher

0

2

TOTAL

16

28
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Table 4.2. Number of small mammal individuals captured on colony and non-colony
sites along playa lakes in the High Plains of Texas in June-August of 2002 and
2003.

2002
Genera/Species

2003

Colony Noncolony

Colony Noncolony Total

Baiomys taylori

0

1

0

0

1

Chaetodipus hispidus

5

32

8

57

102

Cryptotus parva

0

1

0

0

1

Microtus ochrogaster

2

0

0

3

5

Mus musculus

0

1

0

0

1

Onychomys leucogaster

29

19

54

4

106

Perognathus spp.

7

17

4

7

35

Peromyscus spp.

76

107

77

124

384

Reithrodontomys spp.

4

35

2

32

73

Sigmodon hispidus

0

6

0

41

47

Spermophilus tridecemlineatus

7

3

37

19

66

TOTAL

130

222

182

287

821

65

Table 4.3. Small mammal abundance levels (individuals captured per 100frapnights) for
genera and species with sufficient captures in 2002 and 2003. Overall data
includes all species captured. Paired t-test results and p-values reflect
differences between colony and non-colony sites.
2002

Genera/Species

Colony

Non-Colony

t-value

p-value

Chaetodipus hispidus

0.1791

1.1896

2.70

0.0246

Onychomys leucogaster

1.2478

0.8337

1.51

0.1705

Perognathus spp.

0.5356

1.2213

2.31

0.0823

Peromyscus spp.

1.7997

2.5290

0.76

0.4591

Reithrodontomys spp.

0.1944

1.6957

1.58

0.1592

OVERALL

3.1021

5.2706

2.12

0.0514

Colony

Non-Colony

t-value

p-value

Chaetodipus hispidus

0.1448

1.0021

4.61

0.0002

Onychomys leucogaster

1.2385

0.0941

5.96

0.0000

Peromyscus spp.

1.1409

1.7472

1.00

0.3256

Reithrodontomys spp.

0.0478

0.7505

4.12

0.0010

Sigmodon hispidus

0.0000

2.4160

1.96

0.1072

Spermophilus tridecemlineatus

0.7475

0.3750

1.78

0.0932

OVERALL

2.3142

3.6092

1.50

0.1455

2003

Genera/Species
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Table 4.4. Simpson's diversity (D) and Pielou's evenness (J') levels for small mammals
on colony and non-colony sites on playa lakes in June-August 2002. AH
Pantex sites were located within Carson county.

Diversity (D)

Evenness (J')

Pafr Location

Colony

Noncolony

Colony

Noncolony

Carson 3

0.00

0.22

0.00

0.54

Carson 8

0.00

0.00

0.00

0.00

Carson 9

0.37

0.13

0.59

0.36

Carson 10

0.42

0.49

0.87

0.98

Carson 11

0.36

0.65

0.53

0.98

Carson 23

0.00

0.10

0.00

0.30

Hale 11

0.61

0.54

0.81

0.60

Hockley 13

0.50

0.43

1.00

0.83

Lubbock 2

0.32

0.74

0.59

0.96

Lubbock 62

0.24

0.72

0.59

0.96

Lubbock 95

0.50

0.00

1.00

0.00

Lubbock 103

1.00

0.00

0.00

0.00

Lubbock 127

0.50

0.44

1.00

0.68

Pantex Lake

0.69

0.69

0.91

0.91

Pantex Playa 1

0.00

0.40

0.00

0.63

Pantex Playa 3

0.61

0.55

0.92

0.75

OVERALL

0.60

0.71

0.65

0.68

67

Table 4.5. Simpson's diversity (D) and Pielou's evenness (J') levels for small mammals
on colony and non-colony sites on playa lakes in June-August 2003. All
Pantex sites were located within Carson county.

Diversity (D)

Evenness (J')

Pair Location

Colony

Noncolony

Colony

Noncolony

Carson 3

0.00

0.00

0.00

0.00

Carson 8

0.00

0.50

0.00

1.00

Carson 9

0.43

0.00

0.69

0.00

Carson 10

0.50

0.62

0.79

0.94

Carson 11

0.00

0.56

0.00

0.86

Casfro 10

0.41

0.50

0.67

1.00

Casfro 18

0.48

0.00

0.97

0.00

Casfro 41

0.64

0.70

0.96

0.92

Casfro 49

0.63

0.64

0.95

0.84

Floyd 22

0.49

0.60

0.99

0.72

Floyd 24

0.06

0.38

0.20

0.63

Hale 11

0.64

0.61

0.96

0.92

Hockley 13

0.38

0.44

0.81

0.92

Hockley 22

0.66

0.65

0.99

0.76

Lamb 19

0.32

0.68

0.72

0.92

Lamb 42

0.00

0.44

0.00

0.92

Lamb 58

0.00

0.26

0.00

0.62

Lubbock 2

0.31

0.76

0.55

0.93

Lubbock 62

0.00

0.32

0.00

0.55

Lubbock 95

0.49

0.67

0.99

0.82

Lubbock 103

0.32

0.69

0.72

0.92

Lubbock 127

0.38

0.64

0.81

0.96
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Table 4.5 cont.

Diversity (D)
Pafr Location

Evenness (J')

Colony

Noncolony

Colony

Noncolony

Pantex Lake

0.59

0.59

0.90

0.89

Pantex Playa 1

0.00

0.50

0.00

1.00

Pantex Playa 3

0.44

0.72

0.92

0.96

Randall 46

0.00

0.00

0.00

0.00

Swisher 2

0.00

0.00

0.00

0.00

Swisher 16

0.50

0.22

1.00

0.54

OVERALL

0.69

0.74

0.74

0.76
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Table 4.6. Avian species and number of individuals observed on colony and non-colony
sites on playa lakes during June 2003 in Carson, Hale, Hockley and Lubbock
counties, Texas.
Common Name

Scientific Name

Colony

Non-Colony

Red-winged Blackbird

Agelaius phoeniceus

26

35

Cassin's Sparrow

Aimophila cassinii

7

20

Grasshopper Sparrow

Ammodramus savannarum

4

14

Burrowing Owl

Athene cunicularia

37

2

Red-tailed Hawk

Buteo jamaicensis

0

1

Swainson's Hawk

Buteo swainsonii

0

1

Killdeer

Charadrius vociferus

1

2

Lark Sparrow

Chondestes grammacus

1

1

Northem Bobwhite

Colinus virginianus

2

8

Rock Dove

Columbia livia

2

2

UnknoAvn Dove

Columbidae

0

1

Unknown Passerines

Emberizidae

6

3

Homed Lark

Eremophila alpestris

25

32

Swallows'

Hirundinidae

8

100

UnknowTi Blackbird

Icteridae

0

2

Unknown Gull

Laridae

1

0

Nortiiem Mockingbfrd

Mimus polyglottos

9

3

Brown-headed Cowbfrd

Molothrus ater

1

0

House Sparrow

Passer domesticus

11

0

Ring-necked Pheasant

Phasianus colchicus

4

3

Great-tailed Grackle

Quiscalus mexicanus

3

4

Common Grackle

Quiscalus quiscula

1

1

Dickcissel

Spiza americana

2

1

Chipping Sparrow

Spizella passerina

0

4

Eastern Meadowlark

Stumella magna

0

2

Westem Meadowlark

Stumella neglecta

43

60

70

Table 4.6 cont.

Common Name

Scientific Name

Colony

Non-Colony

European Starling

Stumus vulgaris

1

66

Scissor-tailed Flycatcher

Tyrannus forficatus

3

0

Westem Kingbird

Tyrannus verticalis

26

13

Mourning Dove

Zenaida macroura

26

6

12

2

Unidentified

' Approximately 100 swallows were detected at one site.
^ 65 European starling were detected at one site.
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Table 4.7. Simpson's diversity (D) and Pielou's evenness (J') levels for bfrds on colony
and non-colony sites for June 2002. All Pantex sites were located within
Carson county.

Diversity (D)

Evenness (J')

Pair Location

Colony

Noncolony

Colony

Noncolony

Carson 8

0.79

0.75

0.86

0.86

Carson 9

0.70

0.71

0.87

0.77

Carson 10

0.72

0.56

0.95

0.49

Carson 11

0.50

0.75

0.63

0.88

Carson 23

0.72

0.79

0.88

0.89

Hale 11

0.68

0.67

0.71

0.88

Hockley 13

0.79

0.78

0.93

0.91

Lubbock 2

0.56

0.83

0.86

0.94

Lubbock 95

0.82

0.83

0.91

0.95

Lubbock 103

0.84

0.71

0.94

0.93

Lubbock 127

0.85

0.64

0.89

0.80

Pantex Lake

0.68

0.69

0.89

0.85

Pantex Playa 1

0.63

0.78

0.84

0.89

Pantex Playa 3

0.84

0.71

0.94

0.87

OVERALL

0.91

0.86

0.82

0.71
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Table 4.8. Avian abundance levels (individuals observed) and paired t-test results for
species with sufficient observations. Pafred t-test results and p-values reflect
differences between colony and non-colony sites.

Common Name

Species

Red-Wmged Blackbird

Agelaius phoeniceus

26

35

0.22

0.7153

Cassin's Sparrow

Aimophila cassinii

13

22

1.26

0.2282

Burrowing Owl

Athene cunicularia

26

3

3.22

0.0062

Homed Lark

Eremophila alpestris

24

32

0.91

0.3769

House Sparrow

Passer domesticus

31

0

1.46

0.1664

Westem Meadowlark

Stumella neglecta

43

60

2.28

0.0385

Westem Kingbird

Tyrannus verticalis

22

13

1.03

0.3216

Mourning Dove

Zenaida macroura

23

6

1.30

0.2148

Colony Non-Colony t-value p-value
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