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Recommended Methods for Range-Wide Monitoring of
Prairie Dogs in the United States

By Lyman L. McDonald,' Thomas R. Stanley,? David L. Otis,® Dean E. Biggins,? Patricia D. Stevens,?

John L. Koprowski,* and Warren Ballard®

Overview

One of the greatest challenges for conserving grassland,
prairie scrub, and shrub-steppe ecosystems is maintaining
prairie dog populations across the landscape. Of the four
species of prairie dogs found in the United States, the Utah
prairie dog (Cynomys parvidens) is listed under the Endan-
gered Species Act (ESA) as threatened, the Gunnison’s prairie
dog (C. gunnisoni) is a candidate for listing in a portion of
its range, and the black-tailed prairie dog (C. ludovicianus)
and white-tailed prairie dog (C. leucurus) have each been
petitioned for listing at least once in recent history. Although
the U.S. Fish and Wildlife Service (USFWS) determined list-
ing is not warranted for either the black-tailed prairie dog or
white-tailed prairie dog, the petitions and associated reviews
demonstrated the need for the States to monitor and manage
for self-sustaining populations. In response to these findings, a
multi-State conservation effort was initiated for the nonlisted
species which included the following proposed actions: (1)
completing an assessment of each prairie dog species in each
State, (2) developing a range-wide monitoring protocol for
each species using a statistically valid sampling procedure
that would allow comparable analyses across States, and (3)
monitoring prairie dog status every 3—5 years depending upon
the species. To date, each State has completed an assessment
and currently is monitoring prairie dog status; however, for
some species, the inconsistency in survey methodology has
made it difficult to compare data year-to-year or State-to-
State. At the Prairie Dog Conservation Team meeting held in
November 2008, there was discussion regarding the use of
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different methods to survey prairie dogs. A recommendation
from this meeting was to convene a panel in a workshop-type
forum and have the panel review the different methods being
used and provide recommendations for range-wide monitoring
protocols for each species of prairie dog. Consequently, the
Western Association of Fish and Wildlife Agencies (WAFWA),
in coordination with USFWS and U.S. Geological Survey
(USGS), hosted a prairie dog species survey methodology
workshop January 25-28, 2010 in Fort Collins, Colorado.

The workshop provided all WAFWA partners and interested
parties the opportunity to present their survey methodology to
a review panel made up of experts in the fields of quantitative
biology, population biology, species biology, and biostatistics.
This report presents the panel’s survey methodology recom-
mendations for each of the four species of prairie dogs found
in the United States and, for the black-tailed prairie dog, a

list of action items to facilitate implementation of the recom-
mended methodology.

Introduction

Background

In 1998, several nongovernmental organizations peti-
tioned the USFWS requesting that the black-tailed prairie dog
(BTPD) be listed as a threatened species under the ESA. In
response to that petition, State wildlife agencies within the
historical range of the BTPD formed the Black-tailed Prairie
Dog Conservation Team and began discussions toward the
development of an interstate effort to conserve the species. By
November 1999, the Black-tailed Prairie Dog Conservation
Assessment and Strategy (CAS; Van Pelt, 1999) was finalized
that established a framework under which actions would be
implemented to further conserve BTPDs within their histori-
cal range in the United States. Objectives of the CAS include
establishing a prairie dog conservation team (PDCT), devel-
oping long-term conservation goals for the entire range of
the BTPD (for example, determining the number of occupied
acres and individual colonies or complexes of minimum size),
identifying focal areas for conservation, developing survey





2 Recommended Methods for Range-wide Monitoring of Prairie Dogs in the United States

methods that would estimate occupied acres in each State

and allow comparable analyses across States, preparing State
specific management plans, and surveying the total number of
occupied acres in each State at least once every 5 years. On
February 4, 2000, the USFWS issued a finding of “warranted
but precluded” (65 FR 5476), and the States continued to work
on conservation measures.

In February 2003, the PDCT published an addendum to
the CAS, entitled, “A Multi-State Conservation Plan for the
Black-tailed Prairie Dog, Cynomys ludovicianus, in the United
States” (MSCP; Luce, 2003). The MSCP provides further
guidelines for achieving some of the objectives in the CAS
and includes the following minimum 10-year target objectives
(conservation goals) based on a range-wide analysis:

“1) Maintain at least the currently occupied
acreage of BTPD in the U.S.

2) Increase to at least 1,693,695 acres of
occupied BTPD acreage in the U.S by
2011.

3) Maintain at least the current BTPD oc-
cupied acreage in the two complexes
greater than 5,000 acres that now occur
on and adjacent to Conata Basin-
Buffalo Gap National Grassland, South
Dakota and Thunder Basin National
Grassland, Wyoming.

4) Develop and maintain a minimum of
nine additional complexes greater than
5,000 acres (with each State managing
or contributing to at least one complex
greater than 5,000 acres) by 2011.

5) Maintain at least 10% of total occupied
acreage in colonies or complexes
greater than 1,000 acres by 2011.

6) Maintain distribution over at least 75%
of the counties in the historic range or
at least 75% of the historic geographic
distribution.”

Initially, the Gunnison’s prairie dog (GUPD) and the
white-tailed prairie dog (WTPD) were not included in these
efforts. However, in July 2002, a petition was filed to list the
WTPD as endangered or threatened across its range. Subse-
quent to this filing, the BTPD Conservation Team (henceforth
PDCT) was expanded to include both WTPDs and GUPDs
because many of the same management issues, such as survey
protocols, identification and ranking of threats, regulation
changes, recreational shooting, management plan frameworks,
relocation techniques, and long-term monitoring were similar
for all three prairie dog species. In 2004, a petition was filed
to list the GUPD under the ESA. Subsequently, conservation
assessments were completed for both the GUPD (Seglund
and others, 2005) and the WTPD (Seglund and others, 2006)
evaluating the range-wide population status of each spe-
cies and identifying factors limiting conservation. This was

followed by development of a White-tailed Prairie Dog and
Gunnison’s Prairie Dog Conservation Strategy (Western Asso-
ciation of Fish and Wildlife Agencies, 2006) which provided
9 conservation objectives with a number of specific conserva-
tion activities under each objective. One such conservation
activity called for the evaluation and establishment of survey
methods for monitoring GUPDs and WTPDs in each State that
would allow for valid comparisons of results across States.

A subsequent addendum (GUPD Conservation Plan; Western
Association Fish and Wildlife Agencies, 2007) to this Conser-
vation Strategy identified specific activities for GUPDs that
would accomplish the objectives outlined in the Conservation
Strategy. One of the goals of the GUPD Conservation Plan
was to maintain occupied cells within at least 75 percent of a
baseline number of geographical units within each State using
a common protocol. The protocol proposed by Colorado and
implemented by the other States within the range of GUPDs
is known as occupancy sampling in modeled habitat. Using
this protocol to monitor GUPD,s the States would identify a
baseline occupancy rate and ultimately, for at least GUPDs, a
trend over several sampling periods. It was determined by the
PDCT that 700 plots would be sampled range-wide to detect
occupancy trends in the GUPD population. In accordance with
the GUPD Conservation Plan:

“3. Actions (see below a.) will be triggered when/if a 40
% (95% CI) range-wide occupancy decline is detected
between surveys (i.e. 3 years, short-term trigger). A
long-term trigger for action will also be identified.
However, since process variation is unknown, this will
not take place until after 3 sample periods (i.e. 6 years)
have occurred. This timeframe will provide sufficient
data to identify a long-term trigger. This trigger will
be retroactive; if a certain percent decline is detected,
management actions will be initiated immediately.

a. Actions Triggered: Within 1 year of reaching the
trigger, a course of action, on a state-by-state ba-
sis will be developed by the PDCT and presented
to WAFWA Directors for implementation. Though
the range-wide trend is being monitored, the spe-
cies may only be affected in distinct geographic
areas. However, all states will support actions
taken even if the area in decline is not within their
state boundaries. Support may include providing
funding or personnel.

b.  Surveys will be conducted annually until the trig-

geris reset.”

Currently, listing of the WTPD is not warranted (June 1,
2010; 75 FR 30338), and the GUPD is warranted for listing
within the montane portion of its range (central and south-cen-
tral Colorado and north-central New Mexico) however listing
the montane GUPD is precluded by higher priority species and





is therefore considered a candidate species (February 5, 2008;
73 FR 6660).

The Utah prairie dog (UTPD), found only in southwest-
ern and central Utah, has been listed under the ESA since
1973, initially as endangered (June 4, 1973; 38 FR 14678), but
downlisted to threatened on May 29, 1984 (49 FR 22330). The
recovery criteria outlined in the Utah Prairie Dog Recovery
Plan (United States Fish and Wildlife Service, 1991) are to
establish and maintain the species as a self-sustaining viable
unit with retention of 90 percent of its genetic diversity for
200 years. Activities proposed to accomplish this included:

“1. Establish and maintain one population each on pub-
lic lands in three separate areas.

2. Maintain each population with a minimum number of
813 adult animals in the annual spring census.”

A revised draft recovery plan recently was released for
public review (September 17, 2010; 75 FR 57055), which
when finalized, will likely establish new recovery criteria.
Because we were already addressing three of the four species
of prairie dogs found in the United States, WAFWA requested
that we review the survey protocol for UTPDs, as well.

Current Status of Monitoring Efforts

Since 1999, many States have developed State-specific
management plans and strategies towards achieving conserva-
tion goals. Prior to these efforts, prairie dogs themselves had
not received much attention with regard to population inven-
tory and monitoring and no systematic or consistent methods
for managers were in use. Consequently, several methods have
been developed for monitoring the prairie dog species found
in each State (table 1). In 20006, all States within GUPD range
agreed to use occupancy surveys and modeling, and several
states began using this approach for WTPDs, as well. In addi-
tion to occupancy surveys and modeling, other current survey
methodology ranges from aerial transects and ground surveys
to use of satellite imagery. Not all methods provide repeatable,
statistically accurate and precise estimates of the parameters
of interest, nor are results comparable among States. This is
especially true for BTPDs.

Purpose and Overview of the Prairie Dog Survey
Methodology Workshop

In 2008, WAFWA recognized the States were devoting
considerable effort and funding toward monitoring prairie dog
populations; yet the methods used were inconsistent across
States, and some methods were subject to criticism, espe-
cially for the BTPD. WAFWA also recognized that because
of the different methodologies used, it was difficult to con-
solidate this information in a statistically rigorous manner to
monitor progress towards achieving the target objectives as
identified in the MSCP. In November 2008, after receiving a
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recommendation from the PDCT, WAFWA and the USFWS
requested assistance from the USGS in putting together a
workshop to address this concern. Together WAFWA, the
USFWS and the USGS organized a prairie dog survey meth-
odology workshop in Fort Collins, Colorado, during January
25-28, 2010 (appendix 1). A panel of 6 experts in the field

of quantitative biology, population biology, species biology,
and biostatistics were appointed to review the current survey
methodologies used by each State and for each species and to
provide WAFWA with recommendations for standardization
of survey methodologies for each species of prairie dog. Prior
to the workshop, all twelve States were asked to respond to a
set of questions regarding their survey objectives and meth-
ods (appendix 2) and provide any additional information they
would like the panel to consider. Most States also provided
oral presentations at the workshop. Additionally, one tribe and
one nongovernmental organization provided written material
and an oral presentation at the workshop. This report presents
the panel’s recommendations to standardize survey method-
ologies among the States for each of the four species of prairie
dogs.

Basis for the Methods Recommended

The panel was asked to provide recommendations regard-
ing suitable methodologies for assessing the status of each of
the four species of prairie dogs occurring in the United States.
Of these four species, the UTPD is listed as threatened, the
GUPD is a candidate species (in at least a portion of its range)
and the BTPD and WTPD have both been petitioned for list-
ing under the ESA, although both were later determined not
warranted for listing. For management purposes, there is a
need for replicable monitoring methods capable of detecting
presence of species, and in some cases at relatively low levels
of abundance, throughout its range. Because listing decisions
may be affected by the geographic distribution of species
within their historical ranges, a monitoring method must
be capable of providing spatially explicit information. For
these purposes, the panel deemed it unnecessary to estimate
numbers or densities of prairie dogs in areas where they are
present. Rather, the panel judged that monitoring presence/
absence of prairie dogs on land units, whether by occupancy
modeling or estimation of occupied colony area, adequately
addresses broad-scale status of prairie dog species. However,
for the BTPD, additional information is required on number of
occupied colonies of different sizes and the spatial distribution
of occupied colonies (MSCP target objectives 3-6 above).

The panel’s goal for all species was to suggest monitor-
ing protocols that could produce statistically reliable estimates
relevant to stated objectives in a cost-efficient and practical
manner. Furthermore, the approaches that are recommended
should provide significant “value-added” attributes that posi-
tion the multi-State effort to respond effectively to changes in
biological and economical conditions and maintain scientific
rigor, based on the following principles:
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Table 1.

Summary of current methods used by States to monitor prairie dog populations.

[Estimated cost based on last survey conducted as noted in table, NAIP — National Agriculture Imagery,

DOQQ — Digital Ortho Quarter Quad ]

Species State Survey method Last survey Cost ($)
Black-tailed PD  Arizona Ground survey 2010 13K
Colorado Aerial line transect with ground truthing 2006-2007 120K
Kansas NAIP imagery with aerial line transects 2009 17K
Montana Aerial line transects with ground truthing 2008 155K
Nebraska Aerial line transects and photos 2003 113K
New Mexico DOQQ imagery with ground truthing 2008 92K
North Dakota Aerial surveys with ground truthing 2006 48K
Oklahoma Aerial photos with ground truthing 2009 60K
South Dakota NAIP imagery with ground truthing 2008 31K
Texas DOQQ imagery with ground truthing 2006 82K
Wyoming NAIP imagery with aerial line transects 2009 15K
Gunnison's PD Arizona (Aubrey Valley) Block transects 2009 13K
Arizona Occupancy surveys and modeling 2008 26K
Colorado Occupancy surveys and modeling 2007 150-175K
New Mexico Occupancy surveys and modeling 2007 67.5K
Utah Occupancy surveys and modeling 2007 33K
White-tailed PD  Colorado Occupancy surveys and modeling 2008 150-175K
Montana Mapping 2005-2008 6K
Utah Occupancy surveys and modeling with ground truthing 2008 44K
Wyoming NAIP imagery with aerial line transects 2008 20K
Utah PD Utah Mapped and counts of colonies 2009 23K

1. Techniques must be robust to fluctuations in State

budgets in order to sustain the monitoring effort.

The proposed methods must provide a reasonable
approach, one that is conducive to advanced planning
and budgeting by State agencies.

Techniques must be robust to changes in survey
personnel over the years. While inter-observer dif-
ferences in detection probabilities can be calculated
and incorporated statistically as noted in the proposed
methods, a common (multi-State) set of training
materials for protocols should be considered.

Techniques must be comparable among States to
satisfy requirements for range-wide data on occupied
area and trends.

Data storage and availability in the face of changing
State-agency management must be assured. A central
data-storage host should be considered and a com-
mon Web-based interface for data entry might be pur-
sued that would enable remote entry of data. These

data would provide a critically important database for
range-wide assessment of prairie dog species.

Techniques must be able to incorporate changing
methods of analysis. In addition, with the innovations
in digital imagery and the addition of bands such

as near infrared, new analyses and reanalysis may
become possible at the State or multi-State level.

Techniques must consider that changes on the land-
scape will occur due to changes in land-use patterns
and climate change. The methods used must be able
to incorporate the potential for changing distribu-
tions, loss of habitat patches and gain from resto-
ration efforts. The proposed methods will permit
change-detection methods (Lu and others. 2004;
McDonald and others, 2009) to be applied on a large
scale as another means of determining trends in land-
use patterns, assessing global climate change impacts,
and efficacy of restoration/preservation efforts.





7. Technique applications must clearly identify the
methods used so as to allow replication in future
years and by other States.

The subsequent sections of this report describe protocols
that are consistent with these principles and can be used to
monitor progress towards meeting the goals and objectives for
BTPDs and the range-wide status of the other three prairie dog
species. For the BTPD, we suggest that the use of an imagery-
based sampling design coupled with aerial and/or ground-
based assessment will be necessary to achieve all MSCP
objectives. No single current State protocol satisfactorily
achieves all of these objectives. In particular: (1) line-intercept
methods cannot provide estimates of numbers of colonies in a
given size class, (2) the accuracy of classified imagery should
be evaluated rigorously by estimating detection probabilities
using multiple observers, and (3) aerial surveys and photo
interpretation alone cannot provide defendable estimates of
the proportion of area occupied in a given colony, and there-
fore on-the-ground (ground) surveys must be completed. For
WTPD and GUPD species, our assessment is that the current
occupancy survey and modeling methodology is satisfactory
for estimation of the proportion of occupied units; we provide
several relatively minor suggestions for improvement. We
recommend that the current UTPD monitoring program be
modified to accommodate an occupancy survey and model-
ing methodology similar to WTPD and GUPD monitoring
programs.

Lastly, although beyond the charge to the panel and not
part of the panel’s recommendations for this workshop, we
think the use of conservation focal areas as discussed in the
MSCP would be beneficial if extended to all four species of
prairie dogs in the United States. Management and monitoring
options on conservation focal areas should address questions
of ecological functioning that will allow more refined goals to
be set for future conservation efforts. For further discussion
on the need for more concentrated effort on focal areas see
appendix 3.

Survey Sampling Terminology

The terminology and definitions used in survey sampling
are exact and are best described mathematically. However,
because such formalism is beyond the scope of this document,
we instead provide simple definitions of terms and concepts
that will be referenced throughout this report. There are many
valid alternatives in the design of a survey, each of which will
require unique formulae for estimation of the total number
of occupied acres of BTPDs and numbers of occupied units
for WTPDs, GUPDs, and UTPDs. When possible, we give
example formulae, however, it is impossible to give a com-
plete set of possible designs, each with its unique formulae for
expansion of summary statistics and estimation of associated
variances, standard errors, and widths of confidence inter-
vals. We recommend that a qualified statistician be consulted
for each State to further derive and implement the necessary
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formulae associated with whatever alternative design may be
selected and developed.

Definitions

A target population is a set of units for which we wish
to learn the value of some underlying parameter, where a
parameter is a measurable quantity of interest. For example, in
the present context, the set of all National Agriculture Imag-
ery Program (NAIP; U.S. Department of Agriculture, 2009;
appendix 4) images covering potential BTPD colonies in a
State on June 1, 2010, might represent our target population.
The total number of acres occupied by BTPDs might represent
the primary parameter of interest.

In the special case where every unit of the target popula-
tion (for example, every NAIP image) is assessed completely
without error, we have a census, and the value of the param-
eter for the entire target population is determined without
error. In most cases, however, it is not possible to census
the target population and instead a sample of units must be
drawn and the parameter estimated with some degree of error
(that is, uncertainty). A sample is composed of a subset of the
units from the target population and typically is drawn from
a sampling frame. In its simplest form, a sampling frame is a
complete list of the units in the target population. In the pres-
ent example, the sampling frame would be the list of all NAIP
images covering potential BTPD colonies on June 1, 2010.
Given the sampling frame, a procedure, for example, simple
random sampling (SRS) without replacement, is used to draw
a sample from which inferences to the target population can
be made. It is important to note that if the sampling frame
is incomplete or inaccurate in some manner, for example, if
some units that exist in the target population are omitted from
the list, then inferences from the sample to the target popula-
tion may be biased.

Recommendations

Black-tailed Prairie Dog Survey Methodology

General Comments and Action [tems toward
Developing a Range-Wide Survey Methodology

The panel was charged with reviewing existing BTPD
monitoring methods used by the States, toward the goal of
recommending a sampling and statistical framework allow-
ing parameters of interest to be estimated in a rigorous and
consistent manner among States. The panel has proposed such
a framework for BTPD, as described in this report. However,
to make that framework operational, it is necessary that the
States and other interested parties take the next step to develop
and collectively agree upon certain definitions and protocols.
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Because many of these issues are not statistical in nature and
lie outside the panel’s realm of expertise or knowledge, we do
not attempt to address them in more than general terms (for
example, see the appendix). Rather, we believe the onus is on
the States to develop definitions and protocols that are biologi-
cally meaningful, useful from a species management per-
spective, and practical and cost effective from an operational
standpoint. We hasten to point out that, whereas many of these
issues may benefit from the involvement of a statistician, ulti-
mately they are management decisions and must be dealt with
in a management framework. What follows is a list of action
items that are necessary to move forward with implementing
the monitoring framework proposed by the panel.

Action Item 1. States and other interested parties need to
develop and agree upon a rigorous (that is, completely unam-
biguous), biologically meaningful, and formal definition of an
“occupied acre” for BTPDs.

In preparing for this workshop the panel formed a set
of “homework questions” that were forwarded to workshop
participants in an effort to determine monitoring objectives.
Clearly, it is not possible to develop a statistically valid
monitoring framework if one does not know the objectives, or
the end product desired. The first question posed was “What
parameters are you trying to estimate?” (appendix 2). The
answer to that question in the case of BTPDs was “occupied
acres.” Unfortunately, as the workshop progressed, it became
evident that a formal and rigorous definition of occupied acres
did not exist, and there was huge variation— conceptually
and operationally— among participants with respect to what
constituted an occupied acre. It is our opinion that the absence
of an agreed-upon definition is hindering progress and creating
unnecessary controversy, and that this will continue until a
rigorous and formal definition is agreed upon.

It is not possible to specify a method or protocol for
measuring a property of a system until that system property is
defined unambiguously. In the case of the BTPD, one example
of an unambiguous (but impractical) definition for occupied
acres would be: the sum of the areas on which a prairie dog is
currently standing (an area of a few square inches). Here there
is no ambiguity as to whether the space is occupied, because a
prairie dog (and not its burrow, set of burrow entrances, or clip
line) is actually present, and there is no ambiguity with respect
to area occupied because it is the space taken up by the prairie
dog (not its burrow, some buffer around a burrow, or its clip
line).

Unfortunately, in the case of the BTPD, occupied acres
are often being measured—despite the absence of a defini-
tion—by drawing a subjective boundary around an indefi-
nite collection of prairie dog burrows that may not even be
currently occupied by prairie dogs. This, of course, leads
to disagreements and controversy as to where the boundary
should begin or end; how convoluted the boundary should be;
whether a particular set of burrows (regardless of prairie dogs)
should be considered one colony or two (or more); whether
a 100-acre colony with a low density of prairie dogs should

be treated the same as a 100-acre colony with high density of
prairie dogs; and whether part of a colony eliminated by poi-
soning should be included or excluded; and if excluded, where
the boundary should be. The point is that you cannot know
how to accurately and consistently measure occupied acres
until you can define what occupied acres means.

Action Item 2. Convene a panel of experts to prepare written
guidelines or other materials (for example, a set of example
images) to train map interpreters on detecting potential prairie
dog colonies (hereafter referred to as features) from NAIP
imagery.

The panel did not possess the necessary expertise to
produce rigorous guidelines or protocols on feature detection,
thus we limited ourselves to suggesting items that should be
considered (appendix 5). One reviewer of the draft of this
document suggested a panel of statisticians, managers, imag-
ery experts, and field personnel could be formed to develop
and regularly review these guidelines. We agree with this
sentiment and believe specific protocols should be developed
and then used collectively by the States and other interested
parties.

Action Item 3. Once Action Items | and 2 have been com-
pleted, formalize a set of guidelines on how to circumscribe
features detected using NAIP imagery.

The value obtained for occupied acres depends on how
the boundary around an area occupied by BTPDs is con-
structed and how areas within that boundary where burrows
are absent (that is, internal structure) are circumscribed.
Because construction of these boundaries may vary within
and between map interpreters and may depend on the scale at
which the images are viewed, the value obtained for occupied
acres also will vary— even if the image of the occupied area
does not change. The first step to resolving this problem is to
complete Action Item 1 satisfactorily. Given an unambiguous
definition of occupied acres, it should be possible to develop a
formal standardized set of guidelines to deal with such issues
as: (a) which scale should interpreters use; (b) time limit per
image frame; (c) whether features should be circumscribed as
one colony or multiple colonies; (d) determining where bound-
aries of colonies begin or end; (¢) determining the boundaries
around areas with low densities of burrows; or (f) delineating
internal structure within colonies where burrows are absent.
We note that how a BTPD colony should be circumscribed is
not a statistical issue; it is an issue for the users of these data
who need to decide what is meaningful from a biological,
management, and policy perspective.

Action Item 4. Convene a panel of experts to prepare written
guidelines or other materials to guide aerial surveyors on the
classification of features as null, occupied, or unoccupied.
The estimated total acres of all features detected during
photointerpretation is likely to be positively biased because
some features circumscribed are not prairie dog colonies (that





is, null features) and colonies may be completely or partially
unoccupied. One of the sampling designs we propose to adjust
for bias involves aerial surveys followed by ground surveys.
Under some circumstances this design may be more effi-
cient, statistically and from a cost perspective, than ground
surveys only. During the aerial surveys, observers visit a set
of randomly selected features identified during photointer-
pretation and classify each feature into one of three mutually
exclusive categories: Null, Occupied, or Unoccupied. We
suspect that aerial surveys will allow for definitive identifica-
tion of null features (that is, features that are not prairie dog
colonies), and sightings of prairie dogs will suffice as proof
of occupancy (without estimating proportionate occupancy).
Other attributes, for example, condition of burrows (are there
open burrows?) and vegetation (is vegetation overgrowing the
colony or the burrow entrances?) can provide evidence that a
feature is not occupied by prairie dogs. The panel believes that
it would be useful for representatives from States using aerial
surveys to compile a list of attributes proven to be useful for
classifying features as Null, Occupied, or Unoccupied from
aircraft so as to guide surveyors classifying features.

Action Item 5 (optional). Evaluate the probability of detec-
tion of burrows and scat and correct classification of scat (that
is, fresh or not) during ground surveys.

We provided an unambiguous definition of an occupied
burrow based on presence of fresh scat within 0.5 m of a bur-
row opening as defined in appendix 6. Further, for purposes
of ground surveys and subsequent analysis, we assumed that
trained observers can consistently apply the definition of fresh
scat; that detection of fresh scat (given that it exists within 0.5
m of a burrow) is approximately 100 percent; and the detec-
tion probability of occupied burrows and unoccupied burrows
does not differ. Personnel from each State may want to evalu-
ate whether these are valid assumptions through controlled
studies.

Action Item 6. Representatives from each State should per-
form a cost analysis for the suitable suite of BTPD sampling
procedures, so as to decide which procedures are most cost-
effective for their State.

The panel developed the monitoring framework in a
manner that allowed States some flexibility with respect to
implementation, while still maintaining the elements neces-
sary to ensure statistical rigor and consistency among States.
We believed a fixed, inflexible “recipe” would be doomed to
failure because different States must deal with certain unique
issues, and clearly a one-size-fits-all approach is not practical.
For example, some States may need to use aircraft, whereas
others may find ground truthing adequate; some States may
benefit from stratified random sampling, whereas for other
States, simple random sampling (or some other sampling
design) may be better; and for some States the desired level
of precision may be attainable with smaller sample sizes,
whereas other States may require larger sample sizes. Of
course, each of these factors will affect the cost of monitoring,
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as will personnel costs (for example, using permanent versus
temporary staft), the size of the prairie dog range for a State
(larger ranges mean more travel costs), the proportion of the
range that is on public versus private land (more private land
means higher personnel costs to contact landowners), the
desired statistical precision, and so forth. In short, the costs of
implementing the monitoring framework we propose will be
unique for each State and will vary depending on the particu-
lar implementation chosen for that State. Thus, it is important
that representatives for each State examine their unique set of
circumstances, decide on the sets of procedures available to
them to implement the monitoring framework for their State,
and then determine the respective costs for implementation so
they can choose the most cost-effective approach.

Action Item 7 (optional). Retain the services of a statistician
to formally critique one or more of the State-specific meth-
ods currently being used to monitor prairie dogs, relative to
the MSCP objectives (for BTPDs) and/or any State-specific
objectives.

The panel was not charged with providing a State-by-
State critical review of the methodology being used. The pan-
el’s goal was to become familiar with the multiple approaches
being used in each State, to become informed with respect to
the challenges personnel in each State must confront, and then
to propose a consistent and statistically rigorous framework
within which all States could operate (with some built in flex-
ibility for unique circumstances). Our expectation was that
individual States could ascertain the strengths and weaknesses
of their existing protocol by comparing it to the Panel’s recom-
mendations. We would note that for certain sets of objectives
many of the methods presented by States were adequate from
a statistical standpoint. However, at least for BTPDs, none of
the methods in use was 100 percent adequate with respect to
either meeting the stated MSCP objectives or statistical rigor.
Hence, we proposed an alternative framework we believe is
adequate. If States have certain sets of objectives that dif-
fer from those the panel was charged with addressing, then
we urge them to have their methods reviewed by a qualified
statistician.

Action Item 8. The panel believes the sixth MSCP objec-
tive “maintain distribution over at least 75% of the counties
in the historic range or at least 75% of the historic geo-
graphic distribution” needs to be better articulated and made
more explicit before an appropriate sampling design can be
recommended.

As it currently stands, the sixth objective is ambiguous
and does not lend itself to the development of formal, stan-
dardized sampling procedures. Specifically, three tasks must
be completed: (1) make explicit what is meant by “maintain
distribution”, (2) list the counties that are considered to be in
the historic range, and (3) explicate what is meant by “at least
75 % of the historic geographic distribution.” We elaborate
further on these tasks, and provide illustrative examples, in the
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section below titled Estimation of the Proportion of Counties
in the Historic Range that Contain BTPD.

Parameters of Interest

Measuring progress towards meeting the Target Objec-
tives outlined in the MSCP requires knowledge of the cur-
rently occupied acreage of BTPDs in the United States. For
purposes of developing a standardized monitoring program
among States, the primary parameter of interest for the BTPD
is the number of occupied acres of BTPD as summarized
by each State at some specified point in time as described
in MSCP Objectives 1-2. Additional parameters of interest
include the number and locations of large (that is, 1,000-
5,000 acre) colonies or complexes in order to gauge progress
towards meeting the MSCP Objectives 3-5 and to maintain
75 percent of the historic distribution as described by MSCP
Objective 6 . For purposes of discussion, we hereafter assume
that: (1) the BTPD range in the United States can be repre-
sented by a mutually agreed upon (that is, among States and
other stakeholders), static (that is, unchanging through time),
spatially explicit area of land; (2) what constitutes an “active
burrow” can be rigorously and unambiguously defined (see
appendix F); and (3) the occupied acres within a colony can be
estimated in a biologically meaningful and replicable manner
(however, see Action Items 1-4). In the discussion below we
describe a methodology geared toward estimation of “occu-
pied acres” that is founded upon these assumptions.

Target Population

For the BTPD monitoring program, the primary param-
eter of interest is the number of occupied acres of BTPD exist-
ing in the United States at some specified point in time. Thus,
in principal, our target population should include the set of all
occupied acres of BTPD in the United States at some point
in time. However, because this set is dynamic over short time
frames and in practice is unobservable (for example, existence
and location of some colonies is unknown), we instead define
the target population to be the collection of digital images that
encompasses all geographic areas lying within the current, his-
torical, and potential range of the BTPD. The target population
is divided into a set of discrete sampling units. The definition
of the target population we adopt is useful because an appro-
priate sampling frame can be easily constructed (for example,
using NAIP imagery, see below), and because correction fac-
tors for partially unoccupied colonies within the range can be
estimated.

With respect to current range, we believe it is important
to include all lands on which BTPD are currently known to
reside because the status of those colonies must be taken into
account in the event of a petition for listing. Categorically
excluding certain occupied lands will result in a negatively
biased estimate of occupied acres and will unnecessarily open
the monitoring effort to valid criticism. The implication here,

of including all areas where BTPD currently reside, means
private land, metropolitan, Tribal, military and other Federal
land, and arbitrarily excluded land in prior surveys must be
considered part of the range containing the target population
subject to sampling in each State.

With respect to historical range, we presuppose that if
records exist documenting the presence of BTPDs in an arca
prior to widespread extermination or conversion of grasslands
to other uses (for example, agriculture), then there is a possi-
bility the area can be recolonized in the event extermination is
halted or grasslands reclaim the area. Consequently, such areas
should be included as part of the range containing the target
population subject to sampling. Assessment of the historical
range for all prairie dog species should include evaluation of
Federal, State, and County records of attempts to eradicate
prairie dogs. County agricultural extension agents, State and
Federal biologists, conservation wardens, and others could
provide valuable information on locations of remnant popula-
tions in the 1940s and 1950s.

Finally, with respect to the potential range of the BTPD,
we recommend representatives in each State predict the
expanded range that could be occupied, under favorable future
conditions, by using a 100-year time horizon. Consideration
should be given to potential changes in the landscape due
to factors, such as fire, which may kill shrubby vegetation,
allowing for the establishment of grasslands; clearing of
woody vegetation, which might allow for expansion of grass-
lands; and changes in grazing of vegetation by herbivores.
One implication here is that State models containing current
vegetation conditions as predictor (independent) variables
to delineate BTPD range should be modified to eliminate
vegetation variables, and instead use features that will remain
static during the next 100 years (for example, elevation, slope,
soils).

Specifying the target population. The current, historical,
and potential range for BTPDs must be identified for each
State. The union of these areas across States will be considered
the range containing the target population for which BTPD
occupied acres will be estimated. Estimates of occupied acres
will not apply to any land area outside of this range. Once the
target population has been defined, it should not change so as
not to invalidate comparisons of occupied acres over time.

Sampling Frame and Image Analysis

Constructing the sampling frame. Once the BTPD range
has been delineated, the sampling frame for each State is
constructed by acquiring, for example, current NAIP imagery
(appendix 4) for the entire portion of the BTPD range occur-
ring within the State. Each NAIP image (or a merged set of
images of arbitrary but constant size) represents a sample unit,
and collectively these units comprise the sampling frame.
Units overlapping the boundary of the BTPD range should be
clipped to exclude portions of the units lying outside of the
range. Other sources of remotely sensed images can be used if
they contain sufficient detail for observers to identify potential





BTPD colonies (that is, features). Furthermore, we recognize
that technology for remote sensing of the earth’s surface will
change in the future, and hence, the units comprising the
sampling frame may change through time. We believe the
protocols recommended below are robust to such changes. For
simplicity, we hereafter assume that NAIP images will be used
to construct the sampling frame.

Feature identification. For the first year of the monitor-
ing program we recommend that every unit in the State’s
sampling frame (BTPD range) be examined independently by
two skilled interpreters, each of whom will identify and cir-
cumscribe features without reference to any pre-existing data
on the locations of known prairie dog colonies. See Action
Items 1-3 and appendix 5 for more details on the use of aerial
imagery to classify and map features. The purpose of using
multiple independent interpreters is twofold.

First, using multiple interpreters makes it possible to
construct a “capture history” for each feature that is detected,
so that the number of features not detected by any interpreter
can be estimated. Specifically, suppose there are two interpret-
ers. If interpreter A detects a particular feature (denoted by a
‘1”) and interpreter B does not detect that particular feature
(denoted by a ‘0’), then the capture history for that feature
is {1 0}. Likewise, {0 1} denotes a feature not detected by
interpreter A that was detected by interpreter B, and a {1 1}
capture history denotes a feature detected by both interpreters.
In cases where one interpreter merged features that the other
interpreter split, the interpreters will need to reconcile their
differences and mutually agree to either merge or split the
features. These features will have a {1 1} capture history. This
capture-history information, pooled for all features detected by
at least one interpreter, forms a capture-history matrix that can
be used under the Huggins (1991) model in Program MARK
(White and Burnham, 1999; White, 2008) or Package MRA
(Analysis of Mark-Recapture data, Amstrup and others, 2005,
p. 241-245; McDonald, 2010) to estimate the number of fea-
tures not detected by either interpreter. Because the Huggins
(1991) model allows detectability to be modeled as a function
of covariates, it will be possible to use the size, s =area of
features (in acres), and interpreter identification (to account
for detection differences of interpreters) as covariates to model
probability of detection. Estimation under appropriate models
and use of these software packages is not a trivial exercise.
Again, we emphasize the need for consultation with a qualified
statistician to assist with model development and analysis.

The second reason for using multiple independent inter-
preters is to provide a more robust estimate of the size of fea-
tures and to facilitate discussion and standardization of rules
for delineation of boundaries (see Action Items 1-3 above).
However, we anticipate that the measurement error associ-
ated with circumscribing a feature will be small compared to
the variation in sizes of all features detected and that it can be
ignored, assuming that there is no significant positive or nega-
tive bias. Guidelines and tips for identifying, circumscribing,
and preclassifying features on NAIP imagery are provided in
appendix 5.

In the event that the individual detection probability of
features is high (for example, >0.95) during the first year that
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the survey protocol is implemented and the variation among
interpreters in circumscribing features is low, it should be
possible to use only one experienced interpreter to develop the
sampling frame from the new NAIP imagery during subse-
quent years. We envision a scenario in which a GIS layer
containing the locations and outlines of features identified in
the preceding survey, are overlaid onto the NAIP imagery for
the current survey and used as a guide for locating and circum-
scribing expanding, shrinking or new features (that is, poten-
tial new BTPD colonies or BTPD colonies missed the first
time). However, if individual detection probability of features
is low, or in subsequent years new interpreters are used, we
recommend continued use of two independent interpreters. In
subsequent years where two interpreters are used, a capture-
history matrix for new features (only) could be constructed

to estimate the number of new features not detected by any
interpreter.

Feature analysis. Let N denote the number of sampling
units (NAIP images) comprising the sampling frame within a
State, and suppose every sample unit in the frame is viewed
independently by interpreters A and B. Let m denote the total
number of features detected by interpreters A and B (collec-
tively). Denote the estimated probability of detection of the
ith feature by interpreter Aby p, ,i=1,2,3,...,m, where it
is understood that this estimate may depend on the size of the
ith feature, s, (in acres) and other covariates. We assume that
the measured size of the feature is the average of the measured
sizes recorded by interpreters A and B. We also assume that
measurement error for the size of a unit is small compared to
variation of sizes among features and can be ignored. Simi-
larly, denote the estimated probability of detection of the ith
feature by interpreter Bby p,. ,i=1,2,3, ..., m. As noted
above, models for estimating detection probabilities can be
constructed using the Huggins model for analysis of mark-
recapture data (Huggins, 1991).

Assuming independence among interpreters, the esti-
mated probability that the ith feature of size s, will be missed
by both interpreters is p; = (1 - p,;)(1 - p,;), and the estimated
probability it will be detected by at least one interpreter is
7; =1-p, . Given the set of m features detected, an estimate
of the total number of features in the sampling frame of units
(NAIP images), M, is given by the Horvitz-Thompson estima-
tor (Horvitz and Thompson, 1952):

A~
M= = .
2, P ()
The estimated total acres, S , of all features in the sam-

pling frame of units is:
A Si
§=2% )

The estimated number of features missed by both inter-
preters A and B is given by M —m, and the estimated total
N m
acres of features missed is § — Z 5 -

i=1

If only a random sample of # units from the population
of N units is examined, then the sample statistics S, M —m,
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and §— Zsi should be divided by the sampling fraction n/N

to accoutll_t] for the units not surveyed. Variances of statistics
would be estimated by standard, but fairly complex, explicit
formulae from the theory of sampling with unequal probability
without replacement, if the divisors in equations (1) and (2)
were known constants. Estimated variances would be reduced
by the finite sampling fraction (1 - %). More complicated
sample survey designs will require unique and sometimes
complex adjustments. However, in this case, the divisors in (1)
and (2) are themselves estimates from the Huggins model for
analysis of mark-recapture statistics (Huggins, 1991). For this
reason, we recommend use of a computer intensive resampling
procedure known as bootstrapping for estimation of variances,
standard errors, and limits of confidence intervals (Manly,
20006) taking into account the complete estimation process
including air- and ground-survey exercises (see the Estimation
of variances, standard errors, and confidence interval limits
section below).

Survey Sampling Designs for Field Efforts

The estimated total acres of all features in the sampling
frame, S, is a positively biased estimate of occupied acres
due to 2 factors: (1) some features in the sampling frame are
not prairie dog colonies, and (2) colonies may be completely
or partially unoccupied. Hence, our estimate of S must be
adjusted by factors correcting for these biases to first estimate
the proportion of features that are prairie dog colonies and
then to estimate the proportion of the colonies that are occu-
pied. We now describe two alternative sampling designs for
collecting data to correct for these biases. In the first design,
an aerial survey is used to assign each feature to 1 of 3 status
categories: Null (not a prairie dog colony), Unoccupied, or
Occupied. This stratification of all features then provides a
framework for selection of a subsample of colonies for use
in a ground survey to estimate the proportion of the colony
that is occupied. In the second design, only a ground survey
is completed. Both designs will result in estimates of the total
area occupied by BTPD in the State.

Method 1. Aerial Survey then Ground Survey

The primary purpose of the aerial survey is to increase
the cost-efficiency of the subsequent ground survey (see
Action Item 6). None of the features assigned Null status will
be included in the ground survey and therefore we assume
that assignment of features to this category is done without
error. A sample of features to be ground-surveyed is taken
from both the Occupied and Unoccupied categories. These 2
samples are selected independently. We suggest that a much
larger proportion of features be selected from the Occupied
category, because we assume that features assigned to this cat-
egory in the aerial survey will represent the majority of total
occupied acres in the State. However, it is important to select
a reasonable sample from the Unoccupied category as well,
because we do not assume that the aerial survey assignment

to Unoccupied or Occupied status is without error. Thus, our
philosophy is to use the aerial survey to maximize efficiency
of ground surveys by: (1) eliminating features that are not
colonies, and (2) allocating the majority of ground-survey
resources to colonies we believe to be occupied. It is important
to note that the subsequent estimates of occupied acres derived
from the ground survey are not biased by errors in assignment
to occupied or unoccupied status in the aerial survey.

Aerial survey then ground survey—aerial survey design.
The collection of m features identified by interpretation of the
NAIP imagery will constitute a second sampling frame for
aerial and ground surveys. However, some features may be in
“no-fly” zones (for example, on military bases or in cities) and
cannot be aerially surveyed, and for other features it may not
be possible to gain access for ground surveys (for example,
access to features on private land may be denied). Inaccessible
features selected for sampling should be labeled as “missing
data.”

For ease of presentation, much of the following nota-
tion and formulae assume no spatial stratification. However,
we envision that each State may stratify its range of BTPD
spatially, ranging from relatively high density of features to
low density. For example, the BTPD range in South Dakota
might include a “low density” stratum on the east side of the
Missouri River. If spatial stratification is used, the same nota-
tion and formulae can be applied to each stratum in a straight-
forward manner.

To keep the notation simple, assume that an aerial census
of features is completed and all m features that were identi-
fied from NAIP imagery in the office are classified during the
aerial survey into Occupied BTPD colonies (m,), Unoccupied
BTPD colonies (m,)), and features that are not BTPD colonies
(m,,,). Based on the aerial classification, the Horvitz-
Thompson estimate of total acres of features,

m
A S,
— i
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T,

i=1 7%

can be divided into three separate estimates: (1) an estimate of
the total acres of aerially classified Occupied BTPD colonies
(including features missed by both interpreter A and B in the
office) is

N mey S
S = Z0i
¢ ; ;[01' ’
where s,, is the size of the ith occupied feature and 7, is the
estimated probability of detection of the ith occupied feature;
(2) similarly, the total acres of aerially classified Unoccupied
BTPD colonies would be estimated by

and (3) the balance is the estimate of acres of features that are
not BTPD colonies, where 7,, and 7,, are the same probabili-
ties of detection estimated under the Huggins (1991) model
from the photo-interpretation exercise with two independent





interpreters. If only one interpreter is used, 7,, and 7z, are
assumed to equal 1.

An aerial census of all features may not be economically
possible or the precision of a census may not be required for
making desired inferences. We suggest two possible methods
for selecting a sample of features to be aerially surveyed,
although we acknowledge that many other valid sampling
schemes could be used. If the probability of detection of fea-
tures during double sampling of NAIP images is high, particu-
larly for small features, then it may be reasonable to assume a
simple random sample of m, features is unbiased. In this case,
the first and simplest statistically valid protocol would be to
choose a simple random sample offeatures from the sampling
frame of all m features (or those features within a stratum).
However, we would recommend a generalized random tes-
sellation stratified (GRTS) spatially balanced sample of m,
features (Stevens and Olsen, 2003, 2004; McDonald, 2004).
After the m, features are mapped, it may be economically
possible to fly to each and classify them as Occupied, Unoc-
cupied, or Null. All features assigned Null status are assumed
to contain no prairie dogs and are therefore, excluded from
further analysis and surveys. Aerial surveys of features also
will enable determination of the degree of misclassification of
other features as prairie dog colonies during the photo-inter-
pretation process (false positives).

Denote the number classified as occupied by m,, and the
number classified as unoccupied by m,,,. The probability that
a feature will be detected in the office and selected for aerial
survey (then classified as occupied during the aerial survey)
is the product of the probabilities (m, / m) 7,, . An estimate of
the total acres of aerially classified occupied BTPD colonies is

then
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where the sum is over the 7, occupied features detected.
Similarly, the estimate of the total acres of aerially classified
unoccupied BTPD colonies is

n m my .
Sy = [—] >
my |31 7Ty

However, we expect that completely random selection or
GRTS sampling of features within a State or within large strata
may be biased because small features are under-represented,
or because it may not be cost-efficient owing to the increased
time and cost incurred by having to fly to individual ran-
dom locations to survey a single feature. Therefore, we next
describe an alternative cluster sampling design that may be
more cost-effective for many States.

Using a cluster sampling framework, a new ‘Sampling
Frame’ of Primary Sampling Units (PSUs) could be defined
as strips or some other group of images of a fixed size that
can be surveyed economically from an airplane. Let O be the

total number of PSUs. For cost-efficiency, PSU sizes should
be large compared to the size of most BTPD colonies, for
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example, size of PSUs might be selected so that the majority
of PSUs are expected to contain at least 10 features. The set of
delineated features within each PSU constitute the secondary
sampling units (SSUs).

The next step is to select a probabilistic sample of PSUs
from the State or from each stratum. Suppose a simple random
or GRTS sample of ‘Q,” PSUs is selected and that all features
(SSUs) within each selected PSU are surveyed aerially. Each
feature (SSU) in each selected PSU is assigned a status as
Occupied, Unoccupied or Null. Note that the entire image area
represented by the PSU is not being surveyed. Only features
previously identified and delineated in the office will be
checked. All SSUs assigned Null status will be excluded from
further analysis and will not be included in the ground survey
sampling frame.

Features bisected by the boundary of a PSU require
special attention. To preserve desired statistical properties of
the estimate of area occupied, we need an objective decision
rule for inclusion of a bisected feature in the sample. Our
suggestion is to assign each feature to the PSU that contains
its centroid. This point can be easily generated during GIS
image analysis, and it unambiguously assigns each feature
to a unique PSU and avoids the potential for size-bias in the
sample.

Denote the number of features classified as occu-
pied by m,, and the number classified as unoccupied by
m, . The probability that a feature will be detected in the
office and selected for aerial survey (then classified as
occupied during the aerial survey) is the product of the
probabilities (@, / Q) z,, . An estimate of the total acres of aeri-
ally classified, occupied BTPD colonies is

N o s Q o s
SO 2 0i 2 Oi .
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where the sum is over the m,, occupied features detected.

Similarly, the estimate of the total acres of aerially classified
unoccupied BTPD colonies is

& _| Q| su
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We suggest sampling a total of 50 PSUs with about 8

SSUs in each PSU in the first year of design. A total of approx-
imately n=50x8=400 features surveyed is expected to yield
estimates of simple proportions with half-width of a 95 percent
confidence interval <(1/Nn)=0.05=5 percent for the propor-
tions of features in the categories (Occupied, Unoccupied,
Null). The rationale for the numbers 50 and 8 is not strong
because the estimates are not simple proportions; however the
authors judge that these sample sizes will produce estimates
within about +5 percent of their true values with 95-percent
confidence. As will be the case with most of the sample-size
recommendations made in this report, it is difficult to rigor-
ously derive sample sizes expected to achieve a statistical
objective (for example, precision) absent prior experience and
estimates of relative costs inherent in the sampling design. Our
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expectation is that data generated from an initial survey will
be used to improve the efficiency of future surveys.

More complicated survey designs will require unique
adjustment factors. Discussion of estimation of variances and
confidence limits is postponed until after adjustment of statis-
tics derived from ground surveys.

Aerial then ground survey—ground survey design. Recall
that the objective of the ground survey is to produce estimates
of the average proportion of area occupied in colonies. An
important issue in the design of the ground survey is whether
to include colonies classified as “Unoccupied” in the aerial
survey. We might reasonably expect that the number of occu-
pied acres estimated from ground surveys of aerially classified
“Unoccupied” BTPD colonies would be negligible compared
to the total estimate of occupied acres, but this assumption
could bring the entire survey into question. Thus we recom-
mend sampling “Unoccupied” colonies but with a reduced
sampling effort.

The set of Occupied and Unoccupied colonies identi-
fied in the aerial survey constitutes the sampling frame for
the ground survey. As discussed above, selection of colonies
for ground survey could be achieved by a simple random
sample within each of the Occupied and Unoccupied strata.
However, we recommend a GRTS spatially balanced sample
(Stevens and Olsen, 2003, 2004) so as to better account for
any large-scale spatial patterns in occupancy. In the event that
a selected colony cannot be accessed, the colony would be
listed as missing data and the next colony on the GRTS list
will be considered the alternative. This includes inaccessible
colonies on military land, tribal land, and other private land.
The GRTS procedure will rank order all features in the State
or stratum. The first features on the GRTS list serve as the
original sample, and the remaining features are alternates in
the order listed.

Alternatively, if a cluster sampling approach is pre-
ferred, a random sample of PSUs is selected, and within each
selected PSU a random sample of SSUs is chosen. Within each
sampled PSU, Occupied colonies should be classified into 2
size classes, such as, relatively large (for example, >10 acres)
and relatively small. Definition of large and small may vary
from State to State, but should be coordinated among States;
however, the idea is that relatively more ground survey effort
will be expended on relatively large colonies. We suggest that
24 of the 50 PSUs sampled in the aerial survey be chosen
randomly. If the State has been stratified geographically, a
minimum of six PSUs should be selected from each stratum.
A GRTS spatially balanced sample (Stevens and Olsen, 2003,
2004) of sample size 2 will be selected from each of the two
size classes and surveyed for estimation of the proportion of
occupied acres. Thus, we are recommending a minimum total
of 96 (=24x2x2) Occupied colonies be selected for ground
surveys. For Unoccupied colonies within a selected PSU, a
GRTS spatially balanced sample of sample size 2 is selected.
Thus, we are recommending a minimum total 48 (=24x2)
Unoccupied colonies be sampled.

These recommended total sample sizes of 96 and 48 also
apply if individual colonies are chosen using the previously
described GRTS spatially balanced selection procedure.

Colonies selected for the ground survey and for which
access cannot be obtained are to be labeled as “missing data”
and the rate of missing data should be reported. This includes
inaccessible colonies on military land, tribal land, and other
private land. In the event that a selected colony cannot be
accessed, the next colony on the GRTS list will be consid-
ered the alternative. The GRTS procedure will rank order all
SSUs in each stratum of the PSU. The first two on the GRTS
list serve as the original sample, the third is the first alternate
if data on one of the first two is missing, the fourth is the
second alternate, and so forth. If colonies labeled as “missing
data” are systematically different than colonies in general (for
example, they are poisoned more or less frequently), then we
would expect some unknown bias to occur in our estimates of
occupied acres.

We anticipate that the results from the initial survey com-
pleted in each State under this protocol will be used to modify
the above recommended sample sizes based upon achieved
and desired precision of the estimates.

Method 2. Ground-Only Survey Design

The ground-only survey design has the advantage that
estimates of occupied area are made for every sampled feature,
and sources of sampling error associated with aerial survey
classification are eliminated. However, the available sampling
frame is based only on the original delineation of features
from the NAIP imagery. Thus, if features are selected by a
simple random sample, or stratified random sample based on
size of features, Occupied, Unoccupied, and Null features
would have equal probabilities of selection, which most likely
would lead to inefficient use of ground survey time. This is a
major disadvantage of the ground-only survey design option,
but we recognize that some States may not wish to do aerial
surveys.

We suggest that all features in the sampling frame
be stratified into large and small categories, as previously
described. The sampling effort is then weighted heavily
toward the larger features, with smaller (but non-zero) weights
assigned to the smaller features. Assume there are m, features
in the “small” stratum and m, units in the “large” stratum. The
estimated total acres of features identified by equation (2),

§=Y

=1 75’

i

is divided into two components, S = 55 + S‘L, where
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However, each of these estimates includes acreage of Null
features and therefore the formulae need to be adjusted for
this positive bias. We assume that the first step in the ground
survey protocol described in the next section will be to do





an assessment of the feature to determine if it is Null (not a
colony). Let p  and p, be the proportion of Null features in the
large and small strata as determined from this rapid assess-

ment. Then the adjusted estimates are
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As with the prior design, our goal is to achieve a repre-
sentative sample of colonies to be surveyed on the ground by
using a probabilistic sampling protocol. The simplest protocol
would again be to select individual colonies completely at
random from the sampling frame. We believe this protocol
would not be cost-efficient and therefore we again suggest an
alternative 2-stage random-selection protocol to increase effi-
ciency. At the first stage we select a sample of PSUs exactly as
described in the previous design. At the second stage, instead
of sampling all SSUs within each selected PSU, we select a
simple random sample from each of the two size-class strata.
We suggest selection of 50 PSUs and 8 SSUs per PSU, with
an overall objective of sampling about 400 features. A total of
400 features is expected to yield estimates of simple propor-
tions with half-width of a 95-percent confidence interval
<(1/Nn)=0.05=5 percent for the proportions of features in the
categories (Occupied, Unoccupied, Null). The rationale for the
numbers 400, 50 and 8 is not strong because the estimates are
not simple proportions; however the authors judge that these
sample sizes will produce estimates within about +5 percent of
their true values with 95-percent confidence. Again, regard-
ing the sample size recommendations made in this report, it is
difficult to rigorously derive sample sizes without an explicitly
stated statistical objective (for example, precision) absent
prior experience and estimates of relative costs inherent in the
sampling design. Our expectation is that data generated from
an initial survey will be used to improve the efficiency, and if
necessary, to modify sample sizes in future surveys.

Ground Survey Sampling Protocol

The purpose of the ground survey is to estimate the
proportion of the colony area, as circumscribed by using NAIP
imagery, that is occupied, or equivalently, the proportion not
occupied (for example, due to plague or poisoning). However,
this is problematic because there does not seem to be any rig-
orous, formal definition of an occupied acre (see Action Item 1
above). Instead, we have a subjective boundary drawn around
a collection of prairie dog burrows that may or may not be
occupied by prairie dogs. Because the acreage of the area con-
tained within the colony boundary is positively biased (with
respect to occupied area) in situations where, for example,
plague or poisoning of prairie dogs has recently occurred, it
is necessary to adjust that acreage downward. But develop-
ment of a formal correction factor requires a rigorous defini-
tion of “occupied”. At one extreme we might decide that the
only area occupied in the colony is that on which a prairie dog
is currently standing, an area of a few square inches. On the
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other extreme, we might define a square mile to be occupied if
at least one live prairie dog is detected within the boundaries.
Or we might conceptualize the amount of occupied acres in a
colony as the sum total of all active home ranges of individu-
als within the colony boundary, then define an average home
range area, and consider a sampled plot of the area as occu-
pied if it contains at least one active burrow. Another method
would exclude empty burrows, any buffers around the margin
of the colony (for example, clip line area), and sum the areas
of certain size buffers around active burrows. Alternatively,
we might define a set of active (that is, containing at least one
living prairie dog) burrows, where no burrow is more than 5
meters from at least one other burrow in the set, as a “home
range’ cluster that we can circumscribe (for example, using
the minimum convex polygon method), and the area contained
within that boundary represents “occupied area.” Then the
occupied area for the colony would be the sum of these cluster
areas.

Development of a definition for occupied acres is not a
statistical problem that can be solved by the panel. Rather,
it is a problem for the users of the results of this monitoring
framework to confront. The users must decide on a defini-
tion that ideally is both biologically meaningful and easily
measurable in the field. Given an unambiguous definition of
occupied acres, the panel, or others, can suggest an estimation
technique.

Despite the absence of a definition for occupied acres,
the panel reasoned that colony boundaries exist for no other
reason than that they contain prairie dog burrows. If there
were no burrows there would be no colony boundary, hence
no occupied acres. Furthermore, we realized each burrow
can exist in one of two states: it is occupied occasionally
by at least one prairie dog or it is not. Thus it is possible, in
principle, to determine the proportion of occupied burrows
contained within the colony boundary. Because a colony with
zero occupied burrows is definitely unoccupied and therefore
has zero occupied acres, and because a colony where every
burrow is occupied is definitely a fully occupied colony
and all of the acreage should be considered as occupied, we
concluded that a reasonable estimate of occupied acres for a
colony is the number of acres in the colony multiplied by the
proportion of burrows that are occupied (we are not attempting
to estimate prairie dog density or abundance). Thus, estimation
of occupied acres collapses to the problem of estimating the
proportion of occupied burrows in the colony.

We propose using strip transects to subsample non-null
features (i.e., the sample units) during ground surveys for
purposes of estimating the proportion of occupied burrows.
We suggest an unambiguous definition of an occupied bur-
row based on presence of fresh scat within 0.5 m of a burrow
opening as defined in appendix 6. We also assume that trained
observers can consistently apply the definition of fresh scat,
that detection of fresh scat (given that it exists within 0.5 m of
a burrow) is approximately 100 percent, and detection prob-
ability of occupied burrows and unoccupied burrows does not
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differ. States may want to evaluate whether these are valid
assumptions (see Action Item 5).

In all cases, a transect should begin and end at the edge
of a colony, and there must be at least two transects. The first
transect should be placed a random distance from and paral-
lel to the major axis of the colony, and the second transect
should be placed a random distance from and parallel to the
minor axis of the colony (imagine an ellipse). Technically,
the strips are primary sampling units and the correct estimate
of sampling variance is variation among strips; however,
the authors judge that development of a stopping rule based
on variation among strips is too tedious to implement in the
field. In its place, we recommend an approximation based on
the assumption that the burrows examined are a reasonable
representation of a simple random sample of burrows. Under
this assumption, 200 burrows would yield an approximate
95-percent confidence interval on the proportion of occupied
burrows with half-width <1/¥200=7 percent. Precision for a
stratum is expected to be better than +7 percent when data are
pooled across surveyed colonies. Additional transects, parallel
to and at random distances (these should be spatially bal-
anced random distances) from either axis, should be added if
the total number of burrows classified (that is, the denomina-
tor in the formula for R below) on both transects is less than
200. Once a total of 200 burrows have been encountered, no
additional transects need be added, though the two mandatory
transects mentioned above still must be completed. If there are
fewer than 200 burrows in a colony, then every burrow should
be examined to determine the proportion of occupied burrows.
We recommend specifying transect beginning and ending
points (that is, their GPS coordinates) in the office, prior to
going into the field where subtle biases might be inadvertently
introduced. Features should be visited between 1 June-30
September.

Each BTPD burrow encountered in the surveyed strip
transect will be classified as Occupied or Unoccupied follow-
ing the protocol outlined in appendix 6. The area searched will
be the length times the width of the strip transect(s), hence
density of occupied and density of unoccupied burrows can
be computed for each sampled feature. In addition, States
may elect to record UTM coordinates of encountered BTPD
burrows, in which case, spatial arrangement of burrows within
features can be mapped and studied. However, these metrics
do not easily transform into estimates of “occupied acres”
as discussed above. We recommended that the metric used
to standardize estimates of occupied acres across States and
strata within States be defined by the product of the estimated
proportion of occupied burrows and the estimated size of the
occupied colonies. For a given stratum, denote the estimated
proportion of occupied burrows by

TO
T,+T,
where T, and T}, are the total observed number of occupied and

unoccupied BTPD burrows, respectively, in all colonies in the
ground survey in the stratum. From the above, the total acres

R:

of colonies in the stratum are estimated by §. We recommend
the estimator for “occupied acres” of BTPD, O, in the stratum
be the product 0, = R x §. We recommend that standard
errors of estimates and confidence intervals be obtained by
bootstrapping the data, because there are no explicit formulas
for computation (see the “Estimation of variances, standard
errors, and confidence interval limits ™ section below).

For example, if the total acres of aerially classified
occupied colonies in the northeast corner of Kansas was esti-
mated to be 10,000, and the proportion of occupied burrows
in ground surveyed aerially classified occupied colonies in
northeast Kansas is 0.6=60 percent, then the estimated number
of occupied acres of BTPD in aerially classified occupied fea-
tures of northeast Kansas is 6,000 acres. For ease of presenta-
tion, subscripts have been dropped from some of these formu-
lae. If features within a spatial stratum have been substratified
into further strata, for example, large and small features or
occupied and unoccupied features, then estimates of occupied
acres within the spatial stratum, for example, the northeast
corner of Kansas, will be totaled to obtain the estimated total
number of occupied acres for the spatial stratum.

We recognize the need to compare and sum the estimates
of occupied acres of BTPD across States. Beginning in 2009,
the NAIP program committed to a 3-year cycle of acquisi-
tion so that all States would be guaranteed regular coverage
conducive to planning and budget. The NAIP images will
likely not be available at the same time for all States, in which
case it may be necessary to add estimated acres from three
consecutive years; for example, the survey in Kansas may be
done in 2012, the survey in Nebraska may be done in 2013,
and the survey in Arizona may be done in 2014. Regardless
of the obvious objections, we see no alternative to adding
the estimates for occupied acres for future reports involving
several States.

Estimation of Occupied Acres in Large BTPD
Complexes

The third objective in the MSCP prescribes, “maintain at
least the current BTPD occupied acreage in the two complexes
greater than 5,000 acres that now occur on and adjacent to
Conata Basis-Buffalo Gap national Grassland, South Dakota
and Thunder Basin National Grassland, Wyoming.” For these
2 large complexes, we recommend circumscribing any fea-
tures that might be associated with these complexes by using
the most recent NAIP imagery available and by using the crite-
ria developed under Action Item 3 (see also appendix 5). Next,
the perimeters of the complexes formed by these features must
be established. This is accomplished by connecting the outer
boundaries of colonies that are separated by <7 km (7 km rule)
as described in detail in appendix 5. Once the boundaries of a
complex have been established, the set of features contained
within the complex boundaries constitute a sampling frame
that is then subject to the BTPD sampling methods described
above. Briefly recapping, a sample of features (or perhaps all





of the features if there are not too many) are randomly selected
and then sampled using Method 1 (aerial survey followed by a
ground survey) or Method 2 (ground-only survey design). As
already described, features selected for sampling are first clas-
sified as Null, Occupied, or Unoccupied, and then a sample of
these are subject to the ground survey sampling protocol used
to estimate the ratio (R) of occupied burrows to all burrows.
Formulae presented earlier in this document are then applied
to estimate occupied acres within the complex, and this can be
used to determine if occupied acres on the 5,000+ acre com-
plexes are being maintained.

The fourth objective in the MSCP prescribes, “Develop
and maintain a minimum of nine additional complexes greater
than 5,000 acres (with each State managing or contributing
to at least one complex greater than 5,000 acres) by 2011.”
The fifth objective prescribes, “Maintain at least 10% of total
occupied acreage in colonies or complexes greater than 1,000
acres by 2011.” For the nine additional 5,000+ acre complexes
described in Objective 4 and the 1,000+ acre complexes
described in Objective 5, we recommend that potential 5,000+
or 1,000+ acre complexes previously known or newly identi-
fied from examination of NAIP imagery be handled similarly
to the 5,000+ acre complexes described in the previous para-
graph (for Objective 3). As noted above, features (potential
colonies) that might be associated with the complexes will
be circumscribed and then the complex boundaries will be
established by using the 7 km rule (see appendix 5). Whereas
Objectives 4 and 5 do not explicitly state that the 5,000+ or
1,000+ acres in these complexes must all be “occupied acres”,
if we assume for the moment this was the intent then it is
necessary to proceed as described for Objective 3 above: draw
a random sample of features from the complex, survey the
features using Method 1 or Method 2, then follow up with the
ground-survey sampling protocol to estimate R. Apply the for-
mulae presented earlier in this document to estimate occupied
acres.

Under Objective 5, in order to estimate if 10 percent of
the total occupied acreage in colonies or complexes greater
than 1,000 acres is reached and/or maintained, the first step
would be to sum occupied acres estimated for the 1,000+ and
5,000+ acreage complexes, as described in the previous two
paragraphs. The second step would be to compute the total
occupied acres for 1,000+ acre features already (incidentally)
sampled by the States—because they were randomly selected
for sampling to determine total occupied acres for their
State—and add this total number of occupied acres to the sum
obtained for the complexes (call this sum s). Finally, divide
this new sum s by the estimated total occupied acres across
the entire BTPD range (that is, across all States). If this value
is greater than or equal to 0.1, then Objective 5 has been met
and no additional sampling will be needed. However, if this
proportion is < 0.1 then additional sampling of features greater
than 1,000 acres is necessary. To accomplish this, identify
the set of all features (not complexes) > 1,000 acres in size
and remove from this set all features that have already been
sampled. The set of features that remains forms a sampling
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frame that can be handled as described above: draw a random
sample of features from the complex, survey the features using
Method 1 or Method 2, follow up with the ground survey sam-
pling protocol to estimate R, then apply formulae to estimate
occupied acres. Add the estimated occupied acres to the sum

s for complexes and 1,000+ acre features already sampled,
then divide this new sum by the estimated total occupied acres
across the entire BTPD range (i.e., across all States). If this
value is greater than or equal to 0.1, then Objective 5 has been
met.

Estimation of the Proportion of Counties in the
Historic Range that Contain BTPD

The sixth MSCP objective is to “maintain distribution
over at least 75% of the counties in the historic range or at
least 75% of the historic geographic distribution.” The panel
believes this objective needs to be better articulated and made
more explicit before an appropriate sampling design can be
recommended, and therefore we have listed it as an action
item earlier in the report (see Action Item 8 above). Under this
action item three tasks must be completed.

The first task is to make explicit what is meant by “main-
tain distribution.” For example, if we pick a particular county
known to be in the historic range then we can suppose that,
historically, it contained at least one prairie dog, and perhaps
many prairie dogs organized into one colony, many colonies,
or even a mix of colonies and complexes. So, what do we
mean when we ask the question “has the distribution been
maintained in this county”? Do we mean that, presently, there
is at least 1 prairie dog in the county, at least one colony in the
county, at least one complex in the county, or that the number
of occupied acres in the county is greater than or equal to the
“historic”” number of occupied acres in the county? The panel
cannot recommend a sampling design to assess whether the
distribution has been maintained until we know what exactly
is meant by maintaining the distribution.

The second task is to list the counties that are considered
to be in the historic range. In particular, it is important to know
whether areas covered by these counties are a proper subset of
the BTPD range specified under the guidelines we provided
earlier in this document. Additionally, it will be important to
know if there exists one or more counties included in the cur-
rent BTPD range that are counties not considered part of the
historic range.

The third task is to explicate what is meant by “at least
75% of the historic geographic distribution.” As presented,
there are multiple ways to interpret this. For example, is the
historic geographic distribution some contiguous area con-
taining a fixed number of acres? If so, then all we need to do
is estimate occupied acres for this fixed area and see if it is
greater than 75 percent of the area. Alternatively, is the historic
geographic distribution some known set of historic colonies
for which the area is known? If so, then all we need to do is
estimate the area of overlap between the historic colonies and
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the present day colonies and determine if the overlap is at least
75 percent. Another possible meaning for historic geographic
distribution might be some fixed set of colonies that can
be enumerated. So, for example, there may be 137 historic
colonies, so all we have to do is determine how many of those
historic colonies contain at least one prairie dog and calculate
whether 75 percent of the historic colonies contain at least one
prairie dog.

Clearly an appropriate sampling design cannot be devel-
oped for this objective until all of these tasks are completed.

Estimation of Variances, Standard Errors, and
Confidence Interval Limits

Computing the estimated variance (standard errors) of
occupied acres is complicated by the fact that models are used
for estimation of detection probabilities in equations (1) and
(2). Alternative survey designs exist for aerial and ground
surveys. Unknown biases may be introduced with missing data
and limited access to some air and ground space. For these
reasons, it will be difficult or impossible to derive explicit
formulae for the standard errors of final estimates of occupied
acres of BTPD colonies (Buckland and others, 2009).

We recommend that following the first survey in a
State, estimates of standard errors and confidence intervals
be obtained by bootstrapping the sample data based on the
survey design used and the associated statistical methods as
closely as possible, recognizing some potential for bias due to
lack of access to all potential habitat. Bootstrapping involves
resampling of all data sets (with simple random sampling and
replacement) and reanalysis, including fitting of intermediate
models, at each step to adequately represent total variation in
the final statistics (Manly, 2006). We note that GRTS spatially
balanced samples and systematic samples are expected to have
less sampling variance than simple random samples (Stevens
and Olsen, 2003, 2004; Manly, 2009). This implies that if data
are collected by systematic sampling or GRTS spatially bal-
anced sampling from a study area (State, County, stratum, and
so on), then bootstrapped statistics using simple random sam-
pling with replacement are expected to exhibit conservative
(too large) estimates of variance of the original statistics. That
is, confidence intervals obtained by bootstrapping systematic
or GRTS samples are expected to be a little wider than the
nominal confidence interval, but are still useful for assessing
sampling variation.

Idealized steps in the bootstrapping process are outlined
in the following paragraphs and will likely require the partici-
pation of a statistician to complete because field and analysis
methods may be slightly different in States or in strata within
States.

Step 1. The panel has recommended a complete census
of all images in the office for identification of features that
may contain BTPD. Let m denote the total number of features
detected by interpreters A and B (collectively). Select a simple
random sample without replacement of size m, that is, a

bootstrap sample of size m. Refit the Huggins model to obtain
bootstrap estimates of

7,=1-p,and S = 22 (equation 2).
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If a random sample of # units (images) from the population of
N units (images) is examined, then a bootstrap sample of the n
units would be obtained to yield a bootstrap sample of features
detected and bootstrap estimates of

m
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Step 2. The panel suggested several alternative
approaches to adjust

A
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i=1 7%

N

using either aerial surveys followed by ground surveys or
ground only surveys using equal probability sampling at each
step (simple random samples, systematic samples, GRTS
samples, simple random samples within strata, and so forth).
Resample the data sets with replacement and repeat the
same estimation and adjustment methods to obtain bootstrap
estimates of whatever statistics were originally obtained. For
example, obtain bootstrap estimates of acreages of aerially
classified Occupied and Unoccupied BTPD colonies S, and
S, , if the protocol for aerial surveys followed by ground
surveys was used.

Step 3. Resample with replacement the burrows exam-
ined by the ground-survey sampling protocol to obtain a boot-
strap estimate of the estimated proportion of occupied burrows

T,

R= ,
T,+T,

for each stratum or subset under consideration.

Step 4. Obtain the bootstrap estimate of occupied acres,
0,.,., = Rx S, for each stratum or subset under consideration.
Sum the estimates over all strata or subsets to obtain the boot-
strap estimate of total occupied acres.

Step 5. Repeat steps 1 through 4 a large number of times,
for example, 1,000 times, to obtain 1,000 or more boot-
strapped estimates of total occupied acres.

Step 6. Compute, for example, the standard deviation of
the 1,000 bootstrapped estimates to obtain an estimate of the
standard error of the total occupied acres. Report, for example,
the 2.5th and 97.5th percentiles to obtain an approximate
95-percent confidence interval on the total occupied acres.

If double sampling of units (NAIP images) with indepen-
dent interpreters in the office is judged not to be necessary in
the second or future surveys, then it may be possible to esti-
mate standard errors and confidence intervals by using explicit
formulae from classical finite-sampling theory and eliminate
the need for bootstrapping of variances and confidence limits.





Assessing the Effects of Lag Time

We acknowledge the issue of the potential bias in esti-
mates because of a lag time between the date of the NAIP pho-
tography and the date of the ground survey. Based on current
estimates of NAIP turnaround time and previous experience
of States that have used NAIP imagery in their current survey
protocols, we assume the lag between the two would be one
year. A drastic decrease in the status of a colony due to poison-
ing or disease could occur during this year-long interval. How-
ever, this phenomenon does not result in positive bias because
the estimates pertain to the number of occupied acres on the
date of the ground survey, not the date of NAIP photography.
Alternatively, negative bias in the estimates could result from
the development of new colonies after the NAIP photography
date because these colonies would not be included in the sam-
pling frame for the ground surveys and the expansion factors
applied to the surveyed sites would be too small. However, we
suggest that the contribution of occupied acres from these new
colonies (<1 year old) would represent a relatively negligible
contribution to the overall total estimate.

White-tailed Prairie Dog and Gunnison Prairie
Dog Survey Methodology

Parameters of Interest

Because of the difficulty of detecting and circumscribing
WTPD and GUPD colonies in some States (for example, due
to vegetation and indefinite boundaries), we recommend the
parameter of interest for WTPDs and GUPDs be the propor-
tion of occupied units throughout their range (MacKenzie and
others, 2006; Andelt and others, 2009) rather than the number
of occupied acres. The statistical theory and application for
estimation of the proportion of occupied units in a target popu-
lation has been well-developed and described by MacKenzie
and others (2006), and we refer analysts to this publication for
details. Our proposed methodology generally is equivalent to
the approach used by Andelt and others (2009) in Colorado.
We note that occupancy models also enable estimation of the
probability an unoccupied unit will become occupied (colo-
nization) and the probability an occupied unit will become
unoccupied (extinction). The critical feature of these models
is the estimation of detection probability, often as a function
of measurable covariates. Detection probability is defined
as the probability that a prairie dog is detected on a single
survey visit to a sampling unit, given at least one prairie dog
is present on the unit. Estimation of this nuisance parameter
is made possible by a sampling design that requires multiple
independent surveys of each sampled colony. We note that
although it may seem logical to multiply the estimated propor-
tion of occupied units in the range by the number of acres in
the range to estimate total occupied acres, this calculation is
inappropriate because the area of each occupied unit is not
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necessarily completely occupied. Thus, under the methodol-
ogy we describe, a defensible estimate of total occupied acres
is not possible.

For purposes of discussion, we hereafter assume that:
(1) the WTPD and GUPD “range” in the United States can be
represented by a mutually agreed upon (that is, among States
and other stakeholders), static (that is, unchanging through
time), spatially explicit area of land; and (2) the definition of
an occupied sampling unit is rigorously and unambiguously
described (for example, visual detection of at least one living
prairie dog within the boundaries of the unit).

Target Population

The primary parameter of interest in the monitoring
program is the proportion of occupied units throughout WTPD
or GUPD range. We define the target population to be the geo-
graphic area that encompasses the complete range of WTPDs
or GUPDs. This geographic area, hereafter referred to as just
“range”, includes all areas lying within the current, historical,
and potential geographic range of WTPDs or GUPDs in the
United States.

With respect to current range, we believe it is important
to include all land on which WTPDs or GUPDs are currently
known to reside because the status of the land must be taken
into account in the event of a petition for listing or reviewing
current candidate listings. Categorically excluding certain land
areas may result in a biased estimate of occupancy (positive
or negative) and will unnecessarily subject the monitoring
effort to valid criticism. The implication of including all arcas
where WTPDs or GUPDs currently reside is that metropolitan,
Tribal, military and other Federal land, and other arbitrarily
excluded land must be considered part of the range containing
the target population subject to sampling by State personnel.

With respect to historical range, we presuppose that if
records exist documenting the presence of WTPDs or GUPDs
in an area prior to widespread extermination or conversion of
habitat to other uses, then there is a possibility that the area
can be recolonized in the event extermination is halted or habi-
tat is restored to the area. Consequently, such areas should be
included in the target population.

Finally, with respect to the potential range of WTPDs
or GUPDs, we recommend each State predict the expanded
area that could be occupied, under favorable conditions, using
a 100-year time horizon. Consideration should be given to
potential changes in the landscape due to factors such as fire
or clearing of vegetation. One implication here is that States
using models that contain current vegetation conditions as pre-
dictor (independent) variables to delineate WTPD or GUPD
range should modify their models in favor of models using
variables that will remain static during the next 100 years (for
example, elevation, slope, soils).

Each State must identify the current, historical, and
potential range for WTPDs and GUPDs. The union of these
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areas will be considered the entire species range. Estimates
of occupancy will not apply to any land area outside of this
range. We assume that each State will independently estimate
the proportion of occupied units within its boundaries. An
estimate of occupancy for the entire range can be obtained by
calculating a weighted average of State estimates, where the
weights are the relative sizes of ranges within each State.

Sampling Frame and Sampling Design

Constructing the sampling frame. The sampling frame is
constructed by placing a grid of 500 by 500 meter units over
the range delineated for WTPDs or GUPDs and assigning a
unique identifier to each unit. For the sake of consistency and
size of units, we recommend that the entire unit be included
in the range if the boundary of the unit intersects the original
range map.

Sampling Design. If the units comprising the frame are
not stratified in any manner, then a simple random sample, or
preferably a spatially balanced random sample (for example,
see Theobald et al. 2007) can be drawn. A stratified random
sample also could be drawn, perhaps using a spatially bal-
anced random sample within strata. Thereafter, for early detec-
tion of trend in occupancy rates, we recommend revisiting
these same units during each future survey effort. However,
we recommend: (1) minimizing the number of strata to keep
sample-size requirements reasonable, (2) stratifying by using
criteria that can be determined a priori (no poststratification),
and (3) ensuring units are unambiguously and permanently
assigned to strata.

MacKenzie and others (2006) provide extensive rec-
ommendations for determination of sample size, which in
this case involves both the number of units sampled and the
number of surveys per unit. Sample sizes will depend on the
desired statistical objective and assumed values for detection
probability and probability of occupancy. As an example, sup-
pose that our statistical objective is a 5 percent standard error
for the estimate of proportion of occupied units. Based on
results in Andelt and others (2009), we assume a probability of
detection of 0.7 and an expected proportion occupied of 0.25.
These values result in a recommendation of ~100 sampled
units and 2 surveys per unit. We encourage all States contained
in the range of each species to discuss establishment of a
statistical objective for the monitoring program, for example,
a desired precision of the occupancy proportion estimate, or a
desired power to detect a specified change in occupancy rates
over some time horizon (Andelt and others, 2009). This objec-
tive can then be used to refine required sample sizes for the
number of sampled units to be monitored.

Sampling Plan, Data Collection, and Parameter
Estimation

All surveys of the units selected for sampling to deter-
mine occupancy status should be completed during the

following periods: WTPD, 1 March-15 July; GUPD, 15
Apr-15 Aug. A unit is considered occupied only if at least one
living prairie dog is sighted by an observer within the bound-
aries of the unit; otherwise, the unit should be considered
unoccupied. In most cases this will entail ground surveys by
independent observers, with visits spaced far enough apart

in time to minimize the effects of unusual weather, but close
enough in time to ensure the closure assumption of the under-
lying model is met. A good source describing specific survey
methods is Andelt and others (2009). An alternative monitor-
ing design could involve using two independent aerial surveys
of sampled units.

With two independent observations, a two occasion
capture history of Os (denoting unoccupied) and 1s (denoting
occupied) can be constructed and analyzed using the method-
ology of MacKenzie and others (2006). Standard operating
procedures for field surveys should maintain constant prob-
ability of detection of an occupied unit, to the extent possible,
for example, by requiring that surveys only be conducted
during certain daylight hours, weather conditions and with
experienced observers. Covariates (weather, observer experi-
ence, and so on) can, however, be used to model detectability
or occupancy, and these should be collected for every unit
surveyed and every observer surveying the unit.

Utah Prairie Dog Survey Methodology

Parameter of Interest

We agree that the “Utah prairie dog occupancy and
habitat survey protocol for Federal section 7 consultations”
(U.S. Fish and Wildlife Service, 2010) is adequate for Federal
Section 7 Consultations. However, we do not believe that the
protocol is adequate to monitor UTPDs over a 100-year time
horizon. The dispersion of UTPDs on the landscape seems
similar to dispersion of other members of the white-tailed
subgenus. Colonies with sufficient density and size to be
outlined on maps are interspersed with scattered colonies at
lower densities. We recommend the parameter of interest for
long-term monitoring of UTPD be the proportion of occupied
units throughout their range (MacKenzie and others, 2006;
Andelt and others, 2009) by using the same methodology
recommended for survey of WTPDs and GUPDs. Under our
proposed methodology, it also would be possible to estimate
the probability that an unoccupied unit will become occupied
(colonization) and an occupied unit would become unoc-
cupied (extinction). For purposes of discussion, we hereafter
assume that: (1) UTPD “range” can be represented by a mutu-
ally agreed upon, static (that is, unchanging through time),
spatially explicit area of land; and (2) what constitutes an
occupied sampling unit can be rigorously and unambiguously
defined (that is, visual detection of at least one UTPD within
the boundaries of the unit).





Target Population

The primary parameter of interest in this monitoring
program is the proportion of occupied units throughout the
UTPD range. We define the target population to be the geo-
graphic area that encompasses all occupied units of UTPDs.
The geographic area, hereafter referred to as “range”, includes
all areas lying within the current, historical, and potential
geographic range of UTPDs in the United States.

With respect to current range, we believe it is important
to include all land on which UTPDs are currently known to
reside, (that is, metropolitan, Indian, military and other Federal
land). With respect to historical range, we presuppose that if
records exist documenting the presence of UTPDs in an area
prior to widespread extermination or conversion of habitat to
other uses, then there is a possibility the area can be recolo-
nized in the event extermination is halted or habitat is restored
to the area. Consequently, such areas should be included as
part of the range containing the target population subject to
sampling.

Finally, we recommend that the potential range of UTPDs
be estimated including land where the species might some-
day occur, under favorable conditions, by using a 100-year
time horizon. Here consideration should be given to potential
changes in the landscape due to factors such as, fire, change in
land use, or clearing of vegetation. One implication here is that
States that use models containing current vegetation condi-
tions as predictor (independent) variables to delineate UTPD
range should modify their models in favor of models using
variables that will remain static during the next 100 years (for
example, elevation, slope, soils). The union of the current,
historical, and potential range will be considered the range
containing the target population for which UTPD occupancy
will be estimated. Estimates of occupancy will not apply to
any land area outside of this range.

Sampling Frame and Sampling Design

Constructing the sampling frame. The sampling frame is
constructed by placing a grid of 500 by 500 meter units over
the range delineated for UTPDs and assigning a unique identi-
fier to each unit. For the sake of consistency and size of units,
we recommend that the entire unit be included in the range if
the boundary of the unit intersects the original range map.

Sampling Design. If the units comprising the frame are
not stratified in any manner, then a simple random sample, or
preferably a spatially balanced random sample (for example,
see Theobald and others, 2007), can be drawn. A strati-
fied random sample also could be drawn, perhaps using a
spatially balanced random sample within strata. Thereafter,
for early detection of trend in occupancy rates, we recom-
mend revisiting these same units during each future survey
effort. However, we recommend: (1) minimizing the number
of strata to keep sample size requirements reasonable, (2)
stratifying by using criteria that can be determined a priori (no
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poststratification), and (3) ensuring units are unambiguously
and permanently assigned to strata.

All surveys of the units selected for sampling to deter-
mine occupancy status should be completed during 15 Apr-15
Aug. For recommendations regarding sample sizes, refer to
the discussion in the White-tailed Prairie Dog and Gunnison’s
Prairie Dog Survey Methodology section.

We encourage Utah to discuss establishment of a statisti-
cal objective for the monitoring program.

Sampling Plan, Data Collection, and Parameter
Estimation

Refer to recommendations in the White-tailed Prairie
Dog and Gunnison’s Prairie Dog Survey Methodology section.

Concluding Remarks

In this report, we provide recommendations for a sam-
pling and statistical framework that can be used to monitor
progress towards meeting the goals and objectives for BTPDs
and the range-wide status of the other three species (WTPDs,
GUPDs, and UTPDs) found in the United States. In develop-
ing our recommendations, we recognized the difficulty of
monitoring each species of prairie dog over large geographic
areas, in highly variable habitat, and for three of the species, in
multiple states. We also recognized that although our recom-
mendations provide a framework for monitoring the status of
each prairie dog species, there will continue to be a need for
more intensive research and monitoring programs to provide
more in-depth biological information to address the individual
conservation and management needs of each prairie dog
species.

With respect to BTPDs, we believe that our recommen-
dations provide a workable framework allowing the param-
eter of interest, occupied acres, to be estimated in a rigorous
and consistent manner, and allowing the comparison of data
across years within States and among States. This approach
allows for flexibility in the approach taken, is consistent
with what we believe is the historical view of an ‘occupied
acre’, and also allows use of remote sensing and aerial survey
methods in States with large expanses of ground to cover, or
with a high proportion of private land where access issues
make strict ground-survey methods difficult. Overall, the six
MSCP Objectives for the BTPD did not lend themselves to
one simple, clean, elegant sampling design. Whereas MSCP
Objectives 1 and 2 are well handled by the proposed design,
achieving MSCP Objectives 3-5 may require additional effort
and sampling. Likewise, the inherent ambiguity of MSCP
Objective 6 did not allow us to address this objective in the
proposed sampling framework at this time. Refinement of
this objective, along the lines described in Action Item 8, will
be required before this objective can be retrofitted into the
proposed framework. More generally, we believe much work
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remains to be done by the States to agree collectively upon
certain definitions and protocols as suggested in the list of
action items we have provided. We believe these issues must
be resolved in order to move forward with successful imple-
mentation of the monitoring framework proposed.

With respect to WTPDs and GUPDs, the objectives
emphasize documenting presence or absence with the pur-
pose of detecting changes. Perhaps the thinking regarding
conservation of these species has not yet evolved to the point
of considering focal complexes of colonies exceeding 1,000
or 5,000 acres and/or conservation of communities of prairie
dogs and their associates (aside from those complexes that
have received reintroductions of black-footed ferrets). Given
this simplicity and lack of guidance from a multistate conser-
vation plan similar to that for the BTPD, our recommendation
to use the numbers of occupied 500 by 500 meter units as the
parameters of interest for WTPDs and GUPDs rather than
the numbers of ‘occupied acres’ was a fairly easy decision.
This approach has been used successfully for GUPDs across
the range and is well described in the literature. Given the
objectives, we believe this approach is adequate for long-term
monitoring of each species when measured over their full
potential ranges.

Regarding the GUPD specifically, the panel cautions the
States that the short-term trigger [40 percent (95 percent CI)
range-wide occupancy decline between subsequent surveys]
identified in the GUPD Conservation Plan (Western Associa-
tion of Fish and Wildlife Agencies, 2007) might fail to identify
a slowly declining trend (<40 percent) in occupancy, to the
point that the species could be monitored to a critically low
level without “triggering” an action. The proposed develop-
ment of the long-term trigger in the next year or two should
include a threshold that is based on some fixed percentage
(with a set level of precision for the estimate) from a base-
line value in order to prevent a decline that fails to trigger an
action.

The UTPD is unique from the other species because of
its present status as threatened under the ESA. Because of
this, monitoring seemingly has been much more intensive
for UTPDs than for the other two member of the subgenus
(WTPD and GUPD), but the panel was not comfortable
that the methods used would provide statistically defen-
sible assessments of status. Because some of the problems
of monitoring UTPDs are similar to those encountered with
monitoring WTPDs and GUPDs (for example, low densities
of prairie dogs in shrub-steppe habitats), the panel concluded
that the methods based on occupancy models and described
for WTPDs and GUPDs would work equally well for UTPDs.
Nevertheless, objectives that will be listed in the upcom-
ing revision of the recovery plan may require the addition of
other types of monitoring that can assess densities of UTPDs
and doubtless will require other conservation measures (see
appendix 3).

Finally, the panel puts forth one additional remark. The
proposed sampling framework, for all species, embodies the
core elements necessary to launch a successful, statistically

sound monitoring program. However, in many places specific
details on implementation have been left out because certain
facets of this program have never been tried before, or have
alternative methods for implementation; therefore, we do not
currently know the best implementation. Consequently, it is
incumbent upon the States to mutually develop and agree upon
standard operating procedures for implementing the program
and to share successes and failures so improvements can be
made during subsequent iterations of the survey. Flexibility,
creativity, ingenuity, and communication among the States
will be crucial for success.
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Appendix 2. Homework Questions

10.

What parameters are you trying to estimate?
What is your target population?

What is your sample unit and how is it defined?
How did you construct your sampling frame?
What was your sampling design?

What methods were used to account imperfect detect-
ability (i.e., estimate detection probability)?

What analytical methodology or models are being
used to turn data into parameter estimates (and their
error estimates)?

Given you agree that data from multiple sources
(for example, States) should be aggregated to assess
prairie dog status rangewide, what do you think the
target population should be and what parameters do
you think should be estimated for that target popula-
tion?

How do the monitoring objectives you presented,
specifically the parameters you are estimating and the
target population you are estimating these parameters
for (that is, questions 1 and 2 above), fit in to the
overarching objective (that is, the “target popula-
tion”) you specified in the last question (question 8)?

What were the costs to conduct your survey
methodology?

Appendix 2. Homework Questions
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Appendix 3. The Need for Prairie Dog
Conservation Activities on Focal Areas

Although beyond the charge to the panel and not part
of the panel’s recommendations for this workshop, we think
the use of conservation focal areas as discussed in the MSCP
would be beneficial if extended to all four species of prai-
rie dogs in the United States. Management and monitoring
options on conservation focal areas should address questions
of ecological functioning that will allow more refined goals to
be set for future conservation efforts.

Important functions of prairie dogs as a keystone (Kotliar,
2000) and foundation (Soulé and others, 2003) species are
linked to their densities and abundance (Kotliar and others,
2006). We acknowledge the economic constraints to obtain-
ing reliable density estimates for prairie dogs across multiple
States but feel that it is essential to emphasize the link between
many ecosystem functions of prairie dogs and population attri-
butes, such as density and stability. Threats to those popula-
tion attributes are not always closely tied to threats that might
reduce colony coverage or distribution of prairie dogs.

Ecosystem functions of prairie dogs include their roles
as prey, ecosystem engineers, and modifiers of the vegetative
community. Dependency on prairie dogs as prey is epitomized
by the endangered black-footed ferret (Mustela nigripes).
Relatively high prairie dog densities likely are required for
reproduction by ferrets (Biggins and others, 1993). Similarly,
ferruginous hawk (Buteo regalis) nesting success plummeted
with declines of prairie dog and lagomorph populations in
western Colorado (Stalmaster, 1988). The role of prairie dogs
as ecosystem engineers is defined mostly by their construction
of deep and complex burrow systems that provide habitat for
associated species, such as burrowing owls (Athene cuni-
cilaria) and result in soil mixing. Prairie dogs also alter the
vegetative cover on their colonies, with a variety of conse-
quences (Whicker and Detling, 1988), and their importance
in maintaining grasslands and reducing shrub encroachment
likely has been understated (Weltzin and others,1997). In order
to maintain these functions and others within at least part of
the historic ranges of prairie dogs, the concept of focal areas
for prairie dog conservation was developed. For the BTPD,
these areas were defined as complexes or potential complexes
(clusters of colonies separated by <7 km) having >1000 acres
occupied by prairie dogs, with each State having at least 1
complex with >5,000 occupied acres (Luce, 2003). Proctor
and others (2006) suggest 4,000 ha (9,884 ac) as being a more
effective minimum considering requirements of black-footed
ferrets. At present, there is not an explicit goal for prairie dog
density on focal areas, although a minimum density of 10 prai-
rie dogs per acre (25 per hectare) is implied by the definition
of “colony” for black-tailed prairie dogs (Luce, 2003). Most
focal areas at present emphasize black-footed ferret manage-
ment, but the potential for ferret reintroduction should not be
regarded as the only justification for maintaining large blocks
of habitat with high densities of prairie dogs. Although ferrets

serve as a flagship species driving prairie dog conservation in
many areas, we believe that other values and keystone func-
tions of prairie dogs (for example, creating nesting areas for
burrowing owls, and so on) provide sufficient justification for
establishment of focal areas at sites that might not be condu-
cive (biologically or socially) to reintroduction of ferrets.

A century ago, we might have been able to assume that
maintaining a broad distribution of prairie dogs with some
relatively large focal areas also would assure that many of the
ecological functions of prairie dogs would be concomitant.
The validity of that assumption became questionable after
introduction of plague (caused by the bacterium Yersinia
pestis) to North America. Although plague alone might not
presently be threatening any prairie dog species with imminent
extinction, the disease is modifying the ecological function of
prairie dogs (Seglund, 2005a, b). Some threats of plague are
mentioned in the conservation strategy for the BTPD (Luce,
2003), the conservation assessment for the WTPD (Seglund
and others, 2005a), the conservation assessment for the GUPD
(Seglund and others, 2005b), and the recovery plan for the
UTPD (United States Fish and Wildlife Service, 1991). More
recent information highlights additional threats that were not
mentioned in those documents.

Within prairie dog systems, plague can have dramatic and
easily noticeable effects by causing epizootics that result in
massive dieoffs of prairie dogs. These epizootic cycles result
in population oscillations that were unlikely to have been
historically characteristic of prairie dogs (Biggins and Kosoy,
2001). Although Hoogland (1995) characterized the apparently
plague-free Wind Cave National Park population of BTPDs
he studied as having significant annual variation, that varia-
tion was minor when compared to variation in the population
at the Rocky Mountain Arsenal, a site with recurrent epizoot-
ics of plague. Using Hoogland’s (1995) 14 years of data for
Wind Cave, the coefficient of variation (CV) for the popula-
tion was 13 percent compared to a CV of 96 percent for 14
years of colony coverage data at the Rocky Mountain Arsenal.
Although the CV does not adequately describe the temporally
autocorrelated data of these population cycles, it serves as an
index to the relative variability of these two populations. Epi-
demiological theory links disease transmission rates to density
of host organisms. If transmission rates for plague follow a
typically density-dependent pattern (Barnes, 1993), epizootics
become increasingly likely as prairie dog populations increase.
However, large populations of prairie dogs are those that best
support reproduction of species such as black-footed ferrets
and ferruginous hawks. Thus, the population peaks of prey that
might once have created the boom years for these species may
now be subdued due to plague, and the presumably depressed
mean population levels could be commonly lower than the
thresholds necessary to support reproduction by these species.

Plague also can produce substantial effects without
causing catastrophic population collapses. Two recent stud-
ies suggest that plague is having large impacts on BTPDs,
WTPDs, GUPDs, and black-footed ferrets, even when it does
not erupt into epizootic form. During a 5-year prairie dog
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study in Utah and Montana, plague was managed by reduc-
ing flea vectors on some plots but not others. Survival of
adult prairie dogs was 31-45 percent higher on plots with flea
control compared to nonmanaged plots (Biggins and others,
2010). At a study site in Montana, ferret survival was assessed
under a design with 4 treatments involving colonies with and
without flea control and ferrets that were vaccinated or not
vaccinated for plague. Flea control or the experimental plague
vaccine improved annual ferret survival by >200 percent,

and there was a significant interaction suggesting nonaddi-
tive effects of the two treatments (Matchett and others, 2010).
Unlike the flea control treatment which could induce effects
by controlling ectoparasites and other vector-borne diseases,
the vaccine was specific for plague. Thus, the ferret experi-
ment precludes explanations other than plague, and the 5-year
experiment with prairie dogs demonstrated how widespread
the phenomenon might be. During those studies, plague was
rarely detected using common diagnostic tests on hundreds

of potential rodent hosts and thousands of their fleas at those
study sites, illustrating that low detection rates or even lack of
detection do not imply low risk to wildlife populations. Ferret
populations at the Montana study site have not been self-sus-
taining without plague-management intervention. Further, the
prairie dog study suggested that these chronic mortality rates
in prairie dogs likely hamper prairie dog population growth
rates (although low survival was not always associated with
population decline) and suggested that other demographic
parameters were altered (Biggins and others, 2010). The two
studies collectively imply that effects of enzootic plague can
be amplified at higher trophic levels. Ferrets and prairie dogs
probably are similarly susceptible to the disease (90+ percent
mortality compared to ~50 percent mortality in untreated
human cases), but vulnerability of ferrets could be increased
because of their longer movements and exposure through
infected carrion (Godbey and others, 2006).

WTPDs are notably vulnerable to chronic effects of enzo-
otic plague. Evidence of plague was found during 10 of the 11
years in which surveys were done at the Meeteetse, Wyoming
complex of WTPDs during 1985-2008. The estimated prai-
rie dog population declined during 1988-1993, recovered
somewhat between 1997 and 2008 (United States Geological
Survey, unpublished data), but did not reach the level recorded
during 1985. Similarly, WTPDs had low survival rates associ-
ated with intermittent detection of plague during a 5-year
study in eastern Utah (Biggins and others, 2010). There seems
to be no reliable baseline data on population densities for any
of the white-tail subgenus (WTPD, GUPD, UTPD) prior to
the invasion of plague into their habitats [much of the inva-
sion likely occurred during the 1930s and 1940s (Fitzgerald,
1993)].

Populations of GUPDs and UTPDs appear to have been
locally extirpated owing to plague, and the disease has been
recognized as a threat sufficient to warrant listing of GUPDs at
high elevations (United States Department of Interior, 2008).
The white-tailed subgenus is often characterized as having
patchy distributions of populations at low densities, but we

cannot assess whether this phenomenon was historically nor-
mal, or a result of decades of chronic plague. Our perceptions
of normalcy for these prairie dogs might be another example
of the shifting baseline syndrome associated with the general
amnesia of passing human generations (Papworth and others,
2008). On the other hand, it is possible that dispersed low-
density populations of these species were always common and
widespread, and that plague is only a minor perturbation of
that theme.

Thus, especially for the white-tailed subgenus, lack of
historical baseline data prevents a realistic assessment of the
impact plague has had on ecological functioning of prairie dog
communities and likewise hinders establishment of realistic
conservation goals. Now, the only way to gain insight into his-
torical relationships will be to remove plague from complexes
of prairie dogs at relatively large scales of space (1000s of
acres) and time (10s of years), and monitor their populations,
populations of associated species, and other community attri-
butes. Setting up such a large-scale plan to produce interpre-
table results should involve plague-managed complexes and
paired “control” complexes where plague is not manipulated,
accompanied by relatively intensive monitoring, and should
involve replication over at least several sites. Although this
project has elements of experimental research, we believe the
scales of space and time, financial commitments, and opera-
tional management implications suggest a cooperative venture
involving conservation organizations, land-management agen-
cies, wildlife-management agencies, and established research
institutions. We offer suggestions below for the establishment
of such a project if the State and Federal agencies judge that it
is justified, feasible and if funding can be secured.

For BTPD communities within the present range of
plague, the suite of questions regarding ecological function
is similar to those discussed above. Cully and others, (2010),
for example, noted that plague regulates BTPD populations
and distribution on the landscape. Because there are com-
plexes of BTPD colonies in areas where plague has not been
documented, there is an opportunity to compare some of the
functions of apparently plague-free populations with those
impacted by plague. That opportunity is compromised by
confounding factors, however. Plague-free populations are in
the easterly portion of the BTPD range and plague-affected
populations are in the westerly portion of the range; climate
and elevation differ, and these factors likely affect population
densities. Coupled with these varying influences are differ-
ences in agricultural development that have led to different
levels of fragmentation, and consequently, to differing wildlife
communities. Thus, gaining an improved understanding of
ecological function for western BTPDs might again be attain-
able only with broad-scale manipulations of plague. Alterna-
tively, a recent invasion of plague into BTPD complexes in
South Dakota allows something of a longitudinal case study
on effects of plague. Large datasets were collected on the
expansive BTPD complex of Conata Basin/Badlands National
Park (~26,000 acres) prior to the invasion of plague in 2008.
Management of plague and continued data collection provide
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a unique opportunity to gain insight into the effects of plague
on ecological function for eastern BTPDs.

General recommendations:

1.

In WTPD and GUPD conservation strategies,
include conservation focal areas conceptually
similar to those described in the BTPD conservation
strategy. Assure that there is a representative mix of
high and middle elevation GUPD complexes as focal
areas in Arizona, Colorado, New Mexico, and Utah.

Add a conservation focal-area component to the
UTPD recovery plan, or perhaps add three of these
so there will be one suitable focal area in each of
the West Desert, Paunsaugunt, and Awapa Recovery
Areas.

Within the range of plague, manage plague on
complexes that are conservation focal areas and
randomly pair these with similar complexes that that
have no plague management to serve as control sites.
There should be at least one pair of these focal areas
per State per species. Again, the plague-managed
focal areas should be regarded at this point primarily
as a tool to gain a better understanding of histori-
cal functioning of prairie dog communities without
plague. The numbers of sites recommended estab-
lishes a minimum level if management and monitor-
ing strategies are the same among States so that data
results can be cooperatively exchanged, analyzed,
and reported. Under this plan, there would be 4 pairs
of sites for GUPDs, 3 pairs of sites of WTPDs, and
3 pairs of sites for UTPDs. If plague management
and monitoring are well-coordinated among States,
these 10 pairs of sites might be assessed collectively
for subgenus-level attributes. This plan would call
for 4-10 plague managed focal areas for BTPDs,
depending on choices by States with BTPD ranges
bisected by the current range of plague.

Monitor prairie dog densities on these focal areas
and their controls. Monitor associated species of
high interest (especially predators of prairie dogs).
We hesitate to recommend specific monitoring
protocols here, but for prairie dogs, methods could
include monitoring burrow densities (Biggins

and others, 1993) as a coarse index to densities of
prairie dogs (extensive coverage with relatively low
expense) coupled with subsampling of plots using
visual counts (Menkens and others, 1990), capture-
mark-recapture techniques (Fagerstone and Biggins,
1986), or capture-mark-reobserve techniques (Facka
and others, 2008).
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5. East of the range of plague, institute at least a low
level of prairie dog density monitoring on focal areas
for BTPDs, and do serological monitoring of carni-
vores to check systematically for presence of plague.
If plague is detected, institute plague management
and higher levels of monitoring suggested above.

6.  After each 5-year period, collectively evaluate the
data from plague-managed and nonmanaged focal
areas, and establish future management and monitor-
ing levels. Consider ongoing developments regard-
ing tools for plague management.

7. Because of the learning objectives associated with
managed conservation focal areas, prairie dog
shooting should not be allowed in these areas, and
livestock grazing should be carefully managed.

As implied in the BTPD conservation strategy (Luce,
2003, p.18), it seems futile to further pursue the concepts of
reserve design and long-term viability for any prairie dog spe-
cies until there is a better understanding of prairie dog systems
where plague is managed. Thus, these recommendations
emphasize gaining that understanding and setting a founda-
tion for future goals. This is a long-term process; quick results
should not be expected. Some responses might be subtle and
confounded by interactions of other responses. For example, if
population growth rates for prairie dogs tend to be improved
by plague management, there could be functional and numeri-
cal responses by predators that dampen those rates. Hence,
there is a need for a systems approach to monitoring.

Ultimately, plague management could involve prophylac-
tic treatments (vaccine or vector control) or plague monitor-
ing and a response plan when epizootic plague is imminent.
Learning more about causes of plague cycles and effects of
enzootic levels of plague, and about causes for epizootic erup-
tions of the disease, will help determine which management
scenarios are most pragmatic. We propose prophylactic treat-
ment as the best option for learning about the collective effects
of both chronic and epizootic plague.
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Appendix 4. National Agriculture
Imagery Program Overview

The USDA’s Farm Service Agency (FSA) directs the
National Agriculture Imagery Program (commonly known by
the acronym NAIP) to provide ‘leaf-on’ digital ortho photo-
graphic imagery during the growing season to governmental
agencies, affiliates, and the public within a year of acquisition
and often much less. Direct administration of the program
is through the Aerial Photography Field Office in Salt Lake
City, Utah. NAIP imagery products have several strengths: (1)
wide availability, (2) broad coverage, (3) sufficient resolution,
(4) ease of acquisition, (5) past imagery for pilot projects and
comparisons, (6) cost (typically free of charge), and (7) likely
future availability of multiband data (red, green, blue, and near
infrared).

NAIP imagery is digital and of high resolution (a 1-m
ground sample distance) and has a horizontal accuracy of <6
m. Current imagery is provided in natural color consisting
of 3 bands (red, green, blue), but near infrared also is being
made available. Contractual obligations require that cloud
cover must be <10 percent and imagery is inspected for visual
quality and horizontal accuracy by using known points under
the direction of the Aerial Photography Field Office. Imagery
products from NAIP typically are available free of charge and
are easily downloaded or requested on CD for shipment by
mail (links provided below). Beginning in 2009, the program
committed to a 3-year cycle of acquisition so that all States
will be guaranteed regular coverage on a regular cycle condu-
cive to planning and budgeting.

NAIP imagery is produced in two formats: (1) digital
ortho quarter quad tiles (DOQQs), and (2) compressed county
mosaics (CCM). Each individual image tile within the mosaic
covers a 3.75 x 3.75 minute quarter quadrangle plus a 300 m
buffer on all sides. DOQQs are geotiffs, and the area corre-
sponds to the USGS topographic quadrangles. These DOQQs
are made available within a year after completion of an entire
project area that usually consists of an entire State. CCMs are
generated by compressing digital ortho quarter quadrangle
image tiles into a single mosaic. The mosaic may cover all or
portions of an individual final product and become available
in the much shorter time frame of 30-60 days through free
download. All individual tile images and the resulting mosaic
are rectified in the UTM coordinate system, NAD 83, and cast
into a single predetermined UTM zone. CCMs with four bands
were compressed into a .jp2 format and are delivered with a
“seamline” shapefile delineating detailed image-swath compo-
sition of each image.

Access to imagery is facilitated by online nodes for
download. CCMs are available for free download through the
USDA Geospatial Data Gateway, http://datagateway.nrcs.usda.
gov/. DOQQs will be mailed to government cooperators after
prior arrangement.

The following additional information is available online:

General products, http.//www.fsa.usda.gov/FSA/apfoapp?
area=home&subject=prog&topic=nai

Past coverage (scroll over the State abbreviation on this
interactive map), http://www.fsa.usda.gov/Internet/FSA_File/
naip_coverage03-09.pdf

Introductory powerpoint presentation, Attp.//www.fsa.
usda.gov/Internet/FSA_File/about apfo imagery srvcs.
ppt#286,1,FSA?s%20G1S%20Activities %2 0at%20the%620%20
Aerial%20Photography%20Field%200ffice%20(APFO)



http://datagateway.nrcs.usda.gov/

http://datagateway.nrcs.usda.gov/

http://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai

http://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai

http://www.fsa.usda.gov/Internet/FSA_File/naip_coverage03-09.pdf

http://www.fsa.usda.gov/Internet/FSA_File/naip_coverage03-09.pdf

http://www.fsa.usda.gov/Internet/FSA_File/about_apfo_imagery_srvcs.ppt%23286,1,FSA?s%20GIS%20Activities%20at%20the%20%20Aerial%20Photography%20Field%20Office%20(APFO)

http://www.fsa.usda.gov/Internet/FSA_File/about_apfo_imagery_srvcs.ppt%23286,1,FSA?s%20GIS%20Activities%20at%20the%20%20Aerial%20Photography%20Field%20Office%20(APFO)

http://www.fsa.usda.gov/Internet/FSA_File/about_apfo_imagery_srvcs.ppt%23286,1,FSA?s%20GIS%20Activities%20at%20the%20%20Aerial%20Photography%20Field%20Office%20(APFO)

http://www.fsa.usda.gov/Internet/FSA_File/about_apfo_imagery_srvcs.ppt%23286,1,FSA?s%20GIS%20Activities%20at%20the%20%20Aerial%20Photography%20Field%20Office%20(APFO)
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Appendix 5. Use of Aerial Imagery to
Map Features (Potential Prairie Dog
Colonies)

Aerial photography has been used for locating and mapping
BTPD colonies for many years (summarized by Biggins

and others, 2006). The availability of National Agriculture
Imagery Program (NAIP) digital photos in natural color (and
sometimes color infrared) with 1-2 meter resolution, facili-
tates a pragmatic method for acquiring data on distribution of
prairie dogs over large areas. Photos also have the advantage
of providing a permanent record of features existing at a point
in time. Images should be archived to allow the flexibility

of reinterpretation if criteria and technologies change. The
primary problems involved in creating maps of prairie dog
colonies from aerial photographs fall into three categories
(Biggins and others, 2006). First, the process of distinguishing
prairie dog colonies from other features can be problematic.
Second, defining perimeters of colonies is inexact. Third,
photos provide little information on presence of live prairie
dogs. Because of these problems, we recommended the use of
double observers to account for features that were not detected
followed by aerial and ground surveys of identified features to
derive an estimate of occupied acres. We are unable to present
arigid set of criteria that will remove subjectivity from the
process of identifying prairie dog colonies on aerial photo-
graphs, but present ideas that might improve photo-interpreta-
tion consistency. Careful consideration of sources of variation
at this preliminary stage can result in greater efficiency of the
subsequent aerial- and ground-survey stages.

Prairie dog colonies often are identified on aerial photographs
by presence of two attributes used alone or in combina-

tion. Although individual burrow entrances are visible only

on photographs of the highest resolution (not on standard
NAIP images), mounds of soil created by BTPDs when they
excavate burrows usually are sufficiently large to register on
NAIP images. The other attribute of prairie dog colonies that
often is distinctive is the “clip zone” of very short vegetation
on colonies compared to surrounding areas. Searches on the
ground at times reveal mounds and non-mounded burrows not
visible on aerial photos because the burrows are in tall vegeta-
tion beyond the clip zone (Biggins and others, 2006). Thus,
use of mounds alone to circumscribe prairie dog colonies on
aerial photos may result in interpretation of a colony area that
is smaller than the area derived from ground survey-based
mapping using mounds. Circumscribing the clip zone on the
photo often will produce an intermediate area of coverage. The
preferred method might depend in part on how one chooses to
define a prairie dog colony (for example, the area encompass-
ing all prairie dog use or just the highly used areas) and in part
on how one chooses to assess the degree of use by prairie dogs
(the area of highly modified vegetation, or the area populated
by well-defined burrow systems). For our purposes, precision

would benefit from standardizing the definition and method of
assessment.

We might be tempted to standardize on defining a colony

as the area of high use by prairie dogs that is delineated by
connecting the outermost mounds visible on an aerial photo
(Biggins and others, 2006). However, mounds are variably
distinguishable within and among photos. At times, their color
and contrast match that of the surrounding soil and vegeta-
tion. Distinguishing clip zones is arguably more variable than
distinguishing mounds because vegetation likely varies even
more than soil in color and tonal contrast. Vegetation varies by
species, growth conditions, and grazing.

In summary, anything that affects photographic color contrast
and tonal contrast of mounds and vegetation on and off a
colony can affect our ability to distinguish mounds and clip
zones. The following list is not exhaustive but exemplifies the
variables:

1. Plant species composition (mound versus non-mound on
colony and colony versus non-colony).

2. Grazing pressure by livestock and other ungulates (height
of vegetation).

3. Surface soil color and tone (mound contrast with vegeta-
tion, bare ground).

4. Subsurface soil color and tone (mounds can contrast with
surface soil if they consist of differently colored subsur-
face soil).

5. Vegetation color and tone (on and off colony, mound soil
versus vegetation off mound.

6. Prairie dog population density/activity (grazing affects
vegetation height and composition, percentage bare
ground).

7. Age of colony (bare ground, vegetation composition).

8. Precipitation (color and tone of soil changes after recent
rainfall).

9. Season (plant phenology).

10. Weather patterns (for example, patterns of low versus
high precipitation, resulting in variable vegetation).

11. Light quality at time of photo exposure.

12. Light angle at time of photo exposure (low angle produces
high shadow contrast and sense of relief; high angle gives
flat light).

Features that resemble clip zones and prairie dog mounds
can cause additional confusion. Unfortunately, some of these
phenomena can be arranged in ways that closely resemble the
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photographic signatures of prairie dog colonies. These include
rocks, patches of alkali soil, and ant hills that can be clustered
like prairie dog mounds. Vegetative ecotones resulting from
patchy ungulate grazing and transitions among plant species
can mimic the clip zones of prairie dog colonies. For these rea-
sons, a combination of clip zone and burrow mounds is a more
reliable indicator of prairie dog colonies than either one alone.

Despite the variation caused by a multitude of interacting
factors, the fact that prairie dog colonies have been repeatedly
mapped from aerial photos and confirmed with data collected
on the ground illustrates that the situation is not hopeless.

It would be presumptive of us to attempt to dictate criteria,
but practitioners would be ill-advised to ignore the potential
problems. To reduce variation, we suggest that photointerpret-
ers attempt to standardize criteria that work most of the time
for most of the observers and allow truthing data to correct
for error that remains. Cumulative evidence suggests that the
errors can be both small and estimable.

After features are outlined on the NAIP imagery and ground
surveys are completed, complexes of colonies can be cir-
cumscribed to meet Objectives 3-5 of the MSCP. Perimeters
of such complexes are established by connecting the outer
boundaries of colonies that are separated by <7 km (that is, the
7 km rule). The procedure is as follows (adapted from Biggins
and others, 1993).

1. Start at the northernmost point of the northernmost
colony.

2. Pivot a line segment representing 7 km clockwise from
grid north until it touches a point on a colony. The line
between the first point and the second point begins to
define the perimeter of the complex.

3. Ifa7-km line segment cannot be pivoted to another
colony or portion of the same colony without bisecting the
colony perimeter, move clockwise around that colony’s
perimeter until Step 2 can be accomplished. A convex
perimeter of a colony can thus become a segment of the
boundary of the complex.

4. Continue to apply Steps 2-3 until the polygon becomes
closed.

5. Complexes can be reduced in size by selecting perimeter
colonies separated by <7 km (but the 7-km criterion can-
not be exceeded). For example, reduction in size might
be warranted if a complex would extend into areas where
management of the conservation area is not possible or if
the complex would be bisected by a barrier that precludes
movements of prairie dogs.
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Appendix 6. Ground Survey Procedure
for Identifying Activity of Colonies

Abundance of burrows often has been used as an index to the
abundance of their inhabitants, but we caution that previous
studies of this relationship have produced variable results. A
significant positive correlation between densities of occupied
burrows and prairie dogs was estimated for WTPDs (Big-
gins and others, 1993) and BTPDs (Biggins and others, 1993,
Johnson and Collinge, 2004, Chipault, 2010) although others
have failed to detect such a relationship (Powell and others,
1994, Severson and Plumb, 1998). Although it is intuitive that
a positive correlation exists because prairie dogs are notably
burrowing mammals and occupied prairie dog burrows cannot
exist without prairie dogs (recently present, at least), we do
not suggest that statistically valid inferences regarding popula-
tion abundance can be extrapolated from our survey methods.
Our primary purpose for assessing prairie dog burrows will

be to estimate the proportion of a sampled colony on which
prairie dogs recently were present. Because catastrophic losses
of prairie dogs due to poisoning or plague can happen quickly
(weeks or even days), and scat can appear relatively fresh

for somewhat longer periods of time, the term recent implies
occupancy within the past couple of months.

We propose use of strip transects to sample densities of bur-
row openings (occupied and unoccupied) on colonies selected
for ground truthing. Before completing these activities, it will
be necessary to determine the colonies to be sampled (see
discussion elsewhere in this document) and secure permission
to access private lands. Sampling of BTPD burrows usu-

ally has been done during 1 June-30 September, after young
prairie dogs are above ground. Although weather patterns can
affect results, sampling should not be inordinately sensitive to
minor variations in prairie dog activity due to weather during
this spring-summer period. However, long spells of extreme
drought and periods of extreme thunderstorm activity should
be avoided. The former might cause reduced activity in prairie
dogs and flooding during the latter can destroy or re-distribute
scat.

The following points are adapted from transect procedures
described by Biggins and others (1993):

1. A prairie dog burrow opening is defined as an opening of
diameter > 7 cm with a tunnel extending beyond view.
Large, badger-reamed burrows are included because
prairie dogs often continue to use these burrows after the
badger departs.

2. Aburrow is classified as occupied if it has fresh scat
within 0.5 m of the opening. Fresh scat is defined as drop-
pings that are not dried hard and bleached white but are
greenish black or dark brown.

3. Strip transects are 6 meters in width, with length to be
determined (see earlier section). The width is maintained
by an operator (on foot or on an ATV) carrying a piece of
tubing (for example, PVC or electrical conduit) that is 6
meters long.

4. Operator should record the coordinates of begin and end
points of each transect, and each burrow opening is coded
as occupied or unoccupied. Some States may elect to
record a way point for each burrow encountered.

5. If coordinates of all burrow openings are to be recorded
(as noted above), operator should carry a GPS receiver
capable of saving way points and at least one associ-
ated data code (occupied or unoccupied). Otherwise, the
starting and ending points of transects can simply be read
from simple GPS receivers and recorded on paper forms
with total counts of occupied and unoccupied burrows.

6. Operator determines course direction and picks a corre-
sponding landmark far ahead (something on the horizon
or at least several kilometers away). Concentration is
maintained on the navigation landmark rather than on bur-
row openings in the vicinity of the observer or immedi-
ately ahead. Peripheral vision is used to determine when
to stop and examine a burrow opening for inclusion (that
is, when more than half the burrow opening is inside the
end of the bar). The long, narrow plots have a great deal
of edge, so extreme care must be used to avoid biasing the
decision regarding inclusion of burrow openings. Avoid
letting any burrow opening influence direction of travel,
and lay the bar on the ground (if hand-carrying the bar)
before looking carefully at any burrow near the edge,
making the determination after the bar is stationary. This
procedure sounds onerous and time consuming, but close
calls will not be common, and a rapid pace usually is
easy to maintain. Routinely, 10-15 km of transects can be
completed per person per day.

The above steps describe collection of quantitative informa-
tion. Also collect qualitative notes on observations of digging,
plugged burrows, burrows with spider webs, prairie dogs

seen (dead or alive), clipped vegetation, evidence of poison-
ing (flagging, bait remnants, soil shoveled into burrows), and
mounds with crusted soil. Collect any dead prairie dogs that
are intact if evidence of shooting or poisoning is lacking (send
these for plague testing; see collection procedure in BTPD
conservation strategy).
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GUNNISON’S PRAIRIE DOG RANGE-WIDE OCCUPANCY 2010 BASELINE SURVEY
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SUMMARRIZED BY
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The Gunnison’s prairie dog (C. gunnisoni; GUPD) is one of five species of prairie dogs endemic
to North America. Its range includes Arizona, Colorado, New Mexico, and Utah. Concern about
the status of GUPD populations was brought to the attention of the US Fish and Wildlife Service
(USFWS) in 2004 with a petition to list the species under the Endangered Species Act (ESA).
The main threat to the species is plague, a non-native disease that arrived in North America in
the early 1900s. A 12-month finding issued by the USFWS in response to the petition
determined that listing GUPD populations occupying “montane” habitat in Colorado and north-
central New Mexico was warranted but precluded under the ESA. The “montane” GUPD
populations were added to the Candidate Species list and given a listing priority of 3 (listing
priorities are from 1-12, with 1 being the highest priority, based on the magnitude of threats, the
immediacy of the threats, and the taxonomic uniqueness of the species).

In recognizing the need for GUPD management, the state agencies within in the range of this
species agreed to coordinate efforts and to form a GUPD Working Group. In 2007, the GUPD
Working Group working under the auspices of the Western Association of Fish and Wildlife
Agencies (WAFWA) completed a Gunnison’s Prairie Dog Conservation Plan. This plan
required the development and use of an objective, repeatable estimation technique to monitor
long-term trends of GUPDs range-wide since previous mapping techniques used to evaluate
populations were found to be unreliable. Mapping is inherently difficult to use with GUPDs
because colony boundaries are difficult to discern with distribution and activity levels extremely
variable across habitats. In addition, individual burrow activity is rarely assessed, resulting in
both active and inactive areas included in estimates of occupied habitat. The consequence of
mapping both active and inactive areas and subjectively defining colony boundaries results in an
inaccurate estimation of occupied acreage and therefore mapping was not recommended for
future monitoring or assessment of the species.

In realizing the limitations of mapping, the Colorado Division of Wildlife (now Colorado Parks
and Wildlife; CPW) and Colorado State University (CSU) embarked on an effort to develop a
technique to monitor GUPD populations. The first technique examined was aerial surveys that
incorporated the line intercept methodology. This type of survey had been developed and
successfully used for estimating occupied acreage and changes in acreages for black-tailed
prairie dogs (C. ludovicianus). After the initial pilot study, it was determined that the line
intercept methodology significantly overestimated the lengths of GUPD colonies compared to
lengths measured on the ground. In addition, the proportions of lengths of prairie dog colonies
detected by aerial crews were only weakly correlated and crews did not consistently report
finding prairie dogs in the same areas along transects. Due to the lack of agreement between
aerial and ground crews, the line intercept methodology was abandoned as a viable technique to
monitor GUPD populations.
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After abandonment of the line intercept methodology, CPW and CSU researchers investigated
the use of Occupancy Modeling (MacKenzie et al. 2002). Unlike acreage estimates, measures
of statistical precision and confidence intervals could be calculated for occupancy estimates.
CPW conducted a pilot study on the technique and began implementing occupancy surveys to
assess the status of the species and monitor distributional changes. Since 2005, three
complete surveys have been conducted in Colorado (Andelt et al. 2006, Andelt and Lukacs
2007, and Seglund and Lukacs 2010). Trends in occupancy for the GUPD in Colorado appear
to be stable. From 2005-2007 the annual rate of change (L) was equal to 1.055 (SD = 0.114),
and from 2007-2010 A = 1.014 (SD = 0.076).

Occupancy surveys have shown that they can be a tool for establishing baseline distribution
for GUPD and for monitoring changes in occupancy through time. This information can be
used to assess the range-wide status of the species (Andelt et al. 2009). All states within the
range of this species agreed to implement an occupancy approach to monitor range-wide
GUPD population trends. This report describes the first year of range-wide occupancy
Surveys.

Methods

Occupancy was estimated by sampling 0.25 km? (0.5 km per side) plots. Plots were randomly
selected within cach state boundary in areas designated as suitable GUPD habitat. Suitable
habitat did not mean that the habitat was occupied, rather it was defined as suitable or potentially
suitable based on variables designated by a statc as necessary for prairie dog occupation. States
did not define their sampling frame using the same criteria or methodology to evaluate range-
wide occupancy. In addition, stratification was structured differently within each state. Below
are individual descriptions of sampling frames and how they were developed within each
individual state.

Arizona

Arizona’s sampling frame consisted of all potential habitat that existed in the state based on
elevation (1200-4000m), slope (0-10%), and vegetation types (Table 1). No GIS soil layers were
available for Arizona at the time the surveys were developed. Arizona used a stratified random
sample which was broken down into 3 strata; Region 1, 2, and 3 (Figure 1). The sampling frame
developed was overlaid with 500 x 500 m? plots in ArcInfo using NAD27 in Zone 12 projection.
A total of 84,658 plots were established from which a random sample of 180 plots, evenly
divided among the 3 strata, were surveyed (Figure 1). Random plots were selected in cluster
pairs; each plot had an adjoining plot within 1 km of it. Plots were clustered to reduce the time it
took to visit sites and to reduce travel costs.
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Table 1. Vegetation Types included in the Arizona sampling frame for occupancy surveys.

Inter-Mountain Basins Big Sagebrush Shrubland

Great Basin Xeric Mixed Sagebrush Shrubland

Colorado Plateau Mixed Low Sagebrush Shrubland

Inter-Mountain Basins Mixed Salt Desert Scrub

Inter-Mountain Basins Montane Sagebrush Steppe

Southern Rocky Mountain Juniper Woodland and Savanna

Inter-Mountain Basins Juniper Savanna

Apacherian-Chihuahuan Piedmont Semi-Desert Grassland and Steppe

Inter-Mountain Basins Big Sagebrush Steppe

Inter-Mountain Basins Semi-Desert Shrub Steppe

Southern Rocky Mountain Montane-Subalpine Grassland

Inter-Mountain Basins Semi-Desert Grassland

Southern Colorado Plateau Sand Shrubland

Developed, Open Space - Low Intensity

Developed, Medium - High Intensity

Barren Lands, Non-specific

Invasive Perennial Grassland

Invasive Perennial Forbland

Invasive Annual and Biennial Forbland

Recently Chained Pinyon-Juniper Areas
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Figure 1. Sampling frame developed in Arizona for range-wide Gunnison’s prairie dog occupancy
surveys. One hundred and eighty plots were randomly selected for sampling. Sixty plots were located
within each of 3 strata.
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Colorado

A sampling frame for Colorado was established from range maps in Armstrong (1972) and Fitzgerald
et al. (1994) and was expanded by including areas in north-central Archuleta County, north-west El
Paso County, and extreme north-east San Miguel County where colonies of GUPD were reported or
where they were believed to possibly occur (Colorado Division of Wildlife 2002). Delta County, the
northeastern portion of Montrose County, and the northern half of Ouray County were eliminated
from the sampling frame because prairie dogs in these areas are white-tailed prairie dogs (Cynomys
leucurus; WTPD). Seven strata (Figure 2) were developed based upon the overall ranges (Armstrong
1972, Fitzgerald et al. 1994) and the putative existence of the zuniensis (Ute Mountain Ute Indian
Reservation, Southern Ute Indian Reservation, and remaining areas [South-West]), and the gunnisoni
subspecies (Gunnison Valley, San Luis Valley, South Park, and South-East), and geography of
Colorado. The Continental divide and other mountain ridges usually separated strata.

Longhurst (1944) reported that GUPD in Colorado are probably limited to 3048 m in elevation
however, in areas with warm air currents they may be found at slightly higher elevations. Pizzimenti
and Hoffman (1973) and Fitzgerald et al. (1994) reported that GUPD range in elevation from 1830 to
3660 m across their range. Several professionals (J. Ferguson, Bureau of Land Management; M.
Threlkeld, Colorado Department of Agriculture; J. A. Capodice, Bureau of Land Management
[retired]; and J. F. Cully, Kansas State University; personal communications), familiar with GUPD in
Colorado, indicated that they generally are not found above 3048 m elevation. GUPD have been
described as inhabiting grasslands (Travis and Slobodchikoff 1993, Travis et al. 1997, Bangert and
Slobodchikoff 2000, Perla and Slobodchikoff 2002), grasslands and shrub-grasslands (Cully 1997),
grasslands to montane meadows (Findley et al. 1975), mountain grasslands (Lechleitner et al. 1962),
valley floors to higher meadows (Longhurst 1944), and alpine meadows (Perla and Slobodchikoff
2002). The above articles and the expertise of 3 professionals (J. Ferguson, Bureau of Land
Management; J. A. Capodice, Bureau of Land Management [retired]; and A. E. Seglund, Utah
Division of Wildlife Resources; personal communications), familiar with GUPD, was used to further
refine vegetation cover types contained in the Basin Wide Geographic Information System as
potentially occupied or unoccupied by GUPD in Colorado. In addition, since GUPD are generally
not found on slopes >15% (Fitzgerald and Lechleitner 1974; Lorance et al. 2002 [cited by Seglund et
al. 2005]; Yazzie and Sanders 2003 [cited by Seglund et al. 2005]; J. Ferguson, Bureau of Land
Management; M. Threlkeld, Colorado Department of Agriculture; J. A. Capodice, Bureau of Land
Management [retired]; and J. F. Cully, Kansas State University; personal communications) a slope
layer was added to better depict the suitable habitat. The overall range of GUPD in Colorado (Figure
2) was overlaid with 500 x 500 m”> plots and the Basin Wide vegetation cover types in Arclnfo
(ESRI, Redlands, California) using the NAD27 datum and the Zone 13 projection. Plots were
eliminated if all areas within plots were above 3048 m elevation (30 m digital elevation model), were
on slopes <15%, or were in vegetation types where GUPD are not known to occur.

Three hundred and eighty-one plots were randomly selected from within 7 strata where occurrence of
GUPD likely varied. The number of plots in each stratum were optimized (Table 2) based upon a
priori estimates of the probability of GUPD occurrence within plots using the methods described in
Thompson et al. (1998). Permission to visit plots on the Ute Mountain Ute Indian Reservation early
in the sampling process was denied. Thus, this stratum was dropped from the survey, and the
original sample size was reduced to 361 plots.
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Figure 2. Strata and sampling frame used for occupancy sampling of Gunnison's prairie dogs in Colorado.

Table 2. A priori estimates of probability of occurrence of GUPD in plots, number of plots available for
sampling, optimal allocation of the sampling effort, and actual numbers of plots sampled for each of 7

strata in Colorado during 2005.

Estimated Optimal

Probability Plots Allocation Plots

of Available of Plots to Sampled
Strata (h) occurrence (Un) Sample (uy)
Gunnison Valley 0.03 14,178 20 20
South-East 0.03 15,543 21 21
San Luis Valley 0.05 47,143 83 83
South Park 0.05 27,297 48 47
Southern Ute Indian Reservation 0.25 9,823 34 34
Ute Mountain Ute Indian Reservation 0.10 7,600 20 0
South-West 0.25 44,241 155 153
Totals 165,826 381 358
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New Mexico

New Mexico defined a sampling frame using 17 land cover classes that covered 81% (7,282,698 ha)
of the total gross GUPD range in New Mexico. No stratification was used in New Mexico. The land
cover classes in the model are comprised of 44% woodland, 25% shrubland, 28% grassland, and
1.5% other. The other classification includes agriculture and developed landscapes. Areas with >
20% slope were eliminated from the sampling frame. Due to limited access to private property,
tribal lands, and roadless areas, a larger dataset of 400 plots were developed so that a minimum of
260 sites would be visited (Figure 3). Field crews were asked to collect occupancy data for 52
woodland and shrubland sites, 143 grassland sites, and 13 classified as other.
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Figure 3. Sampling frame and plot locations used for occupancy sampling of Gunnison's prairie
dogs in New Mexico.
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Utah

In 2006, Utah defined their sampling frame based on soil surveys. Their initial layer was an
approximation of the geographic range of the species. “Suitable” soils within it were determined
by training with an existing database of known GUPD locations. In ArcMap, the area of suitable
soils was overlaid with a grid of 500 x 500 m? plots. If a plot’s center points fell on suitable soils,
the cell was included in the sampling frame. At high resolution, the sampling frame had a
pixilated or rasterized appearance, but it closely approximated the suitable soil layer. There were
8955 plots in the 2007 layer, 124 of which were randomly selected for sampling.

During 2008, 20 additional plots were surveyed for GUPD occupancy on the Utah portion of the
Navajo Nation. The sampling frame for these plots was delineated by intersecting the following
layers:

1) Slope less than or equal to 10% in 90 m cells.

2) Selected landcover types in SWreGAP. These included landcover types both good and
marginal as habitat types for GUPDs.

3) Units were included if soils were over 30 inches deep and included clay or loam within 6
inches of the surface.

Based on the results of this survey in the Navajo Nation, GUPD populations were similar to what
was observed elsewhere in the state.

The sampling frame used in 2007 served as the basis for a new model developed in 2010. The
original 2007 model did not perform as well as hoped, so the following constraints were imposed
to improve the model for 2010:

1) Slope less than or equal to 10% in 90 m cells.

2) Selected landcover types in SWreGAP. These included landcover types both good and
marginal as habitat types for GUPDs.

3) Reduced geographic range of GUPDs by deleting areas west of Comb Ridge.

Areas of the 2007 sampling frame not intersecting all the above layers were erased from the new
model. The 2010 sampling frame was reduced to 7890 plots as compared to 8955 in the 2007
model. Utah randomly selected 124 new plots for occupancy surveys during 2010.
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Figure 1. Sampling frame used for occupancy sampling of Gunnison's prairie dogs in Utah.
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Ground Surveys

Plots were located using GPS units and topographic maps. Once a plot was located, all four
corner of the plot were identified and the entire plot surveyed for presence of prairie dogs. A
positive detection of a prairie dog was dependent on obtaining a visual location: auditory
detections or presence of fecal matter were not used as a positive detection for survey efforts.
Because prairie dog vocalizations are difficult to pinpoint with regards to an exact location of the
calling animal, this type of detection was not used since detections needed to be confirmed
within a plot boundary. Scat samples were also not acceptable as the age of the scat is too
difficult to determine. Data collected during survey efforts included 1) UTM of location where
observations were acquired; 2) time of the beginning and end of observations; 3) air temperature
and wind speed; and 4) and presence or absence of prairie dogs. During sampling of public land
plots, observations of other important species such as ferruginous hawks (Buteo regalis),
burrowing owls (Athene cunicularia), mountain plovers (Charadrius montanus) and kit fox
(Vulpes macrotis) were recorded.

Plots were visited 2 times during periods when prairie dogs were most active. Two visits to a
plot were required in order to determine the detection probability. Visits to plots were completed
within 7 days so as to minimize violating the assumption of a closed population. To avoid
observer bias and minimize possible independence violations (more likely to redetect a species
once it has been detected due to prior knowledge), different observers visited plots.

Aerial Surveys

Many of the GUPD plots occurred on private lands. Many of these properties could not be
accessed because a landowner could not be contacted, accessing the property was extremely time
consuming and difficult, or the plot was owned by multiple landowners and only a portion of the
landowners opted to give trespass permission. Because obtaining permission to access plots was
difficult, Colorado attempted to survey plots from the air. To do this, coordinates for the 4
corners of each grid plot were entered into the pilot’s GPS and overlaid on a topographic map.
The track function was used to show the position of the airplane relative to each plot. The
airplane was flown at an elevation of about 100 m above ground and 3 passes spaced across each
plot were completed. Two observers were in the plane so the observers and the pilot could
survey for prairie dogs. Each plot was flown 2 times with 2 separate observational crews to
obtain a probability of detection.

Statistical analyses

Occupancy rates and detection probabilities were used to determine number of plots occupied.
Occupancy models (MacKenzie et al. 2002) were fit to the observed encounter histories for
GUPD with program MARK (White and Burnham 1999). MacKenzie et al.’s model estimates
the probability of detection (p) during a single visit and the probability of occupancy () based
on multiple visits to plots. Thus, this model corrects for “false negatives”, i.e., plots where no
prairie dogs are observed, but where prairie dogs actually exist.

To examine trends in occupancy, a Bayesian analysis was used to determine statewide estimates.
A Bayesian approach accounts for detection probabilities across data and years and allows a
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direct probabilistic characterization of uncertainty about parameters given the available data
(MacKenzie et al. 2006). For example, in areas where no prairie dogs were detected on plots, an
estimate of occupancy can be determined using a Bayesian approach, though caution should be
used as estimates are usually associated with a high variance. The results in Bayesian statistics
are defined in quantiles instead of confidence interval (these are used in the frequentist approach)
though both measures are essentially the same. The 2.5% quantile is the lower bound, 50% is the
estimate and the 97.5% quantile is the upper bound.

In previous surveys conducted in Colorado (2005 and 2007) temperature, wind speed, Julian
date, and number of corners (n = 1-4) visited were considered in the analysis as covariates to
improve estimation of detection probabilities. Because these covariates did not significantly
improve estimates, they were not included in the 2010 range-wide analysis.

Results

Ground Surveys _

Nine hundred and twenty-one plots were sampled to develop a baseline range-wide
occupancy of 0.200 (Credible Intervals (CI) = 0.080 — 0.290) for the GUPD. A total of
88,891 plots of the potential 444,451 in the range-wide sampling frame were estimated to be
occupied (CI = 71,536-108,512) (Table 3). Estimated occupancy probabilities ranged from
0.048 in South Park of Colorado to 0.369 in Region 3 of Arizona. The estimated number of
occupied plots varied from 1188 in Utah to 52,509 in New Mexico.

Table 3. Results of the 2010 range-wide occupancy sampling of the Gunnison’s prairie dog using
Bayesian analysis.

Occupancy
Quantiles

Stratum 2.5% 25% 50% 75%  97.5%
AZ 1 0.089 0.156  0.199  0.250 0.355
AZ2 0.061 0.107  0.138  0.174 0.253
AZ3 0.238 0.321 0.369  0.418 0.515
CO GV 0.038 0.096  0.145 0.208 0.360
CO SE 0.020 0.064 0.108  0.167 0.324
CO SLV 0.031 0.056 0.074  0.096 0.147
CO SW 0.067  0.097 0.115 0.135 0.179
CO SP 0.009  0.030 0.048 0.074 0.145
CO SUIR 0.129  0.211 0.265 0.327 .0.452
NM 0.130  0.162  0.181 0.200 0.240
UT 0.095 0.130  0.151 0.173 0.221

Range-wide 0.080  0.130 0200 2221 0.290

Occupied
Plots
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Quantiles
Stratum 2.5% 25% 50% 75%  97.5%
AZ 1 4061 7115 9124 11,422 16,229
AZ?2 1352 2356 3048 3,840 5603
AZ3 3994 5384 6194 7,023 8656
COo GV 545 1364 2060 2,946 5100
CO SE 304 1000 1685 2,602 5038
COSLV 1440 2660 3508 4,514 6935
CO SW 1831 2640 3144 3,688 4881
CO SP 420 1316 2139 3,271 6405
CO SUIR 1265 2076 2608 3,207 4441
NM 37,777 7115 52,590 58,278 70,002
UT 747 1024 1188 1,367 1742

Range-wide 71,536 82,604 88,891 95,325 108,512

Aerial Surveys

In 2010, Colorado surveyed 357 plots; 250 plots were surveyed from the ground and 224 were
surveyed by air (Table 4). A total of 596 visits were completed on the ground and 442 by air.
The probability of detection for ground surveys was 0.80 and for aerial surveys was 0.33.

Table 4. Number of plots available for sampling, optimal allocation of the sampling effort, and
actual numbers of plots sampled for each of 7 strata in Colorado during 2007.

Plots
Optimal Plots Sampled
Plots allocation Sampled by
available Of plotsto by Air Ground
Strata (h) (Up) sample
Gunnison Valley 14,178 20 20 13
South-East 15,543 21 21 7
San Luis Valley 47,143 83 37 70
South Park 27,297 48 38 26
Southern Ute Indian Reservation 9,823 34 30 23
South-West 44,241 155 78 111

Totals 165,825 381 224 250
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Discussion

The goal of all of the states is to conserve GUPD populations to ensure long-term population
viability by maintaining the current distribution as identified in 2010. Because of the difficulty
of detecting and mapping GUPD colonies, the parameter of interest for monitoring is the
proportion of occupied plots throughout the GUPD range rather than the number of occupied
acres. FEach state identified the current, historical, and potential range for GUPD respectively
within their state as the potential sampling frame in which to estimate and evaluate long-term
occupancy. The union of these areas is considered the entire species range and changes in this
occupancy will be evaluated. Occupancy monitoring in 2010 identified a baseline occupancy of
0.200. The states will use this baseline as a guide for future management actions and to evaluate
the long-term status of the species. In the “Gunnison’s Prairie Dog Conservation Plan”, it was
determined that specific management actions will be triggered when/if a 40% (95% CI) range-
wide occupancy decline is detected between surveys (i.e. 3 years; short-term trigger). Specific
actions to be triggered were not specified in the “Gunnison’s Prairie Dog Conservation Plan”,
but many of the states have identified strategies for implementation in their local state plans.

Aerial surveys conducted by Colorado to deal with private land access, did have a lower
probability of detection than ground sampling efforts. Though prairie dogs were usually visible
from the aircraft, the problem encountered was that at the low levels the aircraft was flying over
a colony, prairie dogs became immediately vigilant and sought refuge underground. If observers
were quick enough to see a prairie dog on the first pass over the colony by the aircraft, then they
could record a positive detection. If a prairie dog was not seen during the first pass, the second
passes usually resulted in a non detection. Aerial surveys were, however, a very efficient means
for completing surveys. Depending on how plots were arrayed across the landscape and how far
the plot locations were located from an airport, as many as 40 plots could be flown in a day.
Incorporating acrial surveys into the monitoring program would significantly reduce costs and
time needed to conduct surveys.

Recommendations for Future Surveys

1. Continue to incorporate aerial surveys along with ground surveys in occupancy sampling.
Aerial surveys can be completed for those plots that are difficult to access and for plots
that land on private properties so as to reduce time to acquire trespass permission. This
could reduce months of work by eliminating the need to determine landownership and
contacting landowners. Public land plots should still be visited on the ground

2. Continue to use Bayesian Statistics to evaluate trends in occupancy.

3. Colorado has demonstrated through their 3 survey efforts that statewide GUPD
populations have remained relatively stable. Therefore it is recommended that occupancy
surveys be conducted every 6 years to detect changes in occupancy.
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Summary of major findings

1)

2)

3)

We tested five different predictions of the hypotheses that there are two
genetically distinct subspecies of Cynomys gunnisoni.

The survey includes 838 prairie dogs sampled from 48 different colonies across
the range of the species and the genetic data consists of genotypes for 16 nuclear-
encoded microsatellite loci and up to 2061 base pairs of DNA sequence from two
mitochondrial genes (cytochrome b and D-loop); however, 11 colonies were
removed from the analysis because fewer than 6 individuals were sampled.

There was evidence for two distinct subspecies from all five tests of the
predictions of the hypothesis; however the geographic distribution of the two
subspecies differs from that suggested by current maps.





Introduction

The Gunnison prairie dog is the subject of conservation actions because the species has
declined in numbers and distribution mostly because of extirpation by plague (Cully et al.
1997; Kartman et al. 1962; USFWS 2008). There are two described subspecies of C.
gunnisonii: C. g. gunnisonii (the montane form) and C. g. zuniensis (the prairie
form)(Hollister 1916). There is not consensus among biologists about whether there are
two distinct subspecies, however. Pizzimenti (1975) disputed the existence of two
subspecies on the basis of morphological data (Pizzimenti 1975), although the
conclusions of Pizzimenti have been challenged by others based on observations of coat
color and morphometrics. A relatively recent allozyme and mitochondrial DNA analyses
failed to reveal two distinct groups within C. gunnisonii (McCullough 1991); however,
this study only examined two colonies, one from each subspecies, both from northern
New Mexico and used low resolution methods for estimating differentiation. Analysis of
mtDNA sequences for 192 samples, most taken from museum skins, revealed evidence of
three different mtDNA types (referred to as the northern, western and eastern types) with
marked geographic separation suggesting past separation of the species corresponding to
the two recognized subspecies (Hafner et al. 20006).

Additionally, if there are two distinct subspecies, the geographic location of the boundary
between them is uncertain. Current maps indicate the boundary trends northwest (latitude
39, longitude 109) to southeast (latitude 36, longitude 106) with a significant "tongue" in
the distribution of the montane subspecies that extends southward down the Rio Grande
value (Figure 1). It is not clear, however, what features were used to delineate the
boundaries of the two subspecies.

The current genetic data provide an incomplete picture of the geography of genetic
variation; moreover, the analyses do not provide a robust and sufficient test of whether
two distinct groups exist. Additionally, because the mtDNA study by Hafner relied on
museum skins without employing methods tailored for working with historic DNA
samples (Fulton 2011), some of the haplotypes may be "out of place" as a consequence of
specimen contamination during laboratory analysis. An additional confounding factor is
the lack of clear criteria for defining subspecies (O'Brien S & Mayr 1991; Zink 2004).

In this report, we present the results of a thorough genetic analysis of the Gunnison's
prairie dog across its range using a combination of nuclear and mtDNA markers with the
purpose of evaluating the existence of two distinct subspecies and delimiting the
geographic location of the boundary between the two assuming that two subspecies exist.
Our approach is to explicitly describe the predictions of the hypothesis that there are two
distinct subspecies and then evaluate whether there is genetic evidence that aligns with
the testable predictions.
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Figure 1. Currently accepted distribution map for the two recognized subspecies of C.
gunnisoni (USFWS 2008).

Predictions of the two subspecies hypothesis

We explicitly test the hypothesis that there are two subspecies and that the boundary line
between the subspecies corresponds with the boundary depicted in figure 1. Importantly,
we use the existing boundary line when identifying subspecies in part because there are
no diagnostic morphological characters that unambiguously separate the two subspecies.
The hypothesis makes several testable predictions: the testable predictions, the test used
to evaluate the predictions, and a visualization of the predictions are presented in Table 1.
First, analysis of genotypes for individual colonies should separate into two distinct
groups with little overlap. Second, phylogenetic analysis of mtDNA should reveal two or
more distinct clades and a clear separation of individuals of into clades by subspecies. Put





differently, phylogenetic analysis should reveal that the vast majority of individuals
within a given subspecies group within a monophyletic group to the exclusion of
individuals comprising the other subspecies. Third, if individuals are grouped into one of
two genetically defined groups, there should be geographic separation with a boundary
line that corresponds with the currently recognized boundary between the two subspecies.
Fourth, an analysis of the degree of genetic divergence between colonies as a function of
geographic distance should show higher divergence for comparisons of colonies
comprised of different subspecies than between colonies of the same subspecies. Finally,

an analysis of variance should reveal a significant amount of variation is distributed
between subspecies. All of the criteria have been used for deciphering taxonomic
distinction in published studies.

Table 1. A list of the testable predictions of the hypothesis that there are two genetically distinct

subspecies, a brief summary of the test, and a visualization of hypothetical data that would
support recognition of two genetically distinct subspecies of Gunnison's prairie dogs.

Prediction Test Visualization
Separation of putative Plot of principles component ”
subspecies into two scores for populations based on o . eo
separate "clouds" of individual genotypes 3 ; | e K o2 o
points o S0 0%
R e e e e
3 2 1 0 1 2
PCA1

Monophyly of one or both
putative subspecies for
mtDNA sequences

Phylogenetic analysis of
individuals sampled across the
range of the two putative
subspecies

Spatial segregation of the
two different genotype
groups that conforms to
the expected putative
subspecies distributions

Mapping the geographic location
of populations assigned into one
of two groups

Higher differentiation for
comparisons between
subspecies than within
subspecies for a given
geographic separation of
colonies

Compare distribution of
differentiation corrected for
geographic distance between
colonies for all comparisons
within and between subspecies

Within subspecies

Between subspecies

Frequency

i

Ratio of Differentiation to
Geographic Distance

Relatively large and
significant fraction of the
total variation partitioned
between subspecies

Heirarchical AMOVA

Not easily visualized






Methods

We sampled individuals from 48 colonies across the range of the species (Figure 2). We
determined genotypes for 16 microsatellite loci and DNA sequences from two
mitochondrial genes (cytochrome b and the D-loop). Table 2 lists each colony sampled
and its geographic location.
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Figure 2. Map of the colonies surveyed for this study (stars) overlaid onto the accepted
geographic distribution of the two subspecies. C. g. gunnisoni is restricted to Colorado and
northern and central New Mexico. C. g. zuniensis ranges from southwestern Colorado,
throughout central and western New Mexico, and into eastern and northern Arizona. Cities are
indicated as triangles. For the genetic analyses, all colonies with sample sizes fewer than 5
individuals were omitted: PEFO, SAND, C2MS, NFF, PCN, WHR, JJD, HLSP, SAM.

We performed the following analyses that correspond with the tests described in table 1:
1) a principles components analysis of microsatellite frequencies for all colonies with
sample sizes greater than five; 2) phylogenetic analysis of mtDNA sequences and
mapping the three distinct clades onto the distribution map of the species; 3) Bayesian
assignment analysis using STRUCTURE that assigns individuals into one of two groups
based on linkage disequilibrium and then mapped the average posterior probability
assignment values for each colony onto the distribution map of the species; and 4)
comparison of the degree of differentiation between pairs of colonies corrected for the
geographic distance for comparisons of colonies within putative subspecies and between
putative subspecies, and 5) an AMOVA of all individuals partitioned by colony and by
subspecies. In addition, we generated summary maps that summarized the genetic
variation across the range of the species. More detailed methods will be available from a
future peer reviewed publication (Sackett, Seglund and Martin, in prep).





Table 2. List of colonies, their location, and the number of individuals sampled.

Colony Latitude Longitude N
ABVY 35.44690222 -113.0766204 28
AGFP 35.65953847 -106.0246812 10
BBM 35.97913 -106.87738 23
BG 38.56174109 -106.8598162 6
BLFB 36.32635 -105.28148 23
BLS 34.15812 -109.30601 6
BOF 34.861706 -106.691461 10
BVSE 38.78449772 -106.0959996 27
C2MS 37.31004918 -108.60458 1
CBAR 36.53127 -106.48307 24
CRL 38.29940341 -109.251728 21
CT2CC 37.326864 -108.621225 28
DCB 38.03977929 -108.5544989 13
DGO 37.28264588 -107.8681449 14
DN 37.67087597 -106.3798435 23
DUTS 36.94589 -107.01632 23
ELMA 34.97996277 -107.805291 19
EMSP 38.928434 -105.520935 14
ENSP 36.49235 -105.27218 19
ERPD 38.66916275 -106.9613402 37
ESPE 35.81479769 -112.5623137 26
FUEN 36.23647 -106.68417 21
GBTT 38.54364822 -106.8896507 18
GCR 38.50703655 -107.0262988 10
HLSP 36.75033 -106.58382 3
HMSW 37.97871634 -108.4497547 8
HOVE 37.38067744 -109.5254332 20
HUTR 35.70825865 -109.5568664 22
JID 35.13052 -106.4968 3
LAN 35.12993 -106.49648 9
LLU 34.802611 -106.747911 10
NFF 36.50235 -108.23574 1
PCN 35.06345 -106.56585 4
PEFO 34.96258 -109.79403 1
PSLV 37.83310582 -106.2674455 26
RM 37.94497156 -107.8339124 2
RSF 35.09731 -111.6813 2
SAM 36.85083 -106.06828 1
SAND 35.46654 -106.31748 1
SFNF 36.40094 -106.97304 14
SSLM 35.66269 -107.07092 23
SYWS 35.53308 -106.78559 22
TESW 37.94497156 -107.8339124 15
TPRR 36.73654 -105.98047 21
VADO 36.6141 -106.74035 26
VCNP 35.88247357 -106.4879516 23
WHR 35.05807 -106.56342 4
WSCM 36.03221 -107.08239 21






Results

Prediction 1: Clustering of colonies by microsatellite genotypes

The plot of the first two principal component scores for all colonies revealed two clusters
of points, with the greatest separation along principle components axis 1 (PCA 1). When
the identity of each colony was assigned based on the current distribution map of the two
subspecies, there were six C. g. gunnisoni colonies that clustered within a cloud of points
that comprised all C. g. zuniensis colonies (Figure 3, top). However, when the boundary
was redrawn to reflect a simple linear zone of secondary contact, there was complete
separation of C. g. gunnisoni and C. g. zuniensis along PCA 1 (Figure 3, bottom).
Conclusion: There is good evidence for the separation into two groups, especially
when the boundary line is redrawn as a straight line.
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Figure 3. Upper panel. Map showing the geographic distribution of the two described subspecies of
Gunnison's prairie dog (left) and the corresponding principle components analysis of the genetic
similarity of colonies based on microsatellite genotypes (right). Lower panel. Map showing a
hypothesized new (and simpler) geographic distribution of the two described subspecies of Gunnison's
prairie dog (left) and the corresponding principle components analysis of the genetic similarity of
colonies based on microsatellite genotypes (right).





Prediction 2: MtDNA phylogeny and the monophyly of subspecies

We discovered 145 different haplotypes from the combined cytochrome b and D-loop
gene sequences of 763 individuals sampled across the range of the species. The 145
haplotypes grouped into three main clades (Figure 4). The frequencies of the three
divergent clades varied across the landscape (Figure 4). The blue clade was restricted to
the northeastern range of the species, from north central New Mexico, throughout south
central Colorado, including most of the range of the C. g. gunnisoni. The green clade was
most frequent in central New Mexico and the northwestern portion of the range in
western Colorado and eastern Utah. The orange clade was the most widespread, ranging
from the western most portion of the range in Arizona, north into southeastern Utah, and
to the most eastern portion of the range in central New Mexico.

Conclusions: The mtDNA provide evidence of two geographically separated groups
corresponding with the two putative subspecies with some mixing along a suspected
zone of contact.
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Figure 4. Left. Inferred phylogenetic relationships among the 145 distinct mitochondrial DNA
haplotypes. Lineages are color-coded into three divergent clades. Scale bar is 20 substitutions.
Right. Geographic distribution of the three divergent mtDNA clades. Colors correspond with
the colored clades in the phylogeny.





Prediction 3: The geography of two groups defined by assignment methods

We used STRUCTURE to assign individuals to one of two groups based on their
microsatellite genotypes and then plotted the assignment scores onto the distribution map.
There was a marked geographic pattern in the assignment scores among colonies.
Samples from the putative range of C. g. gunnisoni assigned with high posterior
probability to one group (the blue group) whereas most colonies from within the putative
range of C. g. zuniensis assigned with high posterior probability to the other group (the
orange group). There were individuals with intermediate assignment probabilities along
the boundary between the two putative subspecies.

Conclusion: There is good evidence for two groups that separate along the proposed
boundary between the two subspecies, with the exception that there is not support
for the southern extension of C. g. gunnisoni down the Rio Grande valley.
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Figure 5. Map of the geographic distribution of the posterior probabilities of assignment to two
different genotype groups based on STRUCTURE analysis. Populations with small sample
sizes are not included.





Prediction 4: Colony differentiation between subspecies greater than within
subspecies

We calculated the pair-wise genetic differentiation (Fst) between colonies and estimated
the geographic distance between colonies based the shortest line between pairs of
colonies. Estimates of differentiation were divided by the log of the distance between
colonies. The frequency distributions for the geographic distance adjusted measures of
differentiation were not significantly different (p =~ 0.08), but the mean was greater and
there was a greater frequency of larger estimates of differentiation between subspecies
than within subspecies (Figure 6).

Conclusion: There is evidence that average colony differentiation is greater between
subspecies than within subspecies, although the magnitude of the average difference
is slight.
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Figure 6. Plot of the ratio of differentiation to the log of geographic distance between all pairs
of colonies for comparisons between subspecies (solid line) and within subspecies (dashed
line). Although a t-test indicate the difference is significant, a randomization test adjust for
multiple comparisons revealed p = 0.10.





Prediction 5: Significant amount of the variation partitioned between subspecies
We performed two separate heirarchical Analyses of Molecular Variance (AMOVA).
The first partitioned colonies into two distinct groups based on the prevailing distribution
map (see figure 1) and the second according to a scenario depicting a linear contact zone
(see figure 3). In both cases, a significant fraction of the variation was partitioned
between subspecies, although most of the variation was distribution among colonies
(Table 3). Importantly, when we adopted the linear contact zone, the amount of variation
partitioned between subspecies increased substantially.
Conclusion: There is evidence for two genetically distinct groups separated by a
linear contact zone (corresponding to the line in figure 3).

Table 3. Results from AMOV A analysis

Geographic % Variation between | % Variation among % Variation within
Model subspecies populations within colonies
subspecies
Current 11.20 (p = 0.022) 65.37 23.43
subspecies map
Linear contact 31.16 (p <0.001) 48.28 20.56

zone






Distribution of variation

Posterior assignment probabilities based on microsatellite genotypes were combined with
the estimated frequency of the mtDNA haplotype common in C. g. gunnisoni to generate
a summary map of the distribution of genetic types across the range of the species C.
gunnisoni (Figure 8, left). Although the map provides an approximation of gradients in
genetic change, the results suggest there are two geographically separated genetic groups:
one confined to southwestern Colorado extending from Telluride in the southwest to
Eleven Mile reservoir to the northeast. The other well-defined group extends from
northern New Mexico, northwest to near Moab, and west through northern Arizona. The
two putative subspecies contact each other along a long swath (depicted in light
yellowish green) extending from approximately the southern extreme of the Colorado-
Utah border southeast to near Taos, New Mexico. Colonies along the contact zone
typically have a mixture of mtDNA and nuclear genotypes from both putative subspecies
(Figure 8, right).

Conclusion: Evidence for two geographically separated subspecies and a zone where
the genes of the two subspecies are mixed in various proportions.
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Figure 8. Left. Map showing the sum of the average nuclear genotype assignment score for
one group and the frequency of the mtDNA haplotype clade 3 (blue clade). Contour lines
generated using Kriging. Right. Probability of assignment to one of two nuclear genotype
groups plotted as a function of the frequency of the C. g. gunnisoni mtDNA haplotype clade.
Colonies along the contact zone have intermediate values for both measures and are labeled.
Values are 0,0 and 1,1 were adjusted to show multiple points.





Discussion

Two subspecies

There is clear evidence that supports continued recognition of two genetically distinct
subspecies of C. gunnisoni. All five testable predictions of the hypothesis based on the
combined analysis of mtDNA sequences and microsatellite genotypes were evident.
Nonetheless, further research is necessary to assess the degree that the two putative
subspecies have different morphological, behavioral and ecological characteristics
concordant with the molecular data.

Importantly, the distribution map requires some revision. The genetic data provided little
support for the southern extension of the C. g. gunnisoni distribution down through the
Rio Grande valley into north central New Mexico. Instead, the boundary between the two
species is best represented as straight line. However, there is evidence of the spread of
genes in both directions across the boundary, suggesting the boundary between the two
putative subspecies is best represented as an area rather than a single line (Figure 9).
Evaluation of the magnitude of introgression is beyond the scope of this report;
nevertheless, preliminary estimates suggest the contact zone width may be approximately
100 to 200 kilometers.
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Figure 9. Revised approximate range map of the two putative subspecies and the admixture
zone where the two ranges come into contact.
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Oh, and to more specifically answer your question:

"I'm thinking of a climate change related contractor piece that fit into a past SSA that you thought was really good.
Something they could go off of? Not sure if you have something like this or not?"

I don't think I have experience with anything like this specifically for climate change. Mostly just genetics.

Craig.
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On Thu, Feb 2, 2017 at 4:41 PM, Hansen, Craig <craig_hansen@fws.gov> wrote:
Here's a summary of science report from USGS for GRSG:

https://www.fws.gov/greatersagegrouse/documents/Research/USG
S%20Summary%200f%20Science%202013.pdf
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https://www.fws.gov/greatersagegrouse/documents/Research/USGS%20Summary%20of%20Science%202013.pdf
https://www.fws.gov/greatersagegrouse/documents/Research/USGS%20Summary%20of%20Science%202013.pdf
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On Thu, Feb 2, 2017 at 4:37 PM, Hansen, Craig <craig_hansen@fws.gov> wrote:
Hi John:

Apologies for missing you.

The Preble's SEI report comes to mind, but [ must caution that it's rather old (2003), but
I think it's still probably a good example. I've attached. Take a look and see what you
think.

I'll think of some other ones here in a bit too, I'm sure.

Craig.
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On Thu, Feb 2, 2017 at 3:52 PM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi Craig. I stopped by, but you weren't in your office. I have a question. Do you have


mailto:craig_hansen@fws.gov
mailto:john_guinotte@fws.gov

a really nice example of a outside contractor project write up that NOAA/CU could
use as a template for writing up their snowpack analysis for the wolverine?

I'm thinking of a climate change related contractor piece that fit into a past SSA that
you thought was really good. Something they could go off of? Not sure if you have
something like this or not?

Many thanks,
John
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Recommended Methods for Range-Wide Monitoring of
Prairie Dogs in the United States

By Lyman L. McDonald,' Thomas R. Stanley,? David L. Otis,® Dean E. Biggins,? Patricia D. Stevens,?

John L. Koprowski,* and Warren Ballard®

Overview

One of the greatest challenges for conserving grassland,
prairie scrub, and shrub-steppe ecosystems is maintaining
prairie dog populations across the landscape. Of the four
species of prairie dogs found in the United States, the Utah
prairie dog (Cynomys parvidens) is listed under the Endan-
gered Species Act (ESA) as threatened, the Gunnison’s prairie
dog (C. gunnisoni) is a candidate for listing in a portion of
its range, and the black-tailed prairie dog (C. ludovicianus)
and white-tailed prairie dog (C. leucurus) have each been
petitioned for listing at least once in recent history. Although
the U.S. Fish and Wildlife Service (USFWS) determined list-
ing is not warranted for either the black-tailed prairie dog or
white-tailed prairie dog, the petitions and associated reviews
demonstrated the need for the States to monitor and manage
for self-sustaining populations. In response to these findings, a
multi-State conservation effort was initiated for the nonlisted
species which included the following proposed actions: (1)
completing an assessment of each prairie dog species in each
State, (2) developing a range-wide monitoring protocol for
each species using a statistically valid sampling procedure
that would allow comparable analyses across States, and (3)
monitoring prairie dog status every 3—5 years depending upon
the species. To date, each State has completed an assessment
and currently is monitoring prairie dog status; however, for
some species, the inconsistency in survey methodology has
made it difficult to compare data year-to-year or State-to-
State. At the Prairie Dog Conservation Team meeting held in
November 2008, there was discussion regarding the use of
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different methods to survey prairie dogs. A recommendation
from this meeting was to convene a panel in a workshop-type
forum and have the panel review the different methods being
used and provide recommendations for range-wide monitoring
protocols for each species of prairie dog. Consequently, the
Western Association of Fish and Wildlife Agencies (WAFWA),
in coordination with USFWS and U.S. Geological Survey
(USGS), hosted a prairie dog species survey methodology
workshop January 25-28, 2010 in Fort Collins, Colorado.

The workshop provided all WAFWA partners and interested
parties the opportunity to present their survey methodology to
a review panel made up of experts in the fields of quantitative
biology, population biology, species biology, and biostatistics.
This report presents the panel’s survey methodology recom-
mendations for each of the four species of prairie dogs found
in the United States and, for the black-tailed prairie dog, a

list of action items to facilitate implementation of the recom-
mended methodology.

Introduction

Background

In 1998, several nongovernmental organizations peti-
tioned the USFWS requesting that the black-tailed prairie dog
(BTPD) be listed as a threatened species under the ESA. In
response to that petition, State wildlife agencies within the
historical range of the BTPD formed the Black-tailed Prairie
Dog Conservation Team and began discussions toward the
development of an interstate effort to conserve the species. By
November 1999, the Black-tailed Prairie Dog Conservation
Assessment and Strategy (CAS; Van Pelt, 1999) was finalized
that established a framework under which actions would be
implemented to further conserve BTPDs within their histori-
cal range in the United States. Objectives of the CAS include
establishing a prairie dog conservation team (PDCT), devel-
oping long-term conservation goals for the entire range of
the BTPD (for example, determining the number of occupied
acres and individual colonies or complexes of minimum size),
identifying focal areas for conservation, developing survey
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methods that would estimate occupied acres in each State

and allow comparable analyses across States, preparing State
specific management plans, and surveying the total number of
occupied acres in each State at least once every 5 years. On
February 4, 2000, the USFWS issued a finding of “warranted
but precluded” (65 FR 5476), and the States continued to work
on conservation measures.

In February 2003, the PDCT published an addendum to
the CAS, entitled, “A Multi-State Conservation Plan for the
Black-tailed Prairie Dog, Cynomys ludovicianus, in the United
States” (MSCP; Luce, 2003). The MSCP provides further
guidelines for achieving some of the objectives in the CAS
and includes the following minimum 10-year target objectives
(conservation goals) based on a range-wide analysis:

“1) Maintain at least the currently occupied
acreage of BTPD in the U.S.

2) Increase to at least 1,693,695 acres of
occupied BTPD acreage in the U.S by
2011.

3) Maintain at least the current BTPD oc-
cupied acreage in the two complexes
greater than 5,000 acres that now occur
on and adjacent to Conata Basin-
Buffalo Gap National Grassland, South
Dakota and Thunder Basin National
Grassland, Wyoming.

4) Develop and maintain a minimum of
nine additional complexes greater than
5,000 acres (with each State managing
or contributing to at least one complex
greater than 5,000 acres) by 2011.

5) Maintain at least 10% of total occupied
acreage in colonies or complexes
greater than 1,000 acres by 2011.

6) Maintain distribution over at least 75%
of the counties in the historic range or
at least 75% of the historic geographic
distribution.”

Initially, the Gunnison’s prairie dog (GUPD) and the
white-tailed prairie dog (WTPD) were not included in these
efforts. However, in July 2002, a petition was filed to list the
WTPD as endangered or threatened across its range. Subse-
quent to this filing, the BTPD Conservation Team (henceforth
PDCT) was expanded to include both WTPDs and GUPDs
because many of the same management issues, such as survey
protocols, identification and ranking of threats, regulation
changes, recreational shooting, management plan frameworks,
relocation techniques, and long-term monitoring were similar
for all three prairie dog species. In 2004, a petition was filed
to list the GUPD under the ESA. Subsequently, conservation
assessments were completed for both the GUPD (Seglund
and others, 2005) and the WTPD (Seglund and others, 2006)
evaluating the range-wide population status of each spe-
cies and identifying factors limiting conservation. This was

followed by development of a White-tailed Prairie Dog and
Gunnison’s Prairie Dog Conservation Strategy (Western Asso-
ciation of Fish and Wildlife Agencies, 2006) which provided
9 conservation objectives with a number of specific conserva-
tion activities under each objective. One such conservation
activity called for the evaluation and establishment of survey
methods for monitoring GUPDs and WTPDs in each State that
would allow for valid comparisons of results across States.

A subsequent addendum (GUPD Conservation Plan; Western
Association Fish and Wildlife Agencies, 2007) to this Conser-
vation Strategy identified specific activities for GUPDs that
would accomplish the objectives outlined in the Conservation
Strategy. One of the goals of the GUPD Conservation Plan
was to maintain occupied cells within at least 75 percent of a
baseline number of geographical units within each State using
a common protocol. The protocol proposed by Colorado and
implemented by the other States within the range of GUPDs
is known as occupancy sampling in modeled habitat. Using
this protocol to monitor GUPD,s the States would identify a
baseline occupancy rate and ultimately, for at least GUPDs, a
trend over several sampling periods. It was determined by the
PDCT that 700 plots would be sampled range-wide to detect
occupancy trends in the GUPD population. In accordance with
the GUPD Conservation Plan:

“3. Actions (see below a.) will be triggered when/if a 40
% (95% CI) range-wide occupancy decline is detected
between surveys (i.e. 3 years, short-term trigger). A
long-term trigger for action will also be identified.
However, since process variation is unknown, this will
not take place until after 3 sample periods (i.e. 6 years)
have occurred. This timeframe will provide sufficient
data to identify a long-term trigger. This trigger will
be retroactive; if a certain percent decline is detected,
management actions will be initiated immediately.

a. Actions Triggered: Within 1 year of reaching the
trigger, a course of action, on a state-by-state ba-
sis will be developed by the PDCT and presented
to WAFWA Directors for implementation. Though
the range-wide trend is being monitored, the spe-
cies may only be affected in distinct geographic
areas. However, all states will support actions
taken even if the area in decline is not within their
state boundaries. Support may include providing
funding or personnel.

b.  Surveys will be conducted annually until the trig-

geris reset.”

Currently, listing of the WTPD is not warranted (June 1,
2010; 75 FR 30338), and the GUPD is warranted for listing
within the montane portion of its range (central and south-cen-
tral Colorado and north-central New Mexico) however listing
the montane GUPD is precluded by higher priority species and



is therefore considered a candidate species (February 5, 2008;
73 FR 6660).

The Utah prairie dog (UTPD), found only in southwest-
ern and central Utah, has been listed under the ESA since
1973, initially as endangered (June 4, 1973; 38 FR 14678), but
downlisted to threatened on May 29, 1984 (49 FR 22330). The
recovery criteria outlined in the Utah Prairie Dog Recovery
Plan (United States Fish and Wildlife Service, 1991) are to
establish and maintain the species as a self-sustaining viable
unit with retention of 90 percent of its genetic diversity for
200 years. Activities proposed to accomplish this included:

“1. Establish and maintain one population each on pub-
lic lands in three separate areas.

2. Maintain each population with a minimum number of
813 adult animals in the annual spring census.”

A revised draft recovery plan recently was released for
public review (September 17, 2010; 75 FR 57055), which
when finalized, will likely establish new recovery criteria.
Because we were already addressing three of the four species
of prairie dogs found in the United States, WAFWA requested
that we review the survey protocol for UTPDs, as well.

Current Status of Monitoring Efforts

Since 1999, many States have developed State-specific
management plans and strategies towards achieving conserva-
tion goals. Prior to these efforts, prairie dogs themselves had
not received much attention with regard to population inven-
tory and monitoring and no systematic or consistent methods
for managers were in use. Consequently, several methods have
been developed for monitoring the prairie dog species found
in each State (table 1). In 20006, all States within GUPD range
agreed to use occupancy surveys and modeling, and several
states began using this approach for WTPDs, as well. In addi-
tion to occupancy surveys and modeling, other current survey
methodology ranges from aerial transects and ground surveys
to use of satellite imagery. Not all methods provide repeatable,
statistically accurate and precise estimates of the parameters
of interest, nor are results comparable among States. This is
especially true for BTPDs.

Purpose and Overview of the Prairie Dog Survey
Methodology Workshop

In 2008, WAFWA recognized the States were devoting
considerable effort and funding toward monitoring prairie dog
populations; yet the methods used were inconsistent across
States, and some methods were subject to criticism, espe-
cially for the BTPD. WAFWA also recognized that because
of the different methodologies used, it was difficult to con-
solidate this information in a statistically rigorous manner to
monitor progress towards achieving the target objectives as
identified in the MSCP. In November 2008, after receiving a
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recommendation from the PDCT, WAFWA and the USFWS
requested assistance from the USGS in putting together a
workshop to address this concern. Together WAFWA, the
USFWS and the USGS organized a prairie dog survey meth-
odology workshop in Fort Collins, Colorado, during January
25-28, 2010 (appendix 1). A panel of 6 experts in the field

of quantitative biology, population biology, species biology,
and biostatistics were appointed to review the current survey
methodologies used by each State and for each species and to
provide WAFWA with recommendations for standardization
of survey methodologies for each species of prairie dog. Prior
to the workshop, all twelve States were asked to respond to a
set of questions regarding their survey objectives and meth-
ods (appendix 2) and provide any additional information they
would like the panel to consider. Most States also provided
oral presentations at the workshop. Additionally, one tribe and
one nongovernmental organization provided written material
and an oral presentation at the workshop. This report presents
the panel’s recommendations to standardize survey method-
ologies among the States for each of the four species of prairie
dogs.

Basis for the Methods Recommended

The panel was asked to provide recommendations regard-
ing suitable methodologies for assessing the status of each of
the four species of prairie dogs occurring in the United States.
Of these four species, the UTPD is listed as threatened, the
GUPD is a candidate species (in at least a portion of its range)
and the BTPD and WTPD have both been petitioned for list-
ing under the ESA, although both were later determined not
warranted for listing. For management purposes, there is a
need for replicable monitoring methods capable of detecting
presence of species, and in some cases at relatively low levels
of abundance, throughout its range. Because listing decisions
may be affected by the geographic distribution of species
within their historical ranges, a monitoring method must
be capable of providing spatially explicit information. For
these purposes, the panel deemed it unnecessary to estimate
numbers or densities of prairie dogs in areas where they are
present. Rather, the panel judged that monitoring presence/
absence of prairie dogs on land units, whether by occupancy
modeling or estimation of occupied colony area, adequately
addresses broad-scale status of prairie dog species. However,
for the BTPD, additional information is required on number of
occupied colonies of different sizes and the spatial distribution
of occupied colonies (MSCP target objectives 3-6 above).

The panel’s goal for all species was to suggest monitor-
ing protocols that could produce statistically reliable estimates
relevant to stated objectives in a cost-efficient and practical
manner. Furthermore, the approaches that are recommended
should provide significant “value-added” attributes that posi-
tion the multi-State effort to respond effectively to changes in
biological and economical conditions and maintain scientific
rigor, based on the following principles:
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Table 1.

Summary of current methods used by States to monitor prairie dog populations.

[Estimated cost based on last survey conducted as noted in table, NAIP — National Agriculture Imagery,

DOQQ — Digital Ortho Quarter Quad ]

Species State Survey method Last survey Cost ($)
Black-tailed PD  Arizona Ground survey 2010 13K
Colorado Aerial line transect with ground truthing 2006-2007 120K
Kansas NAIP imagery with aerial line transects 2009 17K
Montana Aerial line transects with ground truthing 2008 155K
Nebraska Aerial line transects and photos 2003 113K
New Mexico DOQQ imagery with ground truthing 2008 92K
North Dakota Aerial surveys with ground truthing 2006 48K
Oklahoma Aerial photos with ground truthing 2009 60K
South Dakota NAIP imagery with ground truthing 2008 31K
Texas DOQQ imagery with ground truthing 2006 82K
Wyoming NAIP imagery with aerial line transects 2009 15K
Gunnison's PD Arizona (Aubrey Valley) Block transects 2009 13K
Arizona Occupancy surveys and modeling 2008 26K
Colorado Occupancy surveys and modeling 2007 150-175K
New Mexico Occupancy surveys and modeling 2007 67.5K
Utah Occupancy surveys and modeling 2007 33K
White-tailed PD  Colorado Occupancy surveys and modeling 2008 150-175K
Montana Mapping 2005-2008 6K
Utah Occupancy surveys and modeling with ground truthing 2008 44K
Wyoming NAIP imagery with aerial line transects 2008 20K
Utah PD Utah Mapped and counts of colonies 2009 23K

1. Techniques must be robust to fluctuations in State

budgets in order to sustain the monitoring effort.

The proposed methods must provide a reasonable
approach, one that is conducive to advanced planning
and budgeting by State agencies.

Techniques must be robust to changes in survey
personnel over the years. While inter-observer dif-
ferences in detection probabilities can be calculated
and incorporated statistically as noted in the proposed
methods, a common (multi-State) set of training
materials for protocols should be considered.

Techniques must be comparable among States to
satisfy requirements for range-wide data on occupied
area and trends.

Data storage and availability in the face of changing
State-agency management must be assured. A central
data-storage host should be considered and a com-
mon Web-based interface for data entry might be pur-
sued that would enable remote entry of data. These

data would provide a critically important database for
range-wide assessment of prairie dog species.

Techniques must be able to incorporate changing
methods of analysis. In addition, with the innovations
in digital imagery and the addition of bands such

as near infrared, new analyses and reanalysis may
become possible at the State or multi-State level.

Techniques must consider that changes on the land-
scape will occur due to changes in land-use patterns
and climate change. The methods used must be able
to incorporate the potential for changing distribu-
tions, loss of habitat patches and gain from resto-
ration efforts. The proposed methods will permit
change-detection methods (Lu and others. 2004;
McDonald and others, 2009) to be applied on a large
scale as another means of determining trends in land-
use patterns, assessing global climate change impacts,
and efficacy of restoration/preservation efforts.



7. Technique applications must clearly identify the
methods used so as to allow replication in future
years and by other States.

The subsequent sections of this report describe protocols
that are consistent with these principles and can be used to
monitor progress towards meeting the goals and objectives for
BTPDs and the range-wide status of the other three prairie dog
species. For the BTPD, we suggest that the use of an imagery-
based sampling design coupled with aerial and/or ground-
based assessment will be necessary to achieve all MSCP
objectives. No single current State protocol satisfactorily
achieves all of these objectives. In particular: (1) line-intercept
methods cannot provide estimates of numbers of colonies in a
given size class, (2) the accuracy of classified imagery should
be evaluated rigorously by estimating detection probabilities
using multiple observers, and (3) aerial surveys and photo
interpretation alone cannot provide defendable estimates of
the proportion of area occupied in a given colony, and there-
fore on-the-ground (ground) surveys must be completed. For
WTPD and GUPD species, our assessment is that the current
occupancy survey and modeling methodology is satisfactory
for estimation of the proportion of occupied units; we provide
several relatively minor suggestions for improvement. We
recommend that the current UTPD monitoring program be
modified to accommodate an occupancy survey and model-
ing methodology similar to WTPD and GUPD monitoring
programs.

Lastly, although beyond the charge to the panel and not
part of the panel’s recommendations for this workshop, we
think the use of conservation focal areas as discussed in the
MSCP would be beneficial if extended to all four species of
prairie dogs in the United States. Management and monitoring
options on conservation focal areas should address questions
of ecological functioning that will allow more refined goals to
be set for future conservation efforts. For further discussion
on the need for more concentrated effort on focal areas see
appendix 3.

Survey Sampling Terminology

The terminology and definitions used in survey sampling
are exact and are best described mathematically. However,
because such formalism is beyond the scope of this document,
we instead provide simple definitions of terms and concepts
that will be referenced throughout this report. There are many
valid alternatives in the design of a survey, each of which will
require unique formulae for estimation of the total number
of occupied acres of BTPDs and numbers of occupied units
for WTPDs, GUPDs, and UTPDs. When possible, we give
example formulae, however, it is impossible to give a com-
plete set of possible designs, each with its unique formulae for
expansion of summary statistics and estimation of associated
variances, standard errors, and widths of confidence inter-
vals. We recommend that a qualified statistician be consulted
for each State to further derive and implement the necessary
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formulae associated with whatever alternative design may be
selected and developed.

Definitions

A target population is a set of units for which we wish
to learn the value of some underlying parameter, where a
parameter is a measurable quantity of interest. For example, in
the present context, the set of all National Agriculture Imag-
ery Program (NAIP; U.S. Department of Agriculture, 2009;
appendix 4) images covering potential BTPD colonies in a
State on June 1, 2010, might represent our target population.
The total number of acres occupied by BTPDs might represent
the primary parameter of interest.

In the special case where every unit of the target popula-
tion (for example, every NAIP image) is assessed completely
without error, we have a census, and the value of the param-
eter for the entire target population is determined without
error. In most cases, however, it is not possible to census
the target population and instead a sample of units must be
drawn and the parameter estimated with some degree of error
(that is, uncertainty). A sample is composed of a subset of the
units from the target population and typically is drawn from
a sampling frame. In its simplest form, a sampling frame is a
complete list of the units in the target population. In the pres-
ent example, the sampling frame would be the list of all NAIP
images covering potential BTPD colonies on June 1, 2010.
Given the sampling frame, a procedure, for example, simple
random sampling (SRS) without replacement, is used to draw
a sample from which inferences to the target population can
be made. It is important to note that if the sampling frame
is incomplete or inaccurate in some manner, for example, if
some units that exist in the target population are omitted from
the list, then inferences from the sample to the target popula-
tion may be biased.

Recommendations

Black-tailed Prairie Dog Survey Methodology

General Comments and Action [tems toward
Developing a Range-Wide Survey Methodology

The panel was charged with reviewing existing BTPD
monitoring methods used by the States, toward the goal of
recommending a sampling and statistical framework allow-
ing parameters of interest to be estimated in a rigorous and
consistent manner among States. The panel has proposed such
a framework for BTPD, as described in this report. However,
to make that framework operational, it is necessary that the
States and other interested parties take the next step to develop
and collectively agree upon certain definitions and protocols.
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Because many of these issues are not statistical in nature and
lie outside the panel’s realm of expertise or knowledge, we do
not attempt to address them in more than general terms (for
example, see the appendix). Rather, we believe the onus is on
the States to develop definitions and protocols that are biologi-
cally meaningful, useful from a species management per-
spective, and practical and cost effective from an operational
standpoint. We hasten to point out that, whereas many of these
issues may benefit from the involvement of a statistician, ulti-
mately they are management decisions and must be dealt with
in a management framework. What follows is a list of action
items that are necessary to move forward with implementing
the monitoring framework proposed by the panel.

Action Item 1. States and other interested parties need to
develop and agree upon a rigorous (that is, completely unam-
biguous), biologically meaningful, and formal definition of an
“occupied acre” for BTPDs.

In preparing for this workshop the panel formed a set
of “homework questions” that were forwarded to workshop
participants in an effort to determine monitoring objectives.
Clearly, it is not possible to develop a statistically valid
monitoring framework if one does not know the objectives, or
the end product desired. The first question posed was “What
parameters are you trying to estimate?” (appendix 2). The
answer to that question in the case of BTPDs was “occupied
acres.” Unfortunately, as the workshop progressed, it became
evident that a formal and rigorous definition of occupied acres
did not exist, and there was huge variation— conceptually
and operationally— among participants with respect to what
constituted an occupied acre. It is our opinion that the absence
of an agreed-upon definition is hindering progress and creating
unnecessary controversy, and that this will continue until a
rigorous and formal definition is agreed upon.

It is not possible to specify a method or protocol for
measuring a property of a system until that system property is
defined unambiguously. In the case of the BTPD, one example
of an unambiguous (but impractical) definition for occupied
acres would be: the sum of the areas on which a prairie dog is
currently standing (an area of a few square inches). Here there
is no ambiguity as to whether the space is occupied, because a
prairie dog (and not its burrow, set of burrow entrances, or clip
line) is actually present, and there is no ambiguity with respect
to area occupied because it is the space taken up by the prairie
dog (not its burrow, some buffer around a burrow, or its clip
line).

Unfortunately, in the case of the BTPD, occupied acres
are often being measured—despite the absence of a defini-
tion—by drawing a subjective boundary around an indefi-
nite collection of prairie dog burrows that may not even be
currently occupied by prairie dogs. This, of course, leads
to disagreements and controversy as to where the boundary
should begin or end; how convoluted the boundary should be;
whether a particular set of burrows (regardless of prairie dogs)
should be considered one colony or two (or more); whether
a 100-acre colony with a low density of prairie dogs should

be treated the same as a 100-acre colony with high density of
prairie dogs; and whether part of a colony eliminated by poi-
soning should be included or excluded; and if excluded, where
the boundary should be. The point is that you cannot know
how to accurately and consistently measure occupied acres
until you can define what occupied acres means.

Action Item 2. Convene a panel of experts to prepare written
guidelines or other materials (for example, a set of example
images) to train map interpreters on detecting potential prairie
dog colonies (hereafter referred to as features) from NAIP
imagery.

The panel did not possess the necessary expertise to
produce rigorous guidelines or protocols on feature detection,
thus we limited ourselves to suggesting items that should be
considered (appendix 5). One reviewer of the draft of this
document suggested a panel of statisticians, managers, imag-
ery experts, and field personnel could be formed to develop
and regularly review these guidelines. We agree with this
sentiment and believe specific protocols should be developed
and then used collectively by the States and other interested
parties.

Action Item 3. Once Action Items | and 2 have been com-
pleted, formalize a set of guidelines on how to circumscribe
features detected using NAIP imagery.

The value obtained for occupied acres depends on how
the boundary around an area occupied by BTPDs is con-
structed and how areas within that boundary where burrows
are absent (that is, internal structure) are circumscribed.
Because construction of these boundaries may vary within
and between map interpreters and may depend on the scale at
which the images are viewed, the value obtained for occupied
acres also will vary— even if the image of the occupied area
does not change. The first step to resolving this problem is to
complete Action Item 1 satisfactorily. Given an unambiguous
definition of occupied acres, it should be possible to develop a
formal standardized set of guidelines to deal with such issues
as: (a) which scale should interpreters use; (b) time limit per
image frame; (c) whether features should be circumscribed as
one colony or multiple colonies; (d) determining where bound-
aries of colonies begin or end; (¢) determining the boundaries
around areas with low densities of burrows; or (f) delineating
internal structure within colonies where burrows are absent.
We note that how a BTPD colony should be circumscribed is
not a statistical issue; it is an issue for the users of these data
who need to decide what is meaningful from a biological,
management, and policy perspective.

Action Item 4. Convene a panel of experts to prepare written
guidelines or other materials to guide aerial surveyors on the
classification of features as null, occupied, or unoccupied.
The estimated total acres of all features detected during
photointerpretation is likely to be positively biased because
some features circumscribed are not prairie dog colonies (that



is, null features) and colonies may be completely or partially
unoccupied. One of the sampling designs we propose to adjust
for bias involves aerial surveys followed by ground surveys.
Under some circumstances this design may be more effi-
cient, statistically and from a cost perspective, than ground
surveys only. During the aerial surveys, observers visit a set
of randomly selected features identified during photointer-
pretation and classify each feature into one of three mutually
exclusive categories: Null, Occupied, or Unoccupied. We
suspect that aerial surveys will allow for definitive identifica-
tion of null features (that is, features that are not prairie dog
colonies), and sightings of prairie dogs will suffice as proof
of occupancy (without estimating proportionate occupancy).
Other attributes, for example, condition of burrows (are there
open burrows?) and vegetation (is vegetation overgrowing the
colony or the burrow entrances?) can provide evidence that a
feature is not occupied by prairie dogs. The panel believes that
it would be useful for representatives from States using aerial
surveys to compile a list of attributes proven to be useful for
classifying features as Null, Occupied, or Unoccupied from
aircraft so as to guide surveyors classifying features.

Action Item 5 (optional). Evaluate the probability of detec-
tion of burrows and scat and correct classification of scat (that
is, fresh or not) during ground surveys.

We provided an unambiguous definition of an occupied
burrow based on presence of fresh scat within 0.5 m of a bur-
row opening as defined in appendix 6. Further, for purposes
of ground surveys and subsequent analysis, we assumed that
trained observers can consistently apply the definition of fresh
scat; that detection of fresh scat (given that it exists within 0.5
m of a burrow) is approximately 100 percent; and the detec-
tion probability of occupied burrows and unoccupied burrows
does not differ. Personnel from each State may want to evalu-
ate whether these are valid assumptions through controlled
studies.

Action Item 6. Representatives from each State should per-
form a cost analysis for the suitable suite of BTPD sampling
procedures, so as to decide which procedures are most cost-
effective for their State.

The panel developed the monitoring framework in a
manner that allowed States some flexibility with respect to
implementation, while still maintaining the elements neces-
sary to ensure statistical rigor and consistency among States.
We believed a fixed, inflexible “recipe” would be doomed to
failure because different States must deal with certain unique
issues, and clearly a one-size-fits-all approach is not practical.
For example, some States may need to use aircraft, whereas
others may find ground truthing adequate; some States may
benefit from stratified random sampling, whereas for other
States, simple random sampling (or some other sampling
design) may be better; and for some States the desired level
of precision may be attainable with smaller sample sizes,
whereas other States may require larger sample sizes. Of
course, each of these factors will affect the cost of monitoring,
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as will personnel costs (for example, using permanent versus
temporary staft), the size of the prairie dog range for a State
(larger ranges mean more travel costs), the proportion of the
range that is on public versus private land (more private land
means higher personnel costs to contact landowners), the
desired statistical precision, and so forth. In short, the costs of
implementing the monitoring framework we propose will be
unique for each State and will vary depending on the particu-
lar implementation chosen for that State. Thus, it is important
that representatives for each State examine their unique set of
circumstances, decide on the sets of procedures available to
them to implement the monitoring framework for their State,
and then determine the respective costs for implementation so
they can choose the most cost-effective approach.

Action Item 7 (optional). Retain the services of a statistician
to formally critique one or more of the State-specific meth-
ods currently being used to monitor prairie dogs, relative to
the MSCP objectives (for BTPDs) and/or any State-specific
objectives.

The panel was not charged with providing a State-by-
State critical review of the methodology being used. The pan-
el’s goal was to become familiar with the multiple approaches
being used in each State, to become informed with respect to
the challenges personnel in each State must confront, and then
to propose a consistent and statistically rigorous framework
within which all States could operate (with some built in flex-
ibility for unique circumstances). Our expectation was that
individual States could ascertain the strengths and weaknesses
of their existing protocol by comparing it to the Panel’s recom-
mendations. We would note that for certain sets of objectives
many of the methods presented by States were adequate from
a statistical standpoint. However, at least for BTPDs, none of
the methods in use was 100 percent adequate with respect to
either meeting the stated MSCP objectives or statistical rigor.
Hence, we proposed an alternative framework we believe is
adequate. If States have certain sets of objectives that dif-
fer from those the panel was charged with addressing, then
we urge them to have their methods reviewed by a qualified
statistician.

Action Item 8. The panel believes the sixth MSCP objec-
tive “maintain distribution over at least 75% of the counties
in the historic range or at least 75% of the historic geo-
graphic distribution” needs to be better articulated and made
more explicit before an appropriate sampling design can be
recommended.

As it currently stands, the sixth objective is ambiguous
and does not lend itself to the development of formal, stan-
dardized sampling procedures. Specifically, three tasks must
be completed: (1) make explicit what is meant by “maintain
distribution”, (2) list the counties that are considered to be in
the historic range, and (3) explicate what is meant by “at least
75 % of the historic geographic distribution.” We elaborate
further on these tasks, and provide illustrative examples, in the



8 Recommended Methods for Range-wide Monitoring of Prairie Dogs in the United States

section below titled Estimation of the Proportion of Counties
in the Historic Range that Contain BTPD.

Parameters of Interest

Measuring progress towards meeting the Target Objec-
tives outlined in the MSCP requires knowledge of the cur-
rently occupied acreage of BTPDs in the United States. For
purposes of developing a standardized monitoring program
among States, the primary parameter of interest for the BTPD
is the number of occupied acres of BTPD as summarized
by each State at some specified point in time as described
in MSCP Objectives 1-2. Additional parameters of interest
include the number and locations of large (that is, 1,000-
5,000 acre) colonies or complexes in order to gauge progress
towards meeting the MSCP Objectives 3-5 and to maintain
75 percent of the historic distribution as described by MSCP
Objective 6 . For purposes of discussion, we hereafter assume
that: (1) the BTPD range in the United States can be repre-
sented by a mutually agreed upon (that is, among States and
other stakeholders), static (that is, unchanging through time),
spatially explicit area of land; (2) what constitutes an “active
burrow” can be rigorously and unambiguously defined (see
appendix F); and (3) the occupied acres within a colony can be
estimated in a biologically meaningful and replicable manner
(however, see Action Items 1-4). In the discussion below we
describe a methodology geared toward estimation of “occu-
pied acres” that is founded upon these assumptions.

Target Population

For the BTPD monitoring program, the primary param-
eter of interest is the number of occupied acres of BTPD exist-
ing in the United States at some specified point in time. Thus,
in principal, our target population should include the set of all
occupied acres of BTPD in the United States at some point
in time. However, because this set is dynamic over short time
frames and in practice is unobservable (for example, existence
and location of some colonies is unknown), we instead define
the target population to be the collection of digital images that
encompasses all geographic areas lying within the current, his-
torical, and potential range of the BTPD. The target population
is divided into a set of discrete sampling units. The definition
of the target population we adopt is useful because an appro-
priate sampling frame can be easily constructed (for example,
using NAIP imagery, see below), and because correction fac-
tors for partially unoccupied colonies within the range can be
estimated.

With respect to current range, we believe it is important
to include all lands on which BTPD are currently known to
reside because the status of those colonies must be taken into
account in the event of a petition for listing. Categorically
excluding certain occupied lands will result in a negatively
biased estimate of occupied acres and will unnecessarily open
the monitoring effort to valid criticism. The implication here,

of including all areas where BTPD currently reside, means
private land, metropolitan, Tribal, military and other Federal
land, and arbitrarily excluded land in prior surveys must be
considered part of the range containing the target population
subject to sampling in each State.

With respect to historical range, we presuppose that if
records exist documenting the presence of BTPDs in an arca
prior to widespread extermination or conversion of grasslands
to other uses (for example, agriculture), then there is a possi-
bility the area can be recolonized in the event extermination is
halted or grasslands reclaim the area. Consequently, such areas
should be included as part of the range containing the target
population subject to sampling. Assessment of the historical
range for all prairie dog species should include evaluation of
Federal, State, and County records of attempts to eradicate
prairie dogs. County agricultural extension agents, State and
Federal biologists, conservation wardens, and others could
provide valuable information on locations of remnant popula-
tions in the 1940s and 1950s.

Finally, with respect to the potential range of the BTPD,
we recommend representatives in each State predict the
expanded range that could be occupied, under favorable future
conditions, by using a 100-year time horizon. Consideration
should be given to potential changes in the landscape due
to factors, such as fire, which may kill shrubby vegetation,
allowing for the establishment of grasslands; clearing of
woody vegetation, which might allow for expansion of grass-
lands; and changes in grazing of vegetation by herbivores.
One implication here is that State models containing current
vegetation conditions as predictor (independent) variables
to delineate BTPD range should be modified to eliminate
vegetation variables, and instead use features that will remain
static during the next 100 years (for example, elevation, slope,
soils).

Specifying the target population. The current, historical,
and potential range for BTPDs must be identified for each
State. The union of these areas across States will be considered
the range containing the target population for which BTPD
occupied acres will be estimated. Estimates of occupied acres
will not apply to any land area outside of this range. Once the
target population has been defined, it should not change so as
not to invalidate comparisons of occupied acres over time.

Sampling Frame and Image Analysis

Constructing the sampling frame. Once the BTPD range
has been delineated, the sampling frame for each State is
constructed by acquiring, for example, current NAIP imagery
(appendix 4) for the entire portion of the BTPD range occur-
ring within the State. Each NAIP image (or a merged set of
images of arbitrary but constant size) represents a sample unit,
and collectively these units comprise the sampling frame.
Units overlapping the boundary of the BTPD range should be
clipped to exclude portions of the units lying outside of the
range. Other sources of remotely sensed images can be used if
they contain sufficient detail for observers to identify potential



BTPD colonies (that is, features). Furthermore, we recognize
that technology for remote sensing of the earth’s surface will
change in the future, and hence, the units comprising the
sampling frame may change through time. We believe the
protocols recommended below are robust to such changes. For
simplicity, we hereafter assume that NAIP images will be used
to construct the sampling frame.

Feature identification. For the first year of the monitor-
ing program we recommend that every unit in the State’s
sampling frame (BTPD range) be examined independently by
two skilled interpreters, each of whom will identify and cir-
cumscribe features without reference to any pre-existing data
on the locations of known prairie dog colonies. See Action
Items 1-3 and appendix 5 for more details on the use of aerial
imagery to classify and map features. The purpose of using
multiple independent interpreters is twofold.

First, using multiple interpreters makes it possible to
construct a “capture history” for each feature that is detected,
so that the number of features not detected by any interpreter
can be estimated. Specifically, suppose there are two interpret-
ers. If interpreter A detects a particular feature (denoted by a
‘1”) and interpreter B does not detect that particular feature
(denoted by a ‘0’), then the capture history for that feature
is {1 0}. Likewise, {0 1} denotes a feature not detected by
interpreter A that was detected by interpreter B, and a {1 1}
capture history denotes a feature detected by both interpreters.
In cases where one interpreter merged features that the other
interpreter split, the interpreters will need to reconcile their
differences and mutually agree to either merge or split the
features. These features will have a {1 1} capture history. This
capture-history information, pooled for all features detected by
at least one interpreter, forms a capture-history matrix that can
be used under the Huggins (1991) model in Program MARK
(White and Burnham, 1999; White, 2008) or Package MRA
(Analysis of Mark-Recapture data, Amstrup and others, 2005,
p. 241-245; McDonald, 2010) to estimate the number of fea-
tures not detected by either interpreter. Because the Huggins
(1991) model allows detectability to be modeled as a function
of covariates, it will be possible to use the size, s =area of
features (in acres), and interpreter identification (to account
for detection differences of interpreters) as covariates to model
probability of detection. Estimation under appropriate models
and use of these software packages is not a trivial exercise.
Again, we emphasize the need for consultation with a qualified
statistician to assist with model development and analysis.

The second reason for using multiple independent inter-
preters is to provide a more robust estimate of the size of fea-
tures and to facilitate discussion and standardization of rules
for delineation of boundaries (see Action Items 1-3 above).
However, we anticipate that the measurement error associ-
ated with circumscribing a feature will be small compared to
the variation in sizes of all features detected and that it can be
ignored, assuming that there is no significant positive or nega-
tive bias. Guidelines and tips for identifying, circumscribing,
and preclassifying features on NAIP imagery are provided in
appendix 5.

In the event that the individual detection probability of
features is high (for example, >0.95) during the first year that
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the survey protocol is implemented and the variation among
interpreters in circumscribing features is low, it should be
possible to use only one experienced interpreter to develop the
sampling frame from the new NAIP imagery during subse-
quent years. We envision a scenario in which a GIS layer
containing the locations and outlines of features identified in
the preceding survey, are overlaid onto the NAIP imagery for
the current survey and used as a guide for locating and circum-
scribing expanding, shrinking or new features (that is, poten-
tial new BTPD colonies or BTPD colonies missed the first
time). However, if individual detection probability of features
is low, or in subsequent years new interpreters are used, we
recommend continued use of two independent interpreters. In
subsequent years where two interpreters are used, a capture-
history matrix for new features (only) could be constructed

to estimate the number of new features not detected by any
interpreter.

Feature analysis. Let N denote the number of sampling
units (NAIP images) comprising the sampling frame within a
State, and suppose every sample unit in the frame is viewed
independently by interpreters A and B. Let m denote the total
number of features detected by interpreters A and B (collec-
tively). Denote the estimated probability of detection of the
ith feature by interpreter Aby p, ,i=1,2,3,...,m, where it
is understood that this estimate may depend on the size of the
ith feature, s, (in acres) and other covariates. We assume that
the measured size of the feature is the average of the measured
sizes recorded by interpreters A and B. We also assume that
measurement error for the size of a unit is small compared to
variation of sizes among features and can be ignored. Simi-
larly, denote the estimated probability of detection of the ith
feature by interpreter Bby p,. ,i=1,2,3, ..., m. As noted
above, models for estimating detection probabilities can be
constructed using the Huggins model for analysis of mark-
recapture data (Huggins, 1991).

Assuming independence among interpreters, the esti-
mated probability that the ith feature of size s, will be missed
by both interpreters is p; = (1 - p,;)(1 - p,;), and the estimated
probability it will be detected by at least one interpreter is
7; =1-p, . Given the set of m features detected, an estimate
of the total number of features in the sampling frame of units
(NAIP images), M, is given by the Horvitz-Thompson estima-
tor (Horvitz and Thompson, 1952):

A~
M= = .
2, P ()
The estimated total acres, S , of all features in the sam-

pling frame of units is:
A Si
§=2% )

The estimated number of features missed by both inter-
preters A and B is given by M —m, and the estimated total
N m
acres of features missed is § — Z 5 -

i=1

If only a random sample of # units from the population
of N units is examined, then the sample statistics S, M —m,
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and §— Zsi should be divided by the sampling fraction n/N

to accoutll_t] for the units not surveyed. Variances of statistics
would be estimated by standard, but fairly complex, explicit
formulae from the theory of sampling with unequal probability
without replacement, if the divisors in equations (1) and (2)
were known constants. Estimated variances would be reduced
by the finite sampling fraction (1 - %). More complicated
sample survey designs will require unique and sometimes
complex adjustments. However, in this case, the divisors in (1)
and (2) are themselves estimates from the Huggins model for
analysis of mark-recapture statistics (Huggins, 1991). For this
reason, we recommend use of a computer intensive resampling
procedure known as bootstrapping for estimation of variances,
standard errors, and limits of confidence intervals (Manly,
20006) taking into account the complete estimation process
including air- and ground-survey exercises (see the Estimation
of variances, standard errors, and confidence interval limits
section below).

Survey Sampling Designs for Field Efforts

The estimated total acres of all features in the sampling
frame, S, is a positively biased estimate of occupied acres
due to 2 factors: (1) some features in the sampling frame are
not prairie dog colonies, and (2) colonies may be completely
or partially unoccupied. Hence, our estimate of S must be
adjusted by factors correcting for these biases to first estimate
the proportion of features that are prairie dog colonies and
then to estimate the proportion of the colonies that are occu-
pied. We now describe two alternative sampling designs for
collecting data to correct for these biases. In the first design,
an aerial survey is used to assign each feature to 1 of 3 status
categories: Null (not a prairie dog colony), Unoccupied, or
Occupied. This stratification of all features then provides a
framework for selection of a subsample of colonies for use
in a ground survey to estimate the proportion of the colony
that is occupied. In the second design, only a ground survey
is completed. Both designs will result in estimates of the total
area occupied by BTPD in the State.

Method 1. Aerial Survey then Ground Survey

The primary purpose of the aerial survey is to increase
the cost-efficiency of the subsequent ground survey (see
Action Item 6). None of the features assigned Null status will
be included in the ground survey and therefore we assume
that assignment of features to this category is done without
error. A sample of features to be ground-surveyed is taken
from both the Occupied and Unoccupied categories. These 2
samples are selected independently. We suggest that a much
larger proportion of features be selected from the Occupied
category, because we assume that features assigned to this cat-
egory in the aerial survey will represent the majority of total
occupied acres in the State. However, it is important to select
a reasonable sample from the Unoccupied category as well,
because we do not assume that the aerial survey assignment

to Unoccupied or Occupied status is without error. Thus, our
philosophy is to use the aerial survey to maximize efficiency
of ground surveys by: (1) eliminating features that are not
colonies, and (2) allocating the majority of ground-survey
resources to colonies we believe to be occupied. It is important
to note that the subsequent estimates of occupied acres derived
from the ground survey are not biased by errors in assignment
to occupied or unoccupied status in the aerial survey.

Aerial survey then ground survey—aerial survey design.
The collection of m features identified by interpretation of the
NAIP imagery will constitute a second sampling frame for
aerial and ground surveys. However, some features may be in
“no-fly” zones (for example, on military bases or in cities) and
cannot be aerially surveyed, and for other features it may not
be possible to gain access for ground surveys (for example,
access to features on private land may be denied). Inaccessible
features selected for sampling should be labeled as “missing
data.”

For ease of presentation, much of the following nota-
tion and formulae assume no spatial stratification. However,
we envision that each State may stratify its range of BTPD
spatially, ranging from relatively high density of features to
low density. For example, the BTPD range in South Dakota
might include a “low density” stratum on the east side of the
Missouri River. If spatial stratification is used, the same nota-
tion and formulae can be applied to each stratum in a straight-
forward manner.

To keep the notation simple, assume that an aerial census
of features is completed and all m features that were identi-
fied from NAIP imagery in the office are classified during the
aerial survey into Occupied BTPD colonies (m,), Unoccupied
BTPD colonies (m,)), and features that are not BTPD colonies
(m,,,). Based on the aerial classification, the Horvitz-
Thompson estimate of total acres of features,

m
A S,
— i
S—E—A,

T,

i=1 7%

can be divided into three separate estimates: (1) an estimate of
the total acres of aerially classified Occupied BTPD colonies
(including features missed by both interpreter A and B in the
office) is

N mey S
S = Z0i
¢ ; ;[01' ’
where s,, is the size of the ith occupied feature and 7, is the
estimated probability of detection of the ith occupied feature;
(2) similarly, the total acres of aerially classified Unoccupied
BTPD colonies would be estimated by

and (3) the balance is the estimate of acres of features that are
not BTPD colonies, where 7,, and 7,, are the same probabili-
ties of detection estimated under the Huggins (1991) model
from the photo-interpretation exercise with two independent



interpreters. If only one interpreter is used, 7,, and 7z, are
assumed to equal 1.

An aerial census of all features may not be economically
possible or the precision of a census may not be required for
making desired inferences. We suggest two possible methods
for selecting a sample of features to be aerially surveyed,
although we acknowledge that many other valid sampling
schemes could be used. If the probability of detection of fea-
tures during double sampling of NAIP images is high, particu-
larly for small features, then it may be reasonable to assume a
simple random sample of m, features is unbiased. In this case,
the first and simplest statistically valid protocol would be to
choose a simple random sample offeatures from the sampling
frame of all m features (or those features within a stratum).
However, we would recommend a generalized random tes-
sellation stratified (GRTS) spatially balanced sample of m,
features (Stevens and Olsen, 2003, 2004; McDonald, 2004).
After the m, features are mapped, it may be economically
possible to fly to each and classify them as Occupied, Unoc-
cupied, or Null. All features assigned Null status are assumed
to contain no prairie dogs and are therefore, excluded from
further analysis and surveys. Aerial surveys of features also
will enable determination of the degree of misclassification of
other features as prairie dog colonies during the photo-inter-
pretation process (false positives).

Denote the number classified as occupied by m,, and the
number classified as unoccupied by m,,,. The probability that
a feature will be detected in the office and selected for aerial
survey (then classified as occupied during the aerial survey)
is the product of the probabilities (m, / m) 7,, . An estimate of
the total acres of aerially classified occupied BTPD colonies is

then
G YL N [ﬂ} s
i=1 (ml/m) my |5 7o

where the sum is over the 7, occupied features detected.
Similarly, the estimate of the total acres of aerially classified
unoccupied BTPD colonies is

n m my .
Sy = [—] >
my |31 7Ty

However, we expect that completely random selection or
GRTS sampling of features within a State or within large strata
may be biased because small features are under-represented,
or because it may not be cost-efficient owing to the increased
time and cost incurred by having to fly to individual ran-
dom locations to survey a single feature. Therefore, we next
describe an alternative cluster sampling design that may be
more cost-effective for many States.

Using a cluster sampling framework, a new ‘Sampling
Frame’ of Primary Sampling Units (PSUs) could be defined
as strips or some other group of images of a fixed size that
can be surveyed economically from an airplane. Let O be the

total number of PSUs. For cost-efficiency, PSU sizes should
be large compared to the size of most BTPD colonies, for
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example, size of PSUs might be selected so that the majority
of PSUs are expected to contain at least 10 features. The set of
delineated features within each PSU constitute the secondary
sampling units (SSUs).

The next step is to select a probabilistic sample of PSUs
from the State or from each stratum. Suppose a simple random
or GRTS sample of ‘Q,” PSUs is selected and that all features
(SSUs) within each selected PSU are surveyed aerially. Each
feature (SSU) in each selected PSU is assigned a status as
Occupied, Unoccupied or Null. Note that the entire image area
represented by the PSU is not being surveyed. Only features
previously identified and delineated in the office will be
checked. All SSUs assigned Null status will be excluded from
further analysis and will not be included in the ground survey
sampling frame.

Features bisected by the boundary of a PSU require
special attention. To preserve desired statistical properties of
the estimate of area occupied, we need an objective decision
rule for inclusion of a bisected feature in the sample. Our
suggestion is to assign each feature to the PSU that contains
its centroid. This point can be easily generated during GIS
image analysis, and it unambiguously assigns each feature
to a unique PSU and avoids the potential for size-bias in the
sample.

Denote the number of features classified as occu-
pied by m,, and the number classified as unoccupied by
m, . The probability that a feature will be detected in the
office and selected for aerial survey (then classified as
occupied during the aerial survey) is the product of the
probabilities (@, / Q) z,, . An estimate of the total acres of aeri-
ally classified, occupied BTPD colonies is

N o s Q o s
SO 2 0i 2 Oi .
i=1 (QI/Q)ﬂ.Oz Ql i=1 7[01
where the sum is over the m,, occupied features detected.

Similarly, the estimate of the total acres of aerially classified
unoccupied BTPD colonies is

& _| Q| su
i-|g 3
We suggest sampling a total of 50 PSUs with about 8

SSUs in each PSU in the first year of design. A total of approx-
imately n=50x8=400 features surveyed is expected to yield
estimates of simple proportions with half-width of a 95 percent
confidence interval <(1/Nn)=0.05=5 percent for the propor-
tions of features in the categories (Occupied, Unoccupied,
Null). The rationale for the numbers 50 and 8 is not strong
because the estimates are not simple proportions; however the
authors judge that these sample sizes will produce estimates
within about +5 percent of their true values with 95-percent
confidence. As will be the case with most of the sample-size
recommendations made in this report, it is difficult to rigor-
ously derive sample sizes expected to achieve a statistical
objective (for example, precision) absent prior experience and
estimates of relative costs inherent in the sampling design. Our
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expectation is that data generated from an initial survey will
be used to improve the efficiency of future surveys.

More complicated survey designs will require unique
adjustment factors. Discussion of estimation of variances and
confidence limits is postponed until after adjustment of statis-
tics derived from ground surveys.

Aerial then ground survey—ground survey design. Recall
that the objective of the ground survey is to produce estimates
of the average proportion of area occupied in colonies. An
important issue in the design of the ground survey is whether
to include colonies classified as “Unoccupied” in the aerial
survey. We might reasonably expect that the number of occu-
pied acres estimated from ground surveys of aerially classified
“Unoccupied” BTPD colonies would be negligible compared
to the total estimate of occupied acres, but this assumption
could bring the entire survey into question. Thus we recom-
mend sampling “Unoccupied” colonies but with a reduced
sampling effort.

The set of Occupied and Unoccupied colonies identi-
fied in the aerial survey constitutes the sampling frame for
the ground survey. As discussed above, selection of colonies
for ground survey could be achieved by a simple random
sample within each of the Occupied and Unoccupied strata.
However, we recommend a GRTS spatially balanced sample
(Stevens and Olsen, 2003, 2004) so as to better account for
any large-scale spatial patterns in occupancy. In the event that
a selected colony cannot be accessed, the colony would be
listed as missing data and the next colony on the GRTS list
will be considered the alternative. This includes inaccessible
colonies on military land, tribal land, and other private land.
The GRTS procedure will rank order all features in the State
or stratum. The first features on the GRTS list serve as the
original sample, and the remaining features are alternates in
the order listed.

Alternatively, if a cluster sampling approach is pre-
ferred, a random sample of PSUs is selected, and within each
selected PSU a random sample of SSUs is chosen. Within each
sampled PSU, Occupied colonies should be classified into 2
size classes, such as, relatively large (for example, >10 acres)
and relatively small. Definition of large and small may vary
from State to State, but should be coordinated among States;
however, the idea is that relatively more ground survey effort
will be expended on relatively large colonies. We suggest that
24 of the 50 PSUs sampled in the aerial survey be chosen
randomly. If the State has been stratified geographically, a
minimum of six PSUs should be selected from each stratum.
A GRTS spatially balanced sample (Stevens and Olsen, 2003,
2004) of sample size 2 will be selected from each of the two
size classes and surveyed for estimation of the proportion of
occupied acres. Thus, we are recommending a minimum total
of 96 (=24x2x2) Occupied colonies be selected for ground
surveys. For Unoccupied colonies within a selected PSU, a
GRTS spatially balanced sample of sample size 2 is selected.
Thus, we are recommending a minimum total 48 (=24x2)
Unoccupied colonies be sampled.

These recommended total sample sizes of 96 and 48 also
apply if individual colonies are chosen using the previously
described GRTS spatially balanced selection procedure.

Colonies selected for the ground survey and for which
access cannot be obtained are to be labeled as “missing data”
and the rate of missing data should be reported. This includes
inaccessible colonies on military land, tribal land, and other
private land. In the event that a selected colony cannot be
accessed, the next colony on the GRTS list will be consid-
ered the alternative. The GRTS procedure will rank order all
SSUs in each stratum of the PSU. The first two on the GRTS
list serve as the original sample, the third is the first alternate
if data on one of the first two is missing, the fourth is the
second alternate, and so forth. If colonies labeled as “missing
data” are systematically different than colonies in general (for
example, they are poisoned more or less frequently), then we
would expect some unknown bias to occur in our estimates of
occupied acres.

We anticipate that the results from the initial survey com-
pleted in each State under this protocol will be used to modify
the above recommended sample sizes based upon achieved
and desired precision of the estimates.

Method 2. Ground-Only Survey Design

The ground-only survey design has the advantage that
estimates of occupied area are made for every sampled feature,
and sources of sampling error associated with aerial survey
classification are eliminated. However, the available sampling
frame is based only on the original delineation of features
from the NAIP imagery. Thus, if features are selected by a
simple random sample, or stratified random sample based on
size of features, Occupied, Unoccupied, and Null features
would have equal probabilities of selection, which most likely
would lead to inefficient use of ground survey time. This is a
major disadvantage of the ground-only survey design option,
but we recognize that some States may not wish to do aerial
surveys.

We suggest that all features in the sampling frame
be stratified into large and small categories, as previously
described. The sampling effort is then weighted heavily
toward the larger features, with smaller (but non-zero) weights
assigned to the smaller features. Assume there are m, features
in the “small” stratum and m, units in the “large” stratum. The
estimated total acres of features identified by equation (2),
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is divided into two components, S = 55 + S‘L, where
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However, each of these estimates includes acreage of Null
features and therefore the formulae need to be adjusted for
this positive bias. We assume that the first step in the ground
survey protocol described in the next section will be to do



an assessment of the feature to determine if it is Null (not a
colony). Let p  and p, be the proportion of Null features in the
large and small strata as determined from this rapid assess-

ment. Then the adjusted estimates are
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As with the prior design, our goal is to achieve a repre-
sentative sample of colonies to be surveyed on the ground by
using a probabilistic sampling protocol. The simplest protocol
would again be to select individual colonies completely at
random from the sampling frame. We believe this protocol
would not be cost-efficient and therefore we again suggest an
alternative 2-stage random-selection protocol to increase effi-
ciency. At the first stage we select a sample of PSUs exactly as
described in the previous design. At the second stage, instead
of sampling all SSUs within each selected PSU, we select a
simple random sample from each of the two size-class strata.
We suggest selection of 50 PSUs and 8 SSUs per PSU, with
an overall objective of sampling about 400 features. A total of
400 features is expected to yield estimates of simple propor-
tions with half-width of a 95-percent confidence interval
<(1/Nn)=0.05=5 percent for the proportions of features in the
categories (Occupied, Unoccupied, Null). The rationale for the
numbers 400, 50 and 8 is not strong because the estimates are
not simple proportions; however the authors judge that these
sample sizes will produce estimates within about +5 percent of
their true values with 95-percent confidence. Again, regard-
ing the sample size recommendations made in this report, it is
difficult to rigorously derive sample sizes without an explicitly
stated statistical objective (for example, precision) absent
prior experience and estimates of relative costs inherent in the
sampling design. Our expectation is that data generated from
an initial survey will be used to improve the efficiency, and if
necessary, to modify sample sizes in future surveys.

Ground Survey Sampling Protocol

The purpose of the ground survey is to estimate the
proportion of the colony area, as circumscribed by using NAIP
imagery, that is occupied, or equivalently, the proportion not
occupied (for example, due to plague or poisoning). However,
this is problematic because there does not seem to be any rig-
orous, formal definition of an occupied acre (see Action Item 1
above). Instead, we have a subjective boundary drawn around
a collection of prairie dog burrows that may or may not be
occupied by prairie dogs. Because the acreage of the area con-
tained within the colony boundary is positively biased (with
respect to occupied area) in situations where, for example,
plague or poisoning of prairie dogs has recently occurred, it
is necessary to adjust that acreage downward. But develop-
ment of a formal correction factor requires a rigorous defini-
tion of “occupied”. At one extreme we might decide that the
only area occupied in the colony is that on which a prairie dog
is currently standing, an area of a few square inches. On the
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other extreme, we might define a square mile to be occupied if
at least one live prairie dog is detected within the boundaries.
Or we might conceptualize the amount of occupied acres in a
colony as the sum total of all active home ranges of individu-
als within the colony boundary, then define an average home
range area, and consider a sampled plot of the area as occu-
pied if it contains at least one active burrow. Another method
would exclude empty burrows, any buffers around the margin
of the colony (for example, clip line area), and sum the areas
of certain size buffers around active burrows. Alternatively,
we might define a set of active (that is, containing at least one
living prairie dog) burrows, where no burrow is more than 5
meters from at least one other burrow in the set, as a “home
range’ cluster that we can circumscribe (for example, using
the minimum convex polygon method), and the area contained
within that boundary represents “occupied area.” Then the
occupied area for the colony would be the sum of these cluster
areas.

Development of a definition for occupied acres is not a
statistical problem that can be solved by the panel. Rather,
it is a problem for the users of the results of this monitoring
framework to confront. The users must decide on a defini-
tion that ideally is both biologically meaningful and easily
measurable in the field. Given an unambiguous definition of
occupied acres, the panel, or others, can suggest an estimation
technique.

Despite the absence of a definition for occupied acres,
the panel reasoned that colony boundaries exist for no other
reason than that they contain prairie dog burrows. If there
were no burrows there would be no colony boundary, hence
no occupied acres. Furthermore, we realized each burrow
can exist in one of two states: it is occupied occasionally
by at least one prairie dog or it is not. Thus it is possible, in
principle, to determine the proportion of occupied burrows
contained within the colony boundary. Because a colony with
zero occupied burrows is definitely unoccupied and therefore
has zero occupied acres, and because a colony where every
burrow is occupied is definitely a fully occupied colony
and all of the acreage should be considered as occupied, we
concluded that a reasonable estimate of occupied acres for a
colony is the number of acres in the colony multiplied by the
proportion of burrows that are occupied (we are not attempting
to estimate prairie dog density or abundance). Thus, estimation
of occupied acres collapses to the problem of estimating the
proportion of occupied burrows in the colony.

We propose using strip transects to subsample non-null
features (i.e., the sample units) during ground surveys for
purposes of estimating the proportion of occupied burrows.
We suggest an unambiguous definition of an occupied bur-
row based on presence of fresh scat within 0.5 m of a burrow
opening as defined in appendix 6. We also assume that trained
observers can consistently apply the definition of fresh scat,
that detection of fresh scat (given that it exists within 0.5 m of
a burrow) is approximately 100 percent, and detection prob-
ability of occupied burrows and unoccupied burrows does not
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differ. States may want to evaluate whether these are valid
assumptions (see Action Item 5).

In all cases, a transect should begin and end at the edge
of a colony, and there must be at least two transects. The first
transect should be placed a random distance from and paral-
lel to the major axis of the colony, and the second transect
should be placed a random distance from and parallel to the
minor axis of the colony (imagine an ellipse). Technically,
the strips are primary sampling units and the correct estimate
of sampling variance is variation among strips; however,
the authors judge that development of a stopping rule based
on variation among strips is too tedious to implement in the
field. In its place, we recommend an approximation based on
the assumption that the burrows examined are a reasonable
representation of a simple random sample of burrows. Under
this assumption, 200 burrows would yield an approximate
95-percent confidence interval on the proportion of occupied
burrows with half-width <1/¥200=7 percent. Precision for a
stratum is expected to be better than +7 percent when data are
pooled across surveyed colonies. Additional transects, parallel
to and at random distances (these should be spatially bal-
anced random distances) from either axis, should be added if
the total number of burrows classified (that is, the denomina-
tor in the formula for R below) on both transects is less than
200. Once a total of 200 burrows have been encountered, no
additional transects need be added, though the two mandatory
transects mentioned above still must be completed. If there are
fewer than 200 burrows in a colony, then every burrow should
be examined to determine the proportion of occupied burrows.
We recommend specifying transect beginning and ending
points (that is, their GPS coordinates) in the office, prior to
going into the field where subtle biases might be inadvertently
introduced. Features should be visited between 1 June-30
September.

Each BTPD burrow encountered in the surveyed strip
transect will be classified as Occupied or Unoccupied follow-
ing the protocol outlined in appendix 6. The area searched will
be the length times the width of the strip transect(s), hence
density of occupied and density of unoccupied burrows can
be computed for each sampled feature. In addition, States
may elect to record UTM coordinates of encountered BTPD
burrows, in which case, spatial arrangement of burrows within
features can be mapped and studied. However, these metrics
do not easily transform into estimates of “occupied acres”
as discussed above. We recommended that the metric used
to standardize estimates of occupied acres across States and
strata within States be defined by the product of the estimated
proportion of occupied burrows and the estimated size of the
occupied colonies. For a given stratum, denote the estimated
proportion of occupied burrows by

TO
T,+T,
where T, and T}, are the total observed number of occupied and

unoccupied BTPD burrows, respectively, in all colonies in the
ground survey in the stratum. From the above, the total acres

R:

of colonies in the stratum are estimated by §. We recommend
the estimator for “occupied acres” of BTPD, O, in the stratum
be the product 0, = R x §. We recommend that standard
errors of estimates and confidence intervals be obtained by
bootstrapping the data, because there are no explicit formulas
for computation (see the “Estimation of variances, standard
errors, and confidence interval limits ™ section below).

For example, if the total acres of aerially classified
occupied colonies in the northeast corner of Kansas was esti-
mated to be 10,000, and the proportion of occupied burrows
in ground surveyed aerially classified occupied colonies in
northeast Kansas is 0.6=60 percent, then the estimated number
of occupied acres of BTPD in aerially classified occupied fea-
tures of northeast Kansas is 6,000 acres. For ease of presenta-
tion, subscripts have been dropped from some of these formu-
lae. If features within a spatial stratum have been substratified
into further strata, for example, large and small features or
occupied and unoccupied features, then estimates of occupied
acres within the spatial stratum, for example, the northeast
corner of Kansas, will be totaled to obtain the estimated total
number of occupied acres for the spatial stratum.

We recognize the need to compare and sum the estimates
of occupied acres of BTPD across States. Beginning in 2009,
the NAIP program committed to a 3-year cycle of acquisi-
tion so that all States would be guaranteed regular coverage
conducive to planning and budget. The NAIP images will
likely not be available at the same time for all States, in which
case it may be necessary to add estimated acres from three
consecutive years; for example, the survey in Kansas may be
done in 2012, the survey in Nebraska may be done in 2013,
and the survey in Arizona may be done in 2014. Regardless
of the obvious objections, we see no alternative to adding
the estimates for occupied acres for future reports involving
several States.

Estimation of Occupied Acres in Large BTPD
Complexes

The third objective in the MSCP prescribes, “maintain at
least the current BTPD occupied acreage in the two complexes
greater than 5,000 acres that now occur on and adjacent to
Conata Basis-Buffalo Gap national Grassland, South Dakota
and Thunder Basin National Grassland, Wyoming.” For these
2 large complexes, we recommend circumscribing any fea-
tures that might be associated with these complexes by using
the most recent NAIP imagery available and by using the crite-
ria developed under Action Item 3 (see also appendix 5). Next,
the perimeters of the complexes formed by these features must
be established. This is accomplished by connecting the outer
boundaries of colonies that are separated by <7 km (7 km rule)
as described in detail in appendix 5. Once the boundaries of a
complex have been established, the set of features contained
within the complex boundaries constitute a sampling frame
that is then subject to the BTPD sampling methods described
above. Briefly recapping, a sample of features (or perhaps all



of the features if there are not too many) are randomly selected
and then sampled using Method 1 (aerial survey followed by a
ground survey) or Method 2 (ground-only survey design). As
already described, features selected for sampling are first clas-
sified as Null, Occupied, or Unoccupied, and then a sample of
these are subject to the ground survey sampling protocol used
to estimate the ratio (R) of occupied burrows to all burrows.
Formulae presented earlier in this document are then applied
to estimate occupied acres within the complex, and this can be
used to determine if occupied acres on the 5,000+ acre com-
plexes are being maintained.

The fourth objective in the MSCP prescribes, “Develop
and maintain a minimum of nine additional complexes greater
than 5,000 acres (with each State managing or contributing
to at least one complex greater than 5,000 acres) by 2011.”
The fifth objective prescribes, “Maintain at least 10% of total
occupied acreage in colonies or complexes greater than 1,000
acres by 2011.” For the nine additional 5,000+ acre complexes
described in Objective 4 and the 1,000+ acre complexes
described in Objective 5, we recommend that potential 5,000+
or 1,000+ acre complexes previously known or newly identi-
fied from examination of NAIP imagery be handled similarly
to the 5,000+ acre complexes described in the previous para-
graph (for Objective 3). As noted above, features (potential
colonies) that might be associated with the complexes will
be circumscribed and then the complex boundaries will be
established by using the 7 km rule (see appendix 5). Whereas
Objectives 4 and 5 do not explicitly state that the 5,000+ or
1,000+ acres in these complexes must all be “occupied acres”,
if we assume for the moment this was the intent then it is
necessary to proceed as described for Objective 3 above: draw
a random sample of features from the complex, survey the
features using Method 1 or Method 2, then follow up with the
ground-survey sampling protocol to estimate R. Apply the for-
mulae presented earlier in this document to estimate occupied
acres.

Under Objective 5, in order to estimate if 10 percent of
the total occupied acreage in colonies or complexes greater
than 1,000 acres is reached and/or maintained, the first step
would be to sum occupied acres estimated for the 1,000+ and
5,000+ acreage complexes, as described in the previous two
paragraphs. The second step would be to compute the total
occupied acres for 1,000+ acre features already (incidentally)
sampled by the States—because they were randomly selected
for sampling to determine total occupied acres for their
State—and add this total number of occupied acres to the sum
obtained for the complexes (call this sum s). Finally, divide
this new sum s by the estimated total occupied acres across
the entire BTPD range (that is, across all States). If this value
is greater than or equal to 0.1, then Objective 5 has been met
and no additional sampling will be needed. However, if this
proportion is < 0.1 then additional sampling of features greater
than 1,000 acres is necessary. To accomplish this, identify
the set of all features (not complexes) > 1,000 acres in size
and remove from this set all features that have already been
sampled. The set of features that remains forms a sampling
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frame that can be handled as described above: draw a random
sample of features from the complex, survey the features using
Method 1 or Method 2, follow up with the ground survey sam-
pling protocol to estimate R, then apply formulae to estimate
occupied acres. Add the estimated occupied acres to the sum

s for complexes and 1,000+ acre features already sampled,
then divide this new sum by the estimated total occupied acres
across the entire BTPD range (i.e., across all States). If this
value is greater than or equal to 0.1, then Objective 5 has been
met.

Estimation of the Proportion of Counties in the
Historic Range that Contain BTPD

The sixth MSCP objective is to “maintain distribution
over at least 75% of the counties in the historic range or at
least 75% of the historic geographic distribution.” The panel
believes this objective needs to be better articulated and made
more explicit before an appropriate sampling design can be
recommended, and therefore we have listed it as an action
item earlier in the report (see Action Item 8 above). Under this
action item three tasks must be completed.

The first task is to make explicit what is meant by “main-
tain distribution.” For example, if we pick a particular county
known to be in the historic range then we can suppose that,
historically, it contained at least one prairie dog, and perhaps
many prairie dogs organized into one colony, many colonies,
or even a mix of colonies and complexes. So, what do we
mean when we ask the question “has the distribution been
maintained in this county”? Do we mean that, presently, there
is at least 1 prairie dog in the county, at least one colony in the
county, at least one complex in the county, or that the number
of occupied acres in the county is greater than or equal to the
“historic”” number of occupied acres in the county? The panel
cannot recommend a sampling design to assess whether the
distribution has been maintained until we know what exactly
is meant by maintaining the distribution.

The second task is to list the counties that are considered
to be in the historic range. In particular, it is important to know
whether areas covered by these counties are a proper subset of
the BTPD range specified under the guidelines we provided
earlier in this document. Additionally, it will be important to
know if there exists one or more counties included in the cur-
rent BTPD range that are counties not considered part of the
historic range.

The third task is to explicate what is meant by “at least
75% of the historic geographic distribution.” As presented,
there are multiple ways to interpret this. For example, is the
historic geographic distribution some contiguous area con-
taining a fixed number of acres? If so, then all we need to do
is estimate occupied acres for this fixed area and see if it is
greater than 75 percent of the area. Alternatively, is the historic
geographic distribution some known set of historic colonies
for which the area is known? If so, then all we need to do is
estimate the area of overlap between the historic colonies and
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the present day colonies and determine if the overlap is at least
75 percent. Another possible meaning for historic geographic
distribution might be some fixed set of colonies that can
be enumerated. So, for example, there may be 137 historic
colonies, so all we have to do is determine how many of those
historic colonies contain at least one prairie dog and calculate
whether 75 percent of the historic colonies contain at least one
prairie dog.

Clearly an appropriate sampling design cannot be devel-
oped for this objective until all of these tasks are completed.

Estimation of Variances, Standard Errors, and
Confidence Interval Limits

Computing the estimated variance (standard errors) of
occupied acres is complicated by the fact that models are used
for estimation of detection probabilities in equations (1) and
(2). Alternative survey designs exist for aerial and ground
surveys. Unknown biases may be introduced with missing data
and limited access to some air and ground space. For these
reasons, it will be difficult or impossible to derive explicit
formulae for the standard errors of final estimates of occupied
acres of BTPD colonies (Buckland and others, 2009).

We recommend that following the first survey in a
State, estimates of standard errors and confidence intervals
be obtained by bootstrapping the sample data based on the
survey design used and the associated statistical methods as
closely as possible, recognizing some potential for bias due to
lack of access to all potential habitat. Bootstrapping involves
resampling of all data sets (with simple random sampling and
replacement) and reanalysis, including fitting of intermediate
models, at each step to adequately represent total variation in
the final statistics (Manly, 2006). We note that GRTS spatially
balanced samples and systematic samples are expected to have
less sampling variance than simple random samples (Stevens
and Olsen, 2003, 2004; Manly, 2009). This implies that if data
are collected by systematic sampling or GRTS spatially bal-
anced sampling from a study area (State, County, stratum, and
so on), then bootstrapped statistics using simple random sam-
pling with replacement are expected to exhibit conservative
(too large) estimates of variance of the original statistics. That
is, confidence intervals obtained by bootstrapping systematic
or GRTS samples are expected to be a little wider than the
nominal confidence interval, but are still useful for assessing
sampling variation.

Idealized steps in the bootstrapping process are outlined
in the following paragraphs and will likely require the partici-
pation of a statistician to complete because field and analysis
methods may be slightly different in States or in strata within
States.

Step 1. The panel has recommended a complete census
of all images in the office for identification of features that
may contain BTPD. Let m denote the total number of features
detected by interpreters A and B (collectively). Select a simple
random sample without replacement of size m, that is, a

bootstrap sample of size m. Refit the Huggins model to obtain
bootstrap estimates of

7,=1-p,and S = 22 (equation 2).

i1 7

If a random sample of # units (images) from the population of
N units (images) is examined, then a bootstrap sample of the n
units would be obtained to yield a bootstrap sample of features
detected and bootstrap estimates of

m

7;=1-p, and 3':22
i=1 77

i

Step 2. The panel suggested several alternative
approaches to adjust

A

§=3 3

i=1 7%

N

using either aerial surveys followed by ground surveys or
ground only surveys using equal probability sampling at each
step (simple random samples, systematic samples, GRTS
samples, simple random samples within strata, and so forth).
Resample the data sets with replacement and repeat the
same estimation and adjustment methods to obtain bootstrap
estimates of whatever statistics were originally obtained. For
example, obtain bootstrap estimates of acreages of aerially
classified Occupied and Unoccupied BTPD colonies S, and
S, , if the protocol for aerial surveys followed by ground
surveys was used.

Step 3. Resample with replacement the burrows exam-
ined by the ground-survey sampling protocol to obtain a boot-
strap estimate of the estimated proportion of occupied burrows

T,

R= ,
T,+T,

for each stratum or subset under consideration.

Step 4. Obtain the bootstrap estimate of occupied acres,
0,.,., = Rx S, for each stratum or subset under consideration.
Sum the estimates over all strata or subsets to obtain the boot-
strap estimate of total occupied acres.

Step 5. Repeat steps 1 through 4 a large number of times,
for example, 1,000 times, to obtain 1,000 or more boot-
strapped estimates of total occupied acres.

Step 6. Compute, for example, the standard deviation of
the 1,000 bootstrapped estimates to obtain an estimate of the
standard error of the total occupied acres. Report, for example,
the 2.5th and 97.5th percentiles to obtain an approximate
95-percent confidence interval on the total occupied acres.

If double sampling of units (NAIP images) with indepen-
dent interpreters in the office is judged not to be necessary in
the second or future surveys, then it may be possible to esti-
mate standard errors and confidence intervals by using explicit
formulae from classical finite-sampling theory and eliminate
the need for bootstrapping of variances and confidence limits.



Assessing the Effects of Lag Time

We acknowledge the issue of the potential bias in esti-
mates because of a lag time between the date of the NAIP pho-
tography and the date of the ground survey. Based on current
estimates of NAIP turnaround time and previous experience
of States that have used NAIP imagery in their current survey
protocols, we assume the lag between the two would be one
year. A drastic decrease in the status of a colony due to poison-
ing or disease could occur during this year-long interval. How-
ever, this phenomenon does not result in positive bias because
the estimates pertain to the number of occupied acres on the
date of the ground survey, not the date of NAIP photography.
Alternatively, negative bias in the estimates could result from
the development of new colonies after the NAIP photography
date because these colonies would not be included in the sam-
pling frame for the ground surveys and the expansion factors
applied to the surveyed sites would be too small. However, we
suggest that the contribution of occupied acres from these new
colonies (<1 year old) would represent a relatively negligible
contribution to the overall total estimate.

White-tailed Prairie Dog and Gunnison Prairie
Dog Survey Methodology

Parameters of Interest

Because of the difficulty of detecting and circumscribing
WTPD and GUPD colonies in some States (for example, due
to vegetation and indefinite boundaries), we recommend the
parameter of interest for WTPDs and GUPDs be the propor-
tion of occupied units throughout their range (MacKenzie and
others, 2006; Andelt and others, 2009) rather than the number
of occupied acres. The statistical theory and application for
estimation of the proportion of occupied units in a target popu-
lation has been well-developed and described by MacKenzie
and others (2006), and we refer analysts to this publication for
details. Our proposed methodology generally is equivalent to
the approach used by Andelt and others (2009) in Colorado.
We note that occupancy models also enable estimation of the
probability an unoccupied unit will become occupied (colo-
nization) and the probability an occupied unit will become
unoccupied (extinction). The critical feature of these models
is the estimation of detection probability, often as a function
of measurable covariates. Detection probability is defined
as the probability that a prairie dog is detected on a single
survey visit to a sampling unit, given at least one prairie dog
is present on the unit. Estimation of this nuisance parameter
is made possible by a sampling design that requires multiple
independent surveys of each sampled colony. We note that
although it may seem logical to multiply the estimated propor-
tion of occupied units in the range by the number of acres in
the range to estimate total occupied acres, this calculation is
inappropriate because the area of each occupied unit is not
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necessarily completely occupied. Thus, under the methodol-
ogy we describe, a defensible estimate of total occupied acres
is not possible.

For purposes of discussion, we hereafter assume that:
(1) the WTPD and GUPD “range” in the United States can be
represented by a mutually agreed upon (that is, among States
and other stakeholders), static (that is, unchanging through
time), spatially explicit area of land; and (2) the definition of
an occupied sampling unit is rigorously and unambiguously
described (for example, visual detection of at least one living
prairie dog within the boundaries of the unit).

Target Population

The primary parameter of interest in the monitoring
program is the proportion of occupied units throughout WTPD
or GUPD range. We define the target population to be the geo-
graphic area that encompasses the complete range of WTPDs
or GUPDs. This geographic area, hereafter referred to as just
“range”, includes all areas lying within the current, historical,
and potential geographic range of WTPDs or GUPDs in the
United States.

With respect to current range, we believe it is important
to include all land on which WTPDs or GUPDs are currently
known to reside because the status of the land must be taken
into account in the event of a petition for listing or reviewing
current candidate listings. Categorically excluding certain land
areas may result in a biased estimate of occupancy (positive
or negative) and will unnecessarily subject the monitoring
effort to valid criticism. The implication of including all arcas
where WTPDs or GUPDs currently reside is that metropolitan,
Tribal, military and other Federal land, and other arbitrarily
excluded land must be considered part of the range containing
the target population subject to sampling by State personnel.

With respect to historical range, we presuppose that if
records exist documenting the presence of WTPDs or GUPDs
in an area prior to widespread extermination or conversion of
habitat to other uses, then there is a possibility that the area
can be recolonized in the event extermination is halted or habi-
tat is restored to the area. Consequently, such areas should be
included in the target population.

Finally, with respect to the potential range of WTPDs
or GUPDs, we recommend each State predict the expanded
area that could be occupied, under favorable conditions, using
a 100-year time horizon. Consideration should be given to
potential changes in the landscape due to factors such as fire
or clearing of vegetation. One implication here is that States
using models that contain current vegetation conditions as pre-
dictor (independent) variables to delineate WTPD or GUPD
range should modify their models in favor of models using
variables that will remain static during the next 100 years (for
example, elevation, slope, soils).

Each State must identify the current, historical, and
potential range for WTPDs and GUPDs. The union of these
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areas will be considered the entire species range. Estimates
of occupancy will not apply to any land area outside of this
range. We assume that each State will independently estimate
the proportion of occupied units within its boundaries. An
estimate of occupancy for the entire range can be obtained by
calculating a weighted average of State estimates, where the
weights are the relative sizes of ranges within each State.

Sampling Frame and Sampling Design

Constructing the sampling frame. The sampling frame is
constructed by placing a grid of 500 by 500 meter units over
the range delineated for WTPDs or GUPDs and assigning a
unique identifier to each unit. For the sake of consistency and
size of units, we recommend that the entire unit be included
in the range if the boundary of the unit intersects the original
range map.

Sampling Design. If the units comprising the frame are
not stratified in any manner, then a simple random sample, or
preferably a spatially balanced random sample (for example,
see Theobald et al. 2007) can be drawn. A stratified random
sample also could be drawn, perhaps using a spatially bal-
anced random sample within strata. Thereafter, for early detec-
tion of trend in occupancy rates, we recommend revisiting
these same units during each future survey effort. However,
we recommend: (1) minimizing the number of strata to keep
sample-size requirements reasonable, (2) stratifying by using
criteria that can be determined a priori (no poststratification),
and (3) ensuring units are unambiguously and permanently
assigned to strata.

MacKenzie and others (2006) provide extensive rec-
ommendations for determination of sample size, which in
this case involves both the number of units sampled and the
number of surveys per unit. Sample sizes will depend on the
desired statistical objective and assumed values for detection
probability and probability of occupancy. As an example, sup-
pose that our statistical objective is a 5 percent standard error
for the estimate of proportion of occupied units. Based on
results in Andelt and others (2009), we assume a probability of
detection of 0.7 and an expected proportion occupied of 0.25.
These values result in a recommendation of ~100 sampled
units and 2 surveys per unit. We encourage all States contained
in the range of each species to discuss establishment of a
statistical objective for the monitoring program, for example,
a desired precision of the occupancy proportion estimate, or a
desired power to detect a specified change in occupancy rates
over some time horizon (Andelt and others, 2009). This objec-
tive can then be used to refine required sample sizes for the
number of sampled units to be monitored.

Sampling Plan, Data Collection, and Parameter
Estimation

All surveys of the units selected for sampling to deter-
mine occupancy status should be completed during the

following periods: WTPD, 1 March-15 July; GUPD, 15
Apr-15 Aug. A unit is considered occupied only if at least one
living prairie dog is sighted by an observer within the bound-
aries of the unit; otherwise, the unit should be considered
unoccupied. In most cases this will entail ground surveys by
independent observers, with visits spaced far enough apart

in time to minimize the effects of unusual weather, but close
enough in time to ensure the closure assumption of the under-
lying model is met. A good source describing specific survey
methods is Andelt and others (2009). An alternative monitor-
ing design could involve using two independent aerial surveys
of sampled units.

With two independent observations, a two occasion
capture history of Os (denoting unoccupied) and 1s (denoting
occupied) can be constructed and analyzed using the method-
ology of MacKenzie and others (2006). Standard operating
procedures for field surveys should maintain constant prob-
ability of detection of an occupied unit, to the extent possible,
for example, by requiring that surveys only be conducted
during certain daylight hours, weather conditions and with
experienced observers. Covariates (weather, observer experi-
ence, and so on) can, however, be used to model detectability
or occupancy, and these should be collected for every unit
surveyed and every observer surveying the unit.

Utah Prairie Dog Survey Methodology

Parameter of Interest

We agree that the “Utah prairie dog occupancy and
habitat survey protocol for Federal section 7 consultations”
(U.S. Fish and Wildlife Service, 2010) is adequate for Federal
Section 7 Consultations. However, we do not believe that the
protocol is adequate to monitor UTPDs over a 100-year time
horizon. The dispersion of UTPDs on the landscape seems
similar to dispersion of other members of the white-tailed
subgenus. Colonies with sufficient density and size to be
outlined on maps are interspersed with scattered colonies at
lower densities. We recommend the parameter of interest for
long-term monitoring of UTPD be the proportion of occupied
units throughout their range (MacKenzie and others, 2006;
Andelt and others, 2009) by using the same methodology
recommended for survey of WTPDs and GUPDs. Under our
proposed methodology, it also would be possible to estimate
the probability that an unoccupied unit will become occupied
(colonization) and an occupied unit would become unoc-
cupied (extinction). For purposes of discussion, we hereafter
assume that: (1) UTPD “range” can be represented by a mutu-
ally agreed upon, static (that is, unchanging through time),
spatially explicit area of land; and (2) what constitutes an
occupied sampling unit can be rigorously and unambiguously
defined (that is, visual detection of at least one UTPD within
the boundaries of the unit).



Target Population

The primary parameter of interest in this monitoring
program is the proportion of occupied units throughout the
UTPD range. We define the target population to be the geo-
graphic area that encompasses all occupied units of UTPDs.
The geographic area, hereafter referred to as “range”, includes
all areas lying within the current, historical, and potential
geographic range of UTPDs in the United States.

With respect to current range, we believe it is important
to include all land on which UTPDs are currently known to
reside, (that is, metropolitan, Indian, military and other Federal
land). With respect to historical range, we presuppose that if
records exist documenting the presence of UTPDs in an area
prior to widespread extermination or conversion of habitat to
other uses, then there is a possibility the area can be recolo-
nized in the event extermination is halted or habitat is restored
to the area. Consequently, such areas should be included as
part of the range containing the target population subject to
sampling.

Finally, we recommend that the potential range of UTPDs
be estimated including land where the species might some-
day occur, under favorable conditions, by using a 100-year
time horizon. Here consideration should be given to potential
changes in the landscape due to factors such as, fire, change in
land use, or clearing of vegetation. One implication here is that
States that use models containing current vegetation condi-
tions as predictor (independent) variables to delineate UTPD
range should modify their models in favor of models using
variables that will remain static during the next 100 years (for
example, elevation, slope, soils). The union of the current,
historical, and potential range will be considered the range
containing the target population for which UTPD occupancy
will be estimated. Estimates of occupancy will not apply to
any land area outside of this range.

Sampling Frame and Sampling Design

Constructing the sampling frame. The sampling frame is
constructed by placing a grid of 500 by 500 meter units over
the range delineated for UTPDs and assigning a unique identi-
fier to each unit. For the sake of consistency and size of units,
we recommend that the entire unit be included in the range if
the boundary of the unit intersects the original range map.

Sampling Design. If the units comprising the frame are
not stratified in any manner, then a simple random sample, or
preferably a spatially balanced random sample (for example,
see Theobald and others, 2007), can be drawn. A strati-
fied random sample also could be drawn, perhaps using a
spatially balanced random sample within strata. Thereafter,
for early detection of trend in occupancy rates, we recom-
mend revisiting these same units during each future survey
effort. However, we recommend: (1) minimizing the number
of strata to keep sample size requirements reasonable, (2)
stratifying by using criteria that can be determined a priori (no
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poststratification), and (3) ensuring units are unambiguously
and permanently assigned to strata.

All surveys of the units selected for sampling to deter-
mine occupancy status should be completed during 15 Apr-15
Aug. For recommendations regarding sample sizes, refer to
the discussion in the White-tailed Prairie Dog and Gunnison’s
Prairie Dog Survey Methodology section.

We encourage Utah to discuss establishment of a statisti-
cal objective for the monitoring program.

Sampling Plan, Data Collection, and Parameter
Estimation

Refer to recommendations in the White-tailed Prairie
Dog and Gunnison’s Prairie Dog Survey Methodology section.

Concluding Remarks

In this report, we provide recommendations for a sam-
pling and statistical framework that can be used to monitor
progress towards meeting the goals and objectives for BTPDs
and the range-wide status of the other three species (WTPDs,
GUPDs, and UTPDs) found in the United States. In develop-
ing our recommendations, we recognized the difficulty of
monitoring each species of prairie dog over large geographic
areas, in highly variable habitat, and for three of the species, in
multiple states. We also recognized that although our recom-
mendations provide a framework for monitoring the status of
each prairie dog species, there will continue to be a need for
more intensive research and monitoring programs to provide
more in-depth biological information to address the individual
conservation and management needs of each prairie dog
species.

With respect to BTPDs, we believe that our recommen-
dations provide a workable framework allowing the param-
eter of interest, occupied acres, to be estimated in a rigorous
and consistent manner, and allowing the comparison of data
across years within States and among States. This approach
allows for flexibility in the approach taken, is consistent
with what we believe is the historical view of an ‘occupied
acre’, and also allows use of remote sensing and aerial survey
methods in States with large expanses of ground to cover, or
with a high proportion of private land where access issues
make strict ground-survey methods difficult. Overall, the six
MSCP Objectives for the BTPD did not lend themselves to
one simple, clean, elegant sampling design. Whereas MSCP
Objectives 1 and 2 are well handled by the proposed design,
achieving MSCP Objectives 3-5 may require additional effort
and sampling. Likewise, the inherent ambiguity of MSCP
Objective 6 did not allow us to address this objective in the
proposed sampling framework at this time. Refinement of
this objective, along the lines described in Action Item 8, will
be required before this objective can be retrofitted into the
proposed framework. More generally, we believe much work
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remains to be done by the States to agree collectively upon
certain definitions and protocols as suggested in the list of
action items we have provided. We believe these issues must
be resolved in order to move forward with successful imple-
mentation of the monitoring framework proposed.

With respect to WTPDs and GUPDs, the objectives
emphasize documenting presence or absence with the pur-
pose of detecting changes. Perhaps the thinking regarding
conservation of these species has not yet evolved to the point
of considering focal complexes of colonies exceeding 1,000
or 5,000 acres and/or conservation of communities of prairie
dogs and their associates (aside from those complexes that
have received reintroductions of black-footed ferrets). Given
this simplicity and lack of guidance from a multistate conser-
vation plan similar to that for the BTPD, our recommendation
to use the numbers of occupied 500 by 500 meter units as the
parameters of interest for WTPDs and GUPDs rather than
the numbers of ‘occupied acres’ was a fairly easy decision.
This approach has been used successfully for GUPDs across
the range and is well described in the literature. Given the
objectives, we believe this approach is adequate for long-term
monitoring of each species when measured over their full
potential ranges.

Regarding the GUPD specifically, the panel cautions the
States that the short-term trigger [40 percent (95 percent CI)
range-wide occupancy decline between subsequent surveys]
identified in the GUPD Conservation Plan (Western Associa-
tion of Fish and Wildlife Agencies, 2007) might fail to identify
a slowly declining trend (<40 percent) in occupancy, to the
point that the species could be monitored to a critically low
level without “triggering” an action. The proposed develop-
ment of the long-term trigger in the next year or two should
include a threshold that is based on some fixed percentage
(with a set level of precision for the estimate) from a base-
line value in order to prevent a decline that fails to trigger an
action.

The UTPD is unique from the other species because of
its present status as threatened under the ESA. Because of
this, monitoring seemingly has been much more intensive
for UTPDs than for the other two member of the subgenus
(WTPD and GUPD), but the panel was not comfortable
that the methods used would provide statistically defen-
sible assessments of status. Because some of the problems
of monitoring UTPDs are similar to those encountered with
monitoring WTPDs and GUPDs (for example, low densities
of prairie dogs in shrub-steppe habitats), the panel concluded
that the methods based on occupancy models and described
for WTPDs and GUPDs would work equally well for UTPDs.
Nevertheless, objectives that will be listed in the upcom-
ing revision of the recovery plan may require the addition of
other types of monitoring that can assess densities of UTPDs
and doubtless will require other conservation measures (see
appendix 3).

Finally, the panel puts forth one additional remark. The
proposed sampling framework, for all species, embodies the
core elements necessary to launch a successful, statistically

sound monitoring program. However, in many places specific
details on implementation have been left out because certain
facets of this program have never been tried before, or have
alternative methods for implementation; therefore, we do not
currently know the best implementation. Consequently, it is
incumbent upon the States to mutually develop and agree upon
standard operating procedures for implementing the program
and to share successes and failures so improvements can be
made during subsequent iterations of the survey. Flexibility,
creativity, ingenuity, and communication among the States
will be crucial for success.
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Appendix 2. Homework Questions

10.

What parameters are you trying to estimate?
What is your target population?

What is your sample unit and how is it defined?
How did you construct your sampling frame?
What was your sampling design?

What methods were used to account imperfect detect-
ability (i.e., estimate detection probability)?

What analytical methodology or models are being
used to turn data into parameter estimates (and their
error estimates)?

Given you agree that data from multiple sources
(for example, States) should be aggregated to assess
prairie dog status rangewide, what do you think the
target population should be and what parameters do
you think should be estimated for that target popula-
tion?

How do the monitoring objectives you presented,
specifically the parameters you are estimating and the
target population you are estimating these parameters
for (that is, questions 1 and 2 above), fit in to the
overarching objective (that is, the “target popula-
tion”) you specified in the last question (question 8)?

What were the costs to conduct your survey
methodology?

Appendix 2. Homework Questions
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Appendix 3. The Need for Prairie Dog
Conservation Activities on Focal Areas

Although beyond the charge to the panel and not part
of the panel’s recommendations for this workshop, we think
the use of conservation focal areas as discussed in the MSCP
would be beneficial if extended to all four species of prai-
rie dogs in the United States. Management and monitoring
options on conservation focal areas should address questions
of ecological functioning that will allow more refined goals to
be set for future conservation efforts.

Important functions of prairie dogs as a keystone (Kotliar,
2000) and foundation (Soulé and others, 2003) species are
linked to their densities and abundance (Kotliar and others,
2006). We acknowledge the economic constraints to obtain-
ing reliable density estimates for prairie dogs across multiple
States but feel that it is essential to emphasize the link between
many ecosystem functions of prairie dogs and population attri-
butes, such as density and stability. Threats to those popula-
tion attributes are not always closely tied to threats that might
reduce colony coverage or distribution of prairie dogs.

Ecosystem functions of prairie dogs include their roles
as prey, ecosystem engineers, and modifiers of the vegetative
community. Dependency on prairie dogs as prey is epitomized
by the endangered black-footed ferret (Mustela nigripes).
Relatively high prairie dog densities likely are required for
reproduction by ferrets (Biggins and others, 1993). Similarly,
ferruginous hawk (Buteo regalis) nesting success plummeted
with declines of prairie dog and lagomorph populations in
western Colorado (Stalmaster, 1988). The role of prairie dogs
as ecosystem engineers is defined mostly by their construction
of deep and complex burrow systems that provide habitat for
associated species, such as burrowing owls (Athene cuni-
cilaria) and result in soil mixing. Prairie dogs also alter the
vegetative cover on their colonies, with a variety of conse-
quences (Whicker and Detling, 1988), and their importance
in maintaining grasslands and reducing shrub encroachment
likely has been understated (Weltzin and others,1997). In order
to maintain these functions and others within at least part of
the historic ranges of prairie dogs, the concept of focal areas
for prairie dog conservation was developed. For the BTPD,
these areas were defined as complexes or potential complexes
(clusters of colonies separated by <7 km) having >1000 acres
occupied by prairie dogs, with each State having at least 1
complex with >5,000 occupied acres (Luce, 2003). Proctor
and others (2006) suggest 4,000 ha (9,884 ac) as being a more
effective minimum considering requirements of black-footed
ferrets. At present, there is not an explicit goal for prairie dog
density on focal areas, although a minimum density of 10 prai-
rie dogs per acre (25 per hectare) is implied by the definition
of “colony” for black-tailed prairie dogs (Luce, 2003). Most
focal areas at present emphasize black-footed ferret manage-
ment, but the potential for ferret reintroduction should not be
regarded as the only justification for maintaining large blocks
of habitat with high densities of prairie dogs. Although ferrets

serve as a flagship species driving prairie dog conservation in
many areas, we believe that other values and keystone func-
tions of prairie dogs (for example, creating nesting areas for
burrowing owls, and so on) provide sufficient justification for
establishment of focal areas at sites that might not be condu-
cive (biologically or socially) to reintroduction of ferrets.

A century ago, we might have been able to assume that
maintaining a broad distribution of prairie dogs with some
relatively large focal areas also would assure that many of the
ecological functions of prairie dogs would be concomitant.
The validity of that assumption became questionable after
introduction of plague (caused by the bacterium Yersinia
pestis) to North America. Although plague alone might not
presently be threatening any prairie dog species with imminent
extinction, the disease is modifying the ecological function of
prairie dogs (Seglund, 2005a, b). Some threats of plague are
mentioned in the conservation strategy for the BTPD (Luce,
2003), the conservation assessment for the WTPD (Seglund
and others, 2005a), the conservation assessment for the GUPD
(Seglund and others, 2005b), and the recovery plan for the
UTPD (United States Fish and Wildlife Service, 1991). More
recent information highlights additional threats that were not
mentioned in those documents.

Within prairie dog systems, plague can have dramatic and
easily noticeable effects by causing epizootics that result in
massive dieoffs of prairie dogs. These epizootic cycles result
in population oscillations that were unlikely to have been
historically characteristic of prairie dogs (Biggins and Kosoy,
2001). Although Hoogland (1995) characterized the apparently
plague-free Wind Cave National Park population of BTPDs
he studied as having significant annual variation, that varia-
tion was minor when compared to variation in the population
at the Rocky Mountain Arsenal, a site with recurrent epizoot-
ics of plague. Using Hoogland’s (1995) 14 years of data for
Wind Cave, the coefficient of variation (CV) for the popula-
tion was 13 percent compared to a CV of 96 percent for 14
years of colony coverage data at the Rocky Mountain Arsenal.
Although the CV does not adequately describe the temporally
autocorrelated data of these population cycles, it serves as an
index to the relative variability of these two populations. Epi-
demiological theory links disease transmission rates to density
of host organisms. If transmission rates for plague follow a
typically density-dependent pattern (Barnes, 1993), epizootics
become increasingly likely as prairie dog populations increase.
However, large populations of prairie dogs are those that best
support reproduction of species such as black-footed ferrets
and ferruginous hawks. Thus, the population peaks of prey that
might once have created the boom years for these species may
now be subdued due to plague, and the presumably depressed
mean population levels could be commonly lower than the
thresholds necessary to support reproduction by these species.

Plague also can produce substantial effects without
causing catastrophic population collapses. Two recent stud-
ies suggest that plague is having large impacts on BTPDs,
WTPDs, GUPDs, and black-footed ferrets, even when it does
not erupt into epizootic form. During a 5-year prairie dog



Appendix 3. The Need for Prairie Dog Conservation Activities on Focal Areas 3

study in Utah and Montana, plague was managed by reduc-
ing flea vectors on some plots but not others. Survival of
adult prairie dogs was 31-45 percent higher on plots with flea
control compared to nonmanaged plots (Biggins and others,
2010). At a study site in Montana, ferret survival was assessed
under a design with 4 treatments involving colonies with and
without flea control and ferrets that were vaccinated or not
vaccinated for plague. Flea control or the experimental plague
vaccine improved annual ferret survival by >200 percent,

and there was a significant interaction suggesting nonaddi-
tive effects of the two treatments (Matchett and others, 2010).
Unlike the flea control treatment which could induce effects
by controlling ectoparasites and other vector-borne diseases,
the vaccine was specific for plague. Thus, the ferret experi-
ment precludes explanations other than plague, and the 5-year
experiment with prairie dogs demonstrated how widespread
the phenomenon might be. During those studies, plague was
rarely detected using common diagnostic tests on hundreds

of potential rodent hosts and thousands of their fleas at those
study sites, illustrating that low detection rates or even lack of
detection do not imply low risk to wildlife populations. Ferret
populations at the Montana study site have not been self-sus-
taining without plague-management intervention. Further, the
prairie dog study suggested that these chronic mortality rates
in prairie dogs likely hamper prairie dog population growth
rates (although low survival was not always associated with
population decline) and suggested that other demographic
parameters were altered (Biggins and others, 2010). The two
studies collectively imply that effects of enzootic plague can
be amplified at higher trophic levels. Ferrets and prairie dogs
probably are similarly susceptible to the disease (90+ percent
mortality compared to ~50 percent mortality in untreated
human cases), but vulnerability of ferrets could be increased
because of their longer movements and exposure through
infected carrion (Godbey and others, 2006).

WTPDs are notably vulnerable to chronic effects of enzo-
otic plague. Evidence of plague was found during 10 of the 11
years in which surveys were done at the Meeteetse, Wyoming
complex of WTPDs during 1985-2008. The estimated prai-
rie dog population declined during 1988-1993, recovered
somewhat between 1997 and 2008 (United States Geological
Survey, unpublished data), but did not reach the level recorded
during 1985. Similarly, WTPDs had low survival rates associ-
ated with intermittent detection of plague during a 5-year
study in eastern Utah (Biggins and others, 2010). There seems
to be no reliable baseline data on population densities for any
of the white-tail subgenus (WTPD, GUPD, UTPD) prior to
the invasion of plague into their habitats [much of the inva-
sion likely occurred during the 1930s and 1940s (Fitzgerald,
1993)].

Populations of GUPDs and UTPDs appear to have been
locally extirpated owing to plague, and the disease has been
recognized as a threat sufficient to warrant listing of GUPDs at
high elevations (United States Department of Interior, 2008).
The white-tailed subgenus is often characterized as having
patchy distributions of populations at low densities, but we

cannot assess whether this phenomenon was historically nor-
mal, or a result of decades of chronic plague. Our perceptions
of normalcy for these prairie dogs might be another example
of the shifting baseline syndrome associated with the general
amnesia of passing human generations (Papworth and others,
2008). On the other hand, it is possible that dispersed low-
density populations of these species were always common and
widespread, and that plague is only a minor perturbation of
that theme.

Thus, especially for the white-tailed subgenus, lack of
historical baseline data prevents a realistic assessment of the
impact plague has had on ecological functioning of prairie dog
communities and likewise hinders establishment of realistic
conservation goals. Now, the only way to gain insight into his-
torical relationships will be to remove plague from complexes
of prairie dogs at relatively large scales of space (1000s of
acres) and time (10s of years), and monitor their populations,
populations of associated species, and other community attri-
butes. Setting up such a large-scale plan to produce interpre-
table results should involve plague-managed complexes and
paired “control” complexes where plague is not manipulated,
accompanied by relatively intensive monitoring, and should
involve replication over at least several sites. Although this
project has elements of experimental research, we believe the
scales of space and time, financial commitments, and opera-
tional management implications suggest a cooperative venture
involving conservation organizations, land-management agen-
cies, wildlife-management agencies, and established research
institutions. We offer suggestions below for the establishment
of such a project if the State and Federal agencies judge that it
is justified, feasible and if funding can be secured.

For BTPD communities within the present range of
plague, the suite of questions regarding ecological function
is similar to those discussed above. Cully and others, (2010),
for example, noted that plague regulates BTPD populations
and distribution on the landscape. Because there are com-
plexes of BTPD colonies in areas where plague has not been
documented, there is an opportunity to compare some of the
functions of apparently plague-free populations with those
impacted by plague. That opportunity is compromised by
confounding factors, however. Plague-free populations are in
the easterly portion of the BTPD range and plague-affected
populations are in the westerly portion of the range; climate
and elevation differ, and these factors likely affect population
densities. Coupled with these varying influences are differ-
ences in agricultural development that have led to different
levels of fragmentation, and consequently, to differing wildlife
communities. Thus, gaining an improved understanding of
ecological function for western BTPDs might again be attain-
able only with broad-scale manipulations of plague. Alterna-
tively, a recent invasion of plague into BTPD complexes in
South Dakota allows something of a longitudinal case study
on effects of plague. Large datasets were collected on the
expansive BTPD complex of Conata Basin/Badlands National
Park (~26,000 acres) prior to the invasion of plague in 2008.
Management of plague and continued data collection provide
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a unique opportunity to gain insight into the effects of plague
on ecological function for eastern BTPDs.

General recommendations:

1.

In WTPD and GUPD conservation strategies,
include conservation focal areas conceptually
similar to those described in the BTPD conservation
strategy. Assure that there is a representative mix of
high and middle elevation GUPD complexes as focal
areas in Arizona, Colorado, New Mexico, and Utah.

Add a conservation focal-area component to the
UTPD recovery plan, or perhaps add three of these
so there will be one suitable focal area in each of
the West Desert, Paunsaugunt, and Awapa Recovery
Areas.

Within the range of plague, manage plague on
complexes that are conservation focal areas and
randomly pair these with similar complexes that that
have no plague management to serve as control sites.
There should be at least one pair of these focal areas
per State per species. Again, the plague-managed
focal areas should be regarded at this point primarily
as a tool to gain a better understanding of histori-
cal functioning of prairie dog communities without
plague. The numbers of sites recommended estab-
lishes a minimum level if management and monitor-
ing strategies are the same among States so that data
results can be cooperatively exchanged, analyzed,
and reported. Under this plan, there would be 4 pairs
of sites for GUPDs, 3 pairs of sites of WTPDs, and
3 pairs of sites for UTPDs. If plague management
and monitoring are well-coordinated among States,
these 10 pairs of sites might be assessed collectively
for subgenus-level attributes. This plan would call
for 4-10 plague managed focal areas for BTPDs,
depending on choices by States with BTPD ranges
bisected by the current range of plague.

Monitor prairie dog densities on these focal areas
and their controls. Monitor associated species of
high interest (especially predators of prairie dogs).
We hesitate to recommend specific monitoring
protocols here, but for prairie dogs, methods could
include monitoring burrow densities (Biggins

and others, 1993) as a coarse index to densities of
prairie dogs (extensive coverage with relatively low
expense) coupled with subsampling of plots using
visual counts (Menkens and others, 1990), capture-
mark-recapture techniques (Fagerstone and Biggins,
1986), or capture-mark-reobserve techniques (Facka
and others, 2008).
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5. East of the range of plague, institute at least a low
level of prairie dog density monitoring on focal areas
for BTPDs, and do serological monitoring of carni-
vores to check systematically for presence of plague.
If plague is detected, institute plague management
and higher levels of monitoring suggested above.

6.  After each 5-year period, collectively evaluate the
data from plague-managed and nonmanaged focal
areas, and establish future management and monitor-
ing levels. Consider ongoing developments regard-
ing tools for plague management.

7. Because of the learning objectives associated with
managed conservation focal areas, prairie dog
shooting should not be allowed in these areas, and
livestock grazing should be carefully managed.

As implied in the BTPD conservation strategy (Luce,
2003, p.18), it seems futile to further pursue the concepts of
reserve design and long-term viability for any prairie dog spe-
cies until there is a better understanding of prairie dog systems
where plague is managed. Thus, these recommendations
emphasize gaining that understanding and setting a founda-
tion for future goals. This is a long-term process; quick results
should not be expected. Some responses might be subtle and
confounded by interactions of other responses. For example, if
population growth rates for prairie dogs tend to be improved
by plague management, there could be functional and numeri-
cal responses by predators that dampen those rates. Hence,
there is a need for a systems approach to monitoring.

Ultimately, plague management could involve prophylac-
tic treatments (vaccine or vector control) or plague monitor-
ing and a response plan when epizootic plague is imminent.
Learning more about causes of plague cycles and effects of
enzootic levels of plague, and about causes for epizootic erup-
tions of the disease, will help determine which management
scenarios are most pragmatic. We propose prophylactic treat-
ment as the best option for learning about the collective effects
of both chronic and epizootic plague.
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Appendix 4. National Agriculture
Imagery Program Overview

The USDA’s Farm Service Agency (FSA) directs the
National Agriculture Imagery Program (commonly known by
the acronym NAIP) to provide ‘leaf-on’ digital ortho photo-
graphic imagery during the growing season to governmental
agencies, affiliates, and the public within a year of acquisition
and often much less. Direct administration of the program
is through the Aerial Photography Field Office in Salt Lake
City, Utah. NAIP imagery products have several strengths: (1)
wide availability, (2) broad coverage, (3) sufficient resolution,
(4) ease of acquisition, (5) past imagery for pilot projects and
comparisons, (6) cost (typically free of charge), and (7) likely
future availability of multiband data (red, green, blue, and near
infrared).

NAIP imagery is digital and of high resolution (a 1-m
ground sample distance) and has a horizontal accuracy of <6
m. Current imagery is provided in natural color consisting
of 3 bands (red, green, blue), but near infrared also is being
made available. Contractual obligations require that cloud
cover must be <10 percent and imagery is inspected for visual
quality and horizontal accuracy by using known points under
the direction of the Aerial Photography Field Office. Imagery
products from NAIP typically are available free of charge and
are easily downloaded or requested on CD for shipment by
mail (links provided below). Beginning in 2009, the program
committed to a 3-year cycle of acquisition so that all States
will be guaranteed regular coverage on a regular cycle condu-
cive to planning and budgeting.

NAIP imagery is produced in two formats: (1) digital
ortho quarter quad tiles (DOQQs), and (2) compressed county
mosaics (CCM). Each individual image tile within the mosaic
covers a 3.75 x 3.75 minute quarter quadrangle plus a 300 m
buffer on all sides. DOQQs are geotiffs, and the area corre-
sponds to the USGS topographic quadrangles. These DOQQs
are made available within a year after completion of an entire
project area that usually consists of an entire State. CCMs are
generated by compressing digital ortho quarter quadrangle
image tiles into a single mosaic. The mosaic may cover all or
portions of an individual final product and become available
in the much shorter time frame of 30-60 days through free
download. All individual tile images and the resulting mosaic
are rectified in the UTM coordinate system, NAD 83, and cast
into a single predetermined UTM zone. CCMs with four bands
were compressed into a .jp2 format and are delivered with a
“seamline” shapefile delineating detailed image-swath compo-
sition of each image.

Access to imagery is facilitated by online nodes for
download. CCMs are available for free download through the
USDA Geospatial Data Gateway, http://datagateway.nrcs.usda.
gov/. DOQQs will be mailed to government cooperators after
prior arrangement.

The following additional information is available online:

General products, http.//www.fsa.usda.gov/FSA/apfoapp?
area=home&subject=prog&topic=nai

Past coverage (scroll over the State abbreviation on this
interactive map), http://www.fsa.usda.gov/Internet/FSA_File/
naip_coverage03-09.pdf

Introductory powerpoint presentation, Attp.//www.fsa.
usda.gov/Internet/FSA_File/about apfo imagery srvcs.
ppt#286,1,FSA?s%20G1S%20Activities %2 0at%20the%620%20
Aerial%20Photography%20Field%200ffice%20(APFO)
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Appendix 5. Use of Aerial Imagery to
Map Features (Potential Prairie Dog
Colonies)

Aerial photography has been used for locating and mapping
BTPD colonies for many years (summarized by Biggins

and others, 2006). The availability of National Agriculture
Imagery Program (NAIP) digital photos in natural color (and
sometimes color infrared) with 1-2 meter resolution, facili-
tates a pragmatic method for acquiring data on distribution of
prairie dogs over large areas. Photos also have the advantage
of providing a permanent record of features existing at a point
in time. Images should be archived to allow the flexibility

of reinterpretation if criteria and technologies change. The
primary problems involved in creating maps of prairie dog
colonies from aerial photographs fall into three categories
(Biggins and others, 2006). First, the process of distinguishing
prairie dog colonies from other features can be problematic.
Second, defining perimeters of colonies is inexact. Third,
photos provide little information on presence of live prairie
dogs. Because of these problems, we recommended the use of
double observers to account for features that were not detected
followed by aerial and ground surveys of identified features to
derive an estimate of occupied acres. We are unable to present
arigid set of criteria that will remove subjectivity from the
process of identifying prairie dog colonies on aerial photo-
graphs, but present ideas that might improve photo-interpreta-
tion consistency. Careful consideration of sources of variation
at this preliminary stage can result in greater efficiency of the
subsequent aerial- and ground-survey stages.

Prairie dog colonies often are identified on aerial photographs
by presence of two attributes used alone or in combina-

tion. Although individual burrow entrances are visible only

on photographs of the highest resolution (not on standard
NAIP images), mounds of soil created by BTPDs when they
excavate burrows usually are sufficiently large to register on
NAIP images. The other attribute of prairie dog colonies that
often is distinctive is the “clip zone” of very short vegetation
on colonies compared to surrounding areas. Searches on the
ground at times reveal mounds and non-mounded burrows not
visible on aerial photos because the burrows are in tall vegeta-
tion beyond the clip zone (Biggins and others, 2006). Thus,
use of mounds alone to circumscribe prairie dog colonies on
aerial photos may result in interpretation of a colony area that
is smaller than the area derived from ground survey-based
mapping using mounds. Circumscribing the clip zone on the
photo often will produce an intermediate area of coverage. The
preferred method might depend in part on how one chooses to
define a prairie dog colony (for example, the area encompass-
ing all prairie dog use or just the highly used areas) and in part
on how one chooses to assess the degree of use by prairie dogs
(the area of highly modified vegetation, or the area populated
by well-defined burrow systems). For our purposes, precision

would benefit from standardizing the definition and method of
assessment.

We might be tempted to standardize on defining a colony

as the area of high use by prairie dogs that is delineated by
connecting the outermost mounds visible on an aerial photo
(Biggins and others, 2006). However, mounds are variably
distinguishable within and among photos. At times, their color
and contrast match that of the surrounding soil and vegeta-
tion. Distinguishing clip zones is arguably more variable than
distinguishing mounds because vegetation likely varies even
more than soil in color and tonal contrast. Vegetation varies by
species, growth conditions, and grazing.

In summary, anything that affects photographic color contrast
and tonal contrast of mounds and vegetation on and off a
colony can affect our ability to distinguish mounds and clip
zones. The following list is not exhaustive but exemplifies the
variables:

1. Plant species composition (mound versus non-mound on
colony and colony versus non-colony).

2. Grazing pressure by livestock and other ungulates (height
of vegetation).

3. Surface soil color and tone (mound contrast with vegeta-
tion, bare ground).

4. Subsurface soil color and tone (mounds can contrast with
surface soil if they consist of differently colored subsur-
face soil).

5. Vegetation color and tone (on and off colony, mound soil
versus vegetation off mound.

6. Prairie dog population density/activity (grazing affects
vegetation height and composition, percentage bare
ground).

7. Age of colony (bare ground, vegetation composition).

8. Precipitation (color and tone of soil changes after recent
rainfall).

9. Season (plant phenology).

10. Weather patterns (for example, patterns of low versus
high precipitation, resulting in variable vegetation).

11. Light quality at time of photo exposure.

12. Light angle at time of photo exposure (low angle produces
high shadow contrast and sense of relief; high angle gives
flat light).

Features that resemble clip zones and prairie dog mounds
can cause additional confusion. Unfortunately, some of these
phenomena can be arranged in ways that closely resemble the



Appendix 5. Use of Aerial Imagery to Map Features (Potential Prairie Dog Colonies) 35

photographic signatures of prairie dog colonies. These include
rocks, patches of alkali soil, and ant hills that can be clustered
like prairie dog mounds. Vegetative ecotones resulting from
patchy ungulate grazing and transitions among plant species
can mimic the clip zones of prairie dog colonies. For these rea-
sons, a combination of clip zone and burrow mounds is a more
reliable indicator of prairie dog colonies than either one alone.

Despite the variation caused by a multitude of interacting
factors, the fact that prairie dog colonies have been repeatedly
mapped from aerial photos and confirmed with data collected
on the ground illustrates that the situation is not hopeless.

It would be presumptive of us to attempt to dictate criteria,
but practitioners would be ill-advised to ignore the potential
problems. To reduce variation, we suggest that photointerpret-
ers attempt to standardize criteria that work most of the time
for most of the observers and allow truthing data to correct
for error that remains. Cumulative evidence suggests that the
errors can be both small and estimable.

After features are outlined on the NAIP imagery and ground
surveys are completed, complexes of colonies can be cir-
cumscribed to meet Objectives 3-5 of the MSCP. Perimeters
of such complexes are established by connecting the outer
boundaries of colonies that are separated by <7 km (that is, the
7 km rule). The procedure is as follows (adapted from Biggins
and others, 1993).

1. Start at the northernmost point of the northernmost
colony.

2. Pivot a line segment representing 7 km clockwise from
grid north until it touches a point on a colony. The line
between the first point and the second point begins to
define the perimeter of the complex.

3. Ifa7-km line segment cannot be pivoted to another
colony or portion of the same colony without bisecting the
colony perimeter, move clockwise around that colony’s
perimeter until Step 2 can be accomplished. A convex
perimeter of a colony can thus become a segment of the
boundary of the complex.

4. Continue to apply Steps 2-3 until the polygon becomes
closed.

5. Complexes can be reduced in size by selecting perimeter
colonies separated by <7 km (but the 7-km criterion can-
not be exceeded). For example, reduction in size might
be warranted if a complex would extend into areas where
management of the conservation area is not possible or if
the complex would be bisected by a barrier that precludes
movements of prairie dogs.
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Appendix 6. Ground Survey Procedure
for Identifying Activity of Colonies

Abundance of burrows often has been used as an index to the
abundance of their inhabitants, but we caution that previous
studies of this relationship have produced variable results. A
significant positive correlation between densities of occupied
burrows and prairie dogs was estimated for WTPDs (Big-
gins and others, 1993) and BTPDs (Biggins and others, 1993,
Johnson and Collinge, 2004, Chipault, 2010) although others
have failed to detect such a relationship (Powell and others,
1994, Severson and Plumb, 1998). Although it is intuitive that
a positive correlation exists because prairie dogs are notably
burrowing mammals and occupied prairie dog burrows cannot
exist without prairie dogs (recently present, at least), we do
not suggest that statistically valid inferences regarding popula-
tion abundance can be extrapolated from our survey methods.
Our primary purpose for assessing prairie dog burrows will

be to estimate the proportion of a sampled colony on which
prairie dogs recently were present. Because catastrophic losses
of prairie dogs due to poisoning or plague can happen quickly
(weeks or even days), and scat can appear relatively fresh

for somewhat longer periods of time, the term recent implies
occupancy within the past couple of months.

We propose use of strip transects to sample densities of bur-
row openings (occupied and unoccupied) on colonies selected
for ground truthing. Before completing these activities, it will
be necessary to determine the colonies to be sampled (see
discussion elsewhere in this document) and secure permission
to access private lands. Sampling of BTPD burrows usu-

ally has been done during 1 June-30 September, after young
prairie dogs are above ground. Although weather patterns can
affect results, sampling should not be inordinately sensitive to
minor variations in prairie dog activity due to weather during
this spring-summer period. However, long spells of extreme
drought and periods of extreme thunderstorm activity should
be avoided. The former might cause reduced activity in prairie
dogs and flooding during the latter can destroy or re-distribute
scat.

The following points are adapted from transect procedures
described by Biggins and others (1993):

1. A prairie dog burrow opening is defined as an opening of
diameter > 7 cm with a tunnel extending beyond view.
Large, badger-reamed burrows are included because
prairie dogs often continue to use these burrows after the
badger departs.

2. Aburrow is classified as occupied if it has fresh scat
within 0.5 m of the opening. Fresh scat is defined as drop-
pings that are not dried hard and bleached white but are
greenish black or dark brown.

3. Strip transects are 6 meters in width, with length to be
determined (see earlier section). The width is maintained
by an operator (on foot or on an ATV) carrying a piece of
tubing (for example, PVC or electrical conduit) that is 6
meters long.

4. Operator should record the coordinates of begin and end
points of each transect, and each burrow opening is coded
as occupied or unoccupied. Some States may elect to
record a way point for each burrow encountered.

5. If coordinates of all burrow openings are to be recorded
(as noted above), operator should carry a GPS receiver
capable of saving way points and at least one associ-
ated data code (occupied or unoccupied). Otherwise, the
starting and ending points of transects can simply be read
from simple GPS receivers and recorded on paper forms
with total counts of occupied and unoccupied burrows.

6. Operator determines course direction and picks a corre-
sponding landmark far ahead (something on the horizon
or at least several kilometers away). Concentration is
maintained on the navigation landmark rather than on bur-
row openings in the vicinity of the observer or immedi-
ately ahead. Peripheral vision is used to determine when
to stop and examine a burrow opening for inclusion (that
is, when more than half the burrow opening is inside the
end of the bar). The long, narrow plots have a great deal
of edge, so extreme care must be used to avoid biasing the
decision regarding inclusion of burrow openings. Avoid
letting any burrow opening influence direction of travel,
and lay the bar on the ground (if hand-carrying the bar)
before looking carefully at any burrow near the edge,
making the determination after the bar is stationary. This
procedure sounds onerous and time consuming, but close
calls will not be common, and a rapid pace usually is
easy to maintain. Routinely, 10-15 km of transects can be
completed per person per day.

The above steps describe collection of quantitative informa-
tion. Also collect qualitative notes on observations of digging,
plugged burrows, burrows with spider webs, prairie dogs

seen (dead or alive), clipped vegetation, evidence of poison-
ing (flagging, bait remnants, soil shoveled into burrows), and
mounds with crusted soil. Collect any dead prairie dogs that
are intact if evidence of shooting or poisoning is lacking (send
these for plague testing; see collection procedure in BTPD
conservation strategy).



Publishing support provided by:
Denver Publishing Service Center

For more information concerning this publication, contact:
Center Director, USGS Fort Collins Science Center

2150 Centre Ave., Bldg. C

Fort Collins, CO 80526-8118

(970) 226-9398

Or visit the Fort Collins Science Center Web site at:
http.//www.fort.usgs.gov/


http://www.fort.usgs.gov/




GUNNISON’S PRAIRIE DOG RANGE-WIDE OCCUPANCY
2010 BASELINE SURVEY REPORT
WAFWA GRASSLAND INITIATIVE STATUS REPORT

Summarized by Amy Seglund
Colorado Parks and Wildlife

Western Association of Fish and Wildlife Agencies
March 30, 2012



RECOMMENDED CITATION

Seglund, A. 2012. Gunnison’s Prairie Dog Range-wide Occupancy 2010 Baseline Survey Report
WAFWA Grassland Initiative Status Report. Western Association of Fish and Wildlife
Agencies. Laramie, Wyoming. Unpublished Report. 15 pp.



GUNNISON’S PRAIRIE DOG RANGE-WIDE OCCUPANCY 2010 BASELINE SURVEY
REPORT WAFWA GRASSLAND INITIATIVE STATUS REPORT

SUMMARRIZED BY
AMY SEGLUND, COLORADO PARKS AND WILDLIFE

The Gunnison’s prairie dog (C. gunnisoni; GUPD) is one of five species of prairie dogs endemic
to North America. Its range includes Arizona, Colorado, New Mexico, and Utah. Concern about
the status of GUPD populations was brought to the attention of the US Fish and Wildlife Service
(USFWS) in 2004 with a petition to list the species under the Endangered Species Act (ESA).
The main threat to the species is plague, a non-native disease that arrived in North America in
the early 1900s. A 12-month finding issued by the USFWS in response to the petition
determined that listing GUPD populations occupying “montane” habitat in Colorado and north-
central New Mexico was warranted but precluded under the ESA. The “montane” GUPD
populations were added to the Candidate Species list and given a listing priority of 3 (listing
priorities are from 1-12, with 1 being the highest priority, based on the magnitude of threats, the
immediacy of the threats, and the taxonomic uniqueness of the species).

In recognizing the need for GUPD management, the state agencies within in the range of this
species agreed to coordinate efforts and to form a GUPD Working Group. In 2007, the GUPD
Working Group working under the auspices of the Western Association of Fish and Wildlife
Agencies (WAFWA) completed a Gunnison’s Prairie Dog Conservation Plan. This plan
required the development and use of an objective, repeatable estimation technique to monitor
long-term trends of GUPDs range-wide since previous mapping techniques used to evaluate
populations were found to be unreliable. Mapping is inherently difficult to use with GUPDs
because colony boundaries are difficult to discern with distribution and activity levels extremely
variable across habitats. In addition, individual burrow activity is rarely assessed, resulting in
both active and inactive areas included in estimates of occupied habitat. The consequence of
mapping both active and inactive areas and subjectively defining colony boundaries results in an
inaccurate estimation of occupied acreage and therefore mapping was not recommended for
future monitoring or assessment of the species.

In realizing the limitations of mapping, the Colorado Division of Wildlife (now Colorado Parks
and Wildlife; CPW) and Colorado State University (CSU) embarked on an effort to develop a
technique to monitor GUPD populations. The first technique examined was aerial surveys that
incorporated the line intercept methodology. This type of survey had been developed and
successfully used for estimating occupied acreage and changes in acreages for black-tailed
prairie dogs (C. ludovicianus). After the initial pilot study, it was determined that the line
intercept methodology significantly overestimated the lengths of GUPD colonies compared to
lengths measured on the ground. In addition, the proportions of lengths of prairie dog colonies
detected by aerial crews were only weakly correlated and crews did not consistently report
finding prairie dogs in the same areas along transects. Due to the lack of agreement between
aerial and ground crews, the line intercept methodology was abandoned as a viable technique to
monitor GUPD populations.
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After abandonment of the line intercept methodology, CPW and CSU researchers investigated
the use of Occupancy Modeling (MacKenzie et al. 2002). Unlike acreage estimates, measures
of statistical precision and confidence intervals could be calculated for occupancy estimates.
CPW conducted a pilot study on the technique and began implementing occupancy surveys to
assess the status of the species and monitor distributional changes. Since 2005, three
complete surveys have been conducted in Colorado (Andelt et al. 2006, Andelt and Lukacs
2007, and Seglund and Lukacs 2010). Trends in occupancy for the GUPD in Colorado appear
to be stable. From 2005-2007 the annual rate of change (L) was equal to 1.055 (SD = 0.114),
and from 2007-2010 A = 1.014 (SD = 0.076).

Occupancy surveys have shown that they can be a tool for establishing baseline distribution
for GUPD and for monitoring changes in occupancy through time. This information can be
used to assess the range-wide status of the species (Andelt et al. 2009). All states within the
range of this species agreed to implement an occupancy approach to monitor range-wide
GUPD population trends. This report describes the first year of range-wide occupancy
Surveys.

Methods

Occupancy was estimated by sampling 0.25 km? (0.5 km per side) plots. Plots were randomly
selected within cach state boundary in areas designated as suitable GUPD habitat. Suitable
habitat did not mean that the habitat was occupied, rather it was defined as suitable or potentially
suitable based on variables designated by a statc as necessary for prairie dog occupation. States
did not define their sampling frame using the same criteria or methodology to evaluate range-
wide occupancy. In addition, stratification was structured differently within each state. Below
are individual descriptions of sampling frames and how they were developed within each
individual state.

Arizona

Arizona’s sampling frame consisted of all potential habitat that existed in the state based on
elevation (1200-4000m), slope (0-10%), and vegetation types (Table 1). No GIS soil layers were
available for Arizona at the time the surveys were developed. Arizona used a stratified random
sample which was broken down into 3 strata; Region 1, 2, and 3 (Figure 1). The sampling frame
developed was overlaid with 500 x 500 m? plots in ArcInfo using NAD27 in Zone 12 projection.
A total of 84,658 plots were established from which a random sample of 180 plots, evenly
divided among the 3 strata, were surveyed (Figure 1). Random plots were selected in cluster
pairs; each plot had an adjoining plot within 1 km of it. Plots were clustered to reduce the time it
took to visit sites and to reduce travel costs.
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Table 1. Vegetation Types included in the Arizona sampling frame for occupancy surveys.

Inter-Mountain Basins Big Sagebrush Shrubland

Great Basin Xeric Mixed Sagebrush Shrubland

Colorado Plateau Mixed Low Sagebrush Shrubland

Inter-Mountain Basins Mixed Salt Desert Scrub

Inter-Mountain Basins Montane Sagebrush Steppe

Southern Rocky Mountain Juniper Woodland and Savanna

Inter-Mountain Basins Juniper Savanna

Apacherian-Chihuahuan Piedmont Semi-Desert Grassland and Steppe

Inter-Mountain Basins Big Sagebrush Steppe

Inter-Mountain Basins Semi-Desert Shrub Steppe

Southern Rocky Mountain Montane-Subalpine Grassland

Inter-Mountain Basins Semi-Desert Grassland

Southern Colorado Plateau Sand Shrubland

Developed, Open Space - Low Intensity

Developed, Medium - High Intensity

Barren Lands, Non-specific

Invasive Perennial Grassland

Invasive Perennial Forbland

Invasive Annual and Biennial Forbland

Recently Chained Pinyon-Juniper Areas
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Figure 1. Sampling frame developed in Arizona for range-wide Gunnison’s prairie dog occupancy
surveys. One hundred and eighty plots were randomly selected for sampling. Sixty plots were located
within each of 3 strata.
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Colorado

A sampling frame for Colorado was established from range maps in Armstrong (1972) and Fitzgerald
et al. (1994) and was expanded by including areas in north-central Archuleta County, north-west El
Paso County, and extreme north-east San Miguel County where colonies of GUPD were reported or
where they were believed to possibly occur (Colorado Division of Wildlife 2002). Delta County, the
northeastern portion of Montrose County, and the northern half of Ouray County were eliminated
from the sampling frame because prairie dogs in these areas are white-tailed prairie dogs (Cynomys
leucurus; WTPD). Seven strata (Figure 2) were developed based upon the overall ranges (Armstrong
1972, Fitzgerald et al. 1994) and the putative existence of the zuniensis (Ute Mountain Ute Indian
Reservation, Southern Ute Indian Reservation, and remaining areas [South-West]), and the gunnisoni
subspecies (Gunnison Valley, San Luis Valley, South Park, and South-East), and geography of
Colorado. The Continental divide and other mountain ridges usually separated strata.

Longhurst (1944) reported that GUPD in Colorado are probably limited to 3048 m in elevation
however, in areas with warm air currents they may be found at slightly higher elevations. Pizzimenti
and Hoffman (1973) and Fitzgerald et al. (1994) reported that GUPD range in elevation from 1830 to
3660 m across their range. Several professionals (J. Ferguson, Bureau of Land Management; M.
Threlkeld, Colorado Department of Agriculture; J. A. Capodice, Bureau of Land Management
[retired]; and J. F. Cully, Kansas State University; personal communications), familiar with GUPD in
Colorado, indicated that they generally are not found above 3048 m elevation. GUPD have been
described as inhabiting grasslands (Travis and Slobodchikoff 1993, Travis et al. 1997, Bangert and
Slobodchikoff 2000, Perla and Slobodchikoff 2002), grasslands and shrub-grasslands (Cully 1997),
grasslands to montane meadows (Findley et al. 1975), mountain grasslands (Lechleitner et al. 1962),
valley floors to higher meadows (Longhurst 1944), and alpine meadows (Perla and Slobodchikoff
2002). The above articles and the expertise of 3 professionals (J. Ferguson, Bureau of Land
Management; J. A. Capodice, Bureau of Land Management [retired]; and A. E. Seglund, Utah
Division of Wildlife Resources; personal communications), familiar with GUPD, was used to further
refine vegetation cover types contained in the Basin Wide Geographic Information System as
potentially occupied or unoccupied by GUPD in Colorado. In addition, since GUPD are generally
not found on slopes >15% (Fitzgerald and Lechleitner 1974; Lorance et al. 2002 [cited by Seglund et
al. 2005]; Yazzie and Sanders 2003 [cited by Seglund et al. 2005]; J. Ferguson, Bureau of Land
Management; M. Threlkeld, Colorado Department of Agriculture; J. A. Capodice, Bureau of Land
Management [retired]; and J. F. Cully, Kansas State University; personal communications) a slope
layer was added to better depict the suitable habitat. The overall range of GUPD in Colorado (Figure
2) was overlaid with 500 x 500 m”> plots and the Basin Wide vegetation cover types in Arclnfo
(ESRI, Redlands, California) using the NAD27 datum and the Zone 13 projection. Plots were
eliminated if all areas within plots were above 3048 m elevation (30 m digital elevation model), were
on slopes <15%, or were in vegetation types where GUPD are not known to occur.

Three hundred and eighty-one plots were randomly selected from within 7 strata where occurrence of
GUPD likely varied. The number of plots in each stratum were optimized (Table 2) based upon a
priori estimates of the probability of GUPD occurrence within plots using the methods described in
Thompson et al. (1998). Permission to visit plots on the Ute Mountain Ute Indian Reservation early
in the sampling process was denied. Thus, this stratum was dropped from the survey, and the
original sample size was reduced to 361 plots.
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Figure 2. Strata and sampling frame used for occupancy sampling of Gunnison's prairie dogs in Colorado.

Table 2. A priori estimates of probability of occurrence of GUPD in plots, number of plots available for
sampling, optimal allocation of the sampling effort, and actual numbers of plots sampled for each of 7

strata in Colorado during 2005.

Estimated Optimal

Probability Plots Allocation Plots

of Available of Plots to Sampled
Strata (h) occurrence (Un) Sample (uy)
Gunnison Valley 0.03 14,178 20 20
South-East 0.03 15,543 21 21
San Luis Valley 0.05 47,143 83 83
South Park 0.05 27,297 48 47
Southern Ute Indian Reservation 0.25 9,823 34 34
Ute Mountain Ute Indian Reservation 0.10 7,600 20 0
South-West 0.25 44,241 155 153
Totals 165,826 381 358
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New Mexico

New Mexico defined a sampling frame using 17 land cover classes that covered 81% (7,282,698 ha)
of the total gross GUPD range in New Mexico. No stratification was used in New Mexico. The land
cover classes in the model are comprised of 44% woodland, 25% shrubland, 28% grassland, and
1.5% other. The other classification includes agriculture and developed landscapes. Areas with >
20% slope were eliminated from the sampling frame. Due to limited access to private property,
tribal lands, and roadless areas, a larger dataset of 400 plots were developed so that a minimum of
260 sites would be visited (Figure 3). Field crews were asked to collect occupancy data for 52
woodland and shrubland sites, 143 grassland sites, and 13 classified as other.
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Figure 3. Sampling frame and plot locations used for occupancy sampling of Gunnison's prairie
dogs in New Mexico.
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Utah

In 2006, Utah defined their sampling frame based on soil surveys. Their initial layer was an
approximation of the geographic range of the species. “Suitable” soils within it were determined
by training with an existing database of known GUPD locations. In ArcMap, the area of suitable
soils was overlaid with a grid of 500 x 500 m? plots. If a plot’s center points fell on suitable soils,
the cell was included in the sampling frame. At high resolution, the sampling frame had a
pixilated or rasterized appearance, but it closely approximated the suitable soil layer. There were
8955 plots in the 2007 layer, 124 of which were randomly selected for sampling.

During 2008, 20 additional plots were surveyed for GUPD occupancy on the Utah portion of the
Navajo Nation. The sampling frame for these plots was delineated by intersecting the following
layers:

1) Slope less than or equal to 10% in 90 m cells.

2) Selected landcover types in SWreGAP. These included landcover types both good and
marginal as habitat types for GUPDs.

3) Units were included if soils were over 30 inches deep and included clay or loam within 6
inches of the surface.

Based on the results of this survey in the Navajo Nation, GUPD populations were similar to what
was observed elsewhere in the state.

The sampling frame used in 2007 served as the basis for a new model developed in 2010. The
original 2007 model did not perform as well as hoped, so the following constraints were imposed
to improve the model for 2010:

1) Slope less than or equal to 10% in 90 m cells.

2) Selected landcover types in SWreGAP. These included landcover types both good and
marginal as habitat types for GUPDs.

3) Reduced geographic range of GUPDs by deleting areas west of Comb Ridge.

Areas of the 2007 sampling frame not intersecting all the above layers were erased from the new
model. The 2010 sampling frame was reduced to 7890 plots as compared to 8955 in the 2007
model. Utah randomly selected 124 new plots for occupancy surveys during 2010.
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Figure 1. Sampling frame used for occupancy sampling of Gunnison's prairie dogs in Utah.
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Ground Surveys

Plots were located using GPS units and topographic maps. Once a plot was located, all four
corner of the plot were identified and the entire plot surveyed for presence of prairie dogs. A
positive detection of a prairie dog was dependent on obtaining a visual location: auditory
detections or presence of fecal matter were not used as a positive detection for survey efforts.
Because prairie dog vocalizations are difficult to pinpoint with regards to an exact location of the
calling animal, this type of detection was not used since detections needed to be confirmed
within a plot boundary. Scat samples were also not acceptable as the age of the scat is too
difficult to determine. Data collected during survey efforts included 1) UTM of location where
observations were acquired; 2) time of the beginning and end of observations; 3) air temperature
and wind speed; and 4) and presence or absence of prairie dogs. During sampling of public land
plots, observations of other important species such as ferruginous hawks (Buteo regalis),
burrowing owls (Athene cunicularia), mountain plovers (Charadrius montanus) and kit fox
(Vulpes macrotis) were recorded.

Plots were visited 2 times during periods when prairie dogs were most active. Two visits to a
plot were required in order to determine the detection probability. Visits to plots were completed
within 7 days so as to minimize violating the assumption of a closed population. To avoid
observer bias and minimize possible independence violations (more likely to redetect a species
once it has been detected due to prior knowledge), different observers visited plots.

Aerial Surveys

Many of the GUPD plots occurred on private lands. Many of these properties could not be
accessed because a landowner could not be contacted, accessing the property was extremely time
consuming and difficult, or the plot was owned by multiple landowners and only a portion of the
landowners opted to give trespass permission. Because obtaining permission to access plots was
difficult, Colorado attempted to survey plots from the air. To do this, coordinates for the 4
corners of each grid plot were entered into the pilot’s GPS and overlaid on a topographic map.
The track function was used to show the position of the airplane relative to each plot. The
airplane was flown at an elevation of about 100 m above ground and 3 passes spaced across each
plot were completed. Two observers were in the plane so the observers and the pilot could
survey for prairie dogs. Each plot was flown 2 times with 2 separate observational crews to
obtain a probability of detection.

Statistical analyses

Occupancy rates and detection probabilities were used to determine number of plots occupied.
Occupancy models (MacKenzie et al. 2002) were fit to the observed encounter histories for
GUPD with program MARK (White and Burnham 1999). MacKenzie et al.’s model estimates
the probability of detection (p) during a single visit and the probability of occupancy () based
on multiple visits to plots. Thus, this model corrects for “false negatives”, i.e., plots where no
prairie dogs are observed, but where prairie dogs actually exist.

To examine trends in occupancy, a Bayesian analysis was used to determine statewide estimates.
A Bayesian approach accounts for detection probabilities across data and years and allows a
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direct probabilistic characterization of uncertainty about parameters given the available data
(MacKenzie et al. 2006). For example, in areas where no prairie dogs were detected on plots, an
estimate of occupancy can be determined using a Bayesian approach, though caution should be
used as estimates are usually associated with a high variance. The results in Bayesian statistics
are defined in quantiles instead of confidence interval (these are used in the frequentist approach)
though both measures are essentially the same. The 2.5% quantile is the lower bound, 50% is the
estimate and the 97.5% quantile is the upper bound.

In previous surveys conducted in Colorado (2005 and 2007) temperature, wind speed, Julian
date, and number of corners (n = 1-4) visited were considered in the analysis as covariates to
improve estimation of detection probabilities. Because these covariates did not significantly
improve estimates, they were not included in the 2010 range-wide analysis.

Results

Ground Surveys _

Nine hundred and twenty-one plots were sampled to develop a baseline range-wide
occupancy of 0.200 (Credible Intervals (CI) = 0.080 — 0.290) for the GUPD. A total of
88,891 plots of the potential 444,451 in the range-wide sampling frame were estimated to be
occupied (CI = 71,536-108,512) (Table 3). Estimated occupancy probabilities ranged from
0.048 in South Park of Colorado to 0.369 in Region 3 of Arizona. The estimated number of
occupied plots varied from 1188 in Utah to 52,509 in New Mexico.

Table 3. Results of the 2010 range-wide occupancy sampling of the Gunnison’s prairie dog using
Bayesian analysis.

Occupancy
Quantiles

Stratum 2.5% 25% 50% 75%  97.5%
AZ 1 0.089 0.156  0.199  0.250 0.355
AZ2 0.061 0.107  0.138  0.174 0.253
AZ3 0.238 0.321 0.369  0.418 0.515
CO GV 0.038 0.096  0.145 0.208 0.360
CO SE 0.020 0.064 0.108  0.167 0.324
CO SLV 0.031 0.056 0.074  0.096 0.147
CO SW 0.067  0.097 0.115 0.135 0.179
CO SP 0.009  0.030 0.048 0.074 0.145
CO SUIR 0.129  0.211 0.265 0.327 .0.452
NM 0.130  0.162  0.181 0.200 0.240
UT 0.095 0.130  0.151 0.173 0.221

Range-wide 0.080  0.130 0200 2221 0.290

Occupied
Plots
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Quantiles
Stratum 2.5% 25% 50% 75%  97.5%
AZ 1 4061 7115 9124 11,422 16,229
AZ?2 1352 2356 3048 3,840 5603
AZ3 3994 5384 6194 7,023 8656
COo GV 545 1364 2060 2,946 5100
CO SE 304 1000 1685 2,602 5038
COSLV 1440 2660 3508 4,514 6935
CO SW 1831 2640 3144 3,688 4881
CO SP 420 1316 2139 3,271 6405
CO SUIR 1265 2076 2608 3,207 4441
NM 37,777 7115 52,590 58,278 70,002
UT 747 1024 1188 1,367 1742

Range-wide 71,536 82,604 88,891 95,325 108,512

Aerial Surveys

In 2010, Colorado surveyed 357 plots; 250 plots were surveyed from the ground and 224 were
surveyed by air (Table 4). A total of 596 visits were completed on the ground and 442 by air.
The probability of detection for ground surveys was 0.80 and for aerial surveys was 0.33.

Table 4. Number of plots available for sampling, optimal allocation of the sampling effort, and
actual numbers of plots sampled for each of 7 strata in Colorado during 2007.

Plots
Optimal Plots Sampled
Plots allocation Sampled by
available Of plotsto by Air Ground
Strata (h) (Up) sample
Gunnison Valley 14,178 20 20 13
South-East 15,543 21 21 7
San Luis Valley 47,143 83 37 70
South Park 27,297 48 38 26
Southern Ute Indian Reservation 9,823 34 30 23
South-West 44,241 155 78 111

Totals 165,825 381 224 250
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Discussion

The goal of all of the states is to conserve GUPD populations to ensure long-term population
viability by maintaining the current distribution as identified in 2010. Because of the difficulty
of detecting and mapping GUPD colonies, the parameter of interest for monitoring is the
proportion of occupied plots throughout the GUPD range rather than the number of occupied
acres. FEach state identified the current, historical, and potential range for GUPD respectively
within their state as the potential sampling frame in which to estimate and evaluate long-term
occupancy. The union of these areas is considered the entire species range and changes in this
occupancy will be evaluated. Occupancy monitoring in 2010 identified a baseline occupancy of
0.200. The states will use this baseline as a guide for future management actions and to evaluate
the long-term status of the species. In the “Gunnison’s Prairie Dog Conservation Plan”, it was
determined that specific management actions will be triggered when/if a 40% (95% CI) range-
wide occupancy decline is detected between surveys (i.e. 3 years; short-term trigger). Specific
actions to be triggered were not specified in the “Gunnison’s Prairie Dog Conservation Plan”,
but many of the states have identified strategies for implementation in their local state plans.

Aerial surveys conducted by Colorado to deal with private land access, did have a lower
probability of detection than ground sampling efforts. Though prairie dogs were usually visible
from the aircraft, the problem encountered was that at the low levels the aircraft was flying over
a colony, prairie dogs became immediately vigilant and sought refuge underground. If observers
were quick enough to see a prairie dog on the first pass over the colony by the aircraft, then they
could record a positive detection. If a prairie dog was not seen during the first pass, the second
passes usually resulted in a non detection. Aerial surveys were, however, a very efficient means
for completing surveys. Depending on how plots were arrayed across the landscape and how far
the plot locations were located from an airport, as many as 40 plots could be flown in a day.
Incorporating acrial surveys into the monitoring program would significantly reduce costs and
time needed to conduct surveys.

Recommendations for Future Surveys

1. Continue to incorporate aerial surveys along with ground surveys in occupancy sampling.
Aerial surveys can be completed for those plots that are difficult to access and for plots
that land on private properties so as to reduce time to acquire trespass permission. This
could reduce months of work by eliminating the need to determine landownership and
contacting landowners. Public land plots should still be visited on the ground

2. Continue to use Bayesian Statistics to evaluate trends in occupancy.

3. Colorado has demonstrated through their 3 survey efforts that statewide GUPD
populations have remained relatively stable. Therefore it is recommended that occupancy
surveys be conducted every 6 years to detect changes in occupancy.
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Summary of major findings

1)

2)

3)

We tested five different predictions of the hypotheses that there are two
genetically distinct subspecies of Cynomys gunnisoni.

The survey includes 838 prairie dogs sampled from 48 different colonies across
the range of the species and the genetic data consists of genotypes for 16 nuclear-
encoded microsatellite loci and up to 2061 base pairs of DNA sequence from two
mitochondrial genes (cytochrome b and D-loop); however, 11 colonies were
removed from the analysis because fewer than 6 individuals were sampled.

There was evidence for two distinct subspecies from all five tests of the
predictions of the hypothesis; however the geographic distribution of the two
subspecies differs from that suggested by current maps.



Introduction

The Gunnison prairie dog is the subject of conservation actions because the species has
declined in numbers and distribution mostly because of extirpation by plague (Cully et al.
1997; Kartman et al. 1962; USFWS 2008). There are two described subspecies of C.
gunnisonii: C. g. gunnisonii (the montane form) and C. g. zuniensis (the prairie
form)(Hollister 1916). There is not consensus among biologists about whether there are
two distinct subspecies, however. Pizzimenti (1975) disputed the existence of two
subspecies on the basis of morphological data (Pizzimenti 1975), although the
conclusions of Pizzimenti have been challenged by others based on observations of coat
color and morphometrics. A relatively recent allozyme and mitochondrial DNA analyses
failed to reveal two distinct groups within C. gunnisonii (McCullough 1991); however,
this study only examined two colonies, one from each subspecies, both from northern
New Mexico and used low resolution methods for estimating differentiation. Analysis of
mtDNA sequences for 192 samples, most taken from museum skins, revealed evidence of
three different mtDNA types (referred to as the northern, western and eastern types) with
marked geographic separation suggesting past separation of the species corresponding to
the two recognized subspecies (Hafner et al. 20006).

Additionally, if there are two distinct subspecies, the geographic location of the boundary
between them is uncertain. Current maps indicate the boundary trends northwest (latitude
39, longitude 109) to southeast (latitude 36, longitude 106) with a significant "tongue" in
the distribution of the montane subspecies that extends southward down the Rio Grande
value (Figure 1). It is not clear, however, what features were used to delineate the
boundaries of the two subspecies.

The current genetic data provide an incomplete picture of the geography of genetic
variation; moreover, the analyses do not provide a robust and sufficient test of whether
two distinct groups exist. Additionally, because the mtDNA study by Hafner relied on
museum skins without employing methods tailored for working with historic DNA
samples (Fulton 2011), some of the haplotypes may be "out of place" as a consequence of
specimen contamination during laboratory analysis. An additional confounding factor is
the lack of clear criteria for defining subspecies (O'Brien S & Mayr 1991; Zink 2004).

In this report, we present the results of a thorough genetic analysis of the Gunnison's
prairie dog across its range using a combination of nuclear and mtDNA markers with the
purpose of evaluating the existence of two distinct subspecies and delimiting the
geographic location of the boundary between the two assuming that two subspecies exist.
Our approach is to explicitly describe the predictions of the hypothesis that there are two
distinct subspecies and then evaluate whether there is genetic evidence that aligns with
the testable predictions.
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Figure 1. Currently accepted distribution map for the two recognized subspecies of C.
gunnisoni (USFWS 2008).

Predictions of the two subspecies hypothesis

We explicitly test the hypothesis that there are two subspecies and that the boundary line
between the subspecies corresponds with the boundary depicted in figure 1. Importantly,
we use the existing boundary line when identifying subspecies in part because there are
no diagnostic morphological characters that unambiguously separate the two subspecies.
The hypothesis makes several testable predictions: the testable predictions, the test used
to evaluate the predictions, and a visualization of the predictions are presented in Table 1.
First, analysis of genotypes for individual colonies should separate into two distinct
groups with little overlap. Second, phylogenetic analysis of mtDNA should reveal two or
more distinct clades and a clear separation of individuals of into clades by subspecies. Put



differently, phylogenetic analysis should reveal that the vast majority of individuals
within a given subspecies group within a monophyletic group to the exclusion of
individuals comprising the other subspecies. Third, if individuals are grouped into one of
two genetically defined groups, there should be geographic separation with a boundary
line that corresponds with the currently recognized boundary between the two subspecies.
Fourth, an analysis of the degree of genetic divergence between colonies as a function of
geographic distance should show higher divergence for comparisons of colonies
comprised of different subspecies than between colonies of the same subspecies. Finally,

an analysis of variance should reveal a significant amount of variation is distributed
between subspecies. All of the criteria have been used for deciphering taxonomic
distinction in published studies.

Table 1. A list of the testable predictions of the hypothesis that there are two genetically distinct

subspecies, a brief summary of the test, and a visualization of hypothetical data that would
support recognition of two genetically distinct subspecies of Gunnison's prairie dogs.

Prediction Test Visualization
Separation of putative Plot of principles component ”
subspecies into two scores for populations based on o . eo
separate "clouds" of individual genotypes 3 ; | e K o2 o
points o S0 0%
R e e e e
3 2 1 0 1 2
PCA1

Monophyly of one or both
putative subspecies for
mtDNA sequences

Phylogenetic analysis of
individuals sampled across the
range of the two putative
subspecies

Spatial segregation of the
two different genotype
groups that conforms to
the expected putative
subspecies distributions

Mapping the geographic location
of populations assigned into one
of two groups

Higher differentiation for
comparisons between
subspecies than within
subspecies for a given
geographic separation of
colonies

Compare distribution of
differentiation corrected for
geographic distance between
colonies for all comparisons
within and between subspecies

Within subspecies

Between subspecies

Frequency

i

Ratio of Differentiation to
Geographic Distance

Relatively large and
significant fraction of the
total variation partitioned
between subspecies

Heirarchical AMOVA

Not easily visualized




Methods

We sampled individuals from 48 colonies across the range of the species (Figure 2). We
determined genotypes for 16 microsatellite loci and DNA sequences from two
mitochondrial genes (cytochrome b and the D-loop). Table 2 lists each colony sampled
and its geographic location.
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Figure 2. Map of the colonies surveyed for this study (stars) overlaid onto the accepted
geographic distribution of the two subspecies. C. g. gunnisoni is restricted to Colorado and
northern and central New Mexico. C. g. zuniensis ranges from southwestern Colorado,
throughout central and western New Mexico, and into eastern and northern Arizona. Cities are
indicated as triangles. For the genetic analyses, all colonies with sample sizes fewer than 5
individuals were omitted: PEFO, SAND, C2MS, NFF, PCN, WHR, JJD, HLSP, SAM.

We performed the following analyses that correspond with the tests described in table 1:
1) a principles components analysis of microsatellite frequencies for all colonies with
sample sizes greater than five; 2) phylogenetic analysis of mtDNA sequences and
mapping the three distinct clades onto the distribution map of the species; 3) Bayesian
assignment analysis using STRUCTURE that assigns individuals into one of two groups
based on linkage disequilibrium and then mapped the average posterior probability
assignment values for each colony onto the distribution map of the species; and 4)
comparison of the degree of differentiation between pairs of colonies corrected for the
geographic distance for comparisons of colonies within putative subspecies and between
putative subspecies, and 5) an AMOVA of all individuals partitioned by colony and by
subspecies. In addition, we generated summary maps that summarized the genetic
variation across the range of the species. More detailed methods will be available from a
future peer reviewed publication (Sackett, Seglund and Martin, in prep).



Table 2. List of colonies, their location, and the number of individuals sampled.

Colony Latitude Longitude N
ABVY 35.44690222 -113.0766204 28
AGFP 35.65953847 -106.0246812 10
BBM 35.97913 -106.87738 23
BG 38.56174109 -106.8598162 6
BLFB 36.32635 -105.28148 23
BLS 34.15812 -109.30601 6
BOF 34.861706 -106.691461 10
BVSE 38.78449772 -106.0959996 27
C2MS 37.31004918 -108.60458 1
CBAR 36.53127 -106.48307 24
CRL 38.29940341 -109.251728 21
CT2CC 37.326864 -108.621225 28
DCB 38.03977929 -108.5544989 13
DGO 37.28264588 -107.8681449 14
DN 37.67087597 -106.3798435 23
DUTS 36.94589 -107.01632 23
ELMA 34.97996277 -107.805291 19
EMSP 38.928434 -105.520935 14
ENSP 36.49235 -105.27218 19
ERPD 38.66916275 -106.9613402 37
ESPE 35.81479769 -112.5623137 26
FUEN 36.23647 -106.68417 21
GBTT 38.54364822 -106.8896507 18
GCR 38.50703655 -107.0262988 10
HLSP 36.75033 -106.58382 3
HMSW 37.97871634 -108.4497547 8
HOVE 37.38067744 -109.5254332 20
HUTR 35.70825865 -109.5568664 22
JID 35.13052 -106.4968 3
LAN 35.12993 -106.49648 9
LLU 34.802611 -106.747911 10
NFF 36.50235 -108.23574 1
PCN 35.06345 -106.56585 4
PEFO 34.96258 -109.79403 1
PSLV 37.83310582 -106.2674455 26
RM 37.94497156 -107.8339124 2
RSF 35.09731 -111.6813 2
SAM 36.85083 -106.06828 1
SAND 35.46654 -106.31748 1
SFNF 36.40094 -106.97304 14
SSLM 35.66269 -107.07092 23
SYWS 35.53308 -106.78559 22
TESW 37.94497156 -107.8339124 15
TPRR 36.73654 -105.98047 21
VADO 36.6141 -106.74035 26
VCNP 35.88247357 -106.4879516 23
WHR 35.05807 -106.56342 4
WSCM 36.03221 -107.08239 21




Results

Prediction 1: Clustering of colonies by microsatellite genotypes

The plot of the first two principal component scores for all colonies revealed two clusters
of points, with the greatest separation along principle components axis 1 (PCA 1). When
the identity of each colony was assigned based on the current distribution map of the two
subspecies, there were six C. g. gunnisoni colonies that clustered within a cloud of points
that comprised all C. g. zuniensis colonies (Figure 3, top). However, when the boundary
was redrawn to reflect a simple linear zone of secondary contact, there was complete
separation of C. g. gunnisoni and C. g. zuniensis along PCA 1 (Figure 3, bottom).
Conclusion: There is good evidence for the separation into two groups, especially
when the boundary line is redrawn as a straight line.
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Figure 3. Upper panel. Map showing the geographic distribution of the two described subspecies of
Gunnison's prairie dog (left) and the corresponding principle components analysis of the genetic
similarity of colonies based on microsatellite genotypes (right). Lower panel. Map showing a
hypothesized new (and simpler) geographic distribution of the two described subspecies of Gunnison's
prairie dog (left) and the corresponding principle components analysis of the genetic similarity of
colonies based on microsatellite genotypes (right).



Prediction 2: MtDNA phylogeny and the monophyly of subspecies

We discovered 145 different haplotypes from the combined cytochrome b and D-loop
gene sequences of 763 individuals sampled across the range of the species. The 145
haplotypes grouped into three main clades (Figure 4). The frequencies of the three
divergent clades varied across the landscape (Figure 4). The blue clade was restricted to
the northeastern range of the species, from north central New Mexico, throughout south
central Colorado, including most of the range of the C. g. gunnisoni. The green clade was
most frequent in central New Mexico and the northwestern portion of the range in
western Colorado and eastern Utah. The orange clade was the most widespread, ranging
from the western most portion of the range in Arizona, north into southeastern Utah, and
to the most eastern portion of the range in central New Mexico.

Conclusions: The mtDNA provide evidence of two geographically separated groups
corresponding with the two putative subspecies with some mixing along a suspected
zone of contact.

| - BVSE 6MSP Colorado Springs
‘ LI+ Moab €RRo

g e \ (@

=

i

'~ UTAH P

mtDNA Tree

MOFP
KsAND
J/DAIbuquerque

e v

Flagstaff
RSF

NEW

Figure 4. Left. Inferred phylogenetic relationships among the 145 distinct mitochondrial DNA
haplotypes. Lineages are color-coded into three divergent clades. Scale bar is 20 substitutions.
Right. Geographic distribution of the three divergent mtDNA clades. Colors correspond with
the colored clades in the phylogeny.



Prediction 3: The geography of two groups defined by assignment methods

We used STRUCTURE to assign individuals to one of two groups based on their
microsatellite genotypes and then plotted the assignment scores onto the distribution map.
There was a marked geographic pattern in the assignment scores among colonies.
Samples from the putative range of C. g. gunnisoni assigned with high posterior
probability to one group (the blue group) whereas most colonies from within the putative
range of C. g. zuniensis assigned with high posterior probability to the other group (the
orange group). There were individuals with intermediate assignment probabilities along
the boundary between the two putative subspecies.

Conclusion: There is good evidence for two groups that separate along the proposed
boundary between the two subspecies, with the exception that there is not support
for the southern extension of C. g. gunnisoni down the Rio Grande valley.
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Figure 5. Map of the geographic distribution of the posterior probabilities of assignment to two
different genotype groups based on STRUCTURE analysis. Populations with small sample
sizes are not included.



Prediction 4: Colony differentiation between subspecies greater than within
subspecies

We calculated the pair-wise genetic differentiation (Fst) between colonies and estimated
the geographic distance between colonies based the shortest line between pairs of
colonies. Estimates of differentiation were divided by the log of the distance between
colonies. The frequency distributions for the geographic distance adjusted measures of
differentiation were not significantly different (p =~ 0.08), but the mean was greater and
there was a greater frequency of larger estimates of differentiation between subspecies
than within subspecies (Figure 6).

Conclusion: There is evidence that average colony differentiation is greater between
subspecies than within subspecies, although the magnitude of the average difference
is slight.
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Figure 6. Plot of the ratio of differentiation to the log of geographic distance between all pairs
of colonies for comparisons between subspecies (solid line) and within subspecies (dashed
line). Although a t-test indicate the difference is significant, a randomization test adjust for
multiple comparisons revealed p = 0.10.



Prediction 5: Significant amount of the variation partitioned between subspecies
We performed two separate heirarchical Analyses of Molecular Variance (AMOVA).
The first partitioned colonies into two distinct groups based on the prevailing distribution
map (see figure 1) and the second according to a scenario depicting a linear contact zone
(see figure 3). In both cases, a significant fraction of the variation was partitioned
between subspecies, although most of the variation was distribution among colonies
(Table 3). Importantly, when we adopted the linear contact zone, the amount of variation
partitioned between subspecies increased substantially.
Conclusion: There is evidence for two genetically distinct groups separated by a
linear contact zone (corresponding to the line in figure 3).

Table 3. Results from AMOV A analysis

Geographic % Variation between | % Variation among % Variation within
Model subspecies populations within colonies
subspecies
Current 11.20 (p = 0.022) 65.37 23.43
subspecies map
Linear contact 31.16 (p <0.001) 48.28 20.56

zone




Distribution of variation

Posterior assignment probabilities based on microsatellite genotypes were combined with
the estimated frequency of the mtDNA haplotype common in C. g. gunnisoni to generate
a summary map of the distribution of genetic types across the range of the species C.
gunnisoni (Figure 8, left). Although the map provides an approximation of gradients in
genetic change, the results suggest there are two geographically separated genetic groups:
one confined to southwestern Colorado extending from Telluride in the southwest to
Eleven Mile reservoir to the northeast. The other well-defined group extends from
northern New Mexico, northwest to near Moab, and west through northern Arizona. The
two putative subspecies contact each other along a long swath (depicted in light
yellowish green) extending from approximately the southern extreme of the Colorado-
Utah border southeast to near Taos, New Mexico. Colonies along the contact zone
typically have a mixture of mtDNA and nuclear genotypes from both putative subspecies
(Figure 8, right).

Conclusion: Evidence for two geographically separated subspecies and a zone where
the genes of the two subspecies are mixed in various proportions.
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Figure 8. Left. Map showing the sum of the average nuclear genotype assignment score for
one group and the frequency of the mtDNA haplotype clade 3 (blue clade). Contour lines
generated using Kriging. Right. Probability of assignment to one of two nuclear genotype
groups plotted as a function of the frequency of the C. g. gunnisoni mtDNA haplotype clade.
Colonies along the contact zone have intermediate values for both measures and are labeled.
Values are 0,0 and 1,1 were adjusted to show multiple points.



Discussion

Two subspecies

There is clear evidence that supports continued recognition of two genetically distinct
subspecies of C. gunnisoni. All five testable predictions of the hypothesis based on the
combined analysis of mtDNA sequences and microsatellite genotypes were evident.
Nonetheless, further research is necessary to assess the degree that the two putative
subspecies have different morphological, behavioral and ecological characteristics
concordant with the molecular data.

Importantly, the distribution map requires some revision. The genetic data provided little
support for the southern extension of the C. g. gunnisoni distribution down through the
Rio Grande valley into north central New Mexico. Instead, the boundary between the two
species is best represented as straight line. However, there is evidence of the spread of
genes in both directions across the boundary, suggesting the boundary between the two
putative subspecies is best represented as an area rather than a single line (Figure 9).
Evaluation of the magnitude of introgression is beyond the scope of this report;
nevertheless, preliminary estimates suggest the contact zone width may be approximately
100 to 200 kilometers.
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Figure 9. Revised approximate range map of the two putative subspecies and the admixture
zone where the two ranges come into contact.
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