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ABSTRACT

Aim: To identify potential landscapes for the conservation of the black-tailed prairie dog (Cynomys ludovicianus; BTPD) ecosys-
tem, across their historical geographical range within the United States.

Location: Central Grasslands of the United States.

Methods: We used a structured decision analysis approach to identify landscapes with high conservation potential (HCP) for the
BTPD ecosystem. Our analysis incorporated ecological, political and social factors, along with changing climate and land use to
maximise long-term conservation potential.

Results: The landscapes we identified with HCP (top 30% rangewide) represented 22% of the historical distribution of BTPDs
and remained strongholds under projected climate change. We provide a suite of HCP area scenarios to help inform different
conservation and management interests, including those that consider projected climate change and jurisdictional (state-level)
boundaries.

Main Conclusions: Our findings highlight the large conservation potential for BTPDs and associated species, and the maps we
generated can be incorporated into other large-scale, multispecies conservation planning efforts being developed for the Central

Grasslands of North America.
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1 | Introduction

Conservation planning involves identifying where, when and
how to allocate limited conservation resources to maximise
the preservation of biodiversity (Pressey et al. 2007). Of cen-
tral importance to determining areas with high conservation
potential (hereafter, HCP) is identifying the most ecologically
suitable habitat for the species or communities of interest—the
biophysical landscape. However, for conservation goals to be ef-
fectively implemented on the ground, understanding the human
landscape is also critical (Knight et al. 2008). Systematic con-
servation planning (Margules and Pressey 2000) has evolved
over the last several decades, going beyond the biophysical
landscape, to holistically incorporate biodiversity processes,
habitat connectivity, ecosystem services, climate change, dy-
namic threats, economics and political and social landscapes
(Pressey et al. 2007). Yet, incorporating human dimensions into
a spatial landscape to inform conservation planning remains
a challenge and has been limited in its application (Knight
and Cowling 2007; Knight et al. 2008; Whitehead et al. 2014;
Williamson et al. 2018). Insights into the human dimensions are
especially needed for species that have large, transformative ef-
fects on ecosystems and are consequently often in conflict with
human activities, such as prairie dogs (Cynomys spp.), beavers,
wolves (Canis lupis), and bison (Bison bison) (Miller et al. 2007;
Pilliod et al. 2018; Niemiec et al. 2021; Pejchar et al. 2021; Livieri
et al. 2022). Even if the biophysical landscape is highly suitable
for conservation or recovery of these high-conflict species, the
human sociocultural landscape might prohibit on-the-ground
success (Knight et al. 2008; Niemiec et al. 2021).

North America’s Central Grasslands are among the most en-
dangered ecosystems in the world and face a suite of conser-
vation challenges associated with habitat loss, transformation
and fragmentation (Samson, Knopf, and Ostlie 2004; Olimb
and Robinson 2019; Lark et al. 2020; Augustine et al. 2021).
Millions of bison, pronghorn and elk historically inhabited the
Central Grasslands, along with wolves and grizzly bears, once
rivalling the wildlife abundance of Africa's Serengeti (Samson,
Knopf, and Ostlie 2004; Dan Flores 2017). The region since
has been converted to a highly domesticated landscape, with
fences, livestock, crops and complex jurisdictional boundaries
making large-scale conservation efforts and planning challeng-
ing (Augustine et al. 2021). The impact of human activities on
the Central Grasslands has resulted in widespread declines in
native wildlife, including >95% declines in bison and prairie
dogs, >50% decline in grassland birds, and near extirpation of
wolves and grizzly bears (Hoogland 2006; Sanderson et al. 2008;
Rosenberg et al. 2019). Recent awareness of the plight of the
Central Grasslands and associated species has inspired new
conservation initiatives like the Central Grasslands Roadmap,
Great Plains Summit, WAFWA's Western Grasslands Initiative
and The North American Grasslands Conservation Act of 2024
recently introduced in the U.S. Congress (Western Association
of Fish and Wildlife Agencies 2011; Finch 2018; Heady and
Child 2019; Lark 2020; Haaland et al. 2021; Central Grasslands
Roadmap 2022; Mace 2024). One of the conservation strategies
taken by these and other initiatives is to focus prioritisation ef-
forts on umbrella species, whose conservation results in protect-
ing suites of associated species or entire ecosystems (Carroll,
Dunk, and Moilanen 2010; Gary et al. 2022).

Black-tailed prairie dogs are often at the centre of many conser-
vation efforts throughout the Central Grasslands because of the
disproportionate ecological role they play (Davidson, Detling,
and Brown 2012; Hoogland 2006). Prairie dogs transform the
grassland landscape through their burrowing and herbivory,
creating islands of open grassland habitat dotted with numer-
ous mounds that are linked to extensive burrow systems tun-
nelling deep underground (Davidson, Detling, and Brown 2012;
Hoogland 2006). Their colonies attract grassland animals that
prefer open habitats and utilise their burrows for homes and
shelter, including mountain plovers and burrowing owls, liz-
ards, snakes, numerous arthropods, rabbits and other rodents
(Augustine and Baker 2013; Augustine and Derner 2012;
Davidson, Detling, and Brown 2012; Duchardt, Augustine,
and Beck 2019). Pollinators are also attracted to their colonies
because of the greater floral abundance and open bare soil for
oviposition sites (Hardwicke 2006), and large herbivores like
bison and cattle are attracted to the more nutritious forage that
can be found in their colonies (Kotliar et al. 2006; Bayless and
Beier 2011; Connell, Porensky, and Scasta 2019). Prairie dogs
also provide an important source of prey for numerous pred-
ators, including coyotes (Canis latrans), American badgers
(Taxidea taxus), raptors [e.g. golden eagles (Aquila chrysaetos),
ferruginous hawks (Buteo regalis)] and the highly endangered
black-footed ferret (Mustela nigripes) (Davidson, Detling, and
Brown 2012; Eads and Biggins 2015; Eads, Biggins, Grassel,
et al. 2016; Goodrich and Buskirk 1998; Grassel, Rachlow, and
Williams 2015; Kotliar et al. 2006).

Yet, prairie dog populations have declined dramatically since
the early 1900s due to widespread extermination efforts, in-
troduced plague, shooting and habitat loss. The declines of
prairie dogs rangewide, and locally following cyclic plague
events, has resulted in cascading declines in associated species
(Cully et al. 2010; Eads and Biggins 2015; Davidson et al. 2022;
Duchardt et al. 2023). The black-footed ferret, for example, is
considered North America's most endangered mammal largely
as a result of the dramatic decline in prairie dogs, their primary
prey (U.S. Fish and Wildlife Service 2013; Livieri et al. 2022).
These declines in prairie dogs and associated species under-
score the need for conserving the prairie dog ecosystem by iden-
tifying potential landscapes for conservation both now and into
the future. And—critically—such areas need to be considered
within the context of the social, environmental and economic
factors that influence where prairie dog complexes can be con-
served and expanded across large blocks of continuous habitat
so that they can support numerous grassland species (Davidson,
Detling, and Brown 2012; Duchardt, Augustine, and Beck 2019;
Livieri et al. 2022).

Here, we use a systematic spatial conservation prioritisation ap-
proach (Moilanen, Kujala, and Leathwick 2009) to determine
HCP areas for the conservation of the prairie dog ecosystem.
Our approach provides a structured decision analysis (sensu
Gregory et al. 2012) that disentangles the complex biophysi-
cal and sociopolitical landscapes of North America's Central
Grasslands and illuminates areas with the greatest potential for
conservation successes. We provide a suite of HCP area scenar-
ios to help inform different conservation and management inter-
ests, including those that consider projected climate change and
jurisdictional (state-level) boundaries.
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2 | Methods

2.1 | Spatial Data Layers Used in Conservation
Prioritisation Analysis

We used the spatial conservation prioritisation method and
Zonation software (Moilanen et al. 2005) to evaluate how land-
scapes varied in their potential for prairie dog ecosystem con-
servation and restoration across the full range of species in the
United States. Our analysis included a total of 23 environmental
input datasets for the full study area, based on the data sources
described in Table 1. The most important layer we used to in-
form our analysis was the BTPD habitat suitability model, as it
provided the basis for where, ecologically, the best places are to
conserve and restore the BTPD ecosystem (Davidson et al. 2023).
This habitat suitability model (HSM) was based on presence
and absence data for BTPD occurrences across their geograph-
ical range within the United States (McDonald et al. 2015), and
quantified how prairie dog occurrences related to climate, soils,
topography and land cover (see Davidson et al. 2023 for details).
We also utilised HSMs for BTPDs under two future climate sce-
narios: (1) warm and wet and (2) hot and dry, to inform where
the most ecologically suitable habitat will likely be located under
a warming climate (Davidson et al. 2023).

However, the goal of our analysis was to not only determine po-
tential landscapes for conservation based on local habitat suitabil-
ity but also to examine how the distribution and connectivity of
native grassland habitat at broad spatial scales, the distribution
of threats to prairie dog habitat (such as development and con-
version to cropland) and the political and social landscape collec-
tively influence opportunities to conserve and restore the BTPD
ecosystem (Table 1; Figure S1). We used the 2016 National Land
Cover Database (NLCD) to inform on the location, extent and
connectivity of favourable habitats (grassland/shrubland), versus
unfavourable habitats (forest/woodland and emergent wetland)
for prairie dogs (USGS 2019a). We also created a landscape frag-
mentation layer by mapping the degree of rangeland fragmen-
tation across the historical BTPD range. To do this, we followed
the methods of Augustine et al. (2021), except that we used the
2016 NLCD as the source data layer rather than a combination of
the 2011 NLCD and USDA Cropland Data Layers. Briefly, every
pixel was classified as either (1) rangeland, which we defined as
grassland, shrubland and improved pasture/hay cover types, (2)
a fragmenting land cover type, which we defined as forest, crop-
land or developed lands or (3) neutral land cover types which were
not rangeland, but also did not fragment adjacent rangelands. In
the final fragmentation map, we set all pixels mapped as either a
fragmenting or a neutral land cover type to a value of zero and
then calculated the distance to the nearest fragmenting land
cover type for each rangeland pixel (e.g. Figure 3 of Augustine
et al. 2021). Additionally, we incorporated spatial data on land use:
oil and gas well locations, distance to transmission lines, wind tur-
bine count, and road density (Homeland Security Infrastructure
Program (HSIP) 2020; United States Census Bureau 2020; Federal
Aviation Administration 2021; Welldatabase 2021). These land
use data layers provide information on anthropogenic activity that
reflects the presence of humans and habitat quality. Areas that
have higher levels of human activity may be less favourable for the
BTPD ecosystem because of the increased potential for shooting of
prairie dogs, impacts on associated species through behavioural

modification, and habitat degradation. We also included spatial
layers on projected habitat loss. The tillage risk layer (Olimb and
Robinson 2019) informs where habitat is most likely to be lost
to cropland. Further, we included scenarios of overall landcover
change projected into the future (Sohl et al. 2018), with a focus on
areas that would retain the greatest amount of favourable grass-
land habitat. We then obtained PAD-US (USGS 2019b), National
Conservation Easement Database (NCED; Ducks Unlimited and
The Trust for Public Land 2021) and other private conservation
land data to determine the landownership of identified HCP
areas (Table 1). We also obtained data from Carlson, Bevins, and
Schmid (2022; Wildlife model presented in Figure 1) to relate HCP
areas to plague risk.

We also included social and political spatial data in our anal-
ysis. We collated percent of Conservation Reserve Program
(CRP) grasslands per county and the League of Conservation
Voters Conservation Score Card (LCVCSC) to reflect political
and social support for the environment (on a per county basis)
(USDA Farm Service Agency 2020; League of Conservation
Voters 2022). We also included data from a novel survey of wild-
life governance preferences delivered to Canadian, Mexican and
American residents (Williamson et al. 2023a, 2023b) to deter-
mine the probability that a region would support increases in
prairie dog populations or support federal or private incentives
for prairie dog conservation. Census tract level estimates were
generated using a Bayesian multilevel regression with poststrat-
ification wherein the demographics of survey respondents were
used to map the probability to census geographies based on the
demographic composition of the Census tracts (Williamson
et al. 2023b; Gelman 2007; Hanretty 2020). Finally, we created a
spatial layer of the count of Land and Water Conservation Fund
(LWCEF) projects (The Wilderness Society 2015) to reflect a re-
gions' institutional capacity to actualise conservation.

2.2 | Data Preparation

To prepare the underlying data for Zonation, the data layers were
integrated into a nested hexagon framework (NHF). A NHF grid
is based around a 1km? hexagon unit that is aggregated up by
units of 7 to generate coarser scale cells of 7km? (cogs), 49km?
(wheels) and 343km? (rings), allowing for cross-scale multidisci-
plinary analysis while obscuring precise sensitive location data.

A total of 31 data layers representing point, polygon and raster
formats were processed and summarised into the NHF for con-
sideration in the Zonation analysis (Table S1). While the exact
process used to integrate the data layers into the NHF and sub-
sequently into raster files for the Zonation analysis was slightly
different for each data layer, the general process was the same.
All GIS data processing was done using ESRI ArcMap 10.7
software. Input data layers were intersected with the NHF and
the data layers were summarised per NHF hexagon cell using
Zonal Statistics, Tabulate Area or other similar geoprocessing
tools to generate a summary of the source layer data per hexa-
gon. Examples of the resulting tabular summaries conveyed the
area of each landcover class per hexagon cell (later converted to
a percent), the mean tillage risk, majority landscape condition,
the sum of the metres of road or number of wells within a cell,
or the presence of wind turbines within each 1 km? hexagon cell.
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TABLE1 | Datalayers used in the Zonation analysis and in post hoc analyses, and the original data sources.

In final
Zonation
Data layer Source dataset analysis
Fine-scale habitat suitability
BTPD habitat suitability model (HSM) Ensemble model of BTPD habitat potential, Yes
under current climate (Davidson et al. 2023)
BTPD non-habitat mask? Mask layers of unsuitable habitat, based on Yes
the BTPD HSMs (Davidson et al. 2023)?
Habitat suitability under climate change BTPD HSM under future climate (2100), warm Yes
and wet scenario (Davidson et al. 2023)
Habitat suitability under climate change BTPD HSM under future climate (2100), hot Yes
and dry scenario (Davidson et al. 2023)
Landscape scale land use/land cover
Percent cover grassland/shrubland 2016 NLCD (land cover class: Yes
52,71, 81; USGS 2019a)
Percent cover emergent wetland 2016 NLCD (land cover class: 95; USGS 2019a) Yes
Percent cover of forests/woodlands NLCD trees (USGS 2019a) + USFS % tree cover Yes
(United States Forest Service 2019) + PLIV cedar
and mesquite (Playa Lakes Joint Venture)
Percent cover of grassland/shrubland in the 6 adjacent Raster surface of % grass/shrub from NLCD (land Yes
hexagons cover class: 52, 71, 81; USGS 2019a) within 1 mile
Landscape fragmentation Modified from Augustine et al. (2021)" Yes
0Oil/gas wells (well count) Welldatabase (Welldatabase 2021) Yes
Distance to transmission lines (Homeland Security Infrastructure Program 2020) Yes
‘Wind turbine count FAA obstruction database (Federal Yes
Aviation Administration 2021)
Road density (primary and secondary) US Census Tiger Roads (United Yes
States Census Bureau 2020)
Risk of future habitat loss
Tillage risk Olimb tillage risk (Olimb and Robinson 2019) Yes
Land cover change Scenario A2, projected 2050; Sohl et al. (2018) Yes
Land cover change Scenario A2, projected 2100; Sohl et al. (2018) Yes
Land cover change Scenario B2, projected 2050; Sohl et al. (2018) Yes
Land cover change Scenario B2, projected 2100; Sohl et al. (2018) Yes
Land ownership
Protected area PAD-US (USGS 2019a) No, Posthoc
Private lands conservation NCED (Ducks Unlimited and The Trust for Public ~ No, Posthoc
Land 2021) + Turner® + SPLTY + APR® properties
Social environment
Political support for the environment League of Conservation Voters Conservation Yes
Scorecard (League of Conservation Voters 2022)
Preference for prairie dog population increases Prairie dog survey! (Williamson Yes
et al. 2023a, 2023b)
(Continues)

40f 17

Diversity and Distributions, 2025

55U9011] SUOLLILIOD SAI1E9.10) 3|1 dde 3} Aq PaUBAOB 918 SO YO 88N J0 S9N 10} ARIGIT8UIIUO /3| IO (SUOTIPUOD-PUE-SUWLBYLIOD" B |1 ARG UIUO//STNY) SUONIPUOD PUe S 1 81 39S *[G20Z/T0/8Z] Uo ARIqIT 8UIIUO AB]IM * UOSPINBQ BUY Ad SYEET IPP/TTTT'OT/I0p/WOY" 3|1 AReid)1jpu!|uo//Sdy Wol) papeo|umoq T ‘G202 ‘ZrovzLyT



TABLE1 | (Continued)

In final
Zonation

Data layer Source dataset analysis

Preference for federal economic incentives for prairie dog Prairie dog survey’ (Williamson No, Posthoc

conservation et al. 2023a, 2023b)

Preference for private economic incentives for prairie dog Prairie dog survey’ (Williamson No, Posthoc

conservation et al. 2023a, 2023b)

% (Conservation Reserve Program) CRP County level CRP (USDA Farm Yes

Service Agency 2020)
Institutional capacity to actualise conservation Count of Land and Water Conservation Fund Yes

projects (The Wilderness Society 2015)

2BTPD non-habitat mask: We created a layer to mask out highly unsuitable habitats. We classified highly unsuitable habitats as those areas where suitability was in
the 10th (lowest) percentile for each of the BTPD HSMs generated under the current and future climate scenarios, and where soils were comprised of 90% or greater of

sand.

YLandscape fragmentation layer: We mapped the degree of rangeland fragmentation across the historic BTPD range following the methods of Augustine et al. (2021),
except that we used the 2016 NLCD as the source data layer, rather than a combination of the 2011 NLCD and USDA Cropland Data Layers. Briefly, every pixel was
classified as (1) rangeland, which we defined as grassland, shrubland and improved pasture/hay cover types, (2) a fragmenting land cover type, which we defined as
forest, cropland or developed lands or (3) neutral land cover types which were not rangeland, but also did not fragment adjacent rangelands. In the final fragmentation
map, we set all pixels mapped as either a fragmenting or a neutral land cover type to a value of zero and then calculated the distance to the nearest fragmenting land

cover type for each rangeland pixel (e.g. Figure 3 of Augustine et al. 2021).
“Turner Ranches. https://www.tedturner.com/turner-ranches/.

dSouthern plains land trust properties. https://southernplains.org/en/.
¢American Prairie (AP)" properties. https://americanprairie.org/.

fPrairie dog survey (Williamson et al. 2023a, 2023b): The probability that a region would support increases in prairie dog populations or support federal incentives for
prairie dog conservation was based on survey responses from over 29,000 North American residents. Census tract level estimates were generated using a Bayesian
multilevel regression with poststratification wherein the demographics of survey respondents were used to map the probability to Census geographies based on the

demographic composition of the Census tracts.

Within the attribute table of the hexagon feature class, a series
of new attribute fields were created to convey the newly sum-
marised data (e.g. % grassland, number of wells). Using the
unique hexagon IDs, the data tables of the summarised infor-
mation were joined with the feature class attribute table, and
the summarised data were copied into the newly created hexa-
gon attribute fields using the ‘calculate field” process. Due to the
number of hexagons (over 2 million record rows) being calcu-
lated, this process often took several days so researchers later
began using a python script to ‘update cursor’ that proved much
faster than join/calculate field process. The resulting attribute
table of the NHF 1-km cells provided a summary of the datasets
integrated, all presummarised to the same framework for com-
patibility and easy use (Table S1). Some source data layers like
percent of CRP and the political voting data were originally in
coarse (county/voting district) spatial resolutions. As a result of
summarising these datasets to hexagons, the results displayed
a false level of spatial precision regarding the data values con-
veyed. In cases where coarse data were summarised and dis-
played at a higher spatial resolution, many individual hexagons
share the same value that originally represented the district/
county as a whole, not a specific hexagon.

The hexagon feature class data were exported to a series of raster
layers using the ArcMap Feature to Raster function to accom-
modate the conservation prioritisation software requirements
that all input data be in a raster format. Output raster layers
were specified to have a 90-m resolution, were snapped to the
same 90-m pixels as the ensemble habitat suitability models,
and the raster values were derived from the values in each of
the feature class attribute fields representing the 1-km? hexa-
gon summarised data. The intersect, calculate field and convert
to raster processes were done in batches using the 5x 5 degree

NHEF tile or by regional groupings of seven tiles for the northern
half of the range and nine tiles for the southern half of the range
for efficient processing. After each tile was converted to a raster
layer, they were mosaiced together to create a series of range-
wide raster layers and then clipped to the BTPD range boundary
(Figure S2).

2.3 | Prioritisation Analysis

We used Zonation, an approach and software for spatial conser-
vation prioritisation, to select HCP areas for the conservation
of the prairie dog ecosystem. Zonation produces a hierarchi-
cal spatial priority ranking of the study region, accounting for
complementarity by considering the local representation of the
biodiversity features (species, ecosystem types, etc.; Moilanen
et al. 2005). Zonation iteratively removes cells whose removal
causes the smallest loss in feature representation across the
overall remaining region until no cells are left in the region.
The hierarchical conservation rank of the region is based on the
order of cell removal, which is recorded and can be used later
to select any given top fraction (e.g. best 25%) of the region. We
used the additive benefit function (ABF) removal rule, which
is based on the sum of the features represented in each cell, fa-
vouring places containing high habitat quality for a large num-
ber of biodiversity features.

The relative weighting of data layers is an important compo-
nent of the Zonation algorithm and impacts the order in which
cells are removed from the prioritisation landscape. Cells that
contain a high-weight feature are kept longer in the analysis
than cells with only low-weight features. Features with a neg-
ative weight are considered undesirable. Consequently, they
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Conservation Potential only considering Habitat Suitability
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FIGURE1 | Map of conservation potential across the black-tailed prairie dog (BTPD) geographical range within the United States, considering

only habitat suitability and current climate. The priority rankings are as follows: 2% (from 0.98 to 1 of priority rank) Light red; 5% (from 0.95 to 0.979
of priority rank) Dark red; 10% (from 0.90 to 0.949 of priority rank) Pink; 30% (from 0.70 to 0.89 of priority rank) Yellow; 50% (from 0.50 to 0.79 of
priority rank) Light blue; 75% (from 0.25 to 0.499 of priority rank) Dark blue; 100% (from 0.00 to 0.249 of priority rank) Black.

are found among the cells with low conservation priority and
removed from the landscape early in the analysis. To identify
those areas with the highest potential for prairie dog ecosystem
conservation, we used a weight of 10 for spatial layers describing
habitat suitability for BTPDs, a weight of 1 for landscape-scale
land use/land cover features that have a positive influence on
conservation potential and a weight of 1 for social environment
layers with a positive influence on conservation potential. The
spatial layers were considered as features in the analysis with
positive values (i.e. higher values indicated favourable places for
BTPD conservation). Because suitable habitat is ultimately the
most important variable for conservation, we assigned habitat
suitability features with the highest weighting among all pos-
itive features. We also considered land use in the selection of
priorities, aiming to avoid places with high intensity of anthro-
pogenic activities and potential conservation conflicts. Those
layers within the landscape-scale land use/land cover and risk of
habitat loss categories that negatively affect conservation poten-
tial were given negative weights (—4). These areas consequently
had low values of conservation priority and were removed from
the study region early in the analysis. Details on each feature
used can be found in Table 1. Areas with low habitat suitability

or high sandy soil (> 90%) were masked out of the analysis using
an area mask file, where cells with value ‘1’ were included in the
analysis, while cells with value ‘0’ were excluded (Table 1).

We used Zonation to evaluate conservation potential under vari-
ous scenarios. First, we evaluated HCP areas across the geograph-
ical range of BTPDs using suitable habitats under the current
climate. Next, we created scenarios that involved current and
future projected suitable BTPD habitat, across the BTPD range
within the United States. To do this, we used the interaction func-
tion that induces connectivity of suitable sites for the interacting
features to account for distribution shifts due to climate change.
Additionally, because conservation policies and funding decisions
are often made by political entities, we also identified conser-
vation priorities within each state, under both present and pro-
jected future climate. For this, we used the administrative units
(ADMU) function in Zonation to also select state-level priorities
in the final conservation ranking (Moilanen and Arponen 2011).

Finally, we conducted several post hoc analyses to help illumi-
nate: (1) those areas where habitat, anthropogenic threats and
the social landscape changed the priority ranking and (2) where
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conservation incentives may help facilitate prairie dog ecosys-
tem conservation. We evaluated changes in priority ranking by
calculating the priority value per cell when habitat, threats or
social layers were included in the Zonation analysis minus the
priority value of each cell when habitat, threats or social layers
were excluded, respectively (see Table 1). The habitat layer was
based on the percent of grass (in the NLCD and in the future
projections by Sohl et al. 2018), tree and wetland cover and land-
scape fragmentation (i.e. mean distance to fragmenting feature).
The threats layer was based on mean tillage risk, number of ac-
tive wells, wind turbine count, distance to transmission lines
and the density of primary and secondary roads. The social
layer was based on the LCV Conservation Scorecard, percent of
county-level CRP land, count of LWCF projects and the social
survey by Williamson et al. (2023a, 2023b). Lastly, we evaluated
the overlap of conservation priority rankings with responses
from survey participants' willingness to support federal or pri-
vate conservation incentives for prairie dog conservation.

3 | Results

We show extensive regions with HCP for the BTPD ecosystem
when considering only habitat suitability under the current
climate (Figure 1). When we considered all spatial variables
(Table 1), in addition to habitat suitability, we found 96,944 km?
(top 10%) and 359,425 km? (top 30%) of lands that have high
conservation potential for the BTPD ecosystem across all climate
scenarios (Figure 2d,e); these areas have high-quality habitat
for BTPDs, intact grassland, high habitat connectivity and low
threats. This represents 6% (top 10%) and 22% (top 30%), respec-
tively, of the historical BTPD range; the entire prairie dog geo-
graphical range boundary within the United States, encompasses
1,645,749 km?2, not all of which is suitable habitat (Davidson
et al. 2023). Land with the lowest conservation potential includes
high elevation and urban landscapes, the Nebraska sandhills
(high-quality grassland habitat, but unsuitable sandy soils) and
grassland that has been converted to or is severely fragmented by
cropland (much of the eastern portion of the BTPD range).

We found that landscapes with the highest conservation poten-
tial for the BTPD ecosystem were largely distributed across the
western portion of the current/historical BTPD range (Figures 1,
2 and 4a). Northeastern New Mexico, eastern Colorado, eastern
Wyoming, eastern Montana, far western Nebraska and western
South Dakota harboured the greatest amount of HCP habitat
now and into the future. Much of (but not all) of the high HCP
habitat in Arizona, southern New Mexico and Texas under to-
day's climate does not maintain such status under future climate
scenarios (Figure 2d). From a rangewide perspective, the states
with the largest amount of HCP habitat (top 10%) were as fol-
lows: Colorado, Montana, South Dakota, and Wyoming respec-
tively (Table 2). These four states harbour 87% of the lands with
the highest conservation potential for the BTPD ecosystem, both
now and into the future.

The priorities changed dramatically when we looked by state,
instead of across the entire BTPD range (Figure 3). This is to be
expected because we were specifically selecting for HCP habitat
within each state, whereby each state had its own suite of lands
with high, medium and low conservation potential. In these

state-based scenarios, much of the high HCP habitats in Arizona,
New Mexico and Texas remained HCP under the future climate
scenarios.

Rangewide, there were large differences in the amount of HCP
lands across different landownership types. Most of the areas
with HCP into the future (top 10%) were located on private land
(65%; 63,447 km?) (Table 3, Figure 4b). Whereas 24% (23,467
km?) of lands with HCP were public, with 14.5% on Federal and
9.6% on State lands. Some of the strongholds (top 10%) on public
land included State Trust Lands, lands managed by Bureau of
Land Management (BLM) and National Grasslands (NGs) man-
aged by the US Forest Service: Thunder Basin NG in Wyoming;
Comanche NG in Colorado; Pawnee NG in Colorado; Oglala NG
in Nebraska; Kiowa and Rita Blanca NGs in New Mexico, Texas
and Oklahoma. Indigenous lands also supported considerable
HCP area habitat (8%; 7,779 km?). Other long-term hotspots
included those on Private Conservation Lands (2%; 2,250 km?),
such as ranches managed by: American Prairie in Montana;
Southern Plains Land Trust in southeastern Colorado; Turner
Enterprises Inc. (multistate); The Nature Conservancy (multi-
state) and Malpai Border Lands Group in Arizona. Less than 4%
of the top 30% of land with HCP (shown in Figures 2e and 4a)
is currently protected (4,643 km?; 1.29% of lands with PAD-US
Gap 1 and Gap 2 status and 8,818.24 km?; 2.45% of Private
Conservation Lands).

Plague risk (Carlson, Bevins, and Schmid 2022) was high across
most landscapes identified as having HCP (Figure 5). Indeed,
87% of the top 30% of landscapes with HCP occurred where
plague risk was medium to high (Figure 5b). Few areas with
HCP in the top 10% overlapped with low plague risk, these in-
cluded the eastern portion of Standing Rock and Cheyenne
River Reservations in South Dakota, northeastern Colorado and
Arizona. Overall, the most suitable, intact habitat for the prai-
rie dog ecosystem overlapped with medium to high plague risk
(Figures 1 and 5; see also Davidson et al. 2023).

Figure 6 illuminates how priority rankings changed due to the
inclusion versus exclusion of habitat, threat and social lay-
ers in the conservation prioritisation analysis. For the habitat
layer (Figure 6a), intact grassland (current and future) had a
strong, positive influence on conservation potential, especially
throughout New Mexico, southeast Colorado, Montana, the
Conata Basin region of South Dakota and the desert grasslands
of southwest Arizona. Indeed, the western distribution of the
BTPD range had the most extensive grassland both now and
projected into the future and the least fragmented habitat over-
all, except for northeastern Colorado and northern Montana
(Figure S1). The areas that lost priority rankings due to habitat
were largely because of mountainous terrain and/or tree cover
(Figure 6a). For the threats layer (Figure 6b), we found cropland
development and consequent loss of intact grassland to be the
most extensive habitat threat across the BTPD range both today
and under projected land use change (Figure S1). The eastern
portion of their range was the most impacted by cropland de-
velopment, especially across the Central and Southern Plains in
Texas, Oklahoma and Kansas, and across parts of the Northern
Plains in Montana and North Dakota. Oil and gas development
was extensive across southeast New Mexico, Texas, Oklahoma,
Kansas, northeast Colorado, northwest Wyoming and some parts
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Range-Wide Conservation Potential

Current Climate Future Climate (Warm & Wet) Future Climate (Hot & Dry)
b

Conservation Potential
2%

H5%

M 10%

[]130%

M 50%

o 75%

W 100%

A

Land with High Conservation Potential
across BTPD Range and Climate Scenarios
B Only present

[T] Only future scenarios (W&W and/or H&D)

[] Present and 1 future scenario (W&W or H&D)

M Overlap across all 3 climate scenarios

FIGURE2 | Mapsshowing conservation potential across the black-tailed prairie dog geographical range under current and future climate scenarios,
considering all spatial variables (see Table 1). (a) Conservation potential under the current climate; (b) conservation potential under the warm and wet
(W&W) future climate scenario; (c) conservation potential under the hot and dry (H&D) future climate scenario; (d) overlap of the top 10% of lands with
high conservation potential across the present and future climate scenarios; (e) overlap of the top 30% of lands with high conservation potential across
the present and future climate scenarios. The priority rankings in panels a, b and c are as follows: 2% (from 0.98 to 1 of priority rank) Light red; 5% (from
0.95 to 0.979 of priority rank) Dark red; 10% (from 0.90 to 0.949 of priority rank) Pink; 30% (from 0.70 to 0.89 of priority rank) Yellow; 50% (from 0.50 to
0.79 of priority rank) Light blue; 75% (from 0.25 to 0.499 of priority rank) Dark blue; 100% (from 0.00 to 0.249 of priority rank) Black.

of Montana and North Dakota. Road densities, wind farm de- Wyoming, southeast Arizona, New Mexico, southwest Texas and
velopment and transmission lines were especially high across the panhandle, eastern Colorado, parts of Montana and South
Texas, Oklahoma and Kansas, and across the eastern distribution Dakota. The places in blue indicate where incentives are likely to
of the BTPD range in general. Areas that lost priority rankings be adopted but may fail to secure meaningful conservation, and
due to threats included the Texas-Oklahoma panhandle region, yellow represents HCP areas that are not likely to be successfully
southwest Kansas, much of eastern Colorado and Wyoming. For secured with incentives. Overall, we found generally greater sup-
the social layer (Figure 6¢), a few areas exhibited positive social port for private than federal conservation incentives throughout
support for prairie dog conservation, such as in northeast New much of the lands with HCP.

Mexico and southeast Arizona, and increased in priority rank.

Unsurprisingly, there was low social support for BTPD conserva-

tion across most of the BTPD range. 4 | Discussion

Lastly, Figure S3 shows places where conservation incentives = We identify extensive areas of high conservation potential habi-
may be helpful for securing HCP habitat. These areas (in ma- tat for BTPD ecosystem conservation, especially across the west-
roon) included the Thunder Basin ecoregion of northwestern ern portion of the BTPD geographical range. These HCP areas
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TABLE 2 | Shows how much of the top 10% of lands with high
conservation potential (identified in Figures 2d and 4a) occurs within

each state.
State Area (km?) %
Total 96,944 100
Colorado 24,084 24.8
Montana 19,401 20.0
South Dakota 19,331 19.9
Wyoming 18,947 19.5
New Mexico 7,082 7.3
Nebraska 2,525 2.6
Arizona 1,845 1.9
Texas 1,552 1.6
Oklahoma 1,059 1.1
North Dakota 699 0.7
Kansas 420 0.4

represent 6% (top 10%) and 22% (top 30%) of their historical dis-
tribution within the United States and remain strongholds under
projected climate change. Davidson et al. (2023) identified 20.8
million hectares of suitable grassland habitat for the BTPD eco-
system, of which only 9% is currently occupied by prairie dogs
(see also BTPD population estimates; McDonald et al. 2015).
Here, we build on this work, showing that of the suitable habi-
tat, 96,944 km? have the greatest conservation potential (the top
10%; Figures 2d and 4a) when also considering the threat, social
and political landscapes, future climate and habitat connectiv-
ity. Our findings highlight the large conservation potential for
BTPDs and associated species, especially those that depend on
extensive prairie dog colony complexes and intact habitat to sup-
port their populations.

Much of the HCP habitat is located across regions where exten-
sive, intact grassland habitat remains. These areas were also lo-
cated where climate, soils and topography were most suitable
for BTPDs. The suitable soils had medium to high clay content,
organic matter, pH and low sand content (Davidson et al. 2023),
which reflects their preference for clayey-loam soils when bur-
rowing and mound building (Augustine et al. 2012). Regions like
the Nebraska Sandhills have extensive, intact grasslands, but
have unsuitable soils for prairie dogs (Davidson et al. 2023). The
HCP habitats we found were located in areas that also had low
topographical ruggedness (Davidson et al. 2023), as BTPDs do
not associate with montane habitats and are often found around
700-1700m elevation (Hoogland 1995). HCP areas were located
where a suitable climate exists for the BTPD ecosystem, which is
characterised by intermediate levels of net primary productivity,
with relatively high winter-spring precipitation, and moderate
summer—fall precipitation (Davidson et al. 2023). These climate
variables reflect the importance of forage resources during
offspring production in the spring (Zaks et al. 2007; Davidson
et al. 2014; Hayes, Talbot, and Wolf 2016) and the need for suf-
ficient forage resources for overwinter survival, while too much

summer-fall precipitation can result in tall vegetation that can
hamper colony growth (Grassel, Rachlow, and Williams 2016;
Bruggeman and Licht 2020).

The HCP areas we identified expanded significantly across the
northern distribution of their range under the future climate
projections (Davidson et al. 2023). In contrast, the southern dis-
tribution of their range became less optimal habitat in the fu-
ture (Davidson et al. 2023), which is the underlying driver for
the HCP area shifts under a changing climate in our analysis
(Figure 2). Indeed, prairie dog colonies in the southern distri-
bution of the BTPD range are already in decline in part due to
increasing intensity and frequency of drought under climate
change (Ceballos et al. 2010; Facka et al. 2010; Hale, Koprowski,
and Hicks 2013; Davidson et al. 2014, 2018; Hayes, Talbot, and
Wolf 2016). We suggest BTPD conservation might be best maxi-
mised by focusing on those areas we highlight in Figure 4a that
have HCP under both current and projected future climate. Our
analysis also highlights HCP areas in the southern part of the
range, such as northeastern New Mexico, that may remain pri-
orities well into the future and be worthy of conservation invest-
ment from a rangewide perspective.

Plague risk was relatively high across much of the land we iden-
tified as having HCP, as well as where grassland habitat for the
prairie dog ecosystem was most suitable and intact (Carlson,
Bevins, and Schmid 2022; Figure 5). We evaluated plague risk
post hoc, instead of as a variable in our conservation plan-
ning analysis, because plague is now endemic across much of
the remaining habitat for the prairie dog ecosystem (Davidson
et al. 2023; Carlson, Bevins, and Schmid 2022). Additionally, the
plague-prairie dog system is complex and poorly understood,
creating too much uncertainty when identifying lands with HCP
now and into the future. Epizootics are a result of a suite of in-
teractions among climate, landscape connectivity, colony sizes,
metapopulation dynamics and host and vector population den-
sities (Collinge et al. 2005; Snill et al. 2008; Johnson et al. 2011;
George et al. 2013; Eads, Biggins, Long et al. 2016; Eads and
Hoogland 2017; Biggins and Eads 2019; Barrile et al. 2023), and
there remains different hypotheses about how future climate
change might alter plague dynamics across the BTPD range
(Snill, Benestad, and Stenseth 2009; Eads and Biggins 2017;
Eads and Hoogland 2017; Carlson, Bevins, and Schmid 2022).
But, itappears climate change is increasing plague risk across the
BTPD range (Carlson, Bevins, and Schmid 2022). Conservation
planning for the BTPD system would benefit from a better un-
derstanding of plague dynamics in general and from a range-
wide perspective of where plague vulnerability is greatest today
and where it may increase or decrease under a changing climate.
There is a suite of tools currently available to mitigate the impact
of plague, often administered in areas considered high priority
for BTPD ecosystem conservation and black-footed ferret recov-
ery. These include administering deltamethrin dust to BTPD
burrows and/or fipronil grain bait to reduce flea abundance,
and/or the oral sylvatic plague vaccine for prairie dogs (Rocke
et al. 2017; Biggins, Godbey, and Eads 2021; Eads et al. 2022).
Our work, here, highlights that such plague mitigation efforts
will be important for colonies selected for conservation prior-
itisation across most of the habitat that has been identified as
having HCP, with a few potential exceptions (Figure 5). Future
research might explore how the HCP areas and the spatial
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State-Level Conservation Potential

Current Climate Future Climate (Warm & Wet) Future Climate (Hot & Dry)
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FIGURE 3 | Maps showing state-level conservation potential across the black-tailed prairie dog geographical range under current and future cli-
mate scenarios, considering all spatial variables (see Table 1). (a) Conservation potential under the current climate; (b) conservation priorities under
the warm and wet (W&W) future climate scenario; (c) conservation potential under the hot and dry (H&D) future climate scenario; (d) overlap of
the top 10% of lands with high conservation potential across the present and future climate scenarios; (e) overlap of the top 30% of lands with high
conservation potential across the present and future climate scenarios. The priority rankings in panels a, b and c are as follows: 2% (from 0.98 to 1
of priority rank) Light red; 5% (from 0.95 to 0.979 of priority rank) Dark red; 10% (from 0.90 to 0.949 of priority rank) Pink; 30% (from 0.70 to 0.89 of
priority rank) Yellow; 50% (from 0.50 to 0.79 of priority rank) Light blue; 75% (from 0.25 to 0.499 of priority rank) Dark blue; 100% (from 0.00 to 0.249
of priority rank) Black.

plague model (Carlson, Bevins, and Schmid 2022) could be used eastern states have fewer areas with HCP compared to the west-
to help inform which areas have the greatest need for plague ern states within the BTPD range, but when viewed from a state-
mitigation and how to best focus such efforts. level perspective there are considerably more areas with HCP.

We expected such differences because our question was aimed at
State-based conservation priorities differed considerably from understanding the HCP areas within each state, so the analysis
rangewide priorities, under both current and future climate sce- sought conservation solutions within each of the states’ bound-
narios. The largest difference was among the southern states aries. Identifying state-based conservation priorities is important
(Arizona, New Mexico and Texas), where climate change reduces  because funding sources and management priorities are often fo-
the conservation priorities across this region more when viewed cused at the state level, and not rangewide (Meretsky et al. 2012;
from a rangewide perspective than when viewed from a state- Lacher and Wilkerson 2013; Riley et al. 2020). This way, each
level perspective. Additionally, from a rangewide perspective, the state has information on conservation priorities within its own
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jurisdictional boundaries. We suggest each state focus conserva-
tion efforts for the BTPD ecosystem, especially in those areas high-
lighted in green in Figure 3d,e that remain priorities into the future
at the state level, while also considering those priorities identified
within their state under the rangewide perspective (Figure 2d,e).

The BTPD ecosystem faces a suite of extrinsic threats. Plague is
perhaps the greatest threat facing their populations and that of

TABLE 3 | Shows how much high potential conservation
habitat (top 10%, identified in Figures 2d and 4a) overlaps with
different landownership categories, across the black-tailed prairie
dog geographical range (based on PADUS, NCED and our private
conservation lands layer; see Table 1).

Landownership Area (km?) %
Total 96,944 100.0
Private 63,447 65.4
Federal 14,021 14.5
State 9,347 9.6
Indigenous lands 7,779 8.0
NGO/private conservation 2,250 2.3
Local/regional 100 0.1

600 Kilometers

Legend Legend
I Top 10% Conservation Potential I Frivate Lands
Top 30% Conservation Potential I Federal
\:| BTPD Range Boundary - State
Joint

Local Govt & Regional Agency Special District
Indigenous Lands

associated species, followed by lethal control, shooting and habitat
loss (Hoogland 2006). We found that the conversion of grasslands
to croplands and consequent fragmentation was the overwhelm-
ing threat causing habitat loss across the BTPD range (Figure S1).
Indeed, the loss of native prairie to agriculture has been and is
predicted to be greatest across the eastern part of the BTPD range
(Davidson et al. 2023; Sohl et al. 2012; Lark et al. 2020; Augustine
et al. 2021; Olimb et al. 2022). Our analysis does not explicitly
evaluate the loss of grassland habitat through desertification, as
conversion of grasslands to shrublands across the southern dis-
tribution of their range has occurred prior to the spatial data on
landcover that we used (from 2016; USGS 2019a). But, we know
that extensive regions where prairie dogs formerly were abundant
across the southwest and northern Mexico are no longer occupied
by the BTPD ecosystem (Weltzin, Archer, and Heitschmidt 1997,
Ceballos et al. 2010; Hale, Koprowski, and Hicks 2013; Davidson
et al. 2014). These desert grasslands continue to be vulnerable to
desertification with the ongoing combination of overgrazing by
livestock and warming climate, reducing their long-term potential
as HCP habitat (Ceballos et al. 2010; Gutzler and Robbins 2010;
Hale, Koprowski, and Hicks 2013; Davidson et al. 2014).
Although prairie dogs themselves probably are not that impacted
by oil and gas development, wind farms, roads and transmission
lines (especially common across the eastern distribution of their
range), they all increase grassland fragmentation and the pres-
ence of humans (Augustine et al. 2021). Smaller, fragmented
colonies are less able to support the populations of species that

Legend
Bl Top 10% Conservation Potential
Top 30% Conservation Potential
|:| BTPD Range Boundary
[ ] GPAs as identified by Pool & Punjabi (2011)
[_] GPAs as identified by Comer et al. (2018)

NGO/Private Conservation
BTPD Range Boundary

FIGURE4 | Maps of (a) the intersection of the top 10% and 30% of areas with high conservation potential for the black-tailed prairie dog ecosys-
tem (across the three climate scenarios (Figure 2 respectively)), (b) those same top 10% of areas with high conservation potential intersected with
different landownership types (data are from PAD-US (USGS 2019b) and NCED and other Private Land Conservation areas, Table 1; see also Table 3)
and (c) the top 10% and 30% of areas with high conservation potential (as in panel a) overlapped with grassland priority areas (GPAs) for the Central

Grasslands identified by Pool and Panjabi (2011) and by Comer et al. (2018).
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FIGURES5 | Maps of plague risk (a) across the black-tailed prairie dog geographical range within the United States (data from wildlife model pre-

sented in Figure 1 of Carlson, Bevins, and Schmid 2022) and (b) within

Habitat
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the top 30% of areas with high conservation potential.

Threats Social
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FIGURE 6 | Maps show the change in the conservation potential when (a) habitat (b) anthropogenic threats and (c) social layers were included
versus excluded from the analysis shown in Figure 2a. Change in conservation potential was calculated by obtaining priority value per cell when

(a) habitat (b) threats and (c) social layers were included in the model m

inus the priority values when (a) habitat (b) threats and (c) social layers were

excluded respectively. The positive values show places where conservation potential (represented in Figure 2a) was increased by the presence of (a)
quality habitat (b) low threats and (c) social support for prairie dog conservation, whereas negative values show areas that lost conservation potential

due to (a) poor habitat quality (b) high threats and (c) low social support for prairie dog conservation. The original social data are from Williamson

et al. (2023a, 2023b). Grey areas represent masked-out regions of unsuitable habitat (see Table S1).

depend on large, connected prairie dog colony complexes, such as
mountain plovers, black-footed ferrets and other mesocarnivores
and raptors (Duchardt et al. 2023; Augustine and Baker 2013;
Augustine and Skagen 2014; Davidson, Detling, and Brown 2012;
Duchardt, Beck, and Augustine 2020; Livieri et al. 2022; U.S. Fish

and Wildlife Service 2013). Additionally, the greater presence of
humans increases the likelihood of prairie dogs being shot and
occurrence of plague epizootics, and high levels of development
and anthropogenic activity may negatively impact the behaviour
and populations of associated species (Pauli and Buskirk 2007;
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Lendrum, Crooks, and Wittemyer 2017; Biggins and Eads 2019;
Chalfoun 2021).

Somewhat surprisingly, we found that general spatial patterns
of HCP areas, across present and future climate scenarios, were
not strongly impacted by the social and political data layers used
in our analysis. Indeed, most of the HCP areas we identified
remained priorities when we removed the social layers in our
analysis, even when we increased the weightings of the social
data in our analysis. Habitat suitability, habitat connectivity and
threats played a larger role in determining the potential land-
scapes for conservation priority in our analysis. This makes
good sense, as the primary goal when identifying conservation
priorities for on-the-ground implementation should be to pro-
tect and restore habitat that is most suitable, followed by the
surrounding landscape potential and threat presence (Margules
and Pressey 2000; Watson et al. 2011). Secondary to this should
be the relative ease or difficulty in securing those HCP habitats
(Watson et al. 2011). For example, when evaluating two high-
quality patches of habitat, managers might choose to focus their
efforts in areas with greater social support and institutional
capacity for actualising conservation action (Figure 5c and
Figure S3; Watson et al. 2011).

The social landscape was relatively similar across the BTPD range,
with regard to social support for their conservation (Figure S1).
This lack of large variability in social support likely explains why
the social data in our analysis did not have a larger influence on
the HCP area locations. Additionally, the social data we used
may not have captured the full depth of the social and political
landscapes well enough; indeed, reflecting human attitudes and
perspectives in a spatial framework is complex and challenging
(Ban et al. 2013). Nevertheless, our conservation planning anal-
ysis provides a novel assessment of priorities by including social
and political spatial data, and spatial social data specific to BTPDs
(Williamson et al. 2023a, 2023b). Inclusion of such data layers
is lacking in most spatial conservation planning efforts, largely
because of the paucity of available data and difficulty of obtain-
ing it in a meaningful way (Knight and Cowling 2007; Knight
et al. 2008; Ban et al. 2013; Whitehead et al. 2014). We strongly
encourage more research in this area to gain much needed in-
sights into the social and political landscapes for future spatial
conservation planning, as it has the potential to provide much
needed insights for on-the-ground conservation implementation.

Landownership also plays an important role in on-the-ground con-
servation potential (Table 3, Figure 4b; Burger et al. 2019; Dawson
et al. 2019; Maxwell et al. 2020; Augustine et al. 2021). Most (65%)
of the top 10% of land with HCP, across all three climate scenar-
ios, were located on private land, compared to public land (24%).
However, across the western distribution of the BTPD range, there
remains considerable public land, especially federal and state land,
and indigenous land (8%) that may provide valuable opportunities
for conservation of the BTPD ecosystem. Yet, the extent to which
private, public and indigenous lands will support BTPD ecosys-
tem conservation, is strongly influenced by the social and political
landscapes within which they are embedded. While the prairie dog
ecosystem faces numerous threats from plague and habitat loss,
the social landscape is often considered the greatest and most chal-
lenging barrier to successful conservation of the BTPD ecosystem
(Miller et al. 2007; Augustine et al. 2021). To facilitate co-existence

between BTPDs and humans, incentive programmes, grass banks
to mitigate economic losses from ranching during droughts and
other local community-based conservation solutions are needed
(Augustine and Derner 2021; Crow et al. 2022). Our maps can be
used to guide where might be best to focus conservation incen-
tive programmes with private landowners, for example, such as
the NRCS incentive programme that pays private landowners for
maintaining BTPD colonies to support black-footed ferret recovery
(NRCS 2023). Managers can identify which landowners to include
in the incentive programme, based on where they occur within the
HCP landscapes. Likewise, funds and efforts to create grassbanks
can be focused on those lands that are in HCP hotspots. The land-
ownership maps and their relationship to the HCP landscapes we
identify underscore the importance of working with private land-
owners and local communities when implementing conservation
measures to support BTPD ecosystem conservation.

Most (>96%) of the HCP habitat we identify is not located within
already protected areas. This assessment is based on those areas
that have been identified as Gap 1 or Gap 2 status within the
Protected Areas Database (USGS 2019b). Examples of Gap 1 pro-
tected areas include National Parks and Wilderness Areas, and
of Gap 2 include National Wildlife Refuges, State Parks and The
Nature Conservancy Preserves. Our assessment also includes those
lands we identify as ‘Private Conservation Lands’, which included
properties owned by the American Prairie, Turner Enterprises Inc.
and Southern Plains Land Trust because they are private lands
properties with a focus on BTPD ecosystem conservation. National
Forests, BLM Lands, State Forests and some State Parks, are under
Gap Status 3, and while some of these lands, as well as Tribal lands,
may be partially managed for conservation, we did not include
them in our assessment of how Protected Areas overlap with the
HCP areas we identify. There are numerous conservation ease-
ments on private lands throughout our study region that also are
not included in our assessment, because we found the data to be
inconsistent and unreliable (see also Ducks Unlimited and Trust
for Public Land 2023). Yet, even if a private lands property has a
conservation easement, this does not necessarily translate into
BTPD ecosystem protection. Despite the limitations of our pro-
tected areas assessment, our analysis shows that most grasslands
throughout the BTPD currently lack an explicit mandate to pro-
mote the conservation of the BTPD ecosystem.

The HCP areas we identify encompassed or overlapped with
many of the regions also identified in other landscape-level con-
servation priority analysis for the Central Grasslands (Comer
et al. 2018; Pool and Panjabi 2011), but we also illuminate exten-
sive, additional regions of grassland priority. NatureServe iden-
tified potential conservation areas (PCAs) based on long-term
trends, species of concern, current level of protection and land-
scape intactness and connectivity, across the Central Grasslands
(Comer et al. 2018). Our HPC areas overlapped with these PCAs
across much of the intact western grasslands within the BTPD
range (Figure 4c). They also overlapped with many of the grass-
land priority conservation areas (GPCAs) identified by the
Commission for Environmental Cooperation and The Nature
Conservancy, based on ecoregion representation, condition of na-
tive grassland and 20 focal grassland-dependent species (BTPDs
and 18 species of grassland birds) (Pool and Panjabi 2011). Again,
most of the areas of overlap were across the western distribu-
tion of the BTPD range (see Pool and Panjabi 2011). Differences
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among these more generalised grassland conservation priorities
with those of the BTPD ecosystem were mostly in the eastern
portion of the historic BTPD range where their suitable habitat
declines under today's existing grassland landscape (Augustine
et al. 2021; Davidson et al. 2023).

5 | Conservation Implications and Conclusions

Prairie dogs are a keystone species of the central grasslands of
North America, and consequently, they are often at the centre
of grassland conservation efforts. Yet, conservation of the BTPD
ecosystem is fraught with complex challenges that include: (1)
the non-native disease, plague, that devastates BTPD popu-
lations and that of some associated species (Cully et al. 2010;
USFWS 2013; Eads and Biggins 2015); (2) widespread habitat loss
(Davidson et al. 2023; Augustine et al. 2021) and (3) high conflict
with human activities, especially ranching (Detling 2006; Miller
et al. 2007; Augustine and Derner 2021; Crow et al. 2022). The
duality of being ecologically important while also being in high
conflict with humans creates one of the greatest conservation
challenges facing North America’'s Central Grasslands. Finding
solutions to facilitate the co-existence of BTPDs and humans is
central to the conservation of the BTPD ecosystem, but to date
remains largely lacking and remarkably inadequate.

Here, we provide maps that identify the best locations to focus
limited conservation resources for the BTPD ecosystem, both
now and into the future. These maps can be explored down to
90m resolution. The algorithm we used in our conservation
planning analysis created a conservation value for each cell
across the gridded geographical landscape of the BTPD range,
based on climate, land use, habitat suitability and social and in-
stitutional support for conservation. Through this insight, our
maps provide decision support for where limited conservation
resources might best be invested and where conservation goals
have the best chance of being actualised. Furthermore, the maps
can inform efforts like the Central Grasslands Roadmap, and be
overlaid with priority landscapes identified for other umbrella
species or functional groups, such as the lesser prairie-chicken
(Tympanuchus pallidicinctus), greater sage-grouse (Centrocercus
urophasianus), grassland birds, bison and biodiversity conserva-
tion in general (Sanderson et al. 2008; Van Pelt et al. 2013; Reeves
etal. 2014; Jenkins et al. 2015; Gary et al. 2019; Central Grasslands
Roadmap 2022; Dreiss et al. 2024), in addition to those identified
by (Pool and Panjabi 2011 and Comer et al. 2018). Doing so, can
provide a more complete picture of where to focus conservation
resources across the Central Grasslands and inform efforts aimed
at conserving 30% of United States lands and waters by the year
2030 (EOP 2021).
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