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The prairie dog ecosystem

Black-tailed prairie dog colonies

Davidson et al. 2012, Frontiers

USFWS black-footed ferret recovery plan specifically states,
“We believe the single, most feasible action that would
benefit black-footed ferret recovery is to improve prairie
dog conservation. If efforts were undertaken to more
proactively manage existing prairie dog habitat for ferret
recovery, all other threats to the species would be
substantially less difficult to address.”




Global distribution of plague

Plague occurs in ground-dwelling rodents on all continents, except Australia & Antarctica

Figure 1 Global distribution of natural plague foci as of March 2016, based on the historical data and current information (modified
after the WHO 2016).

Mahmoudi et al. 2020 Int Zoo




Plague devastates populations of prairie dogs
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* Plague is one of the greatest threats today
e Lack of immunity to plague
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Boom and bust cycles of black-tailed prairie dog populations in the
Thunder Basin grassland ecosystem
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Impact of plague on prairie dog ecosystems
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United States Department of Agriculture
National Institute of Food and Agriculture

Sylvatic plague and
extreme precipitation

Observed: Drastic
reduction in prey
availability impacts
predators in proportion
with dietary reliance on
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Observed: Marginal response of Observed: Extreme and rapid changes to habitat

ungulates to colony cover in 2017,
reduced occurrence in 2018 likely

unrelatad to plague. with minimal impacts on sagebrush birds.

structure, reducing habitat quality for shortgrass species
but increasing habitat availability for mid-grass obligates,

Duchardt et al. 2022, Ecological Applications



Some populations are showing resistance to plague
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Resistance to Plague Among Black-Tailed
Prairie Dog Populations
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Genetic basis of resistance
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* MHC gene is an important immune system gene
e GPD individuals that had this 1 common allele had better
(60%) survival in GPD compared to those lacked it (20%)

MhcCygu-DRB*01 Allele

B Absent
B Present

Days After Infection
Cobble et al. 2016, Ecol & Evo

Genome-wide scans have
identified DNA differences
in GPDs that survived vs.
died in plague challenge



Uncovering the genetic fingerprint and evolutionary
trajectory of plague resistance in prairie dogs
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Research Approach: Uncover the evo
trajectory of plague resistance in pra

* |dentification of plague resistant alleles across space ® C.leucurus
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Genotype whole genomes
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challenge (Rocke et al.) studies
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experiment this summer to allow (Rocke et al.)
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Research Approach: Uncover the evolutionary
trajectory of plague resistance in prairie dogs [+
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Research Approach:
trajectory of plague

Identification of plague resistant alleles across space and

time

Collect tissue samples across range of BTPDs & GPDs
Historical (3100) and contemporary samples (>4000)
Genotype whole genomes; so far sequenced 92/>4000
Neutral vs resistance allele frequencies
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Research Approach:
trajectory of plague
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Research Approach: Ecological and Demographic
Signatures of Plague Resistance
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Research Team:
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Drawing of prairie dog, cow, and rancher at Thunder Basin National Grassland by Sharyn Davidson



Management & conservation implications

* Prairie Dog Ecosystem: Understanding where and how prairie dogs are
evolving resistance to plague valuable for management and conservation

* Global: Understanding the evolution of resistance to novel diseases and
climates E.g., white nose syndrome, chytridiomycosis
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Homes on the Range Objectives: Identify potential

landscapes for grassland conservation

N | S
1) Identify priority conservation areas for the BTPD ecosystem
2) On-the-ground implementation. | : ol
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Biological Conservation 286 (2023) 110241
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Present and future suitable habitat for the black-tailed prairie
dog ecosystem
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Methods (Part |): Habitat Suitability Model (HSM)

Max Temperature  Annual Precipitation Land Cover

Spatial data layer for Habitat

Suitability Model

Max. summer temperature Annual total precipitation
(1994-2014) (1994-2014)
oy on 28 2480 mm

BTPD colony Prairie dog occurrences from WEST survey

(McDonnald et al. 2015)
occurrences

USGS National Land Cover Database 2016

POLARIS 30-m resolution database
Metrics: bulk density to 100cm, %Sand to
100cm, %Clay to 100cm, % organic matter to Topographic

100cm, pH to 100cm Wetness Index Percent Sand

“Low:23

Slope & National Elevation Dataset
elevation Metrics: Topographic Wetness Index,
Topographic Ruggedness Index, slope, aspect

Soil composition - Sand

- 8%

S, S—
Climate — Current climate (1994-2014), using GridMet .m**“
current Metrics: Mean annual_precipitation (mm), '
winter + spring & summer + fall precipitation,
max summer temperature, potential

evapotranspiration, growing degree days

. ¥ < A
Davidson et al. 2023, Biol. Cons.



https://www.mrlc.gov/data
http://hydrology.cee.duke.edu/POLARIS/
https://prd-tnm.s3.amazonaws.com/index.html?prefix=StagedProducts/Elevation/1/IMG/
https://app.climateengine.org/

Results (Part |): Ensemble Habitat Suitability Model

HSM under current climate

e

e 20.8 million hectares of
suitable grassland habitat

e only 1.9 million hectares
(4%) are currently occupied
by BTPDs

e States with the most suitable
habitat: Colorado (5.8M ha),
Wyoming (3M ha), Montana
(2.9M ha), South Dakota
(2.8M ha)
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Davidson et al. 2023, Biol. Cons.



Results (Part |): Post-hoc analysis of HSM

Thunder Basin National Grassland WY | __Comanche National Grassland, CO
Over 93% of all ' i A & k
ground-truthed
colonies were in
habitat predicted to
be medium or high
suitability

Davidson et al. 2023, Biol. Cons. I R




Results (Part |): BTPD Habitat Suitability Model

HSM under Current Climate HSM under Future Climate HSM under Future Climate
(warm & wet scenario) (hot & dry scenario)

¥

Habitat Suitability

|:| State Boundaries - High

BTPD Range Boundary

Low

Davidson et al. 2023, Biol. Cons.



Methods (Part Il): Identifying current & future
landscapes for grassland conservation, within predicted
suitable habitat

Goal: Not only assess the suitability of the
habitat for the prairie dog ecosystem, but
also the social and political landscape,
threats (such as development), habitat
connectivity, and general ecological
landscape (e.qg., percent cover of grass)

Davidson et al. 2024, Diversity and Distributions Drawifte by Sharyn Dawidson



Diversity and Distributions W l L E Y

Diversity and Distributions
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Potential Landscapes for Conservation of the Black-Tailed
Prairie Dog Ecosystem
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Methods (Part Il): Incorporating landscape & social
variables to determine conservation priorities
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Methods (Part Il): Identifying current & future
landscapes for grassland conservation, within predicted
suitable habitat

Using Conservation our opprooch i
lanning tool (Zonation) HESECIRECOVET Kl boed to entl
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. . . . . - . scenario priority
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Davidson et al. 2024, Diversity and Distributions




Results: Landscapes with highest conservation potentia
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Data available

Data Dryad Interactive maps
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Pa rtners Homes on the Range is part of the WAFWA Grassland Initiative
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Next Steps: Think Big!!

* |dentification of local needs to facilitate conservation
action in focal priority areas

* What will it take to support the conservation of the
5,000-10,000-50,000 acre colonies?

* What will it take to support the conservation of co- e
existing bison herds?

* Large landscapes, connectivity, & corridors! o

* Seek funding to support local needs:
e Capacity to support landowner outreach
 Community outreach to understand
sustainability issues
* Capacity for states to develop conservation
strategy among private and public lands
* Facilitate coexistence with ranching community

Legend
& economic sustainability Il Private Lands

° Land ; ti bank B rederal

andowner incentives, grassban —
* Conservation easements Jint
° C| | mate adaptation L::J-::gl Govt & Regional Agency Special District \1

. . . . Indigenous Lands \K\ ,\

* Monitoring and mapping of BTPD colonies NGO/Private Conservation .\
* Plague management 1 BTPD Range Boundary

Davidson et al. 2025, Diversity and Distributions



Informing management and facilitating co-existence




ECOLOGICAL _
ARTICLE APPLICATIONS

A big data-model integration approach for predicting
epizootics and population recovery in a keystone species

Gabriel M. Barrile'*© | David J. Augustine®” | Lauren M. Porensky” © |
Courtney J. Duchardt®® | Kevin T. Shoemaker® | Cynthia R. Hartway®© |
Justin D. Derner’ " | Elizabeth A. Hunter®® | Ana D. Davidson'*

B Actual colonies 2005 B Actual colonies 2006 B Actual nonoverlapping predicted
O Predicted colonies 2006 O Predicted overlapping actual
B Predicted nonoverlapping actual

(Barrile et al. 2023, Ecological Applications)
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PDOG MAPR An Interactive Web-Based Decision
Support Tool to Inform Management of Prairie Dogs

Team: Gabriel Barrile, UW; Bort Edwards, CNHP, CSU; Kevin Shoemaker, UNR; David Augustine, USDA-ARS; Courtney
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defl ned ma nagement scenarios Predict and run scenarios for the distribution of prairie dog colonies and the chance of plague outbreak
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PDOG MAPR An Interactive Web-Based Decision
Support Tool to Inform Management of Prairie Dogs

Prairie Dog Modeling Application

Predict and run scenarios for the distribution of prairie dog colonies and the chance of plague outbreak
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prompts clearer)
2005 - CARRY FORWARD TO YEAR 2006 (OPENS NEW TAB) -

Step 1. Upload colony shapefile for 2005 @
] I 1
| ."\I'orm Antelope -
Rochelle i
! | Mine 2 I—b
L j 1

Your Inputs (2005)

BROWSE... 4 files

b‘ | ¥ Current Colonies

| @ Pdog Control Areas

Upload complete L+

Step 2. Upload shapefile of Prarie Dog control areas

(Optional) @ \ Plague Treatment Areas |

1
|
!
I
i -
[
|
1
|

i L R
i BROWSE .. Afiles I : ==
' 5-1 4 ®
r i |
Upload complete @ '\1 i Thunder Py P o
| & | : B tiongl! ‘ g N N
Step 3. Upload shapefile of plague treatment areas et —'l ------------------------------ e e i ettt (e S - . Jeor e el
(Optional) & \ » - :]
\ g
BROWSE... 4 files . - ¥ ! '
LEd b | ’. G f - .
Upload complete " 5
ple compl \ y " ) \‘ - ‘
Step 3b. Draw management areas (Optional) @ N 1=
\ ‘
Select Drawing Mode: | '
@ PDog Control Areas () Plague Control Areas A ‘
Leaflet | € OpenStreetMap, ODbL

Use polygon tool on map io draw areas

Predicted Colonies (2006) Based On Your Inputs

CLEAR ALl DRAWN POLYGONS

LS I i ] : :
Step 4. Upload colony shapefile for 2004 @ _ L3 _L"—L_ North Antelope X ! - Brdicled Golones; |
i I_l Rochelle { l' : ' ]
e | ] i " I

e
A flac o ming T

I
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PDOG MAPR An Interactive Web-Based Decision
Support Tool to Inform Management of Prairie Dogs

USE LN LU LU O TG U WFawW drerds

Predicted Colonies (2006) Based On Your Inputs

North Ame.fope Predicted Colonies

Rochelle
Mine

Step 4. Upload colony shapefile for 2004 €

BROWSE... 4 files

Upload complete

Step 5. Select Study Region &

Population Average -

k. WARNING: Select the site that matches your study
area! Using a different site may create biologically
implausible predictions.

Climate Parameters & Thresholds

Climate Variables (applied to both growth and plague

models):
) Leaflet | & OpenStreetMap, ODbL

Choose temperature in summer of 2004

Average hd

Choose precipitation in year 2005 | + North Antelope Plague Probability

Rochelle

Average > =) Mine

Choose precip in spring of 2006
Average b
Choose change in precip btwn 2005 and 2006
Average -

Prediction Thresholds:
Threshold for Colony Growth: L

05 m 1

05 D5 06 065 07 D75 D& 085 08 0.85 1 Leaflet | © OpenStreetMap, ODbL

Threshold for Plague Die-off: — .
— P . Summary Statistics Plague Analysis



PDOG MAPR An Interactive Web-Based

Support Tool to Inform Management of

Economic Analysis

*  How much forage
gained

* Net Gain after
poisoning costs
considered

Summary Statistics

Metric

Current Colonies
Predicted Colonies (2006)
Area Change (acres)

Area Change (%)

Max Plague Probability (%)

Mean Plague Probability (%)

Value

37

32
+6744.62
+118.7%
55.18

44.61

-

Economic Analysis - 4 Scenarios

CLICK TO RUN (OR UPDATE) ECONOMIC ANALYSIS

A: Average Pdog
consumption values

Acres Pdog Control: o
478.71

<>

Acres Pdogs after colony
prediction:

1242692

<>

Pdog density (per acre):
42

<>

Control cost/Acre ($):
25

L)

Change in forage on
controlled land (Ibs):
-7,716,047

Change in forage on
controlled land (lbs/acre):
-16,118

s Brine

on forage

Acres Pdog Control:
478.71

prediction:
1242692

25

Change in forage on
controlled land (lbs):
+0

Change in forage on

+0

$11,967.75

Acres Pdogs after colony

Pdog control cost/Acre ($):

B: Pdogs have no influence

<

<r

<>

controlled land (Ibs/acre):

Expenditure on Pdog control:

Decision
Prairie Dogs

Plague Analysis

Colony Count by Probability

Area by Probability

efficiency

26 40185
4000 -
255
w —
o 20 w3000 o
= o
8 15 8
5 15 8
& <
e E2[}[}[] =1
= =
= o
= 10+ = 12301
5 1000 -
5 —
2
0 ] 0 0 0 92 0 03 0 0 00
0 - 0 -
g 2 2 F 2 2 2 2 F o2 2 2 & £ &2 & &2 & & &£
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] L] [=) [= (=] [=3 (=] (=] (= (=] [=]
- o (] =T uy w ~ @ o (=] Y (] ™ w M~ @ o [=]
P S G - - - c a2 233 F 3 d 22
- 0 M T !B © ~ @ g = M M =T M @ M~ @ g
Plague Probability Plague Probability
Economic Scenario Descriptions
SCENARIO A:
Average Prairie SCENARIO B: Prairie Dog SCENARIO C: Prairie Dog SCENARIO D: Prairie Dog
Dog Consumption | Colonies Yield 100% Forage Colonies Yield 50% Forage Colonies Yield 0% Forage
Values
It is assumed that areas It is assumed that areas Itis assumed that area
Average values for SRR TS occupied by prairie dogs occupied by prairie dogs
i doaltrck yield the same forage as land | provide 50% forage value to provide 0% forage value to
Scenario D B . unoccupied by prairie dogs stock, thus area modeled as stock, thus area modeled as
interactions are ; : i ! 2
e (any change in colony area being released from prairie being released from prairie
’ will result in no gain or loss dogs will result in a 50% gain | dogs will result inan 100%
of forage). in forage value. gain in forage value.
peiog conts 100% 100% 100% 100%

~~“ NORTH CENTRAL

Climate Adaptation
Science Center



PDOG MAPR Next Steps

~~“ NORTH CENTRAL
Climate Adaptation

Science Center

Team: Gabriel Barrile, UW; Bort Edwards, CNHP, CSU; Kevin Shoemaker, UNR; David Augustine, USDA-ARS; Courtney
Duchardt, UA; Imtiaz Rangwala, CU Boulder & NC CASC; Maksim Sergeyev, CSU; Ana Davidson, CSU

Simulate colony dynamics under user-
defined management scenarios

Predictions of future colony extent and risk
of plague outbreak

Hold interactive webinars to receive
stakeholder feedback and improve tool
utility — This spring!

Prairie Dog Modeling Application

Predict and run scenarios for the distribution of prairie dog colonies and the chance of plague outbreak

Optional Step 0. What year is your data for? (just makes
prompts clearer)

2005 -

Step 1. Upload colony shapefile for 2005 @

BROWSE. 4files

Upload complete:

Step 2. Upload shapefile of Prarie Dog control areas
(Optional) @

4files

Upload complete:

Step 3. Upload shapefile of plague treatment areas
(Optional) @

4files
Upload complete
Step 3b. Draw management areas (Optional) @

Select Drawing Mode:
@ PDog Control Areas () Plague Control Areas

Use polygon tool on map to draw areas

CLEAR ALL DRAWN POLYGONS

Step 4. Upload colony shapefile for 2004 €

*

b
{lhl:‘\

Year 2005 — 2006 Prediction

CARRY FORWARD TO YEAR 2006 (OPENS NEW TAB) =

Your Inputs (2005)

b‘ 4 Current Colonies

| B pdog Control Areas

Plague Treatment Areas |

Predicted Colonies.

https://moped.shinyapps.io/PDOGMAPR/



https://moped.shinyapps.io/PDOGMAPR/

::;f .-;.--:.--

"
=

b

- il
“.’ 1);".'_

Questions?
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