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Thunder Basin Research Initiative 



ARS Research in Thunder Basin 
• Provide knowledge base to guide the management of 

Thunder Basin for multiple ecosystem services  
– Livestock production 
– Conservation of shortgrass ecosystems and associated species 
– Conservation of sagebrush ecosystems and associated species 
– Energy production 

 
• Produce updated Ecological Site Description (ESDs), 

state-and-transition models (STMs), decision support 
tools and/or best practices for public and private land 
managers. 





Heterogeneity 

From TBGPEA website 

MLRA 58B:  Northern Rolling High Plains, 
Southern Part 

TBNG 









Thunder Basin Research Initiative 

• USDA – ARS 
• UW – College of Ag. & Natural Resources; Agricultural Experiment 

Station 
 

• USFS 
• TBGPEA and Private Ranchers 

 
• Arch Coal, Inc. 
• Wyoming Game and Fish Dept. 
• USFWS/USGS 
• NRCS – soil mapping, ESDs, STMs 
• Colorado State University 
• Univ. of Colorado  
• Conservation NGOS  
• Wyoming Stockgrowers Association 
• USFS Research Stations 





• Management for shortgrass vs. sagebrush ecosystems 
– Cannot have both in the same place at same time 
– Multiple bird species of conservation concern with mutually exclusive 

habitat requirements 
– Sagebrush vs. livestock production tradeoffs? 
– Shortgrass (prairie dog) vs livestock production tradeoffs 
 

• Ecological Uncertainty 
– Historic role of fire and relationship to sagebrush? 
– Spatial variation in the effects of herbivores (domestic and native)? 
– Area requirements for “sustainable” populations of sage grouse, black-

footed ferrets, mountain plovers?   
– Effects of prairie dog/ferret management on sage grouse conservation? 
 
 
 



First steps… 
To optimally manage the large and 
heterogeneous Thunder Basin ecoregion, we 
need to better understand: 
 
1) How biophysical heterogeneity (e.g., soils, 

topography), broad-scale disturbances (fire, 
prairie dogs), and weather variability affects 
plant communities, livestock and wildlife 
 

2) How herbivory interacts with other drivers to 
alter plant communities and wildlife habitat 



Thunder Basin Research Initiative:  Current Efforts 

1. Role of wildfire in Thunder Basin 
ecosystems 
 

2. Effects of multiple herbivores on plant 
community dynamics across multiple 
disturbance regimes 
 

3. Landscape management for multiple bird 
guilds 



Historical Wildfires Project 



Quantifying long-term effects of wildfire on: 
1. annual bromes 
2. forage and wildlife habitat 
3. soil stability and erosion 
 

 

How does wildfire impact  
Thunder Basin ecosystems? 



Comprehensive vegetation and soils data at 159 
transects spanning 3 counties, 32 historical fires 

(1937-2012), and 7 different ecological sites. 



 



Heirarchical sampling design 

• Ecological Site nested 
within fire 
 

• Burned/unburned 
transect pair nested 
within ES and fire 

 
• Tried to match aspect, 

landform, elevation, 
slope 

 
• No reburns 

 



Measurements 
Category Data types 

metadata 
 

GPS coordinates, landform description, photo points 
 

soils 

 
Soil surface description: Pedoderm class, soil surface 
stability, resource retention class, soil redistribution 

class; cores for soil texture and basic nutrient analyses 
 

understory plants 

 
Species richness, aerial and basal cover by species, 

structure and relative biomass 
 

shrubs 
 

Cover, density and structure by species 
 



Soils 

Plant community 
Structure 



1. Abundance of annual bromes 



Cheatgrass (Bromus tectorum) 

At least 40 million hectares in the western United States 
have been negatively impacted by cheatgrass invasion. 

 

• Reduced plant diversity, wildlife habitat, 
and livestock weight gains 

• Altered carbon and nitrogen cycling 
• Increases in costs associated with fighting 

fires and rehabilitating invaded areas  



Cheatgrass increases wildfire frequency and extent.   
Burned sites are highly susceptible to further invasion. 
More invasion leads to more fire. 

Fire – invasion feedback loop 



Converted ecosystems 



Does cheatgrass play the same game  
in the western Great Plains? 

• Different climate (seasonality of rainfall) 
• Different history of fire and grazing 
• Some evidence that prescribed fire in the Great 

Plains reduces the abundance of annual bromes 



But many continue to wonder about (and manage for) 
cheatgrass–fire feedbacks in the western Great Plains. 
• We do have cheatgrass, and it is causing problems. 
• Wildfires often have different effects than prescribed fires. 
• No studies in the Great Plains – Sagebrush Steppe ecotone. 
• All studies are on B. arvensis or a combination of B. 

tectorum and B. arvensis (and sometimes also V. octoflora). 
 



 

occurrence 

abundance 



Is wildfire associated with cheatgrass? 

Occurrence: No. Both inside fires and outside fires, B. 
tectorum was present in 73% of transects (52 out of 71). 
 
Abundance: 
If anything, less 
cheatgrass in 
burned areas 



 



What about B. arvensis?  

Occurrence: No effect of fire. Present at 62% of 
unburned transects (44 out of 71) and 63% of burned 
transects (45 out of 71). 
 
Abundance: 
No main effect of fire. 



What do bromes care about? 

1. Soil. Cheatgrass is found on sandier soils, 
while Japanese brome is found on more 
clayey soils. 
 

2. Other plants. Both species are more likely to 
occur in grassier places with more plants.  
 

3. Microclimate. Both species are more likely to 
occur on SE-facing slopes. 



Implications 
• Post-fire cheatgrass invasion does not appear to be a 

big concern. 
 

• Largest populations of cheatgrass are likely to be on 
sandier soils and southeast-facing slopes. 
 

• Future climate change may promote cheatgrass 
invasion in this ecosystem. 
 

• It’s not only who, but where…. 
Relationships between fire and plant invasion hinge not just 
on invader identity, but on interactions between invaders and 
their environments. 



2. Forage and wildlife habitat 



Higher perennial grass cover in burned areas 

* 



Higher forb cover in burned areas 
Lower shrub, cactus, lichen/moss cover in burned areas.  

* 

* 

* 



Long-term effects of wildfire 
Shrubs: long-term reduction 
 
 
 
 
 
 
 
Perennial grasses: long-term increase 
In oldest fires, shrub cover is replaced by perennial grass cover. 
 
Temporary effects of wildfire 
Cactus: fire reduces temporarily 
Forbs: fire increases temporarily 

Temporal trends 

Shrub cover 



Species richness is slightly higher 
outside of fires, but not due to forbs 

* 

* 

* 



Grass is shorter inside fires 

* 



3. Soil stability and erosion 

• No effect of fire on percent bare ground or litter 
• Burned areas have less biological crust 
• Less evidence of erosion in burned areas 
• No impact of fire on soil aggregate stability 

 



Implications 
• Fires can cause a conversion (on the order of 100 

years or more) from sagebrush to mixed grass. 
 

• Burned areas may provide important forage 
resources (e.g., forbs) that are less abundant 
elsewhere. 
 

• Fires can help reduce cactus, at least temporarily. 
 

• Fires are not associated with erosion. 



Project 2:  Interactive Effects of 
Herbivory and Disturbance on 

Plant Communities 



Research Objective 

Assess impacts of cattle, wild ungulate, and 
small mammal herbivory on plant communities, 
habitat structure, and livestock production 
within burned and unburned sites, as well as 
with and without black tailed prairie dogs 
(Cynomys ludovicianus).   

 



Nested Exclosure Design 

• Four spatially independent 5 x 5 km sites  
• Control, wildfire, and prairie dog town plots 
• All on loamy ecological sites with similar 

slopes and aspects 
• Nested exclosures at each plot 

1) All mammals allowed 
2) Cattle excluded (1 ha) 
3) Cattle and pronghorn excluded (1/4 ha) 
4) Cattle, pronghorn and small mammals excluded 

 



 



 



 



Small mammal exclosures 



 



 



Baseline Data 

• 2015 – (aka, Year 0) Data Complete 
– Site and exclosure selection and establishment 
– Herbaceous biomass relative to disturbance 
– Plant species richness, cover, and composition 
– Vegetation structure (visual obstruction) 
– Shrub cover, density, and browsing 
– Soils descriptions and stability 

 

• Prepping for 2016 and 2017 



Project 3: 
Landscape management for multiple bird guilds 



SHORTGRASS 

MIXED-GRASS 

SAGEBRUSH 

Sage Thrasher 

Greater Sage-grouse 

Brewer’s Sparrow 

Burrowing Owl 
Mountain Plover 

Upland Sandpiper 

Grasshopper Sparrow 

Not pictured: Sagebrush 
Sparrow 

Not pictured: McCown’s 
Longspur 

Bird Guilds in Thunder Basin 



Research Questions 
1) How do different birds respond to the size and spatial 

configuration of habitat patches within a 
heterogeneous landscape? 

 

2) Is there an optimal configuration of habitat types to 
maximize desirable habitat for all species? 

 

3) Is nest success of mountain plovers influenced by the 
shape, configuration, and vegetation composition of prairie 
dog colonies? 

 

4) Are greater sage-grouse lek locations and attendance 
influenced by proximity to, size, and shape of prairie dog 
colonies? 



Methods: Grassland/Sagebrush Bird  
Communities (Q1 &Q2) 

Field Season 2015 

- Surveyed birds in sagebrush habitat, on prairie dog 
colonies (shortgrass), and on edges between habitat 
types 

- 10 transects on sage grouse leks 
- 10 transects on prairie dog colonies 
- 41 transects across colony edges 

 
- 5-8 points per transect, 250m spacing 

 
- Visited twice between May 10-July 1 2015 

 



- 10 transects on sage 
grouse leks 

- 8 points per transect 
 

- 10 transects on prairie 
dog colonies 
 

    
- 41 transects along edges 



- 10 transects on sage 
grouse leks 

- 8 points per transect 
 

- 10 transects on prairie 
dog colonies 

 -8 points per transect 
 

- 41 transects along edges 



- 10 transects on sage 
grouse leks 

- 8 points per transect 
 

- 10 transects on prairie 
dog colonies 

 -8 points per transect 
 

- 41 transects across 
edges 

 -5-8 points per transect 



 
- Collected vegetation data at 

each point between June 
15th and August 20th 

 
-30m line intercept transect of 
shrub cover 
 
-30m point intercept transect of 
vegetation classes 
 
-Robel readings every 5m 

 





OVERALL: 
Western meadowlarks, horned larks, and lark buntings 
most common species observed (~64% total observations) 
 
PRAIRIE DOG COLONY TRANSECTS: 
horned larks (48% of observations), meadowlarks (17% 
observations) and mountain plovers (8% of observations) 
 -Over 100 mountain plover observations 
 - 79% observed on colonies >320 ha 
 
LEK TRANSECTS: 
Brewer’s sparrows (26%), meadowlarks (25%) and lark 
buntings (24%) were most common 
 -Sage thrashers were less common, but recorded  
 64 observations 

Grassland/Sagebrush Bird Communities: Results 



Species Observations Corrected for Survey 
Effort 
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Brewer's sparrow

Sage thrasher

Vesper sparrow

Lark sparrow

Grasshopper sparrow

Lark bunting

Killdeer

Mountain plover

Western meadowlark

Horned  lark



• Collect point count and vegetation data 2016-2017 
      
• Analyze effects of local and landscape variables on 

single species density (presence?) and guild richness 
 

• Potential important habitat features 
• Sagebrush cover and patch size 
• Colony abundance, size, shape and distribution 

in the landscape 
• Topography 
• Soils 

 
• Combine results from analyses to determine “ideal” 

configuration of habitat features to manage for 
multiple guilds 

Grassland/Sagebrush Bird Communities:  
Next Steps 



Mountain Plover Nest Success (Q3) 

Focused search efforts on colonies 
where MOPLs were observed during 
point counts 
 



Located and monitored 30 nests 
 
-17 nests were successful (many hatching events were observed) 
 
-8 nests were predated 
 
-5 nests were abandoned or had unknown fates 

-some eggs were inviable, likely due to 
 snow events 

 
-Collected vegetation data at nests 

-point intercept at nest 
-line intercept across nest  (30m) 
-Robel 

  

Mountain Plover Nest Success 



 
Work with partners to determine 
mountain plover population viability 
in the Thunder Basin landscape 

Mountain Plover Nest Success Next Steps 

Collect nesting data in 2016 (2017?) 
 
Compare success rates between colonies 
 -vegetation characteristics 



Greater Sage-grouse Lek Location and 
Attendance (Q4) 

Spatial analyses using: 
 Lek data 
 Colony boundaries 
 Sagebrush layer(?) 
 
Model comparison to determine 
factors influencing location and 
attendance of leks 
 
 
Potentially also looking outside 
Thunder Basin 



What else can we learn from all this work? 



Many thanks to: 
– Co-authors: Derek Scasta, Courtney Duchardt, David Augustine, Jeff Beck 
– Field Crew:  Skye Greenler, Katie Surak, Sarah Newton, Lara Grevstad, Megan Gordon, Lauren 

Connell, Nick Dufek, Kevin Mueller 
– Sampling designs: Billy Armstrong 
– TBGPEA, USDA-ARS, UWyo, USFS collaborators 
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