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Executive Summary 

Rapid Ecoregional Assessments 

The overall goals of the Bureau of Land Management (BLM) Rapid Ecoregional Assessments 
(REAs) are to identify important ecosystems and wildlife habitats at broad spatial scales; identify where 
these resources are at risk from development, wildfire, invasive species, and climate change; quantify 
cumulative effects of anthropogenic stressors as required by the National Environmental Policy Act; and 
assess current levels of risk to ecological resources across a range of spatial scales and jurisdictional 
boundaries by assessing all lands within an ecoregion. The REAs provide an assessment of (1) baseline 
conditions for long-term monitoring of broad-scale conditions and trends; (2) landscape-level intactness 
of ecological communities, habitats for priority species, and the ecoregion overall; and (3) a predictive 
capacity for evaluating future risks. Ecoregional assessments also can identify data gaps and important 
ecological attributes, which can inform the development of monitoring strategies for assessing status 
and trends. The BLM State and field offices and other stakeholders may use this information to facilitate 
land-use planning and prioritize actions for conservation, restoration, and development, including the 
development of best-management practices and usage authorizations. By addressing priority 
management issues identified by multiple Federal and State agencies working collaboratively, REAs 
also foster interagency collaboration and help to ensure that REA results and products are relevant to 
multiple stakeholders. Although the REAs are informational tools and not decisionmaking documents, 
they provide a vehicle for creating stronger, more effective and efficient collaboration and cooperation 
among all parties interested in regional land and resource management.  

Rapid Ecoregional Assessment Components 

There are several components of the REAs. Management Questions, developed by the BLM and 
stakeholders for the ecoregion, identify the regionally significant information needed for addressing 
land-management responsibilities. Conservation Elements represent regionally significant species and 
ecological communities that are of management concern. The emphasis on ecological communities is 
based on the premise that intact and functioning ecological systems are more resistant to both natural 
and human stressors and are more resilient to these agents of change. Because it is not feasible to 
manage or monitor all species individually, protection of intact ecological communities may help to 
serve as a safety net for species not addressed specifically by the REA. Significant species or species 
assemblages that are of management concern, which may not be adequately addressed at the community 
level, were specifically addressed as Conservation Elements. The REA identifies and assesses primary 
factors, or Change Agents, that currently affect or are likely to affect the condition of species and 
communities in the future.  

The Wyoming Basin Rapid Ecoregional Assessment 

The Wyoming Basin Ecoregion encompasses approximately 133,656 square kilometers (km2) 
(51,604.87 square miles [mi2]), including portions of Wyoming, Colorado, Utah, Idaho, and Montana. 
The Wyoming Basin has some of the highest-quality wildlife habitats remaining in the Intermountain 
West. The wide variety of habitats includes intermountain basins dominated by sagebrush shrublands 
interspersed with deciduous and conifer woodlands and montane or subalpine forests at higher 
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elevations. The Wyoming Basin also supports ranching and agricultural operations that are important to 
the region’s economy and vital to conserving habitats for wildlife. The region also contains abundant 
energy resources, including large natural gas reserves and areas of high wind-energy potential. 
Combined with increased residential and industrial development, fast-paced energy development is 
resulting in notable land-use changes, including habitat loss and fragmentation. 

We evaluated the following Management Questions for each species and community for the 
Wyoming Basin REA. Core Management Questions address primary management issues including: (1) 
Where is the Conservation Element, and what are its key ecological attributes (characteristics of species 
and communities that may affect their long-term persistence or viability)? (2) What and where are the 
Change Agents? (3) How do the Change Agents affect the key ecological attributes? Integrated 
Management Questions synthesize the Core Management Questions: (1) Where are the areas with high 
landscape-level ecological values (based on key ecological attributes)? (2) Where are the areas with 
high landscape-level risks (based on Change Agents)? (3) Where are the areas with high conservation 
potential (highest ecological values, lowest risks)? (4) Where are the potential areas for restoration 
(highest ecological values, moderate-high risks)? (5) Where are the potential areas for development 
(lowest ecological values, highest risks)?  

Seven major ecological communities were selected as Conservation Elements in the Wyoming 
Basin. Terrestrial communities include (1) sagebrush steppe, (2) desert shrublands, (3) foothill 
shrublands and woodlands, and (4) montane/subalpine forests and alpine zone. Aquatic communities 
include (1) streams and rivers, (2) wetlands, and (3) riparian forests and shrublands. We evaluated a 
total of 14 species and species assemblages (aspen forests and woodlands, five-needle pine forests and 
woodlands, juniper woodlands, cutthroat trout, three-fish assemblage, northern leatherside chub, sauger, 
spadefoot assemblage, greater sage-grouse, golden eagle, ferruginous hawk, sagebrush-obligate birds, 
pygmy rabbit, mule deer) as Conservation Elements. 

We evaluated the four primary Change Agents required for the REA (development, fire, invasive 
species, and climate change). Additionally, we evaluated insects and disease for particular species and 
communities. Although grazing and off-highway vehicles were identified as important land uses, we 
determined that the data were not sufficient to evaluate these factors for the entire ecoregion. Instead, 
grazing and off-highway vehicles are best addressed with local information. 

Assessment Framework 

We used a standard assessment framework to evaluate the Management Questions for each 
species and community. One of the primary goals of the REA is to identify areas that have high 
conservation potential, also referred to as “large intact areas.”  At the ecoregion level, the ecological 
value of large intact areas is based on the assumption that because these areas have not been greatly 
altered by human activities (such as development), they are more likely to contain a variety of plant and 
animal communities and to be resilient and resistant to changes resulting from natural disturbances such 
as fire, insect outbreaks, and disease. Therefore, identifying large, relatively intact areas for species and 
communities is more likely to incorporate ecological processes that operate across a broad range of 
spatial and temporal scales, including nest-site or habitat, seasonal movements, and meta-population 
dynamics (such as dispersal and gene flow), habitat dynamics, and range shifts.  

Integrated Management Questions summarize current landscape-level ecological values (based 
on key ecological attributes) and risks (based on Change Agents). The maps generated to address Core 
Management Questions for each species and community were ranked to assess values and risks. The 
combined ranks for landscape-level values and risks were used to rank the conservation potential of 
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modeled distribution or mapped occurrences of species and communities. This approach summarizes 
information in a format that can be used as a screening tool for evaluating conservation, restoration, and 
development potential, but requires local-level datasets to provide finer-scale details on the condition of 
ecological resources. 

Rapid Ecoregional Assessment Products and Results 

The results are structured around Management Questions for each Change Agent and 
Conservation Element. The information needed to address Management Questions is summarized in 
maps and (or) graphs in individual chapters for each Change Agent and Conservation Element. In 
addition, the Assessment Synthesis chapter provides a two-page synopsis of each Change Agent and 
Conservation Element. 
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Pronghorn (Antilocapra americana) 
Pygmy rabbit (Brachylagus idahoensis) 
Rabbit and hare (Family Leporiddae) 
Richardson’s ground squirrel (Urocitellus 

richardsonii) 
Rocky Mountain mule deer (Odocoileus 

hemionus hemionus) 
Swift fox (Vulpes velox) 
Townsend’s ground squirrel (Urocitellus 

townsendii) 
Weasel (Mustela spp.) 
White-tailed deer (Odocoileus virginianus) 
White-tailed prairie dog (Cynomys leucurus) 
Wild horse (Equus caballus) 
Wyoming pocket gopher (Thomomys clusius) 

Herptiles 

Boreal toad (Anaxyrus boreas boreas) (formerly 
Bufo boreas boreas) 

Bullfrog (Lithobates catesbeiana) 
Columbia spotted frog (Rana luteiventris) 
Eastern spadefoot (Scaphiopus holbrookii) 
Great Basin spadefoot (Spea intermontana) 

Midget faded rattlesnake (Crotalus viridus 
concolor) 

Northern leopard frog (Lithobates pipiens) 
Northern tree lizard (Urosaurus ornatus) 
Plains spadefoot (Spea bombifrons) 
Sagebrush lizard (Scleroporus graciosus)

 

http://www.science.smith.edu/msi/pdf/i0076-3519-026-01-0001.pdf
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Fish 

Bluegill (Lepomis macrochirus) 
Bluehead sucker (Catostomus discobolus) 
Bonneville cutthroat trout (Onchorhynchus 

clarkii utah) 
Brook trout (Salvelinus fontinalis) 
Brown trout (Salmo trutta) 
Burbot (Lota lota) 
Colorado River cutthroat trout (Onchorhynchus 

clarkii pleuricticus) 
Cutthroat trout (Onchorhynchus clarki ssp.) 
Fathead minnow (Pimephales promelas) 
Flannelmouth sucker (Catostomus latipinnis) 
Lake trout (Salvelinus namaycush) 
Largemouth bass (Micropterus salmoides) 
Longnose dace (Rhinichthyes cataractae) 
Longnose sucker (Catostomus catostomus) 
Mosquito fish (Gambusia affinis) 
Mountain sucker (Catostomus platyrhynchus) 

Northern leatherside chub (Snyderichthys copei) 
Rainbow trout (Oncorhynchus mykiss) 
Razorback sucker (Xyrauchen texanus) 
Red shiner (Cyprinella lutrensis) 
Redside shiner (Richardsonius balteatus) 
Roundtail chub (Gila robusta) 
Sauger (Sander canadensis) 
Smallmouth bass (Micropterus dolomieu) 
Snake River finespotted cutthroat trout 

(Onchorhynchus clarki behnkei) 
Southern leatherside chub (Lepidomeda aliciae) 
Speckled dace (Rhinichthys osculus) 
Utah sucker (Catostomus ardens) 
Walleye (Sander vitreus) 
White sucker (Catostomus commersonii) 
Yellowstone cutthroat trout (Onchorhynchus 

clarkii bouvieri) 

Other 

Asian clam (Corbicula fluminea) 
Crayfish (Order Decapoda) 
Mountain pine beetle (Dendroctonus 

ponderosae) 
Mudsnail (Potamopyrgus antipodarum) 
New Zealand mudsnail (Potamopyrgus 

antipodarum) 

West Nile virus (Flavivirus Japanese 
encephalitis antigenic complex) 

Western spruce budworm (Choristoneura 
occidentalis) 

White pine blister rust (Cronartium ribicola) 
Zebra mussel (Dreissena polymorpha) 
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Conversion Factors 

 
SI to Inch/Pound 

Multiply By To obtain 

Length 

centimeter (cm) 0.3937 inch (in.) 

meter (m) 3.281 foot (ft)  

meter (m) 1.094 yard (yd)  

kilometer (km) 0.6214 mile (mi) 

Area 
square meter (m2) 10.76 square foot (ft2)  

hectare (ha) 2.471 acre 

square kilometer (km2) 0.3861 square mile (mi2) 

Flow rate 
cubic meter per second (m3/s) 35.31 cubic foot per second (ft3/s) 

Mass 

Dissolved Solids (Salinity) 

milligram per liter (mg/L) 0.000008345 pounds per gallon (lb/gal) 
Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows: 
°F=(1.8×°C)+32 
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows: 
°C=(°F-32)/1.8 

 

Scientific Notation Used in This Report 

Symbol Meaning 
< Less than 
< Less than or equal to 
= Equals 
> Greater than 
> Greater than or equal to 
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How to Use the Wyoming Basin Rapid Ecoregional Assessment 

Ecoregional Assessments 

The Wyoming Basin REA was a collaborative effort between the U.S. Geological Survey 
(USGS) and the BLM, with assistance from stakeholders including the National Park Service; U.S. Fish 
and Wildlife Service; Wyoming Game and Fish Department; Utah Division of Wildlife Resources; 
Montana Fish, Wildlife and Parks; Wyoming County Commissioners; and Wyoming Natural Diversity 
Database. The Wyoming Basin REA incorporates multi-scale information to assess the landscape-level 
condition and trends of ecological resources, including the direct and indirect effects of land use. The 
overall goal is to provide information that can be used to facilitate land-use planning and prioritize 
actions for conservation, restoration, and development. In addition, the REAs quantify spatially explicit 
cumulative effects and provide a broader-scale ecological context for decision-making and planning 
(such as for Ecological Impact Statements, Resource Management Plans, and strategic planning) at 
various spatial extents (project, field offices, state, or ecoregion) that cannot be determined using local-
level information. Because of the broad spatial extent, the datasets developed by the REAs lack local 
details and, consequently, REAs ideally will be used in conjunction with local-level information on 
conditions. Local-level research and monitoring can provide crucial details (such as resource conditions 
related to soil stability, hydrologic function, and biotic integrity provided by the BLM’s Assessment, 
Inventory and Monitoring [AIM] Strategy [Toevs and others, 2011]); such information is necessary for 
planning and management activities, and they can be used to validate the predictions of REA models. 
The conservation potential maps from the REA synthesize the landscape-level information for each 
species, species assemblage, and ecological community, thereby providing a broad-scale screening tool 
for identifying potential areas for conservation, restoration, and development. 

 The Wyoming Basin REA builds on a previous sagebrush ecoregional assessment in the 
Wyoming Basin Ecoregion (Hanser and others, 2011). There are many similarities between the REA 
and the sagebrush assessment, particularly in relation to the overall goals, but there are some important 
distinctions. The REA addressed all vegetation types and associated species in the Wyoming Basin, 
whereas Hanser and others (2011) focused on the sagebrush ecosystem and associated species. 
Nevertheless, there were many species in common to both assessments, including greater-sage grouse, 
Brewer’s sparrow, sagebrush sparrow, sage thrasher, and pygmy rabbit. Because of the short time frame 
allotted for conducting the REAs, we relied on existing regional datasets and used or adapted available 
models, whereas the sagebrush assessment was a multi-year research project that involved collection of 
new data and new model development. When appropriate, we incorporated results and models (for 
example, the greater-sage grouse habitat model) from the sagebrush assessment that addressed the 
Management Questions for this REA. There were many regional source datasets in common to both the 
REA and the sagebrush assessment, such as LANDFIRE, but in some cases more recent versions were 
available for this REA. The sagebrush assessment provides more extensive background information on 
the Wyoming Basin and summarizes the landscape-level effects of development for several energy 
fields and over the past hundred years, whereas the REA addresses regional energy effects on current 
landscape structure and provides projections of the potential for future energy development. As a 
consequence of these and other differences, the two assessments provide complementary information at 
the ecoregional level. 



 xx 

Report Organization 

Section I 

Section I provides background information on REAs and summarizes key findings for the 
Wyoming Basin REA. Most readers would benefit from reviewing the chapters in Section I, which 
provide information not duplicated in other sections. Chapter 1—Introduction and Overview provides an 
overview of the BLM’s REA program and the required REA components, and it provides background 
on the ecological setting and management issues for the Wyoming Basin REA. Chapter 2—Assessment 
Framework describes the standard methodologies used to assess the landscape-level status of each 
Conservation Element: seven ecological communities, and 14 species and species assemblages. Chapter 
3—Assessment Synthesis summarizes the key findings for the REA overall and for each individual 
Change Agent and Conservation Element. 

Section II 

Section II evaluates the four primary Change Agents, both current and projected potential 
conditions, evaluated for this REA. It provides an overview of the approaches used and summaries of 
results for the four major Change Agents required in this assessment: Chapter 4—Development, Chapter 
5—Wildland Fire, Chapter 6—Terrestrial Invasive Plant Species, and Chapter 7—Climate Analysis. The 
results summarized in these chapters were used for assessing the potential effects of Change Agents on 
species and communities, as presented in Sections III and IV. 

Sections III and IV 

Sections III and IV provide landscape-level assessments for all 21 Conservation Elements 
evaluated, with the ecological communities in Section III, and the species/species assemblages in 
Section IV. The chapters in Sections III and IV have a consistent format, which includes a narrative 
overview for the species or community that highlights ecological information relevant to the REA 
analyses. The narratives are organized using headings that directly correspond to the key ecological 
attributes and Change Agents summarized in tables for each chapter. It is important to note that the 
narratives are not meant to be exhaustive summaries or literature reviews. Rather, we provide a limited 
number of citations, including major review or synthesis documents when possible, and additional 
references as appropriate. Each Conservation Element chapter also includes an ecological conceptual 
model that portrays some of the primary potential interactions and feedbacks among drivers and 
stressors (Change Agents) evaluated. We used a standard format for all conceptual models so that key 
ecological attributes and Change Agents that were not addressed (either because available data were 
insufficient for conducting a regional-scale analysis or because the Change Agent was not expected to 
be a major issue for a species or community) would be readily apparent. In each chapter, the methods 
overview provides additional information that pertains specifically to the Conservation Element and is 
not addressed in Chapter 2—Assessment Framework. The maps, key findings, and summary for each 
chapter are based on the Management Questions. 

The chapters in Section III—Ecological Communities and Section IV—Species and Species 
Assemblages are as follows. Chapter 8—Streams and Rivers addresses major river systems and 
perennial, intermittent, and ephemeral streams. Chapter 9—Wetlands addresses both riparian and 



 xxi 

depressional wetlands and playas. Chapter 10—Riparian Forests and Shrublands addresses cottonwood 
and willow communities. Chapter 11—Sagebrush Steppe addresses the basin sagebrush system and 
associated grasslands. Chapter 12—Desert Shrublands addresses desert shrublands and associated 
grasslands. Chapter 13—Foothill Shrublands and Woodlands addresses mountain big sagebrush and 
associated deciduous shrublands (including mountain mahogany) and woodlands (including foothill 
aspen, juniper, and ponderosa pine, piñon and limber pines). Chapter 14—Montane and Subalpine 
Forests and Alpine Zones includes all mountain forest types (including mountain slope aspen, Douglas-
fir, lodgepole, limber, and whitebark pines, and spruce/fir forests) and alpine areas above tree line. 

The chapters in Section IV—Species and Species Assemblages are as follows. Chapter 15—
Aspen Forests and Woodlands includes both foothill and mountain slope aspen. Chapter 16—Five-
Needle Pine Forests and Woodlands includes limber and whitebark pines. Chapter  17—Juniper 
Woodlands includes Rocky Mountain and Utah juniper, and limber and piñon pines. Fish species are 
addressed in four chapters. Chapter 18—Cutthroat Trout covers four subspecies: Bonneville, Colorado 
River, Yellowstone, and Snake River fine-spotted cutthroat trout. Chapter 19—Three-Species Fish 
Assemblage addresses bluehead sucker, flannelmouth sucker, and roundtail chub. Chapter 20—
Northern Leatherside Chub and Chapter 21—Sauger are single-species chapters. Chapter 22—
Spadefoot Assemblage includes the Great Basin and plains spadefoot species. Chapters that cover bird 
species addressed by the REA include Chapter 23—Greater Sage-Grouse, Chapter 24—Golden Eagle, 
Chapter 25—Ferruginous Hawk, and Chapter 26—Sagebrush-Obligate Birds, which include Brewer’s 
sparrow, sagebrush sparrow, and sage thrasher. Mammals are addressed in Chapter 27—Pygmy Rabbit 
and Chapter 28—Mule Deer. 

Section V  

Section V includes Chapter 29—Landscape Intactness. This chapter describes the ecoregion-
level effects of development on landscape structure and identifies relatively undeveloped areas for 
terrestrial and aquatic communities in the context of the overall ecoregion. This chapter also synthesizes 
the conservation potential for all species and communities, and evaluates land protection status and land 
ownership/jurisdiction for the entire ecoregion, providing a broader context for individual chapters.  

Appendix 

The Appendix includes more details on source data and methods and is written for a technical 
audience. Supplemental material to the report, including all source and derived datasets, map products, 
and geographic information systems (GIS) programs (Python scripts) used for analyses are provided to 
the BLM REA and will be served online by the BLM at 
http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal.html. 
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Introduction  

Purpose of the Rapid Ecoregional Assessment 

The Bureau of Land Management (BLM) is responsible for multiple-use resource planning and 
management for more than 245 million acres of public lands. Recognizing the need for additional 
information to support planning and decisionmaking over large geographic areas, the BLM has recently 
developed a Landscape Approach. The BLM’s new approach incorporates multiscale information to 
assess the condition and trends of ecological resources, including the direct and indirect effects of land 
use. A key component of BLM’s Landscape Approach is the Rapid Ecoregional Assessment (REA) 
program. The overall goals of REAs are to identify important ecosystems and wildlife habitats at broad 
spatial scales; identify where these resources are at risk from development, wildfire, invasive species, 
and climate change; quantify cumulative effects of anthropogenic stressors as required by the National 
Environmental Policy Act; and assess current levels of risk to ecological resources across a range of 
spatial scales and jurisdictional boundaries by assessing all lands within an ecoregion.  

The REAs provide an assessment of (1) baseline conditions for long-term monitoring of broad-
scale conditions and trends; (2) landscape-level intactness of ecological communities, habitats for 
priority species, and the ecoregion overall; and (3) a predictive capacity for evaluating future risks. They 
also can identify data gaps and important ecological attributes of communities and habitats, which can 
inform development of monitoring strategies for assessing status and trends. The BLM state and field 
offices and other stakeholders may use this information to facilitate land-use planning and prioritize 
actions for conservation, restoration, and development, including ascribing best-management practices 
and usage authorizations. By addressing priority management issues identified by multiple Federal and 
state agencies working collaboratively, REAs also foster interagency collaboration and help to ensure 
that REA results and products are relevant to multiple stakeholders. Although the REAs are 
informational tools and not decisionmaking documents, they provide a vehicle for creating stronger, 
more effective and efficient collaboration and cooperation among all parties interested in regional land 
and resource management. 

Components of the Rapid Ecoregional Assessment 

Management Questions 

For each REA, BLM land managers and other partners provide a range of regionally significant 
Management Questions that serve as the foundation for the REA process and products. The 
Management Questions not only frame the conservation planning and land-management priorities for a 
given ecoregion, they also help to ensure that the most relevant datasets are compiled, analyzed, and 
summarized. Additionally, the Management Questions address information needs for developing best-
management practices and establishing priorities for conservation, restoration, or development.  

Conservation Elements 

Conservation Elements represent the regionally significant species and ecological communities 
that are of management concern. The emphasis on ecological communities is based on the premise that 
intact and functioning ecological systems are more resistant to both natural and human stressors, and 
more resilient to these agents of change (Noss, 1987; Poiani and others, 2000; Parrish and others, 2003). 
Because it is not feasible to manage or monitor all species individually, protection of intact ecological 
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communities may help to serve as a safety net for species not addressed specifically by the REA. There 
are significant species or species assemblages of management concern that may not be adequately 
addressed at the community level, and these may be specifically addressed as Conservation Elements.  

Key Ecological Attributes 

Key ecological attributes are characteristics of species and communities that may affect their 
long-term persistence or viability. The attributes can include both biological and physical environments 
(hereafter biophysical) and ecological processes that collectively regulate the occurrence (such as 
distribution and abundance), landscape structure (such as patch sizes and structural connectivity of 
patches), and landscape dynamics (such as natural disturbances) of species and ecological communities. 

Change Agents 

The REA identifies and assesses primary factors, or Change Agents, that currently affect or are 
likely to affect the condition of species and communities in the future. Minimally, the Change Agents to 
be evaluated for the entire ecoregion include 
• development (including urban, energy, roads, dams, and diversions), 
• wildfire, 
• invasive species, and 
• climate change. 

Assessment Management Team 

An REA Assessment Management Team consists of BLM managers, partner agencies, and 
technical specialists representing the ecoregion. The Assessment Management Team is responsible for 
ensuring that management needs and conservation priorities are addressed by identifying the 
Management Questions, Conservation Elements, and Change Agents to be evaluated by the REA. 

Ecoregions, Landscapes, Assessments, and Scale 

Ecoregional assessments involve spatial analyses conducted at broad scales to quantify 
landscape-level features of habitats and identify species’ strongholds, and quantify both natural and 
anthropogenic disturbances (Hanser and others, 2011). Broad-scale assessments, such as REAs, can lead 
to improved understanding of systems across jurisdictional boundaries. Local-level assessments (such as 
at the field office or project level) provide more detailed information on individuals, populations, and 
habitats than can be determined from ecoregion-level assessments but lack the broad-scale context, 
which is important for assessing cumulative effects (Knick and others, 2011). Ecoregional assessments 
provide information that can be used at a variety of spatial scales and are intended to be used in 
conjunction with local-level assessments for decisionmaking.  

Wyoming Basin Ecoregional Assessment 

Background on the Wyoming Basin Ecoregion 

Ecoregions are largely defined by broad ecological systems, and the Wyoming Basin Ecoregion 
(hereafter, “the Wyoming Basin”) comprises a series of large basins dominated by a broad expanse of 
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the sagebrush ecosystem (Omernik, 1987). The Wyoming Basin has a greater percentage of sagebrush 
than any other ecoregion (Rowland and Leu, 2011). The perimeter of the Wyoming Basin Ecoregion is 
defined by the Rocky Mountains to the west (including the Absaroka, Wind River, and Wyoming 
Ranges), south (Uinta and Medicine Bow Mountains and Park Range), and east (the Laramie and Big 
Horn Mountains). The ecoregion encompasses the Big Horn, Wind River, Green River, Great Divide, 
and Laramie Basins (fig. 1–1). The Red Desert is a vast area considered as having high ecological value, 
and encompasses the Green River, Great Divide, and Washakie Basins. Major rivers include the Wind, 
Big Horn, Green, Sweetwater, Bear, Little Snake, Yampa, North Platte, and Laramie Rivers (fig. 1–2). 

The Wyoming Basin has some of the highest-quality wildlife habitats remaining in the 
Intermountain West (Sawyer and others, 2005). The wide variety of vegetation types includes 
intermountain basins dominated by sagebrush, greasewood, and saltbush shrublands; foothill shrublands 
that flank the adjacent high mountains and are dominated by montane sagebrush steppe interspersed 
with deciduous and conifer woodlands; montane and subalpine forests dominated by conifer and aspen; 
and flowing and ponded surface waters and their attendant riparian habitats scattered throughout 
(Knight, 1994). 

Overall, the Wyoming Basin’s diverse ecological communities support dozens of nongame 
species of conservation concern, as designated by the states of Wyoming, Montana, Idaho, Utah, and 
Colorado (Idaho Department of Fish and Game, 2005; Utah Department of Natural Resources, 2005;  
Colorado Division of Wildlife, 2006; Wyoming Game and Fish Department, 2010; Montana Fish, 
Wildlife, and Parks, 2014). The Wyoming Basin also supports some of the largest U.S. populations of 
game species, including pronghorn, mule deer, elk, moose, and bighorn sheep as well as the greatest 
densities of greater sage-grouse within the species’ range, and several subspecies of cutthroat trout and 
other species of native and sport fish (Wyoming Game and Fish Department, 2010; Rowland and Leu, 
2011). In addition, the ecoregion encompasses the longest migration routes reported for mule deer and 
pronghorn, up to 158 and 258 kilometers (km) (98.2 and 163.3 miles [mi]), respectively (Sawyer and 
others, 2005). 

The Wyoming Basin’s vast open spaces also support ranching and agricultural operations that 
are important to the region’s economy and contribute to the conservation of seasonal habitats and 
migration corridors for wildlife (Sawyer and others, 2005, 2006; Sawyer and Kauffman, 2011). Some of 
the Nation’s most sought-after outdoor recreation opportunities are found in this region, which helps to 
ensure long-term economic stability in many local communities. In addition, conservation easements on 
private lands help to promote the conservation of wildlife species. 

The Wyoming Basin also contains abundant energy resources, including some of the largest 
natural gas reserves in the lower 48 States (U.S. Departments of the Interior, Agriculture, and Energy, 
2003). Some of the best wind-energy potential on publicly managed lands in the United States is in the 
Wyoming Basin (U.S. Departments of the Interior, Agriculture, and Energy, 2003). Although the 
Wyoming Basin has long been a provider of the Nation’s energy, the recent and projected pace of both 
renewable and nonrenewable energy development is unprecedented in the Basin’s history. 

Combined with increased residential and industrial development, fast-paced energy development 
is resulting in notable habitat loss and degradation, including habitat fragmentation and increased human 
activity (Naugle, 2011). Given that more than 60 percent of the Wyoming Basin is publicly owned, 
decisions regarding current and future land-use management, conservation, restoration, and mitigation 
efforts on public lands in the Wyoming Basin have the potential to significantly affect regional 
ecological resources (see Hanser and others [2011] for additional background information on the 
Wyoming Basin). 
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Figure 1–1. Major terrestrial landforms in Wyoming Basin Ecoregion. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Figure 1–2. Major hydrologic features in Wyoming Basin Ecoregion by (A) hydrologic region (first-level 

watershed) and (B) hydrologic subbasin (second-level watershed) as defined by Seaber and others (1987). 

 

The Wyoming Basin Rapid Ecoregional Assessment Project Area 

The Wyoming Basin Ecoregion (as defined by Omernik, 1987) encompasses 133,656 square 
kilometers (km2) (51,604.87 square miles [mi2], most of which is in Wyoming, with small extensions 
into northwestern Colorado, northeastern Utah, southeastern Idaho, and south-central Montana (fig. 1–
3). The Wyoming Basin REA project area, however, extends somewhat beyond the Wyoming Basin 
Ecoregion to include the entire area of all fifth-level watersheds that intersect the Wyoming Basin 
perimeter (Carr and others, 2013). The project area overlaps the jurisdiction of all or parts of 17 BLM 
Field Offices (9 in Wyoming, 4 in Colorado, 2 in Utah, and 1 each in Idaho and Montana), 2 U.S. Fish 
and Wildlife Regions (9 National Fish and Wildlife refuges), 3 U.S Department of Agriculture Forest 
Service regions (12 National Forests), 2 National Park Service regions (3 National Parks and 
Monuments), and tribal lands (2 American Indian Reservations), as well as the state agencies that 
represent and manage wildlife, natural resources, and parks (fig. 1–4, table 1–1). The adjacent 
ecoregions are predominantly mountainous to the north, west, and south, and grasslands to the east (Carr 
and others, 2013). 

 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Figure 1–3. The Wyoming Basin Rapid Ecoregional Assessment project area. Bureau of Land Management field 

office boundaries intersecting the project area are shown. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Figure 1–4. Land ownership and jurisdictions in Wyoming Basin Rapid Ecoregional Assessment project area. 

National Park Service lands include Dinosaur National Park, Fossil Butte National Monument, and Bighorn 
Canyon National Recreation Area. U.S. Department of Agriculture Forest Service lands include Shoshone, 
Routt, and Roosevelt National Forests. U.S. Fish and Wildlife Service lands include Seedskadee, Cokeville, 
Mortenson Lake, Brown’s Park, Bear Lake, Bamforth, Hutton Lake, and Pathfinder National Wildlife Refuges. 
Tribal lands include the Wind River and Crow Indian Reservations. Department of Defense lands include 
Powell Air Force Station. Bureau of Reclamation lands include Bighorn, Big Sandy, Fontenelle, Flaming Gorge, 
Seminoe, Pathfinder, and Buffalo Bill Reservoirs. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Table 1–1. Area and percentage of land managed or owned by different entities in the Wyoming Basin Rapid 

Ecoregional Assessment project area (based on fig.1–4). 
[ha, hectare] 

Ownership/Jurisdiction Area (ha) Percent of project area 

Bureau of Land Management 

Private 
1Forest Service  

States 

Tribal 

Lakes/reservoirs 

National Park Service 

U.S. Fish and Wildlife Service 

Department of Defense 

Bureau of Reclamation 

 7,542,621  

 6,032,135  

 2,174,365 

1,072,238  

775,900  

146,675 

61,500  

28,979  

2,011  

421 

42 

34 

12 

 6 

 4 

 1 

<1 

<1 

<1 

<1 
1 U.S. Department of Agriculture Forest Service. 
 
 

Management Questions 

The Management Questions developed by the Assessment Management Team were organized 
into two themes: Core and Integrated (Carr and others, 2013). The Management Questions were tailored 
for each species and community to evaluate its landscape-level status and the potential threats posed by 
Change Agents. Management Questions also were used to evaluate the individual and cumulative 
effects of Change Agents for the entire ecoregion.  

Conservation Elements 

Ecological Communities 

Seven major ecological communities (hereafter, “communities”) were selected as Conservation 
Elements in the Wyoming Basin (table 1–2, fig. 1–5) (Carr and others, 2013). We selected the terrestrial 
communities based on the dominant species and life forms (for example, shrublands, woodlands, and 
forests). Terrestrial communities include (1) sagebrush steppe, (2) desert shrublands, (3) foothill 
shrublands and woodlands, and (4) montane/subalpine forests and alpine zone. Aquatic communities 
were based on the hydrologic regime or the presence of woody vegetation and include (1) streams and 
rivers, (2) wetlands, and (3) riparian forests and shrublands. Sagebrush steppe is the dominant 
community, covering more than half of the ecoregion. In contrast, mixed desert shrublands, wetlands, 
and riparian communities each cover <10 percent of the Wyoming Basin, but have important ecological 
functions. The communities are described in relevant chapters in the Assessments of Communities 
(Section III). 
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Table 1–2. Ecological communities evaluated as Conservation Elements for the Wyoming Basin Rapid 
Ecoregional Assessment.  

System Ecological communities1 Percent of the Wyoming Basin 
project area2 

Aquatic 

 

 

 

Terrestrial 

 

 

 

Lakes and reservoirs 

Streams and rivers 

Wetlands 

Riparian forests and shrublands 
3 Sagebrush steppe

Desert shrublands 

Foothill shrublands and woodlands 

Montane and subalpine forests and 
alpine zone 

0.6 

2.3 

1.0 

2.1 

50.5 

9.6 

16.0 

13.4 

1 Lakes and reservoirs were mapped but not evaluated as a Conservation Element. The alpine zone only occurs outside of the 
ecoregion boundary but falls within the project area. 
2 Developed and agricultural areas not included. 
3 Scientific names for all species mentioned in this report are provided in the Scientific Names of Species Used in This 
Report list immediately after the Table of Contents in the Front Matter section. 
 

 

Species and Species Assemblages  

A preliminary list of priority species and species assemblages (Carr and others, 2013) was 
developed by the BLM and the Assessment Management Team and evaluated for inclusion in the REA 
(see Chapter 2—Assessment Framework). A total of 14 species and species assemblages were included 
in the final list of Conservation Elements (table 1–3). 

Change Agents 

We evaluated the four primary Change Agents required for the REA (development, fire, invasive 
species, and climate change). We also considered insects and disease, grazing, and off-highway vehicle 
use, based on input from the Assessment Management Team. Fire and climate (for example, drought) 
are inherent drivers of ecosystem dynamics in the Wyoming Basin, but fire and climatic regimes may be 
influenced by human activities (Rowland and Leu, 2011). In turn, human alteration of natural 
disturbance regimes can lead to habitat loss and other negative effects on species and species 
assemblages.  

Development Overview 

The types of development that were evaluated include residential, agricultural, and industrial. 
Several of the major types of development identified as priorities for the REA are highlighted in the 
sections that follow. 
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Figure 1–5. Distribution of ecological communities for the Wyoming Basin Rapid Ecoregional Assessment (REA) 

project area. Areas dominated by agriculture and developed lands are also indicated. Lakes and reservoirs 
were not evaluated for the REA (table 1–2).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Table 1–3. Species and species assemblages evaluated as Conservation Elements. 

 Species and assemblages 

Aspen forests and woodlands  

Five-needle pine forests and woodlands—limber pine and whitebark pine  

Juniper woodlands  

Cutthroat trout  

Three-fish assemblage—roundtail chub, flannelmouth sucker, and bluehead sucker  

Northern leatherside chub 

Sauger 

Spadefoot assemblage—Great Basin spadefoot and plains spadefoot  

Greater sage-grouse 

Golden eagle 

Ferruginous hawk 

Sagebrush-obligate songbirds—Brewer’s sparrow, sagebrush sparrow, and sage thrasher  

Pygmy rabbit  

Mule deer 

 

 

Energy, Minerals, and Associated Infrastructure 

Development of energy and minerals, and the associated infrastructure, has been accelerating 
throughout many areas of the Wyoming Basin (Rowland and Leu, 2011). This ecoregion is underlain by 
some of the largest onshore oil and gas reserves in the conterminous United States, and it has some of 
the greatest potential for wind-energy development in the intermountain West. The potential 
consequences of energy development include direct and indirect habitat loss due to surface disturbance, 
disturbance from human activities, the fragmenting effects of roads and energy infrastructure, direct 
mortality (such as collisions with wind turbines or vehicles), invasive plant species introduced along 
roads and other infrastructure, and alteration of aquifers and hydrological regimes (such as from coal 
bed methane operations) (Sawyer and others, 2006, 2009; Doherty and others, 2011; Finn and Knick, 
2011; Naugle and others, 2011; Rowland and Leu, 2011). See Hanser and others (2011) for additional 
information on energy development in the Wyoming Basin. 

Dams and Water Diversions 

Water use for human consumption, irrigation, and energy development, are threatening aquatic 
ecosystems across the western United States (Sabo and others, 2010; McDonald and others, 2012). 
Dams and water diversions alter the natural flow regime to which freshwater organisms are adapted 
(Poff and others, 1997). For fish, hydrologic alteration can lead to declines in abundance (Poff and 
Zimmerman, 2010) and shifts in community composition (Freeman and Marcinek, 2006). 
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Grazing 

Historically, grazing and browsing (hereafter, “grazing”) by wildlife, livestock, and wild horses, 
have influenced ecosystems in the Wyoming Basin (Beever and Aldridge, 2011). Grazing effects are 
complicated by foraging selection and preferences exhibited by animals consuming vegetation 
(preference is what the animal eats without environmental constraints, and selection is what the animal 
eats due to a constraint) (Rutter, 2010). Of the primary introduced species within the Wyoming Basin, 
horses are the most selective, grazing primarily on grass; cattle primarily select grass but with greater 
proportions of forbs and shrubs than consumed by horses; and sheep select even greater proportions of 
forbs and shrubs (Stoddart and others, 1955; Lyons and others, 1996). Of the primary native species, 
mule deer prefer shrubs; pronghorn antelope prefer shrubs with a large component of forbs; and elk 
prefer grass with relatively smaller proportions of shrubs and forbs (Lyons and others, 1996). The actual 
selection of forage is influenced by temporal factors such as seasonality (Rutter, 2010), environmental 
factors such as topography (Stoddard and others, 1955), and distance to and availability of water 
(Volesky and others, 1996). Another factor that complicates forage selection is animal physiology, such 
as whether the animal is monogastric (one simple stomach) or a ruminant (multiple gastric components) 
(Lyons and others, 1996). Of the primary large species within the Wyoming Basin, only horses are 
monogastric. 

Effects of grazing and grazing management (for example, sagebrush removal to enhance forage 
production) on plant and animal communities can be both direct and indirect. Effects include trampled 
riparian vegetation, removal of vegetative cover, and dispersal of seeds from invasive plant species 
(Rowland and Leu, 2011). Of particular concern is reduced cover and forage for nesting sagebrush-
dependent birds, such as sage-grouse (Beever and Aldridge, 2011). Grazing also can reduce competition 
between herbaceous plants and the seedlings of woody plants, facilitating the establishment of juniper 
and pines, as well as mountain mahogany and other deciduous shrubs. 

Based on data summarized by Veblen and others (2014), coupled with the complexity of animal 
foraging needs, local multispecies interactions, and local environmental constraints, we concluded that 
an ecoregion-wide assessment of grazing was not feasible for the Wyoming Basin REA because data 
describing grazing intensity and effects either were not available or were not consistently measured 
across the entire project area (Carr and others, 2013). These factors are further compounded by the fact 
that the Wyoming Basin contains multiple vegetative communities with varying composition, structure, 
and functions. To effectively analyze the impacts of grazing, “step-down” (localized) data can be used 
to account for the multiple, complex factors involved.  

Fire and Other Disturbances 

Fire 

Fire is a dominant process affecting landscape structure and dynamics in many ecological 
systems. The ecological role of fire varies among plant communities and their corresponding fire 
regimes, which are dictated in large part by the interplay between climate and fuels (Baker, 2009; Littell 
and others, 2009). Because fire is a natural driver of ecological systems, it is challenging to tease apart 
the influences of natural versus anthropogenic factors that shape current fire regimes. The degree to 
which fire regimes have been altered by human activities varies within and among vegetation 
communities (Littell and others, 2009). Active fire suppression, grazing (by reducing fine fuels), and 
other management activities can affect vegetation communities by altering the frequency and severity of 
fire across the landscape (Baker, 2009). Also, increasing frequency of droughts and increasing 
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temperatures for certain projected climate scenarios have the potential to promote greater fire size and 
frequency (Littell and others, 2009). 

Insects and Disease 

Insects and disease include both native and introduced organisms. Mountain pine beetle, a native 
species, can serve as an important disturbance agent in coniferous forests of the Rocky Mountains, 
especially ponderosa and lodgepole pine forests, and may affect more land area than fires during 
outbreak years. Conditions generally are not conducive to widespread beetle outbreaks, but widespread 
drought and warm temperatures can contribute to a shift from endemic to epidemic levels (Bentz and 
others, 2010; Jewett and others, 2011).  

Recently introduced diseases, such as West Nile virus and white pine blister rust can be 
especially devastating to species that lack any natural immunity. Sage-grouse are particularly vulnerable 
to West Nile virus (Walker and Naugle, 2011), and white pine blister rust is a major threat to the five-
needle pine communities in Wyoming (Keane and others, 2011). In addition, the current widespread and 
severe outbreak of mountain pine beetle in conjunction with the occurrence of white pine blister rust, is 
of particular concern for five-needle pines (whitebark pine and limber pine [Keane and others, 2011]).  

Invasive Species  

Aquatic and terrestrial invasive species occur throughout the ecoregion. The negative effects of 
invasive species include displacement of native communities, degradation of habitat quality and forage, 
and altered fire regimes (Rowland and Leu, 2011). There also can be interactions among invasive 
species and other Change Agents. For example, the spread of invasive plant species can be promoted by 
development activities. Species that are pervasive in much of the Wyoming Basins include cheatgrass, 
Russian olive, tamarisk, crested wheatgrass, halogeton, and Russian thistle (Nielson and others, 2011). 
Cheatgrass and tamarisk are not as pervasive in the Wyoming Basin as they are in warmer regions of the 
United States, but they can be locally abundant, and both species have the potential to expand in the 
Wyoming Basin for projected future climate scenarios (Rowland and Leu, 2011). Invasive aquatic 
species include introduced fish, such as rainbow trout, which have the potential to interbreed with 
genetically pure native fish species, such as cutthroat trout. 

Climate Change 

Climate change has the potential to change the landscape in fundamental ways, with possible 
consequences for natural communities and synergistic interactions with other Change Agents. Based on 
climate projections, the Wyoming Basin could experience changes in snowpack that in turn could 
change water availability, including annual runoff and runoff seasonality (see Chapter 7—Climate 
Analysis). For example, warming even without any decrease in precipitation could lead to increased 
evapotranspiration from watersheds and decreased annual runoff (Bureau of Reclamation, 2011). 
Climate change can influence fire regimes, promote expansions of invasive plant species, and affect 
hydrological regimes. Changes to water temperature and flow regime are of particular concern for fish 
populations, especially the cold-water fishes, including cutthroat trout. Furthermore, the timing, or 
phenology, of critical biological events, such as spring bud burst, emergence from overwintering, and 
the start of migrations, can shift, with potential consequences for species and habitats (Knutson and 
Heglund, 2012). 
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Ecosystem Conceptual Diagram 

We developed a general conceptual diagram for the Wyoming Basin ecoregion to highlight the 
primary Change Agents, ecological systems, communities, and species that will be evaluated as a part of 
the Wyoming Basin REA (fig. 1–6). The climate and physiography of the ecoregion limit where species 
and communities occur on the landscape and influence the dynamics and spatial distribution of 
communities. Both natural drivers and anthropogenic Change Agents alter the dynamics and spatial 
distribution of communities across the ecoregion. Feedback and interactions (such as competition, 
predation, flows of energy, and species movements) occur within and among terrestrial and aquatic 
systems and Change Agents (Miller, 2005). 

 

 
 

Figure 1–6. Overall conceptual diagram representing primary components of the Wyoming Basin Rapid 
Ecoregional Assessment. Ecological communities are shown in white boxes, and species and assemblages 
are shown in green (terrestrial) and blue (aquatic) boxes. The width of boxes corresponds to the ecological 
communities used by the species or assemblage listed in the box. The spadefoot assemblage uses both 
aquatic and terrestrial habitats (the dashed line indicates that the systems above the dashes are excluded). 
The arrows represent the direction of influence and feedback among the ecosystem components. Livestock 
grazing and off-highway vehicles lack sufficient data to evaluate regionally for this ecoregion.  
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The broad array of species and communities included in the Wyoming Basin REA collectively 
represent many of the pressing ecological and management issues of the ecoregion (fig. 1–6). Because 
sagebrush shrublands (including sagebrush steppe and foothill shrublands) is the dominant ecosystem in 
the ecoregion (table 1–2, fig. 1–5), and because development activities are prevalent in this system, 
there is an inevitable emphasis on species that occur in sagebrush shrublands. Several species, such as 
mule deer and golden eagle, have generalized habitat requirements; some species, such as the spadefoot 
assemblage, use both terrestrial and aquatic systems; and others, such as sagebrush-obligate songbirds, 
are largely restricted to sagebrush dominated systems in the Wyoming Basin. 

Landscape Intactness 

Assessments of landscape condition typically address landscape structure (such as patch size or 
structural connectivity) as a way of quantifying the gradient in the level of intensity of human activities 
and their potential effects on species and communities (for example, see Sanderson and others, 2002; 
Leu and others, 2008; Theobald 2010). Spatial models of human land uses, such as energy, roads and 
other types of infrastructure, can be used to make inferences about the condition of ecological systems 
at broad spatial extents. To assess landscape intactness for the overall Wyoming Basin ecoregion, we 
evaluated how development can alter landscape structure (see Chapter 2—Assessment Framework and 
Chapter 29—Landscape Intactness). 

Management Implications 

The REAs summarize information at broad spatial scales and can be used to help inform 
management decisions in conjunction with information at local scales (fig. 1–7). For example, the REA 
can be used as a screening tool to identify potential areas for conservation, restoration, and development 
projects. Local-level information or additional surveys or research can be used to assess conditions not 
quantified by the REA due to the lack of region-wide data (such as population sizes of species, 
occurrence of invasive species). Additionally, the REAs can provide assessments of spatially explicit 
cumulative effects of Change Agents, especially development. The REAs also can augment local 
project-level information to provide the broader spatial context for evaluating potential impacts of 
proposed actions and alternatives that cannot be determined with fine-scale information alone. The 
REAs, therefore, contribute to multiscale information necessary for implementing the BLM’s 
Landscape Approach.  

The BLM’s REA program is closely aligned with the U.S. Department of Interior’s (DOI) “A 
strategy for improving the mitigation policies and practices of The Department of the Interior” on DOI 
lands (Clement and others, 2014). A primary objective of the DOI Landscape Strategy is to shift from 
project-level to broad-scale, science-based management that helps to avoid, minimize, and compensate 
for adverse impacts to natural resources. Specifically, REAs address the following key components 
outlined by the DOI Landscape Strategy: development of assessment methods that promote consistency 
in management decisions; identification of ecological characteristics that promote ecosystem resilience 
in rapidly changing environmental conditions; and fostering collaboration among land-management 
agencies. 
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Figure 1–7. Multiple scales of information for use in the “step-down” process for assessing local-level conditions 

based on Rapid Ecoregional Assessments (REA). The “step-down” process refers to the use of local- or 
project-level information in conjunction with data from larger extents such as the landscape level, field office 
level, and (or) regional level REA data. The local level provides details not available from broad-scale data and 
can be used to validate model output from the REA; however, it lacks information on the larger ecological 
context or cumulative effects available from broader scales. For example, risk of sudden aspen decline can be 
evaluated at multiple scales spanning regional to stand levels. 
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Landscape Intactness 

One of the primary goals of the Rapid Ecoregional Assessment (REA) is to identify areas that 
have high conservation potential, also referred to as “large intact areas.” Intactness has been defined by 
the Bureau of Land Management (BLM) as “a quantifiable estimate of naturalness measured on a 
gradient of anthropogenic influence and based on available spatial data.” At the ecoregion level, the 
ecological value of large intact areas is based on the assumption that because these areas have not been 
greatly altered by human activities (such as development), they are more likely to contain a variety of 
plant and animal communities and to be resilient and resistant to changes resulting from natural 
disturbances such as fire, insect outbreaks, and disease (Peterson and others, 1998; Gunderson, 2000). 
Large intact areas may be more likely to support viable populations of species and facilitate seasonal 
movements and dispersal of organisms. In addition, the potential for maintaining ecological processes 
across a variety of temporal and spatial scales is expected to be greater in larger intact areas. The 
concept of landscape intactness provides the foundation for the Wyoming Basin REA assessment 
framework, which quantifies the degree to which landscapes have been altered by development and 
other anthropogenic influences. 

Rapid Ecoregional Assessment Components 

Management Questions 

Core and Integrated Management Questions form the basis for the REA assessment framework 
and were addressed for each species and community. 

Core Management Questions 

• Where is the Conservation Element, and what and where are its key ecological attributes? 
• What and where are the Change Agents? 
• How do the Change Agents affect the key ecological attributes? 

Integrated Management Questions 

• Where are the areas with high landscape-level ecological values (based on key ecological 
attributes)? 

• Where are the areas with high landscape-level risks (based on Change Agents)? 
• Where are the areas with high conservation potential (highest values, lowest risks)? 
• Where are the potential areas for restoration (highest values, moderate-to-high risks)? 
• Where are the potential areas for development (lowest values, highest risks)? 

Conservation Elements 

Conservation Elements represent the regionally significant species and ecological communities 
of management concern. The emphasis on ecological communities is based on the premise that intact 
and functioning ecological systems are more resistant to both natural and human stressors and more 
resilient to these agents of change (Noss 1987; Poiani and others, 2000; Parrish and others, 2003). 
Because it is not feasible to manage or monitor all species individually, protection of intact ecological 
communities may help to serve as a safety net for species not addressed specifically by the REA. 
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Priority species or species assemblages of management concern, which may not be adequately 
addressed at the community level, were specifically evaluated as Conservation Elements.  

Ecological Communities  

The seven ecological communities evaluated for the Wyoming Basin REA are streams and 
rivers, wetlands, riparian forests and shrublands, sagebrush steppe, desert shrublands, foothill 
shrublands and woodlands, and montane/subalpine forests and alpine zones. The initial selection process 
is described in the Wyoming Basin REA work plan (Carr and others, 2013). Ecological communities 
were chosen to represent the dominant species and life forms (also referred to as biomes) to ensure that 
the communities were not defined too narrowly. Fine-scale plant communities are difficult to map 
accurately at regional scales using national datasets, such as individual LANDFIRE Existing Vegetation 
Types. In addition, the use of the ecological communities is useful for addressing disturbance regimes 
and other broad-scale processes, including climate change.  

Species and Assemblages  

 We evaluated a total of 14 species and species assemblages (aspen forests and woodlands, five-
needle pine forests and woodlands, juniper woodlands, cutthroat trout, three-fish assemblage, northern 
leatherside chub, sauger, spadefoot assemblage, greater sage-grouse, golden eagle, ferruginous hawk, 
sagebrush-obligate birds, pygmy rabbit, and mule deer) as Conservation Elements (see 1–3 in Chapter 
1—Introduction and Overview for a full list of species in assemblages). To be included in the REA, 
species or assemblages needed to meet criteria I―III and IV or V (criteria I−V listed below).  

I. Regionally significant species or communities—Occurrence throughout the jurisdiction of at 
least three BLM Field Offices, with an emphasis on widely distributed species. 

II. Species directly tied to management priorities and issues. 
III. Species not represented adequately by ecological communities or other species. 
IV. Species of conservation concern or assemblages as determined by BLM and other state and 

federal agencies. 
V. Commodity species (game or furbearer species) (Knick and others, 2011). 

Key Ecological Attributes  

Key ecological attributes are fundamental characteristics of species and communities that 
contribute to their long-term persistence and resilience to Change Agents. We classified key ecological 
attributes into three categories: (1) biophysical characteristics and ecological processes that regulate the 
occurrence (distribution and abundance), (2) landscape structure (patch sizes and structural 
connectivity), and (3) landscape dynamics (natural disturbances or hydrological regimes) of species and 
ecological communities. Key ecological attributes and associated indicators were identified for each 
species and summarized in tables (see tables 2–1 and 2–2 for example formats of key ecological 
attribute tables provided in chapters of Sections III and IV). Elements of landscape structure include 
patch size and spatial distribution of patches, patch characteristics (such as core area), structural 
connectivity based on spatial distribution of patches, and the characteristics of the matrix between 
patches (Wiens, 2002; Wiens and others, 2002). We summarized the Change Agents that were evaluated 
and associated indicators (see tables 2–3 and 2–4 for examples of Change Agent tables provided in each 
chapter of Sections III and IV). 



 
 

27 

Table 2–1. Example of the used to summarize key ecological attributes1 and associated indicators for terrestrial 
Conservation Elements for the Wyoming Basin Rapid Ecoregional Assessment. 
Attributes Variables Indicators 

Amount and 
distribution 

Total area Distribution based on LANDFIRE, species distribution 
models, or mapped occurrences. 

Landscape 
Structure 

Patch size Patch-size frequency distribution. 

Structural connectivity Interpatch distance that provides an index of structural 
connectivity for baseline distribution maps at local, 
landscape, and regional levels. 

Landscape 
dynamics 

Fire occurrence Locations of fires and annual area burned since 1980.  

1 Key ecological attributes are evaluated for baseline conditions. Baseline conditions are used as a benchmark to evaluate 
changes in the total area and landscape structure of the distribution map for terrestrial species and communities due to 
Change Agents. Baseline conditions are defined as the potential current distribution without explicit inclusion of Change 
Agents.  
 

 
Table 2–2. Example of the used to summarize the key ecological attributes and associated indicators of aquatic 

Conservation Elements for the Wyoming Basin Rapid Ecoregional Assessment. 
Attributes Variables Indicators 

Amount and 
distribution 

Total length of streams and rivers 
by hydroperiod 
 

Distribution based on U.S. Geological Survey National 
Hydrography Dataset 

Landscape  
Structure 

Stream length by watershed Total length of streams by sixth-level watershed 
 

Landscape 
dynamics 

Recent fire occurrence Proportion of sixth-level watershed burned since 1980 

 Hydrological regime Mean summer flow and timing of peak flows 
 

1 Key ecological attributes are evaluated for baseline conditions. Baseline conditions are used as a benchmark to evaluate 
changes in the amount and landscape structure of the distribution map for aquatic species and communities due to Change 
Agents. Baseline conditions are defined as the current distribution without explicit inclusion of Change Agents. 
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Table 2–3. Example of the used to summarize the Change Agents and associated indicators influencing 
terrestrial Conservation Elements for the Wyoming Basin Rapid Ecoregional Assessment. 

Change Agents Variables Indicators 

Development Terrestrial Development Percent of distribution in seven development classes 
  Index

Patch-size frequency distribution that is relatively undeveloped or 
has a low development score compared to baseline conditions 
 

 Interpatch distances that provide an index of structural 
connectedness for relatively undeveloped areas at local, landscape, 
and regional levels 

Climate change Projected temperature and Potential distribution of biomes based on projected bioclimatic 
precipitation envelope in 2030 

 
 
Table 2–4. Example of the used to summarize anthropogenic Change Agents and associated indicators 

influencing aquatic Conservation Elements for the Wyoming Basin Rapid Ecoregional Assessment. 
Change Agents Variables Indicators 

Development Aquatic Development Index  Percent of streams and rivers in each of seven development classes 

  Length of streams and rivers that are relatively undeveloped or have 
low development compared to baseline conditions 

 Barriers affecting patch size Number of dams and potential barriers (diversions and road 
and structural connectivity crossings) 

Invasive species Presence and expansion risk 
of tamarisk and Russian 

See Chapter 10—Riparian Forests and Shrublands 

olive 

Climate change Hydrologic regime change Projected mean summer flow and timing of flow 

 

 

Change Agents 

We evaluated the four primary Change Agents required for the REA (development, fire, invasive 
species, and climate change). It is important to note that fire and climate (for example, drought) are 
inherent drivers of ecosystem dynamics in the Wyoming Basin, but fire and climatic regimes may be 
influenced by human activities (Rowland and Leu, 2011). In turn, human alteration of natural 
disturbance regimes can lead to habitat loss and other negative effects on species and species 
assemblages.  

Ecological Conceptual Models 

For each species, we also summarized the information provided in the key ecological attribute 
and Change Agent tables (tables 2–1 to 2–4) in the form of an ecological conceptual model or diagram 
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(fig. 2–1). These diagrams are intended to provide visual representation of some of the primary potential 
interactions and feedback among the drivers and stressors (Change Agents) that were evaluated for each 
species and community. We used a standard format so that key ecological attributes and Change Agents 
that were not addressed (either due to limited data availability sufficient for regional-scale analyses or 
because the factor was not expected to be a major issue) are readily apparent. These diagrams are 
intended to highlight factors relevant to the REA and were not an exhaustive synthesis of all factors 
important to a species or community. 

Assessment Framework 

The assessment framework is comprised of a standard suite of approaches for evaluating 
landscape-level status based on Management Questions for each species and community (fig. 2–2). We 
used a similar approach to address landscape intactness for the Wyoming Basin ecoregion overall 
(Chapter 29—Landscape Intactness). The assessment framework was developed after reviewing other 
REAs and ecoregional assessments (including Quigley and Arbelbide, 1997; Hanser and Knick, 2011), 
and broad-scale assessment methods (including Parrish and others, 2003; Leu and others 2008; Annis 
and others, 2010; Theobald, 2010; Wade and others, 2011). We adapted methods that best addressed the 
overall objectives of the REAs and Management Questions, in addition to developing some new 
approaches to address landscape-level intactness. 

Scale 

Scale is an important consideration for conducting REAs. The resolution of the derived data, the 
appropriate scales used for summarizing or analyzing data, and the scale of reporting units can vary and 
have important effects on the results and conclusions (table 2–5). In some cases, one analysis scale may 
be sufficient to summarize information for a particular Management Question, but in other cases (such 
as for evaluating structural connectivity) multiple scales of analysis may be necessary to summarize 
information for patterns that vary dramatically across spatial scales (Noss, 1990). Because habitat 
patches may be hierarchically structured (for example, foraging patches may nested within breeding 
territories), decisions at a particular scale (such as where to forage) may be constrained by decisions at 
broader spatial scales (such as where to establish a territory) (Kotliar and Wiens, 1990). In addition, the 
effects of development can vary by temporal (fig. 2–3) and spatial scales (fig. 2–4; table 2–5).  

We define three nested levels for evaluating terrestrial species and communities in the REA: 
local, landscape, and regional. The local level corresponds to patterns and processes that may occur over 
distances often less than a kilometer (km) or mile (mi). The local level also corresponds to the scale of 
field-level data, such as monitoring restoration success or quantifying tree density. Because of the 
broad-scale nature of regional datasets, detailed information at the local level generally is not available 
for the entire ecoregion. The landscape level corresponds to scales at which most analyses are conducted 
for this REA, generally a few kilometers or miles. Regional levels correspond to patterns that occur 
across large portions of the ecoregion, including the entire region. We used three nested watershed 
levels for evaluating aquatic species and communities: catchment (defined using GIS), sixth-level 
watershed, and fifth-level watershed (Seaber and others, 1987). 
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Figure 2–1. Examples of the generalized ecological conceptual model used for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). (A) Conceptual model for sagebrush steppe, and (B) conceptual model for 
streams and rivers. Biophysical attributes and ecological processes regulating the structure and dynamics of 
ecological communities or species’ habitat are shown in orange rectangles; additional ecological attributes are 
shown in blue rectangles; and key anthropogenic Change Agents that affect key ecological attributes are 
shown in yellow ovals. The dashed lines indicate components not addressed by the REA. 
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Figure 2–2. Generalized framework and approach for assessing the status of Conservation Elements and 

addressing Core and Integrated Management Questions.  
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Table 2–5. Relationships among levels or scales of ecological processes, administrative units relevant to 
agency decisionmaking, Rapid Ecoregional Assessment metrics and analysis units, and ancillary data sources. 

 Level 
 Local Landscape Regional West-wide 

Bureau of 
Land 
Management 
administrative 
units 

Field Office Field Office,  
District Office 

Multiple districts,  
State Office 

Multiple State 
Offices, National 
Office 

Project, permit, 
lease, plan, 
policy 

Environmental 
Assessments, 
Categorical 
Exclusion, 
Range Allotment 
Evaluation 

Landscape-level projects, 
Environmental Impact 
Statements, 
Environmental 
Assessment of cumulative 
effects, Resource 
Management Plans 

Statewide Resource 
Management Plan 
Amendments, 
Environmental Impact 
Statements and Resource 
Management Plan 
cumulative effects 

2005 Energy 
Policy Act, 
multistate 
projects 

Ecological 
patterns and 
processes 

Nest-site selection,  
foraging patch,  
home range, 
lek attendance, 
population density, 
community 
composition,  
patch size and 
connectivity 
  

Home range, 
seasonal movement, 
dispersal and migration, 
population dynamics, 
habitat dynamics,  
disturbance regimes, 
patch complex sizes and 
connectivity 

Seasonal movement, 
dispersal and migration, 
gene flow, range shifts, 
population dynamics, 
habitat dynamics, 
disturbance regimes, 
patch complex size and 
connectivity 
 

Migration, range 
shifts, population 
dynamics, gene 
flow, disturbance 
regimes, 
connectivity 

Rapid 
Ecoregional 
Assessment 
metrics  

Relatively 
undeveloped 
patches, patch 
connectivity 

Patch connectivity, 
landscape intactness, 
landscape-level ecological 
values and risks, 
conservation potential 

Patch connectivity, 
landscape intactness, 
Rapid Ecoregional 
Assessment, landscape-
level ecological values 
and risks, conservation 
potential 

West-wide map 
of landscape 
intactness 

Rapid 
Ecoregional 
Assessment 
analysis units 

30-meter 
LANDFIRE,  
development 
footprint, 
catchments,  
local-level 
connectivity 

2.25-kilometer moving 
window, township,  
sixth-level watershed, 
landscape-level 
connectivity 

Township,  
fifth-level watershed, 
regional-level 
connectivity 

Multiple states, 
multiple 
ecoregions,  
fourth-level 
watershed 

Ancillary data 
for “step 
down’” 
assessments 

Range inventory, 
permanent transects, 
Forest inventory, 
wildlife habitat 
surveys 

Range inventory, 
permanent transects, 
forest inventory, wildlife 
habitat surveys 

Forest Inventory 
Analysis, Western 
Governors’ Association 
Crucial Habitat 
Assessment Tools 

Forest Inventory 
Analysis, Crucial 
Habitat 
Assessment 
Tools 
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Figure 2–3. Temporal and spatial variation in the potential effects of development on species and communities. 

Management practices such as rehabilitation and restoration, seasonal restrictions, no surface occupancy, and 
use of remotely sensed monitoring of well pads to limit traffic can help to lessen the effects of development. 

 

 
 

Figure 2–4. Potential cumulative effects of development on sensitive wildlife species. Blue boxes highlight the 
primary effects of development addressed by the Wyoming Basin Rapid Ecoregional Assessment, including 
surface disturbance, landscape structure, and potential for habitat loss and degradation. Other human activities 
associated with development and indirect effects of development could not be evaluated at the ecoregion level 
due to the lack of regional data but could be addressed at local levels. 



 
 

34

Baseline Conditions 

We defined baseline conditions as the potential current distribution of species and communities 
without explicit inclusion of Change Agents (the methods used for developing distribution maps vary 
and are described in the individual chapters; Sections III and IV). Thus, baseline conditions were used 
as a benchmark to evaluate the potential alteration of landscape-level features (including distribution, 
patch size, and structural connectivity) by Change Agents. For terrestrial systems, baseline conditions 
differ from reference conditions to an unknown degree as a consequence of previous vegetation 
conversion, which cannot be determined from regional or national data sources (such as LANDFIRE, 
2010) used to develop baseline distribution maps. This limits our ability to quantify fully the direct 
effects of past vegetation conversion by development at a local scale (for example, the effects of roads 
on core area of aspen). However, evaluating development using relatively large window sizes (such as 
16 square kilometers [km2], see Terrestrial Development Index below) allows us to capture current and 
previous vegetation conversion due to development, including agriculture, roads, railroads, well pads, 
and mines, that could influence a particular cell. This approach, however, does not capture conversion 
from one type of nondeveloped vegetation community type to another, but we assume that this type of 
conversion is more likely in the vicinity of other anthropogenic modifications of the landscape.  

Aquatic species and communities have similar issues relating to past vegetation conversion. 
Additionally, many of the fish species have greatly altered distributions compared to historic ranges. 
Habitat loss, altered flows, and dams or diversions leading to decreased connectivity of habitats has led, 
in many cases, to extirpation of some fish populations in portions of their historic ranges, such as 
cutthroat trout and sauger. Furthermore, some of the occurrence data we obtained from state agencies 
define populations based on the locations of barriers, such as dams and natural breaks, and consequently 
loss of connectivity due to development cannot be fully accounted by our approach. Some wetlands are 
created by agricultural activities, further compounding this problem. Despite these challenges, 
quantifying development at the broad scales evaluated here (see below) is a useful technique for 
assessing the current landscape-level status of the species and communities, with the caveat that all 
previous anthropogenic changes cannot be fully represented with available region-wide data. 

Amount and Distribution of Conservation Element 

Distribution maps for each species and community were based on LANDFIRE, mapped 
occurrences, available species distribution models (such as that of Hanser and Knick [2011]), or species 
distribution models developed as part of the REA. These were used to evaluate key ecological attributes 
(tables 2–1 and 2–2) and are briefly described in the relevant chapters in Section III—Communities and 
Section IV—Species (see Distribution Mapping of Communities and Species section in the Appendix 
for additional details). 

Development 

Because land uses can affect terrestrial and aquatic ecosystems differently, we evaluated 
development for terrestrial and aquatic systems separately.  

Terrestrial Development Index 

 The Terrestrial Development Index (TDI) quantifies levels of development intensity, including 
agriculture, roads and railroads, energy and minerals, transmission lines, and urban development. The 
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primary variables associated with terrestrial development (table 2–6) were compiled into the overall 
development index. To facilitate compilation of the development variables, we used a common metric, 
surface disturbance, to quantify each variable. The TDI is based on the percent of surface disturbance 
footprint for all terrestrial development variables in a 16-km2 (6.18-square-mile [mi2]) moving window. 
The moving window analysis uses the ArcGIS focal neighborhood statistics function (Environmental 
Systems Research Institute, 2011). The size of the moving window captures broad-scale cumulative 
effects of development that cannot be determined at much smaller scales. The TDI is based on Leu and 
others (2008) and Theobald (2010) but differs in many key respects (see Change Agents: current 
conditions in the Appendix for additional details on TDI methods).  

The TDI scores range from 0 to 100 percent and were divided into seven classes for visualization 
purposes (figs. 2–5 and 2–6). The TDI scores ≤3 percent, which correspond to a frequently used 
management target for development levels, were separated into 1 percent increments, as requested by 
the REA Assessment Management Team. The TDI scores between 0−1 percent represent areas with few 
roads and (or) a very low density of oil and gas wells (fig. 2–5). The TDI scores between 1−3 percent 
often include low densities of oil and gas wells and roads (fig. 2–5B), whereas development index 
scores above 3 percent represent moderate-to-high levels of development, including relatively large oil 
and gas fields, surface mines, agricultural fields, centers of urban development, and highway/interstate 
corridors (fig. 2–5A, C).  

Because TDI scores are continuous, alternative classes can be used to display the data to address 
a particular management question. The breakpoints used for the REA were derived from integer values 
corresponding to 10 equal subsets of the data (quantiles). For the TDI classes <5 percent, the classes 
compiled quantile break points with <1 percent increments. For the TDI classes between 5 and 20 
percent, 2 quantiles were compiled (see Selection of Terrestrial Development Index breakpoints in 
Appendix for additional details). This approach puts greater emphasis on the lowest TDI classes. 
 
 
Table 2–6. Change Agent for the Terrestrial Development Index. Classes of development and metrics, data 

sources, and analysis units are provided. 
Change Agent Variable class Variable Metric Data sources1 

Development 
 

Transportation Roads,  
railroads 

Total 
surface area 

O’Donnell and others (2014); 
TIGER; FRA 

Energy and 
minerals 

Oil and gas wells, 
wind turbines, 
mines 

Total 
surface area 

State Oil & Gas Commissions, 
O’Donnell and Fancher 
(2014), FAA data 

Transmission 
structures 

Communication 
towers, 
transmission lines 

Total 
surface area 

FAA data, 
SAGEMAP 

Agriculture2 Pasture, cropland Total 
surface area 

LANDFIRE EVT 

Urban Urban EVT 
classes 

Total 
surface area 

LANDFIRE EVT 

1 See A–15 in the Appendix for additional details on data sets. TIGER = Topological Integrated Geographic Encoding and 
Referencing from U.S. Census data, FRA = Federal Railroad Administration; FAA = Federal Aviation Administration data, 
SAGEMAP = Sagebrush and Grassland Ecosystem Map Assessment Project, and LANDFIRE EVT = Landscape Fire and 
Resource Management Planning, Existing Vegetation Type. 
2 Regional grazing and off-highway vehicle data were not included in the index because the data were not sufficient to allow 
regional analyses. 
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Figure 2–5. Terrestrial Development Index (TDI) score and the associated surface disturbance footprint for three 

landscapes in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) A highly developed urban 
area near Craig, Colorado, (B) an oil and gas field north of Wamsutter in central Wyoming, and (C) an 
agricultural landscape near Pinedale in northwest Wyoming. The TDI scores are based on the percent of 
surface disturbance within a 16-square-kilometer (6.18-square-mile) moving window. 

 
 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer
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Figure 2–6. Terrestrial Development Index (TDI) for the Wyoming Basin Rapid Ecoregional Assessment project 

area. The TDI scores are based on the percent of surface disturbance within a 16-square-kilometer (6.18-
square-mile) moving window. Relatively undeveloped areas are defined as TDI scores <1 percent. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer
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The use of the surface area of disturbance provides a common unit for assessing a variety of 
development types. However, the TDI scores roughly correspond to units that are frequently used by 
managers. For example, road densities between 1–2 km/km2 (1.6–3.2 mi/mi2) corresponded to an 
average TDI score of 1.2 percent for roads. Likewise, well pad density of 3–6 per km2 (8–16 per mi2) 
corresponded to an average TDI score of 3.3 percent for well pads. At local scales, examination of the 
surface disturbance footprint in conjunction with TDI scores can also aid in the interpretation of the TDI 
scores (fig. 2–5). 

To assess landscape intactness, we identified “relatively undeveloped areas” based on TDI ≤1 
percent. Because very little area in the Wyoming Basin had TDI scores of 0 percent (fig. 2–6; see 
Chapter 4—Development), which is largely found within the buffer for the project area at high 
elevations, a threshold of TDI ≤1 percent to define relatively undeveloped areas is more practical for 
identifying landscape intactness and conservation potential in the Wyoming Basin. Although species 
differ in their sensitivity to development relating to fragmentation of habitats, we assume that large 
relatively undeveloped areas have the highest landscape intactness, which may increase resistance and 
resilience of ecological communities to drivers and stressors. Because of uncertainty in the relationship 
between TDI and risk from development for a particular species, we retain the entire gradient of 
development in the results, but we focused on the lowest and highest TDI scores to evaluate landscape-
level ecological values and risks. We lack information on how species respond to the mid-range values 
of TDI values and the levels of development at which the transition from “intact” to “degraded” occurs, 
which varies among species. 

Aquatic Development Index 

Key ecological attributes for aquatic systems affected by development include flow regime, 
sedimentation regime, structural connectivity, water quality, and riparian vegetation. We calculated an 
overall Aquatic Development Index (ADI) using an approach similar to that used for calculating the 
TDI (table 2–7). The ADI is based on the synoptic human threat index developed by Annis and others 
(2010). The TDI was used to represent surface disturbance in the ADI. In addition, the ADI includes 
variables relating to water use and quality (such as dams, diversions, and road-stream crossings; table 2–
7). All development variables were quantified both at the catchment level (Local ADI) and upstream 
contributing area for the catchment (Upstream ADI). Local-level stream segments and resulting 
catchments were defined using GIS based on a threshold of 3 km2 (1.16 mi2). All point source 
development variables (oil and gas pads, mines, road crossings, diversions and dams) were weighted 
based on distance (Annis and others, 2010). ADI scores ranged from 0 to 100 were divided into seven 
classes for visualization purposes based on the Wyoming Stream Integrity Index (Hargett and others, 
2011). ADI scores <20 were used to represent relatively undeveloped areas (see Aquatic Development 
Index in the Appendix for additional details). We summarized ADI for catchments (native resolution of 
the data) and averaged catchment ADI scores for sixth-level watersheds (fig. 2–7). 
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Table 2–7. Change Agent for the Aquatic Development Index. Classes of development and metrics, data 
sources, and analysis units are provided.  

Change Agent Variable class Variable Metric Data sources1 

Development 

Transportation Roads,  
railroads 

Total surface area, 
number of road, 
crossings per stream km 

O’Donnell and others 
(2014); TIGER; FRA 

Energy & 
minerals 

Oil and gas 
wells, 
wind turbines, 
mines 

Number of oil and gas 
wells, number of wind 
turbines, number of 
mines 

Oil and Gas 
Commissions for each 
State, U.S. Geological 
Survey wind data series, 
FAA data 

Water Dams, 
diversions, 
streams  under 
section 303D of 
the Clean Water 
Act 

Number of dams, 
number of diversions, 
kilometers of stream 
length 

State water resource 
data2, Environmental 
Protection Agency 

Agriculture3 Pasture, cropland Total surface area LANDFIRE EVT 
  

Urban Urban EVT 
classes 

Total surface area LANDFIRE EVT 

1 See A–15 in the Appendix for additional details on data sets. U.S. = United States; TIGER = Topological Integrated 
Geographic Encoding and Referencing from U.S. Census data; FRA = Federal Railroad Administration; FAA = Federal 
Aviation Administration data; LANDFIRE EVT = Landscape Fire and Resource Management Planning, Existing Vegetation 
Type 
2 Wyoming State Water Plan, Idaho Water Resources, Colorado Division of Water Resources, Montana National Resource 
Information System 
3 Regional grazing and off-highway vehicle data were not included in the index because the data were not sufficient to allow 
regional analyses.  
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Figure 2–7. The Aquatic Development Index for the Wyoming Basin Rapid Ecoregional Assessment project area, 

summarized by (A) catchments (native resolution of dataset) and (B) sixth-level watersheds. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer
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Landscape Structure: Fragmentation and Structural Connectivity  

The foundation of the assessment framework uses TDI and ADI to quantify the cumulative 
landscape-level effects of development on individual species or assemblages, ecological communities, 
and for the ecoregion as a whole. The TDI and ADI quantify levels of development intensity and 
provide a standardized basis for comparing the potential risks from development across species and 
communities. To evaluate the fragmenting effects of development, we compared patch size and 
structural connectivity for baseline and relatively undeveloped areas for each species and community. 
Structural connectivity is determined by the spatial distribution of patches and patch complexes, but 
does not incorporate the response of species to structural connectivity. By defining levels of structural 
connectivity at multiple spatial scales (fig. 2−8), we assume the scales correspond to ecological 
processes that vary with scale, including nest-site selection and home range for local levels, dispersal 
and seasonal movements for landscape levels, and migration, gene flow, and range shifts at regional 
levels (table 2–7). 

Although landscapes are clearly patchy, defining a patch depends on the species or response 
variable in question, as well as the scale of analysis. This is due in part to variation among species in 
their responses to spatial heterogeneity in the environment, and their response to spatial heterogeneity 
can vary across spatial and temporal scales. Likewise, functional connectivity refers to how landscape 
structure affects the movements of organisms and depends on a species’ response to structural 
connectivity of its habitat (Wiens, 2002). Consequently, patch size and structural connectivity as 
represented here provide an index of the fragmenting effects of development across a range of scales, 
but the consequences for species depend on their functional response to landscape structure, which was 
not evaluated. There are published methods that can be used to evaluate functional connectivity (such as 
Compton and others, 2007; Beier and others, 2011; Cushman and others, 2013), but the short time frame 
of the REA was not sufficient to develop functional connectivity models for each species. Although 
assessing functional connectivity was beyond the scope of the REA, the results of the structural 
connectivity analysis and evaluation of barriers/corridors can be used to identify areas where functional 
connectivity analysis may be useful. Because we lack information on how species respond to the 
landscape structure as quantified in the REA, these results should be viewed as an index of the potential 
direct and indirect effects of development. 

Terrestrial Landscape Structure 

The effect of development on patch size was used as an index of fragmentation. Because species 
vary in their sensitivity to the direct and indirect effects of development, we quantified patch sizes based 
on distribution maps of species and communities for baseline conditions, relatively undeveloped areas 
(TDI ≤1 percent), and for TDI ≤3 percent, which may correspond to species with a higher tolerance for 
development. Baseline conditions provide a benchmark for comparisons of patch size. Knowledge of 
baseline conditions is necessary because some species, such as aspen or limber pine in foothill settings, 
naturally occur in small patches, which have important ecological functions, For example, aspen patches 
surrounded by arid shrublands may serve as dispersal and migration “stepping stones” for plant and 
animal species that require forest habitats; such stepping stones can facilitate movements across vast 
expanses of arid shrublands that may inhibit the movements of species closely tied to forests. 
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Figure 2–8. Diagram representing levels of structural connectivity for patch complexes with a nested patch 

structure. Patches connected at a local level are indicated by solid blue ovals and lines; landscape-level patch 
complexes are indicated by dashed pink ovals and solid pink lines; and regional-level patch complexes are 
indicated by the dashed black oval and solid black lines. Levels of connectivity correspond to discontinuities in 
patch connectedness at particular scales. 
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To evaluate structural connectivity, we first evaluated the interpatch distances at which 
discontinuities in patch connectedness occurred for the mapped baseline distribution of species and 
communities (hereafter distribution) (fig. 2–9A). Pronounced thresholds can indicate large 
discontinuities in the distribution of patches at particular spatial scales. Discontinuities are indicated by 
large increases in the maximum size of patch complexes (as a function of the total percent of the 
distribution). These discontinuities were used as an index of local, landscape, and regional levels of 
patch connectedness (figs. 2–8 and 2–9) and were used to identify the characteristic scales 
corresponding to each level of patch connectedness for a given species or community. For example, 
isolated aspen or juniper woodlands surrounded by sagebrush might exhibit a threshold at the scale 
corresponding to the interpatch distance separating isolated clusters of woodlands. By defining 
structural connectivity at multiple spatial scales, we assume these scales correspond to relevant 
ecological processes that may occur over a range of scales. Regional-level connectivity was based on 
the interpatch distance connecting >90 percent of the total distribution for a given species or community 
(as determined by the areas of the largest connected patch complex for a particular interpatch distance).  

The graphical representation of this analysis for many species and communities showed at least 
2 to 3 thresholds (see hypothetical representations in fig. 2–9), but baseline habitat for most sagebrush-
associated species showed high connectivity over very short interpatch distances (fig. 2–9C). In a few 
cases, there were multiple small thresholds indicating heterogeneity varied rather continuously across 
spatial levels (fig. 2–9B). In these cases, we selected the most pronounced thresholds for identifying 
interpatch distances corresponding to each level of connectivity (graphical representations of 
connectivity analysis for each terrestrial species and community are provided in the Terrestrial 
Structural Connectivity Analysis section in the Appendix). The interpatch distances were used to 
identify and represent the scales at which structural connectivity of patches occurs, and it is a technique 
to simplify the complexity of multiscale spatial heterogeneity for analysis purposes.  

We compared the interpatch distances of baseline conditions with relatively undeveloped areas 
for each species and community as an index of the potential loss of structural connectivity resulting 
from the fragmenting effects of development. For species that occur in more isolated patches of baseline 
habitat (fig. 2–9D), we mapped only baseline structural connectivity, but include interpatch distances for 
both baseline and relatively undeveloped areas in the summary tables for key ecological attributes and 
Change Agents.  

We evaluated the potential for barriers and corridors between relatively undeveloped areas based 
on TDI scores. We assumed that areas with higher TDI scores may represent greater resistance to 
organism movements, whereas areas with lower TDI scores may represent potential movement corridors 
among relatively undeveloped areas. The degree to which they actually function as barriers or corridors 
depends on a species’ sensitivity to the direct and indirect effects of development, the mobility of the 
organism, and the characteristics of the matrix (such as percent sagebrush cover) between relatively 
undeveloped patches. The barriers and corridors maps can be used at multiple spatial extents (such as, 
the entire ecoregion, district, or field office) to screen areas that may represent potential barriers and 
corridors. More detailed modeling at local scales (such as for a project) could provide maps that could 
be used for siting projects that minimize the loss of connectivity (fig. 2–10). See figures 2–11 to 2–13 
for an overview of the process of evaluating key ecological attributes and effects of development on 
landscape structure for terrestrial species and communities. 

 
 
  



 
 

44 

 
 
Figure 2–9. Structural connectivity is based on the relationship between the area of patch complexes and 

interpatch distances to define local, landscape, and regional levels of connectivity (fig. 2–8) for terrestrial 
ecological communities or habitats. Proximity of patches, or connectivity, is reflected by the interpatch 
distances. Thresholds in connectivity among patch complexes may occur at interpatch distances corresponding 
to the scales of patchiness in the distribution of a community or habitat. For example, the areal extent of 
clustered aspen patches (complexes) that are separated by a broad expanse of sagebrush may reflect 
connectedness thresholds corresponding to the distances separating those complexes. The thresholds are 
then used to determine the interpatch distances that represent local, landscape, and regional levels of 
structural connectivity. Regional connectivity is defined by the interpatch distance that connects >90 percent of 
the total area of the community or habitat. To characterize how development has affected the structural 
connectivity of communities, we compared interpatch distances between baseline and relatively undeveloped 
areas habitats at local, landscape, and regional levels. (A) Pronounced thresholds where connectedness 
changes rapidly can indicate discontinuities in the distribution of patches for particular interpatch distances, 
which is used to define local-, landscape-, and regional-levels of connectivity. (B) A lack of pronounced 
thresholds indicates that spatial heterogeneity varies across scales and is only loosely structured into nested 
levels for a specific range of interpatch distances. (C) Highly connected patches, characteristic of dominant 
ecological communities in an ecoregion, such as sagebrush steppe, can result in high regional connectivity at 
short interpatch distances such that no hierarchical levels are evident for baseline conditions. Fragmentation by 
development, however, can decrease connectivity in these systems. (D) Sharp discontinuities in the distribution 
of habitat or species (typical of aspen and juniper woodlands in the Wyoming Basin) are indicated by a large 
increase in patch connectedness over a small increase in interpatch distances. 
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Figure 2–10. Multiple scales of information for use in the “step down” process for assessing potential barriers and 

corridors for pygmy rabbits. Ecoregional and field-office level analyses are based on Terrestrial Development 
Index (TDI) scores. High TDI scores represent potential barriers, whereas low TDI scores represent potential 
corridors. At a project level, a more detailed connectivity model could be developed that includes percent 
sagebrush cover, presence of pygmy rabbit habitat, and development levels based on the Terrestrial 
Development Index.  

 
 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer


 
 

46

 
 
 
Figure 2–11. Process model (steps 1−3) in the assessment framework for terrestrial communities and species 

evaluated in the Wyoming Basin Rapid Ecoregional Assessment. Step 1 creates the Terrestrial Development 
Index (TDI). Step 2 creates baseline distribution maps and quantifies landscape structure (patch size and 
structural connectivity). Step 3 calculates the TDI scores for baseline distribution maps. Solid lines indicate the 
source of maps used for derived maps, dashed lines indicate map overlays are used to derive maps, and 
dotted lines indicate analyses performed on maps. White boxes indicate analyses performed on derived maps. 
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Figure 2–12. Process model (steps 4−5) in the assessment framework for terrestrial communities and species 
evaluated in the Wyoming Basin Rapid Ecoregional Assessment. Step 4 uses Terrestrial Development Index 
(TDI) scores ≤1 percent to identify relatively undeveloped areas for each distribution map and quantify 
landscape structure. Step 5 uses an overlay of relatively undeveloped patches on the step 1 map (ecoregion-
level TDI) to identify potential barriers (high TDI scores) and corridors (low TDI scores) between relatively 
undeveloped patches. Solid lines indicate the source of maps used for derived maps, dashed lines indicate 
map overlays are used to derive maps, and dotted lines indicate analyses performed on maps. White boxes 
indicate analyses performed on derived maps. 
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Figure 2–13. Overview of the assessment framework, which is based on the Terrestrial Development Index for 
terrestrial communities and species (Conservation Elements). Process models (steps 1−5) are detailed in 
Figures 2–11 and 2–12. The assessment framework forms the foundation of the Wyoming Basin Rapid 
Ecoregional Assessment. Solid lines indicate the source of maps used for derived maps, dashed lines indicate 
map overlays are used to derive maps, and dotted lines indicate analyses performed on maps.  

 



 
 

49

Aquatic Landscape Structure 

For streams, rivers, and fish species, patch size was based on stream-segment length defined by 
the baseline distribution map, and for stream-segments with ADI scores <20 and ADI scores <40. The 
effects of development on patch size were used as an index of fragmentation. Structural connectivity 
was evaluated by overlaying maps summarizing the number of dams and potential barriers (diversions 
and stream crossings) on the distribution maps. These are described in the relevant chapters for each 
species, species assemblage, and for rivers and streams. Wetlands and riparian areas were handled 
differently, as described in the respective chapters. See figures 2–14 to 2–16 for an overview of the 
process of evaluating key ecological attributes and effects of development for aquatic species and 
communities. 

Landscape Dynamics 

The aspects of landscape dynamics evaluated for the REA included fire occurrence, bark beetle 
outbreaks, conifer-shrubland and conifer-aspen ecotone dynamics, and hydrological regime (such as 
mean summer flow and timing of peak flow). These are described in the key ecological attribute tables 
for each community or species in their respective chapters. Because generally we lack information about 
how human activities have altered landscape dynamics, such as disturbance regimes, that can vary over 
large spatial and temporal scales, we summarize available information for indicators of landscape 
dynamics, but do not draw strong conclusions about whether the current dynamics are consistent with 
historical regimes. Because of this uncertainty regarding landscape dynamics, we provide additional 
details in the narratives that summarize the current state of knowledge about historical dynamics and the 
potential consequences for communities and species. 
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Figure 2–14. Process model (steps 1−3) in the assessment framework for aquatic communities and species 

evaluated in the Wyoming Basin Rapid Ecoregional Assessment. Step 1 creates the Aquatic Development 
Index (ADI). Step 2 creates baseline distribution maps and quantifies landscape structure (patch size and 
structural connectivity). Step 3 calculates the ADI scores for baseline distribution maps. Solid lines indicate the 
source of maps used for derived maps, dashed lines indicate map overlays are used to derive maps, and 
dotted lines indicate analyses performed on maps. White boxes indicate analyses performed on derived maps. 
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Figure 2–15. Process model (steps 4−5) in the assessment framework for aquatic communities and species 

evaluated in the Wyoming Basin Rapid Ecoregional Assessment. Step 4 uses the Aquatic Development Index 
(ADI) scores <20 for the distribution map to identify relatively undeveloped areas. Step 5 uses the number of 
road crossings, diversions, and dams in fifth-level watersheds as an index of potential barriers. Solid lines 
indicate the source of maps used for derived maps, dashed lines indicate map overlays are used to derive 
maps, and dotted lines indicate analyses performed on maps. White boxes indicate analyses performed on 
derived maps. 
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Figure 2–16. Overview of the assessment framework, which is based on the Aquatic Development Index for 
aquatic communities and species (Conservation Elements). Process models (steps 1−5) are detailed in figures 
2–14 and 2–15. The assessment framework forms the foundation of the Wyoming Basin Rapid Ecoregional 
Assessment. Solid lines indicate the source of maps used for derived maps, dashed lines indicate map 
overlays are used to derive maps, and dotted lines indicate analyses performed on maps. 
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Climate Change 

Terrestrial Ecological Communities 

To evaluate the potential effects of climate change on plant communities and tree species (aspen, 
juniper woodlands, and five-needle pines), we relied on available models of bioclimatic conditions (also 
called bioclimatic envelopes) suitable for ecological communities and tree species across the U.S. 
developed by Rehfeldt and others (2012). We developed a cross-walk between the biome classification 
used by Rehfeldt and others (2012) and the ecological communities based on LANDFIRE used for the 
REA, and applied our naming conventions for communities to this cross-walk (table 2–8 and fig. 2–17; 
see also A–1 in the Appendix). 

 
Table 2–8. Crosswalk of the Wyoming Basin Rapid Ecoregional Assessment ecological communities and 

Rehfeldt and others (2012) biomes used for bioclimatic envelope models. 
 Ecological Community Biome 

Desert shrublands Great Basin desert scrub 

Sagebrush steppe Great Basin shrub-grassland 

Foothill shrublands and woodlands Great Basin montane scrub 
Great Basin conifer woodlands 

Montane and subalpine forests Rocky Mountain montane conifer forest 
Rocky Mountain subalpine conifer forest 

Plains grasslands (from LANDFIRE EVT) 1 Plains grassland 

Alpine zone (from LANDFIRE EVT) 1 Western alpine tundra 
1  Two vegetation types originally combined with the Rapid Ecoregional Assessment ecological communities were included 
in climate change analysis to allow better correspondence with biomes were derived from LANDFIRE EVT = Landscape 
Fire and Resource Management Planning, Existing Vegetation Type. 

 
 
Although there was general correspondence among the REA distributions of terrestrial 

communities and the bioclimatic envelope models for biomes, there were some important differences 
(fig. 2–17). First, Rehfeldt and others (2012) classified the sagebrush steppe and the foothill shrublands 
and woodlands (a community dominated by mountain big sagebrush) communities as a single biome 
(sagebrush shrublands), so we could not address projected climate change for these communities 
separately. Bioclimatic envelope models, however, were available for several tree species included in 
foothill shrublands and woodlands: aspen (see Chapter 15—Aspen Forests and Woodlands), limber 
pine, and whitebark pine (see Chapter 16—Five-Needle Pine Forests and Woodlands). In addition, the 
juniper woodland biome modeled by Rehfeldt and others (2012) is predominantly piñon-juniper 
woodlands, which currently only occurs in the southern portion of the Wyoming Basin ecoregion. 
Indeed, much of the expansion potential of the bioclimatic envelope for the juniper woodlands biome 
appears to be a consequence of projected expansion of the distribution of bioclimatic conditions suitable 
for piñon pine throughout the Wyoming Basin. Because of these discrepancies, the biomes represent a 
slightly different spatial configuration than the ecological communities (fig. 2–17). Furthermore, such 
fine-scale projections of the potential effects of climate change are unreliable, and broad-scale 
projections of climate change are more useful for providing meaningful insights into potential future 
shifts in the distribution of ecological communities for any one climate scenario.  



 
 

54 

 
 
 
Figure 2–17. The current distribution of terrestrial communities (A) in the Wyoming Basin Rapid Ecoregional 

Assessment, as determined by LANDFIRE, and (B) bioclimatic conditions suitable for terrestrial biomes 
developed by Rehfeldt and others (2012). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer
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To address differences between community distribution maps and bioclimatic envelopes we 
present the results in several ways. First, we used the community-biome crosswalk to represent the 
potential changes in bioclimatic envelope for biomes modeled by Rehfeldt and others (2012) for three of 
the climate change scenarios they evaluated (fig. 2–18). These scenarios correspond to several of the 
Reasonably Foreseeable Climate Scenarios addressed in the Chapter 7—Climate Analysis. For 
simplicity, we numbered the scenarios included in the analysis of biome shifts as climate scenario I 
(CCCM3), climate scenario II (GFDLCM21), and climate scenario III (HADCM3) (see Chapter 7—
Climate Analysis for a description of each of these climate change models; all used emission scenario 
A2).  

The time periods evaluated were 2030 (2016−2030), 2060 (2046−2060), and 2090 (2076−2090). 
The resulting maps indicate how projected climate changes could potentially affect the distribution of 
the bioclimatic conditions suitable for communities, as well as different potential outcomes resulting 
from differences among climate change model projections (fig. 2–18). The output maps only show 
potential for change and indicate how the bioclimatic conditions conducive for species could shift and 
thus, indicate potential vulnerabilities based on the climate scenarios evaluated.  

The modeled bioclimatic envelope (fig. 2–17B) generally corresponds to the distribution of 
ecological communities in the Wyoming Basin (fig. 2–17A), but is a much broader-scale representation 
of areas where a species could potentially occur than the observed current distribution (as mapped by 
LANDFIRE). In addition to model limitations, local conditions and legacies of past disturbance, among 
other factors, can affect the distribution of species within otherwise suitable bioclimatic conditions. To 
account for the differences between the current distribution and modeled bioclimatic envelopes, we used 
results from climate scenario I, in 2030, and classified each modeled biome into three change 
categories: (1) distributions that potentially could decline because current and projected envelope 
distributions do not coincide, (2) distributions that are not expected to change because the current and 
projected envelope distributions overlap, and (3) distributions that have the potential for expansion 
outside the current envelope distribution. Next, we classified potential for change in the current 
distribution of each community or plant species by overlaying the three change categories on the 
baseline distribution map. See Chapter 11—Sagebrush Steppe, Chapter 12—Desert Shrublands, Chapter 
14—Montane/Subalpine Forests and Alpine Zone, Chapter 15—Aspen Forests and Woodlands, Chapter 
17—Juniper Woodlands, and Chapter 16—Five-Needle Pine Forests and Woodlands for results.  

The differences among the potential future biome maps (fig. 2–18) illustrate the uncertainty in 
projecting climate and associated vegetation changes, but they provide insights into how systems might 
shift for the three climate scenarios. Uncertainty in model output increases for the later time periods 
evaluated because climate models show greater divergence through time. Despite this uncertainty, the 
scenarios indicate how systems could shift for particular climate scenarios and which communities and 
plant species have the greatest potential to decline and or expand. Based on the climate scenarios 
evaluated, the models indicated the potential for desert shrublands and grasslands to expand, sagebrush 
steppe to contract within the Basin and move northward, forests to move upslope, and alpine zones to be 
greatly reduced within the Wyoming Basin. These results are not predictions, but indicate the potential 
vulnerability of communities and species for the projected climate scenarios evaluated. 

 
 



 
 

56

 
 
Figure 2–18. The potential distribution of bioclimatic conditions suitable for terrestrial biomes in the Wyoming 

Basin Rapid Ecoregional Assessment as determined by Rehfeldt and others (2012) under projected climate 
change scenarios. Climate scenario I (top row) for (A) 2030 (B), 2060, and (C) 2090; climate scenario II for (D) 
2030, (E) 2060, and (F) 2090; and climate scenario III for (G) 2030, (H) 2060, and (I) 2090. Climate scenario I 
in 2030 (A) was used to evaluate the potential for changes to species and communities for the Wyoming Basin 
Rapid Ecoregional Assessment. 

 

Aquatic Species and Communities 

Models were available to evaluate potential effects of climate change on flow regimes for 
streams and rivers and associated fish habitat, and for cutthroat trout habitat (Wenger and others, 2010). 
Time frames evaluated by Wener and others (2010) were slightly different than time periods used for 
the REA (Chapter 7—Climate Analysis). The methods are described in each of the respective aquatic 
species and community chapters.  

Invasive Species 

Because of data limitations, future and projected terrestrial invasive species were addressed only 
for Riparian Shrublands and Forests (see also Chapter 6—Terrestrial Invasive Plant Species). For all fish 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer
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and fish assemblages, we evaluated the potential for competition, predation, and (or) hybridization from 
introduced fish populations. Methods describing analyses are summarized in the respective chapters 
(also see Invasive Species section in the Appendix).  

Integrated Management Questions: Landscape-Level Ecological Values and Risks 

Integrated Management Questions summarize current landscape-level ecological values (based 
on key ecological attributes) and risks (based on Change Agents), derived from Core Management 
Questions. The combined ranks for landscape-level values and risks were used to rank the conservation 
potential of modeled distribution or mapped occurrences of species and communities. This approach 
summarizes information as relative ranks that can be used as a screening tool, but requires additional 
details included in the maps addressing Core Management Questions, in conjunction with local-level 
datasets that provide finer-scale details on the condition of ecological resources. 

For terrestrial species and communities, conservation potential was summarized by townships 
based on input from the Assessment Management Team. The size of the reporting unit (93.2 km2 [36 
mi2]) allowed us to summarize conservation potential of broad landscapes at a scale relevant to 
managers. Although there was variation among townships in size (mean = 79.2 km2 [30.6 mi2]) for the 
project area, a pilot analysis using a 36 mi2 moving window indicated that variation in township size did 
not have a large effect on conservation potential ranks. For each terrestrial species and community, the 
amount of area per township was included as a landscape-level ecological value. To minimize emphasis 
on extremely small areas in a township in the assessment of ecological values, we put greater emphasis 
on large areas by establishing a minimum-area threshold for each species and community (such as 1 
percent of township area; see A–19 in the Appendix for additional details on thresholds). Additional 
maps used to address Core Management Questions were included to assess overall ecological values if 
the results varied sufficiently across the project area to use as a ranking factor (such as proximity to leks 
for greater sage-grouse). In some cases (such as fire occurrence), available information was not 
sufficient to include as potential risks.  

For aquatic Conservation Elements, conservation potential was summarized by fifth-level 
watershed based on input from the Assessment Management Team and standards for the REAs. Fifth-
level watersheds in the project area average 687.3 km2 (265.4 mi2). For all aquatic species and 
communities, the amount of area per watershed was always included as a landscape-level ecological 
value (see A–19 in the Appendix for additional details on criteria for assigning ranks).  

The TDI score was used to assess risk for terrestrial species and communities, and the ADI was 
used to assess risk for aquatic species and communities. The TDI/ADI ranks used were standardized and 
applied consistently to rank risks for each species and community (tables 2–9 and 2–10). Although 
species vary in their sensitivity to development (thus, the levels of development representing the highest 
risks varies among species), our objective was to emphasize the relatively intact areas when 
summarizing conservation potential, whereas areas with higher development levels (such as oil and gas 
fields) (figs. 2–5 and 2–6) may represent areas with restoration or development potential. This is based 
on the assumption that larger areas and lower development levels have higher potential for resistance 
and resilience of populations and communities from natural and anthropogenic disturbances. Additional 
Change Agents were used to assess risk for some species when available or appropriate (such as risk 
from sudden aspen decline, or hybridization status and risk for cutthroat trout).  

Ranks for landscape-level ecological values and risks were compiled into an overall index of 
conservation potential for each township or watershed (fig. 2–19). The highest conservation potential 
represents areas that have the highest values and lowest risk. The lowest conservation potential 
represents areas that are ranked as having the lowest values and highest risks. Additional combinations 
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of value and risk are possible, and were used to represent a gradient in conservation potential (fig. 2–
19). 

We used “lowest” and “highest” to reflect the gradient in values or risks for a given species or 
community (tables 2–9 and 2–10). Generally, we lack information on potential thresholds at which the 
value of a township or watershed may represent lower value or higher risks to a species or community. 
In a few cases (such as greater sage-grouse), published information on values for different areas of 
habitat evaluated at an appropriate spatial scale (similar to the reporting unit we used), was available. In 
most cases, however, such information was lacking and consequently we established criteria for 
assigning ranks (such as equal subsets of the data based on area by township, or biologically meaningful 
breakpoint for highly skewed data; see A–19 in the Appendix for additional details on the criteria) based 
on statistical properties of each variable.  

Because size of areas or patches does not always indicate higher value, local-level information is 
important for evaluating conservation potential for particular areas. Furthermore, the ranks for values 
and risks, and conservation potential are relative (not absolute) and vary among species (for example, 
depend on differences among species in sensitivity to disturbance or area effects). Consequently, the 
lowest rank for one species may not be directly comparable to the lowest rank for another species if they 
vary in sensitivity to development. 

 
 
Table 2–9. Example of the used to summarize landscape-level ecological values and risks for terrestrial 

Conservation Elements. Ranks were combined into an index of conservation potential for the Wyoming Basin 
Rapid Ecoregional Assessment.1  

 
 

Relative Rank  
 Variables1 Lowest Medium Highest Description  

Values Area 
 

0–35 35–79 >79 Percent of township classified as 
sagebrush steppe 

Risks Terrestrial 
Development 
Index (TDI) 

0–1 1–3 >3 Mean TDI by township 

1 Townships were used as an analysis unit/reporting unit for conservation potential based on input from the Bureau of Land 
Management. A minimum threshold based on total area per township was established for each species or community to 
minimize the emphasis on extremely small areas. Break points for ranks of area for each community and species were 
derived from equal subsets of the data such that the number of townships in each rank is approximately the same. TDI ranks 
were consistently applied to all communities and species (see A–19 in the Appendix for details on criteria for assigning ranks 
for values and risks and threshold levels) 
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Table 2–10. Example of the used to summarize landscape-level ecological values and risks for aquatic 
Conservation Elements. Ranks were combined into an index of conservation potential for the Wyoming Basin 
Rapid Ecoregional Assessment.1 

 
 

Relative Rank  
 Variables Lowest Medium Highest Description 

Values Perennial stream 
density 
 

<0.13 0.130.34 >0.34 The ratio of perennial stream length to the area 
of fifth-level watershed 

 Ephemeral/ 
intermittent stream 
density  

<0.12 0.12–1.56 >1.56 The ratio of ephemeral/intermittent stream 
length to the area of fifth-level watershed 

Risks Aquatic Development 
Index (ADI) 

0–20 20–40 >40 Mean ADI 

 Number of dams 
 

0 1–2 >2 Number of dams 

1 Fifth-level watersheds were used as an analysis unit/reporting unit for conservation potential based on input from Bureau of 
Land Management. Break points for ranks of area for each community and species were derived from equal subsets of the 
data such that the number of townships in each rank is approximately the same. ADI ranks were consistently applied to all 
communities and species (see A–19 in the Appendix for additional details on criteria for assigning ranks for values and 
risks.) 

 
 

 
 
Figure 2–19. Relative ranks of conservation potential based on relative ranks of landscape-level ecological values 

and risks as represented by Change Agents. Very high conservation potential represents areas that have the 
highest value and lowest risk for a Conservation Element (blue). The lowest conservation potential represents 
areas that are ranked as having the lowest landscape-value and highest risks (red). Other possible 
combinations of ranks are indicated and represented by different colors. 
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Overall Process Model for Conservation Element Assessments 

The process model used to conduct assessments of the Conservation Elements is summarized in 
table 2–20. 

 
 

 
 
Figure 2–20. Overview of the process used to address the Core and Integrated Management Questions for each 

Conservation Element. Polygons indicate input and output maps used to address Core and Integrated 
Management Questions. Solid lines indicate the source of maps used for derived maps, dashed lines indicate 
map overlays are used to derive maps, and dotted lines indicate analyses performed on maps. White boxes 
indicate analyses performed on derived maps. 
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Section I.  Wyoming Basin Rapid Ecoregional Assessment 
Overview and Synthesis 

Chapter 3.  Synthesis of Key Findings for the Wyoming Basin Rapid Ecoregional 
Assessment 
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Introduction 

This chapter summarizes information presented in the other chapters of this report, including 
background information on the Bureau of Land Management and Rapid Ecoregional Assessments 
(REAs), and the REA components that are addressed by the Wyoming Basin REA. In addition, we 
provide two-page summaries for each Change Agent (development, invasive species, fire, and climate 
change) and Conservation Element (species and communities) assessed by the Wyoming Basin REA.  

The Rapid Ecoregional Assessment 

The overall goals of the REA are to identify important ecosystems and wildlife habitats at broad 
spatial scales; identify where these resources are at risk from development, wildfire, invasive species, 
and climate change; quantify cumulative effects of anthropogenic stressors as required by the National 
Environmental Policy Act; and assess current levels of risk to ecological resources across a range of 
spatial scales and jurisdictional boundaries by assessing all lands within an ecoregion.  The REAs 
provide an assessment of (1) baseline conditions for long-term monitoring of broad-scale conditions and 
trends; (2) landscape-level intactness of ecological communities, habitats for priority species, and the 
ecoregion overall; and (3) a predictive capacity for evaluating future risks. The Bureau of Land 
Management (BLM) state and field offices and other stakeholders may use this information to facilitate 
land-use planning and prioritize actions for conservation, restoration, and development, including the 
development of best-management practices and usage authorizations. By addressing priority 
management issues identified by multiple Federal and state agencies working collaboratively, REAs 
also foster interagency collaboration and help to ensure that the REA results and products are relevant to 
multiple stakeholders. Although the REAs are informational tools and not decision-making documents, 
they provide a vehicle for creating stronger, more effective and efficient collaboration and cooperation 
among all parties interested in regional land and resource management.  

Management Questions 

For each REA, BLM land managers and other partners provide a broad range of regionally 
significant Management Questions that serve as the foundation for the REA process and products. The 
Management Questions not only frame the conservation planning and land-management priorities for a 
given ecoregion, they help to ensure that the most relevant datasets are compiled, analyzed, and 
summarized. Additionally, they also address information needed for developing best-management 
practices and establishing priorities for conservation, restoration, or development.  

Conservation Elements 

Conservation Elements represent the regionally significant species and ecological communities 
of management concern. The emphasis on ecological communities is based on the premise that intact 
and functioning ecological systems are more resistant to both natural and anthropogenic stressors, and 
more resilient to these agents of change. Because it is not feasible to manage or monitor all species 
individually, protection of intact ecological communities may help to serve as a safety net for species 
not addressed specifically by the REA. There are significant species or species assemblages that are of 
management concern, which may not be adequately addressed at the community level, and these may be 
specifically addressed as Conservation Elements.  
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Key Ecological Attributes 

Key ecological attributes are characteristics of species and communities that may affect their 
long-term persistence or viability. The attributes can include both the biological or physical environment 
(hereafter biophysical) and ecological processes that collectively regulate the occurrence (distribution 
and abundance), landscape structure (patch sizes and structural connectivity of patches), and landscape 
dynamics (natural disturbances) of species and ecological communities. 

Change Agents 

The REA identifies and assesses primary factors, or Change Agents, that currently affect or are 
likely to affect the condition of species and communities in the future. The Change Agents to be 
evaluated for the entire ecoregion minimally include 
• development (including urban, energy, roads, dams and diversions), 
• wildfire, 
• invasive species, and 
• climate change. 

The Wyoming Basin Rapid Ecoregional Assessment Project Area 

The Wyoming Basin Ecoregion (as defined by Omernick, 1987) encompasses 133,656 square 
kilometers (km2) (51,604.87 square miles [mi2]), most of which is in Wyoming, with small extensions 
into northwestern Colorado, northeastern Utah, southeastern Idaho, and south-central Montana (fig. 3–
1). The Wyoming Basin REA project area, however, extends somewhat beyond the Wyoming Basin 
Ecoregion to include the entire area of all fifth-level watersheds that intersect the Wyoming Basin 
perimeter (Appendix). The project area overlaps the jurisdiction of all or parts of 17 BLM Field Offices 
(9 in Wyoming, 4 in Colorado, 2 in Utah, and 1 each in Idaho and Montana), 2 U.S. Fish and Wildlife 
Regions (9 National Fish and Wildlife refuges), 3 U.S. Department of Agriculture Forest Service 
regions (12 National Forests), 2 National Park Service regions (3 National Parks and Monuments), and 
tribal lands (2 American Indian Reservations), as well as the state agencies that represent and manage 
wildlife, natural resources, and parks (fig. 3–2, table 3–1). The adjacent ecoregions are predominantly 
mountainous to the north, west, and south, and grasslands to the east (Carr and others, 2013). 
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Figure 3–1. The Wyoming Basin Rapid Ecoregional Assessment project area. Bureau of Land Management field 

office boundaries intersecting the project area are shown.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Figure 3–2. Land ownership and jurisdictions in the Wyoming Basin Rapid Ecoregional Assessment project area. 

National Park Service lands include Dinosaur National Park, Fossil Butte National Monument, and Bighorn 
Canyon National Recreation Area. U.S. Department of Agriculture Forest Service lands include Routt, 
Roosevelt, and Shoshone National Forests. U.S. Fish and Wildlife Service lands include Seedskadee, 
Cokeville, Mortenson Lake, Brown’s Park, Bear Lake, Bamforth, Hutton Lake, and Pathfinder National Wildlife 
Refuges. Tribal lands include the Wind River and Crow Indian Reservations. Department of Defense lands 
include Powell Air Force Station. Bureau of Reclamation lands include Bighorn, Big Sandy, Fontenelle, Flaming 
Gorge, Seminoe, Pathfinder, and Buffalo Bill Reservoirs. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Table 3–1. Area and percentage of land managed or owned by different entities in the Wyoming Basin Rapid 

Ecoregional Assessment project area (based on fig. 3–2). 
[ha, hectare] 

Jurisdiction Area (ha) Percentage of project area 

Bureau of Land Management  7,542,621  42 

Private  6,032,135  34 

Forest Service  2,174,365 12 

States 1,072,238   6 

Tribal lands 775,900   4 

Lakes/reservoirs 146,675  1 

National Park Service 61,500  <1 

U.S. Fish and Wildlife Service 28,979  <1 

Department of Defense 2,011 <1 

Bureau of Reclamation 421 <1 
 
 

Conservation Elements 

Ecological Communities 

Seven major ecological communities were evaluated for the REA (table 3–2; fig. 3–3). 
Terrestrial communities include (1) sagebrush steppe, (2) desert shrublands, (3) foothill shrublands and 
woodlands, and (4) montane/subalpine forests and alpine zone. Aquatic communities were based on the 
hydrologic regime or the presence of woody vegetation and include (1) streams and rivers, (2) wetlands, 
and (3) riparian forests and shrublands. Sagebrush steppe is the dominant community, covering more 
than half of the ecoregion. In contrast, aspen, limber and whitebark pine, mixed desert shrublands, 
grasslands, mountain shrub, and riparian communities each cover <10 percent of the Wyoming Basin, 
but they have important ecological functions. The communities are described in relevant chapters in the 
Assessments of Communities (Section III). 

 

Species and Species Assemblages 

A total of 14 species and species assemblages were evaluated by the REA (table 3–3). 
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Figure 3–3. Distribution of ecological communities and dominant land use, for the Wyoming Basin Rapid 
Ecoregional Assessment (REA) project area. Lakes and reservoirs were not evaluated for the REA (table 3–2).  

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer
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Table 3–2. Percent of area by ecological communities evaluated as Conservation Elements for the Wyoming 

Basin Rapid Ecoregional Assessment. 
System Ecological communities Percent of the Wyoming Basin 

project area2 
Aquatic 
 
 
 
Terrestrial 
 
 
 

1Lakes and reservoirs  
Streams and rivers 
Wetlands 
Riparian forests and shrublands 
Sagebrush steppe 
Desert shrublands 
Foothill shrublands and woodlands 

Montane and subalpine forests and 
alpine zone 

0.6 
2.3 
1.0 
2.1 

50.5 
9.6 

16.0 

13.4 

1 Lakes and reservoirs were mapped but not evaluated as a Conservation Element. The alpine zone only occurs outside of the 
ecoregion boundary but falls within the project area. 
2 Developed and agricultural areas not included. 
 

Table 3–3. Species and species assemblages evaluated as Conservation Elements.  
  Species and species assemblages1

Aspen forests and woodlands  
Five-needle pine forests and woodlands—Limber pine and white-bark pine  
Juniper woodlands  
Cutthroat trout  
Three-fish assemblage—Roundtail chub, flannelmouth sucker, and bluehead sucker  
Northern leatherside chub 
Sauger 
Spadefoot assemblage—Great Basin spadefoot and plains spadefoot  
Greater sage-grouse 
Golden eagle 
Ferruginous hawk 
Sagebrush-obligate songbirds—Brewer’s sparrow, sagebrush sparrow, and sage thrasher  
Pygmy rabbit  
Mule deer 
1 Scientific names for all species mentioned in this report are provided in the Scientific Names of Species Used in This 
Report list on page xi. 

 

Change Agents 

We evaluated the four primary Change Agents required for the REA (development, fire, invasive 
species, and climate change). We also considered insects and disease, grazing, and off-highway vehicle 
use, based on input from the Assessment Management Team. It is important to note that fire and climate 
(for example, drought) are inherent drivers of ecosystem dynamics in the Wyoming Basin, but fire and 
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climatic regimes may be influenced by human activities. In turn, human alteration of natural disturbance 
regimes can lead to habitat loss and other negative effects on species and species assemblages. 
 

Management Implications 

The REAs summarize information at broad spatial scales and can be used to inform management 
decisions in several ways. First, the REA can be used as a screening tool to identify potential areas for 
conservation, restoration, and development. Local-scale information or additional surveys or research 
can be used to assess conditions not quantified by the REA due to the lack of regionwide data (such as 
population sizes of species, occurrence of invasive species). In addition, the REAs can provide an 
assessment of spatially-explicit cumulative effects of Change Agents, especially development. The 
REAs also can augment project level information to provide the broader spatial context for evaluating 
potential impacts of proposed actions and alternatives than can be determined with fine-scale 
information alone. The REAs, therefore, provide critical multiscale information necessary for 
implementing the BLM’s Landscape Approach. The BLM’s REA program is closely aligned with the 
Department of Interior’s A Strategy for Improving the Mitigation Policies and Practices of the 
Department of the Interior (2014 [hereafter, “Landscape Strategy”]) for improving mitigation policies 
and practices on U.S. Department of Interior lands. A primary objective of the Landscape Strategy is to 
shift from project-level to broad-scale, science-based management that helps to avoid, minimize, and 
compensate for adverse impacts to natural resources. Specifically, REAs address the following key 
components outlined by the 2014 Landscape Strategy: development of assessment methods that 
promote consistency in management decisions, identification of ecological characteristics that promote 
ecosystem resilience in rapidly changing environmental conditions, and fostering collaboration among 
land management agencies. 
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Summaries for Change Agents and Conservation Elements 

This section includes the two-page summaries for each Change Agent, ecological community, 
and species assessed by the Wyoming Basin REA. We also provide a summary for landscape intactness 
for the entire Wyoming Basin REA project area, which is a primary objective of the REA. The 
summaries highlight some of the key findings presented in each chapter of Section II (Change Agents), 
Section III (Assessments of Ecological Communities), Section IV (Assessments of Species and Species 
Assemblages), and Section V (Landscape Intactness). More details can be found in the individual 
chapters. 

The two-page summaries include the following information. For each Change Agent there is a 
map of the Change Agent, other relevant figures, and summary points. The two-page summaries for 
each Conservation Element include the list of all Management Questions addressed by the REA; a 
development score map and graph for the species or community; an example of one additional Core 
Management Question and resulting map; a set of maps providing an overview of landscape-level 
ecological values, risks, and conservation potential; and a summary of key findings. Because rankings 
of conservation potential are very sensitive to the input data used and the criteria used to develop the 
ranking thresholds, they are not intended as stand-alone maps. Rather, they are best used as an initial 
screening tool to compare regional rankings in conjunction with the geospatial data for Core 
Management Questions and information on local conditions that cannot be determined from regional 
REA maps. The two-page summary for Landscape Intactness provides the Management Questions and 
example maps for several Management Questions for terrestrial and aquatic systems.  

 
 

 
 
Figure 3–4. State locator reference for all maps provided in the two-page summaries. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch01_Introduction/MapServer


 

 

Development: 
Terrestrial 
Aquatic 
Management Questions 
 Where does development pose the greatest threat to  

terrestrial systems in the ecoregion, and where are the 
large, rel atively  undeveloped patches? (Left map 
below)  

 How do terrestrial development levels vary by trans-
portation, energy and minerals, agriculture,  and urban  
development classes?  

 Where does development pose the greatest threat to  
aquatic systems in the ecoregion, and where are the  
relatively undeveloped catchments and watersheds?  
(Right map below)  

 How do aquatic development levels vary by transpor-
tation, energy  and minerals, dams and diversions, and  
agriculture and urban development classes?  

 

Photo credit: U.S. Geological Survey.  

 Where are areas with high potential for future oil and  
gas development in  relation to current and projected  
oil and gas development and in  relation to existing oil  
and gas leases?   

 Where are the relatively undeveloped areas that have 
high potential  for  future oil  and gas development?  

 Where are areas with high potential for wind  
development and how  does potential for wind  
development vary with areas  of high development  
scores versus relatively  undeveloped scores? (Right  
map panel following page)  

(A) Terrestrial and (B) Aquatic Development Index scores  for the Wyoming Basin Rapid Ecoregional Assessment project area.  
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Potential for wind-energy development (A) across entire project area; (B) in 
areas of  high  terrestrial development (Terrestrial Development Index 
scores >5 percent); and (C) in relatively undeveloped areas (TDI scores ≤1 
percent).  
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Wildland 
Fire 

Photo credit: Gavin 
Lovell, Bureau of Land
Management.   

 

Wildfire and prescribed fire locations and perimeters (1980– 
2012) in  the Wyoming Basin Rapid Ecoregional project area.  
Small fires are not visible at t his  scale. Minimum mapping 
acreage for a wildfire is 16.2 hectares (40 acres).   

Area of ecological communities burned between 1980 and 2012 in the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

Ecological   
communities  

Total area  
burned  

(hectares)  

Percent  
burned  

Average annual area  
(hectares) burned  

 Sagebrush steppe  300,491  3.34  9,106 
 Foothill shrublands and woodlands  120,151  4.21  3,641 

 Montane and subalpine forests and alpine zones  161,563  6.48  4,896 
  Other (primarily riparian forests and desert shrublands)  34,058  1.34  1,032 
 Total all  616,263  3.7  18,674 

 

Key Points 
 The length of the wildfire season has increased since 

1980. 
 Fire occurrence in the  Wyoming Basin is characterized 

by extremes. Typically the total acreage burned in a 
given year is small, and large, severe fires occur   
infrequently but account for most of the area burned.  
Annual wildfire  area has varied from  no fires reported  
in 1982 to  130,000  hectares (322,000 acres) in  2000.  

 The spread of invasive species, especially cheatgrass,  
has potential to modify the size and intensity of   
wildfire in  grassland and shrubland communities. 

 Climatically driven disturbance effects may be less 
rapid within the Wyoming Basin than in  other ecore-
gions in which fire occurrence  appears m uch more 
climate sensitive.  

 Climatic conditions and shifts in  wildfire patterns have 
the potential to alter ecological communities.  

 In the future, high-elevation forests may experience a  
significant increase in  wildfire extent  and intensity. 
The lower-elevation grasslands and shrublands may  
experience a decrease in wildfire activity. 

 Wildfire regimes have varied  greatly during  the past  
13,000 years. As an example, fire rotation intervals 
have ranged from 90 to 250 years on the Yellowstone  
Plateau. 

 Vegetation also  has shown considerable  variation over 
the past 40,000 years, including an expansion of Utah  
juniper starting 2,800 years ago.  

 The average area burned  between 1 980 and 2012 w as 
18,674  hectares (46,100 acres). 
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Wildfire and p rescribed fire ac res burned, by  year, 1980−2012. (A) Annual acres burned in  the sagebrush steppe;   
(B) annual acres burned in the foothill shrublands and woodlands; (C) annual acres burned in  the montane/subalpine;  
and (D) Total an nual acres burned in the thre e major ecological communities.  
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Invasive Species 

Management Questions 
 

olive and tamarisk?  
 Where is riparian vegetation at risk from ex-

pansion of Russian olive based on  recent  and  
projected climatic conditions?  (Map below) 

 Where is riparian vegetation at risk from ex-
pansion of tamarisk based on recent and pro-
jected  climatic conditions? (Top map follow-
ing page) 	 

Where are the known populations of Russian 

Photo credits: White pine blister rust, U.S. Department of Agricul
ture Forest Service; Russian olive  and tamarisk, U.S. Geological  
Survey; and walleye, LuRay Parker, Wyoming Game and Fish De
partment.  

Current and projected risk for ex
pansion of Russian olive, summa
rized by fifth-level watersheds for 
the Wyoming Basin Rapid  Ecore
gional Assessment project area.  
Current risk of expansion based on  
suitability models  using (A) recent  
climatic conditions (1980−2009); 
projected risks based on climate 
scenario II (see Chapter 6) for (B) 
2030; (C) for 2060; and (D) for 2090. 
Expansion risk is  classified  as low
est for probabilities <0.33, medium  
for probabilities  between 0.34 and 
0.66, and highest for probabilities 
>0.67. Probabilities are based on 
occurrence models (see Chapter 6). 
Hatched lines denote watersheds 
where LANDFIRE indicated Russian 
olive and (or) tamarisk presence.   
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Conservation Element   Nonnative and invasive species  

 Riparian  Russian olive and tamarisk 
Five-needle pine forests    White pine blister rust 

 Cutthroat trout Whirling disease; nonnative trout  

 Sauger  Walleye 

 Three-fish assemblage  White sucker and burbot 

 Northern leatherside chub Nonnative trout  

 Greater sage-grouse  West Nile virus 

 

Current and projected risk for ex
pansion of tamarisk summarized  
by fifth-level watersheds for the 
Wyoming Basin Rapid Ecoregional  
Assessment project a rea. Current 
risk of expansion based on suita
bility models using (A) recent cli
matic conditions (1980−2009); 
projected risks based on climate 
scenario II (see Chapter 6) for (B) 
2030; (C) for 2060; and (D) for 
2090. Expansion  risk is classified 
as lowest for probabilities  <0.33,  
medium for probabilities between  
0.34 and 0.66, and highest for 
probabilities >0.67. Probabilities 
are bas ed on occurrence models 
(see Chapter 6). Hatched lines 
denote watersheds where LAND
FIRE indicated Russian olive and  
(or) tamarisk presence.  

Summary 
Currently, Russian  olive and tamarisk  

have somewhat limited distributions in  ripari-
an areas of  Wyoming, although changing  
climate and disturbance patterns, especially  
wildfire, have  the potential to greatly increase 
the risk  from invasive species. Although  
cheatgrass is an invasive species of concern 
in the Wyoming Basin, occurrence data were  
not  sufficient  for modeling cheatgrass occur-
rence or to evaluate the potential for cheat-
grass to spread.  

Other nonnative and invasive species 
addressed by the Wyoming Basin Rapid 
Ecoregional Assessment were evaluated  for 
species or species assemblages as shown in 
the table to the right  

Invasive species addressed by the Wyoming Basin Rapid Ecoregional  
Assessment.  
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Climate Analysis 

Key Points 
 Temperatures in the  Wyoming Basin Rapid Ecore-

gional Assessment project  area have warmed by al-
most  1.1 ºCelsius (ºC; 2 ºFahrenheit [ºF])  in  the past  
30 years, which is statistically significant. In con-
trast, precipitation  does not show a statistically sig-
nificant trend compared to  precipitation  variability 
of the recent past. (Lower two map panels following 
page)  

 Based on the climate models evaluated for the REA, 
the Wyoming Basin is projected to warm  by  about  
1.4 ºC (2.5 ºF), with a modeled range of 0.8−1.9 ºC  
(1.5−3.5 ºF) by 2030. The projected increase in tem-
perature is higher for the period ending in  2060, with  
an average increase of about 2.7 ºC (4.9 ºF) and a 
range from  1.5−2.7 ºC (2.7−4.9 ºF).   

 Projections indicate an increase in the minimum  
temperatures of the coldest days, and an increase in 
the frequency and temperature of the hottest days. 
Projected temperatures for 2060 indicate that sum-
mers may be as warm as or warmer than the hottest 
summers in the recent climate.  

 Climate projections do  not show a dramatic  change 
in annual average precipitation.  Historical variability 
in precipitation is high. 

 Snow water equivalent  on  April 1 is projected to 
decrease by at  least 20 percent or more by 2030 in  
many areas, although not in the higher mountains. 
Based on projections of earlier snowmelt and runoff, 
soil moisture has the potential to increase earlier in  
the spring  and dry out earlier in  the growing season.  

 Paleoclimate reconstructions  of streamflow  show 
considerable variability in records within the last 500 
years, including years-to-decades of wetter or drier 
conditions in reconstructed streamflows. 

 The projected changes  in temperature and shifts in 
precipitation and streamflow variables have  implica-
tions for the Wyoming Basins ecosystems. These 
could include changes in elevation of climate zones, 
shifts in timing of peak streamflow, shifts in the sea-
sonal pattern  of soil moisture, and a longer  growing  
season. Projected changes in  the distribution of bi o-
climatic conditions conducive for ecological com-
munities indicates the potential for a decrease in the 
area of sagebrush steppe, montane and subalpine 
forests, and alpine zones  for climate scenario I (see 
Chapter 2). (Map  below and top map panel follow-
ing page)  

Projected effects of climate change on sagebrush steppe  
in 2030 for the Wyoming Basin  Rapid Ecoregional Assess
ment project area, derived from th e bioclimatic envelope  
models from Rehfeldt and others (2012).  
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The (A) current distribution bioclimatic co nditions suitable for 
biomes in the Wyoming Basin Rapid Ecoregional Assessment  
project area developed by Rehfeldt and others (2012) and the 
potential distribution of  bioclimatic conditions based on CCCM3 
climate model and emissions scenario A2 (see Chapter 2) for (B) 
2030, (C) 2060, and (D)  2090.  

Historical and projected average annual temperatures for the Wyoming Ba
sin  Ecoregional Assessment project area during  the  (A) historical period  
(1961-1990), and  three future periods: (B) 2016-2030, (C) 2046-2060, and (D) 
2076-2090 based on th e ensemble mea n model and emissi ons scenario A2  
(see Chapter 7). Data from bias-corrected spatial disaggregation, 12
kilometer (7.5-mile) resolution.  

Historical and projected average annual precipitation for the Wy oming Basin Ecore
gional Assessment project area during the (A) historical period (1961−1990), and 
three future periods: (B)  2016−2030, (C) 2046−2060, and (D) 2076−2090 bas ed on the 
ensemble mean  model and emissions scenario A2  (see Chapter 7). Data from bias-
corrected spatial  disaggregation, 12-kilometer (7.5-mile) resolution.   
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https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch02_Biome/MapServer
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Streams and Rivers  

Management Questions 
 What is the amount and distribution of streams and 

rivers, and how does  hydroperiod vary? 
 Where is woody riparian v egetation present along  

perennial streams?  
 Where does development pose the greatest threat to  

streams and rivers, and where are the large, relatively 
undeveloped areas?  (Left map below)  

 Where has development fragmented streams and riv-
ers, altered flows, and decreased structural connectivi-
ty? (Top left map  following  page) 

 Where are streams and rivers  with a high pr oportion  
of nonnative riparian  vegetation?  

 Which watersheds have had  the most  area burned by  
recent fires?  

 

Aquatic Development Index scores for streams and rivers in  
the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

Photo credit: U.S. Fish and Wildlife Service.   
 Where are streams and rivers currently at risk  from  

low summer flows?  
 Where could streams and rivers be at  risk from pro-

jected shifts  in hydrological regimes in  2040? 
 How does risk from  development  vary by  land owner-

ship or  jurisdiction for streams and rivers? 
 Where are the fifth-level watersheds  with the greatest 

landscape-level ecological values?  (Top right map 
following page)  

 Where are the fifth-level watersheds  with the greatest 
landscape-level risks?  (Center right map following  
page)  

 Where are the fifth-level watersheds  with the greatest 
conservation potential?  (Bottom right map following  
page)  
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Potential barriers (dams, diversions, and road crossings on streams)  in 
perennial streams summarized by  sixth-level watershed.  

Summary 
In the Wyoming Basin, streams, rivers, and associated 

riparian habitat  account for just 2.3 percent of the  landscape,  
yet they have a disproportionately large influence on many  
species, both aquatic and terrestrial. Most of these streams and 
rivers flow through sagebrush steppe, the dominant ecological  
community in the Wyoming Basin, and are intermittent or  
ephemeral in  nature. There are three large perennial river sys-
tems in the Wyoming Basin: the Wind, Bighorn, Green, and 
North Platte Rivers.  

Development poses threats to  the hydrology,  structural  
connectivity, and integrity of streams and rivers throughout 
the Wyoming Basin, especially for perennial systems. The 
major sources of development are roads and agricultural activ-
ities. Many watersheds  have a high  number and extensive dis-
tribution of p otential  barriers posed  by roads  and water diver-
sions. Many streams are intermittent in  nature and (or) have 
very low mean flows due to the semiarid nature of this ecore-
gion, which makes them especially vulnerable to dewatering  
as a result of diversions and projected climate change. 

(A) Landscape-level ecological values, (B) ecological risks, and ( C) conser
vation potential of streams and rivers summarized by fifth-level water
shed.  
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https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer


 

 

Wetlands 


Photo credit: Cynthia P. Melcher,  U.S. Geological Survey.   

Local Aquatic Development Index scores for wetlands, summa
rized by sixth-level watershed, in the Wyoming Basin Rapid 
Ecoregional Assessment project area.  

Management Questions 
 Where are baseline wetlands, by  functional type and  

hydroperiod, and what is the total area of each?  (Top 
left map following  page)  

 Where are the sixth-level watersheds with the greatest 
wetland area?  

 Where does development pose the greatest threat to  
wetlands, and where are the relatively undeveloped 
wetlands? (Left map below) 

 How has development  affected the structural connec-
tivity of  wetlands relative to baseline conditions? 

 Which  wetlands are potentially created  or altered by  
agriculture? 

 How does risk from  development  vary by  land owner-
ship or jurisdiction for wetlands?  

 Where are the fifth-level watersheds  with the greatest 
landscape-level ecological values?  (Top right map 
following page)  

 Where are the fifth-level watersheds  with the greatest 
landscape-level risks?  (Center right map following  
page)  

 Where are the fifth-level watersheds  with the greatest 
conservation potential?  (Bottom right map following  
page)  
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Percent of  sixth-level watershed area that is classified as wetlands in the 
Wyoming Basin  Rapid Ecoregional Assessment project area.  

Summary 
Wetlands are unevenly distributed in the  Wyoming Basin. In  

most of the region, overall wetland  area is low, with greater densi-
ties of  wetlands present in the Wind River Basin; Laramie Plains; 
Uintah Mountains; Upper Green, Bear, Little Snake, Shoshone, 
and Bighorn Rivers. Areas with high percentages of wetland are 
also  highly connected. Most highly connected, and less developed  
wetland complexes occur at higher elevations or along rivers. 

Moderate to  high development levels may exist in watersheds  
with  high  densities of  wetlands, which reflects the fact that many  
wetlands in developed areas are artificially created  or altered  by  
irrigation.  This likely reflects the fact that many developed  wet-
lands are artificially altered by irrigation. More than  half of the 
existing wetlands in the Wyoming Basin are used  for agriculture. 
In the Laramie River Basin (in southeast  Wyoming), 65  percent of  
surface and subsurface inflows to wetlands come directly from  
irrigation, changing natural  wetland hydrology  and increasing  
total wetland  density. 

Differences in  structural connectivity between  baseline and  
developed  wetlands may be particularly detrimental to limited-
dispersal amphibians. Structural connectivity of baseline wetlands  
is high  for amphibians that can travel <0.5  kilometers (0.31 
miles); however, structural  connectivity of relatively  undeveloped 
areas often exceeds 1 kilometer (0.62 miles), which may exceed 
the dispersal capabilities of many amphibian species.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  wetlands, 
summarized  by fifth-level watershed.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
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Riparian Forests and Shrublands 

Management Questions 
 Where are baseline riparian forests and shrublands, 

and what is their total area? 
 Where are the largest areas of riparian vegetation in 

the Wyoming Basin? 
 Where does development pose the greatest threat to 

baseline riparian forests and shrublands, and where 
are the large, relatively undeveloped areas? (Left map 
below) 

 Where do dams pose an ongoing threat to downstream 
riparian areas? 

 Where are Russian and (or) tamarisk olive present? 
(Top left map following page) 

 Where could riparian vegetation be at risk from Rus-
sian olive and tamarisk expansion by 2030? 

 How does risk from development vary by land owner-
ship or jurisdiction for riparian forests and shrub-
lands? 

 Where are the watersheds with the greatest landscape-
level ecological values? (Top right map following 
page) 

 Where are the watersheds with the greatest landscape-
level risks? (Center right map following page) 

 Where are the watersheds with the greatest conserva-
tion potential? (Bottom right map following page) 

 

Photo credit: Bureau of Land Management. 

Aquatic Development Index scores for riparian areas, summa-
rized by sixth-level watershed, in the Wyoming Basin Rapid 
Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer


87 

 

 

Presence of Russian olive and (or) tamarisk, based on Bureau of Land 
Management (BLM) field office data and LANDFIRE data for the Wyoming 
Basin Rapid Ecoregional Assessment project area, summarized by fifth-
level watershed.  

Summary 
Riparian forests and shrublands are sparsely and unevenly 

distributed throughout the Wyoming Basin and represent only 2 
percent of the total area. Except in some portions of the Great 
Divide Basin, most watersheds have some riparian vegetation 
present. Most watersheds, particularly at lower elevations, have 
been negatively affected by development, most commonly by 
agriculture, energy, and dams. Private lands account for almost 
half of the total riparian area, and are experiencing higher devel-
opment pressure from the presence of roads, dams, industry, ener-
gy, and agriculture. Russian olive and tamarisk are present in 
many northern and some southern watersheds, but data on inva-
sive species are quite limited regionwide. Invasive species surveys 
may be useful in watersheds where Bureau of land Management 
occurrence data are lacking, LANDFIRE indicates that invasives 
species are present, and the conditions conducive to invasive spe-
cies occurrence are present. Moderately sized and connected ri-
parian areas and large but isolated high-density riparian areas in 
the Wyoming Basin may provide important refugia and stopover 
habitat for animals dispersing or migrating across expanses of 
sagebrush and desert shrubland.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of riparian are-
as, summarized by fifth-level watershed.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Sagebrush Steppe 
Management Questions 
 Where is  baseline sagebrush steppe, and what is the 

total area?  
 Where does development pose the greatest threat to  

baseline sagebrush steppe, and where are the relative-
ly undeveloped areas?  (Left map below)  

 How has development  fragmented baseline  sagebrush  
steppe, and where are the  large, relatively undevel-
oped patches?   

 How has development  affected the structural connec-
tivity of sagebrush steppe  relative to  baseline condi-
tions?  (Top left  map following  page)  

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped sagebrush steppe patches?  

 Where are sagebrush-juniper ecotones with potential  
for juniper expansion?  

Terrestrial Development Index scores for sagebrush steppe in  
the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

Photo credit: Cameron Aldridge,  Colorado State University.  

 
brush steppe, and what is the total area burned  per  
year?  

 What is the potential distribution of sagebrush steppe  
in 2030?  

 How does risk from  development  vary by  land owner-
ship or  jurisdiction for sagebrush steppe? 

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  

Where have recent fires occurred in baseline sage-

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer


 

 

Structural connectivity of  relatively undeveloped patches of sagebrush 
steppe in the Wyoming Basin Rapid Ecoregional Assessment project area.  

Summary 
Sagebrush steppe is  widely  distributed in the  Wyoming Basin 

and accounts for approximately 53 percent of the land area. De-
velopment is pervasive, and only 23  percent  of sagebrush steppe  
is relatively undeveloped. Development (including  roads, energy, 
and agriculture) has fragmented and decreased structural connec-
tivity. Much  of the remaining  relatively undeveloped sagebrush 
steppe occurs in scattered patches, most of which are <1,000  
square kilometers (386 square miles); only two patches of rela-
tively undeveloped steppe >1,000 square kilometers (386 square 
miles) remain, representing <4  percent of the total area. 

Data limitations make it difficult to evaluate decades- to cen-
turies-long regional  patterns of sagebrush steppe dynamics. Juni-
per woodland  expansion into  steppe does not appear to  be a region 
-wide problem. Since 1990, relatively little sagebrush steppe has 
burned in the Wyoming Basin; recent fires appear consistent with  
historical fire pattern frequency and size. If cheatgrass becomes 
more common, however, fire could pose a much greater threat. At 
current  development rates, particularly for energy  development,  
sagebrush steppe is expected to experience further fragmentation, 
loss, and degradation. Potential invasive species risk and project-
ed climate change could further compound these problems.  
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(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  sagebrush  
steppe summarized by township.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer


 

Desert Shrublands 

Management Questions 
 Where are  baseline desert shrublands, and  what is the 

total area?  
 Where does development pose the greatest threat to  

baseline desert shrublands, and where are the relative-
ly undeveloped areas?  (Left map below)  

 How has development  fragmented baseline  desert  
shrublands, and where are the large, relatively unde-
veloped patches?  

 How has development  affected structural connectivity 
of desert shrublands relative to  baseline conditions? 

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped desert shrubland patches?  (Top left map follow-
ing page)  

 

Terrestrial Development Index scores for desert shrublands in 
the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

Photo credit: Natasha B. Carr, U.S. Geological Survey.  

 Where have recent fires occurred in baseline desert  
shrublands, and what is the total area burned per year?  

 What is the potential distribution of desert shrublands  
in 2030?  

 How does risk from  development  vary by  land owner-
ship  or jurisdiction for desert shrublands? 

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Terrestrial Development Index (TDI) Scores for lands surrounding  relative
ly undeveloped desert shrublands. Higher TDI scores (for example, >5  
percent) represent potential movement barriers among rela tively  undevel
oped patches. Lower TDI scores (<2 percent) represent potential move
ment corridors.  

Summary 
Desert  shrublands are widely distributed in the Wyoming 

Basin but cover only about  10 percent  of the  land area. Develop-
ment is pervasive across  desert shrublands and has increased frag-
mentation and decreased  structural connectivity. Development is 
highly clustered in desert shrublands, and 36  percent  of the desert  
shrublands are relatively undeveloped. Many relatively undevel-
oped areas fall  under Bureau  of Land Management jurisdiction. 
Species of management concern, such as mountain plover,  are 
strongly tied to sparsely vegetated habitats prevalent in  desert  
shrublands. Vulnerability to climate scenarios evaluated  here is 
expected to  be low because desert shrublands are more tolerant of  
decreasing precipitation and increasing temperatures than sage-
brush steppe. 

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  desert shrub-
lands summarized by township.  
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Foothill Shrublands and 
Woodlands 

Management Questions 
 Where are baseline foothill shrublands and wood-

lands, and what is the total area?  
 Where does development pose the greatest threat to  

baseline foothill shrublands and woodlands, and 
where are the relatively undeveloped areas?  (Left map 
below)  

 How has development fragmented baseline foothill 
shrublands and woodlands, and  where are the large,  
relatively undeveloped patches?  (Top left map follow-
ing page)  

 How has development  affected structural connectivity 
of foothill shrublands and  woodlands relative to  base-
line conditions? 

Terrestrial Development Index scores for baseline  foothill  
shrublands  and woodlands in the Wyo ming Basi n Rapid Ecore
gional Assessment project area.   

Photo credit: Natasha B. Carr, U.S. Geological Survey.   

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped foothill shrubland  and woodland patches?  

 Where have recent fires occurred in baseline foothill 
shrublands and woodlands, and what is the total area 
burned per year? 

 What is the potential distribution of foothill shrub-
lands and  woodlands in  2030? 

 How does risk from  development  vary by  land owner-
ship  or jurisdiction for foothill  shrublands and wood-
lands? 

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Summary 
Foothill shrublands and woodlands are associated with lower 

elevations of all of the mountain ranges in the Basin and account  
for 16 percent  of the Wyoming Basin.  Development is pervasive, 
as 27  percent of the foothill shrublands and  woodlands remain  
relatively undeveloped. Much of the foothill areas that remain  
relatively undeveloped occur in scattered patches, all of which are 
<1,000  square kilometers (386 square miles). Foothill shrublands  
and woodlands were once well connected within the Basin, but 
development (including  roads, energy, and agriculture) has frag-
mented and decreased structural connectivity. Based  on current  
rates of development, particularly energy  development, foothill 
shrublands and woodlands are expected to  undergo further frag-
mentation, loss, and degradation. This ecological community pro-
vides crucial winter range for mule deer and habitat for sage-
brush obligate species, including greater sage-grouse,  sagebrush-
obligate songbirds, and pygmy rabbits; thus, the high  develop-
ment rates can  affect numerous species. Other foothill species, 
including aspen, juniper woodlands, and limber pine (five-needle  
pine assemblage), also  face threats (including sudden aspen de-
cline and  white pine blister rust),  which could alter the structure 
and functions  of the ecological community. The potential risk  
from invasive plant species, such as cheatgrass, could further 
compound these problems.  

93 


Patch  sizes of baseline foothill sh rublands and wo odlands for the W yo
ming Basin Rapid Ecoregional Assessment project area.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  foothill shrub-
lands  and woodlands summarized by to wnship  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer


 

 

Montane and Subalpine Forests 
and Alpine Zones 

Management Questions 
 Where are baseline mountain forests and alpine zones,  

and what is the total area?  

 Where does development pose the greatest threat to  
baseline mountain forests and alpine zones, and where 
are the relatively undeveloped areas?  (Left map be-
low) 

 How has development  fragmented baseline mountain 
forests and alpine zones, and  where are the large, rela-
tively undeveloped patches?  

 How has development  affected structural connectivity 
of mountain forests and alpine zones relative to  base-
line conditions? 

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped patches of mountain forests and alpine zones?  

Terrestrial Development Index scores for montane and subal
pine forests and alpine zones in the Wyoming Basin Rapid 
Ecoregional Assessment project area.  

Photo credit: Natasha B. Carr, U.S. Geological Survey.   

 Where have mountain forests  been disturbed  by re-
cent fires and bark beetle outbreaks, and what is the 
total area of forest affected by each disturbance?  (Top 
left map following  page)  

 What are the potential distributions of mountain for-
ests and alpine zones in 2030?  

 How does risk from  development  vary by  land owner-
ship or  jurisdiction for mountain forests and alpine 
zones?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Locations of  prescribed burns and  wildfires (since 1980) and bark beetle  
outbreaks (since  1997) in montane and subalpine forests and alpine  zones 
in the Wyoming Basin Rapid Ecoregional Assessment project area.  

Summary 
Mountain  forests and alpine zones are patchily distributed  

and cover about 14 percent of  the Wyoming Basin. This is the 
least developed ecological community, as only 4 percent  has a 
Terrestrial Development Index (TDI) score of >5 percent.  Devel-
opment (roads, energy, and agriculture) has fragmented and de-
creased structural connectivity. All relatively undeveloped areas 
(TDI  ≤1 percent)  occur in  patches <5,000 square kilometers 
(1,930 square miles). Patches are naturally discontinuous, but 
development has reduced  structural connectivity, especially at 
lower elevations. Relatively undeveloped patches that are highly 
connected are  associated with large mountain ranges. Some rela-
tively undeveloped areas occur in locally isolated mountain  rang-
es. 

Recent bark beetle outbreaks have affected nearly half of the 
mountain forest community. The isolated nature of some forests 
and time required for some tree species to  reach sexual maturity 
could result in long recovery times. Wildlife species that depend  
on or  have mutualistic relationships with tree species in these hab-
itats could be negatively affected. The distribution of bioclimatic 
conditions conducive for mountain  forests is projected to shift 
upslope in most  mountain ranges and become nearly absent in the  
Granite Mountains by 2030.  Alpine conditions are projected to  
contract by  2030.  (A) Landscape-level ecological values, (B) ecological 

risks, and (C) conservation potential of  montane f or
ests and alpine zones summarized by township.  
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Aspen Forests and Woodlands 
Management Questions 
 Where are the two baseline aspen functional types 

(mountain slope and foothill), and what is the total 
area of each? 

 Where does development pose the greatest threat to 
baseline aspen, and where are the relatively undevel-
oped areas? (Left map below) 

 How has development fragmented baseline aspen, and 
where are the large, relatively undeveloped patches? 

 Where are aspen core areas, and how is core area af-
fected by the presence of roads and railroads? 

 Where are baseline aspen stands with high levels of 
structural connectivity, and which stands function as 
stepping stones? 

 Where are potential barriers and corridors that may 
affect animal movements among baseline aspen patch-
es? 

 Where does aspen have a greater vulnerability to sud-
den aspen decline based on climatic risk factors, and 
how would the loss of these stands affect the structur-
al connectivity of aspen? (Top left map following 
page) 

 Where are mountain slope aspen-conifer ecotones 
with potential for conifer or aspen expansion, and 
which aspen stands may undergo competitive release 
as a result of recent disturbances? 

 What is the potential distribution of aspen in 2030? 

 How does risk from development vary by land owner-
ship or jurisdiction for mountain slope and foothill 
aspen? 

 Where are the townships with the greatest landscape-
level ecological values? (Top right map following 
page) 

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom right map following page) 

 

Photo credit: Natasha B. Carr, U.S. Geological Survey. 

Terrestrial Development Index scores for aspen forests and 
woodlands in the Wyoming Basin Rapid Ecoregional Assess-
ment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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The risk for sudden aspen decline in relation to regional connectivity of 
baseline aspen forests and woodlands in the Wyoming Basin Rapid 
Ecoregional Assessment project area. 

Summary 
Most aspen in the Wyoming Basin Rapid Ecoregional As-

sessment project area occurs along the periphery, with 10 percent 
occurring in the ecoregion proper. Most aspen is classified as 
mountain slope and only 10 percent is classified as foothill aspen. 
Over 66 percent of mountain slope aspen is currently managed by 
Federal and state agencies, including the largest relatively unde-
veloped areas. Only 42 percent of foothill aspen is currently man-
aged by Federal and state agencies. Most of the federally managed 
foothill aspen falls under Bureau of Land Management jurisdic-
tion; most of the federally managed mountain slope aspen is under 
U.S. Department of Agriculture Forest Service jurisdiction.  

Foothill aspen is more vulnerable to Change Agents than 
mountain slope aspen. The cumulative effects of development, 
herbivory along natural or artificial (road) edges, potential for 
sudden aspen decline, and projected climate changes are expected 
to have greater impacts on foothill aspen due to the drier and hot-
ter setting, smaller patch size, lower connectivity, and greater lev-
els of development in proximity to foothill aspen compared to 
mountain slope aspen. Mountain slope aspen is currently relative-
ly secure and may not require active management to maintain it 
on the landscape. However, foothill aspen represents significant 
management challenges because fire is not required for stand 
maintenance. 

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of aspen sum-
marized by township. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer


 

 

                                        Photo credit: Natasha B. Carr, U.S.  
      Geological Survey                                    

Five-Needle Pine Forests and Woodlands 


Management Questions 
 Where are the baseline five-needle pine species 

(whitebark and limber pine), and what is the total area 
of each?  

 Where does development pose the greatest threat to  
baseline five-needle  pine forests and woodlands, and 
where are the relatively undeveloped stands?  (Left  
map below)  

 How has development  fragmented baseline  five-
needle pine forests and woodlands, and where are the 
large, relatively undeveloped  patches?  

 Where are baseline five-needle  pine stands with high  
structural connectivity and stands that  function as 
stepping stones? 

 Where are potential barriers and corridors that may  
affect animal  movements among baseline five-needle-
pine patches?  

Terrestrial Development Index scores for baseline  five-needle 
pine forests and woodlands in the Wyoming Basin Rapid 
Ecoregional Assessment project area.  

 Where have recent fires and bark beetle outbreaks  
occurred in  baseline five-needle pine stands, and what 
is the total area affected?  

 What limber pine stands in  Wyoming and Colorado  
are at risk  for white pine blister rust? (Top left map 
following page)  

 What is the distribution  of white pine  blister rust in-
fection in  five-needle  pine stands, and what is the 
combined mortality from bark beetle infestation?  (Top  
left map following  page)  

 What is the potential distribution of five-needle pines 
in 2030?  

 How does development  risk vary by  land ownership 
for baseline five-needle pine forests an d woodlands?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Ratio of healthy,  dead, and infected five-needle pine trees. Pie charts 
represent survey plot averages of  data on bark beetles and white pine 
blister rust for whitebark pine  stands in the Grea ter Yellowstone Ec osys
tem (Greater Yellowstone Whitebark Pine Monitoring Working Group, 
2013) and limber pine stands in Wyoming and Colorado (Cleaver, 2014) .   

Summary 
Almost 70 percent of five-needle pine falls within federal 

jurisdiction; U.S. Department  of  Agriculture Forest Service lands  
have the greatest proportion of whitebark pine; Bureau  of Land  
Management lands, the greatest proportion of limber pine. Devel-
opment poses a limited and localized threat to five-needle  pines,  
which are more common at higher elevations and along steeper  
rocky slopes where development levels are lowest. High Terrestri-
al Development Index scores  occur in limber pine stands at  lower 
elevations, whereas roads at higher elevations fragment some of 
the largest whitebark pine stands.  

The widespread, virulent nature of white  pine  blister rust  is of  
concern for the long-term viability of five-needle pines forests. 
The extent of the recent bark beetle outbreak compounds the risks 
posed by  blister rust. The long time required for five-needle pines 
to reach sexual maturity and the isolated nature of many stands  
could  delay recovery time following widespread mortality. This 
could negatively affect Clark’s nutcracker and pinyon  jay  popula-
tions, which consume and disperse the seeds, and some grizzly 
bear populations. Projected changes in the bioclimatic envelope 
for five-needle pine under some climate scenarios indicate the 
potential for additional declines over the next 75 years.  
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(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  five-needle  
pine forests and woodlands summarized by township.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer


 

 

Juniper Woodlands 

Management Questions 
 Where are baseline juniper woodlands, and what is the 

total area?  
 Where does development pose the greatest threat to  

baseline juniper woodlands, and where are the rela-
tively undeveloped areas?  (Left map below)  

 How has development  fragmented baseline  juniper  
woodlands, and  where are the large, relatively unde-
veloped patches?  

 Where are baseline juniper woodlands with high struc-
tural connectivity, and which woodlands function  as 
stepping stones? 

 Where are potential barriers and corridors that may  
affect animal  movements among baseline juniper 
woodland patches?  

Terrestrial Development Index scores for juniper woodlands in 
the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

Photo credit: Bureau of Land Management.  

 Where are the juniper-sagebrush ecotones with poten-
tial for juniper  expansion?  (Top left map following  
page)  

 Where have recent fires occurred in baseline juniper  
woodlands, and  what is the total area burned per year?  

 What is the potential distribution of juniper woodlands 
in 2030?  

 What are the levels  of development by land  ownership 
or  jurisdiction for baseline juniper woodlands?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Juniper woodland-sagebrush shrubland ecotones in the Wyoming Ba
sin. Ecotones are indicated by juniper woodlands cells with a higher  
percent of  sagebrush shrublands within 30 meters (98.4 feet) (red).  

Summary 
Juniper woodlands occupy a limited area of the Wyoming 

Basin Rapid Ecoregional  project area, but they provide important  
habitats for many species. Most juniper woodlands are small and 
widely dispersed. These numerous small patches can function as 
vital stepping stones connecting larger juniper woodland com-
plexes. Many  of the small patches have high levels  of develop-
ment, resulting in decreased  structural connectivity among rela-
tively undeveloped complexes, which could pose problems for 
species that  rely on juniper woodlands for food and cover.  Almost  
half of  the woodlands are under Bureau of Land  Management  
jurisdiction and  have relatively low development scores. 

The small size of juniper woodland  patches in a matrix of 
sagebrush shrublands leads to a high proportion of  woodland  
edge. Over  decades and centuries, patch edges can expand  and  
contract in  response to climate variability and time since fire. The 
degree to w hich d istribution of  juniper  woodland is a consequence 
of fire suppression and grazing  or the result of longer term dy-
namics represents a critical information gap. Fire patterns  over  the 
past several  decades appear consistent with the historical  fire re-
gime with a fire-return interval of several centuries. Fire suppres-
sion has not  played a major role in  juniper  woodland expansion.   

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  juniper  wood
lands summarized by township.  
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Cutthroat Trout 

Management Questions 
 Where is baseline occupied cutthroat trout habitat, 

and what is the total amount occupied by native/
introduced populations and by each subspecies? 

 Where does development pose the greatest threat to 
baseline cutthroat trout habitat, and where are the 
large, relatively undeveloped habitats? (Left map be-
low) 

 Where do diversions and road crossings pose potential 
barriers to cutthroat trout movements, and where are 
watersheds with the highest structural connectivity? 

 Where are genetically pure populations of cutthroat 
trout, and where are populations at risk from hybridi-
zation? (Top left map following page) 

 Where are cutthroat trout populations at risk of com-
petition and predation by nonnative salmonid species? 

 Where are cutthroat trout populations at risk from 

 

Aquatic Development Index scores for cutthroat trout habitat in 
the Wyoming Basin Rapid Ecoregional Assessment project 
area. 

Photo credit: Carlin Girard, University of Wyoming. 

whirling disease? 
 Where are cutthroat trout populations currently at risk 

from low summer flows? 
 Where are cutthroat trout populations at risk from 

projected shifts in mean summer flow, timing of peak 
streamflow, and temperature increases in 2040? 

 How does risk from development vary by land owner-
ship for cutthroat trout habitat? 

 Where are the fifth-level watersheds with the greatest 
landscape-level ecological values? (Top right map 
following page) 

 Where are the fifth-level watersheds with the greatest 
landscape-level risks? (Center right map following 
page) 

 Where are the fifth-level watersheds with the greatest 
conservation potential? (Bottom right map following 
page) 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Degree of hybridization of cutthroat trout populations with rainbow 
trout in the Wyoming Basin Rapid Ecoregional Assessment project area.  

Summary 
Cutthroat trout are present primarily in the western portion of 

the Wyoming Basin Rapid Ecoregional Assessment project area, 
with the larger native populations occurring in the Greybull, 
Wind, Bear, Upper Green, and Little Snake River drainages and 
introduced populations occurring in the North Platte and Lower 
Green River drainages. 

Habitat has been fragmented by dams, especially for main-
stem populations. Barriers generally have negative effects, but 
barriers can isolate genetically pure populations from introduced 
rainbow trout. Most of the habitat occupied by cutthroat trout is 
highly developed from roads and agriculture. The Bear and Green 
River drainages are highly developed although headwaters remain 
relatively undeveloped. The Bear River drainage has high devel-
opment scores due to extensive agriculture, many water diver-
sions, and high road density, yet it also has long segments sup-
porting genetically pure native cutthroat trout. 

The greatest risk from a projected increase in temperature 
was in the northeast portion of the Wyoming Basin. Most of the 
populations in that region, however, were introduced and conse-
quently are of lower conservation concern than native cutthroat 
trout populations. (A) Landscape-level ecological values, (B) ecological 

risks, and (C) conservation potential of cutthroat 
trout habitat summarized by fifth-level watershed. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer


 

 

Three-Species Fish Assemblage:  
Bluehead Sucker 
Flannelmouth Sucker  
Roundtail Chub 

Photo credits: Bluehead sucker, Carlin Girard, University of Wy
oming and roundtail chub, Wikimedia, Creative Commons At-
tribution-Share Alike 4.0.  

Aquatic Development Index scores for the three-species fish  
assemblage habitat in  the Wyoming Basin Rapid Ecoregional  
Assessment  project area.   

Management Questions 
 Where is baseline habitat for the three-species assem-

blage, and what is the total amount occupied  per spe-
cies?  

 Where does development pose the greatest threat to  
baseline three-species assemblage habitat, and  where 
are the relatively undeveloped habitats?  (Left map be-
low) 

 Where do  dams, diversions, and road crossings pose 
potential barriers to three-species assemblage move-
ments, and where are watersheds with the highest  
structural connectivity?  

 Where are three-species assemblage populations at  risk  
of hybridization and competition  or predation  from  
nonnative species?  (Top left  map following  page)  

 Where could three-species assemblage populations  be  
at risk from projected shifts in  hydrological  regime in  
2040?  

 How does development  risk vary by  land ownership or  
jurisdiction for three-species assemblage  habitat?  

 Where are the fifth-level watersheds  with the greatest 
landscape-level ecological values?  (Top right map 
following page)  

 Where are the fifth-level watersheds  with the greatest 
landscape-level risks?  (Center right map following  
page)  

 Where are the fifth-level watersheds  with the greatest 
conservation potential?  (Bottom right map following  
page)  
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Potential risk from competition, predation, and hybridization based  on 
the co-occurrence of burbot and white sucker with the three-species 
assemblage in the Wyoming Basin Ecoregional Assessment project 
area. Burbot is a potential competitor and  predator of all three -species, 
whereas the white sucker can hyb ridize with both native  suckers.  

Summary 
The three species that make up the fish assemblage form the 

foundation  of the native fish community of the Colorado River 
drainage. The distributions of  all three species within the Wyo-
ming Basin are limited, and most  of the habitat has high levels of  
development.  Relatively undeveloped habitat for the fish assem-
blage is restricted to short, highly disconnected segments in small 
creeks and a short portion of the main stem of the Green River. 
Fragmentation of habitat by  dams poses significant threats to the  
viability of the three species’ populations, and  water diversions  
can further increase isolation of  remaining populations.  

Two introduced  fish species, the burbot and white sucker, 
widely co-occur with the fish  assemblage and  pose significant 
risks. Burbot, which are both predators and  competitors, are large-
ly limited to the main stems of the Green, New Fork, and Big  
Sandy Rivers. White suckers  broadly overlap the distribution of  
both bluehead and  flannelmouth suckers and have  hybridized with  
both of the native species across much of their range in the Basin.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  three-species 
assemblage habitat, summarized  by fifth-level water
shed.   
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Northern Leatherside Chub 

Photo credit: Ester J. Stokes, Wikimedia, public domain. 

Management Questions 
 Where is baseline occupied northern leatherside chub 

habitat? 
 Where does development pose the greatest threat to 

northern leatherside chub habitat? (Left map below) 
 Where do dams, diversions, and stream-road crossings 

pose potential barriers to northern leatherside chub 
movements, and where are watersheds with the highest 
structural connectivity? 

 Where are northern leatherside chub populations at 
risk of competition and predation by nonnative salm-
onid species? (Top left map following page) 

 How does risk from development vary by land owner-
ship or jurisdiction for northern leatherside chub habi-
tat? 

 Where are the fifth-level watersheds with the greatest 
landscape-level ecological values? (Top right map 
following page) 

 Where are the fifth-level watersheds with the greatest 
landscape-level risks? (Center right map following 
page) 

 Where are the fifth-level watersheds with the greatest 
conservation potential? (Bottom right map following 
page) 

 

Aquatic Development Index scores for fifth-level watersheds 
that have known occurrences of northern leatherside chubs in 
the Wyoming Basin Rapid Ecoregional Assessment project 
area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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Potential risk of competition and predation to northern leatherside chub in 
the Wyoming Basin Rapid Ecoregional Assessment project area. Risk is 
based on the presence of nonnative trout species including brown trout, 
rainbow trout, and brook trout in sixth-level watersheds.  

Summary 
The Wyoming Basin includes most of the extant populations 

of northern leatherside chub, and these are limited to the far south-
western portion of the Basin, specifically the Bear River drainage, 
including the mainstem and its major tributaries. A potential intro-
duced population may exist in the Green River drainage. Water-
sheds occupied by this chub are heavily developed for agricultural
use, particularly in the southwestern part of their range where 
there are more than 200 potential barriers (dams, diversions, road 
crossings) per watershed. Effects of these barriers likely vary; 
reservoirs are typically impassible to chub, while road-crossing 
effects depend on culvert design. Diversions pose a risk by trap-
ping chub in canals once water flow is shut off. 

Highest conservation potential areas are in the northern part of
the chub’s range. This includes healthy populations in Dry Fork 
Creek, which has low levels of development and occurs largely on
public land. The southern range has higher levels of development 
but supports some of the largest chub populations; the high devel-
opment levels, low structural connectivity, and private land own-
ership in these areas present significant management challenges. 
Wyoming Game and Fish Department classified northern and 
southern sites as “…crucial to conserving and maintaining popula-
tions of terrestrial and aquatic wildlife for the present and future,” 
and “…habitats where enhancement activities can be opportunisti-
cally performed.” 

 

 

 

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of northern leather-
side chub habitat summarized by fifth-level watershed.  
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Sauger 
 

Artwork credit: Robert W. Hines, U.S. Fish and  
Wildlife Service.   

Aquatic Development Index scores for sauger habitat in  the  
Wyoming Basin  Rapid Ecoregional Assessment project area.  

Management Questions 
 Where is baseline sauger habitat, and what is the total 

area occupied?  
 Where does development pose the greatest threat to  

baseline sauger habitat, and  where are the large, rela-
tively undeveloped habitats?  (Left map below)  

 Where do dams, water diversions, and stream–road 
crossings pose potential barriers to sauger movements, 
and where are  watersheds with  high structural connec-
tivity?  

 Where are sauger populations at risk from competition  
and hybridization with walleye?  (Top left map  follow-
ing page)  

 Where are sauger populations currently at risk from  
low summer flows?  

 How does risk from  development  vary by  land owner-
ship for sauger habitat?  

 Where are the fifth-level watersheds  with the greatest 
landscape-level ecological values?  (Top right map 
following page)  

 Where are the fifth-level watersheds  with the greatest 
landscape-level risks?  (Center right map following  
page)  

 Where are the fifth-level watersheds  with the greatest 
conservation potential?  (Bottom right map following  
page)  
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Competition and hybridization risk posed by walleye occurrence in sau
ger habitat within the Wyoming Basin Rapid Ecoregional Assessment 
project area. 

Summary 
The current range of sauger in the Wyoming Basin is limited  

to the Bighorn and  Wind River drainages. These populations are 
among the last genetically pure sauger populations in the Missouri 
River Basin and are a conservation priority. Most sauger  popula-
tions, however, are at risk for hybridization with walleye due to 
extensive overlap of the two species distributions within the Wyo-
ming Basin.  Walleye pose risks as potential predators, competi-
tors, and disease carriers. Walleye and sauger do not co-occur in 
the Wind, Little Wind, and the Popo  Agie Rivers, so sauger popu-
lations here are  important  for maintaining genetically  pure  sauger 
populations, although the isolation  from larger populations  is a 
concern.  

Development poses significant threats to habitat quality. Most 
habitat except a small area of the Popo  Agie River has moderate 
to high development levels. The Bighorn and  Wind River drainag-
es have high agricultural  development, extensive roads, and many  
water diversions. The Boysen and Yellowtail dams have frag-
mented the remaining sauger populations, and potential barriers 
posed by  water diversions restrict fish movements. These barriers  
limit access to spawning habitat, compounding the problems 
posed by the highly  restricted distribution of this species. 

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  sauger summa
rized by fifth-level watershed.  
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Spadefoot Assemblage: 
Great Basin Spadefoot  
Plains Spadefoot 

Photo credit: Great Basin spadefoot, National Park  Service.  

Terrestrial Development Index scores for baseline  spadefoot 
habitat in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 

Management Questions 
 Where is baseline spadefoot habitat, and  what is the 

total area?  
 Where does development pose the greatest threat to  

baseline spadefoot  habitat, and  where are the relatively 
undeveloped areas?  (Left map below)  

 How has development  fragmented baseline  spadefoot  
habitat, and  where are the large, relatively undevel-
oped patches?  (Top left map following page)  

 How has development  affected connectivity of  spade-
foot  habitat relative to  baseline conditions?   

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped habitat  patches?  

 Where have recent fires occurred in spadefoot habitat, 
and what is the total area burned per year?  

 How does risk from  development  vary by  land owner-
ship for spadefoot  habitat?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with  the greatest conservation 
potential?  (Bottom right map following  page)  
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Patch sizes of baseline spadefoot habitat for the Wyoming Basin Rapid 
Ecoregional Assessment project area.  

Summary 
Spadefoot habitat is widely distributed in the Bighorn Basin  

but is patchily distributed throughout much of the rest  of the  Wyo-
ming Basin. Agricultural conversion, roads,  and energy develop-
ment have cumulatively led to habitat loss, increased fragmenta-
tion, and decreased connectivity of Great Basin and plains spade-
foot habitat. These species require connectivity between breeding 
and wintering  sites, and therefore, development  that disrupts  
movement (roads and agriculture) is a concern.  In addition,  Great 
Basin and  plains spadefoots are sensitive to pesticides, herbicides, 
and other toxins in their breeding wetlands associated with agri-
cultural and energy  development. A large proportion of the spade-
foot  habitat in the Basin is managed by the Bureau  of Land  Man-
agement (BLM) and spadefoot habitat  on BLM lands has much  
lower development values than on other land  ownerships and ju-
risdictions.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of Great Basin  and 
plains spadefoot habitat summarized by township   
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Greater Sage-Grouse 

Management Questions 
 Where are baseline habitat and Preliminary Priority 

Habitat for greater sage-grouse, and  what is the total 
area of each?  

 Where does development pose the greatest threat to  
baseline greater sage-grouse (“sage-grouse”)  habitat,  
and where are the relatively undeveloped areas?  (Left  
map below)  

 How has development  fragmented baseline  sage-
grouse habitat, and where are the large, relatively un-
developed patches?  

 How has development  affected structural connectivity 
of sage-grouse habitat relative to  baseline conditions?  

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped habitat  patches?  

Terrestrial Development Index scores for baseline  greater sage 
-grouse habitat in the Wyoming Basin Rapid Ecoregional  

Photo credit: Stephen Ting, U.S. Fish and Wildlife  Service.  

 Where are sage-grouse leks at risk from expansion of  
juniper woodlands? 

 Where have recent fires occurred in baseline sage-
grouse habitat, and what is the total area burned  per 
year?  

 What is the potential risk  from West Nile virus cur-
rently and in  2050?  

 Where is  relatively undeveloped sage-grouse habitat  
within  6.4  kilometers (4 miles) of leks that falls out-
side  of the Preliminary Priority Habitat designation?  
(Top left map following page)  

 How does risk from  development  vary by  land owner-
ship for sage-grouse habitat?   

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Relatively  undeveloped greater sage-grouse habitat in relation to 6.4
kilometer (4-mile) lek buffers and  Preliminary Priority Habitat designation 
in the Wyoming Basin Rapid Ecoregional Assessment project area.  

Summary 
Greater sage-grouse habitat, once widely distributed and 

highly connected throughout the Wyoming Basin, has seen in-
creased fragmentation and decreased structural connectivity of 
baseline habitat due to agricultural conversion, roads, and energy  
development. Although  66 percent of  baseline habitat has low  
terrestrial development  (≤3  percent) only 23  percent is relatively 
undeveloped (≤1 percent). Relatively undeveloped patches are all  
<5,000  square kilometers (2,000 square miles), compared to  base-
line conditions in  which most habitat patches exceed  109,069 
square kilometers (42,111 square miles). Regional connectivity 
for baseline habitat occurs at an  interpatch distance of 0.3 kilome-
ters (0.2 miles) compared to  3.8  kilometers (2.3 miles) for rela-
tively undeveloped areas. Some of the largest relatively undevel-
oped areas do  not  have Preliminary Priority Habitat designation. 
Such areas lacking protected status may serve as potential sage-
grouse conservation sites. 

Potential future risks to sage-grouse include  continued energy
development. Projections based on  climate change scenarios indi-
cating an increased risk of  habitat loss and West Nile virus, and 
potential for the loss of additional habitat from widespread  fires. 
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(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  greater sage-
grouse habitat summarized by  township.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer


 

Golden Eagle 

Management Questions 
 Where is  baseline golden eagle nesting habitat, and 

what is the total area?  
 Where does development pose the greatest threat to  

baseline golden eagle habitat, and where are the rela-
tively undeveloped areas?  (Left map below)  

 How has development  fragmented baseline  golden  
eagle habitat, and where are the large, relatively unde-
veloped patches?  

 How has development  affected structural connectivity 
of golden eagle habitat relative to baseline conditions?  

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped habitat  patches?  

 Where are existing  wind-energy facilities, and  where 
are areas with high wind-energy potential in golden 
eagle habitat?  (Top left map following page)   

 

Terrestrial Development Index scores of baseline golden eagle 
habitat in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 

Photo credit: Aldis Garvso, Mountain Post-Digital Imaging.  

 Where have recent fires occurred in baseline golden  
eagle habitat, and what is the total area burned  per 
year?  

 How does risk from  development  vary by  land owner-
ship for golden eagle habitat?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Potential for wind-energy development  and existing  wind-energy facili
ties within baseline golden eagle habitat in the Wyoming Basin Rapid 
Ecoregional assessment project area.  

Summary 
Golden eagle nesting  habitat is widely distributed throughout 

much of central and southern Wyoming and adjacent areas of Ida-
ho, Utah, and Colorado. Agricultural conversion, roads, and ener-
gy development have cumulatively led to habitat loss, increased  
fragmentation, and decreased  structural connectivity of golden 
eagle habitat. Golden eagles, however, may respond  differently to  
different types of development, depending on time of year.  They  
are especially sensitive to disturbance at their nest sites; therefore 
development that causes high levels of  human activity may lead to  
a reduction in  nesting  productivity. Golden eagle collisions with 
vehicles along highways are also a concern. Golden eagles  are 
especially vulnerable to mortality from wind  turbines and  16  per-
cent of their habitat within the Basin  occurs in  regions with high  
wind  development potential. The majority of the golden eagle 
nesting habitat  in the Basin is  managed by the Bureau  of Land  
Management.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  townships with  
golden eagle habitat.  

115 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer


 

 

Ferruginous Hawk 

Management Questions 
 Where is  baseline ferruginous hawk habitat,  and what  

is the total area? 
 Where does development pose the greatest threat to  

baseline ferruginous hawk habitat, and where are the 
relatively undeveloped areas? (Left map below)  

 How has development  fragmented baseline  ferrugi-
nous hawk habitat, and where are the large, relatively 
undeveloped patches?  

 How has development  affected structural connectivity 
of ferruginous  hawk  habitat relative to  baseline condi-
tions? 

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped habitat  patches?  

 Where are existing  wind-energy facilities, and  where 
are areas with high wind-energy  potential in baseline 

Terrestrial Development Index scores for baseline  ferruginous  
hawk habitat in  the Wyoming Basin Rapid Ecoregional Assess
ment project area.   

Photo credit: Brett Billings, U.S. Fish and Wildlife Service.  
ferruginous hawk habitat?  (Top left map following  
page)  

 Where have recent fires occurred in baseline ferrugi-
nous hawk  habitat, and what is the total area burned  
per year?  

 How does risk from  development  vary by  land owner-
ship or jurisdiction for ferruginous hawk habitat?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Potential for wind-energy development  and existing  wind-energy facili
ties within baseline ferruginous hawk habitat in the Wyoming Basin 
Rapid Ecoregional assessment project area.  

Summary 
Ferruginous hawk habitat is widely distributed throughout 

much of central and southern Wyoming and adjacent areas of Ida-
ho, Utah, and Colorado. Agricultural conversion, roads, and ener-
gy development have cumulatively led to habitat loss, increased  
fragmentation, and decreased  structural connectivity of ferrugi-
nous hawk habitat.  Ferruginous hawks, however,  may  respond 
differently to different types of  development. They are more sen-
sitive to  disturbance at their nest sites than other buteos; therefore 
development that results in high levels of human activity may lead 
to reduced nesting  productivity. In addition,  ferruginous hawks 
are vulnerable to mortality from wind turbines and  29  percent of 
their habitat within  the Basin occurs in regions with high wind-
development potential. The majority of the ferruginous hawk hab-
itat in the Basin is managed by the Bureau of Land Management.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  ferruginous 
hawk habitat summarized by  township.  
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Sagebrush-Obligate Songbirds: 
Brewer’s Sparrow 
Sagebrush Sparrow 
Sage Thrasher 

Photo credits: Brewer’s sparrow, Elaine R. Wilson, Nature’s Pics  
Online, Creative  Commons Attribution-Share Alike 3.0; sage
brush sparrow, Bureau of Land Management; and sage thrash
er, ©Dave Showalter.  

Terrestrial Development Index scores for sagebrush-obligate 
songbird habitat in the Wyo ming Basin Rapid Ecoregional As 
sessment project area.   

Management Questions 
 Where is  baseline sagebrush-obligate songbird (SOS) 

habitat, and  what is the total area? (Top left map fol-
lowing page)  

 Where does development pose the greatest threat to  
baseline sagebrush-obligate songbird habitat,  and  
where are the relatively undeveloped areas?  (Left map 
below)  

 How has development  fragmented baseline  sagebrush-
obligate songbird habitat, and  where are the large, rela-
tively undeveloped patches?  

 How has development  affected structural connectivity 
of sagebrush-obligate songbird  habitat relative to base-
line conditions? 

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped habitat  patches?  

 Where have recent fires occurred in sagebrush-obligate 
songbird  habitat, and  what is the total area burned  per 
year?  

 How does risk from  development  vary by  land owner-
ship for sagebrush-obligate songbird  habitat?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with  the greatest conservation 
potential?  (Bottom right map following  page)  
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Number of sagebrush-obligate songbird species in the Wyoming Basin 
Rapid Ecoregional Assessment project area based on occupancy models 
for Brewer’s sparrow, sagebrush sparrow, and sage thrasher.  

Summary 
Total baseline  habitat for the three sagebrush-obligate song-

bird species combined is 103,537 square kilometers (39,976 
square miles) or  58 percent  of  the Wyoming Basin area, and there  

 

-
 

is a close correspondence in the distributions of sagebrush-
obligate songbird species. A total of  23 percent of their habitat is 
relatively undeveloped,  whereas 20  percent  has high levels  of  
development (Terrestrial Development Index score >5 percent).  
Baseline sagebrush-obligate songbird  habitat is highly connected,
especially in the southern area, but  development has effectively  
fragmented and  reduced structural connectivity of their habitat. 
The largest  patches of relatively undeveloped habitat are found  
northeast and southwest of Rock Springs. Previous research  indi-
cates that Brewer’s and sagebrush sparrows may be more sensi-
tive to energy  development than sage thrasher.  

All three species are listed as Species of Greatest Conserva-
tion Need  in Wyoming due  to habitat  loss, degradation, and frag-
mentation. The majority of the modeled sagebrush-obligate song-
bird  habitat in the Basin is managed by the Bureau  of Land  Man-
agement or is on  private lands, and risk from development is simi
lar for both types of land. Some of the townships with the highest
conservation potential for sagebrush-obligate songbird  habitat 
occur within areas that may function as strongholds for sagebrush 
shrublands under projections of  climate change.  

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  sagebrush-
obligate songbird habitat summarized by township.  
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Pygmy Rabbit 

Management Questions 
 Where is  baseline pygmy rabbit habitat, and what is  

the total area?  
 Where does development pose the greatest threat to  

baseline pygmy rabbit habitat, and  where are the rela-
tively undeveloped areas?  (Left map below)  

 How has development  fragmented baseline  pygmy  
rabbit habitat, and where are the large, relatively un-
developed patches?  

 How has development  affected structural connectivity 
of pygmy rabbit habitat relative to baseline condi-
tions? 

 Where are potential barriers and corridors that may  
affect animal  movements among relatively undevel-
oped habitat patches? (Top left  map following  page)  

Terrestrial Development Index scores for pygmy rabbit habitat 
in the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

Photo credit: Steve Germaine, U.S. Geological Survey.  

 Where have recent fires occurred in baseline pygmy  
rabbit habitat, and what is the total area burned  per 
year?  

 How does risk from  development  vary by  land owner-
ship o r jurisdiction for pygmy rabbit habitat?  

 Where are the townships with the greatest landscape-
level ecological values?  (Top  right map following  
page)  

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom  right map following page)  
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Potential barriers and corridors as a function of  Terrestrial Development 
Index (TDI) score  for lands surrounding relatively undeveloped pygmy  
rabbit habitat. Higher TDI scores (for example, >5 percent) represent po
tential movement barriers among  relatively undeveloped habitat patches.  
Lower TDI scores  ( <2  percent) represent  potential movement corridors.  

Summary 
Baseline pygmy rabbit habitat totals 23,950 square kilometers

(9,247.2 square miles) or 13  percent  of the Wyoming Basin 
Ecoregional Assessment  project  area. Approximately 20 percent 
of potential pygmy rabbit habitat is relatively undeveloped and 35  
percent is  highly developed.  Development has effectively frag-
mented habitat into  smaller patches relative to baseline condi-
tions; approximately 8 percent of  relatively undeveloped areas are 
in patches >100 square kilometers (38.6 square miles). The largest
patches of  relatively undeveloped habitat are west  of Rock  
Springs and south of Rawlins,. Development also has reduced 
structural connectivity of  potential pygmy rabbit habitat and  barri-
ers may result from I-80 and the high  density of roads and energy  
development south of Pinedale (fragmenting large, relatively un-
developed habitat). Pygmy rabbit  dispersal  may be impeded by  
high levels of  development outside relatively undeveloped  areas.  

Most pygmy rabbit  habitat is  managed by the Bureau  of Land  
Management (BLM) and 28  percent is  on private land. Habitat on  
BLM lands is less developed and most of the habitat on  private 
land occurs in  a checkerboard distribution with BLM land.  Many  
of the townships with the highest conservation potential for pyg-
my rabbit  habitat occur within areas that may provide strongholds 
for sagebrush shrublands under projections of climate change.   

(A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of  pygmy rabbit  
habitat summarized by township.  

https://www.arcgis.com/home/webmap/viewer.html?https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
https://www.arcgis.com/home/webmap/viewer.html?https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Mule Deer 

Management Questions 
 Where are baseline mule deer crucial winter range and 

migration corridors, and what is the total area and 
elevation of crucial winter range? 

 What is the amount and distribution of vegetation 
types providing forage and cover on crucial winter 
range? 

 Where does development pose the greatest threat to 
crucial winter range, and where are the relatively un-
developed patches? (Left map below) 

 How has development fragmented baseline crucial 
winter range, and where are the large, relatively unde-
veloped patches? 

 How has development affected structural connectivity 
of crucial winter range? (Top left map following page) 

 Where are potential barriers that may affect mule deer 
movements among crucial winter ranges? 

Terrestrial Development Index scores for mule deer crucial 
winter range and migration corridors in the Wyoming Basin 
Rapid Ecoregional Assessment project area.  

Photo credit: Joe Ruis, Mule Deer Migration Initiative.  

 Where has chronic wasting disease been detected in 
the Wyoming Basin? 

 Where have recent fires occurred in crucial winter 
range, and what is the total area burned per year? 

 What is the risk from development by land ownership 
for baseline mule deer crucial winter range? 

 Where are the townships with the greatest landscape-
level ecological values? (Top right map following 
page) 

 Where are the townships with the greatest landscape-
level risks? (Center right map following page) 

 Where are the townships with the greatest conserva-
tion potential? (Bottom right map following page) 

 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Structural connectivity of baseline mule deer crucial winter range in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

Summary 
Mule deer crucial winter range occurs on approximately 16 

percent of the Wyoming Basin Ecoregional Assessment project 
area, primarily at elevations between 1,400−1,700 meters 
(4,593−5,577 feet). Dominant vegetation is sagebrush shrublands, 
a major winter forage; deciduous shrublands and riparian areas 
also provide forage. Juniper provides thermal cover and conceal-
ment on crucial winter range and during migration. Consequently, 
management to control juniper could have negative effects on 
mule deer populations. Agricultural lands have mixed effects on 
wintering mule deer: winter wheat and alfalfa offer forage, but 
most agricultural lands do not provide cover.  

Relatively undeveloped areas may provide refuge from dis-
turbance during the vulnerable winter, migration, and parturition 
periods. Development levels, particularly from roads and energy 
development, on crucial winter range and along migration corri-
dors are high in many areas. Even low levels of development can 
cause the indirect loss of crucial winter range. Direct and indirect 
loss of winter range may have population-level effects, as disturb-
ance along roads and from activities at energy fields could affect 
over-winter survival. 

Analyses for the Rapid Ecoregional Assessment focused on (A) Landscape-level ecological values, (B) ecological 
risks, and (C) conservation potential of mule deer cru-
cial winter range and migration corridors summarized 
by township . 

crucial winter range due to the availability of region-wide infor-
mation and because of the vulnerability of wintering deer. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer


 

 

Landscape Intactness 


Photo credit: Phil Stoffer, U.S. Geological Survey.   

Distribution  of terrestrial ecological communities within  rela
tively undeveloped areas in the Wyoming Basin Rapid Ecore
gional Assessment project area.  

Management Questions 
 Where are the relatively undeveloped terrestrial areas?  

(Bottom left map  below) 
 Where are the largest  relatively undeveloped  patches?  

 Where are relatively undeveloped areas with  high  
structural connectivity, and which areas function as  
stepping stones that connect large, relatively undevel-
oped areas  ? 

 Where does development pose potential barriers to  
animal  movements among relatively undeveloped 
areas?  

 What is the distribution and percent  of each terrestrial  
ecological community within  relatively undeveloped 
areas?  

 Where are the relatively undeveloped aquatic areas?   

 Where has development fragmented streams and riv-
ers, altered flows, and decreased connectivity?  

 What is the land  ownership or jurisdiction and pro-
tected status of relatively undeveloped areas?  

 Where are the potential changes in the distribution of 
terrestrial communities for the Wyoming Basin Rapid  
Ecoregional  Assessment project area and historic  
trails?  

 Where are the projected changes in  distribution of 
terrestrial communities for relatively undeveloped  
areas?  

 How well do  relatively undeveloped areas represent  
terrestrial species evaluated as Conservation Ele-
ments?  

 Where are the townships with the highest conserva-
tion  potential for terrestrial Conservation Elements?  
(Top  right map following page)  

 Where are the sixth-level watersheds with the highest 
conservation potential for aquatic Conservation Ele-
ments?  (Bottom right map following  page)  
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Patch sizes of relatively undeveloped areas for the Wyoming Basin 
Rapid Ecoregional Assessment project area.  

Summary 
Large relatively undeveloped areas within the Wyoming Ba-

sin Ecoregional Assessment project area represent potential areas 
with  high landscape intactness. Most of the relatively undevel-
oped areas occur on Federal lands, and most of these lands are 
under Bureau  of Land Management jurisdiction and subject to  
extractive use. For terrestrial systems, relatively undeveloped are-
as cover 29 percent of the project area, most of which fall within  
the largest relatively undeveloped patches. Sagebrush steppe, 
which covers 55  percent  of the ecoregion, is  underrepresented in  
relatively undeveloped areas, as only 20  percent of sagebrush 
steppe falls within the relatively undeveloped areas.  

For most terrestrial species, townships with the highest con-
servation  potential correspond to  relatively undeveloped areas for 
the entire ecoregion. For aquatic species, however, there were 
many watersheds with  high conservation potential that were out-
side of the relatively undeveloped watersheds for the entire ecore-
gion. Because areas with high conservation potential for species 
and communities may occur outside of the largest relatively unde-
veloped areas for the ecoregion, landscape intactness at the  ecore-
gion level is useful  but not sufficient in evaluating conservation  
potential of public lands. Conservation  potential for ecological 
communities and priority species may help to identify other areas 
of high ecological value and low risk.  

(A) Townships with very high conservation potential 
for at  least one terrestrial species evaluated as a 
Conservation Element and (B) sixth-level watersheds 
with high or very  high conservation potential for at 
least one aquatic  species  by level of protection as  
defined by GAP Status (U.S. Geological Survey, 2012) 
in the  Wyoming Basin Rapid Ecoregional Asses sment 
project area, 
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Introduction 

The major types of development (including industrial, agriculture, and residential) identified as 
priorities for the Rapid Ecoregional Assessment (REA) are discussed in Chapter 1—Introduction and 
Overview. Although grazing and off-highway vehicles were also identified as priority Change Agents, 
sufficient regional data were not available for evaluation as part of the REA. To effectively analyze the 
impacts of grazing and off-highway vehicles, “step-down” (localized) data can be used to account for 
the multiple, complex factors involved. Here, we identify the relevant Management Questions, and 
associated maps, regarding the regional effects of current development and the potential implications of 
future development scenarios. 

Current Development 

Because land uses can affect terrestrial and aquatic ecosystems differently, we evaluated 
terrestrial and aquatic systems separately. We used the Terrestrial Development Index (TDI) and 
Aquatic Development Index (ADI) to quantify the cumulative landscape-level effects of development 
on individual species or assemblages, ecological communities, and the entire Wyoming Basin 
Ecoregion. The TDI and ADI quantify levels of development intensity and provide a standardized 
framework for comparing the potential risks from development across species and communities. The 
methods for quantifying the TDI and ADI are described in Chapter 2—Assessment Framework.  

Although species vary in their sensitivity to the direct and indirect effects of development, the 
TDI and ADI nevertheless provide a useful method for summarizing levels in development intensity 
across large landscapes (tables 4–1 and 4–2). Thus, the overall development index provides a 
standardized basis for comparing the landscape-level effects of development across species and 
communities. The risks from development are summarized in the chapters for each Conservation 
Element (Section III—Communities and Section IV—Species) and for the entire ecoregion (Chapter 
29—Landscape Intactness). The Management Questions for development are provided in table 4–3. 

Potential for Future Energy Development 

We evaluated the potential for future energy development for two types of energy: fossil fuels 
(oil and gas) and wind. Future oil and gas development used projections developed by Copeland and 
others (2009). Management Questions related to future energy development are provided in table 4–3. 
Potential oil and gas development was only evaluated at the ecoregion level and was not used to assess 
future risks for individual species and communities. The results of the potential wind energy were used 
for evaluating risk for golden eagle and ferruginous hawks. These raptors are especially vulnerable to 
direct mortality from wind turbines (Chapter 24—Golden Eagle and Chapter 25—Ferruginous Hawk).  
We also evaluated the potential for future energy development in areas currently disturbed by existing 
development (“brown fields”) 
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Table 4–1. Change Agent table for the Terrestrial Development Index. Classes of development and metrics, data 
sources, and analysis units are provided. See Chapter 2—Assessment Framework for additional details. 

Change 
Agent Variable class Variable Metric  

Development 
 

Transportation Roads, railroads Total surface area  

Energy and minerals Oil and gas wells, wind turbines, mines Total surface area  

Transmission structures Communication towers, transmission lines Total surface area  

Agriculture2 Pasture, cropland Total surface area  

 Urban Urban classes of Existing Vegetation Type Total surface area  

 
 

Table 4–2. Change Agent table for the Aquatic Development Index. Classes of development and metrics, data 
sources, and analysis units are provided. See Chapter 2—Assessment Framework for additional details. 

Change Agent Variable class Variable Metric 

Development 

Transportation Roads,  
railroads 

Total surface area, 
number of road, crossings per stream km 

Energy & 
minerals 

Oil and gas wells, 
wind turbines, 
mines 

Number of oil and gas wells, number of 
wind turbines, number of mines 

Water Dams, 
diversions,  
streams  under section 303D of 
the Clean Water Act 

Number of dams, 
number of diversions, 
kilometers of stream length 

Agriculture3 Pasture, cropland Total surface area 

Urban Urban classes of Existing 
Vegetation Type 

Total surface area 
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Management Questions 

Table 4–3. Management Questions addressed for terrestrial and aquatic development for the Wyoming Basin 
Rapid Ecoregional Assessment. 

Current development Results 

Where does development pose the greatest threat to terrestrial systems in the ecoregion, and where 
are the large, relatively undeveloped patches? 

Figures 4–1 and 4–2 

How do terrestrial development levels vary by transportation, energy and minerals, agriculture, and 
urban development classes? 

Figure 4–3 

Where does development pose the greatest threat to aquatic systems in the ecoregion, and where are 
the relatively undeveloped catchments and watersheds? 

Figures 4–4 and 4–5 

How do aquatic development levels vary by transportation, energy and minerals, dams and 
diversions, and agriculture and urban development classes? 

Figure 4–6 

Future energy development Results 

Where are areas with high potential for future oil and gas development in relation to current oil and 
gas development? 

Figure 4–7 

Where are the relatively undeveloped areas that have high potential for future oil and gas 
development? 

Figure 4–8 

Where are areas with high potential for future wind-energy development, and where are areas with 
existing development and relatively undeveloped areas that have high potential for future wind-
energy development? 

Figure 4–9 

 
 

 
To map wind-energy potential, we used siting potential derived from wind-energy classes 

developed by the National Renewable Energy Laboratory (NREL), economic factors, and areas that are 
excluded from development. Siting criteria included wind speeds >6.5 meters per second (m/sec) 
(NREL class 3 and higher); distances of >500 m from forests and >400 m from water bodies; and 
locations within 10 kilometers (km) (6.2 miles [mi]) of primary roads, 80 km (50 mi) of cities with 
populations >20,000, or within 10 km (6.2 mi) of major transmission lines. Areas excluded from 
development were masked from the siting-potential map: Bureau of Land Management (BLM) areas 
designated as “no surface occupancy” and protected areas (PADUS Gap Status 1 or 2), including 
wilderness study areas and visual-resource-management areas, state wildlife- or habitat-management 
areas, state parks, National Wildlife Refuges, National Parks and Monuments, Department of Defense 
lands, surface mines and other activities that conflict with harvesting wind, slopes >15 degrees, and 
existing wind-energy facilities. To mask existing wind-energy facilities, turbine point locations were 
buffered by a radius equal to eight times the rotor diameter to create a minimum convex polygon for the 
existing wind-energy facility.  

To evaluate where future oil and gas development potential is high in relation to existing 
development, we overlaid existing oil and gas well-pad locations and existing BLM leases on the oil and 
gas potential map. For wind energy, we mapped areas with high wind-energy development potential 
(that also had a TDI score> 5 percent) to identify areas with high levels of existing development. We 
also mapped relatively undeveloped areas (TDI score <1 percent) with high wind-energy development 
potential to evaluate potential risk to these areas from future energy development. 
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Where does development pose the greatest threat to terrestrial systems in the ecoregion, and where are the large, 
relatively undeveloped patches (figs. 4–1 and 4–2)? 
 

 
 
Figure 4–1. Terrestrial Development Index (TDI) in the Wyoming Basin Rapid Ecoregional Assessment project 

area. Relatively undeveloped areas are defined as TDI scores <1 percent. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_01to03/MapServer
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Figure 4–2. Percent of area by development level as a function of the Terrestrial Development Index in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 
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How do terrestrial development levels vary for transportation, energy and minerals, agriculture, and urban 
development classes (fig. 4-3)? 
 

 
 
Figure 4–3. Percent surface area for four of the variables compiled in the Terrestrial Development Index (table 

41): (A) agriculture; (B) energy and mineral development excluding roads; (C) all transportation; and (D) urban 
development. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_01to03/MapServer
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Where does development pose the greatest threat to aquatic systems in the ecoregion, and where are the relatively 
undeveloped catchments and watersheds (figs. 4–4 and 4–5)? 

 
 
Figure 4–4. The Aquatic Development Index inthe Wyoming Basin Rapid Ecoregional Assessment project area, 

summarized by (A) catchment (native resolution of index) and (B) sixth-level watershed. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_04to06/MapServer
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Figure 4–5. Percent of area by development level as a function of the Regional Aquatic Development Index in 

the Wyoming Basin Rapid Ecoregional Assessment project area.  
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How do aquatic development levels vary by transportation, energy and minerals, dams and diversions, and 
agriculture and urban development classes (fig. 4–6)? 
 

 
 
Figure 4–6. Aquatic Development Index for four classes of development, summarized by catchment: (A) 

agriculture and urban development; (B) energy and minerals; (C) roads and railroads; and (D) dams and 
diversions.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_04to06/MapServer
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Where are areas with high potential for future oil and gas development in relation to current oil and gas 
development (fig. 4–7)? 
 

 
 
Figure 4–7. Relative potential for oil and gas development (Copeland and others, 2009) in the Wyoming Basin 

Rapid Ecoregional Assessment project area in relationship to (A) existing oil and gas well pads; (B) projected 
oil and gas development (Copeland and others, 2009); and (C) existing oil and gas leases. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_07to09/MapServer
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Where are the relatively undeveloped areas that have high potential for future oil and gas development (fig. 4–8)? 

 
 
Figure 4–8. Projected potential for oil and gas development (Copeland and others, 2009) in relationship to the 

Terrestrial Development Index (TDI) in the Wyoming Basin Rapid Ecoregional Assessment project area. TDI 
scores <1 represent relatively undeveloped areas, and TDI scores >5 represent areas that currently have high 
levels of development. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_07to09/MapServer
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Where are areas with high potential for future wind-energy development, and where are areas with existing 
development and relatively undeveloped areas that have high potential for future wind-energy development (fig. 4–
9)? 
 

 
 
Figure 4–9. Distribution of existing wind-energy facilities and wind-energy potential in the Wyoming Basin Rapid 

Ecoregional Assessment project area. Maps show areas of relatively high potential for wind-energy 
development in (A) entire project area; (B) areas of high terrestrial development (Terrestrial Development Index 
[TDI] scores >5 percent); and (C) relatively undeveloped areas (TDI scores <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_07to09/MapServer
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Introduction 

Wildland fire, which includes wildfire and prescribed fire, is a Change Agent that affects the 
ecological communities (hereafter, “communities”) and ecosystems of the Wyoming Basin and is one of 
the Change Agents analyzed by the Rapid Ecoregional Assessment. This chapter describes (1) some of 
the long-term wildfire history in relationship to changing vegetation communities and (2) the recent 
wildland fire history in the Wyoming Basin. It also discusses potential changes in wildfire occurrence 
and size of future wildfire events for projected climate scenarios. 

Paleo-Historical Wildfire 

Wildfire rotations and regimes have varied greatly since the beginning of the Holocene period 
(roughly 11,500 years [yr] before present). These rotations and regimes show wide variation, both 
temporally and spatially, within and among the communities are influenced by a complex, interrelated 
set of climatic, vegetative, and disturbance patterns. “The variability recorded in the fire-history record 
is important because it contradicts the notion of a static fire-return interval….” (Whitlock and others, 
2003, p.17).  

Paleoecology and charcoal records indicate vegetation patterns and wildfire activity vary with 
climatic conditions. For example, Baker (1986) recorded ponderosa pine macrofossils in the 
Yellowstone area from 120,000−170,000 yr before present during the Sangamonian warm period, 
indicating very different climatic, vegetative, and disturbance regimes than present today. Gavin and 
others (2007) have noted greatly varying fire-return intervals for the Yellowstone Plateau from a fire 
return interval of approximately 90 years (10,000 yr before present) to an approximate 250-year fire 
return interval at the present time. An analysis of packrat midden contents documented the 
establishment, expansion, and contraction of Utah juniper, pinyon pine, and other coniferous and shrub 
species throughout the Wyoming Basin ecoregion over the last 40,000 yr (Jackson and Betancourt, 
2006; Jackson and others, 2005). This includes rapid expansion of juniper to its current locations, 
beginning 2,800 yr before present. These records indicate that the region’s vegetation has unique life-
history characteristics that can lead to range expansions and contractions that may continue into the 
future. The vegetative communities in the Wyoming Basin are not static, but are highly dynamic in 
response to climatic conditions and disturbance regimes. The paleoecological record shows that changes 
in fire regime as a result of changing climate have sometimes driven rapid vegetative change, and the 
complex interactions between climate, vegetation, and disturbance will influence future vegetative 
communities and their resultant highly variable fire regimes (Whitlock and others, 2003).  

Some intriguing new work by Odion and others (2014) indicates that in some areas the lower 
montane forests, primarily ponderosa pine and Douglas-fir, historically may have been dominated by 
“mixed-severity” fire regimes, including crown-fire events. The common belief that “low-severity” 
surface-fire regimes were characteristic of these more xeric forests may not align with historical 
reference conditions.  See Chapter 1—Introduction and Overview, and background information on fire 
regimes in all chapters of Section III, for additional information on historical fire regimes. 

Recent Wildland Fire 

Wildfire plays a role in the Wyoming Basin ecoregion. We compiled fire-occurrence data from 
multiple sources (see Wildland Fire section in the Appendix).  The 33-yr record of all wildfire 
occurrences in the ecoregion indicates that approximately 616,263 hectares (ha) (1,522,169 acres) or 3.7 
percent of the ecoregion has been affected by wildfire from 1980−2012. The wildfires that met the 
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minimum size (16.2 ha or 40 acres) for mapping are shown in figure 5–1. The annual average area 
burned is 18,674 ha (46,100 acres). The annual area burned is widely variable, ranging from a high of 
130,207 ha (321,498 acres) in 2000 to zero area reported in 1982 (fig. 5–2). Wildfire can occur 
anywhere within the ecoregion but is concentrated in three communities: sagebrush steppe, foothills 
shrubland, and montane/subalpine. Of all wildfires, 94.5 percent occurred within these communities 
(table 5–1) in the 33-yr period. 

Using fire occurrences from 1980 to 2012, the contemporary fire rotation was calculated to be 
989 yr for sagebrush-steppe, 782 yr in the foothills shrubland, and 509 yr in the montane/subalpine 
communities in the Wyoming Basin (table 5−1). In other words, given recent burning rates, this is the 
length of time required for an area equal to the total area of a specific community to burn. Some 
portions of these communities likely will burn more frequently and other areas may burn less 
frequently; thus, mean fire-return intervals for individual points on the landscape (averaged over the 
same 33-yr period) also will be expected to vary, but the average mean fire-return interval across an 
adequate number of sample points on this landscape would also equal the calculated fire rotation years 
(that is, population mean fire-return interval = fire rotation) (from Romme, 1980; Baker, 2009). Other 
work done in the region by Baker (2006) calculates the historic fire rotation from 240−450 yr in the 
sagebrush vegetation types. The different ranges in fire rotations could be attributed to climatic patterns 
and changes in patterns of land use (fragmentation) as well as management actions such as wildfire 
suppression and grazing.  

Prescribed-fire activities take place across all jurisdictions and ownerships in the Wyoming 
Basin ecoregion, with an annual average of 1,862 ha (4,596 acres) treated by prescribed fire (fig. 5–2). 
Table 5–2 lists areas of prescribed fire, by community, from 1980–2012. Of the area burned by 
prescribed fire, 91 percent has been in the sagebrush steppe, foothill shrubland and montane/subalpine 
communities. 

Current Climatic Effects on Wildfire 

Large-scale climatic patterns can lead to regional synchronization of large wildfires (Brown and 
others, 2004). Swetnam and Betancourt (1998) note that the more synchronized wildfires are across the 
landscape, the stronger the climatic signal. Cursory analysis of the wildfire patterns in the three primary 
communities in the Wyoming Basin Ecoregion indicates a limited synchronicity in areas burned. Seven 
of the ten largest totals of burned area for all three communities occurred in 1988, 1996, 1999, 2000, 
2002, 2006, and 2012. Five of the ten lowest totals of burned area for all three communities occurred in 
1981–1984 and 1990 (fig. 5–2). 
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Figure 5-1. Wildfire and prescribed fire locations and perimeters (1980–2012) in the Wyoming Basin Rapid 

Ecoregional Assessment project area. Small wildfires are not visible at this scale. Minimum mapping acreage 
for wildfire is 16.2 hectares (ha) (40 acres). All prescribed fires are mapped. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch05_Fire/MapServer


 
 

 
 

145 

 
 
Figure 5-2. Area burned by wildfire and prescribed fire, by year, 1980−2012. Annual area burned in (A) 

sagebrush steppe; (B) foothill shrublands and woodlands; (C) montane/subalpine; and (D) all three major 
ecological communities. 

 

Table 5-1.  Large wildfire total area burned and annual average, by selected ecological community, in the 
Wyoming Basin Ecoregion, 1980−2012. 

[ha, hectare; no., number]  

Ecological 
communities Total area (ha) 

burned by 
wildfire (ha) 

Total percent  
burned  

area (ha) burned 
by wildfire  

total wildfire 
in ecoregion 

Fire rotation 
 (no. years)1

Sagebrush steppe 9,008,500 300,491 3.34 9,106 48.8 989 
Foothills shrubland 2,849,200 120,151 4.21 3,641 19.5 782 
Montane/subalpine 2,490,300 161,563 6.48 4,896 26.2 509 
Other (primarily 2,532,500 34,058 1.34 1,032 5.5 2,454 
riparian forests and   
desert shrublands ) 

Total all native 16,880,500 616,263 3.7 18,674 100 904 
communities   

Total area Average annual Percent of 

1 Fire rotation is the length of time necessary for an area equal to the entire area of interest (the community) to burn. Size of 
the area of interest must be clearly specified. This definition does not imply that the entire area will burn during a cycle; 
some sites may burn several times and others not at all (Romme, 1980; Baker, 2009). 
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Table 5-2.  Prescribed fire total area burned and annual average, by community, in the Wyoming Basin 
Ecoregion, 1980−2012.  

[ha, hectare]  

Ecological community 
Total area treated by 
prescribed fire (ha) 

Average annual area treated 
by prescribed fire (ha) 

Percent total 
fire area 

prescribed 
(acre) 

Sagebrush steppe 23,882 724 39 

Foothill shrubland 21,131 640 34 

Montane/subalpine 10,946 332 18 
1Other  5,472 166 9 

All native communities  61,431 1,862 100 
1 Primarily riparian forests and desert shrublands. 

 
 
The montane/subalpine system is an “energy-limited” community that has a relatively mesic 

climate. The sagebrush steppe and foothill shrublands have a more xeric climate and are “moisture 
limited.” Work on the interaction of climate, fire, and fuels in the Rocky Mountains indicated that, in 
the energy-limited montane and subalpine forests, climate has been the driving factor in occurrences of 
large wildfires, and suppression activities have played a limited role in these areas (Schoennagel and 
others, 2004). Schoennagel and others (2004) concluded that the long return intervals between naturally 
occurring wildfires have not been significantly modified by human activities. The lower-elevation, 
moisture-limited areas are the most affected by human actions, particularly in lower-elevation 
ponderosa pine, woodland, and shrubland ecosystems in the ecoregion. Overall, however, the apparent 
synchronization of very large wildfires that burn across a variety of ecological communities indicates 
the importance of climate as a major driver of wildfire (Littell and others, 2009). 

Future Potential of Wildfire 

Projected climate change could cause significant changes in wildfire frequency and extent. 
“Energy-limited” forested communities may have an increase in wildfire due to earlier melting of the 
snowpack and an increase in drying throughout the growing season, leading to vegetation conditions 
that are more conducive to burning. The “moisture-limited” communities may undergo a decrease in 
wildfire due to the reduced availability of moisture for growth of fine fuels (grass) (National Research 
Council, 2011). The length of the wildfire season has increased since the 1980s by an average of 78 
days (Westerling and others, 2006). Westerling and others (2006) demonstrated the relationship between 
early spring snowmelt and frequency of wildfire in forested areas of the western United States.  

To calculate the potential effects of climate change on wildfire, Liu and others (2013) and 
Brown and others (2004) used downscaled climate models to calculate projected changes in the Keetch-
Byram Drought Index (KBDI) (Liu and others, 2013) and the Energy Release Component (ERC) 
(Brown and others, 2004). Both the KBDI and ERC are commonly used indices to project the potential 
and risk of wildfire. Liu and others (2013) found that, compared to the baseline of 1971−2000, the 
KBDI from 2041−2071 may increase by up to 20 percent throughout the Wyoming Basin, with the 
largest increases occurring annually in the fall. The potential increases could shift most of the Wyoming 
Basin into the high fire potential. The ERC work projects an increase in the number of days at the ERC 
threshold of 41−59 (ERC of more than 60 indicates potential for extreme fire events) (Brown and others, 
2004). The greatest projected increases that exceeded the threshold are along the mountainous western 
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portion of the Wyoming Basin. The lower-elevation, interior portions of the Wyoming Basin are not 
projected to have significant increases in ERC.  

Potential Effects of Invasive Species on Wildfire 

There is a significant potential for cheatgrass to expand in the Wyoming Basin (see Chapter 7—
Climate Analysis and Chapter 6—Terrestrial Invasive Plant Species). This is due to complex feedback 
loops and synergistic interactions between rising CO2 levels, changing precipitation patterns, reduced 
snowpacks at lower elevations, and changing patterns in wildfire. A significant expansion of cheatgrass 
could greatly increase both wildfire occurrence and size. 

Potential Effects of Shifting Ecological Communities on Wildfire 

There is a potential for significant shift of communities (that is, localized extinctions and 
expansions) in response to climatic conditions across the Wyoming Basin landscape. This shift also may 
be influenced by wildfire. Disturbances are often drivers for rapid changes in vegetative communities 
under changing climatic patterns (Johnstone and others, 2010; Littell and others, 2010a; Littell and 
others 2010b). Wildfire (and other disturbance agents) can act as agents of rapid change on vegetative 
communities. For example, in the energy-limited ponderosa pine community, ponderosa pine may be at 
risk of decline due to changing climate in the more xeric sites (Dodson and Root, 2013). This results 
from decreased availability of soil moisture, which is critical for seedling establishment and growth. 
Older trees, which can use deeper soil water, are not as sensitive to decreasing soil moisture (but see 
Allen and others [2010] regarding forest die-off). A stand-replacing wildfire that kills the ponderosa 
pine overstory could rapidly convert these forests to another forest type or shrubland- and grassland-
dominated community if suitable conditions for seedling establishment and growth are no longer present 
due to changing climatic conditions. 

The flammability of the landscape and fire rotations changes as new vegetative communities 
form. Keane and Loehman (2013) found that, under projected climate change, crown fires in the Central 
Yellowstone Plateau may increase in size and frequency, while forest basal area may decrease (a 
surrogate for stand structure). This may potentially shift this energy-limited, forested landscape to a 
more grass- and shrub-dominated landscape.  

Projecting Future Area Burned for Ecosections in the Wyoming Basin Region 

Littell and others (2009) and Littell and Gwozdz (2011) showed that the relation between area 
burned by fire and climate varies considerably across different ecosystems. The probable causes are 
differences in the way vegetation (fuels) responds to climatic factors, which in turn influences 
productivity (fuel availability) and fuel moisture (fuel flammability).  

At the coarse scale of Bailey’s ecoprovinces (Bailey, 1995; fig. 3 in Littell, 2011), the 
subregional differences in fuels can be masked by regional relationships that are “averaged” over large 
areas. To address this issue, Littell and others (2010) and Littell and Gwozdz (2011) introduced fire-
climate regression models for Bailey’s ecosections (fig. 5–3), one ecosystem classification level below 
the ecoprovince in the Bailey system, for the Pacific Northwest (Columbia Basin and western Montana). 
These finer-resolution models have fuel characteristics similar to those of ecoprovinces but have 
important consequences for fire behavior at finer scales. For example, variability in area burned in 
forested systems from 1980−2009 was primarily related to climate variables associated with lower-than-
normal fuel moisture and hydrologic variables. In contrast, variability in area burned in nonforested 
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systems was negatively related to variables affecting fuel moisture, but also to variables affecting 
vegetation productivity and fuel continuity due to increased precipitation and decreased temperature, 
among other factors.  

 

 
 
Figure 5-3. Bailey ecosections used for fire-climate modeling and projections of future fire in the Wyoming Basin 

Rapid Ecoregional Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch05_Fire/MapServer
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The hydrologic output required for assessing the relationship between fire and climate for the 
Wyoming Basin Ecoregion was developed by Littell and others (2011) (see Wildland Fire section in the 
Appendix for listing of variables). In the analysis described in this chapter, we used climatic and 
hydrologic variables that have been associated with fire activity, including temperature, precipitation, 
soil moisture, snow pack (estimated by snow-water equivalent), relative humidity, vapor-pressure 
deficit, potential evapotranspiration, and actual evapotranspiration. 

To understand fire-climate relationships among ecosections within the Wyoming Basin 
ecoregion (fig. 5–3), we followed methods in Littell and others (2010) and Littell and Gwozdz (2011) 
and aggregated observations of area burned from the National Interagency Fire Management Integrated 
Database, based on administrative unit.  

We evaluated 1980−2006 data for area burned to eliminate duplicate observations and other 
obvious attribution errors. We then assigned total area burned to the appropriate Bailey’s ecosection 
using the percentage of area burned reported for protected areas under the jurisdiction of the U.S. 
Department of Agriculture Forest Service (hereafter, Forest Service), National Park Service, U.S. Fish 
and Wildlife Service, Bureau of Land Management, the Bureau of Indian Affairs, and where reported on 
private and State lands. Summary statistics describing the distribution of area burned are presented in 
table 5–3. Most of the annual records are dominated by low annual acreage burned, with a few years of 
large acreage burned. 

 

Table 5-3.  Historical (1980−2006) area burned, by ecosection, and estimated percentiles, in the Wyoming Basin 
Ecoregion project area. 

[ha, hectare] 

  Area burned (ha) 1980−2006 

Ecosection Area (ha) Mean  Median  90th percentile  95th percentile  99th percentile  
Yellowstone Highlands 3,463,650 219 92 7,645 29,586 225,727 
section  

Bighorn Mountains 1,339,790 19 17 285 1.142 2,450 
section 

Wind River Mountain 777,886 4 1 125 391 3,099 
section  

Bighorn Basin section  1,979,330 185 248 1,685 3,068 12,335 

Bear Lake section  790,610 2 1 6 57 184 

Central Basin and Hills 4,057,690 353 301 2,382 6,782 18,622 
section 

Greater Green River 5,085,790 301 299 2,919 6,894 11,934 
Basin section  
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We then developed regressions of area burned as a function of climate, and then considered 
climate in the two years prior to the observed fire season, similar to what was done by Littell and others 
(2009). Relationships among fire size and intensity and climate facilitation of fire (for example, 
increased productivity or fuel production) were generally weak compared to the relationships between 
fire size and intensity and variables indicating moisture limitation. The snow-water equivalent in winters 
prior to the fire season was a secondary, negative predictor of fire size and intensity in both the Bighorn 
Basin and Central Basin and Hills sections, indicating that some role of winter drought is evident 
independent of summer water demand. The regression models used for future projections are described 
in the Wildland Fire section in the Appendix. We were able to develop acceptable models for all 
ecosections except the Bear Lake section (see table A-20 in the Appendix). 

For the projections in this report, we used future downscaled climate and hydrologic projections 
from Littell and others (2011), aggregated by Bailey ecosection level. The mean climate variables for 
the 2040s (2030–2059) and 2080s (2070–2099) were available from Littell and others (2011) and were 
used in the regression models to project the expected area burned given the mean climate estimates. We 
developed projections for an ensemble of 10 global climate models for the Special Report on Emissions 
Scenarios, emissions scenario A1B (Nakicenovic and others, 2000) (see the Wildland Fire section in the 
Appendix for details on methods).  

It is important to note that these projected values are derived from the mean future climate 
projected for the ecosections and not the full range of variability encountered in the 20th and 21st 
centuries. Better estimates of the range of projected future fire responses could be developed with 
interannual time series of future projections (which exist, but have not yet been aggregated to the scale 
of the fire data). This is particularly key for fire responses, which have a nonlinear distribution. 

Mean area burned is projected to increase by the 2040s in all ecosections except the Bighorn 
Mountains section, (table 5–4; fig. 5–4). In all ecosections except the Yellowstone Highlands section, 
the potential increase in total area burned is more than 1,000 ha (2471.1 acres) for the composite of 10 
global climate models (GCMs) and any individual bracketing GCM. By the 2080s, increases in area 
burned are projected to be considerably larger (and proportionally large even for the Wind River 
Mountain section) except in the Bighorn Mountains section, where area burned is projected to decrease. 
This potential for increasing area burned may be driven by increased flammability of fuels. Future 
composite projections of mean area burned are clearly outside the modeled confidence intervals for the 
historical mean for the Yellowstone Highlands and Wind River Mountain sections for the 2040s and 
2080s and for Bighorn Basin section in the 2080s (fig. 5–4). 

The projected mean area burned for each of the ecosections in the Wyoming Basin Ecoregion 
indicates the potential for an increase in fire activity throughout the ecoregion. For all ecosections 
except the Yellowstone Highlands, the historical and projected area burned acreages are comparatively 
small even though the percent of change is very large in some ecosections. This suggests that the 
potential for climatically driven disturbance effects on the rate of landscape evolution within the 
Wyoming Basin Ecoregion may be less rapid than that projected for some systems in which fire 
occurrence appears much more sensitive to climate and, possibly, where fuels are more contiguous or 
abundant. 
  



 
 

Table 5-4.  Projections of mean area burned for the composite global climate models using A1B scenario (see 
Wildland Fire section in the Appendix) historical (1980–2006) area burned, by ecosection, and estimated 
percentiles, in the Wyoming Basin Ecoregion project area. 
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Hectares burned 

Ecosection 
Yellowstone Highlands 

1980−2006 
Historical 
modeled 

2040  2080 
Composite  Range Composite Range 

169 1,219 208–5,116  4,792 425–1,779 
section 

Bighorn Mountains 21 15 8–18  12 5–20 
section 

Wind River Mountain 5 38 17–59  183 53–1,158 
section 

Bighorn Basin section  185 637 514–939  1,085 842–1,605 

Central Basin and Hills 27 149 122–249  632 200–1,962 
section 

Greater Green River Basin 355 554 333–1,059  633 289–2,355 
section 
 
 

There are four key considerations in interpreting the projected values for mean area burned.  
 

1. Unlike much larger areas or ecosections in other parts of the West, the ecosections in the 
Wyoming Basin Ecoregion have low amounts of area burned on average, but very high amounts 
of area burned in the most extreme years compared to an “average year.” This creates statistical 
challenges whereby the models may not perform as well as over larger areas.  

2. As noted in table 5–3, the mean area burned is very low compared to the 90th, 95th, and 99th 
percentiles. The full range of extreme values was not evaluated, however.  

3. When using seasonal projections of climate, it is assumed the future fire season will be similar to 
the length of the recent (1980–2006) fire seasons. It is possible that the fire season may begin 
earlier and/or last longer, which could render these projections conservative for the mid-21st 
century. It is also possible that vegetation communities may shift.  

4. These models assume that both ignitions and vegetation distribution are similar to historical 
norms. This assumption may not be valid late in the 21st century if fires (along with changes in 
land use) lead to vegetative shifts, thereby creating novel landscapes unlike those used as a 
baseline for the current historical modeling scenarios. 
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Figure 5-4. Historical 
observed (1980−2006), 
modeled historical, and 
projected area burned for 
2040s (2030−2059) and 
2080s (2070−2099) for 
Bailey’s ecosections. (A) 
Yellowstone Highlands; (B) 
Bighorn Mountains; (C) Wind 
River Mountains; (D) Bighorn 
Basin; (E) Central Basin and 
Hills; and (F) Green River 
Basin, from downscaled 
historical and future climate 
and hydrologic projections 
(Littell and others, 2011) and 
statistical fire-climate models 
in table 5–4. A composite-
average of 10 CMIP3 GCMs 
(see text) and four 
downscaled climate models 
(ECHAM5, HADGEM1, 
MIROC3.2. and PCM1) were 
used to develop projections 
for 30-year windows centered 
on the 2040s (2030−2059) 
and the 2080s (2070−2099) 
under emissions scenario 
SRES A1B. “Observed” refers 
to observed fire totals during 
the historical period, while 
“modeled historical” refers to 
each statistical model's ability 
to model the observed area 
burned from historical climate. 
Note that modeled historical 
for ecosection 342F 
underpredicts historical area 
burned, likely due to 
assignment of historical 
averages to lagged climatic 
effects.  



 
 

 
 

153 

References Cited 

Allen, C.D., Macalady, A.K., Chenchouini, H., Bachelet, D., McDowell, N., Vennetier, M., Kitzberger, 
T., Rigling, A., Breshears, D.D., Higg, E.H., Gonzalez, P., Fensham, R., Zhang, Z., Castro, J., 
Demidova, N., Lim, J-H., Allard, G., Runing, S.W., Semerci, A., and Cobb, N., 2010, A global 
overview of drought and heat-induced tree mortality reveals emerging climate risks for forests: Forest 
Ecology and Management, v.269, no.4, p. 660-684.  

Bailey, R.G., 1995, Description of the ecoregions of the United States: Washington, D.C., Forest 
Service, Miscellaneous Publication 1391, at http://www.fs.fed.us/land/ecosysmgmt/.  

Baker, R.G., 1986, Sangamonian (?) and Wisconsinan paleoenvironments in Yellowstone National 
Park: Geological Society of America Bulletin, v. 97, no. 6, p. 717–736. 

Baker, W.L. 2006, Fire and restoration of sagebrush ecosystems: Wildlife Society Bulletin, v. 34, no. 1, 
p.177–185. 

Baker, W.L., 2009, Fire ecology in Rocky Mountain landscapes: Washington, D.C., Island Press, 628 p. 
Brown, T.J., Hall, B.L., and Westerling, A.J., 2004, The impact of twenty-first century climate change 

on wildfire danger in the western United States—An applications perspective: Climatic Change, v. 62, 
p. 365–388. 

Dodson, E.K., and Root, H.T., 2013, Conifer regeneration following stand-replacing wildfire varies 
along an elevation gradient in a ponderosa pine forest, Oregon, USA: Forest Ecology and 
Management, v. 302, p. 163–170. 

Gavin, D.G., Hallett, D.J., Hu, F.S., Lertzman, K.P., Prichard, S.J., Brown K.J., Lynch, J.A., Bartlein, 
Patrick, and Peterson, D.L., 2007, Forest fire and climate change in western North America—Insights 
from sediment charcoal records: Frontiers in Ecology and Environment, v. 5, no. 9, p. 499–506. 

Jackson, S.T., and Betancourt, J.L., 2006, Late Holocene expansion of Utah juniper in Wyoming—A 
modeling system for studying the ecology of natural invasions, NSF–DEB–9815500—Final report, 
collaborative research: U.S. Geological Survey National Research Program, 11 p., accessed April 10, 
2014 at http://wwwpaztcn.wr.usgs.gov/wyoming/NSF_report.pdf . 

Jackson, S.T., Betancourt, J.L., Lyford, M.N.E., Gray, S.T., and Rylander, K.A., 2005, A 40,000-year 
woodrat-midden record of vegetational and biogeographical dynamics in north-eastern Utah, USA: 
Journal of Biogeography, v. 32, p. 1085–1106. 

Johnstone, J.F., McIntire, E.J.B., Pedersen, E.J., King, Gregory, and Pisaric, M.J.F., 2010, A sensitive 
slope—Estimating landscape patterns of forest resilience in a changing climate: Ecosphere, v. 1, no. 6, 
article 14, 21 p. 

Keane, R.E., and Loehman, R.A., 2013, Estimating critical climate-driven thresholds in landscape 
dynamics using spatial simulation modeling—Climate change tipping points in fire management: 
Joint Fire Science Program, Final Report number 09–3–01–17, 25 p., accessed Jan. 29, 2014 at 
http://www.firescience.gov/projects/09-3-01-17/project/09-3-01-17_final_report.pdf. 

Littell, J.S., 2011, Impacts in the next few decades and the next century, fire and climate, in Climate 
stabilization targets—Emissions, concentrations, and impacts over decades to millennia: Washington, 
D.C., The National Academies Press, p. 178–180, figs. 5.6 and 5.8. 

Littell, J.S., and Gwozdz, R.B., 2011, Climatic water balance and regional fire years in the Pacific 
Northwest, USA—Linking regional climate and fire at landscape scales, in McKenzie, D.M., Miller, 
C.M., and Falk, D.A., eds., The landscape ecology of fire: Dordrecht, The Netherlands, Springer, 
Ecological Studies 213, p. 117–139. 

Littell, J.S., McKenzie, D.M., Peterson, D.L., and Westerling, A.J., 2009, Climate and wildfire area 
burned in western U.S. ecoprovinces, 1916–2003: Ecological Applications, v. 19, no. 4, p. 1003–
1021. 

http://www.fs.fed.us/land/ecosysmgmt/
http://wwwpaztcn.wr.usgs.gov/wyoming/NSF_report.pdf
http://www.firescience.gov/projects/09-3-01-17/project/09-3-01-17_final_report.pdf


 
 

 
 

154 

Littell, J.S., Oneil, E.E., McKenzie, D.M., Hicke, J.A., Lutz, J.A., Norheim, R.A., and Elsner, M.M., 
2010a, Forest ecosystems, disturbance, and climatic change in Washington State, USA: Climatic 
Change, v. 102, p. 129–158. 

Littell, J.S., Elsner, M.M., Mauger, G.S., Lutz, E.R., Hamlet, A.F., and Salathé, E.P., 2010b, Regional 
climate and hydrologic change in the Northern U.S. Rockies and Pacific Northwest—Internally 
consistent projections of future climate for resource management: Seattle, Wash., University of 
Washington, Climate Impacts Group, accessed April 10, 2014 at 
http://cses.washington.edu/picea/USFS/pub/Littell_etal_2010/Littell_etal._2011_Regional_Climatic_
And_Hydrologic_Change_USFS_USFWS_JVA_17Apr11.pdf .  

Liu, Yongqiang, Goodrick, S.L., and Stanturf, J.A., 2013, Future U.S. wildfire potential trends projected 
using a dynamically downscaled climate change scenario: Forest Ecology and Management, v. 294, p. 
120–135. 

Nakicenovic, Nebojsa, Davidson, Ogunlade, Davis, Gerald, Grübler, Arnulf, Kram, Tom, Lebre La 
Rovere, Emilio, Metz, Bert, Morita, Tsuneyuki, Pepper, William, Pitcher, Hugh, Sankovski, Alexei, 
Shukla, Priyadarshi, Swart, Robert, Watson, Robert, and Dadi, Zhou, 2000, Special report on 
emissions scenarios—A special report of Working Group III of the Intergovernmental Panel on 
Climate Change: Cambridge, U.K., Cambridge University Press, 599 p., accessed January 28, 2014, at 
http://www.grida.no/climate/ipcc/emission/index.htm. 

National Research Council, 2011, Climate stabilization targets—Emissions, concentrations, and impacts 
over decades to millennia: Washington, D.C., The National Academies Press, 298 p. 

Odion, D.C., Hanson, C.T., Arsenault, André, Baker, W.L., DellaSala, D.A., Hutto, R.L., Klenner, Walt, 
Moritz, M.A., Sherriff, R.L., Veblen, T.T., and Williams, M.A., 2014, Examining historical and 
current mixed-severity fire regimes in ponderosa pine and mixed-conifer forests of western North 
America: PLoS ONE, v. 9, no. 2, article e87852. 

Romme, W.H., 1980, Fire frequency in subalpine forests of Yellowstone National Park, in Stokes, 
M.A., and Dieterich, J.H., tech. cords., Proceedings of the Fire History Workshop, October 2–24, 
1980, Tucson, Arizona: Fort Collins, Colo., Forest Service, Rocky Mountain Forest and Range 
Experiment Station, GTR-RM-81, p. 27–30. 

Schoennagel, Tania, Veblen, T.T., and Romme, W.H., 2004, The interaction of fire, fuels, and climate 
across Rocky Mountain forests: Bioscience, v. 54, no. 7, p. 661–676. 

Swetnam, T.W., and Betancourt, J.L., 1998, Mesoscale disturbance and ecological response to decadal 
climatic variability in the American Southwest: Journal of Climate, v. 11, p. 3128−3147. 

Westerling, A.J., Hildago, H.G., Cayan, D.R., and Swetnam, T.W., 2006, Warming and earlier spring 
increase western U.S. forest wildfire activity: Science, v. 313, p. 940–943.  

Whitlock, Cathy, Shafer, S.L., and Marlon, Jennifer, 2003, The role of climate and vegetation change in 
shaping past and future fire regimes in the northwestern U.S. and the implications for ecosystem 
management: Forest Ecology and Management, v. 178, no. 1–2, p. 5–21. 

http://cses.washington.edu/picea/USFS/pub/Littell_etal_2010/Littell_etal._2011_Regional_Climatic_And_Hydrologic_Change_USFS_USFWS_JVA_17Apr11.pdf
http://cses.washington.edu/picea/USFS/pub/Littell_etal_2010/Littell_etal._2011_Regional_Climatic_And_Hydrologic_Change_USFS_USFWS_JVA_17Apr11.pdf
http://www.grida.no/climate/ipcc/emission/index.htm


 
 

 
 

155 

Section II. Change Agents—Current and Future 

Chapter 6. Terrestrial Invasive Plant Species 

By Lucy E. Burris, Catherine S. Jarnevich, Kirk R. Sherrill, Natasha B. Carr, and Robert E. Means 

 

Contents 
 

Introduction ............................................................................................................................................ 156 
Russian Olive, Tamarisk, and Cheatgrass ............................................................................................. 156 
Methods ................................................................................................................................................. 158 
Management Questions ......................................................................................................................... 159 
Summary ................................................................................................................................................ 163 
References Cited ................................................................................................................................... 163 

 
 

Figures 
 
6–1. Current and projected risk for expansion of Russian olive, summarized by fifth-level        

watersheds, in the Wyoming Basin Rapid Ecoregional Assessment project area ........................ 161 
6–2. Current and projected risk for expansion of tamarisk summarized by fifth-level watersheds,  

in the Wyoming Basin Rapid Ecoregional Assessment project area ............................................. 162 
 

Tables 
 
6−1. Invasive species evaluated as Change Agents for the Wyoming Basin Rapid Ecoregional 

Assessment .................................................................................................................................. 157 
6−2. Management Questions addressed for Russian olive and tamarisk for the Wyoming Basin       

Rapid Ecoregional Assessment .................................................................................................... 159 
 
  



 
 

 
 

156 

Introduction 

Invasive plant species negatively affect many native species and can profoundly alter the 
structure and function of ecosystems. The negative effects of invasive species include displacement of 
native communities, degradation of habitat quality and forage, and alteration of fire regimes (Rowland 
and Leu, 2011). There also can be interactions among invasive species and other Change Agents. For 
example, the spread of invasive plant species can be promoted by development activities. Recent 
regionwide surveys for invasive species detected the following invasive species: Russian knapweed, 
crested wheatgrass, cheatgrass, whitetop, curveseed butterwort, Canada thistle, halogeton, perennial 
pepperweed, Russian thistle, tumblemustard, and tamarisk.  

We compiled data from Bureau of Land Management (BLM) field offices in the project area on 
the following priority species data (Ken Henke, Bureau of Land Management, written commun., 
September 2013): desert alyssum, halogeton, leafy spurge, hoary cress, Russian knapweed, cheatgrass, 
Russian olive (also known as oleaster), and tamarisk (also known as saltcedar). There were insufficient 
regional data from the BLM on the distribution of invasive plants for assessing the effects of invasive 
plants on the Conservation Elements. Species-distribution models for cheatgrass, Russian olive, and 
tamarisk were available and used to predict the probability of occurrence of these invasive species in the 
Wyoming Basin (Jarnevich and others, 2010, Jarnevich and Reynolds, 2011; Jarnevich and others, 
2011; Nielson and others, 2011). However, the results of the cheatgrass model were unsatisfactory, in 
part due to the large-scale nature of the available model (which may perform better at predicting 
differences among regions) and in part due to the lack of regional data for use in the model (see the 
Invasive Species section in the Appendix). Consequently, we determined that we would be unable to 
evaluate cheatgrass as a Change Agent for any species or communities in this REA.  

The Russian olive and tamarisk models were useful for assessing potential risk from these 
invasive species for the Riparian Forests and Woodlands, but the models are also highly relevant to all 
other aquatic Conservation Elements (see Chapter 10—Riparian Forests and Shrublands). Because these 
species are broadly distributed in the Wyoming Basin and potentially affect so many other species, we 
provide an overview and summary of the key findings. We include information on cheatgrass because of 
its importance as a Change Agent in the Wyoming Basin. In addition to the invasive plants, we 
evaluated introduced diseases and nonnative fishes for several species evaluated for this REA (table 
6–1). 

Russian Olive, Tamarisk, and Cheatgrass 

Russian olive, a small tree introduced from Eurasia in the early 1900s, was planted for 
ornamentation and to create windbreaks, particularly along riparian areas (Katz and Shafroth, 2003; 
Lesica and Miles, 2001a). Tamarisk is a drought- and salt-tolerant Eurasian shrub originally imported 
for horticultural use in the 1800s (Lehnhoff and others, 2011). Both species have since become 
naturalized and are found along many western streams including parts of the Wyoming Basin (Katz and 
Shafroth, 2003; Merritt and Poff, 2010). Russian olive and tamarisk have life-history characteristics that 
allow them to effectively compete with, and in some areas dominate, other native riparian species. Both 
native and nonnative trees and shrubs of riparian areas can resprout after disturbance (Stromberg and 
Rychener, 2010). Russian olive can become established under a cottonwood canopy, unlike shade-
intolerant cottonwoods (Katz and Shafroth, 2003; Lesica and Miles, 2001a, b). 
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Table 6−1. Invasive species evaluated as Change Agents for the Wyoming Basin Rapid Ecoregional 
Assessment. 

Conservation Element1 Nonnative and invasive species2 

Riparian Russian olive and tamarisk 

Five-needle pine forests White pine blister rust 
 
Cutthroat trout Whirling disease; nonnative trout 

Sauger Walleye 

Three-fish assemblage White sucker and burbot 

Northern leatherside chub Nonnative trout 
 
Greater sage-grouse West Nile virus 

1 Additional background information and methods can be found in the relevant chapters for each species or assemblage. 
2 Additional invasive species originally considered, but not evaluated, for the Rapid Ecoregional Assessment include chytrid 
fungus (spadefoot toad assemblage) and cheatgrass (sagebrush steppe, desert shrublands, greater sage-grouse, sagebrush-
obligate songbirds, pygmy rabbit). 
 

 
It was initially assumed that cold intolerance restricted tamarisk to the desert Southwest, but 

tamarisk have been expanding into the northern Great Plains since the 1950s. Tamarisk productivity, 
however, may be lower in colder climates such as the Wyoming Basin (Lesica and Miles, 2001b). Both 
Russian olive and tamarisk produce copious amounts of seed that disperse easily and remain viable 
longer than those of cottonwoods or willows (Jarnevich and Reynolds, 2011; Lehnhoff and others, 
2011; Nielson and others 2011). Russian olive and tamarisk can access groundwater to depths of 3 
meters (m) (9.84 feet [ft]), which is deeper than the rooting zones of cottonwoods and willows (Katz 
and Shafroth, 2003; Nagler and others, 2011). Russian olive and tamarisk can colonize disturbed 
riparian areas after prolonged periods of streamflow reduction (Katz and Shafroth, 2003; Nagler and 
others 2011; Mealor and others, 2012). Compared to native cottonwoods and willows, Russian olive is 
less favored by browsing animals (Lesica and Miles, 2001a). Tamarisk may increase fuel loads of 
riparian areas, although observed increases in fire frequency in some riparian areas may be due to the 
absence of scouring floods and resulting fuel accumulations on regulated rivers (Stromberg and Chew, 
2002). 

Cheatgrass is a cool-season (C3) annual grass introduced to North America via contaminated 
packing and seed material and has subsequently spread throughout the West (Natural Resources 
Conservation Service, 2008). Cheatgrass is widely dispersed across the Great Basin sagebrush steppe, 
where it has replaced native grasses across extensive areas (Bradford and Lauenroth, 2006). In the 
Wyoming Basin, cheatgrass is widespread, primarily in lower elevation communities, such as the 
sagebrush steppe and desert shrub. Young cheatgrass is palatable to livestock and wildlife, but mature 
plants are not (Natural Resources Conservation Service, 2008). Moreover, life-history traits of 
cheatgrass allow it to often dominate and sometimes supplant native grasses. For example, it is a prolific 
seed producer (Nielsen and others, 2011), and the barbed awns on the seeds easily snag on fur, clothing, 
and tire treads, thus facilitating rapid transport many miles from the source plant (Natural Resources 
Conservation Service, 2008). Cheatgrass also can quickly colonize and spread within burned areas 
(Mealor and others, 2012). 
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Cheatgrass germinates after fall precipitation events and remains dormant over winter, while 
establishing an extensive fibrous root system, and subsequently completes its life cycle in the spring 
(McCarlie and others, 2001). Potential for altered precipitation patterns in the Wyoming Basin, such as 
increased fall or winter precipitation and decreased summer precipitation, could favor cheatgrass. In 
sagebrush shrublands at elevations of 2,149−2,169 m (7,050−7,116 ft), a shift in moisture regime from 
snow-melt derived to one derived from spring rainfall could increase cheatgrass expansion (Concilio 
and others, 2013). Compared to soil moisture, physical and chemical soil properties seem to have little 
influence on cheatgrass establishment (Bradford and Lauenroth, 2006). 

Compagnoni and Adler (2014) found a positive correlation between warmer temperatures and 
soil-moisture availability on cheatgrass survival and growth. Using climate projections, they also found 
that late snowpack reduces cheatgrass survival and concluded that earlier snowmelt at lower elevations 
would increase the survival and viability of cheatgrass in these areas. Moreover, as a C3 (cool season) 
species, cheatgrass effectively uses CO2 (Smith and others, 1987; Smith and others, 2000; McCarlie and 
others, 2001), and elevated CO2 levels have been shown to increase the above-ground productivity of 
cheatgrass (Smith and others, 1987; Smith and others, 2000, Ziska and others, 2005). Because CO2 
levels have already risen from 310 parts per million (ppm) in 1960 to approximately 400 ppm in 2013 
(Thompson and Climate Central, 2014), this could lead to a competitive advantage in cheatgrass.  

Although communities at lower elevations may be more susceptible to cheatgrass expansion, 
there has been significant expansion of cheatgrass at elevations of 1,900−2,700 m (6,232−8,856 ft) in the 
Southern Wind River Mountains of the Wyoming Basin (Ziska and others, 2005; Mealor and others, 
2012). Although it is not uncertain whether cheatgrass can become dominant in all the sagebrush 
ecosystems of the Wyoming Basin, it has become dominant in the No Water Basin of the Southern 
Bighorn Basin. To various degrees, cheatgrass has become an established component of most sagebrush 
ecosystems in the Wyoming Basin (Ken Henke, Invasive Species Coordinator, Bureau of Land 
Management, Wyoming State Office, oral commun. with Robert E. Means, August 2014).  

The interactions between invasive species and fire can exacerbate the negative ecological 
consequences of these Change Agents. Cheatgrass can increase fire frequency and promote larger fires, 
which in turn can promote the expansion and dominance of cheatgrass (Balch and others, 2013). 
Cheatgrass-dominated areas in the Great Basin had significantly larger fires and burned four times more 
often than native vegetation; the calculated fire rotation for cheatgrass was 78 years (yr) versus 294 yr 
for all native vegetation cover, compared to 199 yr in sagebrush (Balch and others, 2013). In contrast, 
there is limited evidence that the presence of Russian olive or tamarisk alters fire regimes. Rather, 
observed alteration of fire regimes may result from a lack of scouring floods that remove dead fuels as 
opposed to higher fuel flammability of nonnative compared to native riparian shrublands (Stromberg 
and Chew, 2002).  See Nielson and others (2011) for additional discussion of invasive species in the 
Wyoming Basin. 

Methods 

We compiled occurrence data for all three species from BLM field offices within the Wyoming 
Basin and the Global Invasive Species Information Network (at www.gisin.org) to develop distribution 
models for each of the primary invasive plants (Jarnevich and Reynolds, 2010; Jarnevich and others, 
2011). LANDFIRE (LANDFIRE, 2010) was used to evaluate model results for Russian olive and 
tamarisk. Model output for cheatgrass showed fairly high probability of occurrence across the ecoregion 
and lacked concurrence with other regional models (see for example, Nielsen and others, 2011).  

We evaluated the risk of invasive species occurrence currently and for 2030 (covering the period 
from 2016–2030), 2060 (2046−2060), and 2090 (2076−2090) using available models developed by 
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using BLM field observations (Jarnevich and Reynolds, 2011; Jarnevich and others, 2011). We used 
BLM field observations collected between 1998 and 2013 to build the invasive-species risk model 
because distribution maps of invasive plant species derived from LANDFIRE data have a high degree of 
uncertainty due to the difficulty of using remotely sensed imagery to distinguish native and invasive 
riparian species. Climate variables used in the model were derived from monthly averages of 
precipitation, minimum temperature, and maximum temperature for climate scenario II (Geophysical 
Fluid Dynamics Laboratory’s Coupled Climate model 2.1, emissions scenario A2) (Maurer and others, 
2007). We trained the model with climate variables for the period 1980−2009 and used projected values 
for the climate variables for 2030, 2060, and 2090 to examine the potential for expansion of the 
bioclimatic conditions suitable for tamarisk and Russian olive, summarized by 5th-level watershed. We 
categorized the expansion risk using equal breakpoints for probability of occurrence (that is, low <0.33, 
medium 0.34−0.66, and high >0.67). We compared modeled future distributions to recent distributions 
of Russian olive and tamarisk derived from BLM field observations and LANDFIRE, because regional 
surveys of invasive species are limited.  

 We summarized the model output for Russian olive and tamarisk by fifth-level watersheds. To 
compare observed and predicted occurrences, we identified watersheds that contained invasive riparian 
vegetation (presence of Russian olive and tamarisk) using LANDFIRE (see Invasive Species section of 
the Appendix). Below are the Management Questions for Russian olive and tamarisk (table 6–2). 

Management Questions 

 

Table 6−2. Management Questions addressed for Russian olive and tamarisk for the Wyoming Basin Rapid 
Ecoregional Assessment.  

Core Management Questions Results 

Where are the known populations of Russian olive and tamarisk? See Chapter 10—Riparian Forests 
and Shrublands 

Where is riparian vegetation at risk from expansion of Russian olive based on recent 
and projected climatic conditions? 

Figure. 6−1 

Where is riparian vegetation at risk from expansion of tamarisk based on recent and 
projected climatic conditions? 
 

Figure 6−2 

 
 
Where are the known populations of Russian olive and tamarisk? 
• There was fairly good correspondence between LANDFIRE and predicted probability of Russian 

olive and tamarisk occurrence. The lack of correspondence between observed and expected 
occurrences in some areas may be a result of coarse-scale occurrence information (fifth-level 
watershed), omission/commission errors and (or) model uncertainty, or because nonnative species 
were planted in suboptimal conditions. 

• Both invasive species are widely distributed throughout the Wyoming Basin except at higher 
elevations. 
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Where is riparian vegetation at risk from expansion of Russian olive based on recent and projected climatic 
conditions (fig. 6–1)? 
• Currently, the Bighorn Basin has the highest risk of Russian olive expansion. 
• Although climate projections for 2060 and 2090 have greater uncertainty, the models indicate the 

potential for the bioclimatic conditions conducive for Russian olive to expand greatly throughout the 
Basin for this climate scenario. 

 
Where is riparian vegetation at risk from expansion of tamarisk based on recent and projected climatic conditions 
(fig. 6-2)? 
• The tamarisk distribution model projects that all lower elevations have high current and near-term 

risk of tamarisk expansion across the Wyoming Basin. The model indicates that tamarisk occurrence 
at upper elevations may be constrained by cooler temperatures. 

• Climate projections indicate that the bioclimatic conditions suitable for tamarisk Geophysical Fluid 
Dynamics Laboratory Climate Model, ver. 2.1, emissions scenario A2) put the entire Basin at risk 
for tamarisk expansion. 
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Figure 6–1. Current and projected risk for expansion of Russian olive, summarized by fifth-level watersheds in 

the Wyoming Basin Rapid Ecoregional Assessment project area. Current risk of expansion derived from 
suitability models using (A) recent climatic conditions (1980−2009); projected risks for climate scenario II 
(Geophysical Fluid Dynamics Laboratory Climate Model, ver. 2.1, emissions scenario A2) for (B) 2030; (C) for 
2060; and (D) for 2090. Expansion risk is classified as lowest for probabilities <0.33, medium for probabilities 
between 0.34 and 0.66, and highest for probabilities >0.67. Probabilities are derived from occurrence models 
developed by Jarnevich and Reynolds (2011) and Jarnevich and others (2011). Hatched lines denote 
watersheds where LANDFIRE indicated Russian olive and (or) tamarisk presence. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch06_Invasives/MapServer
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Figure 6–2. Current and projected risk for expansion of tamarisk summarized by fifth-level watersheds in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Current risk of expansion derived from suitability 
models using (A) recent climatic conditions (1980−2009); projected risks for climate scenario II (Geophysical 
Fluid Dynamics Laboratory Climate Model, ver. 2.1, emissions scenario A2) for (B) 2030; (C) for 2060; and (D) 
for 2090. Expansion risk is classified as lowest for probabilities <0.33, medium for probabilities between 0.34 
and 0.66, and highest for probabilities >0.67. Probabilities are derived from occurrence models developed by 
Jarnevich and Reynolds (2011) and Jarnevich and others (2011). Hatched lines denote watersheds where 
LANDFIRE indicated Russian olive and (or) tamarisk presence. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch06_Invasives/MapServer
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Summary 

Currently, Russian olive and tamarisk have somewhat limited distributions in the Wyoming 
Basin. However, the projected climate scenarios evaluated here and the potential for altered fire regimes 
collectively could greatly increase the potential for invasive species to expand their ranges in the 
Wyoming Basin, cheatgrass in particular. Because the data were too limited, however, we were unable 
to model the probability of cheatgrass occurrence or make conclusions about the potential for cheatgrass 
to spread. Cheatgrass has become established in many areas, however, and its ability to transform arid 
shrublands to annual grasslands is a cause for concern throughout the Wyoming Basin. 
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Introduction 

Weather, climate, and their variations are primary drivers of habitat structure and species 
distributions; climate envelope or bioclimatic envelope models are considered to be important 
conservations tools (Watling and others, 2013). Variations and long-term changes in weather and 
climate are thought to be one factor in habitat and species succession and are often part of state and 
transition models (Evers and others, 2013). Climate variations influence fire regimes (Littell and others, 
2009; 2010) and hydrologic regimes can promote expansions of invasive plant species (Compagnoni 
and Adler, 2014; Jarnevich and Reynolds, 2011), and can affect mortality and establishment of tree 
species such as juniper (Romme and others, 2009). The climate of the future will be influenced by a 
combination of natural climate variability and anthropogenic factors. This chapter includes a description 
of the recent historical record of climate to give a context for the range and trend of projected future 
climate.  

Natural and anthropogenic drivers of climate change, have the potential to change the landscape 
in fundamental ways, with potential consequences for natural communities and the potential to 
exacerbate many other Change Agents. The Wyoming Basin could experience changes in snowpack that 
could in turn alter water availability, including annual runoff and runoff seasonality. For example, 
climate warming (without any change to precipitation) is projected to lead to increased 
evapotranspiration from the watershed and decreased annual runoff (U.S. Department of the Interior 
Bureau of Reclamation, 2011a). According to the National Climate Assessment, “Climate change 
combined with other stressors is overwhelming the capacity of ecosystems to buffer the impacts from 
extreme events like fires, floods, and storms” (Groffman and others, 2014, p. 199). Furthermore, the 
timing, or phenology, of critical biological events, such as spring bud burst, emergence from 
overwintering, and the start of migrations, can shift, leading to effects on species and their habitats 
(Groffman and others, 2014). Small shifts in timing can also disrupt ecosystem functions like predator-
prey relationships, mating behavior, or food availability for migrating birds (Ojima and others, 2013). 
Understanding the mechanisms by which climate acts on species and ecosystems is critically important 
to inform both biological and physical monitoring, as well as management and conservation strategies 
(Beever and Belant, 2012; Groffman and others, 2014).  

This chapter describes the current climate of the Wyoming Basin, the range of potential climate 
change for the Wyoming Basin, and the reasonably foreseeable climate futures for ecosystems as they 
are understood now. The “reasonably foreseeable” concept is modeled after the same concept for 
“reasonably foreseeable development scenarios” required for BLM land use planning (U.S. Department 
of the Interior Bureau of Land Management, 2010) and is intended to reflect a range of potential future 
conditions due to natural variability and uncertainty in the global climate models. Climate data used and 
the assumptions and rationale for choices made are described. This chapter is a snapshot of the current 
state of knowledge about climate and climate change, but our understanding of climate is rapidly 
evolving. This chapter draws on existing observational and climate-projections databases and associated 
peer-reviewed reports and publications, and it includes some new analyses using these projections. The 
Climate Analysis section of the Appendix provides supplementary material on topics and figures. 

Data Used—Observed and Paleoclimate Record of the Wyoming Basin 

This chapter draws on observational data from weather stations dating back to the late 1800s, 
which became the National Atmospheric and Oceanic Administration (NOAA) National Weather 
Service Cooperative Observer (COOP) Network and Historical Climate Network, and the Climate 
Reference Network, established to document climate change by the NOAA National Climatic Data 
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Center (NCDC, http://www.ncdc.noaa.gov/crn/). Much of the discussion of the observed current climate 
of the Basin is informed by analysis from the Wyoming State Climate Office (WSCO, 
http://www.wrds.uwyo.edu/sco/; Curtis and Grimes, 2004) and the Western Regional Climate Center 
(http://www.wrcc.dri.edu/), derived from the data from these observing networks.  

Because observing stations are not evenly distributed throughout the Wyoming Basin (see the 
Climate Analysis section of the Appendix), standard practice is to construct gridded observational 
datasets that interpolate between stations using statistical models to account for elevation and terrain; 
the resulting datasets are widely used by university and agency scientists and are used in operational 
weather models. Three observational gridded databases used in this report are (1) the Parameter-
Elevation Regressions on Independent Slopes Model (PRISM) dataset 
(http://www.prism.oregonstate.edu/, DiLuzio and others, 2008), (2) the Bias-Corrected Spatial 
Disaggegation (BCSD) gridded dataset (Maurer and others, 2007; U.S. Department of the Interior 
Bureau of Reclamation, 2013), developed by a team including U.S. Department of the Interior Bureau 
of Reclamation (BOR) scientists, and (3) the Rehfeldt dataset, constructed by a U.S. Department of 
Agriculture Forest Service (hereafter, Forest Service) team for studies of ecological distributions 
(Rehfeldt and others, 2006). To evaluate the differences between a future period and the recent or 
current climate (sometimes called “climatology” or “historical”), we chose 1961−1990, which is also 
consistent with the climatology period used in the Colorado Plateau Rapid Ecoregional Assessment. 
Climate scientists prefer a 30-year (yr) averaging period because it is long enough to reduce the effects 
of natural year-to-year (or inter-annual) variability. The 1961−1990 period occurred before the recent 
warming in the 1990s and 2000s, and thus is more representative of conditions in which biomes would 
have been established. In some cases, we describe or cite studies that used a different period; in that 
case, we explicitly state the period used for averaging or for comparison.  

There are a number of paleoclimate studies that extend our knowledge of the historical record of 
climate, providing a reconstruction of river flows (that is, a longer record—using tree-ring analysis—of 
temperature and streamflow in and around the Basin). These studies have been conducted by many 
researchers, and data collected through the Treeflow Web site (http://treeflow.info/) provides 
background and original citations, including work on the Colorado and Missouri Basins.  

Data Used—Future Climate Projections 

No single downscaled climate-projection product suited all the tasks we needed for projections. 
The Bureau of Land Management (BLM) directed that the dynamical downscaling by Hostetler and 
others (2011) be considered as part of the assessment of climate as a Change Agent, but other 
downscaled products have been the climate input for many peer reviewed ecological, hydrology, and 
bioclimatic/vegetation modeling studies that are relevant to the Conservation Elements and thus 
important analyses for this report (for example, Littell and others, 2009; Rehfeldt and others, 2009; 
Haak and others, 2010; Littell and others, 2010; Wenger and others, 2010a, b).  

We used four downscaled climate products, which are each derived from output from the global 
change models (GCM) (table 7−1) (Intergovernmental Panel on Climate Change, 2007). These are (1) 
the statistically downscaled projections developed for the BOR, which we refer to as the “BCSD 
product” for the BCSD technique used to downscale the GCMs (Maurer and others, 2007; U.S. 
Department of the Interior Bureau of Reclamation, 2013), which was then post-processed through the 
Variable Infiltration Capacity (VIC) hydrologic model to generate BCSD hydrologic projections (U.S. 
Department of the Interior Bureau of Reclamation, 2011a) including variables like streamflow and soil 
moisture; (2) a statistically downscaled product by Forest Service scientists, which we refer to as the 
“Rehfeldt product” (Rehfeldt and others, 2009, 2012); and (3) a third statistically downscaled product: 

http://www.wrcc.dri.edu/
http://www.prism.oregonstate.edu/
http://treeflow.info/
http://www.ncdc.noaa.gov/crn/
http://www.wrds.uwyo.edu/sco/
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the Western United States Stream Flow Metric Dataset (hereafter, WSMD), developed for the Forest 
Service (U.S. Department of Agriculture Forest Service, 2011; Wenger and others, 2011). It provides 12 
streamflow variables, or metrics, most not in the BCSD dataset, which are intended to be useful for 
studying streams and riparian habitat. The WSMD product uses the same downscaling techniques as 
BCSD, also post-processed through the VIC hydrology model. A fourth product is the dynamically 
downscaled climate projection dataset developed by USGS scientists, which we refer to as the Hostetler 
product (Hostetler and others, 2011). Most of the analyses and graphics in this chapter use the BCSD 
downscaled data both because of the concerns about the Hostetler product for this region (see the 
Climate Analysis section of the Appendix), and because the BCSD product is widely used. Maurer (and 
related WRSD) and Rehfeldt downscaling are very similar for the variables we chose, which is not 
surprising given that they have similar statistical downscaling methodologies. 

 

Table 7–1. Definitions of climate model acronyms and associated acronyms frequently used in Chapter 7—
Climate Analysis and the Appendix. 
Acronyms Definitions 

 
Global climate model (GCM) acronyms 
CCCM3 Canadian Centre for Climate Modeling and Analysis Coupled Global Model, version 3 
ECHAM5 European Center Hamburg Model, version 5 
GFDL2.0 and National Oceanic and Atmospheric Administration Geophysical Fluid Dynamics Laboratory Climate 
GFDL2.1 Model, versions 2.0 and 2.1 
HADCM3 Hadley Centre Coupled Model, version 3 (United Kingdom Meteorology Office) 
MIROC Model for Interdisciplinary Research On Climate, version 3.2 (University of Tokyo) 
PCM1 Parallel Climate Model, version 1 (National Center for Atmospheric Research) 
 
Other acronyms pertaining to climate models 
BCSD Bias-corrected spatial disaggregation 
VIC Variable Infiltration Capacity 
WSMD Western United States streamflow metric dataset 

 
 
We refer to the group of GCM runs downscaled by each product as the “ensemble,” and the 

number of GCMs in that ensemble varies for each product. We generally report the average for the 
ensemble, the range of values for all the ensemble members, and the period to which it is compared (that 
is, the BCSD ensemble projects a warming for the Wyoming Basin of about 0.5−2.5 °C (0.8−4.5 °F) 
with an ensemble mean increase of about 1.5 °C (2.7 °F), compared to the 1961−1990 average. These 
products are discussed further in the Climate Analysis section in the Appendix. 

The BCSD product is being widely used—for example, in the BOR SECURE Water Act Report 
and related planning activities (U.S. Department of the Interior Bureau of Reclamation, 2011a) and for 
ecological studies (Schlaepfer and others, 2012)—and is available from several data portals, including 
the USGS GeoData Portal. The WSMD is also being used in a number of studies supporting 
conservation planning (Wenger and others, 2011; Haak and others, 2010; Vose and others, 2012). In the 
Wyoming Climate Futures section of this chapter, we also describe climate analyses done for several 
chapters and technical reports of the National Climate Assessment (Groffman and others, 2014; Kunkel 
and others, 2013; Ojima and others, 2013; Walsh and others, 2014). The National Climate Assessment 
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studies all used the same BCSD downscaling that is used extensively in this report and as well as two 
other downscaling products that are not used in analysis for this report: the dynamically downscaled 
product North American Regional Climate Change Assessment Program (Mearns and others, 2009), and 
daily data from the statistically downscaled product by Hayhoe and others (2004) and Hayhoe and 
others (2008). 

These downscaled products were useful for the Wyoming Basin Rapid Ecoregional Assessment 
(REA) because the BCSD and WSMD (in particular) used the downscaled climate projections as input 
for a hydrology model. They also provided projected hydroclimate variables, including soil moisture 
and streamflow, that were used to evaluate the potential consequences of projected climate change for 
the distribution of cutthroat trout (Chapter 18—Cutthroat Trout) and invasive plant species (Chapter 6—
Terrestrial Invasive Plant Species). The Rehfeldt product was used to evaluate potential consequences of 
climate scenarios for the distribution of bioclimatic envelopes for biomes and plant species (see Sections 
III and IV). The Hostetler dynamically downscaled product is intended to better represent regional 
processes—a strength of dynamical downscaling—but has the disadvantage of being computationally 
expensive, so only a few models and runs are downscaled. This choice thus represents a limited range of 
the foreseeable futures. Therefore, we used the other three downscaled products to give a broader 
representation of the range of plausible and foreseeable futures for ecologically important variables.  

The BLM’s National direction for REAs was to consider projections for periods around 2030 
and 2060. However, different downscaling products provide data from different periods. Rehfeldt and 
others (2006) provides 10-yr averages for around 2030 (for example, 2026−2035), 2060 and 2090. 
Hostetler and others (2011) provides averages for 2040−2069, and two series from 2010−2099; the 
BCSD dataset (Maurer and others, 2007) is available for all years through 2099, but the WSMD dataset 
provides only 10-yr averages around 2040 and 2080. Climate scientists generally consider 10 yr as a 
minimum averaging period, and prefer longer periods (30 yr is typical) to minimize the effects of 
natural variability. Given that BLM direction is to represent the conditions of the species and biomes in 
those end years, we chose the climate leading up to 2030 and 2060 as the most relevant in the analyses 
we generated (that is, a 15-yr period leading up to those end years: 2016−2030, 2046−2060, and 
2076−2090). Time periods, GCMs downscaled, and other details for all downscaling products are in the 
Climate Analysis section of the Appendix.  

As directed by the BLM, all analyses described use the output global climate models (GCMs) 
developed for the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment 
(Intergovernmental Panel on Climate Change, 2007). This “generation” of models, often referred to as 
“CMIP3” for the third Coupled Model Intercomparison Project that coordinated them, was forced with 
several emissions scenarios from the IPCC Special Report on Emissions Scenarios (SRES). As required 
for the REA, we used the A2 emissions scenario, which follows a higher trajectory (that is, most 
warming, for CO2 emissions by the end of the 21st century) (Nakicenovic and others, 2000). In some 
cases, we cite relevant studies that used A1B, which has somewhat lower emissions and more moderate 
warming. For example, the Western Streamflow dataset used GCMs forced by the A1B scenario. 
However, while the A2 scenario describes a higher emissions path compared to A1B and other scenarios 
(Nakicenovic and others, 2000), the several major emissions scenarios have similar results out to mid-
century: the A1B emissions scenario is somewhat lower than A2 (but higher than B1) and shows a 
similar projection of global mean surface temperature until around the 2070s (fig. 2.23 in Walsh and 
others, 2014). According to the Intergovernmental Panel on Climate Change (2007), the distribution of 
CMIP3 climate projections do not appear to become dependent on the emissions pathway until about the 
mid-21st century. The Intergovernmental Panel on Climate Change (2007) does not offer a suggestion 
on whether any specific pathway is more likely than others, and this uncertainty about emissions 
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pathway is a major source of uncertainty in the projections later in the 21st century. See further 
discussion in the Climate Analysis section in the Appendix. 

While this work was in progress, the IPCC Fifth Assessment (Intergovernmental Panel on 
Climate Change, 2013) was released, including the output of the 5th generation of GCMs, often referred 
to as “CMIP5” for the 5th Coupled Model Intercomparison Project. An analysis comparing the two 
generations of GCM results for the full Wyoming Basin REA was beyond the scope of the REA. Lukas 
and others (2014) compare the two sets of projections (Lukas and others, 2014, section 3.2) and provide 
a map (Lukas and others, 2014, fig. 5–1) of temperature and precipitation projections for the western 
United States, including the Wyoming Basin. Their analysis for Colorado, including part of the southern 
Wyoming Basin, indicated that the two generations have similar results for temperature and 
precipitation. Lukas and others (2014) found that, compared to the A1B emissions scenario, the CMIP5 
“Representative Concentration Pathway 4.5” scenario projects slightly less warming in the summer 
(about 0.9 ºC/0.5 ºF less than [<] A1B) and slightly more warming in the winter (about 0.9 ºC [0.5 ºF] 
more than A1B). The median change in annual temperature is also very similar between these two 
scenarios, as is the spread of model projections (see section 3.2 and sidebar 5−1 in Lukas and others, 
2014). The CMIP5 precipitation projections forced by the same emissions pathway tend to be wetter in 
spring and summer and similar in fall and winter, with a <5 percent increase in annual precipitation 
change (see sidebar 5−1 in Lukas and others [2014]). Those authors did not make comparisons of the 
CMIP5 models to the A2 scenario, or for other emissions pathways used in the IPCC 5th Assessment; 
however, as described above the temperature changes for A2 and A1B do not diverge until after mid-
century. 

Reasonably Foreseeable Climate Futures 

The “reasonably foreseeable” concept is modeled after the same concept for “reasonably 
foreseeable development futures,” used by BLM to guide management decisions as a part of its land use 
planning process (Benson, 2010; Bureau of Land Management, 2010). It is intended to reflect a range of 
plausible future conditions—that is, those that could be reasonably expected, and a range of these 
conditions. The reasonably foreseeable climate futures described later in this document “bracket” 
futures projected in the suite of GCMs downscaled by Hostetler, Rehfeldt, WSMD, and the larger suite 
of GCMs downscaled by Maurer and others (2007). The creators of the BCSD product excluded models 
that their evaluations indicated did not perform as well as others in the CMIP3 archive, about a third of 
the GCMs (Maurer and others, 2007; U.S. Department of the Interior Bureau of Reclamation, 2011b). 
The spread of the remaining models might be thought of as representing the range of reasonably 
foreseeable futures, given natural variability and uncertainty in the GCMs. By the 2030s, the range or 
spread of these 16 GCMs (the ensemble) project a warming for the Wyoming Basin of about 0.5−2.5 °C 
(0.8−4.5 °F) with an ensemble mean increase of about 1.5 °C (2.7 °F), compared to the 1961−1990 
average. A group of GCMs is often referred to as an “ensemble,” with the average of all of the members 
(and sometimes multiple individual runs by some GCMs) called the “ensemble mean.” For 
precipitation, the reasonably foreseeable range of annual average precipitation change to 2030 varies 
across the GCMs from wetter conditions (increase of about 10 percent) to drier futures (13 percent), 
compared to the 1961−1990 average, with the ensemble mean near zero.  

We provide here the range of GCMs around an ensemble mean, but not a confidence interval or 
standard deviation. While there are established methods for generating probabilistic risk statements or 
potential occurrence of a temperature above a given threshold for observed climate records, it is not 
appropriate to use a range of projected changes as a probability distribution or to generate such risk 
statements (Lukas and others, 2014). This is because using an ensemble of GCM projections this way 
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would require that the individual model projections are equally likely, which is unlikely. Therefore, the 
range of projected changes for a particular variable, “is most appropriately used as a guide to expected 
tendencies, not [emphasis added] as a probability distribution that provides precise quantification of 
future risk,” (Lukas and others, 2014, p. 88). For further discussion of the challenges in developing 
probability distributions of future conditions from GCM ensembles, see sections 5-1 and 6-1 in Lukas 
and others (2014). 

Climate of the Wyoming Basin 

Climate can be first defined as the average weather, or more rigorously as the statistical 
description of weather variables in terms of their means and variability over a period of time from days 
to months to years and to thousands or even millions of years (Intergovernmental Panel on Climate 
Change, 2007). Relevant variables include temperature, precipitation, humidity, and atmospheric 
pressure or winds. A classical averaging period for these variables for analysis is 30 yr, defined by the 
World Meteorological Organization and used by many state climate offices and the National Weather 
Service. Climate can also be defined as the state of the climate system, including a statistical 
description; the word “climatology” is sometimes used interchangeably with climate to describe the 
climate of a defined period in the historical record or in projections of the future. Climate variability, 
then, refers to variations in the mean state and other statistics (for example, standard deviations and 
statistics of extremes) of the climate on any time or spatial scale beyond an individual weather event. 
This variability may be due to natural processes within the climate system (sometimes called internal 
variability), or man-made or anthropogenic forcing (external variability) (Lukas and others, 2014). 
Natural climate variations that affect the year-to-year and longer natural variations in Wyoming Basin’s 
climate include semi-predictable climate oscillations like the El Niño-Southern Oscillation, which 
influence storm tracks and other atmospheric dynamics affecting the Wyoming Basin, as well as more 
or less random fluctuations. Climate change can be defined as the variability in climate that is outside 
the range of expected patterns of natural variability, which is typically determined from studies  on the 
impacts of man-made forcings like greenhouse gases as well as natural forcings like the El Niño-
Southern Oscillation, volcanic eruptions and solar variability. Studies to unravel the effects of manmade 
and natural forcings are often called detection and attribution studies (see Mote and Redmond 2012; 
Hegerl and others, 2007). For a further description of the distinction between weather, climate 
variability, and climate change, see Section 1-3 in Lukas and others (2014), and for discussion of 
climate variability and change in studies that include the Wyoming Basin, see Mote and Redmond 
(2012), and McWethy and others (2010). 

This section describes the recent observed climate and paleoclimate reconstructions for the 
Wyoming Basin, including trends and the global context for the region. The Wyoming Basin includes 
mountainous areas that are part of the Central and Northern Rockies, the Great Plains, and the 
headwaters of several major rivers, including the Upper Colorado, Green, Platte, and Upper Missouri 
Rivers (fig. 1–2). Topographically, it ranges from over 3,962 meters (m) (13,000 feet [ft]) elevation in 
the Wind River and surrounding mountains, with valleys around 1,220 m (4,000 ft) elevation (fig. 1–1). 
The mid-latitude (40º−46º N) and mid-continent location of the Wyoming Basin defines many aspects 
of its climate. Seasonal cycles dominate its climate, with upper-level winds directing air masses and 
storms generally west to east. The Basin’s combination of mountains and valleys and plains also defines 
many aspects of its climate, with its several mountain ranges lying in a general north-south direction, 
providing barriers that force the air currents moving in from the Pacific Ocean to rise and drop much of 
their moisture along the western slope. Moisture-laden storms from the east may also push air upslope 
on the eastern slopes, especially of the Bighorn Mountains. Due to this complex topography, 
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temperature and precipitation can vary considerably over short distances, and make it difficult to divide 
the Wyoming Basin into homogeneous, climatological areas. However, NOAA and the Wyoming State 
Climate Office divide the state into several regions for the purposes of analysis. The following sections 
draw from these graphics maintained by the Wyoming State Climatologist’s Office (WSCO) that show 
considerable variation in Wyoming’s climate over time in both annual temperature and annual 
precipitation from 1895 to the present.  

Temperature 

The mid-latitude position and elevation contribute to the Wyoming Basin’s relatively cool 
climate (fig. 7–1). According to the Wyoming State Climate Office, the warmest parts of the Wyoming 
Basin are the lower elevation areas such as the Bighorn Basin (see fig. 5−3 at 
http://www.wrds.uwyo.edu/sco/wyoclimate.html) and other lower elevation valleys. Temperatures also 
cool with increasing elevation by about 5–8 °C per 1,000 m (2.7–3.8 °F per 1,000 ft) a relationship 
known as lapse rate (Ray and others, 2010). Above about 1,830 m (6,000 ft) elevation the temperature 
rarely exceeds 38 ºC (100 ºF). Because of low humidity, there is often a large diurnal, or day-night, 
range in temperature, with summer nights almost invariably cool, the mean minimum temperature in 
July ranges from 10−16 ºC (50−60 ºF). With increasing elevation, temperatures drop rapidly; in the 
mountains at about 2,700 m (about 9,000 ft) elevation average maximums in July are around 21 ºC (70 
ºF), the mountains and high valleys average lows in the middle of the summer are about 1−4.5 ºC 
(30−40 ºF) with occasional drops below freezing (0 ºC [32 ºF]). Time series of observed mean annual 
temperature for Wind River, Bighorn, Green and Bear, and Upper Platte basins show inter-annual 
variability in precipitation multi-year periods of warm or cooler than average conditions (see graphics 
for Wind River, and other climate divisions at 
http://www.wrds.uwyo.edu/sco/data/divisional_temp/divisional_temp.html). Although the natural 
variation in temperature varies by place, a standard deviation in temperature of plus or minus (±) 0.9 ºC 
(±1.5 ºF) is a typical value over the observed record from 1985 to the present. 

The Wyoming Basin’s climate has a distinct seasonal cycle, as shown in the WSCO plots of 
seasonal extremes in temperatures around the state (select stations including Cody, Casper, Rawlins, 
Worland, Kemmerer, and Basin, from 
http://www.wrds.uwyo.edu/sco/temperature/extremes/extremes.html). July is typically the warmest 
month, with mean maximum temperatures ranging 29−35 ºC (85−95 ºF), and January is typically the 
coldest month. The period of record varies by station, but many date to the later 1800s. According to the 
Wyoming State Climate Office (WSCO), in the wintertime it is characteristic to have rapid and frequent 
changes between mild and cold spells. Usually there are <10 cold waves per winter for a given area with 
most areas experiencing 5 or fewer. Most cold waves move southward on the east side of the 
Continental Divide. During winter warm spells, nighttime temperatures frequently remain above 
freezing; warm downslope winds, known as Chinooks, are common along the eastern slopes. Numerous 
valleys provide pockets for the collection of cold air at night, because mountain ranges prevent the wind 
from stirring the air, so valleys are often considerably colder than on nearby mountainsides. In Worland 
(located at ~1,220 m [4,000 ft] elevation in the lower Bighorn Basin), the mean January minimum 
temperature is –18 ºC (0 ºF) (http://www.wrds.uwyo.edu/sco/temperature/extremes/Worland-
489770/Worland-489770.html), while in Cody (located at ~1,524 m [5,000 ft] on the west side of the 
valley) the mean January minimum is –12 ºC (11 ºF) 
(http://www.wrds.uwyo.edu/sco/temperature/extremes/Cody-481840/Cody-481840.html).  
 

http://www.wrds.uwyo.edu/sco/wyoclimate.html
http://www.wrds.uwyo.edu/sco/data/divisional_temp/divisional_temp.html
http://www.wrds.uwyo.edu/sco/temperature/extremes/extremes.html
http://www.wrds.uwyo.edu/sco/temperature/extremes/Worland-489770/Worland-489770.html
http://www.wrds.uwyo.edu/sco/temperature/extremes/Cody-481840/Cody-481840.html
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Figure 7–1. Observed Annual Average Temperature, 1961−1990 in the Wyoming Basin Rapid Ecoregional 

Assessment project area. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_01to08/MapServer
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Growing season is an ecologically important concept related to temperature, and projected 
changes in growing season will be discussed below. In the Wyoming Basin, early freezes in the fall and 
late in the spring are typical, resulting in short growing seasons. According to the WSCO, an 
agricultural definition of growing season is the freeze-free period, the number of days between the last 0 
ºC (32 ºF) day in early summer and the first freeze in late summer (ecological definitions of growing 
season vary, and may be derived from metrics like chilling and forcing units, see for example, Chuine 
[2000]). In Wyoming’s principal agricultural areas, the average growing season is about 125 days, 
however, in the mountains and high valleys, freezing temperatures may occur during the summer and 
growing seasons are shorter. At Farson near Sandy Creek, a tributary of the Green River, the average is 
42 days, and even shorter for Star Valley and Jackson Hole (Curtis and Grimes [2004; chapter 3.1]). 
Cloudiness, humidity, and wind may also be ecologically important, but were beyond the scope of this 
report; the recent climatology of these variables is discussed in chapters 8, 9, and 11, respectively of 
Curtis and Grimes (2004). 

Precipitation 

Like temperature, precipitation varies among locations, with precipitation generally greater over 
the mountain ranges and higher elevations (fig. 7–2). Wyoming is the 5th driest state in the United 
States, and experienced moderate to severe drought for nearly a decade beginning in 1999 (Kunkel and 
others, 2013). The highest annual precipitation in the Wyoming Basin is about 100 centimeters (cm) (40 
inches [in]) (fig. 7–2) in the mountains; these annual precipitation measures are a combination of snow 
water equivalent (SWE) and rain. The relatively dry southwestern part of the region is a high plateau 
nearly surrounded by mountain ranges, including those in Colorado and Utah. Time series of observed 
annual precipitation from 1895−2014 show the inter-annual variability and multi-year periods of wetter- 
or drier-than-average conditions (see plots on line at the Wyoming Water Resources Data System, for 
the Wind River, Bighorn, Green and Bear, and Upper Platte basins 
http://www.wrds.uwyo.edu/sco/data/divisional_precip/divisional_precip.html). Although the natural 
variation in precipitation varies by place, a standard deviation in precipitation of around ±5 percent is 
typical over the observed record from 1895 to the present. 

According to WSCO data on the seasonal cycle of precipitation from around the Wyoming 
Basin, a precipitation peak occurs in May−June for most of the region with a secondary peak in 
September−October (fig. 7–3). In some higher-elevation areas where most precipitation falls as snow, 
the peak precipitation is in the winter, generally December or January. The lower Bighorn Basin 
provides a striking example of how topography influences precipitation: mountain ranges on both the 
west and the east block the flow of moisture laden air, and as a result, this Basin is the driest part of 
Wyoming with an annual precipitation of 13−20 centimeters (cm; 5−8 inches [in]). Worland, in the 
southern Bighorn Basin, has an annual mean of 18−20 cm (7−8 in). Laramie is also in a precipitation 
shadow; it has an annual mean of 25 cm (10 in), while 48 kilometers (km) (30 miles [mi]) to the west, 
Centennial, at 2,460 m (8074 ft), receives about 41 cm (16 in) per year (see 
http://www.wrds.uwyo.edu/sco/data/normals/1971-2000/coop_precip.html). 

 

http://www.wrds.uwyo.edu/sco/data/divisional_precip/divisional_precip.html
http://www.wrds.uwyo.edu/sco/data/normals/1971-2000/coop_precip.html
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Figure 7–2. Observed annual average total precipitation 1961−1990 in the Wyoming Basin Ecoregional 

Assessment project area. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_01to08/MapServer
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Figure 7–3. Seasonal cycle of precipitation from several locations in Wyoming for the water year October 1st to 

September 30th, for (A) Cody, (B) Casper; and (C) Baggs, Wyoming. [Data from the Wyoming State Climate 
Office] 
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The average number of days with measurable precipitation ranges from <53 days per year over 
the central, southwest and Bighorn basins to well over 160 days per year over the highest elevations 
across the state (fig. 4.3 in Curtis and Grimes, 2004). During the summer, showers are quite frequent but 
often deposit only a few hundredths of an inch. There are only four weather stations with long enough 
records of hourly precipitation measurements to study rain frequency: Casper, Cheyenne, Lander, and 
Sheridan. Analysis of hourly data for these stations by the WSCO shows that from 1949−2001, more 
than 70 percent of the time no precipitation fell, and of the remaining period, more than 75 percent 
occurred at a rate <0.67 cm (0.26 in) per hour. Occasionally, very heavy rain is associated with 
thunderstorms, and each year for any given area, there are several local storms with 2.5−5 cm (1−2 in) 
of rain in a 24-hour period.  

Total annual snowfall ranges from 38−51 cm (15−20 in) in the lower Bighorn Basin to over 510 
cm (200 in) in the higher mountain ranges (fig. 5.3 in Curtis and Grimes [2004]). Snow water equivalent 
(SWE) is a common snowpack measure that represents the amount of water contained within the 
snowpack and can be thought of as the depth of water that would theoretically result if you melted the 
entire snowpack instantaneously (Curtis and Grimes, 2004). Projected changes in SWE will be 
discussed in the Wyoming Basin Climate Futures section of this chapter. 

Evaporation and related variables are ecologically important parameters for vegetation and thus 
to habitat; evapotranspiration and humidity are important aspects of fire risk. The average relative 
humidity is quite low especially in the lower elevation basin areas (fig. 9.1 in Curtis and Grimes [2004]) 
but with a high diurnal variation between day and the cooler nights, around 40−45 percent humidity 
during the summer, and lower in the winter. Low relative humidity, high percentage of sunshine, and 
rather high average wind speeds all contribute to a high rate of evaporation for May through September 
(the frost free period for which consistent records are available). The average amount of evaporation is 
about 104 cm (41 in), determined from evaporation pans at a few selected locations (Curtis and Grimes, 
2004).  

Paleoclimate Reconstructions and Natural Climate Variability 

The paleoclimate record provides a history of natural climate variability over longer periods than 
observational or instrumental records are available for. Historical records of climate (including records 
of streamflow) from before the instrumental record have been developed from tree-ring chronologies. 
Streamflow reconstructions are based on the finding that in semi-arid climates, the same climate factors, 
primarily precipitation and evapotranspiration, control both the growth of moisture-limited trees and the 
amount of runoff. By providing a longer window into the past, the tree-ring reconstructions are thought 
to describe the natural variability of climate more completely than the shorter record of stream gage 
observational records. The Treeflow website (http://treeflow.info) provides online access to these tree-
ring chronologies from many research papers and provides background and original citations. Treeflow 
includes several rivers in the Wyoming Basin that are tributaries of the Colorado and Missouri Rivers, 
but no reconstructions are available for the North Platte tributary of the Missouri. 

Two rivers in the Wyoming Basin for which there are reconstructions are the Little Popo Agie 
River near Lander, Wyoming (Watson and others, 2009; and see 
http://treeflow.info/upmo/littlepopoagie.html) and the Little Snake River near Lily, Colorado (Gray and 
others, 2011; also see http://treeflow.info/upco/littlesnake.html). Both show multi-year variations in 
streamflow in the reconstructed record; this indicates that there is significant natural variability on inter-
annual to decadal time scales (fig. 7–4), including larger year to year variations than in the observed 
climate of the last century, and longer periods of low flow than observed in the past century. Gray and 
others (2011) find that, even in a millennial context, gaged flows for the very dry years of 1977 and 

http://treeflow.info/
http://treeflow.info/upmo/littlepopoagie.html
http://treeflow.info/upco/littlesnake.html
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2002 on the Little Snake River were extremely dry, but also that droughts of much greater duration and 
magnitude than any in the instrumental record were regular features prior to 1900. These reconstructions 
also point to the unusual wetness of the gage period, and Gray and others (2011) suggests the potential 
for recent observations to paint an overly optimistic picture of regional water supplies. The natural 
variability seen in the paleoclimate record is part of the variability that is expected to contribute to 
climate change in the future. 

The Changing Climate “Normal” and Trends 

Two general ways that climate scientists analyze trends are to analyze data available to the 
beginning of the record in any given place (in the Wyoming Basin, some stations date to the 1880s, but 
in many places, the record is shorter), or to compare to a reference period, or “normal” to a later 
reference period (described below). Supporting studies for the 2008 National Climate Assessment 
looked at annual data by year and by season and found that temperatures in Wyoming have warmed by 
almost 1.1 ºC (2 ºF) in the past 30 years (Karl and others, 2008). For the Northern Great Plains area 
analyzed for the 2014 National Climate Assessment, Wyoming is part of region with a statistically 
significant increase in annual temperature as well as increases for all seasons: winter, spring, summer, 
and fall (fig. 8 in Kunkel and others, 2013). The Basin also is part of regional trends toward a wetter 
northern Great Plains that is projected to become more pronounced compared to the observed 
1971−2000 baseline (Kunkel and others, 2013). However, Kunkel and others (2013) found no 
significant trends in precipitation. To support the National Climate Assessment, Louisiana State 
University (2012) generated plots of precipitation and temperature time series for all United States 
climate divisions, including those including the Wyoming Basin Climate Divisions. Time series plots 
can be generated to show periods of above- or below-average conditions for any of the climate divisions 
in the Wyoming Basin at http://charts.srcc.lsu.edu/trends/.  

Another standard practice in the meteorological community is that a 30-yr period, or “normal,” 
encompassing three full decades, is used as an averaging period to put recent or future climate 
conditions into a historical context; longer periods are also used. Thus, a reference such as “percent of 
average precipitation,” has the normal or average conditions over a set baseline period embedded in that 
value. Typically this “normal” is updated every decade, and recently NOAA and the State 
Climatologists for the Wyoming Basin states changed all of their baselines for calculation from the 
previous normal (1971–2000) to the new 1981–2010 normal. While the 30-yr normal was not designed 
to be a metric of climate change, the change from the prior to the new normal reflects systematic 
changes in the regional and global climate that may be attributable to decadal-scale natural climate 
variability, as well as, human influence (Lukas and others, 2014).  
 

http://charts.srcc.lsu.edu/trends/
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Figure 7–4. Observed and reconstructed annual streamflow in thousands of acre feet for (A) the Little Popo Agie 

River (a tributary of the Wind and Bighorn Rivers) 1560−1999, and (B) the Little Snake River 1996−2001. The 
10-year running mean of reconstructed streamflow (blue) and observed streamflow are shown in black. The 
dashed line shows the long-term reconstructed mean. Both rivers show multi-year periods of above and below 
average annual streamflow. [After Treeflow.org, data from Treeflow.org] 
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When the 30-yr normal was updated to the new one, the decade of the 1970s was replaced in the 
baseline period with the 2000s (Lukas and others, 2014). The 2000s were significantly warmer than the 
1970s over most of the world and the United States, and also drier than the 1970s in most of the western 
United States (Lukas and others, 2014), including the Wyoming Basin. Thus the new 1981–2010 normal 
is warmer and drier than the previous one (1970−2000). The WSCO provides a comparison of the 
1971−2000 and 1981−2010 normals on its website 
(http://www.wrds.uwyo.edu/sco/data/normals/normalmap.html). A new report by the Western Water 
Assessment indicates that, given that the current “normal” is warmer and drier than previous normals, 
historic or future conditions compared to it may appear to be cooler and wetter than compared to the 
previous normal (Lukas and others, 2014). For example, according to the NOAA Colorado Basin River 
Forecast Center, the 1981–2010 average natural streamflows used to compute the percent of average are 
lower than the previous normal throughout the Colorado River Basin (including the Green and Yampa 
Rivers), and the 1981–2010 April through July inflows to Lake Powell were 11 percent lower than the 
1971–2000 inflows. In this report, we use a 1961−1990 baseline, or normal, intentionally to compare 
futures to a period before the most recent warming. Where we describe analyses done by other 
scientists, we provide the baseline they used, but it was beyond the scope of the report to reanalyze 
using a different climatological normal period. 

The 2008 National Climate Assessment found that Wyoming temperatures have warmed by 
almost 1.1 ºC (2 ºF) in the past 30 yr (Karl and others, 2008). For the Northern Great Plains area 
analyzed for the 2014 National Climate Assessment, Wyoming is part of a region with a statistically 
significant increase in annual temperature as well as increases for all seasons: winter, spring, summer, 
and fall (fig. 8 in Kunkel and others, 2013). However, the relative contributions of natural and 
anthropogenic climate forcings are unclear. The Basin also is part of regional trends towards a wetter 
northern Great Plains that is projected to become more pronounced compared to the observed 
1971−2000 baseline (Kunkel and others, 2013).  

Wyoming Basin Climate Futures 

Changes in the Wyoming Basin’s climate and implications for its biomes/habitats and species 
are occurring in a global climate-context, which is shifting the characteristic weather patterns across the 
globe and the continental United States. Although climate has varied throughout history, present 
conditions are rapidly changing (for example, as the warmer and drier 1981–2010 normal), and if trends 
continue, “novel” climate conditions may occur (Rehfeldt, 2006; Whitlock and others, 2003) compared 
to recent conditions. The Wyoming Basin is embedded in an observed continental pattern including a 
generally warmer western United States, and a regional trend towards a wetter northern Great Plains and 
a drier southern Great Plains; these patterns are projected to become more pronounced, compared to the 
1971−2000 period that Kunkel and others (2013) analyzed; trends would be expected to be similar 
compared to a 1961−1990 baseline.  

As an overview to the climate projections for the Wyoming Basin, we describe here the 
projected changes in climate across the continental United States using data from the same 2007 IPCC 
GCMs analyzed in this report (Ray and others, 2008; also see Mote and Redmond, 2012). Climate 
scientists deliberately use the term “projections” for the long-range future simulations by GCMs, rather 
than forecast or prediction, because the future outcomes are sensitive to future changes in related 
conditions (for example, emissions) and that projected changes are conditional on that emissions 
pathway. Relative to the 1950−1999 baseline used in Ray and others (2008, fig. 5–1), the overall 
ensemble average (of all 22 GCMs in the CMIP3) projects an annual temperature increase of 1.8 ºC (2.5 
ºF) (range = 0.83 to 1.93 ºC [1.5−3.5 ºF] by 2025 (2015−2035, the period used in Ray and others, 2008) 

http://www.wrds.uwyo.edu/sco/data/normals/normalmap.html
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and 2.2 ºC (4 ºF) by 2050 (2040−2060 average) (range = 1.8−3ºC [2.5−5.5 ºF] among the 16 GCMs) for 
the Wyoming Basin as a whole. The A1B emissions scenario used in that analysis is similar to the A2 
scenario out to mid-century (see above and the Climate Analysis section of the Appendix). Up to about 
2050, the annual average is projected to be greater than the annual summer average of 2.8 ºC (5 ºF) 
(range = 1.7−3.9 ºC [3 to 7 ºF] among the GCMs), which is more than the 1.7 ºC (3 ºF) (range = 1.1−2.8 
ºC [2−5 ºF]) projected increase for the annual winter (December−February) average. The GCMs are 
approximately evenly divided in terms of projected increases or decreases in annual precipitation.  
Overall, more of the models project decreasing summer precipitation (especially in the western part of 
the Wyoming Basin) and increasing winter precipitation.  

Reasonably Foreseeable Changes in Climate in the Wyoming Basin  

A reasonably foreseeable range of projected changes in temperature, precipitation, and 
hydroclimate variables were developed for the Wyoming Basin from downscaled climate data as 
described in the Climate Analysis section in the Appendix. Because the future climate will vary due to 
natural inter-annual and decadal variability, and because there is uncertainty in models, figures provided 
later in this chapter illustrate a range of foreseeable future conditions. Specifically, we show projections 
from two downscaled GCMs and from an ensemble mean, all forced by the A2 emissions scenario.  

To consider the range of foreseeable futures, it is important to understand that the range of future 
conditions includes the natural variability in the climate system (for example, decadal variability, El 
Niño, and other oscillations), uncertainty about future greenhouse gas emissions, and the range of 
uncertainties in the GCMs. The uncertainties in the GCMs include that the state of understanding is 
incomplete about of how global, regional, and local climate will respond to these emissions over the 
coming decades. Furthermore, there are differences among climate models in how they represent 
climate processes and therefore produce different climate projections for a given time period and 
location even when the same future emissions scenario drives the simulation. (For a discussion of 
climate models, and why climate model projections differ from each other, see chapter 3 and sidebar 3-1 
in Lukas and others [2014]). Global temperatures, however, are expected to increase (Intergovernmental 
Panel on Climate Change, 2013). Consequently, natural resource managers can expect warmer 
temperatures in the future, although the magnitude and consequences of warming is uncertain. Summers 
are projected to warm more than winters (an increase of 4.5 ºF versus 3.5 ºF) (fig. 5.1 in Lukas and 
others, 2014). 

The range of projected futures in the BCSD dataset is shown in figure 7–5 for a representative 
area in the central valley of the basin, to visualize the range of projected futures. This 16-GCM 
ensemble (including all of those used in this report) allows visualization of the range of possible futures, 
as well as inter-comparison of the different GCMs that were downscaled by Hostetler, Rehfeldt, and the 
Western Streamflow database. The range of model projections is described further in the Climate 
Analysis section in the Appendix. All model runs project an increase in temperature of ≥0.5 ºC (0.8 ºF) 
for the period 2016−2030 and the ensemble average projects an increase of about 1.4 ºC (2.5 ºF). For the 
latter period, 2046−2060, the ensemble average increase is about 2.7 ºC (4.9 ºF), with none of the 
ensemble members projecting increases less than 1.4 ºC (2.5 ºF). The BCSD dataset downscaled 16 
GCMs from the 22 GCMs in the IPCC 2007 assessment; these GCMs eliminated the more poorly 
performing GCMs, retaining those which were evaluated to better simulate climate over the western 
United States. Therefore, this dataset can be considered to include a range of reasonably foreseeable 
futures, given natural variability and model uncertainty. Figure 7–5 shows that the GCMs downscaled in 
the various products used span a range of reasonably foreseeable futures, which can be described as: 
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• All models in a 16-GCM ensemble project warming by 2030 and further warming by 2060 (see 
Climate Analysis section of the Appendix). The ensemble mean change in precipitation by 2030 is 
near zero for the lower-elevation central valleys, and slightly wet (an increase of about 2 percent) for 
the higher elevation Wind River area compared to 1961−1990. 

• By 2060, there is a wider spread in the projected futures for both temperature and precipitation, 
reflecting both uncertainty in the GCMs and in natural variability.  

• The CMIP3 GCMs downscaled by Hostetler (ECHAM5 and GFDL2.0) are near the ensemble 
average for temperature; however, GFDL2.1, downscaled by Rehfeldt, is consistently among the 
warmer models.  

• ECHAM5 is consistently among the cooler models, and similar to the GCMs downscaled by 
Rehfeldt.  

• Although there is little agreement among the models in regards to change in the annual total of 
precipitation, analysis of the seasonal data project wetter winters and drier summers. 

• Climate variability will continue in addition to the projected upward trend in temperature and 
precipitation. This is due to natural climate fluctuations such as the El Niño-Southern Oscillation 
and other variations, as well as uncertainty in model projections.  

 
For both periods, the ensemble average for precipitation change is near zero, with a few more 

models projecting increasing rather than decreasing precipitation (fig. 7–5). For the latter period, the 
ensemble average for precipitation change is still near zero, but with a wider spread of possible futures 
among the models. Precipitation is difficult to project, partly because potential future changes in 
precipitation (unlike temperature projections) are smaller than the year-to-year and decade-to-decade 
variations observed in the historical record (Ray and others, 2008). According to the IPCC, “Models 
suggest that changes in mean precipitation amount, even where robust, will rise above natural variability 
more slowly than the temperature signal” (Intergovernmental Panel on Climate Change, 2007, p. 74). 
Recent work by Deser and others (2014) finds that given the natural variability, a precipitation signal is 
not expected to emerge (that is, become statistically significant) until the mid-21st century or later. 

Figure 1.6 in Mote and Redmond (2012) provides an excellent illustration of the difference 
between the range of variability since 1950, as simulated by the GCMs, and the range of futures for both 
temperature and precipitation for a domain of the western United States west of 107.5° west longitude 
(roughly west of a line from Craig, Colo., north to Rawlins, Wyo.). They illustrate a clear upward trend 
in temperature, but show no obvious trend in precipitation for the large area analyzed. Despite the lack 
of trend in precipitation, the temperature increase alone could increase evaporation and plant water 
demand; thus, even without a decrease in precipitation, water availability for ecosystems could decrease 
if precipitation remains about average; this subject is discussed further in the hydroclimate section 
below. 

The climate of the future will be a combination of natural variability in both temperature and 
precipitation as well as any trend due to greenhouse gas forcing, as it emerges from the noise of the 
natural variability. According to historical data from the WSCO, the long term (1895−2013) 1-standard 
deviation in annual precipitation for this area is about +/–5 percent. Consequently, similar ranges of 
natural variation could be expected in the future. Indeed, some of the variation among the GCMs is due 
to the different natural decadal variability represented in the different GCM runs.  
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Figure 7–5. Range of futures in global climate models (GCMs) for the central Wyoming Basin. Annual 

temperature and precipitation changes between the current (1961−1990) and (A) 2016−2030 and (B) 
2046−2060 downscaled for a region in the central Wyoming Basin show the range of futures in 16 GCMs 
downscaled by bias-corrected spatial disaggegation (BCSD). There are multiple runs of some GCMs for 36 
total runs. Downscaled GCMs used in this report are labeled on the graph, including ECHAM5, GFDL2.0 
GFDL2.1, CCCMA, and HADCM3, and the 36-member ensemble mean (ENS) were all forced by the A2 
emissions scenario. PCM1 and MIROC, part of the Western Streamflow dataset, were forced by the A1B 
scenario. The long term (1895−2013) 1-standard deviation in annual precipitation for this area is about +/-5 
percent. [Data from bias-corrected spatial disaggegation, 12-kilometer (7.5-mile) resolution] 
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How climate variability may change in the future as a result of anthropogenic climate change is 
an active topic of research. Kharin and others (2013) analyzed the CMIP5 GCMs and found the models 
projected an increase in the annual extremes of daily precipitation of 5−10 percent for 2046−2065 (fig. 4 
in Kharin and others, 2013), an increase of 2−4 °C (4−7 °F) in the 20-yr return value for annual warm 
temperature extremes (that is, the extreme warm temperature is warmer), and an increase of 2−6 °C 
(4−10 °F) in the 20-yr return value for annual cold temperature extremes (that is, the extreme cold 
temperature is also warmer). These projections by Kharin and others (2013) are statistically significant 
for the Wyoming Basin and the analyses are for changes in the 20-year return period (that is, a change in 
the probability of occurrence of a 20-year event or equivalently, an annual exceedance probability of 5% 
[p = 5%]). 

Temperature Projections 

Figures 7–6 to 7–8 show both recent climatology (1961−1990) and future climate projections for 
2030 and 2060 in the Wyoming Basin derived from the BCSD downscaled product for the ECHAM5 
model, the GFDL2.1 model and a multi-model ensemble mean. Average annual (fig. 7–6), January (fig. 
7–7), and July (fig. 7–8) temperatures in the Wyoming Basin are all projected to be warmer by 2030. 
The downscaled futures represented by the three GCMs are all within the range of reasonably 
foreseeable conditions, with the warmest temperatures projected by the GFLD2.1 model. By 2060, the 
ensemble average for annual average temperatures is projected to increase by about 2.7 ºC (4.9 ºF). 
According to these projections, by 2030, a larger area could experience higher temperatures than current 
climate, with further expansion of these areas by 2060 and 2090. The climate zones and warmer 
temperatures typical of the lower-elevation valleys are projected to be displaced upward in elevation to 
the higher plateaus and valleys, such as the Red Desert. Projected temperatures for both July, typically 
the warmest month, and January, typically the coldest month, are warmer and could reach ecological 
temperature thresholds. For example, there may be fewer cold nights that control pine beetle 
populations, or more warm days in the summer that reach thresholds relevant to fire risk. 

To look at projected changes in the seasonal cycle, figure 7–9 shows an example area in the 
Bighorn Mountains that compares the monthly average temperatures from 1961−1990 climatology to 
the mid-21st century, for which projections indicate that typical summer temperatures in 2050 could be 
as warm as or warmer than the hottest 10 percent of summers that occurred between 1950 and 1999 (fig. 
7–9). This graphic is consistent with the seasonal shift in temperatures described above in the section on 
the global context for climate futures. 

The National Climate Assessment technical report on the climate of the Great Plains (Kunkel 
and others, 2013) includes an analysis of daily data from the North American Regional Climate Change 
Assessment dynamical downscaling, using the same CMIP3 GCMs and A2 scenario used in this report. 
Kunkel and others (2013) find that, due to projected warming temperatures, the length of the frost-free 
season (similar to the growing season) could extend 21−36 days in Wyoming (fig. 21 in Kunkel and 
others, 2013) by the 2041−2070 time period compared to 1980−2000. This result is statistically 
significant for all of Wyoming, with more than 50 percent of the models projecting a statistically 
significant change and more than 67 percent agreeing on the direction of change. They also find 15−40 
fewer days with minimum temperature <0 ºC (32 ºF), with the greatest projected changes in the western 
side of the Basin (fig. 19 in Kunkel and others, 2013). With respect to high temperatures, the models 
projected up to 15 more days a year when maximum temperature is greater than 35 ºC (95 ºF) (fig. 17 in 
Kunkel and others, 2013), with the largest increases in the high central valley including the areas around 
Rock Springs and Rawlins. 
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Figure 7–6. Historical and projected average annual temperatures for the Wyoming Basin Ecoregional 

Assessment project area. (A) Average annual temperature during the historical period (1961−1990); ECHAM5 
model projections for (B) ) 2016−2030, (C) 2046− 2060, and (D) 2076−2090; ensemble mean projections for 
(E) 2016−2030, (F) 2046− 2060, and (G) 2076−2090; and GFDL2.1 model projections for (H) 2016−2030, (I) 
2046−2060, and (J) 2076−2090. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

 
Another way to look at temperature extremes is the temperature of the most extreme and rare 

cold and hot days, defined as those having a 5 percent chance of occurring during any given year. 
According to studies that are part of the National Climate Assessment, the projected temperature 
increases on such extreme days are larger than for the average temperature. Thus, previously bitter cold 
winter days could become much less frequent across most of the contiguous United States, including the 
Wyoming Basin, but hot days could be hotter and more frequent (fig. 2.19 in Walsh and others, 2014). 
How climate variability may change in the future as a result of anthropogenic climate change is an 
active topic of research. Kharin and others (2013) analyzed the CMIP5 GCMs and found, a projected 
increase of 2−4 °C (35.6−39.2) in the 20-yr return value for annual warm temperature extremes (that is, 
the extreme warm temperature is warmer), and a projected increase of 2−6 °C (35.6−42.8) in the 20-yr 
return value for annual cold temperature extremes (that is, the extreme cold temperature is also warmer) 
(fig. 5 in Kharin and others, 2013). Their findings are all statistically significant for the Wyoming Basin 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_01to08/MapServer
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area, and their analyses are for changes in the 20-year return period; that is, a change in the probability 
of occurrence of a 20-year event or equivalently, an annual exceedance probability of p = 5 percent. 
 

 
 
Figure 7–7. Historical and projected average annual January (typically the coldest month) temperatures in the 

Wyoming Basin Ecoregional Assessment project area. (A) Average January temperature during the historical 
period (1961−1990); ECHAM5 model projections for (B) ) 2016−2030 and (C) 2046− 2060; ensemble mean 
projections for (D) 2016−2030 and (E) 2046− 2060; and GFDL2.1 model projections for (F) 2016−2030 and (G) 
2046−2060. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_01to08/MapServer
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Figure 7–8. Historical and projected average July (typically the warmest month) temperatures in the Wyoming 

Basin Ecoregional Assessment project area. (A) Average July temperature during the historical period 
(1961−1990); ECHAM5 model projections for (B) ) 2016−2030 and (C) 2046− 2060; ensemble mean 
projections for (D) 2016−2030 and (E) 2046− 2060; and GFDL2.1 model projections for (F) 2016−2030 and (G) 
2046−2060. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_01to08/MapServer
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Figure 7–9. Projected changes in the seasonal cycle of temperature. Observed monthly average temperature 

compared with projections for 2050 over a 48- × 64-kilometer (km) (30- × 40-mile [mi]) region in the Bighorn 
Mountains. The monthly average (solid black) and 10th and 90th percentile values (dashed black lines) are 
derived from observations over the period 1950–1999. Projected monthly temperatures (blue shading) are the 
multi-model ensemble average for the 20-year period centered on 2050 forced by the A1B scenario, which is 
similar in range to the A2 scenario until mid-century. Ensemble average of the projections is shown as a heavy 
blue line. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

 

Precipitation Projections 

Precipitation projections for the Wyoming basin (figs. 7–10 to 7–12) are small and subtle 
compared to the natural variation in the 1960−1990 climatology. The projected change in total annual 
precipitation, however, varies between about ±10 percent among the climate scenarios, although the 
multi-model mean shows a slight (<2 percent, not significant) shift towards wetter conditions for the 
central valley. Nineteen of the 36 model runs are within the ±5 percent variability from 1961–1990, and 
models show a small change towards conditions wetter than the current natural variability (fig. 7–5A). 
Precipitation is a more difficult variable to project than temperature, in part due to the large natural 
variability in the observed record of precipitation: the typical year-to year variations that occur are 
similar in spread to the range of projections.  



 
 

 
 

190

 
 

Figure 7–10. Historical and projected average annual precipitation in the Wyoming Basin Ecoregional Assessment 
project area. (A) Average annual precipitation during the historical period (1961−1990); ECHAM5 model 
projections for (B) ) 2016−2030, (C) 2046− 2060, and (D) 2076−2090; ensemble mean projections for (E) 
2016−2030, (F) 2046− 2060, and (G) 2076−2090; and GFDL2.1 model projections for (H) 2016−2030, (I) 
2046−2060, and (J) 2076−2090. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

 
 

In contrast, analysis by season projects wetter winters and drier summers (fig. 7–13), a pattern 
that could become more distinct by 2060. These results are consistent with those derived from the 
National Climate Assessment’s dynamically downscaled GCMs (fig. 25 in Kunkel and others, 2013); 
although not statistically significant, winters are projected to be >9 percent wetter over much of the 
Wyoming Basin, and summers >5 percent drier. Kunkel and others (2013) also suggests that the current 
regional trends of a drier southern Basin and a wetter north are projected to become more pronounced 
compared to the observed 1971−2000 period. Multi-model statistical downscaling (A2 scenario) for the 
Great Plains NCA shows a similar result: a slight (0−3 percent) increase in precipitation for the 
Wyoming Basin north of about I-80 out to 2021−2050, 2041−2070, and 2070−2099, and a slight (–3 to 
0 percent) decrease in precipitation south of that line, although results are only significant for the 
2070−2099 period (fig. 24 in Kunkel and others, 2013).  
 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_10to12/MapServer
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Figure 7–11. Historical and projected average January precipitation in the Wyoming Basin Ecoregional 

Assessment project area. (A) Average January precipitation during the historical period (1961−1990); ECHAM5 
model projections for (B) ) 2016−2030 and (C) 2046− 2060; ensemble mean projections for (D) 2016−2030 and 
(E) 2046− 2060; and GFDL2.1 model projections for (F) 2016−2030 and (G) 2046−2060. [Bias-corrected 
spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_10to12/MapServer
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Figure 7–12. Historical and projected average July precipitation in the Wyoming Basin Ecoregional Assessment 

project area. (A) Average July precipitation during the historical period (1961−1990); ECHAM5 model 
projections for (B) ) 2016−2030 and (C) 2046− 2060; ensemble mean projections for (D) 2016−2030 and (E) 
2046− 2060; and GFDL2.1 model projections for (F) 2016−2030 and (G) 2046−2060. [Bias-corrected spatial 
disaggegation data, 12 kilometer (7.5-mile) resolution] 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_10to12/MapServer
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Figure 7–13. Projected annual cycle of precipitation (of an ensemble of global climate models) precipitation for 

central Wyoming showing potential changes in the monthly average of precipitation. [Bias-corrected spatial 
disaggegation data, 12 kilometer (7.5-mile) resolution] 

 
 
Taken together, these results project that the Wyoming Basin is not expected to have a dramatic 

change in annual precipitation: both somewhat wetter and somewhat drier conditions in the annual 
average are reasonably foreseeable futures. Although not statistically significant compared to current 
conditions, the projections suggest a wetter winter and drier spring−fall. The wide variation in model 
projections for potential changes in the annual total of precipitation (fig. 7–5, especially to 2060) partly 
reflects the large natural variability in precipitation. The different GCMs show a range of reasonably 
foreseeable futures of about +10 percent for precipitation, including natural variability around a mean 
that has not diverged from the current annual total. 

Other implications of the projected changes in precipitation include that the number of 
consecutive “dry” days in which limited precipitation was recorded (<0.25 cm per 0.1 in) is projected to 
increase on average 9 days from 1971 to 2000 (Ojima and others, 2013); the maximum consecutive days 
during which precipitation decreases for most of the Basin is projected to increase by up to 15 days (fig. 
29 in Kunkel and others, 2013). For precipitation extremes, the number of days with heavy precipitation 
>2.5 cm (1 in) is projected to increase by >15 percent by 2041−2070, with higher increases for the 
western Basin, along the Colorado border, and over the Medicine Bow area; the mean number of days 
for Wyoming for the 1980−2000 reference period is up to 6 days >2.5 cm (1 in) (fig. 28 in Kunkel and 
others, 2013). Kharin and others (2013) found a statistically significant increase in the annual extremes 
of daily precipitation of 5−10 percent for 2046−2065 (fig. 4 in Kharin and others, 2013)—that is, the 
amount of precipitation with a 20-yr return period is expected to be 5−10 percent higher. 
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Hydroclimate Projections 

A suite of ecologically important variables, including soil moisture, snow water equivalent 
(SWE), runoff, and actual evapotranspiration, are a function of both temperature and precipitation. As 
has been found for many places in the west, spring and snowmelt are projected to occur earlier, and soils 
are projected to dry out earlier in the summer. Several studies provide maps of changes in soil moisture 
across the western U.S. (fig. 38 in McWethy and others, 2010; fig 5–11 in Ray and others, 2008). These 
maps show a subtle shift in soil moisture at lower elevations in the basin, and a larger shift at higher 
elevation. Rather than reproduce maps, we looked in more detail at the time series and seasonal cycle of 
soil moisture. Figure 7–14 shows time series of soil moisture for two areas in the Wyoming Basin: the 
lower-elevation valley near Baggs, Wyo., and a higher-elevation area in the Wind River Mountains near 
Lizardhead Peak (fig. 7–14). Soil moisture varies in all the models used in this report but some models 
project a decrease over the next century, such that the average future soil moisture in both areas is 
similar to the drier soil moisture values of the present. 

Figures 7–15 and 7–16 show the same data plotted in a different way, to show the normalized 
change in soil moisture for the current climate and projections for three future periods for an area near 
Baggs, Wyo. The 1961–1990 period is the simulated soil moisture from the current climate, compared 
to three future periods for the multi-model ensemble, and the GFDL2.1 GCM. The GFDL2.1 model is 
chosen for illustration because it has relatively more projected precipitation increase, and thus would be 
more likely to be able to compensate for the effects of increased temperature on drying out of 
hydroclimate variables. However, there is still drying out in this model over the century, with the effect 
most pronounced by 2060 and beyond. Cayan and others (2013) also found that projected future drying 
of soils in most areas is consistent with the future drought increases using the simpler Palmer Drought 
Severity Index metric (fig. 22 in Walsh and others, 2014), which is also used in many ecological studies. 
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Figure 7–14. Time series of summer soil moisture, 1950−2099. Summer soil moisture (July−September) from 

1950−2010 for (A), an area near Baggs, Wyo., and (B) an area near Lizardhead Peak in the Wind River Range. 
The times series shows simulated soil moisture data from the current climate (1950−2010), and projected soil 
moisture for the future (2011−2099) from each of six global climate models used in this report and the multi-
model ensemble. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 
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Figure 7–15. Annual cycle of soil moisture in the current climate and three future periods for an area near Baggs, 

Wyoming. The 1961–1990 period is the simulated soil moisture from the current climate, compared to three 
future periods for A, the multi-model ensemble, and B, the GFDL2.1 GCM, which has relatively more projected 
precipitation increase. [Bias-corrected spatial disaggegation data, 12 kilometer (7.5-mile) resolution] 
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Figure 7–16. Annual cycle of soil moisture in the current climate and three future periods for an area in the Wind 

River Range near Lizardhead Peak. The 1961–1990 period is the simulated soil moisture from the current 
climate, compared to three future periods for A, the multi-model ensemble, and B, the GFDL2.1 GCM, which 
has relatively more projected precipitation increase. [Bias-corrected spatial disaggegation data, 12 kilometer 
(7.5-mile) resolution] 
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Reasonably Foreseeable Climate Scenarios 

As introduced above, the “reasonably foreseeable” concept is modeled after the same concept for 
“reasonably foreseeable development scenarios” and is intended to reflect a range of potential future 
conditions due to natural variability and uncertainty in the GCMs. Reasonably foreseeable development 
scenarios are based on analysis and comparison among the downscaled datasets considered in this 
report, and bracket futures projected in the suite of GCMs downscaled by Hostetler, Rehfeldt, and a 
larger suite of GCMs downscaled by Maurer. The characteristics of these reasonably foreseeable 
development scenarios are as follows. 
• By the 2030s, the ensemble average temperature for Wyoming Basin warms about 1.4 ºC (2.5 ºF) 

with the spread of the GCM ensemble around this mean (which can be thought of as a reasonably 
foreseeable range) (fig. 7–5). The increase in temperature is consistently higher for the 2060 period, 
with an ensemble average warming of 2.7 ºC (4.9 ºF). By the 2060s, the ensemble average warming 
is about 2.6 ºC (4.9ºF), and the spread of the GCM ensemble around this mean is about 1.5−2.7 ºC 
(2.7−4.9 ºF).  

• The typical summer temperatures of mid-century may be as warm or warmer as the hottest 10 
percent of summers in the recent past. There will be fewer extreme cold days, and average minimum 
temperatures projected to warm, and more and hotter extreme hot days. 

• Temperature tends to decrease with elevation, however, at any given elevation, temperatures will be 
warmer than the recent climatology. 

• Warming temperatures may result in earlier snowmelt and runoff, with a later beginning of the snow 
accumulation season in the fall, and a longer frost free or growing season. 

• Variation in temperature and precipitation should be expected around the same range as the current 
variability and annual average of the recent past (a standard deviation in temperature of about ±0.55 
ºC (±1 ºF) and for precipitation ~±5 percent standard deviation). 

• A dramatic change in annual average precipitation is not indicated, as the ensemble mean is near 
zero for the lower elevation valleys and slightly wet (3 percent increase) for the some higher 
elevation areas, such as the Wind River Range. However, there is a shift in individual seasons, with 
winter somewhat wetter, and summers drier. 

 
Other precipitation variables also change. Maps of runoff and snow water equivalent (SWE) are 

provided in figures 6.9–6.11 in Cayan and others (2013) and figure 38 in McWethy and others (2010). 
Studies for the National Climate Assessment for the southwestern United States included Wyoming and 
used one of the same downscaling products used for this report, the BCSD downscaling post-processed 
through a hydrologic model to calculate hydrologic variables. In general, SWE on April 1 is lower by 20 
percent or more in much of the Western United States, although the highest mountains are an exception 
where it may be higher; runoff decreases or remains about the same except in the highest elevation 
streams (fig. 7–14). In our analysis (not shown), actual evapotranspiration generally increases, but with 
some offsets for precipitation increases.  
 

Some of the implications of these changes particularly important for ecosystems are listed 
below. 

• Warming temperatures lead to warmer stream temperatures, such as trout streams small enough 
to equilibrate with air temperature. 

• Warmer temperatures may miscue species that cue on temperature as opposed to day length or 
other climate cues (for example, peak streamflow). 
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• A longer growing season, with spring arriving earlier and fall somewhat later. 
• Shifts in timing in the seasonal hydrograph, which may affect trout, waterfowl, and riparian 

vegetation. 
• Soil moisture drying out earlier. This does not appear to be offset by greater winter precipitation.  
• The drier years of the current climate becoming the average years of the future for summer 

(June−August) soil moisture. Because of earlier snowmelt and runoff, soil moisture also 
increases earlier in the spring and dries out earlier in the late summer. 

• Temperatures shifting up in elevation, due to the relationship between temperature and elevation, 
so the temperatures of lower elevation slopes will occur at higher elevations. 

• Average minimum temperatures likely to increase; fewer winter cold days for keeping mountain 
pine beetle population in check; larger areas are above freezing at any point in time. 

• Shifts to earlier timing of snowmelt and runoff may influence snow cover as habitat for some 
land species and streamflow thresholds for riparian species.  

• Decrease in spring-summer-fall precipitation and soil moisture drying out earlier in the 
spring/summer may influence vegetation; potential changes in the timing of fire risk. 
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Key Ecological Attributes 

Distribution and Ecology 

The Wyoming Basin includes the headwaters of three of the major river systems in the United 
States. The Upper Snake River is the headwaters to the Columbia River Basin; the Green River is the 
headwaters to the Upper Colorado River Basin; and the Bighorn, Powder-Tongue, and North Platte 
Rivers are headwater systems to the Missouri River Basin. In addition, the Bear River is a headwater 
system for the inland Great Basin that drains into the Great Salt Lake in Utah. The Wyoming Basin also 
includes the Great Divide Basin, a small closed basin with few permanent streams and no outflow to 
other external bodies of water (see fig. 1−2). 

The distribution and dynamics of streams and rivers in the Wyoming Basin are influenced by 
precipitation, topography, and soils. The hydrologic regime for most streams and rivers is characterized 
by substantial seasonal and interannual variability. Most streams and rivers come from snowmelt run-
off, which means that generally streamflow peaks in the spring. However, there are groundwater and 
spring-fed systems as well, the flows of which are more consistent. Streams that hold water throughout 
the year are referred to as perennial. Rivers are simply large perennial streams, and in this chapter our 
references to perennial streams include rivers. Due to the arid climate of the Wyoming Basin, however, 
many streams are intermittent (hold water for just part of the year) or ephemeral (hold water only during 
and immediately after rain or snowmelt events).  

The Wyoming Basin includes both low-elevation mainstem river systems (such as the North 
Platte, Green, and Bighorn Rivers), which are dominated by a warm- or cool-water fish assemblage, and 
high-elevation tributary streams, which are dominated by cold-water species (such as trout). Streams 
and rivers are closely connected to adjacent riparian ecosystems, which were historically dominated by 
cottonwoods and willow (see Chapter 10—Riparian Forests). Riparian ecosystems play an important 
role in stream and river health by storing groundwater, attenuating floods, and providing important 
biogeochemical cycling and water quality functions (Naiman and Décamps, 1997; Theobald and others, 
2010). 

Landscape Structure and Dynamics  

Natural disturbances, including floods and droughts, play an important role in the dynamics of 
streams and rivers and help maintain ecosystem health and complexity (Poff and others, 1997). Floods 
and droughts affect streamflow dynamics and influence physical and biological processes in streams and 
rivers. Streamflow affects the abundance, distribution, and behavior of stream organisms through its 
effects on water quality and important ecological processes such as dispersal, habitat use, resource 
acquisition, competition, and predator-prey interactions (Hart and Finelli, 1999). Streamflow also 
affects connectivity within and among streams and rivers. Historically, the beaver was an important 
keystone species in streams and rivers, and beaver activities affected temperature, hydrology, and 
habitat availability, although their numbers have substantially declined across the western United States 
(Collen and Gibson, 2001).  

Wildfire is another important disturbance that can have both positive and negative effects on 
streams and rivers, depending on fire severity, size, and time since fire. In the short term, wildfires 
remove above-ground riparian vegetation, which can lead to increased stream temperatures. For 
example, the mean maximum water temperature increased by as much as 2–6 degrees Celsius (3.6–10.8 
degrees Fahrenheit) in severely burned reaches (Sestrich and others, 2011). Additionally the loss of 
vegetation can lead to postfire flooding and debris flows, which can have negative consequences for 
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some aquatic organisms (Dunham and others, 2007; Cannon and others, 2010). Conversely, the loss of 
riparian cover can also increase instream productivity due to increased light levels, warmer water 
temperatures, nutrient pulses, and increased macroinvertebrate drift. In healthy, well-connected stream 
reaches, rapid recovery and recruitment of aquatic organisms generally occur following wildfires. In 
degraded, fragmented streams and rivers, however, system resistance and resilience to the direct and 
indirect effects of fire can be reduced (Dunham and others, 2007). 

Associated Species of Management Concern 

In the semiarid Intermountain West, streams and rivers are especially important ecologically 
because both terrestrial and aquatic ecosystems are constrained by water availability (Brown and others, 
2008). It is estimated that stream, river, and riparian ecosystems account for 1–2 percent of the land area 
in the western United States, yet they provide habitat and water to more than half the wildlife species in 
the region (Theobald and others, 2010). Streams and rivers support a large number of freshwater 
species, including many imperiled native fish and mussels. In addition, it is estimated that 61 percent of 
445 terrestrial species in Wyoming show some preference for riparian habitats, including 73 avian 
species (Wyoming Game and Fish Department, 2010).  

Change Agents 

Streams and rivers are subject to numerous anthropogenic stressors (Harding and others, 1998; 
Allan 2004), including grazing, mining and energy development, water extraction, pollution, and dams. 
These stressors alter flow and sediment transport. Such alterations have important implications for 
channel and floodplain structure, water quality, riparian vegetation, and aquatic species (Theobald and 
others, 2010; Esselman and others, 2011).  

Development 

In the Wyoming Basin, the natural flow regimes of streams and rivers have been severely 
disrupted, and with the exception of the Yellowstone and Powder Rivers, most of the major rivers have 
been dammed. A major contribution to altered streamflow is the extensive system of water diversions 
throughout the Basin, which reduce both the quantity and seasonal and interannual variability of 
streamflow. Reduced streamflow can lead to declines in fish abundance (Poff and Zimmerman, 2010) 
and shifts in community composition (Freeman and Marcinek, 2006).  

Energy and Infrastructure 

Energy development throughout the Wyoming Basin is of concern due to water use for energy 
extraction, potential pollution from spills, introduced chemicals or waste water, and increased sediment 
run-off due to surface disturbance associated with roads, pipelines, and well pads (Entrekin and others, 
2011). Although urbanization is relatively limited in the Wyoming Basin, expansion of rural 
subdivisions generally leads to increased area of impervious surfaces. These surfaces can result in 
substantial increases in the delivery of water and sediment to streams when rain events occur, but 
streamflow typically drops rapidly once the rain has stopped. When approximately 10 percent of the 
surface had become impervious, Booth and Jackson (1997) found that channels became unstable. 
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Agricultural Activities 

Irrigation is the largest use of freshwater in the Wyoming Basin (Hutson and others, 2004), and 
the Basin contains an extensive network of irrigation diversions. In addition to altering hydrological 
regimes, water diversions also can form barriers to fish movements, not only due to the diversion 
structures themselves but also because they dewater stream reaches. Water diversions can also entrain 
fish in the diversion structures, leading to mortality (Schrank and Rahel, 2004; Moyle and Israel, 2005; 
Roberts and Rahel, 2008). Nitrogen and phosphorus can run off agricultural and urban lands into aquatic 
systems, which can lead to eutrophication (Carpenter and others, 1998). Other potential contaminants 
associated with agriculture include pesticides and herbicides, which can have toxic or chronic sublethal 
effects on aquatic organisms (Cooper, 1993). 

Grazing can alter the amount and structure of riparian vegetation, and trampling can lead to 
increased erosion and sedimentation (Armour and others, 1991; Belsky and others, 1999). Grazing also 
can affect stream food webs and the transfer of terrestrial invertebrates into streams (Saunders and 
Fausch, 2012). The Wyoming Basin’s arid climate also results in significant water use for agriculture 
and livestock.  

Invasive Species and Disease 

Many species of nonnative fish have been introduced to streams and rivers of the Wyoming 
Basin, including walleye, bluegill, largemouth bass, rainbow trout, brown trout, and lake trout. In 
addition, whirling disease is present throughout the area, with negative consequences for trout species 
(McGinnis and Kerans, 2013). Other nonnative species of concern in streams and rivers of the 
Wyoming Basin region include New Zealand mudsnail, Asian clam, and curly pondweed. Although 
there currently are no known occurrences of zebra mussels in the Wyoming Basin, they are present in 
neighboring regions and the potential for spread to the Basin is of concern. There are also several 
invasive plant species that occur in riparian zones, including tamarisk and Russian olive (see Chapter 
10—Riparian Forests and Shrublands). 

Climate Change 

The thermal and hydrological regimes of streams and rivers are strongly influenced by climatic 
variation. The potential for increased summer temperatures, increased winter flooding, and drought 
projected for some climate scenarios may be particularly problematic for fish and other aquatic 
organisms (Haak and others, 2010). Historical data indicate that water temperatures have been 
increasing in many streams and rivers across the western United States (Isaak and others, 2011). An 
increase in water temperature can lead to shifts in the distribution and even local extirpation of some 
cold- and cool-water fish (Comte and Grenouillet, 2013). Warmer water temperatures also can reduce 
water quality by lowering dissolved oxygen levels and could promote the expansion of nonnative fish 
(Rahel and Olden, 2008). Declining snowpack can lead to shifts in flow regimes (Mote and others, 
2005). Changes in the amount and timing of precipitation could increase flooding in winter and spring if 
more precipitation occurs as rain. Additionally, earlier snowmelt could result in more low-flow events in 
the summer. There is considerable uncertainty, however, associated with models of projected 
precipitation (see Chapter 7—Climate Analysis).   
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Altered Fire Regimes 

Warmer temperatures associated with climate change could lead to altered fire regimes in some 
systems (Westerling and others, 2006), which could affect streams and rivers (see Chapter 5—Wildland 
Fire).  

Rapid Ecoregional Assessment Components Evaluated for Streams and Rivers 

A generalized, conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting streams and rivers (fig. 8–1). Key ecological attributes addressed by the Rapid 
Ecoregional Assessment (REA) include (1) the distribution of streams and rivers, (2) landscape structure 
(patch size and structural connectivity), and (3) landscape dynamics (fire occurrence and hydrologic 
regime) (table 8–1). The Change Agents evaluated include development, invasive species, and climate 
change (table 8–2). Ecological values and risks used to assess the conservation potential for streams and 
rivers are summarized in table 8–3. Core and Integrated Management Questions and the number of the 
associated summary maps and graphs are provided in table 8–4. 

Methods Overview 

The baseline distribution of streams and rivers was derived from the National Hydrology 
Database for 2010 (see table 8−1). The National Hydrology Database classification of perennial and 
intermittent/ephemeral streams was used to identify stream hydroperiod (duration of flow). Key 
ecological attributes were evaluated for baseline conditions and overlays of Change Agents. Riparian 
vegetation was derived from LANDFIRE (see Chapter 10—Riparian Forests) and summarized using a 
270-meter (m) (885.8-feet [ft]) moving window to minimize finer-scale spatial errors in the location of 
riparian vegetation, and for visualization purposes.  

Aquatic Development Index (ADI) scores were derived from catchments coincident with 
streams and rivers and summarized by hydroperiod. Stream-segment lengths were used as an index of 
patch size. To evaluate where development may alter flow regime, fragment streams, and decrease 
structural connectivity, the presence of dams and potential barriers (the number of points of diversion 
and stream-road crossings in streams and rivers) was summarized by sixth-level watershed. It is 
important to note that functional connectivity is species specific. To determine where recent fires have 
occurred, the perimeters of fires since 1980 were compiled from several data sources and area burned 
was summarized by sixth-level watershed (table 8–1). 

To evaluate potential effects of current and projected temperature on hydrological regimes, we 
relied on data derived from existing macro-scale hydrological Variable Infiltration Capacity (VIC) 
models. Wegner and others (2010) demonstrated that the VIC model can be used to simulate recent 
(1978−1997) hydrological characteristics (such as mean summer flow and center time of mass 
streamflow) for streams and larger rivers. The center time of mass streamflow (referred to herein as 
center time) is defined as the time when 50 percent of the annual streamflow has occurred and serves as 
an index of the recent climatic conditions that govern the timing of runoff  (Stewart and others, 2004). 
The VIC models also are used with climate model projections to evaluate potential changes in 
hydrological characteristics for future climate scenarios. To our knowledge, however, model calibration 
has not been performed for a semiarid environment such as the Wyoming Basin, which is dominated by 
intermittent and ephemeral stream types. These modeled streamflow characteristics, therefore, should be 
interpreted and used with caution and an understanding that these variables have a high level of 
uncertainty. Mean summer flow and center time were summarized by sixth-level watershed (table 8–1); 
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the summarized flow data for each watershed were assigned to streams coincident with the watershed. 
Stream segments predicted to have a mean summer flow of <1 cubic foot per second were considered at 
risk for drought due to low flow. 
 

 
 

Figure 8–1. Generalized conceptual model of streams and rivers for the Wyoming Basin Rapid Ecoregional 
Assessment (REA). Biophysical attributes and ecological processes regulating the structure and dynamics of 
streams and rivers are shown in orange rectangles, additional ecological attributes are shown in blue 
rectangles, and key anthropogenic Change Agents that affect key ecological attributes are shown in yellow 
ovals. The dashed lines indicate components not addressed by the REA. Livestock and invasive species are 
Change Agents that were not evaluated due to lack of regionwide data. 
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Table 8–1. Key ecological attributes and associated indicators of baseline streams and rivers1 for the Wyoming 
Basin Rapid Ecoregional Assessment.  
Attributes Variables Indicators 

Amount and 
distribution 

Total length  
 

Distribution derived from National Hydrography Dataset1 
 

Landscape  
structure 

Patch size Total length of perennial and ephemeral/intermittent stream 
segments by sixth-level watershed 

 Presence of riparian vegetation2 Percent of woody riparian vegetation (within 270 meters of 
perennial streams) 

Landscape 
dynamics 

Fire occurrence Proportion of sixth-level watershed burned since 19803 

 Hydrologic regime Mean summer flow and center time of mass streamflow4 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of streams and 
rivers due to Change Agents. Baseline conditions are defined as the current distribution of streams and rivers derived from 
data obtained from National Hydrography Dataset, at http://nhd.usgs.gov/index.html . 
2 Presence of riparian vegetation derived from LANDFIRE (see Chapter 10—Riparian Forests) 
3 See Wildland Fire section in the Appendix. 
4 U.S. Department of Agriculture Forest Service data from 
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml (see Wenger and others, 2010). 
 

Table 8–2. Anthropogenic Change Agents and associated indicators influencing streams and rivers for the 
Wyoming Basin Rapid Ecoregional Assessment. 

Change Agents Variables Indicators1 

Development Aquatic Development Index 
(ADI)2 

Percent of streams and rivers in seven development classes 

  Length of perennial and intermittent/ephemeral streams and rivers 
that are relatively undeveloped or have low development compared to 
baseline 

 Barriers affecting patch size 
and structural connectivity 

Number of dams and potential barriers (points of diversion within 30 
meters and stream/road crossings)3 

Invasive species Presence and expansion risk 
of tamarisk and Russian 
olive 

See Chapter 10—Riparian Forests 

Climate change Hydrologic regime change4 Projected mean summer flow and center time of mass streamflow in 
2040 

1 All analyses were completed for perennial and intermittent/ephemeral streams separately. 
2 See Chapter 2—Assessment Framework for Aquatic Development Index methods summarized by catchment and by sixth-
level watershed. 
3 U.S. Army Corps of Engineers, National Hydrography Dataset, TIGER, and O’Donnell and others (2014). 
4 U.S. Department of Agriculture Forest Service (derived from climate models Geophysical Fluid Dynamics Laboratory 
Climate Model, ver. 2.1; and European Center Hamburg Model, ver. 5). 
(http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml [see Wegner and others, 2010]). 

http://nhd.usgs.gov/index.html
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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Table 8–3. Landscape-level ecological values and risks for streams and rivers. Ranks were combined into an 
index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment.  

[<, less than; >, greater than]  
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2 
Values Perennial stream 

density 
<0.13 0.13−0.34 >0.34 The ratio of perennial stream length to the 

area of watershed 
 Ephemeral/ 

intermittent stream 
density  

<1.12       1.12−1.56 >1.56 The ratio of ephemeral/intermittent stream 
length to the area of watershed 

Risks Aquatic Development 
Index (ADI) 

<20 20−40 >40 Mean ADI score by watershed 

 Number of dams 
 

0 1−2 >2 Number of dams by watershed 

1 Fifth-level watershed was used as the analysis unit for conservation potential on the basis of input from Bureau of Land 
Management (see table A−19 in the Appendix).  
2 See tables 8–1 and 8–2 for description of variables. 
 
 

Table 8–4. Management questions evaluated for streams and rivers for Wyoming Basin Rapid Ecoregional 
Assessment. 

Core Management Questions Results 
What are the amount and distribution of streams and rivers? Figures 8–2 and 8–3 

Where is woody riparian vegetation present along perennial streams? Figure 8–4 

Where does development pose the greatest threat to streams and rivers, and where are the large, 
relatively undeveloped areas? 

Figures 8–5 to 8–8 

How has development fragmented streams and rivers, altered flow, and decreased structural 
connectivity? 

Figure 8–9 

Where are streams and rivers with a high proportion of nonnative riparian vegetation? Chapter 10—Riparian 
Forests and Shrublands 

Which watersheds have had the most area burned by recent fires? Figure 8–10 

Where are streams and rivers currently at risk from low summer flows? Figure 8–11 

Where could streams and rivers be at risk from projected shifts in hydrological regimes in 2040? Figures 8–12 and 8–13 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for streams and rivers? Table 8–5, Figure 8–14 

Where are the watersheds with the greatest landscape-level ecological values? Figure 8–15 

Where are the watersheds with the greatest landscape-level risks? Figure 8–16 

Where are the watersheds with the greatest conservation potential? Figure 8–17 
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Landscape-level ecological values (length of perennial and ephemeral/intermittent streams) and 
risk (ADI score, number of dams) were compiled into an overall index of conservation potential for 
each fifth-level watershed (table 8–3). Conservation potential for streams and rivers was summarized by 
fifth-level watershed based on overall landscape-level values and risks. See Chapter 2—Assessment 
Framework and the Appendix for additional details on the methods.  

Landscape-level values and risks and conservation potential rankings are intended to provide a 
synthetic overview of the geospatial datasets developed to address Core Management Questions in the 
REA. Because rankings are very sensitive to the input data used and the criteria used to develop the 
ranking thresholds, they are not intended as stand-alone maps. Rather, they are best used as an initial 
screening tool to compare regional rankings in conjunction with the geospatial data for Core 
Management Questions and information on local conditions that cannot be determined from regional 
REA maps. 

Key Findings for Management Questions 

What are the amount and distribution of streams and rivers (figs. 8–2 to 8–3)?  
• The Wyoming Basin contains approximately 286,000 kilometers (km) (177,712.16 miles [mi]) of 

streams and rivers, 85 percent of which are intermittent or ephemeral (fig. 8–2). 
• Seventeen percent of sixth-level watersheds contain only ephemeral and intermittent streams. These 

are found primarily in the most arid portions of the ecoregion, such as the Great Divide Basin (fig. 
8–3).  

• The large river systems include the mainstems of the Wind, Bighorn, North Platte, and Upper Green 
Rivers. High densities of lower-order perennial streams are found in mountain headwaters.  

 
Where is woody riparian vegetation present along perennial streams (fig.8–4)? 
• The large mainstem rivers have the highest percentage of woody riparian vegetation, with the 

exception of the North Platte River, which has a relatively low percentage of riparian vegetation 
(fig. 8–4). 
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Figure 8–2. Distribution of perennial and ephemeral/intermittent streams (rivers are large perennial streams) in 

the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Figure 8–3. Total length of baseline streams and rivers by sixth-level watershed: (A) perennial streams and (B) 

intermittent and ephemeral streams. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Figure 8–4. Distribution of riparian forests and shrublands along perennial streams in the Wyoming Basin Rapid 
 Ecoregional Assessment proj ect area. Percent of riparian vegetation summarized by 270-meter (886.83-feet) 

radius moving window. 
 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Where does development pose the greatest threat to streams and rivers, and where are the large, relatively 
undeveloped areas (figs. 8–5 to 8–8)? 
• For the Wyoming Basin area, development levels are relatively high throughout areas where streams 

and rivers occur. Most relatively undeveloped perennial streams are located in mountain headwater 
regions, such as the Wind River and Absaroka Mountains (figs. 1–1 and 8–5).  

• A total of 22 percent of streams and rivers are relatively undeveloped (ADI score <20) and 24 
percent are found in areas with very high development levels, as indicated by ADI scores of >50 
(fig. 8–6). 

• Highly developed areas include the Bear River drainage, the mainstem of the Wind and Bighorn 
Rivers, the Upper Green watershed, and some parts of the North Platte watershed (figs. 1–2 and     
8–5). 

• Overall, intermittent and ephemeral streams have lower development levels compared to most 
perennial streams. A total of 43.5 percent of intermittent and ephemeral streams are relatively 
undeveloped and 8.3 percent had ADI scores of >50 (fig. 8–6).  

• A majority of baseline perennial stream segments are longer than 100 km (62.1 mi), whereas 
relatively undeveloped segments are generally much shorter than baseline segments (fig. 8–7). 

• Watersheds with the longest stream segments are primarily headwater systems. When only relatively 
undeveloped areas are considered, the Wind River and Absaroka Mountains are the two main areas 
that still contain longer stream sections (fig. 8–8). 

 
Where has development fragmented streams and rivers, altered flows, and decreased structural connectivity (fig. 
8–9)? 
• Potential barriers, such as water-diversion structures and road crossings, can affect streamflow and 

impede movements of organisms. Almost all sixth-level watersheds contain at least one potential 
barrier, but many contain more than 20. 

• The Upper Green watershed near Pinedale and portions of the Bear River and the North Platte 
Basins contain a large number of sixth-level watersheds with more than 50 potential barriers. 

 
Which watersheds have had the most area burned by recent fires (fig.8–10)?  
• Most of the recent wildfires occurred in forested regions of the Wyoming Basin. 
• Watersheds with >25 percent burned area are generally at higher elevations. 
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Figure 8–5. Aquatic Development Index scores for (A) perennial streams and (B) intermittent and ephemeral 

streams in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Figure 8–6. Total length and percent of (A) perennial streams and (B) intermittent and ephemeral streams as a 

function of the Aquatic Development Index score in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 8–7. Total stream length as a function of stream-segment size for baseline conditions and two 

development levels: (1) Aquatic Development Index (ADI) score <30 and (2) ADI score <20 (relatively 
undeveloped) in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 8–8. Maximum stream-segment length for (A) baseline and (B) relatively undeveloped perennial streams 

in the Wyoming Basin Rapid Ecoregional Assessment project area, summarized by sixth-level watershed. 
Relatively undeveloped habitat has an Aquatic Development Index score <20.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Figure 8–9. Potential barriers in perennial streams, summarized by sixth-level watershed. (A) All potential 

barriers; (B) number of dams; (C) points of diversion; and (D) stream/road crossings. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Figure 8–10. Percent of watershed burned by recent (since 1980) wildfires and prescribed fires in the Wyoming 

Basin Rapid Ecoregional Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer
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Where are streams currently at risk from low summer flows (fig. 8–11)? 
• The majority of streams and rivers have mean summer flows >0 but <3 ft3/s.  
 
Where could streams and rivers be at risk from projected shifts in hydrological regimes in 2040 (figs. 8–12 and 8–
13)? 
• Increased winter precipitation falling as rain and earlier spring snowmelt can lead to earlier peaks in 

spring flows. The timing of peak spring flows is projected to shift earlier in many watersheds for 
some climate scenarios, especially in the southwestern portion of the Wyoming Basin and near 
Craig, Colorado, indicating these areas could be at greater risk from drought during summer months 
(figs. 8–12 and 8–13).  

• Recent and projected mean summer flows in 2040 are generally similar across the Wyoming Basin 
(fig. 8–13).  

• Because of uncertainty associated with potential changes to hydrological regimes derived from 
projected climate scenarios, these patterns are best used to identify potential regional-scale 
vulnerabilities. 
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Figure 8–11. Mean summer flow (cubic foot per second) for baseline streams and rivers in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Mean summer flow summarized by sixth-level watershed; flows 
near or at zero indicate potential for reaches to dry out during summer months. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer
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Figure 8–12. Center time of mass streamflow (the time when 50 percent of the yearly streamflow has occurred), 

for (A) current conditions and (B) projected in 2040 in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer
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Figure 8–13. Potential effects of climate change on hydrological regime for streams and rivers for current 

conditions and projected in 2040 in the Wyoming Basin Rapid Ecoregional Assessment project area: (A) mean 
streamflow (cubic feet per second) during summer and (B) center time of mass streamflow (derived from figs. 
8–11 and 8–12). 
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How does risk from development vary by land ownership or jurisdiction for streams and rivers (table 8–5, fig. 8–
14)? 

 

Table 8–5. Total length and percent of streams and rivers, by ownership or jurisdiction, in the Wyoming Basin 
Rapid Ecoregional Assessment project area.  

[km, kilometer]  
Ownership or jurisdiction Stream length (km) Percent of habitat 
Bureau of Land Management  112,275 39.23 
Private 96,608 33.76 
Forest Service1 40,883 14.29 
State/County 19,023 6.65 
Tribal 9,651 3.37 
Other Federal2 4,529 1.58 
Private conservation 2,189 0.77 
National Park Service 694 0.24 
Other 315 0.11 

1 U.S. Department of Agriculture Forest Service. 
2 Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
 
 
 

 
 
Figure 8–14. Relative ranks of risk from development, by land ownership or jurisdiction, for streams and rivers in 

the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest (Aquatic Development 
Index [ADI] score <20), medium (ADI score 20−40), and highest (ADI score >40). 
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Where are the watersheds with the greatest landscape-level ecological values (fig. 8–15)? 

 
 
Figure 8–15. Ranks of landscape-level ecological values for streams and rivers, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Landscape-level values based 
on (A) length of perennial streams; (B) length of ephemeral and intermittent streams; and (C) overall values 
(see table 8–3 for overview of methods). 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer
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Where are the watersheds with the greatest landscape-level risks (fig. 8–16)? 

 
 
Figure 8–16. Ranks of landscape-level ecological risks for streams and rivers, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Landscape-level risks based on 
(A) Aquatic Development Index, (B) number of dams, and (C) overall risks.   

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer
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Where are the watersheds with the greatest conservation potential (fig. 8–17)? 

 
 
Figure 8–17. Conservation potential of streams and rivers, summarized by fifth-level watershed, in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that have 
the highest landscape-level values and the lowest risks. Lowest conservation potential identifies areas with the 
lowest landscape-level values and the highest risks. Ranks of conservation potential are not intended as stand-
alone summaries and are best interpreted in conjunction with the geospatial datasets used to address Core 
Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_10to17/MapServer
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Summary  

In the Wyoming Basin, streams, rivers, and associated riparian habitats account for just 2.3 
percent of the landscape, yet they have a disproportionately large influence on many species, both 
aquatic and terrestrial. Most of these streams and rivers flow through sagebrush steppe, the dominant 
community in the Wyoming Basin, and are intermittent or ephemeral in nature. There are three large 
perennial river systems in the Wyoming Basin: the Wind/Bighorn, the Green, and the North Platte 
Rivers. 

Development poses threats to the hydrology, structural connectivity, and integrity of streams and 
rivers throughout the Wyoming Basin, especially for perennial systems. The major sources of 
development are roads and agricultural activities. Many watersheds have a high number and extensive 
distribution of potential barriers due to roads and water diversions. Due to the semiarid nature of this 
ecoregion, many streams are intermittent in nature and (or) have very low mean flows, which makes 
them especially vulnerable to dewatering from diversions and projected climate change.  
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Key Ecological Attributes 

Distribution and Ecology 

Compared to other regions of the United States, the Intermountain West has relatively few 
wetlands due to its arid climate (Hubert, 2004); thus, wetland distribution is largely influenced by 
proximity to perennial or seasonal water sources, topography, and localized precipitation patterns 
(Laubhan, 2004). The majority of wetlands in the Wyoming Basin are associated with riverine systems 
(Wyoming Partners in Flight Riparian Habitat Group, 2003), although the historical distribution and 
types of wetlands, particularly in the low-elevation basins, are poorly understood because anthropogenic 
activities have altered a majority of the low-elevation wetlands (Knight, 1994). 

The distribution of wetlands in the Wyoming Basin varies widely by elevation (Laubhan, 2004). 
At lower elevations, most wetlands are clustered along major drainages near the foothills and at low 
points of closed basins (Laubhan, 2004; Copeland and others, 2010). Basin wetlands include playas, 
alkali flats, and wetlands associated with riverine systems and floodplains, including marshes, wet 
meadows, side channels, and oxbows (Knight, 1994; Wyoming Partners in Flight Riparian Habitat 
Group, 2003; Laubhan, 2004). Most of the input to basin wetlands is indirect and arrives in the form of 
surface runoff or groundwater discharge originating from higher elevations. Rates of evapotranspiration 
often exceed water input, allowing salts to accumulate in many of these wetlands. Basin wetlands also 
typically have well-developed and productive alluvial soils, relatively warm water, and long growing 
seasons capable of supporting a wide range of biota (Laubhan, 2004). At higher elevations, wetlands are 
relatively widely distributed, with the majority occurring in montane coniferous forests (Copeland and 
others, 2010). Alpine/subalpine, montane, and foothill wetlands include snowbeds, tarns, kettles, sedge 
bogs, fens, seeps and springs, wet meadows, marshes, beaver ponds, and shallow morainal lakes 
(Laubhan, 2004). High-elevation wetlands typically receive both direct (precipitation) and indirect 
(snowmelt, groundwater discharge) input, and the rates of evapotranspiration rarely exceed water input; 
they also tend to have short growing seasons, cold water, and nutrient-poor soils, which limit the biota 
they can support (Laubhan, 2004). 

Wetlands may be classified according to hydroperiod, ranging from permanently to 
intermittently flooded. Permanent wetlands are generally inundated throughout the year and support 
obligate hydrophytes. Semi-permanent wetlands are flooded most years throughout the growing 
seasons, whereas seasonal wetlands are flooded for part (usually early) of the growing season. 
Temporary wetlands may be flooded briefly in the growing season, and intermittent wetlands are 
flooded at irregular intervals for variable periods; in both cases the plant communities may include 
wetland and (or) upland species (Cowardin and others, 1979). Saturated wetlands generally lack surface 
water but have saturated substrates for extended periods in the growing season. For permanent, semi-
permanent, and saturated wetlands, the water table is typically at or above the surface, whereas the 
water table may be well below the surface of temporary and intermittent types.  

The composition and structure of wetland vegetation communities are influenced by many 
factors, including frequency and duration of inundation/saturation, depth to the water table, soil depth 
and texture, and length of growing season (Knight, 1994). Wetlands can include trees and shrubs 
(addressed in Chapter 10—Riparian Forests), but for this chapter, we address permanent to intermittent 
wetlands dominated by nonwoody, emergent plants and wetlands that may lack vegetation (Cowardin 
and others, 1979). Vegetation types range from floating (unrooted) to rooted, submergent to emergent, 
and freshwater obligates to halomorphic species (adapted to alkaline conditions) (Laubhan, 2004). 
Typically, floating plants, such as duckweeds, occur in permanent wetlands in which the water is too 
turbid and (or) deep to support rooted plants; exceptions include newly formed wetlands or those in 
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subalpine and alpine locations where conditions do not support the growth of floating plants (Laubhan, 
2004). Where light can penetrate the water, there may be rooted submergent and emergent plants, such 
as common marestail and sago pondweed, and wetland margins may support perennial emergents such 
as sedges, common spikerush, and broadleaf cattail.  

Landscape Structure and Dynamics 

The timing, amount, and duration of wetland inundation, as well as the rates and pathways by 
which water enters, circulates within, and exits a wetland system, define the hydrological regime that 
shapes wetland structure and dynamics (Baron and others, 2002). Most of the region’s precipitation falls 
as snow at higher elevations, and snowmelt makes a significant input to surface waters and groundwater 
that discharges into wetlands. At higher elevations, snowmelt, greater water input, and lower rates of 
evapotranspiration not only tend to prolong hydroperiods of wetlands in those areas, they also promote 
more stable water levels (Laubhan, 2004). In basins, the warmer, drier climate promotes shorter 
hydroperiods, and many low-elevation wetlands have dramatic fluctuations in water levels 
(Gammonley, 2004).  

In general, wetlands are very dynamic. Most systems undergo frequent, annual flooding from 
snowmelt runoff, but some (low-elevation systems in particular) also undergo infrequent but severe 
flooding, generally associated with significant monsoonal rainfall in mid-to-late summer (Hubert, 2004; 
Laubhan, 2004). Frequent, small floods tend to recharge or inundate existing wetlands, whereas less 
frequent, severe floods generally result in stream meandering, channel braiding, and other geofluvial 
dynamics that create oxbow wetlands and side channels, debris flows and scouring that sets back 
succession and accretions of sediments that create mudflats and point bars. Some wetland plants require 
these accretions for successful germination (Hubert, 2004; Knight, 1994; Laubhan, 2004). Beaver 
activities and log jams can enlarge or create wetlands and alter the successional dynamics of associated 
vegetation, particularly along mountain streams with otherwise steep gradients (McKinstry and others, 
2001). At the other extreme, drought is also a major driver of wetland structure and dynamics. Annual 
or periodic drought allows oxidization of wetland substrates and release of nutrients, which helps to 
renew wetland productivity (Wyoming Partners in Flight Riparian Habitat Group, 2003; Wyoming Joint 
Ventures Steering Committee, 2010). Although fires are not common in wetlands, they also affect 
wetland dynamics. Fires in riverine wetlands tend to occur in late summer or fall (Knight, 1994), setting 
back succession and maintaining a more open structure in wetland vegetation. Severe, extensive fires in 
uplands of a watershed can result in significant flows of debris and sediments with subsequent rainfall, 
which can result in a cascade of dynamics in downslope wetlands, including sedimentation and altered 
water chemistry and nutrient cycling (Knight, 1994). 

Associated Species of Management Concern 

Although wetlands in the Wyoming Basin compose only 1 percent of the total surface area, more 
than 90 percent of the region’s wildlife species use wetlands at some point in their daily or seasonal 
activities, and nearly 70 percent of the bird species are wetland or riparian obligates (Copeland and 
others, 2010). The wetlands that tend to support the greatest diversity and density of wildlife are those 
that occur at lower elevations, in large part due to the longer growing seasons and greater nutrient levels 
in lower elevation wetlands than in higher elevation wetlands (Wyoming Joint Ventures Steering 
Committee, 2010). Wetland complexes also tend to support more diversity that single wetlands, and 
wetland complexes occurring in the Green, Wind, and Big Horn River Basins, and those in the Green 
River foothills, tend to host more rare species than complexes elsewhere in Wyoming (Copeland and 
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others, 2010). Small, isolated wetlands, however, also contribute significantly to the region’s 
biodiversity and may serve as important stopover sites for migratory waterbirds (Wyoming Joint 
Ventures Steering Committee, 2010). 

Forty-nine of Wyoming’s Species of Greatest Conservation Need depend on wetlands for at least 
some part of their life cycle or daily activities (Wyoming Game and Fish Department, 2005), including 
white-faced ibis, American white pelican, Black tern, long-billed curlew, northern leopard frog, 
Columbia spotted frog, Great Basin and plains spadefoots, and fringed myotis. The boreal toad, which 
has been petitioned for listing under the Federal Endangered Species Act, also depends on Wyoming 
Basin wetlands (U.S. Fish and Wildlife Service, 2012). Fish species classified as Species of Greatest 
Conservation Need typically inhabit semi-permanent wetlands or those that are seasonally or 
intermittently flooded and are connected to permanent wetlands (such as floodplains along riverine 
systems) (Gammonley, 2004). 

Change Agents 

Development 

Energy and Infrastructure 

Energy, mineral, and urban development are considered moderate- to high-level threats to 
wetlands, and dewatering and channelization are considered significant threats to wetlands of the 
Wyoming Basin (Wyoming Joint Ventures Steering Committee, 2010). Development drives the 
additions of water diversions and impoundments (reservoirs) for municipal and industrial use, and it 
drives levee-building and channelization to protect nearby property from flooding. Reservoirs often 
inundate significant complexes of wetland and riparian areas, and because most of these impoundments 
are large enough to have significant wave and ice flow action, new wetlands usually cannot form along 
their margins. Furthermore, the water levels of most reservoirs are typically too deep and unstable to 
support the development of wetland soils and biota (Wyoming Joint Ventures Steering Committee, 
2010). Levees (especially those built immediately adjacent to the main channel) and channelization 
preclude or alter the important flooding and geofluvial processes of riverine systems (Gergel and others, 
2002). Moreover, many riverine systems are used as corridors for erecting utility lines, fences, and roads 
that further fragment and degrade the water quality of associated wetlands (Wyoming Joint Ventures 
Steering Committee, 2010). 

Current energy development in the Wyoming Basin includes hydraulic fracturing to extract gas 
from shale, which usually requires at least 2−4 million gallons of water per horizontal well (U.S. 
Department of Energy, 2009). Although the requisite withdrawals of surface or groundwater are 
relatively small and temporary compared to those for municipal irrigation uses, it is a concern in arid 
parts of the country, such as the Wyoming Basin (Freyman, 2014). Oil and gas development can 
produce contaminated effluents, including fracturing fluids containing petroleum-based chemicals and 
other contaminants, which, if spilled or inadequately treated at wastewater treatment plants, can be 
released into surface and groundwater (Kargbo and others, 2010; Papoulias and Velasco, 2013). Playas 
and other isolated wetlands have been used as holding and (or) evaporation ponds for contaminated 
effluents from the energy industry (Melcher and Skagen, 2005). 

Road development, including roadbeds, culverts, and bridges, associated with both energy and 
urban/ex-urban development can fragment landscapes and redirect both surface water and groundwater 
flows (Wyoming Joint Ventures Steering Committee, 2010). Loss of wetland structural connectivity can 
create barriers to movements of some wetland obligates, particularly fishes, amphibians, and aquatic 



 240 

reptiles (Knutson and others, 1999; Lehtinen and others, 1999). Furthermore, animals are at risk of 
direct mortality from roads and other exposed sites between wetlands (Ouren and others, 2007; 
Bouchard and others, 2009). Declines in populations of northern leopard frogs have been associated 
with urban development (Johnson and others, 2011), and the disturbance associated with roads and other 
development adjacent to wetlands can reduce the nesting success of wetland birds (Ward and others, 
2010). 

Wind-energy development near wetlands can cause disturbance and direct mortality when 
wetland birds or foraging bats collide with turbine blades, transmission lines, and other wind-energy 
infrastructure (Wyoming Joint Ventures Steering Committee, 2010; Johnson and Stephens, 2011). 
Trona (soda ash) mining is also an important industry in parts of the Wyoming Basin, and it is unclear 
whether mining-industry regulations will protect nearby isolated wetlands from being used as 
evaporation ponds (Wyoming Joint Ventures Steering Committee, 2010). Furthermore, evaporation and 
retention ponds created by mining and energy-extraction industries could increase populations of insects 
that serve as disease vectors. Effects of sand and gravel mining on wetlands are mixed, as some 
activities may create wetlands whereas others may alter or eliminate wetlands (Wyoming Joint Ventures 
Steering Committee, 2010). 

Agricultural Activities 

Agricultural activities, including irrigation, growing crops, overuse by livestock, and timber 
harvesting, also pose threats to wetlands (Wyoming Partners in Flight Riparian Habitat Group, 2003). 
Dams and reservoirs may permanently inundate riverine wetlands and could shift semi-permanent or 
temporary wetlands to permanent wetlands or lacustrine (lake) systems. Due to the proximity of reliable 
water sources, flat terrain, and rich soils along riverine systems, irrigated agricultural lands are common 
along riverine systems, where irrigation can create or enlarge existing wetlands and can alter 
hydroperiods, including the timing (seasonality), amount, duration, and regularity of inundation 
(Knight, 1994). Water diversions and groundwater pumping also frequently dewater wetlands by 
translocating surface waters and (or) by lowering water tables (Knight, 1994). Intensive livestock 
grazing in or adjacent to wetlands can reduce wetland vegetation through trampling, which destabilizes 
soils and accelerates rates of erosion and sedimentation. Intensive grazing has been found to reduce or 
eliminate nesting habitat for some wetland bird species (Ward and others, 2010) and agricultural 
practices can lead to excessive inflows of nutrients, contaminants, and sediments in nearby wetlands, all 
of which may alter wetland functions (Melcher and Skagen, 2005). At all elevations, there are thousands 
of stock ponds and other artificial wetlands. Logging in montane systems also requires road building 
that can redirect the flow of surface and groundwater, which can affect not only montane wetland 
systems but also wetlands downslope in the basins (Wyoming Joint Ventures Steering Committee, 
2010). 

Invasive Species 

Wetlands may be more vulnerable to invasive species than most other communities, in part 
because anthropogenic activities that regularly affect wetlands, such as water use and pollution, also 
render them more susceptible to opportunistic species (Zedler and Kercher, 2004). Invasive plants of 
particular concern include leafy spurge, halogeton, purple loosestrife, and common reed (Wyoming 
Joint Ventures Steering Committee, 2010). Invasive plants have the capacity to form dense 
monocultures that compete with native species, and they can alter wetland hydroperiod, water 
chemistry, and nutrient cycling (Ehrenfled, 2003). For example, halogeton may contribute to build-ups 
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of soil salinity (Harper and others, 1996). Nonnative plants in upland areas, such as cheatgrass in 
sagebrush systems, can affect soil chemistry in adjacent wetlands (Ehrenfeld, 2003). Introduced animal 
species also pose a potential problem in wetlands. For example, population declines of northern leopard 
frogs have been attributed to introductions of bullfrogs in wetlands outside of their range (including 
parts of the Wyoming Basin) (Johnson and others, 2011). 

Climate Change 

Drought is a natural driver of wetland dynamics; thus, altering the duration, intensity, and 
frequency of drought has the potential to alter hydrologic regimes (Wyoming Joint Ventures Steering 
Committee, 2010). Changes in hydrologic regime could result in altered wetland distribution, structure 
or type, and dynamics across the Great Plains (Johnson and others, 2005). These changes also could 
increase the susceptibility of wetlands to invasive species. 

Rapid Ecoregional Assessment Components Evaluated for Wetlands 

A generalized, conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting wetlands (fig. 9–1). Key ecological attributes addressed by the REA include 
(1) the amount and distribution of wetlands, (2) landscape structure (wetland size and structural 
connectivity), and (3) landscape dynamics (hydrologic regime; table 9–1). Development and climate 
change were evaluated as Change Agents (table 9–2). Ecological values and risks used to assess the 
conservation potential for wetlands by township are summarized in table 9–3. Core and Integrated 
Management Questions and the associated summary maps and graphs are provided in table 9–4. 

Methods Overview 

We mapped the distributions of wetlands using the National Wetlands Inventory (NWI) 
(Cowardin and others, 1979). We augmented NWI data with Colorado Natural Heritage Program 
wetland data for Colorado and the Uinta-Wasatch Cache National Forest in Utah where NWI data were 
limited. We used the following NWI classifications of wetlands: freshwater emergent, freshwater 
forested, freshwater forested/shrub, freshwater scrub/shrub, freshwater pond, riparian emergent, riparian 
forested, riparian scrub-shrub, and other freshwater (Cowardin and others, 1979). To calculate wetland 
area by sixth-level watershed, we standardized wetland area by the area of each watershed, and 
represented wetland area as a percent of the watershed. 

We assessed development levels in wetlands using the Local Aquatic Development Index (ADI) 
scores rather than the Aquatic Development Index. The Local ADI includes only catchment-level 
development from the ADI (excluding the upstream catchment inputs). A Local ADI score was 
generated for each catchment. We first calculated an area-weighted Local ADI score for each wetland, 
which we used to calculate the mean Local ADI score for each sixth-level watershed. We mapped the 
structural connectivity of baseline and relatively undeveloped wetlands at three interpatch distances 
derived from connectivity analysis: for baseline conditions, local, landscape, and regional scales of 
connectivity were 0.18 kilometers (km) (0.11 miles [mi]), 0.54 km (0.33 mi), and 1.44 km (0.89 mi); 
for relatively undeveloped areas (Local ADI score <20), local, landscape, and regional scales of 
connectivity were 0.81 km (0.50 mi), 1.44 km (0.89 mi), and 3.51 km (2.18 mi), respectively. 
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Figure 9−1. Generalized conceptual model of wetlands for the Wyoming Basin Rapid Ecoregional Assessment 

(REA). Biophysical attributes and ecological processes regulating the occurrence, structure, and dynamics of 
wetlands are shown in orange rectangles; additional ecological attributes are shown in blue rectangles; and 
anthropogenic Change Agents that affect key ecological attributes are shown in yellow ovals. The dashed lines 
indicate components not addressed by the REA. Livestock and invasive plants are Change Agents that were 
not evaluated due to the lack of regionwide data. 

 
Because many wetlands in developed areas may be artificially created and maintained through 

agricultural activities like flood irrigation (for example, Lovvorn and Hart [2004]), we estimated the 
areal percent and distribution of wetlands that were coincident with agriculture. We considered a  
wetland as potentially created or altered if it was spatially coincident with agriculture.  

Landscape-level ecological values (percent wetland area in fifth-level watershed) and risk (ADI 
score of fifth-level watershed) were compiled into an overall index of conservation potential for each 
fifth-level watershed (table 9−3). Conservation potential for wetlands was summarized by fifth-level 
watershed based on overall landscape-level values and risks. See Chapter 2—Assessment Framework 
and the Appendix for additional details on the methods. Landscape-level values and risks, and 
conservation potential rankings are intended to provide a synthetic overview of the geospatial datasets 
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developed to address Core Management Questions in the REA. Because rankings are very sensitive to 
the input data used and the criteria used to develop the ranking thresholds, they are not intended as 
stand-alone maps. Rather, they are best used as an initial screening tool to compare regional rankings in 
conjunction with the geospatial data for Core Management Questions and information on local 
conditions that cannot be determined from regional REA maps. 
 

Table 9–1.  Key ecological attributes and associated indicators of baseline wetlands1 for the Wyoming Basin 
Rapid Ecoregional Assessment.  

[km, kilometer; mi, mile]  

Attributes Variables Indicators 

Amount and distribution Wetland distribution Distribution derived from National Wetlands Inventory 
 
Percent of sixth-level watershed classified as wetlands 
 

Landscape structure Wetland size Wetland size frequency distribution 

Structural connectivity2 Interpatch distances that provide an index structural connectivity 
for baseline wetlands at local (0.18 km; 0.11 mi), landscape 
(0.54 km; 0.33 mi) and regional (1.44 km; 0.89 mi) scales 

Landscape dynamics Hydrologic regime Dominant wetland type by hydroperiod classification3 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of wetlands due to 
Change Agents. Baseline conditions are defined as the potential current distribution of wetlands derived from National 
Wetlands Inventory (Cowardin and others, 1979) data without explicit inclusion of Change Agents (see Chapter 2—
Assessment Framework and the Appendix).  
2 See Chapter 2—Assessment Framework and the Appendix. 
3 Hydroperiods include permanent, semi-permanent, and temporary. 
 

Table 9–2.  Anthropogenic Change Agents and associated indicators influencing wetlands for the Wyoming 
Basin Rapid Ecoregional Assessment.  

[km, kilometer; mi, mile] 

Change Agents Variables Indicators 

Development Local Aquatic 
Development Index 
(ADI) 

Percent of wetlands in seven Local ADI classes1 

Percent of sixth-level watershed classified as relatively undeveloped 
wetlands 
Wetland size frequency distribution for wetlands that are relatively 
undeveloped or have low levels of development compared to 
baseline wetlands 

Interpatch distances that provide an index structural connectivity 
for relatively undeveloped wetlands at local (0.81 km; 0.50 mi), 
landscape (1.44 km; 0.89 mi), and regional (3.5 km; 2.17 mi) scales 

Agriculture Wetlands coincident with agriculture  

Climate change Hydrologic regime See Chapter 8—Streams and Rivers 

1 See Chapter 2—Assessment Framework. 
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Table 9–3.  Landscape-level ecological values and risks for wetlands. Ranks were combined into an index of 
conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

[<, less than] 
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2 
Values Area 

 
<1 1–3 >3 Percent of watershed 

Risks Local Aquatic 
Development 
Index (ADI) 

<20 20–40 >40 Mean Local ADI score by 
watershed 

1 Fifth-level watershed was used as the analysis unit for conservation potential on the basis of input from Bureau of Land 
Management (see table A−19 in the Appendix).  
2 See tables 9–1 and 9–2 for description of variables. 
 
 

Table 9–4.  Management Questions addressed for wetlands for Wyoming Basin Rapid Ecological Assessment. 
Core Management Questions Results 

Where are baseline wetlands, by functional type and hydroperiod, and what is the total 
area of each?  Figure 9–2, Tables 9–5 and 9–6 

Where are the sixth-level watersheds with the greatest wetland area? Figure 9–3 

Where does development pose the greatest threat to wetlands, and where are the 
relatively undeveloped wetlands? 

Figures 9–4 to 9–6  

How has development affected the structural connectivity of wetlands relative to baseline 
conditions? 

Figure 9–7 

Which wetlands are potentially created or altered by agriculture? Figure 9–8 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for wetlands? Table 9–7, Figure 9–9 

Where are the watersheds with the greatest landscape-level ecological values? Figure 9–10 

Where are the watersheds with the greatest landscape-level risks? Figure 9–10 

Where are the watersheds with the greatest conservation potential? Figure 9–11 
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Key Findings 

Where are baseline wetlands, by functional type and hydroperiod, and what is the total area of each (fig. 9–2; 
tables 9–5 and 9–6)? 
• There are 250,065 wetlands within the Wyoming Basin, totaling 3,431 square kilometers km2 

(1,324.7 square miles [mi2]). The average wetland size was 1.37 hectares (ha) (3.39 acres). 
• Freshwater emergent wetland is the most abundant functional wetland type; together with freshwater 

ponds and forested/shrub wetlands, freshwater emergent wetlands compose the majority of wetlands 
in the Wyoming Basin (fig. 9–2, table 9–5). All other wetland types comprise <2.1 percent of total 
wetland area (table 9–5). 

• Most wetlands in the Basin are temporary, composing 84 percent of the total number of wetlands 
and total wetland area (table 9–6). 

• Temporary wetlands are widely distributed throughout the basin, whereas permanent, semi-
permanent, and other wetlands are often associated with mountainous areas. 

 
Where are the sixth-level watersheds with the greatest wetland area (fig. 9–3)? 
• All but seven watersheds contained wetlands (fig. 9–3A). Wetland area (percent) was low in most 

watersheds averaging 2 percent per sixth-level watershed, with the greatest wetland area 
representing 49 percent of the watershed area.  

• Watersheds with the greatest wetland area occur in the western and southeastern parts of the 
Wyoming Basin within the Wind River Basin, Upper Green River, Bear River, Laramie Plains, 
Little Snake River, Uintah Mountains, Shoshone River, and Bighorn River (fig. 9–3A). 

 
Where does development pose the greatest threat to wetlands, and where are the relatively undeveloped 
wetlands? (figs. 9–3 to 9–6)? 
• Approximately 16 percent of wetlands in the Wyoming Basin occur in relatively undeveloped areas 

(Local ADI score <20; figs. 9–4 and 9–5). Many areas with high wetland densities also have high 
levels of development (figs. 9–3B and 9–4).  

• Local ADI scores are especially high for wetlands along the Bear River, in the Laramie Plains, and 
in the northern portion of the Wyoming Basin along the Shoshone and Bighorn rivers (fig. 9–4), 
whereas only a few isolated watersheds had little to no development (figs. 9–4 and 9–5). 

• None of the wetlands larger than 10 km2 (3.86 mi2) are relatively undeveloped (fig. 9–6).  
• Small wetlands (<1 km2 [0.39 mi2]) constitute more than 70 percent of all wetlands, and about half 

of these are relatively undeveloped (fig. 9–6).  
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Figure 9−2. Distribution of wetlands in the Wyoming Basin Rapid Ecoregional Assessment project area. 

Wetlands are defined by the National Wetland Inventory (Cowardin and others, 1979). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
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Table 9–5.  Summary of wetland area, percent of area, and number, by wetland type, in the Wyoming Basin 
Ecoregional Assessment project area.  

[km2, square kilometer; <, less than]  

Wetland type1 Area (km2) Percent of total 
wetland area 

Number of 
wetlands 

Percent of 
wetlands 

Freshwater emergent wetland2 2,554 74 125,074 50 

Freshwater forested wetland 1 0 5 <1 

Freshwater forested/shrub wetland3 625 18 35,211 14 

Freshwater scrub-shrub wetland4 <1 <1 58 <1 

Freshwater pond5 169 5 72,041 29 

Other freshwater wetland 77 2 16,890 7 

Riparian emergent4 <1 <1 37 <1 

Riparian forested4 3 <1 492 <1 

Riparian scrub-shrub4 2 <1 257 <1 

1 Wetland type from National Wetland Inventory database (Cowardin and others, 1979). 
2 Herbaceous marsh, fen, swale, and wet meadow. 
3 Forested swamp, wetland shrub bog, or wetland. 
4 Forested, shrub, or scrub bog or wetland in the riparian zone near a permanent water-body. 
5 Pond with palustrine aquatic bed or unconsolidated bottom. 
 
 

Table 9–6.  Summary of wetland area and percent, by hydroperiod, in the Wyoming Basin Ecoregional 
Assessment project area. 

[km2, square kilometer] 

Hydroperiod1 Area (km2) Area (percent) 

Permanent 34 1 

Semipermanent 224 7 

Temporary 2,893 84 

Other 280 8 

1 Hydroperiod from National Wetland Inventory database (Cowardin and others, 1979). 
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Figure 9−3. Percent of sixth-level watershed area that is classified as wetlands in the Wyoming Basin Rapid 

Ecoregional Assessment project area for (A) baseline and (B) relatively undeveloped wetlands. Relatively 
undeveloped wetlands are defined as wetlands within watersheds with a local Aquatic Development Index 
score <20. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer


 249

 
 

Figure 9−4. Local Aquatic Development Index scores for wetlands, summarized by sixth-level watershed, in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer


 250

 
 
Figure 9−5. Area and percent of baseline wetlands as a function of the Local Aquatic Development Index score 

in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
 
Figure 9−6. Area of wetlands as a function of wetland size for baseline conditions and two development levels: 

(1) (Local Aquatic Development Index [Local ADI] score <50), and (2) relatively undeveloped wetlands (Local 
ADI score <20). 
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How has development affected the structural connectivity of wetlands relative to baseline conditions (fig. 9–7)? 
• Wetland structural connectivity is generally high for wetlands in large riverine wetland complexes 

and at higher elevations, whereas connectivity is low through much of the Wyoming Basin interior 
(fig. 9–7A). Baseline wetlands have regional-scale connectivity at 1.44 km (0.89 mi). 

• Structural connectivity of relatively undeveloped wetlands is greatest at higher elevations (fig. 9–
7B). Regional-scale connectivity for relatively undeveloped wetlands is 3.51 km (2.18 mi). 

• The lower structural connectivity of relatively undeveloped wetlands may represent significant 
dispersal barriers for amphibians, which typically disperse <1 km (0.62 mi) and are sensitive to 
landscape-scale habitat conditions (Lehtinen and Galatowitsch, 2001; Rittenhouse and Semlitsch, 
2007; Semlitsch, 2008; Scherer and others, 2012; Peterson and others, 2013). 

 
Which wetlands are potentially created or altered by agriculture (fig. 9–8)? 

• A majority (58 percent) of wetlands in the Wyoming Basin are coincident with agriculture and are 
potentially altered or created by irrigation (fig. 9–8). Wetland creation associated with agricultural 
irrigation can be substantial (Lovvorn and Hart, 2004). 

 
How does risk from development vary by land ownership or jurisdiction for wetlands (table 9–7, fig. 9–9)? 
• The majority of areas classified as wetlands occur on either private (65 percent) or Forest Service 

(12 percent) lands (table 9–7). 
• The majority of wetlands on private land have medium or high risk from development, whereas the 

majority of Forest Service wetlands have low risk from development (fig. 9–9). 
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Figure 9−7. Structural connectivity of relatively undeveloped wetlands in the Wyoming Basin Rapid Ecoregional 
Assessment project area. Black polygons include large and (or) highly connected patches. Blue polygons 
include patches that contribute to both landscape and regional connectivity. Orange polygons represent 
isolated clusters of patches surrounded by developed areas or other cover types. (A) Baseline conditions; and 
(B) relatively undeveloped wetlands. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
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Figure 9−8. Distribution of altered or created wetlands, defined as wetlands coincident with areas of agriculture, 

in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
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Table 9–7.  Number and percent of wetlands, by land ownership or jurisdiction, in the Wyoming Basin Rapid 
Ecoregional Assessment project area.  

[km2, square kilometer]  

Ownership or jurisdiction Wetland area (km2) Percent of habitat 
Private 2,193 65.07 

Forest Service1 408 12.09 
Bureau of Land Management 181 5.38 
State/County 177 5.24 
Other Federal2  164 4.86 
Tribal 137 4.06 
Private conservation 84 2.48 
National Park Service 15 0.45 
1 U.S. Department of Agriculture Forest Service. 

2 Department of Defense, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
 
 
 

 
 
Figure 9−9. Relative ranks of risk from development, by land ownership or jurisdiction, for wetlands in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest (Local Aquatic Development 
Index [ADI] score <20), medium (local ADI score 20−40), and highest (local ADI >40). 
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Where are the watersheds with the greatest landscape-level ecological values, and where are the watersheds with 
the greatest landscape-level risks (fig. 9–10)? 

 
 
Figure 9−10. Ranks of landscape-level ecological values and risks for wetlands, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-level value 
based on wetland area and (B) landscape-level risk based on Aquatic Development Index (see table 9–3 for 
overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
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Where are the watersheds with the greatest conservation potential (fig. 9–11)? 

 
 
Figure 9−11. Conservation potential of wetlands, summarized by fifth-level watershed, in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Highest conservation potential identifies watersheds that have the 
highest landscape-level values and the lowest risks. Lowest conservation potential identifies watersheds with 
the lowest landscape-level values and the highest risks. Ranks of conservation potential are not intended as 
stand-alone summaries and are best interpreted in conjunction with the geospatial datasets used to address 
Core Management Questions.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch09_Wetlands/MapServer
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Summary 

Wetlands are unevenly distributed throughout the ecoregion. Overall, wetland area is low in 
most of the region, with greater amounts present in the Wind River, Upper Green River, Bear River, 
Laramie Plains, Little Snake River, Uintah Mountains, Shoshone River, and Bighorn River basins (figs. 
9–2 and 9–3). Baseline watersheds with large total wetland area are highly connected. Most of the 
highly connected and less developed wetland complexes occur in higher elevations (the Uintah and 
Wind River Ranges) or along rivers.  

Moderate to high development levels may exist in watersheds with high densities of wetlands, 
which reflects the fact that many wetlands in developed areas are artificially created or altered by 
irrigation (Lovvorn and Hart, 2004). More than half of the existing wetlands are being used for 
agriculture in the Wyoming Basin. In the Laramie River Basin (in southeast Wyoming), 65 percent of 
surface and subsurface inflows to wetlands come directly from irrigation, thereby changing natural 
wetland hydrology and substantially increasing total wetland density (Peck and Lovvorn, 2001).  

The loss of structural connectivity as a result of development may be especially detrimental to 
amphibians; those with small dispersal ranges may become vulnerable if their immediate habitat is 
altered, whereas those with greater dispersal capabilities may experience mortality events when moving 
through unfavorable terrain (Cushman, 2006). Multiple studies suggest that most amphibian species are 
generally limited to dispersal distances of <1 km (0.62 mi) (Lehtinen and Galatowitsch, 2001; 
Rittenhouse and Semlitsch, 2007; Semlitsch, 2008; Peterson and others, 2013). The structural 
connectivity of baseline wetlands at the landscape level corresponds to amphibians dispersing <0.5 km 
(0.31 mi); however, structural connectivity of relatively undeveloped areas often greatly exceeds 1 km 
(0.62 mi) (fig. 9–10), which may exceed the typical dispersal capabilities of many amphibian species 
and thereby could inhibit dispersal. The consequences of changes in connectivity for dispersing 
amphibians depends, in part, on their dispersal abilities, sensitivity to disturbance, and the availability of 
suitable refugia in an arid environment like the Wyoming Basin. Conservation potential was greatest at 
higher elevations, where wetland densities are greater and development levels are lower than they are at 
lower elevations. Many watersheds in the Bighorn Basin are at high risk from development. 
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Key Ecological Attributes 

Distribution and Ecology 

Riparian forests and shrublands (hereafter “riparian areas”) are heterogeneous vegetated zones 
along the banks and floodplains of rivers and streams, which form a transition between aquatic and 
terrestrial systems (Gregory and others, 1991; Naiman and Decamps, 1997). Typically, riparian areas 
are defined by the presence of flood-adapted and flood-tolerant plant species, as well as by their 
topography, such as the presence of active channels and flood-plain morphology. Vegetation 
composition in woody riparian areas includes forests of primarily plains cottonwood at lower elevations 
and narrow-leafed cottonwood, aspen, and spruce/fir forests at higher elevations. Additionally there are 
shrublands of primarily willows, silver sagebrush, silver buffaloberry, redosier dogwood (Knight, 1994) 
(see Chapter 9—Wetlands for herbaceous riverine wetlands). 

Both terrestrial uplands, including floodplains (for example, Dodds and others [2004]), and 
aquatic systems influence riparian areas. Uplands provide organic matter inputs, and aquatic systems are 
an important source of disturbance (primarily flooding, but also sediment deposition), and they affect 
soil moisture regimes. The spatial distribution, vegetation composition, and structure of riparian areas 
are highly variable and influenced by physical factors, including precipitation, topography, soils, 
hydrologic regimes, stream gradients, sinuosity, and channel-width-to-depth ratios, as well as 
hydrologic regimes (see Landscape Structure and Dynamics section in this chapter) (Gregory and 
others, 1991; Knight, 1994; Naiman and Decamps, 1997). Due to the arid climate, riparian areas in the 
Wyoming Basin are relatively rare compared to wetter regions of the United States, and the distribution 
of riparian communities is highly variable in size and structural connectivity.  

Landscape Structure and Dynamics 

The structure and dynamics of riparian areas reflect histories of both fluvial and nonfluvial 
disturbance. Fluvial disturbances include cyclic flooding and drought, scouring from ice and other 
debris, and depositions of sediments. Nonfluvial disturbance regimes of adjacent upland areas include 
fire, wind, plant disease, insect outbreaks, beaver activities, and ungulate grazing (Gregory and others, 
1991; Scott and others, 2003; Glenn and Nagler, 2005; Skagen and others, 2005). Riparian hydrologic 
regimes are characteristically dynamic, and the amount, timing, and temporal variability of groundwater 
and surface-water inputs have a major influence on riparian areas. Both seasonal and interannual 
variability in water flow affect the native plant and animal communities (Baron and others, 2002). Flow 
regime defines the rates and pathways by which precipitation enters, circulates, and exits the riparian 
system. Sedimentation affects physical structure and nutrient levels, and chemical characteristics 
regulate pH, productivity, evapotranspiration, and water quality. Ecosystem process rates and 
community structure also are governed by the biotic assemblage. 

The dynamics of fire in riparian areas are variable due to the temporal variability in moisture 
regime in these areas. Compared to surrounding uplands, humidity levels and foliar moisture content are 
generally greater and temperatures are generally lower in riparian areas, which can result in longer fire 
rotations, lower fire severity, and patchier burns; these contrasts, however, diminish with increasing 
elevation (Baker, 2009). Because riparian vegetation is generally very productive, fuel loads during dry 
conditions can lead to greater fire severity. When flooding scours riparian floodplains and deposits 
sediments in bars, the resulting unvegetated areas can serve as fire breaks, particularly when weather is 
conducive to low-intensity fire; in extreme fire conditions, however, riparian areas may even funnel fire 
and wind so that most vegetation burns (Baker, 2009). Overall, historical evidence indicates that fire in 
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riparian areas of the northern and central Rockies was not a major agent in restructuring riparian areas. 
Postfire vegetation dynamics are variable in riparian areas. Willows and some cottonwood species will 
resprout postfire, but some cottonwood species do poorly or are killed and may be replaced by grasses 
or shrubs; in either case the persistence of resprouting trees and shrubs depends on the postfire 
conditions and flooding regimes (Baker, 2009). 

Associated Species of Management Concern 

Riparian areas and streams provide many wildlife species with crucial resources, including 
water, food, cover, and travel routes, which, compared to surrounding uplands, are disproportionately 
crucial to maintaining regional biodiversity (Gregory and others, 1991; Naiman and others, 1993; 
Lohman, 2004). In the Intermountain West, at least 140 bird species and 30 mammal species use 
palustrine wetlands (Gammonley, 2004), and many of these species also occupy nearby riparian areas 
(Lohman, 2004). Seventy-three of the roughly 250 species of breeding birds found in Wyoming use 
riparian areas during at least part of their life history (Nicholoff, 2003). The bald eagle, found in both 
low-elevation and montane riparian areas, is designated as a Level 1 (species requiring conservation 
action) priority by Wyoming Partners in Flight. Also found in low-elevation riparian areas are yellow-
billed cuckoo and Lewis's woodpecker, both of which are designated as Level 2 (species requiring 
monitoring) priorities by Partners in Flight, and the Bureau of Land Management (BLM) lists them as 
sensitive species in the Wyoming Basin ecoregion. 

Change Agents 

Development 

Energy and Infrastructure 

Water development includes dams, ditches, and wells built for impounding, diverting, 
transferring, and accessing water and (or) regulating streamflow. Not only can these structures alter 
streamflow regimes, they may lower water tables, increase sedimentation (above dams) and incision 
(below dams), and alter riparian communities (Copeland and others, 2010). For example, diversity of 
plant species in riparian areas has declined with increasing streamflow regulation along the Green River 
in southwestern Wyoming, but not along the unregulated Yampa River in northwest Colorado (Uowolo 
and others, 2005). Generally, cottonwood dominance decreases where streamflow is altered (Merritt and 
Poff, 2010), largely because flooding or other severe disturbances generally required for cottonwood 
seedling establishment are typically diminished or eliminated by streamflow regulation (Glass, 2002). 
For example, since the 1960s when Fontenelle Dam was constructed on the Green River in southwestern 
Wyoming, (1) the timing of peak streamflow downstream of the dam has shifted from early to late 
summer, which has decoupled the timing between seed dispersal and the flooding needed for 
cottonwood seed germination; and (2) the amount of winter streamflow has increased (Heitmeyer and 
others, 2012). By the 1990s, cottonwood stem density was lower below the dam than it was above the 
reservoir (Gregor Auble and Michael Scott, Research Ecologists, U.S. Geological Survey, Fort Collins 
Science Center, unpub. data, 1998; Glass, 2002). No new stands have established either above or below 
the dam after 1940, reflecting the absence of scouring floods over the last 60 years (Glass, 2002). Below 
the dam, all extant cottonwood stands are situated on terraces beyond the river’s currently active flood 
plain. Moreover, at Seedskadee National Wildlife Refuge, which is also below the dam, high-density 
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regeneration has been occurring in only a few cottonwood stands, and in cottonwood stands that predate 
the dam, regeneration is lacking (Fortin and others, 2010).  

Agricultural Activities 

High levels of grazing by native and domestic ungulates can reduce or eliminate riparian 
vegetation, leading to erosion and downcutting of streambanks, increased sediment runoff and nutrient 
loads, and lower water tables (Chaney and others, 1990). For example, at sites in southwestern 
Wyoming, cottonwood and willow recruitment was greater where livestock grazing had been eliminated 
(Fortin and others, 2010). When grazing pressure is reduced, however, riparian vegetation may recover 
if modifications to bank structure and streamflow have been minimal (Chaney and others, 1990; Skagen 
and others, 2005). 

Invasive Species and Altered Fire Regimes 

Russian olive and tamarisk (or salt cedar) are invasive nonnative plants that have supplanted 
native riparian species in many areas of the western United States, altering the structure and function of 
riparian ecosystems and the species that rely on them (Katz and Shafroth, 2003; Friedman and others, 
2005; Nagler and others, 2011). Other nonnative species that invade riparian areas include perennial 
pepperweed, leafy spurge, and Dyer’s woad; these species were not addressed in this Rapid Ecoregional 
Assessment (REA) because there is little information on their regional distribution in the Wyoming 
Basin. 

Tamarisk is often associated with increases in soil salinity, reduced flows, and channel 
narrowing. Recent research, however, suggests that salinity increases are due to salt accumulation as a 
consequence of reduced flooding (Nagler and Glenn, 2013). Although tamarisk invasion often follows 
anthropogenic modifications of streamflow, such as water removal or upstream dams, subsequent 
channel narrowing and sedimentation patterns appear to be system dependent, on the basis of climate 
and actual flows (Auerbach and others, 2013). 

The response of biotic communities to the widespread replacement of native riparian vegetation 
by Russian olive and tamarisk is varied and depends on species and context. Beavers typically browse 
more on native cottonwood than on Russian olive, which suppresses the cottonwood and gives Russian 
olive a competitive advantage (Lesica and Miles, 2001). Migrating birds that use riparian corridors as 
stopover sites typically prefer patches of cottonwood and willow more than tamarisk due to the greater 
structural diversity associated with the native types (Pocewicz and others, 2013). Although occurrence 
of Russian olive and tamarisk within stands of cottonwood may provide mid-canopy habitat for some 
songbirds, these invasives may not provide suitable habitat for cavity nesters (Katz and Shafroth, 2003; 
van Riper and others, 2008; Fischer and others, 2012). Tamarisk may increase fuel loads of riparian 
areas, although observed increases in fire frequency in some riparian areas may be due to the absence of 
scouring floods and resulting fuel accumulations on regulated rivers (Stromberg and Chew, 2002). 

Climate Change 

The structure and dynamics of riparian areas are strongly tied to climate, and recent climatic 
variation has affected snowpack and streamflow (Barnett and others, 2008). From the early 1900s to 
2005, for example, unregulated rivers north of Wyoming that are fed by snowmelt had increasingly 
greater winter flows, earlier spring run-off and peak flows, and significant decreases in late summer 
flows (Rood and others, 2008), possibly as a result of increasing temperatures. Continued warming 
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trends and altered precipitation are of particular concern for riparian communities in arid systems like 
the Wyoming Basin. 

Rapid Ecoregional Assessment Components Evaluated for Riparian Forests and Shrublands 

A generalized conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting riparian areas (fig. 10–1). Key ecological attributes addressed by the REA 
include: (1) the distribution of riparian areas, (2) landscape structure (area of riparian patches), and (3) 
landscape dynamics (fire occurrence and hydrologic regime) (table 10–1). The Change Agents 
evaluated were development, invasive species, and climate change (table 10–2). Ecological values and 
risks used to assess the conservation potential for riparian areas by fifth-level watershed are summarized 
in table 10–3. Core and Integrated Management Questions and the associated summary maps and graphs 
are provided in table 10–4. 

Methods Overview 

Riparian occurrence was mapped using LANDFIRE geospatial data for Existing Vegetation 
Types classified as riparian, ravine, or floodplain. Cross-validation with revised U.S. Geological Survey 
National Gap Analysis Program (reGAP) geospatial data and aerial imagery revealed spatial 
inaccuracies at a 30-meter (m) (98.43-feet [ft]) resolution, as indicated by poor correspondence among 
datasets for patch locations. Consequently, patch-based metrics could not be used reliably. However, 
there was general correspondence for the presence of riparian vegetation in watersheds. Therefore, we 
summarized landscape structure (total area and percent of watershed) for riparian vegetation by sixth-
level watershed. To identify large, connected riparian areas, we used an aggregation process to group 
riparian patches that were in close proximity to one another, which we assumed represented the 
structural connectivity of riparian patches. We identified riparian areas with a minimum patch size of 10 
hectares (ha) (24.71 acres) and a minimum corridor size of 3 ha (7.41 acres), based on the average size 
of riparian patches that are most useful to many wildlife species (Saab, 1999). Clusters of riparian 
patches within 760 m were further aggregated into connected patch complexes. 

We considered three specific Change Agents to riparian forests and shrublands: (1) development 
in riparian areas using ADI score, (2) flow disruption based on dams, and (3) potential expansion of 
invasives due to climatic change. The ADI scores were derived from watersheds coincident with 
riparian areas. The number of dams within 1 km (3,280 ft) of riparian areas was used as an index of the 
potential effects of streamflow changes on riparian function. We evaluated the risk of invasive species 
occurrence currently and for 2030 (covering the period from 2016–2030), 2060 (2046−2060), and 2090 
(2076−2090) based on available models developed using BLM field observations (Jarnevich and 
Reynolds, 2011; Jarnevich and others, 2011). We used BLM field observations collected between 1998 
and 2013 to build the invasive-species risk model because distribution maps of invasive plant species 
derived from LANDFIRE data have a high degree of uncertainty due to the difficulty of using remotely 
sensed imagery to distinguish native and invasive riparian species. Climate variables used in the model 
were derived from monthly averages of precipitation, minimum temperature, and maximum temperature 
using climate scenario II (Geophysical Fluid Dynamics Laboratory’s Coupled Climate model 2.1, 
emissions scenario A2) (Maurer and others, 2007). We trained the model with climate variables for the 
period 1980−2009 and used projected values for the climate variables for 2030, 2060, and 2090 to 
examine the potential for expansion of the bioclimatic conditions suitable for tamarisk and Russian 
olive, summarized by fifth-level watershed. We categorized the relative risk of expansion using equal 
breakpoints for probability of occurrence (that is, lowest <0.33, medium 0.34−0.66, and highest >0.67). 
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We compared modeled future distributions to recent distributions of Russian olive and tamarisk derived 
from BLM field observations and LANDFIRE, because regional surveys of invasive species are limited. 

Landscape-level ecological values (amount of riparian area) and risk (ADI score, number of 
dams, and recent presence of invasives) were compiled into an overall index of conservation potential 
for each fifth-level watershed (table 10–3). We ranked the size of riparian area within patch clusters as 
lowest, medium, or highest using equal subsets of the data. The conservation potential for riparian 
forests and shrublands was summarized by watershed, based on overall landscape-level values and risks 
(table 10–3). See Chapter 2—Assessment Framework, Chapter 6—Terrestrial Invasive Plant Species, 
and the Terrestrial Invasive Plant Species section in the Appendix for additional details on the methods.  

Landscape-level values and risks, and conservation potential rankings are intended to provide a 
synthetic overview of the geospatial datasets developed to address Core Management Questions in the 
REA. Because rankings are very sensitive to the input data used and the criteria used to develop the 
ranking thresholds, they are not intended as stand-alone maps. Rather, they are best used as an initial 
screening tool to compare regional rankings in conjunction with the geospatial data for Core 
Management Questions and information on local conditions that cannot be determined from regional 
REA maps. 
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Figure 10–1. Generalized conceptual model of riparian forests and shrublands in the Wyoming Basin Rapid 
Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the occurrence, 
structure, and dynamics of riparian forests and shrublands are shown in orange rectangles; additional 
ecological attributes are shown in blue rectangles; and key anthropogenic Change Agents that affect key 
ecological attributes are shown in yellow ovals. The dashed lines indicate components not addressed by the 
REA. Livestock is a Change Agent that was not evaluated due to lack of regionwide data. 

 

 
  



 269

Table 10–1. Key ecological attributes and associated indicators of baseline riparian forests and shrublands1 for 
the Wyoming Basin Rapid Ecoregional Assessment. 

Attribute Variables Indicators 

Amount and distribution Total area Distribution map derived from  LANDFIRE2 

Landscape structure Total area of riparian patches by 
watershed 

Percent of sixth-level watershed occupied by riparian 
patches3 

Landscape dynamics Fire occurrence  See Chapter 8—Streams and Rivers 

 Hydrologic regime See Chapter 8—Streams and Rivers 

1 Baseline conditions are used as a benchmark to evaluate changes in the area and landscape structure of riparian areas due to 
Change Agents. Baseline conditions are defined as the potential current distribution of riparian area derived from 
LANDFIRE without explicit inclusion of Change Agents (see Chapter 2—Assessment Framework). 
2 Riparian derived from LANDFIRE Existing Vegetation Types (Appendix). 
3 Total area of riparian patches summarized by sixth-level watershed due to local spatial inaccuracies in riparian patch 
perimeters precluding the use of patch-based metrics. 
 
 

Table 10–2. Anthropogenic Change Agents and associated indicators influencing riparian forests and shrublands 
for the Wyoming Basin Rapid Ecoregional Assessment. 

Change Agents Variables Indicators 

Development Aquatic Development Index 
(ADI)1 

Percent of riparian forests and shrublands in seven 
development classes 

  Percent of sixth-level watershed occupied by relatively 
undeveloped riparian patches 

 Presence of dams Number of dams per sixth-level watershed2 
 

Invasive species Russian olive and tamarisk 
occurrence 

Invasive species presence in sixth-level watershed 

 Potential risk for Russian olive 
and tamarisk occurrence3 

Potential risk for 1980−2009 (recent) 

Climate change Potential risk for Russian olive 
and tamarisk expansion3 

Projected risk of range expansion derived from the projected 
distribution of the bioclimatic envelope for 20304 

 Hydrologic regime change See Chapter 8—Streams and Rivers 

1 See Chapter 2—Assessment Framework. 
2 Occurrence information from Bureau of Land Management field offices in Wyoming Basin and LANDFIRE. 
3 Based on models developed by Jarnevich and Reynolds (2011) and Jarnevich and others (2011). 
4 Bioclimatic envelope for invasive species represents the climatic conditions conducive for Russian olive and tamarisk, 
derived from Jarnevich and Reynolds (2011) Jarnevich and others (2011). 
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Table 10–3. Landscape-level ecological values and risks for riparian forests and shrublands. Ranks were 
combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

[ha/km2, hectare per square kilometer; >, greater than] 
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2 
Values Riparian density 

(ha/km2) 
<6 6.1–6.8 >6.8 Riparian area (ha) per watershed 

area (km2) 
 

Risks Aquatic Development 
Index (ADI) 

<20  20–40  >40  Mean ADI score by watershed 
 

 Number of dams 0 1−3 >3 Number of dams by watershed 

 Invasive species risk <0.33 0.33−0.66 >0.66  Maximum invasive species 
probability of occurrence by 
watershed 

1 Fifth-level watershed was used as the analysis unit for conservation potential on the basis of input from Bureau of Land 
Management (see table A−19 in the Appendix).  
2 See tables 10–1 and 10–2 for description of variables. 
 
 
 

Table 10–4. Management Questions evaluated for riparian forest and shrublands in Wyoming Basin Rapid 
Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Core Management Questions Results 

Where are baseline riparian forests and shrublands, and what is their total area? Figure 10–2  
Where are the largest areas of riparian forests and shrublands in the Wyoming Basin? Figure 10–3 

Where does development pose the greatest threat to baseline riparian forests and shrublands, and 
where are the large, relatively undeveloped areas? 

Figures 10–4 and 10–5 

Where do dams pose an ongoing threat to downstream riparian areas? Figure 10–6 

Where are Russian olive and (or) tamarisk olive present? Figure 10–7 

Where could riparian vegetation be at risk from Russian olive and tamarisk expansion by 2030? Figure 10–8  

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for riparian forests and 
shrublands? 

Table 10–5, Figure 
10–9 

Where are the watersheds with the greatest landscape-level ecological values? Figure 10–10 

Where are the watersheds with the greatest landscape-level risks? Figure 10–11 

Where are the watersheds with the greatest conservation potential? Figure 10–12 
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Key Findings for Management Questions 

Where are baseline riparian forests and shrublands, and what is their total area (fig. 10–2)?  
• Riparian areas cover 3,776 square kilometers (km2) (1,458 square miles [mi2]), which represents 

only 2 percent of the Wyoming Basin project area. 
 
Where are the largest areas of riparian vegetation in the Wyoming Basin (fig. 10–3)? 
• The total area of riparian vegetation, by sixth-level watershed, varies from 0.001–27.2 km2 (0.0004–

10.5 mi2), with only 1.4 percent of watersheds (n = 1,629) lacking any riparian vegetation.  
• Watersheds in the Green River and central Big Horn drainages encompass the greatest total riparian 

area. 
• Watersheds in the Great Divide Basin (south-central Wyoming Basin), the White-Yampa drainages 

in Colorado, and just north of Casper have the lowest total area of riparian vegetation.  
• In sixth-level watersheds that encompass riparian areas, the total riparian area is between 0.2 percent 

and 19.3 percent (mean 2.1 percent) of the total watershed area. 
 
Where does development pose the greatest threat to baseline riparian forests and shrublands, and where are the 
large, relatively undeveloped areas (figs. 10–4 and 10–5)? 
• Most of the relatively undeveloped riparian areas occur at higher elevations in the Wind River 

Mountains and along upper reaches of streams (fig. 10–4). 
• Twenty-five percent of the total riparian area is relatively undeveloped (ADI score <20) and 15 

percent has an ADI score of >50, indicating high levels of development (fig. 10–5). 
• Riparian areas with higher levels of development occur along major rivers, including the Bighorn, 

lower Wind, Bear, North Platte, and Laramie Rivers. 
 
Where do dams pose an ongoing threat to downstream riparian areas (fig. 10–6)? 
• There are 589 dams within the Wyoming Basin, 88.3 percent of which are within 1 km (0.62 mi) 

upstream of a riparian area. The remaining dams lacked riparian areas in the downstream reach.  
• Dams are located in 22 percent of sixth-level watersheds, with up to seven dams are present per 

watershed (fig. 10–6). 
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Figure 10–2. Distribution of baseline riparian forests and shrublands in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Figure 10–3. Total riparian area by percent of sixth-level watershed in the Wyoming Basin Rapid Ecoregional 

Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Figure 10–4. Aquatic Development Index scores for riparian forests and shrublands, summarized by sixth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Figure 10–5. Area and percent of baseline riparian forests and shrublands as a function of the Aquatic 

Development Index score in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 10–6. (A) Dam locations and perennial streams and (B) and number of dams by sixth-level watershed in 

the Wyoming Basin Rapid Ecoregional Assessment project area. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Where are Russian olive and (or) tamarisk present (fig. 10–7)?  
• There are mapped occurrences of invasive species in riparian areas throughout the Bighorn Basin 

and in the southern areas of the Wyoming Basin. 
• Russian olive and tamarisk often co-occur within watersheds, especially in the Bighorn Basin. 
• Information on invasive species occurrence in the Wyoming Basin is extremely limited and 

represents a critical information gap. 
 
Where could riparian vegetation be at risk from Russian olive and tamarisk expansion by 2030 (fig. 10–8)? 
• Currently, the risk of Russian olive expansion is relatively low in most watersheds of the Wyoming 

Basin. 
• The highest risk for Russian olive expansion is in the Bighorn Basin, where it is widely distributed 

(fig. 10–8A). 
• In contrast, most watersheds in the Wyoming Basin are at a relatively high risk of tamarisk 

expansion, especially at lower elevations (fig. 10–8B). 
• By 2030, conditions conducive to Russian olive (using climate scenario II) are projected to expand 

in many watersheds, especially in the Bighorn Basin. The potential risk of expansion is relatively 
low throughout higher elevations and in the southeastern portion of the basin (fig. 10–8C). 

• In contrast, conditions conducive to tamarisk are projected to expand throughout the entire 
Wyoming Basin by 2030, indicating the potential for expansion into higher elevations where current 
conditions are not conducive to tamarisk (fig. 10–8D). 
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Figure 10–7. Presence of Russian olive and tamarisk, derived from Bureau of Land Management field office data 

and LANDFIRE data in the Wyoming Basin Rapid Ecoregional Assessment project area, summarized by fifth-
level watershed. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Figure 10–8. Relative risk of invasive species expansion, summarized by fifth-level watersheds for the Wyoming 

Basin Rapid Ecoregional Assessment project area. Current risk of expansion is derived from suitability models 
for (A) Russian olive and (B) tamarisk for recent climatic conditions (1980−2009). Future risk of expansion for 
(C) Russian olive and (D) tamarisk for projected climate scenario II (2016−2030). Expansion risk is lowest 
(probabilities <0.33), medium (probabilities from 0.34−0.66), and highest (probabilities >0.67). Probabilities 
derived from occurrence models developed by Jarnevich and Reynolds (2011) and Jarnevich and others 
(2011).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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How does risk from development vary by land ownership or jurisdiction for riparian forests and shrublands (table 
10–5, fig. 10–9)? 
• The majority of riparian areas is in private ownership or under Bureau of Land Management 

jurisdiction (table 10–5). 
• Private lands have relatively high risk from development whereas BLM and Forest Service lands 

have a much lower risk from development (fig. 10–9). 
 

Table 10–5. Area and percent of riparian areas by land ownership or jurisdiction in the Wyoming Basin Rapid 
Ecoregional Assessment project area.  

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of riparian 
Private 1,602 42.44 
Bureau of Land Management 1,188 31.45 
State/County 336 8.91 
Forest Service1 315 8.35 
Tribal 189 5.01 
Other Federal2 91 2.42 
Private conservation 45 1.18 

1 U.S. Department of Agriculture Forest Service. 
2 Department of Defense, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 

 

 
 
Figure 10–9. Relative ranks of risk from development, by land ownership or jurisdiction, for riparian areas in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest (Aquatic Development Index 
[ADI] score <20), medium (ADI score 20−40), and highest (ADI score >40). 
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Where are the watersheds with the greatest landscape-level ecological values (fig. 10–10)? 

 
 

Figure 10–10. Ranks of landscape-level ecological values for riparian forests and shrublands, summarized by fifth-
level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Values based on 
structural connectivity are summarized by fifth-level watershed (see table 10–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Where are the watersheds with the greatest landscape-level risks (fig.10–11)? 

 
 
Figure 10–11. Ranks of landscape-level ecological risks for riparian areas, summarized by fifth-level watershed, in 

the Wyoming Basin Ecoregional Assessment project area: (A) Aquatic Development Index, (B) presence of 
invasive species expansion, (C) number of dams, and (D) overall risks 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Where are the watersheds with the greatest conservation potential (fig. 10–12)? 

 

Figure 10–12. Conservation potential of riparian areas, summarized by fifth-level watershed, for the Wyoming 
Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that have 
the highest landscape-level values and the lowest risks. Lowest conservation potential identifies areas with the 
lowest landscape-level values and the highest risks. Ranks of conservation potential are not intended as stand-
alone summaries and are best interpreted in conjunction with the geospatial datasets used to address Core 
Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch10_Riparian/MapServer
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Summary 

Riparian forests and shrublands are sparsely and unevenly distributed throughout the Wyoming 
Basin and represent only 2 percent of the total project area. Except for portions of the Great Divide 
Basin, most watersheds have some riparian vegetation present. Most watersheds, particularly at lower 
elevations, have been affected negatively by development, most commonly by agriculture, energy, and 
dams. Private lands account for almost half of the total riparian area, with higher development pressure 
from the presence of roads, dams, industry, energy, and agriculture. Invasive species, specifically 
Russian olive and tamarisk, are present in many northern and some southern watersheds, but data on 
invasive species are quite limited regionwide. Surveys of invasive species may be useful in watersheds 
lacking Bureau of Land Management occurrence data and where risk of invasive species occurrence is 
high (LANDFIRE indicates that invasive species and the conditions conducive to invasive species 
occurrence are present; in other words, where watersheds have high risk of invasives expansion) (fig. 
10–6). Moderately sized and extensively connected and large but isolated high-density riparian areas in 
the Wyoming Basin may provide important refugia and stopover habitat for animals dispersing or 
migrating across expanses of sagebrush and desert shrubland. 
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Key Ecological Attributes 

Distribution and Ecology 

Sagebrush steppe is part of a vast semiarid desert system that extends north from northern 
Arizona and New Mexico to British Columbia and Saskatchewan, and from the eastern foothills of the 
Sierra Nevada and Cascade mountains to western North Dakota (Miller and others, 2011). It has been 
estimated that nearly half of the historical sagebrush shrublands may have been lost since Euro-
American settlement (Miller and others, 2011). The Wyoming Basin, where sagebrush steppe is the 
dominant land cover, encompasses some of the most intact, contiguous expanses of the remaining 
sagebrush steppe. 

 In the Wyoming Basin, sagebrush steppe is dominated by two subspecies of big sagebrush: 
basin big sagebrush and Wyoming big sagebrush, which typically occur between elevations of 914 and 
1,524 meters (m) (3,000 and 5,000 feet [ft], respectively) (Knight, 1994; Beetle and Johnson, 1982). A 
third subspecies, mountain big sagebrush, which typically occurs at higher elevations, is discussed in 
Chapter 13—Foothill Shrublands and Woodlands of this Rapid Ecoregional Assessment (REA). Basin 
big sagebrush is generally restricted to deep, fertile, and well-drained soils in valley bottoms and moist 
ravines, particularly in the Bighorn Basin and Wind River drainages and in the southwestern part of the 
ecoregion (Beetle and Johnson, 1982; Knight, 1994; Miller and others, 2011). Wyoming big sagebrush 
is more widespread in the Wyoming Basin, especially in warmer and drier upland settings (Knight, 
1994). Other common shrub species include silver, black, and low sagebrush and rabbitbrush. Grasses, 
especially bunchgrasses, and forbs occur as an understory and in openings between shrubs (Knight, 
1994).  

Snow, which is the primary form of precipitation in the Wyoming Basin, exerts a strong 
influence on the distribution of sagebrush species (Knight, 1994). Soil moisture is generally greatest in 
the spring during snowmelt, and it generally decreases in mid-to-late summer to levels that can lead to 
plant stress and dormancy (Schlaepfer and others, 2012a). Sagebrush root systems extend as much as 
1.9 m (6 ft) deep, thereby allowing access to more persistent soil moisture at lower depths (Schlaepfer 
and others, 2012a). Big sagebrush reproduces solely from seed, and although mature plants can tolerate 
summer drought, successful seedling establishment is generally believed to require below average 
temperatures and above average moisture early in the summer (Knight, 1994). Sagebrush seeds lack 
morphological characteristics that promote dispersal; thus, most seeds fall within 1 meter (3 ft) of the 
parent plant, although they can be blown considerable distances (Jacobs and others, 2011).  

Landscape Structure and Dynamics 

Sagebrush steppe, grasslands, and desert shrublands, which include saltbush and greasewood, 
can form heterogeneous mosaics in the Basin (Knight, 1994). The relative dominance of the various 
vegetation types depends on differences in precipitation, temperature, soils, topography, and past 
disturbance; historically this included fire and grazing by American bison and other large ungulates 
(Mack and Thompson, 1982; Miller and others, 2011). Big sagebrush is less tolerant of saturated or 
high-salinity soils than desert shrubland species, which can be dominant in those soil conditions 
(Knight, 1994; see Chapter 12—Desert Shrublands). Basin grasslands may become established 
immediately after fire in sagebrush steppe but also may occur locally where water is more limiting 
(Knight, 1994). Mixed grass and shortgrass prairies, which are common east of the Wyoming Basin, 
mostly fall within the project area buffer around the eastern ecoregion boundary. 
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Snowfall is typically greater west of the Continental Divide, which promotes large, high-density 
patches of sagebrush. East of the Divide, where snowfall is less reliable, sagebrush tends to be more 
sparse and patchy (Knight, 1994), and Wyoming big sagebrush sometimes forms small, isolated patches 
that are approximately 15 m (49.2 ft) across and taller and denser than the surrounding sagebrush. One 
hypothesis to explain this patch structure is that silt or sand accumulate on the lee side of taller shrubs, 
which also helps to accumulate snow. The favorable soil and moisture conditions subsequently promote 
increased establishment and growth of sagebrush in adjacent areas otherwise not conducive to Wyoming 
big sagebrush (Knight, 1994). The activities of burrowing small mammals, such as pygmy rabbits, can 
also create conditions favorable for the establishment of sagebrush in otherwise unsuitable contexts 
(Rowland and Leu, 2011).  

Historically, sagebrush steppe frequently occurred in complex mosaics composed of stands in 
various successional stages resulting from natural disturbances, such as fire, drought, and insect 
outbreaks (Baker, 2011). Postfire recovery can take many decades because big sagebrush cannot 
resprout after burning and requires a local seed source for recolonization of burned patches. Because big 
sagebrush seeds generally do not disperse far and postfire survivorship is low, recovery rates of large 
burned areas can exceed 75 years, although recovery rates are highly variable (Baker, 2011).  

Historical fire regimes and the effects of fire on landscape structure and dynamics of sagebrush 
steppe are poorly understood (Miller and others, 2011; Bukowski and Baker, 2013). Recent evidence 
suggests, however, that fire occurrence may have been less frequent and more variable spatially and 
temporally than commonly assumed (Miller and others, 2011). A recent study indicates that fire-rotation 
intervals varied from 171 to 342 years in Wyoming big sagebrush (Bukowski and Baker, 2013). 
Sagebrush lacks the fire adaptations observed in chaparral systems that historically had fire rotations on 
the order of 80 years, which is consistent with evidence of longer historical fire rotations in sagebrush 
(Baker, 2011). Such long fire rotations suggest that the occurrence of large fire years in sagebrush 
steppe is largely driven by climate and weather. Large, infrequent fires have accounted for much of the 
area burned, especially after a series of wet years that promoted a high continuity of fine fuels; 
generally, such periods are followed by long periods with smaller fires (Baker, 2011). Consequently, 
landscape structure has varied with time since the last episode of large fires (Bukowski and Baker, 
2013). Slow recovery after fire can lead to fire-related variation in sagebrush density across the 
landscape for decades (Lesica and others, 2007; Wambolt and others, 2001). Historically, long fire 
rotations allowed sagebrush to reach maturity and dominate unbroken expanses for prolonged periods 
before the next large fire shifted dominance to grasslands and resprouting shrubs (Bukowski and Baker, 
2013). 

Associated Species of Management Concern 

Sagebrush steppe supports a diversity of wildlife, including obligate and facultative sagebrush 
species such as pronghorn, white-tailed prairie dog, Great Basin pocket mouse, sagebrush sparrow, 
Brewer’s sparrow, sage thrasher, and sagebrush lizard (Keinath, 2004; Rowland and others, 2011). 
Species that occur in sagebrush steppe and mountain big sagebrush (in foothill shrublands and 
woodlands) evaluated as Conservation Elements for this REA include pygmy rabbit, greater sage-
grouse, sagebrush sparrow, Brewer’s sparrow, and sage thrasher.  
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Change Agents 

Development 

Energy and Infrastructure 

Energy development, one of the fastest growing threats to sagebrush steppe, is resulting in 
fragmentation, degradation, and loss of sagebrush and associated species (Finn and Knick, 2011; Knick, 
Hanserand others, 2011). Most of the recent energy development has occurred in several oil and gas 
fields, where shrubland patch sizes have decreased by 45 percent, largely because of roads developed to 
accommodate energy development (Finn and Knick, 2011). Some of the largest reserves of oil and gas 
and some of the best areas for potential wind development occur within the sagebrush steppe (Connelly 
and others, 2004), so future energy development is likely to further degrade this system (Finn and 
Knick, 2011).  

Agricultural Activities 

Agricultural drivers of change include mechanical and chemical treatments used to enhance 
livestock forage, some grazing practices, and conversion to cropland (Knick and others, 2011). Because 
sagebrush is not valued as forage for most livestock, it is frequently removed through prescribed 
burning or mechanical or herbicide treatments to promote and maximize the growth of grasses and forbs 
that support livestock grazing and game species such as elk (Rowland and Leu, 2011). After sagebrush 
removal, these areas are frequently seeded with nonnative grasses and forbs (Knick and Rotenberry, 
1997). Historically, conversion to cropland also was a major source of loss and fragmentation in 
sagebrush steppe. By the mid-20th century, much of the arable land in sagebrush steppe was already 
converted to agriculture, but genetic modification of crops (for example, to increase drought tolerance) 
is widening the range of conditions in which some crops may be grown, so conversion from sagebrush 
steppe to cropland continues in some regions (Knick and others, 2011), generally outside of the 
Wyoming Basin (Sage-Grouse Initiative, 2015). Soils and biotic communities can be so altered by 
agricultural activities that sagebrush restoration becomes extremely difficult. 

Biological soil crusts, highly specialized communities of cyanobacteria, mosses, and 
lichens, have been shown to play an important role in the ecology and resilience of sagebrush steppe on 
the Colorado Plateau and in the Great Basin (Belnap and Lange, 2003). In the desert Southwest, soil 
crusts are highly vulnerable to damage from livestock, but in the Wyoming Basin, they may play a more 
limited role and may be less sensitive to grazing as a result of evolutionary exposure to large herbivores 
(Muscha and Hild, 2006). Information for the Wyoming Basin, however, is limited and more research 
would help to clarify the ecological role and sensitivity of soil crusts in this ecoregion. 

Altered Fire Regime 

Until recently, it was believed that frequent prescribed burning, chaining, or other forms of 
disturbance were beneficial to sagebrush systems and associated wildlife species (Stoddart and others, 
1975). Furthermore, fire suppression and the reduction of fine fuels from heavy livestock grazing are 
generally viewed as having led to diminished fire frequency in sagebrush steppe (Bukowski and Baker, 
2013); however, a recent reconstruction of landscape structure and fire regimes using General Land 
Survey notes from the late 1800s challenges many assumptions about the role of fire in sagebrush steppe 
(Bukowski and Baker, 2013). Fire rotations in sagebrush steppe may have been longer than previously 
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assumed, indicating that fire suppression may have limited effects on natural fire rotations in sagebrush 
steppe in the Wyoming Basin (Baker, 2011). It also has been suggested that dense stands of sagebrush 
may be promoted by grazing and fire suppression; however, dense sagebrush was common historically 
(Bukowski and Baker, 2013).  

Cheatgrass invasion can increase fire frequency. This has occurred throughout much of the 
northern Great Basin and Snake River Plain (Miller and others, 2011), but it is much less common in the 
Wyoming Basin, where current fire rotations are similar to historical fire regimes (Bukowski and Baker, 
2013). In contrast, heterogeneity within the fire perimeter may differ from historical patterns. On 
average, recent fires have left 20 percent of the area unburned compared to an estimated 3.5 percent left 
unburned historically (Bukowski and Baker, 2013). The greater patchiness observed within recent burns 
may result from many roads and reduction of fine fuels by grazing, which reduces fuel continuity and 
could result in greater patchiness within burn perimeters (Bukowski and Baker, 2013).  

Another common view is that altered fire regimes and recent periods of favorable climate have 
contributed to juniper expansion into sagebrush steppe (Davies and others, 2011; Miller and others 
2011). An alternative hypothesis is that the ecotone between juniper woodlands and sagebrush-
dominated communities in the western United States is naturally dynamic in response to climate 
variability over decades or centuries (Romme and others, 2009; Bukowski and Baker, 2011). Although 
juniper may be expanding locally in many areas, evidence of range-wide expansion of juniper into 
sagebrush is equivocal (Romme and others, 2009). Altered fire rotations (historically on the order of 
150−600 years) in the sagebrush-juniper ecotone are not expected to be the primary factor limiting 
juniper expansion (Bukowski and Baker, 2011). Other potential causes of juniper expansion include loss 
of competition from native grasses and forbs, enhanced seed dispersal related to livestock grazing, 
natural recovery from past disturbances, and climate conditions conducive to tree establishment (Baker, 
2011). Consequently, restoration of fire regimes to historical conditions may not be effective at 
eliminating juniper expansion (Baker, 2011; Bukowski and Baker, 2013) (see Chapter 17—Juniper 
Woodlands). 

Bukowski and Baker (2013) acknowledge that their analysis results carry some degree of 
ambiguity and uncertainty; nevertheless, their results challenge many widely held views about historical 
sagebrush steppe landscapes, and they suggest that sagebrush systems may have considerable inherent 
variation that cannot be generally assumed to be the result of human activities. Consequently, 
restoration of sagebrush systems will benefit from local-scale analysis of past sagebrush conditions 
(Bukowski and Baker, 2013). Baker (2011) and Bukowski and Baker (2013) caution that the increasing 
use of prescribed fire and other factors, such as invasive species and climate change, that can alter fire 
frequency and intensity could reduce the distribution and abundance of sagebrush. The cumulative 
effects of the large-scale loss and fragmentation of sagebrush ecosystems from development, 
compounded by the long recovery times for sagebrush steppe increase the concern that large fires could 
have detrimental effects on the distribution and integrity of sagebrush ecosystems (Baker, 2011). 

Invasive Species 

In the Wyoming Basin, nonnative plant species, including cheatgrass, crested wheatgrass, 
Russian thistle, and halogeton are threatening the integrity of sagebrush steppe (Nielsen and others, 
2011). Cheatgrass is of particular concern. Currently, cheatgrass dominance occurs only in localized 
areas of the Wyoming Basin, but because it is widely distributed, typically at low densities, throughout 
the Basin, its potential to spread rapidly after fire is a significant management concern. 
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Climate Change 

Climate change has the potential to affect the distribution of sagebrush steppe within the 
Wyoming Basin. Because the range of projected temperatures for the Wyoming Basin are within the 
range tolerated by sagebrush, the degree to which sagebrush steppe expands or contracts likely will 
depend on the amount and timing of precipitation (Schlaepfer and others, 2012b). The interactive effects 
of climate change and nonnative species could result in shorter fire-return intervals, which could lead to 
conversion of sagebrush to annual grasslands (Rowland and Leu, 2011). 

Rapid Ecoregional Assessment Components Evaluated for Sagebrush Steppe 

A generalized, conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting sagebrush steppe (fig. 11–1). Key ecological attributes addressed by the REA 
include (1) the distribution of sagebrush, (2) landscape structure (patch sizes and structural 
connectivity), and (3) landscape dynamics (fire occurrence and sagebrush-juniper ecotone dynamics) 
(table 11–1). The Change Agents evaluated include development and climate change (table 11–2). 
Ecological values and risks used to assess the conservation potential of sagebrush steppe by township 
are summarized in table 11–3. Core and Integrated Management Questions and the associated summary 
maps and graphs are provided in table 11–4. 

Methods Overview  

To map the baseline distribution of sagebrush steppe, we included all sagebrush LANDFIRE 
Existing Vegetation Types except for mountain big sagebrush, which is included in the foothill 
shrublands and woodlands community. We also included adjacent, low-elevation (< 2,600 m [8,530 ft]) 
grassland areas, which include postfire sagebrush steppe classified as grasslands and prairie grasslands 
that occur outside the ecoregion but within the project area buffer. All grassland Existing Vegetation 
Type cells within a 210-m (689-ft) buffer that were dominated by sagebrush steppe were included in the 
sagebrush steppe community.  

We assessed development levels in sagebrush steppe using the Terrestrial Development Index 
(TDI) map, and used the resulting output to calculate patch size and structural connectivity metrics. We 
mapped the structural connectivity of relatively undeveloped areas (TDI score <1 percent) at three 
interpatch distances on the basis of connectivity analysis; local (0.45 km [0.28 mi]), landscape (2.46 km 
[1.53 mi]), and regional (3.18 km [1.98 mi]) levels. We used development levels to identify areas that 
may function as barriers or corridors by overlaying relatively undeveloped habitat patches on the TDI 
map. To assess fire frequency and extent, the perimeters of fires in sagebrush steppe since 1980 were 
compiled from several data sources (table 11–1). 

To evaluate potential change in the distribution of sagebrush steppe, we used the sagebrush 
shrublands bioclimatic envelope model developed by Rehfeldt and others (2012) for climate scenario I, 
the Canadian Centre for Climate Modelling and Analysis Model version 3 (CCCM3) (emissions 
scenario A2) in 2030. It is important to note that their biome classification included mountain big 
sagebrush in sagebrush shrublands. Current and projected bioclimatic envelopes were used to identify 
areas where sagebrush steppe had the potential to increase, decline, or remain the same. We then 
overlaid the resulting map with the baseline sagebrush steppe map to identify existing areas that have 
the potential to change for climate scenario I. 
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Landscape-level ecological values (area of sagebrush steppe) and risk (TDI score) were 
compiled into an overall index of conservation potential for each township (table 11–3). See Chapter 
2—Assessment Framework and the Appendix for additional details on the methods. Landscape-level 
values and risks, and conservation potential rankings are intended to provide a synthetic overview of the 
geospatial datasets developed to address Core Management Questions in the REA. Because rankings are 
very sensitive to the input data used and the criteria used to develop the ranking thresholds, they are not 
intended as stand-alone maps. Rather, they are best used as an initial screening tool to compare regional 
rankings in conjunction with the geospatial data for Core Management Questions and information on 
local conditions that cannot be determined from regional REA maps. 

 
 

 
 
Figure 11–1. Generalized conceptual model for sagebrush steppe for the Wyoming Basin Rapid Ecoregional 

Assessment (REA). Biophysical attributes and ecological processes regulating the occurrence, structure, and 
dynamics of sagebrush steppe are shown in orange rectangles; additional ecological attributes are shown in 
blue rectangles; and anthropogenic Change Agents that affect key ecological attributes are shown in yellow 
ovals. The dashed lines indicate components not addressed by the REA. Livestock and invasive plants are 
Change Agents that were not addressed for sagebrush steppe because of the lack of region-wide data. 
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Table 11−1.  Key ecological attributes and associated indicators of baseline sagebrush steppe1 for the Wyoming 
Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and 
distribution 

Total area Distribution derived from LANDFIRE1 

Landscape 
structure 

Patch size Patch-size frequency distribution 

Structural connectivity2 Inter-patch distance that provides an index of structural 
connectivity for baseline patches at local, landscape, and 
regional (0.06 km; 0.04 mi) levels 

Landscape 
dynamics 

Fire occurrence3 Locations of fires and annual area burned since 1980  

Sagebrush-juniper ecotone 
dynamics 

See Chapter 17— Juniper Woodlands 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of sagebrush 
steppe due to Change Agents. Baseline conditions are defined as the potential current distribution of sagebrush steppe 
derived from LANDFIRE Existing Vegetation Types without explicit inclusion of Change Agents (see Chapter 2—
Assessment Framework and the Appendix).  
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not reflect 
species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
3 See Wildland Fire section of the Appendix. 
 
 

Table 11−2.  Anthropogenic Change Agents and associated indicators influencing sagebrush steppe for the 
Wyoming Basin Rapid Ecoregional Assessment.  

[mi2, square miles; km, kilometer; mi, mile] 

Change Agents Variables Indicators 

Development Terrestrial Development 
Index1 

Percent of sagebrush in seven development classes using a 16-km2 
(6.18-mi2) moving window 

Patch size frequency distribution for sagebrush steppe that is 
relatively undeveloped or has a low development score compared to 
baseline conditions 

 Inter-patch distances that provide an index of structural 
connectivity for relatively undeveloped patches at local (0.45 km; 
0.28 mi), landscape (2.46 km; 1.53 mi), and regional (3.18 km; 1.98 
mi) levels 

Climate change Projected temperature and 
precipitation 

Potential distribution of sagebrush steppe derived from the 
projected distribution of the bioclimatic envelope in 20302 

1 See Chapter 2—Assessment Framework. 
2 Bioclimatic envelope represents the climatic conditions conducive for sagebrush shrublands, derived from Rehfeldt and 
others (2012) for climate scenario I (Canadian Centre for Climate Modelling and Analysis Model, ver. 3, emissions scenario 
A2). 
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Table 11−3.  Landscape-level ecological values and risks for sagebrush steppe. Ranks were combined into an 
index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2  
Values Area 

 
<35 35−79 >79 Percent of township classified 

as sagebrush steppe 

Risks Terrestrial Development 
Index (TDI) 

<1 1−3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for each Conservation Element to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A-19 in the Appendix). 
2 See tables 11–1 and 11–2 for description of variables. 

Table 11−4.  Management Questions addressed for sagebrush steppe for the Wyoming Basin Rapid Ecoregional 
Assessment.  

Core Management Questions Results 

Where is baseline sagebrush steppe, and what is the total area? Figure 11–2 

Where does development pose the greatest threat to baseline sagebrush steppe, and where are the 
relatively undeveloped areas? 

Figures 11–3 and 11–4 

How has development fragmented baseline sagebrush steppe, and where are the large, relatively 
undeveloped patches? 

Figures 11–5 and 11–6 

How has development affected the structural connectivity of sagebrush steppe relative to baseline 
conditions? 

Figure 11–7 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped sagebrush steppe patches? 

Figure 11–8 

Where are sagebrush-juniper ecotones with potential for juniper expansion? Chapter 17— Juniper 
Woodlands 

Where have recent fires occurred in baseline sagebrush steppe, and what is the total area burned 
per year? 

Figures 11–9 and 11–
10 

What is the potential distribution of sagebrush steppe in 2030? Figure 11–11 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for sagebrush steppe? 
 

Table 11–5, Figure 
11–12 

Where are the townships with the greatest landscape-level ecological values? Figure 11–13 

Where are the townships with the greatest landscape-level risks? Figure 11–13 

Where are the townships with the greatest conservation potential?  Figure 11–14 
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Key Findings for Management Questions 

Where is baseline sagebrush steppe, and what is the total area (fig. 11–2)?  
• Sagebrush steppe is the dominant community in the Wyoming Basin and covers 90,085 square 

kilometers (km2) (34,782 square miles [mi2]), which is about half of the project area. 
• Sagebrush steppe includes early successional postfire sagebrush, some of which has been converted 

to cheatgrass. Prairie grasslands occur as large patches along the east side of the project area, outside 
of the ecoregion proper. 

 
Where does development pose the greatest threat to sagebrush steppe, and where are the relatively undeveloped 
areas (figs. 11–3 and 11–4)? 
• Development is widely distributed across sagebrush steppe within the Wyoming Basin (fig. 11–3).  
• A total of 23.5 percent of the sagebrush steppe is relatively undeveloped (TDI score <1 percent), and 

approximately 21 percent has high levels of development, as indicated by TDI scores >5 percent 
(fig. 11–4). 

 
How has development fragmented baseline sagebrush steppe, and where are the large, relatively undeveloped 
patches (figs. 11–5 and 11–6)? 
• Baseline sagebrush steppe patches are generally very large, with approximately 44 percent occurring 

in patches >5,000 km2 (1,930.5 mi2) and 74 percent occurring in patches >500 km2 (193.1 mi2) (fig. 
11–5). 

• Development has effectively fragmented sagebrush steppe into smaller patches relative to baseline 
conditions. All relatively undeveloped sagebrush steppe occurs in patches <5,000 km2 (1,930 mi2).  

• The largest relatively undeveloped patches are northeast and southeast of Rock Springs (fig. 11–6). 
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Figure 11–2. Distribution of baseline sagebrush steppe in the Wyoming Basin Rapid Ecoregional Assessment 

project area. Grasslands include early succession postfire sagebrush and other grassland types that occur in 
areas dominated by sagebrush steppe. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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Figure 11–3. Terrestrial Development Index scores for sagebrush steppe in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer


 300

 
 
Figure 11–4. Area and percentage of baseline sagebrush steppe as a function of the Terrestrial Development 

Index score in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 11–5. Area of sagebrush steppe as a function of patch size for baseline conditions and two development 

levels: (1) Terrestrial Development Index (TDI) score <3 percent, and (2) TDI score <1 percent (relatively 
undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project area.  
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Figure 11–6. Patch sizes of sagebrush steppe in the Wyoming Basin Rapid Ecoregional Assessment project 

area for (A) baseline conditions and (B) relatively undeveloped (Terrestrial Development Index score <1 
percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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How has development affected the structural connectivity of sagebrush steppe relative to baseline conditions (fig. 
11–7)? 
• Baseline sagebrush steppe is highly connected, with local, landscape, and regional connectivity 

occurring at an interpatch distance of 0.06 km (0.04 mi). 
• Development has greatly diminished the structural connectivity of the largest patches of relatively 

undeveloped sagebrush steppe. Relatively undeveloped areas are highly fragmented and local-level 
connectivity is 0.45 km (0.28 mi), landscape-level connectivity is 2.46 km (1.53 mi), and regional-
level connectivity is 3.18 km (1.98 mi). 

• Patches of highly connected, relatively undeveloped areas (local, landscape, and regional 
connectivity) are distributed throughout the Basin. Areas with high local- and landscape-level 
connectivity may facilitate dispersal and seasonal movements of organisms sensitive to disturbance, 
whereas sagebrush steppe with only regional-level connectivity may have value as stepping stones 
or stopover sites across developed or otherwise unsuitable habitat. 
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Figure 11–7. Structural connectivity of relatively undeveloped patches of sagebrush steppe in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly connected 
patches. Blue polygons include patches that contribute to landscape and regional connectivity. Orange 
polygons represent isolated clusters of patches surrounded by developed areas or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively undeveloped 
sagebrush steppe patches (fig. 11–8)? 

 
 
Figure 11–8. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) score for 

lands surrounding relatively undeveloped foothill shrublands and woodlands.  Higher TDI scores (for example, 
>5 percent) represent potential barriers to movement among relatively undeveloped patches. Lower TDI scores 
(for example, <2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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Where have recent fires occurred in baseline sagebrush steppe, and what is the total area burned per year (figs. 
11–9 and 11–10)? 
• Typically only a small fraction of sagebrush steppe has burned each year since 1980. Cumulatively, 

3.6 percent (3,217 km2 [1,242.1 mi2]) of sagebrush steppe has burned since 1980. 
• In most years, fires were small and burned only a small part of sagebrush steppe with most of the 

area burned by fires occurring in 1996 and 2000 (figs. 11–9 and 11–10). 
 
What is the potential distribution of sagebrush steppe in 2030 (fig. 11–11)? 
• The distribution of bioclimatic conditions conducive for sagebrush shrublands is projected to 

contract by 2030 for climate scenario I (fig. 11−11A), with the potential for considerable contraction 
in the distribution of sagebrush steppe (fig. 11−11B). The central part of the Wyoming Basin may 
provide a stronghold for sagebrush steppe for this climate scenario.  

• By 2090, all three climate scenarios projected the potential for broad-scale contraction of the 
sagebrush shrublands envelope within the Basin; figure 2−18 includes additional climate scenarios 
and time periods. These results indicate the potential vulnerability of sagebrush steppe to projected 
climate change. 

• An ensemble climate model projected little change in the distribution of sagebrush shrublands in the 
Wyoming Basin (Schlaepfer and others, 2012b) because precipitation can vary considerably among 
climate projections. The difference in results among studies suggests that sagebrush shrublands may 
be most sensitive to decreases in precipitation but more tolerant of the projected temperature 
increases. 

 
 

 
 
Figure 11–9. Annual area burned by wildfires and prescribed fires in baseline sagebrush steppe since 1980 in 

the Wyoming Basin project area. 
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Figure 11–10. Occurrence of wildfires and prescribed fires in baseline sagebrush steppe since 1980 in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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Figure 11–11. Potential effects of climate change on sagebrush shrublands in the Wyoming Basin Rapid 

Ecoregional Assessment project area. (A) Projected changes in the bioclimatic envelope for sagebrush 
shrublands derived from Rehfeldt and others (2012) for climate scenario I in 2030. Orange indicates areas with 
potential for decline because current and projected envelope distributions do not coincide. Black indicates 
areas not expected to change because the current and projected envelope distributions overlap. Blue indicates 
potential for expansion into areas that are outside the current envelope distribution. (B) Potential changes in 
baseline sagebrush shrublands derived from overlap with the projected bioclimatic envelope distribution (as 
represented in A).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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How does risk from development vary by land ownership or jurisdiction for sagebrush steppe (table 11–5, fig. 11–
12)? 
• Currently, the Bureau of Land Management (BLM) manages about half of all sagebrush steppe in 

the Wyoming Basin (table 11–5).  
• Compared to all other lands, BLM lands encompass the lowest proportion of sagebrush steppe with 

the greatest risk from development compared to all other land ownerships or jurisdictions (fig. 11–
12).  

• Tribal lands encompass the greatest proportion of sagebrush steppe with the lowest risk from 
development, followed by all Federal lands, including BLM lands (fig. 11–12). 

 

Table 11−5.  Area and percentage of sagebrush steppe by land ownership or jurisdiction in the Wyoming Basin 
Rapid Ecoregional Assessment project area. 

[km2, square kilometers] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 46,472 51.6 
Private 29,902 33.7 
State/County 6,194 6.9 
Tribal 4,127 4.6 
Other Federal1 2,883 3.2 
Private conservation 440 0.5 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, U.S. Department of 
Agriculture Forest Service, and U.S. Fish and Wildlife Service. 
 
 

 
 
Figure 11–12. Relative ranks of risk from development, by land ownership or jurisdiction, for sagebrush steppe in 

the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest (Terrestrial Development 
Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and highest (TDI score >3 percent). 
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Where are the townships with the greatest landscape-level ecological values and where are the townships with the 
greatest landscape-level risks (fig. 11–13)? 

 
 
Figure 11–13. Ranks of landscape-level ecological values and risks for sagebrush steppe, summarized by 

township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-level values 
based on area, and (B) landscape-level risks based on Terrestrial Development Index (see table 11–3 for 
overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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Where are the townships with the greatest conservation potential (fig. 11–14)? 

 
 
Figure 11–14. Conservation potential of sagebrush steppe, summarized by township, in the Wyoming Basin Rapid 

Ecoregional Assessment project area. Highest conservation potential identifies areas that have the highest 
landscape-level values and the lowest risks. Lowest conservation potential identifies areas with the lowest 
landscape-level values and the highest risks. Ranks of conservation potential are not intended as stand-alone 
summaries and are best interpreted in conjunction with the geospatial datasets used to address Core 
Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch11_Sagebrush_Steppe/MapServer
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Summary 

Sagebrush steppe is widely distributed in the Wyoming Basin, accounting for approximately 
53.4 percent of the project area. Development is pervasive and only 23.5 percent of the sagebrush steppe 
in the Basin is relatively undeveloped. Although sagebrush steppe was once highly connected within the 
Basin, development (including roads, energy, and agriculture) has fragmented and decreased the 
structural connectivity of sagebrush steppe. Much of the sagebrush steppe that remains relatively 
undeveloped occurs in scattered patches, most of which are <1,000 km2 (386.1 mi2); only two patches of 
relatively undeveloped sagebrush steppe >1,000 km2 (386.1 mi2) remain within the Basin, representing 
<4 percent of the total area of baseline sagebrush steppe.  

Data limitations make it difficult to evaluate regional patterns in sagebrush steppe dynamics 
because the dynamics occur on a time scale of decades to centuries. Given these limitations, there was 
little evidence to support widespread risk of either juniper expansion or altered fire regimes in the 
Wyoming Basin as a result of human activities; thus, human-caused expansion of juniper woodlands 
into sagebrush steppe does not appear to be a regionwide problem (see Chapter 17—Juniper 
Woodlands). Since 1990, little sagebrush steppe has burned in the Wyoming Basin, therefore recent 
fires appear to be consistent with the frequency and size of historical fire patterns (see Chapter 5—
Wildland Fire). If cheatgrass becomes more common in the region, however, fire could pose a much 
greater threat in the future.  

On the basis of current rates of development, particularly for energy development, sagebrush 
steppe is expected to undergo further fragmentation, loss, and degradation. The potential risk from 
invasive species and projected climate change could further compound these problems.  
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Key Ecological Attributes 

Distribution and Ecology 

Cold desert shrublands occur throughout the Intermountain West and Great Basin in areas with 
cold winters, low amounts of precipitation, and saline soils (West and Young, 2000). In the Wyoming 
Basin, desert shrublands have a short growing season of fewer than 150 frost-free days per year 
(Beauvais, 2008). Water stress occurs frequently in desert systems because potential annual 
evapotranspiration can greatly exceed annual precipitation, which is usually less than 25 centimeters 
(cm) (9.84 inches [in]) (Knight, 1994). Strong and persistent winds can further decrease soil moisture 
(Beauvais, 2008). During wet periods, water can accumulate in depressions or flat areas, and the high 
rates of evaporation in desert shrublands can result in high levels of salinity in these areas (Knight, 
1994). Most plants that grow in desert shrublands, such as saltbush and greasewood, have adaptations 
that allow them to tolerate high levels of salinity (known as halophytes) (West and Young, 2000). 
Furthermore, many cold desert shrubs are evergreen and have root systems that are large relative to their 
aboveground biomass, both of which are adaptations to drought and short growing seasons (West and 
Young, 2000). As a result of the combined stresses of high salinity levels and minimal precipitation 
amounts, species diversity and plant cover, especially for shrubs, is generally lower than it is in the more 
mesic sagebrush steppe and grasslands (Knight, 1994; Barbour and others, 1999).  

Knight (1994) described five characteristic plant communities in desert shrublands of the 
Wyoming Basin: (1) greasewood desert shrublands, (2) mixed desert shrublands (also known as 
sagebrush semideserts), (3) saltbush desert shrublands (also known as salt desert scrub), (4) basin 
grasslands, and (5) saltgrass meadows. The distributions of these communities are strongly influenced 
by water availability, soil characteristics, and topography (Knight, 1994; West and Young, 2000). 
Greasewood desert shrublands and saltgrass meadows occur in relatively wet depressions, whereas 
mixed desert shrublands, saltbush desert shrublands, and basin grasslands occur in dryer upland settings. 
Greasewood, which does not tolerate prolonged drought, occurs along the edges of playas, rivers, and 
creeks where the water table usually remains within 1 meter (m) (3.26 feet [ft]) of the surface (West and 
Young, 2000). Although greasewood can form monoculture stands, it also occurs in association with 
shadscale, big sagebrush, and grasslands. Greasewood is uncommon, however, in depressions where 
sodium levels are high enough to result in soil chemical properties that impede the infiltration of water. 
Like greasewood, saltgrass meadows also occurs in wetter areas, but often where the water table is 
deeper than 1 m (3.28 ft) (West and Young, 2000). Plant species typical of saltgrass meadows include 
inland saltgrass, alkaligrass, alkali sacaton, and alkali cordgrass. Halophytic forbs, such as Rocky 
Mountain glasswort, may form concentric bands surrounding wetlands and topographic depressions. 

Mixed desert shrublands, which occur in areas where soil moisture is less dependable, typically 
include big sagebrush, bud sagewort, shadscale, winterfat, and Gardner saltbush. Although Wyoming 
big sagebrush is common in mixed desert shrublands, it is typically restricted to areas where the soil is 
less saline, including ravines and dry washes. In basin grasslands, blue grama and western wheatgrass 
are among the dominant plants, and shrubs are rare. Saltbush desert shrublands generally occur in the 
most arid portions of the Basin and consequently vegetative cover is often extremely sparse. Alkali 
sagebrush, birdfoot, and bud sageworts, Gardner saltbush, and western wheatgrass are some the few 
species that can tolerate the harsh conditions, which include extreme moisture stress and alkaline soils 
with low infiltration rates, although the soils can vary in salinity levels. 
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Landscape Structure and Dynamics 

At the ecoregion level, variations in soil condition and moisture availability produce mosaics of 
desert shrublands and sagebrush steppe across the Intermountain basins. Although sagebrush steppe is 
generally dominant throughout the Wyoming Basin, there are large areas of desert shrublands in the 
Bighorn Basin and the Red Desert in the Great Divide Basin. Sharp gradients in soil conditions and 
moisture can lead to sudden transitions between desert shrublands and sagebrush steppe communities, as 
well as between different types of desert shrubland communities (Knight, 1994). As a result, the system 
is heterogeneous across a broad range of spatial scales. 

The dynamics of desert shrublands are influenced by drought and herbivory. Due to the 
prevalence of water stress in desert shrublands, prolonged or severe drought can be a major disturbance 
agent, and multi-year droughts can lead to die-backs in the shrub canopy (Baisdell and Holmgren, 
1984). Herbivory during outbreaks of insects, including grasshoppers, Mormon crickets, borers, and 
cutworms; irruptions of jackrabbits or other mammals with cyclic population fluctuations; or intense 
browsing by large ungulates also may cause major disturbances (West and Young, 2000). Desert 
shrublands seem to be more sensitive to grazing than grasslands of the Great Plains, where bison 
populations were probably more numerous (Mack and Thompson, 1982). Severe droughts may 
exacerbate the effects of herbivory (West and Young, 2000). 

Historically, fire in most desert shrublands was less common than it was in sagebrush steppe due 
to the discontinuity of fuels in desert shrublands, although fuel build-ups can occur in greasewood and 
mixed desert shrublands, especially after years with abundant precipitation (Knight, 1994). Little 
information is available on historical fire occurrence in desert shrublands of the Wyoming Basin, 
although likely it varied among vegetation communities. In saltbush desert shrublands where fuels are 
typically very sparse, the fire-return interval was reportedly on the order of 500–1,000 years (National 
Interagency Fuels, Fire, and Vegetation Technology Transfer, 2010). Many shrubs of desert shrublands 
can resprout after fire and other disturbances; however, the harsh environment of cold salt deserts and 
low productivity of plants can limit recovery rates (Knight, 1994). 

Wind also can be an important disturbance agent in arid systems. The erosion of silt and sand 
from the soil surface can result in a surface known as desert pavement, which is composed of polished, 
close-fitting pebbles adjacent to small coppice dunes that form around shrubs (Barbour and others, 
1999). Vegetation cover is sparse in desert pavements, whereas coppice dunes provide more mesic site 
conditions, possibly through the accumulation of snow or more infiltration of precipitation (Knight, 
1994). 

Associated Species of Management Concern 

Vertebrate species evaluated as Conservation Elements for this Rapid Ecoregional Assessment 
(REA) that may use desert shrublands include mule deer, golden eagle, ferruginous hawk, and Great 
Basin spadefoot. Additional species of management concern that also use desert shrublands include 
pronghorn, elk, swift fox, white-tailed prairie dog, North American badger, mountain plover, and 
burrowing owl (Cerovski and others, 2004; Beauvais, 2008; Orabona, 2008). The Wyoming pocket 
gopher, also a species of management concern, is restricted to the Red Desert (Beauvais, 2008). 
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Change Agents 

Development 

Energy and Mineral Development and Infrastructure 

Energy development and mineral extraction occur throughout desert shrublands. Although the 
well pads, mines, and associated infrastructure can fragment the landscape, the contrast between 
disturbed soils and the extent of naturally bare ground in some desert shrublands can be much less than 
that in sagebrush steppe. As a result, some animals, such as mountain plovers, may not respond as 
negatively to surface disturbance in desert shrublands as they might in other systems where surface 
disturbance creates a greater contrast. Nonetheless, anthropogenic disturbance and other indirect effects 
of development can have negative consequences in desert shrublands, where the sparse vegetative cover 
provides little shielding from human activities. Furthermore, many of the soils in the Wyoming Basin 
are selenium rich, and there is concern that surface disturbance from energy and mineral extraction has 
the potential to mobilize selenium; in turn, the amount of selenium entering wetlands and waterways or 
being taken up by plants could increase to levels that are toxic to biota (Knight, 1994). 

Agricultural Activities 

It is sometimes assumed that livestock grazing over the last century has been an important 
Change Agent in desert shrublands, but there is a lack of quantitative pregrazing data or floristics to 
evaluate effects of grazing in this system (West and Young, 2000). Due to the low productivity of 
plants, relatively unpalatable forage types, and water scarcity, domestic sheep were usually the primary 
livestock that grazed in desert shrublands (West and Young, 2000). With grazing pressure, palatable 
species tend to decrease and less palatable species tend to increase (Knight, 1994; West and Young, 
2000), although to date the only evidence for this pattern comes from studies in the Great Basin. 
Grazing seasonality is also important, with early-spring grazing by sheep having less effect than late-
winter grazing (Knight, 1994). 

Cryptogamic crusts are communities of cyanobacteria, fungi, lichens, and mosses present at the 
surface of most non-sandy desert soils (States, 2008). These crusts are extremely vulnerable to surface 
disturbance and have slow recovery times (States, 2008). In Wyoming, studies on cryptogamic crusts 
have been limited, and currently these communities are documented as continuous and well-developed 
only in areas that have not been used by livestock (States, 2008). 

Altered Fire Regime and Invasive Species 

Introduced annual plants are of concern in desert shrublands, specifically cheatgrass, halogeton, 
and Russian thistle (Knight, 1994). Halogeton may permanently change soil structure, whereas 
cheatgrass may alter water availability for other plants and promote greater frequency and severity of 
fire, thereby promoting the persistence and spread of these invasive species (West and Young, 2000). As 
in other systems, grazing and development also can promote the spread of invasive species (West and 
Young, 2000). 
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Climate Change 

The amount and seasonality of precipitation, plus the frequency and amplitude of drought, are 
expected to be key determinants of whether and how desert shrublands are affected by climate change. 
Tolerance to drought and high temperatures could favor many species in desert shrublands. 

Rapid Ecoregional Assessment Components Evaluated for Desert Shrublands 

A generalized, conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting desert shrublands (fig. 12–1). Key ecological attributes addressed by this REA 
include (1) the distribution of desert shrublands, (2) landscape structure (size and structural connectivity 
of patches), and (3) landscape dynamics (fire occurrence) (table 12–1). The Change Agents evaluated 
include development and climate change (table 12–2). Ecological values and risks used to assess the 
conservation potential of desert shrublands by township are summarized in table 12–3. Core and 
Integrated Management Questions and the associated summary maps and graphs are provided in table 
12–4. 

Methods Overview 

We used desert shrublands LANDFIRE Existing Vegetation Types to map the baseline 
distribution of desert shrublands. Areas classified as grasslands within 210 m (689 ft) of cells dominated 
by desert shrubland Existing Vegetation Types also were included in this community.  

We assessed development levels in desert shrublands using the Terrestrial Development Index 
(TDI) map, and used the resulting output to calculate patch size and structural connectivity metrics. We 
mapped the structural connectivity of relatively undeveloped areas (TDI score <1 percent) at three 
interpatch distances derived from connectivity analysis: local (1.35 km; 0.84 mi), landscape (3.15 km; 
1.96 mi), and regional (3.33 km; 2.07 mi) levels. Areas that may function as barriers or corridors were 
derived from development levels and were identified by overlaying relatively undeveloped patches on 
the TDI map. To assess fire frequency and extent, the perimeters of fires in desert shrublands since 1980 
were compiled from several data sources (table 12–1).  

To evaluate the potential changes in the distribution of desert shrublands, we used the 
bioclimatic envelope model for Great Basin desert scrub developed by Rehfeldt and others (2012) for 
climate scenario I, the Canadian Centre for Climate Modelling and Analysis Model version 3 (emissions 
scenario A2) in 2030. Current and projected bioclimatic envelopes were used to identify areas where 
desert shrublands had the potential to increase, decline, or remain the same. We then overlaid the 
resulting maps with the desert shrublands baseline map to identify existing areas that have the potential 
to change for climate scenario I. 

Landscape-level ecological values (area of desert shrublands) and risk (TDI score) were 
compiled into an overall index of conservation potential for each township (table 12–3). See Chapter 
2—Assessment Framework and the Appendix for additional details on the methods. Landscape-level 
values and risks, and conservation potential rankings are intended to provide a synthetic overview of the 
geospatial datasets developed to address Core Management Questions in the REA. Because rankings are 
very sensitive to the input data used and the criteria used to develop the ranking thresholds, they are not 
intended as stand-alone maps. Rather, they are best used as an initial screening tool to compare regional 
rankings in conjunction with the geospatial data for Core Management Questions and information on 
local conditions that cannot be determined from regional REA maps. 
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Figure 12−1. Generalized conceptual model of desert shrublands for the Wyoming Basin Rapid Ecoregional 

Assessment (REA). Biophysical attributes and ecological processes regulating the occurrence, structure, and 
dynamics of desert shrublands are shown in orange rectangles; additional ecological attributes are shown in 
blue rectangles; and anthropogenic Change Agents that affect key ecological attributes are shown in yellow 
ovals. The dashed lines indicate components not addressed by the REA. Livestock and invasive plants are 
Change Agents that were not evaluated due to the lack of regionwide data. 
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Table 12−1.  Key ecological attributes and associated indicators of baseline desert shrublands1 for the Wyoming 
Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile]  

Attributes Variables Indicators 
Amount and distribution Total area  Distribution derived from LANDFIRE1 

Landscape structure Patch size  Patch-size frequency distribution 

Structural connectivity2  Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (0.09 km; 0.06 
mi), landscape (0.24 km; 0.15 mi), and regional (0.54 km; 
0.34 mi) levels 
  

Landscape dynamics Fire occurrence3 Locations of fires and annual area burned since 1980 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of desert shrublands 
due to Change Agents. Baseline conditions are defined as the potential current distribution of desert shrublands derived from 
LANDFIRE Existing Vegetation Types without explicit inclusion of Change Agents (see Chapter 2—Assessment 
Framework and the Appendix). 
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not reflect 
species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
3 See Wildland Fire section in the Appendix. 
 

 

Table 12−2.  Anthropogenic Change Agents and associated indicators influencing desert shrublands for the 
Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile]  

Change Agents Variables  Indicators 

Development Terrestrial Development 
Index1 

Percent of desert shrublands in seven development classes using a 
16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for desert shrublands that are 
relatively undeveloped or have low development scores compared to 
baseline conditions 
 

  Interpatch distances that provide an index of structural connectivity 
for relatively undeveloped patches at local (1.35 km; 0.84 mi), 
landscape (3.15 km; 1.96 mi), and regional (3.33 km; 2.07 mi) levels 
 

Climate change Projected temperature 
and precipitation 

Potential distribution of desert shrublands derived from the projected 
distribution of the bioclimatic envelope in 20302 

1 See Chapter 2—Assessment Framework. 
2 Bioclimatic envelope represents the climatic conditions conducive for sagebrush shrublands, derived from Rehfeldt and 
others (2012) for climate scenario I (Canadian Centre for Climate Modelling and Analysis Model, ver. 3, emissions scenario 
A2). 
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Table 12−3.  Landscape-level ecological values and risks for desert shrublands. Ranks were combined into an 
index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

[<, less than; >, greater than]  
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2  
Values Area 

 
<13 13–40 >40 Percent of township classified as desert 

shrublands 

Risks Terrestrial 
Development 
Index (TDI) 

<1 1–3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for each Conservation Element to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A-19 in the Appendix). 
2 See tables 12–1 and 12–2 for description of variables. 
 

 

Table 12−4.  Management Questions addressed for desert shrublands for the Wyoming Basin Rapid Ecoregional 
Assessment.  

Core Management Questions Results 

Where are baseline desert shrublands, and what is the total area? Figure 12–2 

Where does development pose the greatest threat to baseline desert shrublands, and where are the 
relatively undeveloped areas? 

Figures 12–3 and 
12–4 

How has development fragmented baseline desert shrublands, and where are the large, relatively 
undeveloped patches? 

Figures 12–5 and 
12–6 

How has development affected structural connectivity of desert shrublands relative to baseline 
conditions? 

Figure 12–7 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped desert shrubland patches? 
 

Figure 12–8 

Where have recent fires occurred in baseline desert shrublands, and what is the total area burned 
per year? 

Figure 12–9  

What is the potential distribution of desert shrublands in 2030? Figure 12–10 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for desert shrublands? Table 12–5, figure 
12–11 

Where are the townships with the greatest landscape-level ecological values? Figure 12–12 

Where are the townships with the greatest landscape-level risks? Figure 12–12 

Where are the townships with the greatest conservation potential?  Figure 12–13 

 



 324 

Key Findings for Management Questions 

Where are baseline desert shrublands, and what is the total area (fig. 12–2)? 
• Desert shrublands cover 17,088 square kilometers (km2) (6,597.71 square miles [mi2]) and are 

widely distributed throughout low elevations of the Wyoming Basin, but they cover only 9.6 percent 
of the project area. 

• Desert shrublands are locally dominant in the Bighorn and Great Divide Basins. 
 
Where does development pose the greatest threat to baseline desert shrublands and where are the relatively 
undeveloped areas (figs. 12–3 and 12–4)? 
• Relatively undeveloped areas (TDI score <1 percent) comprise 36.2 percent of desert shrublands, 

which is relatively high compared to sagebrush steppe.  
• Development is somewhat localized in the largest areas of desert shrubland, especially the Big Horn 

Basin. 
• Approximately 19 percent of desert shrublands had high levels of development, as indicated by TDI 

scores >5 percent. 
 
How has development fragmented baseline desert shrublands, and where are the large, relatively undeveloped 
patches (figs. 12–5 and 12–6)? 
• Baseline desert shrublands are very heterogeneous, and most patches are very small, with 

approximately 50 percent occurring in patches smaller than 10 km2 (3.9 mi2) and only 6.4 percent 
occurring in patches >1,000 km2 (386.1 mi2) (fig. 12–5). 

• Development has fragmented the largest patches to some degree, but patch sizes for areas with a 
TDI score <3 percent are otherwise quite similar to those in baseline condition (fig. 12–5).  

• The largest relatively undeveloped areas are >100 km2 (38.6 mi2) and occur in the Bighorn and 
Great Divide Basins (fig. 12–6). 

 
How has development affected the structural connectivity in desert shrublands relative to baseline conditions (fig. 
12–7)? 
• Scattered, small patches of baseline desert shrublands contributed to structural connectivity among 

the largest patches of desert shrublands, and regional-level connectivity occurred at an interpatch 
distance of 0.54 km (0.34 mi). 

• Development diminished the structural connectivity of the largest patches of relatively undeveloped 
desert shrublands. Relatively undeveloped areas are highly fragmented; local-level connectivity is 
1.35 km (0.84 mi), landscape-level connectivity is 3.15 km (1.96 mi), and regional-level 
connectivity is 3.33 km (2.07 mi). 

• Patches of highly connected, relatively undeveloped desert shrubland (local, landscape, and regional 
connectivity) are distributed throughout the Basin. Areas with high local and landscape connectivity 
may facilitate dispersal and seasonal movements, whereas desert shrublands with only regional 
connectivity may have value as stopover sites across developed or otherwise unsuitable habitat. 
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Figure 12−2. Distribution of baseline desert shrublands in the Wyoming Basin Rapid Ecoregional Assessment 

project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Figure 12−3. Terrestrial Development Index scores for desert shrublands in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Figure 12−4. Area and percent of baseline desert shrublands as a function of the Terrestrial Development 

Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 
 

 
 
Figure 12−5. Area of desert shrublands as a function of patch size for baseline conditions and two 

development levels: (1) Terrestrial Development Index (TDI) score ≤3 percent, and (2) TDI score ≤1 percent 
(relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 12−6. Patch sizes of desert shrublands in the Wyoming Basin Rapid Ecoregional Assessment project 

area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial Development Index score ≤1 
percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Figure 12−7. Structural connectivity of relatively undeveloped patches of desert shrublands in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly connected 
patches. Blue polygons include patches that contribute to both landscape and regional connectivity. Orange 
polygons represent isolated clusters of patches that are surrounded by developed areas or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively undeveloped desert 
shrubland patches (fig. 12–8)? 

 
 
Figure 12−8.  Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) score for 

lands surrounding relatively undeveloped desert shrublands. Higher TDI scores (for example, >5 percent) 
represent potential barriers to movement among relatively undeveloped patches. Lower TDI scores (for 
example, <2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Where have recent fires occurred in baseline desert shrublands, and what is the total area burned per year (fig. 12–
9)? 
• Fires rarely occur in desert shrublands or are typically small, with only a small fraction burning 

annually on average. Cumulatively, 86 km2 (33.2 mi2), or only 0.5 percent, of desert shrubland has 
burned since 1980. 

• Fires are typically small, but in 2000 the Buster Fire accounted for much of the area burned, which 
was 0.2 percent of desert shrublands. 

 
What is the potential distribution of desert shrublands in 2030 (fig. 12–10)? 
• The distribution of bioclimatic conditions conducive for desert shrublands is projected to expand by 

2030 for climate scenario I. Projected decreases in precipitation and increases in temperature likely 
would favor desert shrublands over sagebrush steppe. 

• By 2090, all three climate scenarios projected a dramatic increase in the extent of the desert 
shrublands bioclimatic envelope within the Basin; figure 2−18 includes additional climate scenarios 
and time periods. 

 

 
 
Figure 12−9. Annual area burned by wildfires and prescribed fires in baseline desert shrublands since 1980 in 

the Wyoming Basin Rapid Ecoregional Assessment project area. 

 
 



 332

 
 
Figure 12−10. Potential effects of climate change on desert shrublands in the Wyoming Basin Rapid Ecoregional 

Assessment project area. (A) Projected changes in the bioclimatic envelope for desert shrublands derived from 
Rehfeldt and others (2012) for climate scenario I in 2030. Orange indicates areas with potential for decline 
because current and projected envelope distributions do not coincide. Black indicates areas not expected to 
change because the current and projected envelope distributions overlap. Blue indicates potential for 
expansion into areas that are outside the current envelope distribution. (B) Potential changes in baseline desert 
shrublands derived from overlap with the projected climate envelope distribution (as represented in A). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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How does risk from development vary by land ownership or jurisdiction for desert shrublands (table 12–5, fig. 12–
11)? 
• The Bureau of Land Management (BLM) manages a majority of desert shrublands in the Wyoming 

Basin (table 12–5).  
• Compared to most other lands, BLM lands encompass the lowest proportion of desert shrublands at 

high risk from development and the highest proportion with the lowest risk from development (fig. 
12–11). 

 

Table 12−5.  Area and percent of desert shrublands by land ownership or jurisdiction in the Wyoming Basin Rapid 
Ecoregional Assessment project area. 

[km2, square kilometer]  
Ownership or jurisdiction Area (km2) Percent of Area 

Bureau of Land Management 10,749 62.9 
Private 3,562 20.9 
State/County 1,051 6.1 
Tribal 876 5.1 
Other Federal1 710 4.1 
Forest Service2 110 0.6 
Private conservation 26 0.2 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and Wildlife 
Service. 
2 U.S. Department of Agriculture Forest Service. 
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Figure 12−11. Relative ranks of risk from development, by land ownership or jurisdiction, for desert shrublands 
in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest (Terrestrial 
Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and highest (TDI score >3 
percent). 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships with the 
greatest landscape-level risks (fig. 12–12)? 

 
 
Figure 12−12. Ranks of landscape-level ecological values and risks for desert shrublands, summarized by 

township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-level values 
based on area and (B) landscape-level risks based on Terrestrial Development Index (see table 12–3 for 
overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Where are the townships with the greatest conservation potential (fig. 12–13)? 

 
 
Figure 12−13. Conservation potential of desert shrublands, summarized by township, in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that have the 
highest landscape-level values and the lowest risks. Lowest conservation potential identifies areas with the 
lowest landscape-level values and the highest risks. Ranks of conservation potential are not intended as stand-
alone summaries and are best interpreted in conjunction with the geospatial datasets used to address Core 
Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch12_Desert_Shrublands/MapServer
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Summary 

Desert shrublands are widely distributed in the Wyoming Basin but cover only 9.6 percent of the 
land area. Development is pervasive across desert shrublands and has increased fragmentation and 
decreased structural connectivity. Because development is highly clustered in desert shrublands, 36.2 
percent of the desert shrublands are relatively undeveloped. Many of the relatively undeveloped areas 
are under Bureau of Land Management jurisdiction. Species of management concern, such as mountain 
plover, are strongly tied to sparsely vegetated habitats prevalent in desert shrublands (Knopf and 
Wunder, 2006). Vulnerability to climate scenarios evaluated herein is expected to be low relative to 
other communities because desert shrublands are more tolerant of decreasing precipitation and 
increasing temperatures than adjacent areas of sagebrush steppe. 
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Key Ecological Attributes 

Distribution and Ecology 

In the Wyoming Basin, foothill shrublands and woodlands typically occur from elevations of 
1,400–2,600 meters (m) (4,594–8,530 feet [ft]) along the perimeters of Wyoming’s mountain ranges, 
creating a narrow zone of ecological transition between the sagebrush steppe and montane communities.  
Foothill shrublands and woodlands also occur on the slopes of escarpments scattered throughout the 
Basin, and they may form mosaics of broadleaf shrubs and mixed coniferous-broadleaf woodlands 
interspersed with grasslands and wind-swept ridges. Overall, the climate of Wyoming’s foothill 
shrublands and woodlands is less extreme than the surrounding communities. On leeward slopes, 
accumulations of wind-driven snow result in more moisture availability during the growing season than 
what is typical of the adjacent lowlands, and some foothill locations receive greater summer rainfall 
than the lowlands. The foothills climate is also cooler than lower-elevation sagebrush steppe and 
warmer than higher-elevation montane forests (Knight, 1994). 

Common shrubs of the foothill shrublands include mountain big sagebrush, mountain mahogany, 
skunkbush sumac, antelope bitterbush, serviceberry, snowberry, and snowbush ceanothus. Mountain big 
sagebrush is the most common species and typically occurs at elevations above 2,134 m (7,000 ft) on 
relatively deep, mesic soils (Beetle and Johnson, 1982). The nitrogen-fixing species, including mountain 
mahogany, can dominate the ridges with poorly developed soils (Knight, 1994). Most of the other 
broadleaf shrubs typically occur where soils are relatively deep and mesic, such as draws and other 
topographic depressions (Knight, 1994). 

Foothill woodlands may be composed of conifers, broadleaf species, or both. Ponderosa pine 
woodlands are restricted to the warmest sites where summer precipitation is plentiful (particularly 
eastern Wyoming, northeastern Colorado, and the Uinta Mountains in Utah), whereas Douglas-fir is 
more common on northern slopes and in western Wyoming where winter precipitation is ample. Utah or 
Rocky Mountain juniper woodlands are typically found on the rocky, shallow soils of arid escarpments 
adjacent to grasslands (see Chapter 17—Juniper Woodlands, and Chapter 16—Five-Needle Pine Forests 
and Woodlands). Limber pine, which may co-occur with junipers, is characteristic of wind-swept ridges 
in northern parts of the Basin, and scattered stands of pinyon pine occur in south-central parts of the 
Basin. Broadleaf species, such as aspen (see Chapter 15—Aspen Forests and Woodlands) and 
chokecherry, tend to dominate the sites with relatively deep, mesic soils, particularly snow-
accumulation areas, along drainages, and (or) where summer rainfall is relatively plentiful. Gambel oak, 
which is not very tolerant of drought or late spring frosts, is restricted to the west slope of the Sierra 
Madre (Knight, 1994). 

Foothill shrublands and woodlands are interspersed with grasslands, especially on plateaus and 
windy slopes where snow accumulation is minimal and soils are deep enough to support grasses but not 
shrubs (Knight, 1994). Bluebunch wheatgrass is most characteristic of the warmer, drier foothill sites 
with shallower soils, and Idaho fescue is more typical of the higher-elevation sites (Knight, 1994). 
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Landscape Structure and Dynamics 

Foothill shrublands and woodlands form complex mosaics due to abrupt changes in elevation, 
aspect-driven microclimates, highly variable topography, variation in the underlying geologic substrates 
and soil types/depths, fracture lines, and patterns in drainage and snow-accumulation. For example, 
sharp ecological transitions may be found where resistant bedrock is exposed on foothill ridges and 
escarpments. Coniferous trees may dominate these sites on suitable substrates (such as marine shales) 
because water can percolate deeply into the substrata, and the lack of well-developed soils discourages 
the growth of (and competition from) forbs and grasses. Without the continuity of fine understory fuels, 
fire is infrequent enough to allow trees to become dominant (Knight, 1994). Variations in geologic 
substrates often form linear bands across the foothill slopes, which can strongly influence vegetation 
patterns. For example, aspen stands may form linear bands along the piedmont of granitic mountain 
ranges where relatively exposed, impermeable granite gives way to more permeable soils of overlying 
sedimentary layers and run-off provides soil moisture (Knight, 1994). Geologic formations, fractures, 
and erosional patterns also greatly influence how and where water flows above and below the ground 
surface, which in turn influences vegetation patterns. 

The most important natural drivers of change in foothill shrublands and woodlands are fire, 
herbivory, and erosion. Overall, historical fire regimes in this community were likely quite variable. 
Where fire occurred on sites dominated by broadleaf species (most of which can resprout after fire) 
postfire communities were more likely to resemble prefire communities except where fire intensity was 
high enough to expose mineral soils. Because fire usually kills sagebrush and junipers, however, fire 
likely resulted in community shifts at sites dominated by these species, at least initally (Knight, 1994). 
Snowbush not only resprouts after fire, but the seeds require fire to break dormancy, so the species can 
quickly invade postfire sites (Knight, 1994). Historically, fire rotations in mountain big sagebrush 
communities were generally shorter and fires were smaller than they were in Wyoming big sagebrush 
communities (Bukowski and Baker, 2013). Miller and others (2011) reported that fire rotations in 
mountain big sagebrush were typically <35 years (yr), but Bukowski and Baker (2013) estimated that 
the fire rotations were 137−217 yr across the Intermountain West; sample sizes from Wyoming, 
however, were relatively small and considerable uncertainty remains. Miller and others (2011) also 
suggested that fire frequency has decreased in mountain big sagebrush, but Bukowski and Baker (2013) 
found no evidence for this. Finally, the relatively small patches of mountain big sagebrush (as measured 
by interspersion with other shrublands or woodlands) in the foothill shrublands indicate that fires in 
these systems were probably small compared to those in sagebrush steppe, where much larger expanses 
of sagebrush can occur (Bukowski and Baker, 2013). 

Browsing ungulates can have notable effects on foothill shrublands and woodlands. Heavy 
winter use of aspen by elk along migration routes and adjacent to wintering areas are believed to 
contribute to the decline of foothill aspen stands (Knight, 1994) (see Chapter 15—Aspen Forests and 
Woodlands). Where overwintering ungulates concentrate due to population booms, heavy snows, or 
other factors, browse lines may appear in shrublands, but if browsed during dormancy, most deciduous 
shrubs recover quickly (Knight, 1994). Where juniper and ponderosa woodlands grow adjacent to 
mountain big sagebrush or grassland, livestock grazing coupled with fire suppression can lead to juniper 
expansion in these types, particularly where sagebrush plants are available to serve as nurse plants for 
juniper seedlings (Knight, 1994). The role of fire in the dynamics along the sagebrush-conifer ecotone is 
unclear. Some authorities have argued that conifer expansion into sagebrush is primarily attributable to 
fire exclusion, livestock grazing, and favorable climates (Miller and others, 2011), but this does not 
sufficiently account for sagebrush-juniper dynamics observed across the entire Intermountain West 
(Bukowski and Baker, 2013). Conifer trees in sagebrush landscapes may have occurred as low-density 
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woodlands or as naturally occurring ecotones, or conifers may have expanded into sagebrush naturally 
or had become established after a fire (Romme and others, 2009) (see Chapter 17—Juniper Woodlands). 

An important factor influencing the distribution of limber pine in the foothills is the behavior of 
Clark’s nutcrackers. These birds cache the seeds of wingless pine seeds, including those of limber pine, 
on the snow-free ridges and escarpments for later consumption. Seeds that escape nutcracker retrieval 
develop into open stands of limber pine on these sites (see Chapter 16—Five-Needle Pine Forests and 
Woodlands). 

Associated Species of Management Concern 

Foothill shrublands in Wyoming provide habitat for 17 of Wyoming’s Species of Greatest 
Conservation Need (Wyoming Game and Fish Department, 2010). Furthermore, stands of mountain big 
sagebrush also provide habitat for three species or species assemblages assessed for the Wyoming Basin 
Rapid Ecoregional Assessment (REA), including pygmy rabbit, greater sage-grouse, and the sagebrush- 
obligate songbirds: sagebrush sparrow, Brewer’s sparrow, and sage thrasher (see Chapter 27—Pygmy 
Rabbit, Chapter 23—Greater Sage-Grouse, and Chapter 26—Sagebrush-Obligate Songbirds). The 
foothill shrublands and woodlands also provide crucial winter habitat for mule deer (see Chapter 28—
Mule Deer) and other ungulates; the leeward slopes provide shelter from wind, and on the south-facing 
and windward slopes, forage is usually accessible throughout the winter, cool-season grasses and 
browse species in particular (Knight, 1994). The ridges, mesas, buttes, escarpments, and rocky outcrops 
(particularly on shale substrates) of the Wyoming foothills also harbor communities of rare cushion 
plants (most of which have a special conservation status) that typically inhabit cracks and crevices of 
these sites. Examples of these cushion plants include Barneby’s clover, stemless beardtongue, Laramie 
columbine, and precocious milkvetch (Bureau of Land Management, 2013). 

Change Agents 

Development 

Energy and Infrastructure 

Energy development in the Wyoming Basin foothill shrublands and woodlands has been 
occurring in several locations, including the Big Piney LaBarge oil field along the foot of the Wyoming 
Range in southern Sublette and northeastern Lincoln counties. Wind energy development is also likely 
to become increasingly prevalent on foothill ridgelines (Wyoming Game and Fish Department, 2010). 
The infrastructure associated with energy development converts and fragments foothill shrublands and 
woodlands, and the disturbances associated with energy development affect wildlife, including over-
wintering mule deer (Wyoming Game and Fish Department, 2010). Development of ranches, vacation 
homes, and resorts (including not only the structures, but also the plantings, outbuildings, and roads that 
accompany them), are converting and fragmenting the foothills as well (Knight, 1994; Wyoming Game 
and Fish Department, 2010). 

Agricultural Activities 

The primary agricultural activity in foothill shrublands and woodlands is livestock grazing, 
including ranching operations and “hobby” livestock associated with rural residential developments 
(Wyoming Game and Fish Department, 2010). With grazing pressure, palatable species tend to decrease 
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and less palatable species tend to increase (West, 1988; Knight and others, 1994). Grazing seasonality is 
also important, in that broadleaf shrubs browsed during dormancy are not affected negatively by 
browsing and quickly resprout new leaders; however, coupled with heavy browsing during the growing 
season, broadleaf shrubs and trees can be locally extirpated browsing (Knight, 1994; Wyoming Game 
and Fish Department, 2010). Effects of heavy livestock use include not only damage from foraging, but 
also from trampling, both of which can alter plant structure and reduce or eliminate recruitment (Knight, 
1994; Wyoming Game and Fish Department, 2010) (see Chapter 15—Aspen Forests and Woodlands). 
Livestock production can include management of vegetation to improve productivity of livestock 
forage. Sites occupied by mountain big sagebrush have relatively deep, mesic soils that also support 
quality livestock forage; thus, these sagebrush communities are sometimes altered or eliminated through 
brush-control treatments to encourage forage species (Beetle and Johnson, 1982). Treatments used for 
eliminating or controlling shrubland and woodland vegetation to benefit both livestock and wild 
ungulates include mechanical removal, herbicides, and prescribed mme and others, 2009; Wyoming 
Game and Fish Department, 2010). The effects and effectiveness of these activities, however, depend on 
past disturbance history, site use, plant community types, and local conditions (Knight, 1994; Romme 
and others, 2009; Arendt and Baker, 2013).  

Altered Fire Regime 

Historical fire regimes in foothill shrublands and woodlands likely varied by elevation, aspect, 
and soil type. Some of the broadleaf species resprout readily after fire, and a lack of fire can lead to 
stand senescence and (or) disease, particularly in stands of mountain mahogany, oak, and aspen (Knight, 
1994). Likewise, fire suppression can lead to conifer expansion into adjacent shrublands and grasslands 
(Knight, 1994). Some foothill shrubland species, however, are killed outright by fire, including 
mountain big sagebrush, which could provide inroads for cheatgrass invasion.  

Invasive Species and Diseases 

Invasive species with significant potential to alter the structure and community composition of 
foothill shrublands and woodlands include cheatgrass and smooth brome, alyssum, nonnative spurges, 
and species of knapweed and starthistle (Colorado Natural Heritage Program, 2005; Wyoming Game 
and Fish Department, 2010; University of Wyoming Extension, 2013). Invasives compete with native 
shrub species, reducing their vigor and recruitment (Knight, 1994). Many of these plants commonly 
invade disturbed areas, including postfire sites, livestock-use areas, and roadways. Cheatgrass is of 
concern in the foothill shrublands (mountain mahogany in particular) and woodlands, where interactions 
with fire could generate significant shifts in community composition, particularly in mountain big 
sagebrush and mountain mahogany (Knight, 1994; Wyoming Game and Fish Department, 2010). 
Cheatgrass also inhibits the germination and survival of shrub seedlings (Knight, 1994). 

Limber pine is one of the five-needle pine species that is highly susceptible to the nonnative 
white pine blister rust (see Chapter 16—Five-Needle Pine Forests and Woodlands). Coupled with the 
current severe outbreak of bark beetles, the disease is resulting in high rates of mortality among five-
needle pines. Indeed, the whitebark pine has been petitioned for listing under the Endangered Species 
Act (warranted but precluded). Mortality rates for whitebark pine are of greatest concern in the northern 
extent of the species’ range, although there are “hot-spots” of infection in southwestern Wyoming.  
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Climate Change 

Climate projections and associated changes in the distribution of suitable bioclimatic conditions 
for foothill shrublands and woodlands in the western U.S. indicate the potential for expansion of 
grassland communities at the expense of arid woodlands, with upslope shifts in the bioclimatic 
conditions conducive to shrublands and woodlands (Rehfeldt and others, 2006). Complicating these 
projections, however, is the potential for cheatgrass expansion in foothill grasslands, mountain big 
sagebrush, and juniper woodlands with increasing temperatures, which in turn could lead to an increase 
in fire frequency and potential conversion to nonnative grasslands (Romme and others, 2009; Arendt 
and Baker, 2013). 

Rapid Ecoregional Assessment Components Evaluated for Foothill Shrublands and Woodlands  

A generalized, conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting foothills shrublands and woodlands (fig. 13–1). Key ecological attributes 
addressed by the Rapid Ecoregional Assessment (REA) include (1) the distribution of foothills 
shrublands and woodlands, (2) landscape structure (size and structural connectivity of patches), and (3) 
landscape dynamics (fire occurrence and sagebrush-juniper dynamics) (table 13–1). The Change Agents 
evaluated included development and climate change (table 13–2). Ecological values and risks used to 
assess the conservation potential of foothills shrublands and woodlands by township are summarized in 
table 13–3. Core and Integrated Management Questions and the associated summary maps and graphs 
are provided in table 13–4. 

Methods Overview 

To map the baseline distribution of foothill shrubland and woodlands, we included LANDFIRE 
Existing Vegetation Types corresponding to mountain big sagebrush, mountain shrublands 
(predominantly mountain mahogany and scrub oak), ponderosa pine savannahs, and juniper woodlands. 
We also included the foothill aspen functional type (see Chapter 15—Aspen Forests and Woodlands) 
and grassland Existing Vegetation Type cells between 2,600 m (8,530 ft) and 2,900 m (9,514 ft). 

We assessed development levels in foothill shrublands and woodlands using the Terrestrial 
Development Index (TDI) map, and used the resulting output to calculate patch size and structural 
connectivity metrics. We mapped the structural connectivity of relatively undeveloped areas at three 
interpatch distances derived from connectivity analysis for this community: local (0.27 km; 0.17 mi), 
landscape (2.43 km; 1.51 mi), and regional (3.24 km; 2.01mi) levels. Areas that may function as barriers 
or corridors were derived from development levels and were identified by overlaying relatively 
undeveloped patches (TDI score <1 percent) on the TDI map. The perimeters of fires in foothill 
shrublands and woodlands since 1980 were compiled from several data sources (table 13–1). 

Climate change was not directly evaluated for the foothill shrublands and woodlands community 
because there were no corresponding biomes in Rehfeldt and others (2012). Climate change was 
evaluated, however, for several species included in the foothill shrublands and woodlands community 
that either had a species-level distribution model or the species is included different biome (Rehfledt 
and others, 2012) including (1) mountain big sagebrush (included in sagebrush shrublands; see Chapter 
11—Sagebrush Steppe), (2) aspen (see Chapter 15—Aspen Forests and Woodlands), (3) juniper (see 
Chapter17—Juniper Woodlands), and (4) limber pine (see Chapter 16—Five-Needle Pine Forests and 
Woodlands).  
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Figure 13−1. Generalized conceptual model of foothill shrublands and woodlands for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the occurrence, 
structure, and dynamics of foothill shrublands and woodlands are shown in orange rectangles; additional 
ecological attributes are shown in blue rectangles; and anthropogenic Change Agents that affect key ecological 
attributes are shown in yellow ovals. The dashed lines indicate ecological drivers not addressed by the REA. 
Livestock herbivory and invasive plants are Change Agents that were not addressed for foothill shrublands and 
woodlands due to the lack of regionwide data. 

 

Landscape-level ecological values (area of foothills shrublands and woodlands) and risks (TDI 
score) were compiled into an overall index of conservation potential for each township (table 13–3). See 
Chapter 2—Assessment Framework and the Appendix for additional details on the methods. Landscape-
level values and risks, and conservation potential rankings are intended to provide a synthetic overview 
of the geospatial datasets developed to address Core Management Questions in the REA. Because 
rankings are very sensitive to the input data used and the criteria used to develop the ranking thresholds, 
they are not intended as stand-alone maps. Rather, they are best used as an initial screening tool to 
compare regional rankings in conjunction with the geospatial data for Core Management Questions and 
information on local conditions that cannot be determined from regional REA maps. 
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Table 13−1.  Key ecological attributes of baseline foothill shrublands and woodlands1 for the Wyoming Basin 
Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile]  

Attributes Variables Indicators 

Amount and distribution Total area Distribution derived from LANDFIRE1 
Landscape structure Patch size Patch-size frequency distribution 

Structural 
connectivity2 

Interpatch distance that provides an index of structural 
connectivity for baseline patches at local, landscape, and regional 
levels (0.27 km; 0.17 mi) 

Landscape dynamics Fire occurrence3 Locations of fires and annual area burned since 1980 

 Sagebrush-juniper 
ecotone dynamics 

See Chapter 17—Juniper Woodlands 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of foothill 
shrublands and woodlands due to Change Agents. Baseline conditions are defined as the potential current distribution of 
foothill shrublands and woodlands derived from LANDFIRE Existing Vegetation Types without explicit inclusion of Change 
Agents (see Chapter 2—Assessment Framework and the Appendix).  
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not reflect 
species-specific measures of structural connectivity. See Chapter 2—Assessment Framework. 
3 See Wildland Fire section in the Appendix. 
 

 

Table 13−2.  Anthropogenic Change Agents and associated indicators influencing foothill shrublands and 
woodlands for the Wyoming Basin Rapid Ecoregional Assessment.  

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile]  

Change Agents Variables  Indicators 

Development Terrestrial 
Development Index1 

Percent of foothill shrublands and woodlands in seven development classes 
using a 16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for foothill shrublands and woodlands that 
are relatively undeveloped or have low development scores compared to 
baseline conditions 

  Interpatch distances that provide an index of structural connectivity for 
relatively undeveloped patches at local (0.27 km; 0.17 mi), landscape (2.43 
km; 1.51 mi), and regional (3.24 km; 2.01mi) levels 

Climate 
change 

Projected 
temperature and 
precipitation 

See Chapter 15—Aspen Forests and Woodlands, Chapter 17—Juniper 
Woodlands, and Chapter 11—Sagebrush Steppe 

1 See Chapter 2—Assessment Framework. 
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Table 13−3.  Landscape-level ecological values and risks for foothill shrublands and woodlands. Ranks were 
combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment.  

[>, greater than]  
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2  
Values Area 

 
<11 11–34 >34 Percent of township classified as 

juniper woodlands 

Risks Terrestrial Development 
Index (TDI) 

<1  1–3 >3  Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for each Conservation Element to 
minimize the effects of extremely small areas and put greater emphasis on conservation potential of large areas (see table A-
19 in the Appendix). 
2 See tables 13–1 and 13–2 for description of variables. 
 
 

Table 13−4.  Management Questions addressed for foothill shrublands and woodlands for the Wyoming Basin 
Rapid Ecoregional Assessment. 

Core Management Questions Results 
Where are baseline foothill shrublands and woodlands, and what is the total area? Figure 13–2 

Where does development pose the greatest threat to baseline foothill shrublands and 
woodlands, and where are the relatively undeveloped areas? 

Figures 13–3 and 13–4 

How has development fragmented baseline foothill shrublands and woodlands, and 
where are the large, relatively undeveloped patches? 

Figures 13–5 and 13–6 

How has development affected structural connectivity of foothill shrublands and 
woodlands relative to baseline conditions? 

Figure 13–7 

Where are potential barriers and corridors that may affect animal movements among 
relatively undeveloped foothill shrubland and woodland patches? 

Figure 13–8 

Where have recent fires occurred in baseline foothill shrublands and woodlands, and 
what is the total area burned per year? 

Figures 13–9 and 13–10 

What is the potential distribution of foothill shrublands and woodlands in 2030? See Chapter 15—Aspen Forests 
and Woodlands, Chapter 17—
Juniper Woodlands, and 
Chapter 11—Sagebrush Steppe 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for foothill 
shrublands and woodlands? 

Table 13–5, figure 13–11 

Where are the townships with the greatest landscape-level ecological values? Figure 13–12 

Where are the townships with the greatest landscape-level risks? Figure 13–12 

Where are the townships with the greatest conservation potential? Figure 13–13 
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Key Findings for Management Questions 

 
Where are baseline foothill shrublands and woodlands, and what is the total area (fig. 13–2)? 
• Foothill shrublands and woodlands occupy a small portion of the Wyoming Basin, comprising 

28,492 square kilometers (km2) (11,000 square miles [mi2]) and covering 16 percent of the project 
area. 

Where does development pose the greatest threat to baseline foothill shrublands and woodlands, and where are 
the relatively undeveloped areas (figs. 13–3 and 13–4)? 
• Disturbance occurs throughout foothill shrublands and woodlands of the Wyoming Basin, but areas 

in the Bighorn, Absaroka, and Uinta Mountains have low levels of development (fig. 13–3).  

• Only 27.1 percent of foothill shrublands and woodlands is relatively undeveloped (TDI score <1 
percent), and approximately 24 percent has TDI scores >5 percent, indicating high levels of 
development (fig. 13–4). 

How has development fragmented baseline foothill shrublands and woodlands, and where are the large, relatively 
undeveloped patches (figs. 13–5 to 13–6)? 
• Distribution of baseline foothill shrubland and woodland patch size is bimodal; approximately 35 

percent occurs in patches <10 km2 (3.9 mi2) and 39 percent in patches 100–1,000 km2 (38.6−386.1 
mi2). There are few large patches of foothill shrublands and woodlands; only 8.8 percent occurs in 
patches >1,000 km2 (386.1 mi2) (fig. 13–5). 

• Development has effectively fragmented foothill shrublands and woodlands into smaller patches 
relative to baseline conditions. All relatively undeveloped foothill shrublands and woodlands occur 
in patches <1,000 km2 (386.1 mi2).  

• The largest relatively undeveloped patches are in the Bighorn and Absaroka Mountains (fig. 13–6). 

How has development affected structural connectivity of foothill shrublands and woodlands relative to baseline 
conditions (fig. 13–7)? 
• Baseline foothill shrublands and woodlands are well connected across the ecoregion, with local, 

landscape, and regional structural connectivity occurring at an interpatch distance of 0.27 km (0.17 
mi). 

• Development has diminished the structural connectivity of foothill shrublands and woodlands at the 
landscape and regional levels. Relatively undeveloped areas are somewhat fragmented; landscape-
level connectivity is 2.43 km (1.51 mi) and regional-level connectivity is 3.24 km (2.01 mi). 

• Areas with high local and landscape connectivity may facilitate dispersal and seasonal movements 
of organisms, whereas foothill shrublands and woodlands with only regional connectivity may have 
value as stepping stones across developed or otherwise unsuitable habitat. 
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Figure 13−2. Distribution of baseline foothill shrublands and woodlands in the Wyoming Basin Rapid Ecoregional 

Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Figure 13−3. Terrestrial Development Index scores for baseline foothill shrublands and woodlands in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Figure 13−4. Area and percent of baseline foothill shrublands and woodlands as a function of the Terrestrial 

Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
 
Figure 13−5. Area of foothill shrublands and woodlands as a function patch size for baseline conditions and two 

levels of development: (1) Terrestrial Development Index (TDI) score <3 percent, and (2) relatively 
undeveloped areas (TDI score <1 percent) in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 13−6. Patch sizes of foothill shrublands and woodlands in the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial 
Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Figure 13−7. Structural connectivity of relatively undeveloped patches of foothill shrublands and woodlands in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly 
connected patches. Blue polygons include patches that contribute to both landscape and regional connectivity. 
Orange polygons represent isolated clusters of patches surrounded by developed areas or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively undeveloped foothill 
shrubland and woodland patches (fig. 13–8)? 

 
 
Figure 13−8. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) score for 

lands surrounding relatively undeveloped foothill shrublands and woodlands. Higher TDI scores (for example, 
>5 percent) represent potential barriers to movement among relatively undeveloped patches. Lower TDI scores 
(for example, <2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Where have recent fires occurred in baseline foothill shrublands and woodlands, and what is the total area burned 
per year (figs. 13–9 and 13–10)? 
• Typically only a small fraction of foothill shrublands and woodlands has burned each year since 

1980. Cumulatively, the area of foothill shrublands and woodlands that has burned since 1980 is 
1,412 square kilometers (km2) (545.2 square miles [mi2]) (5.0 percent). 

• In most years, fires were small and burned only a small portion of foothill shrublands and 
woodlands, with most of the area burned by fires occurring in 2000 and 2012 (fig. 13–9). 

• Fires in foothill shrublands and woodlands are distributed throughout the Basin but very little has 
burned in the southeastern portion since 1980 (fig. 13–10). 

How does risk from development vary by land ownership or jurisdiction for foothill shrublands and woodlands (table 
13–5, fig. 13–11)? 
• The majority of foothill shrublands and woodlands are in private ownership or jurisdiction or fall 

under Bureau of Land Management jurisdiction (table 13–5).  

• Compared to other land ownerships/jurisdictions, tribal and other Federal lands encompass the 
greatest proportion of foothill shrublands and woodlands with low risk from development (fig. 13–
11).  

 

 
 
Figure 13−9. Annual area burned by wildfires and prescribed fires in baseline foothill shrublands and woodlands 

since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 13−10. Occurrence of wildfires and prescribed fires in baseline foothill shrublands and woodlands since 

1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Table 13−5.  Area and percent of foothill shrublands and woodlands by land ownership or jurisdiction in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Private 11,292 39.6 
Bureau of Land Management 10,210 35.8 
State/County 2,683 9.4 
Forest Service1 2,592 9.1 
Tribal 1,156 4.1 
Private conservation 239 1.1 
Other Federal2 193 0.7 

1 U.S. Department of Agriculture Forest Service. 

2 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and Wildlife 
Service. 
 
 
 

 
 
Figure 13−11. Relative ranks of risk from development, by land ownership or jurisdiction, for foothill shrublands 

and woodlands in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest 
(Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and highest (TDI 
score >3 percent). 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships with the 
greatest landscape-level risks (fig. 13–12)? 

 
 
Figure 13−12. Ranks of landscape-level ecological values and risks for foothill shrublands and woodlands, 

summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-
level values based on area and (B) landscape-level risks based on Terrestrial Development Index (see table 
13–3 for overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Where are the townships with the greatest conservation potential (fig. 13–13)? 

 
 
Figure 13−13. Conservation potential of foothill shrublands and woodlands, summarized by township, in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas 
that have the highest landscape-level values and the lowest risks. Lowest conservation potential identifies 
areas with the lowest landscape-level values and the highest risks. Ranks of conservation potential are not 
intended as stand-alone summaries and are best interpreted in conjunction with the geospatial datasets used 
to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch13_Foothills/MapServer
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Summary 

Foothill shrublands and woodlands are associated with lower elevations of all of the mountain 
ranges in the Basin and account for 16 percent of the Wyoming Basin. Development is pervasive, as 27 
percent of the foothill shrublands and woodlands remain relatively undeveloped. Much of the foothill 
shrublands and woodlands that remain relatively undeveloped occur in scattered patches, all of which 
are <1,000 km2 (386.1 mi2). The largest relatively undeveloped patches occur in the Bighorn, Absaroka, 
and Uinta Mountains. Foothill shrublands and woodlands were once well connected within the Basin, 
but development (including roads, energy, and agriculture) has fragmented and decreased their 
structural connectivity. On the basis of current rates of development, particularly energy development, 
foothill shrublands and woodlands are expected to undergo further fragmentation, loss, and degradation. 
Because this community provides crucial winter range for mule deer and habitat for sagebrush-obligate 
species, including greater sage-grouse, sagebrush-obligate songbirds, and pygmy rabbits (all of which 
are assessed in this REA), the high development rates can effect numerous species that occur in this 
community. Plant species assessed for this Rapid Ecoregional Assessment, including aspen and limber 
pine (five-needle pine assemblage), which are the major tree species in this community, also face threats 
(including sudden aspen decline and white pine blister rust), which could alter the structure and 
functions of foothill shrubland and woodlands. The potential risk from invasive plant species, such as 
cheatgrass, could further compound these problems.  

References Cited 

Arendt, P.A., and Baker, W.L., 2013, Northern Colorado Plateau piñon-juniper woodland decline over 
the past century: Ecosphere, v. 4, p. 1–30. 

Beetle, A.A., and Johnson, K.L., 1982, Sagebrush in Wyoming: Laramie, Wyo., University of 
Wyoming, Agricultural Experiment Station Bulletin no. B–779, 68 p. 

Bukowski, B.E., and Baker, W.L., 2013, Historical fire regimes, reconstructed from land-survey data, 
led to complexity and fluctuation in sagebrush landscapes: Ecological Applications, v. 23, p. 546–
654. 

Bureau of Land Management, 2013, Plant Conservation Program: Cheyenne, Wyo., Bureau of Land 
Management State Office, accessed March 5, 2014 at 
http://www.blm.gov/wy/st/en/programs/pcp/species.html. 

Colorado Natural Heritage Program, 2005, Western Great Plains and foothill and piedmont grassland, in 
Ecological system descriptions and viability guidelines for Colorado: Fort Collins, Colo., Colorado 
Natural Heritage Program, accessed in fall 2014 at 
http://www.cnhp.colostate.edu/projects/eco_systems/. 

Colorado Natural Heritage Program. 2005. Ecological System Descriptions and Viability Guidelines for 
Colorado. Colorado Natural Heritage Program, Colorado State University, Fort Collins, Colorado. 

Knight, D.H., 1994, Mountains and plains—The ecology of Wyoming landscapes: New Haven, Conn., 
Yale University Press, 338 p. 

Miller, R.F., Knick, S.T., Pyke, D.A., Meinke, C.W., Hanser, S.E., Wisdom, M.J., and Hild, A.L., 2011, 
Characteristics of sagebrush habitats and limitations to long-term conservation, in Knick, S.T., and 
Connelly, J.W., Greater sage-grouse—Ecology and conservation of a landscape species and its 
habitats: Studies in Avian Biology, v. 38, p. 145–184. 

http://www.blm.gov/wy/st/en/programs/pcp/species.html
http://www.cnhp.colostate.edu/projects/eco_systems/


 362 

Rehfeldt, G.E., Crookston, N.L., Sáenz-Romero, Cuauhtémoc, and Campbell, E.M., 2012, North 
American vegetation model for land-use planning in a changing climate—A solution to large 
classification problems: Ecological Applications, v. 22, p. 119–141. 

Rehfeldt, G.E., Crookston, N.L., Warwell, M.V., and Evans, J.S., 2006, Empirical analyses of plant-
climate relationships for the western United States: International Journal of Plant Sciences, v. 167, p. 
1123−1150. 

Romme, W.H., Allen, C.D., Balley, J.D., Baker, W.L., Bestelmeyer, B.T., Brown, P.M., Eisenhart, K.S., 
Floyd, M.L., Huffman, D.W., Jacobs, B.F., Miller, R.F., Muldavin, E.H., Swetnam, T.W., Tausch, 
R.J., and Weisberg, P.G., 2009, Historical and modern disturbance regimes, stand structures, and 
landscape dynamics in piñon-juniper vegetation of the western United States: Rangeland Ecology and 
Management, v. 62, p. 203–222. 

University of Wyoming Extension, 2013, Wyoming weed watchlist field guide: Laramie, Wyo., 
University of Wyoming Extension, publication B–1227, 80 p. 

West, N.E., 1988, Intermountain deserts, shrub steppes, and woodlands, in Barbour, M.B., and Billings, 
W.D., eds., North American terrestrial vegetation: Cambridge, U.K., Cambridge University Press, p. 
209−230. 

Wyoming Game and Fish Department, 2010, Wyoming State Wildlife Action Plan: Cheyenne, Wyo., 
Wyoming Game and Fish Department. 



 363 

Section III.  Assessments of Communities 

Chapter 14.  Montane and Subalpine Forests and Alpine Zones 

By Cynthia P. Melcher, Kirk R. Sherrill, and Natasha B. Carr 

 

Contents 

Key Ecological Attributes ....................................................................................................................... 365 
Distribution and Ecology ..................................................................................................................... 365 
Landscape Structure and Dynamics ................................................................................................... 366 
Associated Species of Management Concern .................................................................................... 367 

Change Agents ...................................................................................................................................... 367 
Development ...................................................................................................................................... 367 
Altered Fire Regime............................................................................................................................ 368 
Invasive Species, Insects, and Diseases ............................................................................................ 368 
Climate Change .................................................................................................................................. 368 

Rapid Ecoregional Assessment Components Evaluated for Montane and Subalpine Forests and     
Alpine Zones .......................................................................................................................................... 369 

Methods Overview .............................................................................................................................. 369 
Key Findings for Management Questions .............................................................................................. 373 
Summary ................................................................................................................................................ 389 
References Cited ................................................................................................................................... 390 

 

Figures 

14-1. Generalized conceptual model for montane and subalpine forests and alpine zones. ................. 370 
14-2. Distribution of baseline montane and subalpine forests and alpine zones. ................................... 374 
14-3. Terrestrial Development Index scores for montane and subalpine forests and alpine zones. ...... 375 
14-4. Area and percent of baseline montane and subalpine forests and alpine zones as a function of    

the Terrestrial Development Index. ............................................................................................... 376 
14-5. Area of montane and subalpine forests and alpine zones as a function patch size for baseline       

conditions and two development levels. ....................................................................................... 376 
14-6. Patch sizes of montane and subalpine forests and alpine zones for baseline conditions and 

relatively undeveloped areas. ....................................................................................................... 377 
14-7. Structural connectivity of relatively undeveloped patches of montane and subalpine forests         

and alpine zones.. ... ..................................................................................................................... 379 



 364 

14-8. Potential barriers and corridors as a function of the Terrestrial Development Index for lands       
surrounding relatively undeveloped montane and subalpine forests and alpine zones. ............... 380 

14-9. Annual area recently burned by wildfires and prescribed fires in baseline montane and      
subalpine forests and alpine zones. .............................................................................................. 381 

14-10. Locations of recent wildfires , prescribed fires, and bark beetle outbreaks  baseline montane      
and subalpine forests and alpine zones. ....................................................................................... 382 

14-11. Potential effects of climate change on montane and subalpine forests. ....................................... 384 
14-12. Potential effects of climate change on alpine zones. .................................................................... 385 
14-13. Relative ranks of risk from development, by land ownership or jurisdiction, for montane and 

subalpine forests and alpine zone. ............................................................................................... 386 
14-14. Ranks of landscape-level ecological values and risks for montane and subalpine forests and  

alpine zones…… .......................................................................................................................... 387 
14-15. Conservation potential of montane and subalpine forests and alpine zones.... ............................ 388 
 

Tables 

14−1. Key ecological attributes and associated indicators of baseline montane and subalpine forests   
and alpine zones........................................................................................................................... 371 

14−2. Anthropogenic Change Agents and associated indicators influencing montane and subalpine 
forests and alpine zones ............................................................................................................... 371 

14−3. Landscape-level ecological values and risks for montane and subalpine forests and alpine     
zones... ......................................................................................................................................... 372 

14−4. Management Questions addressed for montane and subalpine forests and alpine zones. .......... 372 
14−5. Area and percent of montane and subalpine forests and alpine zones by land ownership or          

jurisdiction. .................................................................................................................................... 386 
 
  



 365 

Key Ecological Attributes 

Distribution and Ecology 

Montane and subalpine forests (hereafter mountain forests) and alpine zones of the Wyoming 
Basin ecoregion are similar to those found throughout the northern Rocky Mountains. In general, 
mountain forests occur in major mountain ranges that define much of the Wyoming Basin ecoregion 
periphery, and all alpine zones occur outside the Wyoming Basin ecoregion proper, but within the 
project area buffer. Mountain forests that occur in relative isolation from the major mountain ranges 
may be found in the Owl Creek, Green, Shirley, Ferris, Seminoe, and South Big Horn Mountains, as 
well as the Little Mountain Ecosystem, Rattlesnake Range, and Commissary Ridge. Overall, the 
mountain forests are represented by five vegetation zones: lower and upper montane, subalpine, 
krumholtz, and alpine. Each zone typically occurs within a loosely defined elevational band that rises 
diagonally from lower elevations on northern aspects to higher elevations on southern aspects, although 
many local-to-regional factors may allow a given type to occur above or below its typical elevational 
band (Peet, 1988; Knight, 1994). 

The lower montane forests generally occur at elevations of about 1,800–2,600 meters (m) 
(5,900–8,530 feet [ft]) and are characterized by a species-elevation gradient that shifts from ponderosa 
pine dominance in the foothills-montane ecotone to mixed ponderosa pine and Douglas-fir in middle 
elevations to Douglas-fir dominance at the higher elevations. At the foothills-montane ecotone, 
ponderosa pine savannah or woodland is typical, whereas at higher elevations, ponderosa pine forest 
may be found. Ponderosa pine seedlings are relatively cold sensitive, which limits them to warm, sunny 
sites, whereas Douglas-firs more typically occur at higher elevations and on shady slopes. Both species 
use water efficiently, but ponderosa pine requires more summer rainfall than Douglas-fir (Knight, 
1994). Upper montane forests occur at elevations of 1,800–3,500 m (5,900–11,480 ft) and are 
dominated by the cold-tolerant lodgepole pine. This species also uses water efficiently, which can allow 
it to become established in areas that may be too dry for other species that characterize the upper 
montane (Knight, 1994). Subalpine forests occur at elevations of 2,350–3,500 m (7,710–11,480 ft) and 
are dominated by Englemann spruce and (or) subalpine fir (Knight, 1994). Both species are very cold-
tolerant but limited primarily to mesic sites. They are also quite shade-tolerant (especially the firs), so 
they readily regenerate in the understory (Knight, 1994). At the upper subalpine, the forest diminishes 
into a zone of krummholz—patchy islands of stunted, wind-sculpted trees, including whitebark pines 
(Knight, 1994). 

Some species span multiple zones. Throughout most of the montane elevations, especially the 
middle to upper montane, aspen may occur in pure or mixed aspen-conifer stands (see the Chapter 15—
Aspen Forests and Woodlands). Mature aspen are relatively drought tolerant, but the seedlings are not 
(Knight, 1994), so aspen typically occur where soil moisture persists during the growing season 
(Knight, 1994). Limber and whitebark pines also may occur from the lower montane to treeline, 
typically in the drier, windswept areas that are unfavorable to other tree species (Knight, 1994) (see 
Chapter 16—Five-Needle Pine Forests and Woodlands). 

The lower alpine zone typically occurs where mean July temperatures are <10 °C (50 °F), 
generally at elevations of 3,250 m (10,660 ft) in southern Wyoming and 3,000 m (9,840 ft) in the north 
(Knight, 1994). The alpine zone is characterized by alpine meadows in well-drained mesic sites with 
well-developed soils; by fellfields (rocky areas with scattered cushion plants) in dry, wind-swept sites; 
by patchy shrublands in drainages; by persistent snowfields leeward of ridges; by bogs in depressions; 
and by bare rock or talus on steep, unstable slopes. Most alpine plant species have morphological and 
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physiological adaptations to maximize heat conservation and growth in alpine conditions, which favor 
perennial grasses, sedges, forbs, and low-growing (sometimes prostrate) shrubs. Common plants include 
timberline bluegrass, black alpine sedge, alpine avens, alpine bistort, alpine laurel, and willow species 
(both shrub and prostrate forms). 

Landscape Structure and Dynamics 

The major influences on mountain forest and alpine landscape structure are the elevational 
gradients in temperature and moisture availability (Peet, 1988). As elevation increases, temperatures 
decrease, whereas precipitation and duration of snow cover increase (that is, moisture also increases). 
However, concomitant increases in atmospheric pressure, solar and ultraviolet radiation, and wind 
velocity tend to counteract the effects of increasing moisture (Knight, 1994). Furthermore, these broad 
patterns are subject to localized effects of aspect, slope, and soil type; as well as to disturbance 
frequency, successional changes, and interactive effects of wildlife on plant life-history characteristics. 
For example, high-elevation species may occur at low elevations where cold-air drainage suppresses 
temperatures (Knight, 1994). Limestone- or dolomite-derived soils typically support Douglas-fir and 
Engelmann spruce, but the pines and subalpine fir typically occur on granitic, glacial, or volcanic soils 
(Knight, 1994). The distribution of limber and whitebark pines is strongly influenced by the seed-
caching behavior of Clark’s nutcrackers (see Chapter 16—Five-Needle Pine Forests and Woodlands) 
(Tomback and Linhart, 1990). Overall, tree species composition within and between forest types can 
range from pure stands of one species to more heterogeneous mixtures of two or more species. 

Forest gaps created by disturbances, and larger parklands maintained by soil conditions and 
other factors unfavorable to tree growth, contribute to heterogeneity of montane forests. These gaps and 
parklands are characterized by grasses and forbs in drier sites and by sedges and shrubs in wetter sites 
(Knight, 1994). Common montane grasses, sedges, and shrubs include bluebunch wheatgrass, Idaho 
fescue, elk sedge, russet buffaloberry, Saskatoon serviceberry, shrubby cinquefoil, and willow species. 

Insect outbreaks, fire, disease, wind-throw, drifting snow, and snow slides are the predominant 
disturbance types in mountain forests affecting forest type and stand structure (Peet, 1988; Knight, 
1994). In the alpine zone, cryoturbation (soil disturbance and slumping due to frequent cycles of 
freezing and thawing) is the primary disturbance type (Knight, 1994). In general, the conditions that 
promote fire, including temperature, drought, and rapid build-ups of fine fuels, decrease with increasing 
elevation (Peet, 1988; Baker, 2009). Fire frequency, severity, and size, however, vary widely both 
spatially and temporally (for example, see Biondi and others [2011]). There is mounting evidence that 
fluctuations in vegetation communities and fire-activity levels are influenced primarily by climate, and 
fire regimes have varied accordingly throughout the Holocene (Whitlock and others, 2003; Baker, 
2009). 

Mixed burn severities in mountain forests result in patchy distributions of low- to high-severity 
burns, although low-severity burns are more typical where build-up of fine fuels can lead to more 
frequent fire, as observed in some ponderosa pine woodlands (Baker, 2009). Similarly, where conditions 
that promote fire occur less frequently, fuel buildups can be significant enough to support large canopy 
fires, as observed in all mountain forest types. Lower montane species have thick bark that insulates the 
larger trees from scorching during surface burns, which can promote an open woodland structure with 
relatively few small trees (Knight, 1994). Aspen, lodgepole pine, Engelmann spruce, and subalpine fir, 
however, have thin bark that affords little protection against scorching; thus, fire usually kills these trees 
(Knight, 1994), although aspen quickly resprouts from rootstock. For lodgepole pine, fire can create the 
conditions necessary for rapid, often dense reseeding from its serotinous cones, which insulate the seeds 
from fire but require fire to open the scales and release the seeds (Baker, 2009). The high-elevation 
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conditions that reduce ignition probabilities in subalpine forests often allow these forests types to escape 
fire for centuries, which in turn promotes fuel build ups that may lead to broad-scale burns of mixed 
severity (Baker, 2009). 

Outbreaks of insects, such as the endemic mountain pine beetle and western spruce budworm, 
occur cyclically throughout the mountain forest. When conditions allow insect populations to grow 
unchecked, however, widespread tree mortality may occur (Peet, 1988; Knight, 1994). Mature trees and 
forests are particularly susceptible, in part because the increasing competition for light, nutrients, and 
moisture in mature stands can stress the trees, which reduces their capacity to produce sap and chemical 
compounds that help to expel beetle larvae (Knight, 1994). Drought can further stress the trees and 
reduce their resistance to beetle attack.  

Associated Species of Management Concern 

Overall, mountain forests and alpine zones provide important habitat and other ecological 
resources for many of Wyoming’s Species of Greatest Conservation Need, including American marten 
(Wyoming Department of Fish and Game, 2011). The forests also support whitebark pines and Canada 
lynx, both candidates for listing under the Endangered Species Act, grizzly bear (Federally listed as 
threatened), and wolverine (proposal to list as Federally endangered withdrawn in summer 2014). In 
September 2014, a large portion of the western Wyoming mountain forests in the Absaroka, Wind 
River, and Wyoming Ranges were designated as critical lynx habitat (see 
http://www.fws.gov/mountain-prairie/species/mammals/lynx/). Additionally, mountain forests provide 
cover for elk, mule deer, and moose (Wyoming Department of Fish and Game, 2011), and the forest 
gaps and parklands provide important summer grazing sites for these wild ungulates. For a given 
watershed, the greater snow accumulation that occurs in the smaller open areas often results in 
disproportionately more downslope water availability than an equal area of forest (Knight, 1994), which 
is an important influence on instream flow. 

Change Agents 

Development 

Energy Development and Infrastructure 

Energy development has not been a major Change Agent in mountain forests or alpine zones, but 
within the last decade, oil and gas development has been proposed in several areas that could affect 
mountain forests. Exurban development is largely restricted to private lands at the lower-to-mid 
elevations, but all forms of development increase when energy booms occur nearby, such as around the 
Green River Basin and the Atlantic Rim (Bowen and others, 2011). Development and upgrades of 
Wyoming’s water-supply infrastructure are projected to continue in all major basins of the Wyoming 
Basin ecoregion, and some potential future reservoir sites are encompassed by the mountain forests 
(Wyoming Water Development Commission, 2007). Road development for logging, fire-fighting, and 
recreational off-highway vehicle use is an important driver of change in mountain forests and some 
alpine zones. Roads convert and fragment the forests (Reed and others, 1996) and damage vegetation, 
which can affect ecosystem processes, hydrological regimes, and erosion in particular (Knight, 1994; 
Luce and Wemple, 2001). Roads and trails also may function as corridors of invasion by exotic grasses 
and forbs (Wells and others, 2012). 

http://www.fws.gov/mountain-prairie/species/mammals/lynx/
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Agricultural Activities 

Agricultural activities in mountain forests and alpine zones include livestock grazing, timber 
harvest, and water impoundment (reservoirs) for irrigation. Grazing tends to concentrate in the 
parklands and forest gaps, where high stocking rates can interact with short growing seasons, leading to 
plant damage and changes in vegetation composition. High stocking rates also may result in water 
contamination, erosion, and downstream sedimentation. Historically, sheep grazing was a significant 
Change Agent on many alpine sites, which are very slow to recover, but since the early 1900s, sheep 
numbers have declined, and herding practices have changed (Thilenius, 1975). Timber harvest occurs in 
all mountain forest types, but ponderosa and lodgepole are the most commercially important species 
currently harvested in Wyoming (Brandt and others, 2009). Mechanical treatments, including logging 
and use of herbicides, as well as prescribed fire, are often used to manage stand structure of mountain 
forests for various agricultural, horticultural, and other purposes (Knight, 1994). 

Altered Fire Regime 

Generally, it has been assumed that fire suppression after Euro-American settlement reduced fire 
frequency in mountain forests, thereby facilitating the expansion of and increased stem density in 
conifer forests (Knight, 1994). Because fire suppression is a relatively recent phenomenon, however, it 
probably has had little effect on fire regimes except perhaps in some lower montane forests where fires 
were more frequent (Baker, 2009). Grazing interacts with fire suppression by decreasing fine fuels and 
allow increased establishment of tree seedlings by reducing competition from grasses and forbs (Knight, 
1994); however, the degree to which livestock grazing has affected mountain forest tree densities and 
(or) overall fire regimes in the Wyoming Basin is unclear and likely has varied with species, soil types, 
and variations in climatic patterns. 

Invasive Species, Insects, and Diseases 

The primary invasive species of concern in mountain forests is a fungal disease that was 
introduced from Europe: the white pine blister rust (see Chapter 16—Five-Needle Pine Forests and 
Woodlands). Combined with the current outbreak of mountain pine beetle, whitebark pines are 
undergoing high rates of mortality (Bockino and Tinker, 2012). Although insect outbreaks are normal 
cyclic events in the mountain forests, warmer temperatures and drought can lead to greater amplitudes 
and durations of insect outbreaks (see Chapter 16—Five-Needle Pine). 

Climate Change 

Increasing temperatures have led to earlier onset of the growing season, upslope movement of 
mountain forests, and large-scale forest die-offs (Allen and others, 2010). In the San Juan Mountains of 
southwestern Colorado, where studies indicate that treeline has retreated and advanced with changes in 
climate throughout the Holocene, a rise in mean summer temperature of <1 ºC (1.8 ºF) resulted in 
treeline advancement of 80–140 m (262–459 ft) (Carrera and others, 1991). Moreover, the altitudinal 
and latitudinal advances of mountain forests could occur at the expense of alpine and taiga systems 
(Rehfeldt and others, 2012). Based on projected increasing temperatures, similar trends in the Wyoming 
Basin could occur, although rates of advancement and precise ranges of advancement will depend on the 
complex suite of regional and local factors that also affect changes in treeline (Holtmeier and Broll, 
2005). Some alpine and subalpine species, such as American pika, reach the northern limit of their range 
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in Bighorn Mountains, which may enhance connectivity if northward expansion occurs with changing 
climate. 

Rapid Ecoregional Assessment Components Evaluated for Montane and Subalpine Forests and 
Alpine Zones 

A generalized, conceptual model was used to highlight some of the key ecological attributes and 
Change Agents affecting mountain forests and alpine zones (fig. 14–1). Key ecological attributes 
addressed by the Rapid Ecoregional Assessment (REA) include (1) the distribution of mountain forests 
and alpine zones, (2) landscape structure (patch sizes and structural connectivity), and (3) landscape 
dynamics (fire and bark beetle occurrence and conifer-aspen dynamics) (table 14–1). The Change 
Agents evaluated include development, white pine blister rust, and climate change (table 14–2). 
Ecological values and risks used to assess the conservation potential of this community by township are 
summarized in table 14–3. Core and Integrated Management Questions and the associated summary 
maps and graphs are provided in table 14–4. 

Methods Overview 

To map the distribution of mountain and subalpine forests and alpine zones, we included 
Douglas-fir, ponderosa pine woodlands, lodgepole pine, spruce and fir, and all alpine LANDFIRE 
Existing Vegetation Types. Mountain slope aspen (see Chapter 15—Aspen Forests and Woodlands) and 
all grassland Existing Vegetation Types above 2,900 m (9,514 ft) also were included.  

We assessed development levels in mountain forests using the Terrestrial Development Index 
(TDI) map, and used the resulting output to calculate patch size and structural connectivity metrics. We 
mapped structural connectivity of the baseline distribution at three interpatch distances derived from 
connectivity analysis for this community; local (0.36 kilometers [km]; 0.22 miles [mi]), landscape (1.44 
km; 0.89 mi), and regional (2.43 km; 1.51 mi) levels. Areas that may function as barriers or corridors 
were derived from development levels and were identified by overlaying baseline patches on the TDI 
map. The perimeters of fires in mountain forests since 1980 and bark beetle mortality since 1997 were 
compiled from several data sources to assess fire frequency and extent (table 14–1). 

We evaluated the potential changes in the distribution of montane forests and alpine zones 
separately, using the bioclimatic envelopes developed by Rehfeldt and others (2012) and climate 
scenario I, the Canadian Centre for Climate Modelling and Analysis Model version 3 (emissions 
scenario A2) in 2030. Current and projected bioclimatic envelopes were used to identify areas where 
mountain forests and alpine zones had the potential to increase, decline, or remain the same. We then 
overlaid the resulting maps with baseline maps to identify existing areas that have the potential to 
change for climate scenario I.  

Landscape-level ecological values (area of mountain forests and alpine zones) and risks (TDI 
score) were compiled into an overall index of conservation potential for each township (table 14–3). See 
Chapter 2—Assessment Framework and the Appendix for additional details on the methods. Landscape-
level values and risks, and conservation potential rankings are intended to provide a synthetic overview 
of the geospatial datasets developed to address Core Management Questions in the REA. Because 
rankings are very sensitive to the input data used and the criteria used to develop the ranking thresholds, 
they are not intended as stand-alone maps. Rather, they are best used as an initial screening tool to 
compare regional rankings in conjunction with the geospatial data for Core Management Questions and 
information on local conditions that cannot be determined from regional REA maps. 
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Figure 14-1. Generalized conceptual model for montane and subalpine forests and alpine zones for the Wyoming 
Basin Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of montane and subalpine forests and alpine zones are shown in orange 
rectangles; additional ecological attributes are shown in blue rectangles; and anthropogenic Change Agents 
that affect key ecological attributes are shown in yellow ovals. The dashed lines indicate components not 
addressed by the REA. Livestock and invasive plants are Change Agents that were not addressed for montane 
and subalpine forests and alpine zones due to the lack of regionwide data. 
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Table 14−1. Key ecological attributes and associated indicators of baseline montane and subalpine forests and 
alpine zones1 for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and distribution Total area Distribution derived from LANDFIRE1 

Landscape structure Patch size Patch-size frequency distribution 

Structural connectivity2 Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (0.36 km; 0.22 
mi), landscape (1.44 km; 0.89 mi), and regional (2.43 km; 
1.51 mi) levels 

Landscape dynamics Fire and bark beetle 
occurrence3 

Locations of fires (since 1980) and bark beetle 
outbreaks (sine 1987) 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of montane and 
subalpine forests and alpine zones due to Change Agents. Baseline conditions are defined as the potential current distribution 
of mountain forests and alpine derived from LANDFIRE Existing Vegetation Types without explicit inclusion of Change 
Agents (see Chapter 2—Assessment Framework and the Appendix).  
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels, but does not reflect 
species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
3 See Wildland Fire section in the Appendix. 
 

 

Table 14−2. Anthropogenic Change Agents and associated indicators influencing montane and subalpine forests 
and alpine zones for the Wyoming Basin Rapid Ecoregional Assessment.  

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile]  
Change 
Agents Variables Indicators 

Development Terrestrial Development 
Index1 

Percent of montane and subalpine forests and alpine zones in seven 
development classes using a 16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for montane and subalpine forests and 
alpine zones that are relatively undeveloped or have low development 
scores compared to baseline conditions 

 Interpatch distances that provide an index of structural connectivity for 
relatively undeveloped patches at local (3.15 km; 1.96 mi), landscape 
(4.86 km; 3.02 mi), and regional (12.24 km; 7.61 mi) levels 

Introduced 
species and 
disease 

White pine blister rust  See Chapter 16—Five-Needle Pine Forests and Woodlands 
 

Climate 
change 

Projected temperature 
and precipitation 

Potential distribution of montane and subalpine forests and alpine zones 
derived from the projected distribution of the bioclimatic envelope in 
20302 

1 See Chapter 2—Assessment Framework. 
2 Bioclimatic envelope represents the climatic conditions conducive for montane and subalpine forests and alpine zones, 
derived from Rehfeldt and others (2012) for climate scenario I (Canadian Centre for Climate Modelling and Analysis Model, 
ver. 3, emissions scenario A2).  
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Table 14−3. Landscape-level ecological values and risks for montane and subalpine forests and alpine zones. 
Ranks were combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 

[>, greater than]  
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2 

Values Area 
 

<26 26–76 >76 Percent of township classified as 
mountain forests and alpine 

Risks Terrestrial Development 
Index (TDI) 

<1 1–3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for each Conservation Element to 
minimize the effects of extremely small areas and put greater emphasis on conservation potential of large areas (see table 
A−19 in the Appendix for details on criteria for assigning ranks for values and risks and threshold levels). 
2 See tables 14–1 and 14–2 for description of variables. 
 

 

Table 14−4. Management Questions addressed for montane and subalpine forests and alpine zones for the 
Wyoming Basin Rapid Ecoregional Assessment.  

Core Management Questions Results 

Where are baseline mountain forests and alpine zones, and what is the total area? Figure 14–2 

Where does development pose the greatest threat to baseline mountain forests and alpine zones, and 
where are the relatively undeveloped areas? 

Figures 14–3 and 
14–4 

How has development fragmented baseline mountain forests and alpine zones, and where are the 
large, relatively undeveloped patches? 

Figures 14–5 and 
14–6 

How has development affected structural connectivity of mountain forests and alpine zones relative 
to baseline conditions? 

Figure 14–7 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped patches of mountain forests and alpine zones? 

Figure 14–8 

Where have mountain forests been disturbed by recent fires and bark beetle outbreaks, and what is 
the total area of forest affected by each disturbance? 

Figures 14–9 and 
14–10 

What are the potential distributions of mountain forests and alpine zones in 2030? Figures 14–11 and 
14–12 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for mountain forests and 
alpine? 

Table 14–5, Figure 
14–13 

Where are the townships with the greatest landscape-level ecological values? Figure 14–14 

Where are the townships with the greatest landscape-level risks? Figure 14–14 

Where are the townships with the greatest conservation potential?  Figure 14–15 
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Key Findings for Management Questions 

Where are baseline montane and subalpine forests and alpine zones, and what is the total area (fig. 14–2)?  
• The mountain forests and alpine zones comprise 24,903 square kilometers (km2) (9,615 square miles 

[mi2]) and cover approximately 14 percent of the project area, only 1.2 percent of which is in the 
ecoregion proper. 

• The mountain forest and alpine zone occurs in the Absaroka, Wind River, Rattlesnake, Park, and 
Wyoming Ranges; the Big Horn, Ferris, Granite, Green, Laramie, Medicine Bow, Owl Creek, 
Seminoe, Shirley, Sierra Madre, South Big Horn, and Uinta Mountains; the Little Mountain 
Ecosystem; and Commissary Ridge (fig. 14–2). 

 
Where does development pose the greatest threat to baseline montane and subalpine forests and alpine zones, 
and where are the relatively undeveloped areas (figs. 14–3 and 14–4)? 
• Development levels are low in mountain forests and alpine zones within the Wyoming Basin; 

development is generally restricted to lower elevations (fig. 14–3). Large regions of the Absaroka, 
Bighorn, and Wind River Mountains have low levels of development. 

• Compared to other communities in the ecoregion, development is lowest for mountain forests. Fifty-
nine percent of this community is relatively undeveloped (TDI score <1 percent); only 4 percent has 
a TDI scores >5 percent, indicating high levels of development (fig. 14–4). 

 
How has development fragmented baseline montane and subalpine forests and alpine zones, and where are the 
large, relatively undeveloped patches (figs. 14–5 and 14–6)? 
• Baseline mountain forest and alpine patches are generally very large, with approximately 22 percent 

occurring in patches >5,000 km2 (1,931 mi2) and 64 percent occurring in patches >1,000 km2 (386 
mi2) (fig. 14–5). 

• Development has created pockets of disturbance at lower elevations, fragmenting the largest patches 
of mountain forest into smaller patches relative to baseline conditions. All relatively undeveloped 
mountain forests and alpine zones occur in patches <5,000 km2 (1,930 mi2).  

• The largest relatively undeveloped patches occur in the Absaroka and Wind River Mountains (fig. 
14–6). 
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Figure 14-2. Distribution of baseline montane and subalpine forests and alpine zones in the Wyoming Basin 
Rapid Ecoregional Assessment project area. 

 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Figure 14-3. Terrestrial Development Index scores for montane and subalpine forests and alpine zones in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Figure 14-4. Area and percent of baseline montane and subalpine forests and alpine zones as a function of the 
Terrestrial Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 

Figure 14-5. Area of montane and subalpine forests and alpine zones as a function patch size for baseline 
conditions and two development levels: (1) Terrestrial Development Index (TDI) score <3 percent, and (2) TDI 
score <1 percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 14-6. Patch sizes of montane and subalpine forests and alpine zones in the Wyoming Basin Rapid 
Ecoregional Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas 
(Terrestrial Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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How has development affected structural connectivity of montane and subalpine forests and alpine zones relative 
to baseline conditions (fig. 14–7)? 
• The Wyoming Basin creates a natural discontinuity that separates the Northern and Southern Rocky 

Mountains. However, baseline mountain forests and alpine zones are highly connected at higher 
elevations within the larger mountain ranges in the project area buffer. Exceptions occur in the 
isolated mountain ranges, including the Owl Creek, Green, Shirley, Ferris, Seminoe, and South Big 
Horn Mountains, as well as the Little Mountain Ecosystem, Rattlesnake Range, and Commissary 
Ridge. Regional structural connectivity of baseline mountain forests occurs at an interpatch distance 
of 2.43 km (1.51 mi) (fig. 14–7). 

• Development has diminished the structural connectivity of relatively undeveloped mountain forests 
and alpine zones, primarily at lower elevations. Connectivity of relatively undeveloped areas is 3.15 
km (1.96 mi) at the local level, 4.86 km (3.02 mi) at the landscape level, and 12.24 km (7.61 mi) at 
the regional level. 

• Patches of highly connected, relatively undeveloped areas (local, landscape, and regional 
connectivity) are associated with the large mountain ranges. Areas with high local and landscape 
connectivity may facilitate dispersal and seasonal movements, whereas lower-elevation and isolated 
mountains with only regional connectivity may have value as migratory bird stopovers across 
developed or otherwise unsuitable habitat. 
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Figure 14-7. Structural connectivity of relatively undeveloped patches of montane and subalpine forests and 
alpine zones in the Wyoming Basin Rapid Ecoregional Assessment project area. Black polygons include large 
and highly connected patches. Blue polygons include patches that contribute to both landscape and regional 
connectivity. Orange polygons represent isolated clusters of patches surrounded by developed areas or other 
cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively undeveloped 
patches of mountain forests and alpine zones? (fig. 14–8)? 

 

Figure 14-8. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) score for 
lands surrounding relatively undeveloped montane and subalpine forests and alpine zones. Higher TDI scores 
(for example, >5 percent) represent potential barriers to movement among relatively undeveloped patches. 
Lower TDI scores (for example, <2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Where have mountain forests been disturbed by recent fires and bark beetle outbreaks, and what is the total area 
of forest affected by each disturbance (figs. 14–9 and 14–10)? 
• Typically, only a small fraction of mountain forest has burned each year since 1980. Cumulatively, 

the area that has burned since 1980 is 1,582 km2 (983 mi2) (6.3 percent). 
• Most of the fires occurred after 2000, and a relatively large proportion of mountain forests (1.6  

percent) burned in 2012 (fig. 14–9). 
• Large fires have occurred since 1980 in mountain forests in all of the mountain ranges except the 

Granite, Laramie, Medicine Bow, and Sierra Madre Mountains (fig. 14–10). 
• Approximately half of the mountain forest has been disturbed recently, primarily due to bark beetle 

outbreaks. The extent of forest mortality varies with disturbance severity. 
 
 

 

Figure 14-9. Annual area burned by wildfires and prescribed fires in baseline montane and subalpine forests and 
alpine zones since 1980 in the Wyoming Basin project area. 
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Figure 14-10. Locations of wildfires and prescribed fires (since 1980), and bark beetle outbreaks (since 1997) in 
baseline montane and subalpine forests and alpine zones in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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What is the potential distribution of montane and subalpine forests and alpine zones in 2030 (figs. 14–11 and 14–
12)? 
• By 2030, the distribution of bioclimatic conditions conducive for mountain forests in the Wyoming 

Basin is projected to shift upslope for climate scenario I (fig. 14–11), and in the Granite Mountains, 
they are projected to be nearly absent (fig. 14–11). 

• By 2030, the distribution of bioclimatic conditions conducive for alpine zones are projected to 
contract at lower elevations for climate scenario I (fig. 14–12). 

 
How does risk from development vary by land ownership or jurisdiction for montane and subalpine forests and 
alpine zones (table 14–5, fig. 14–12)? 
• The Forest Service and the BLM manage approximately 72 percent and 7.4 percent, respectively, of 

mountain forests and alpine zones in the Wyoming Basin (table 14–5).  
• Federal and Tribal lands have much higher proportions of mountain forests and alpine zones with 

the lowest risk from development compared to other land owners (fig. 14–13).  
• Nearly all mountain forests and alpine zones on Tribal land have low risk from development (fig. 

14–13). 
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Figure 14-11. Potential effects of climate change on montane and subalpine forests in the Wyoming Basin Rapid 
Ecoregional Assessment project area. (A) Projected changes in the bioclimatic envelope for montane and 
subalpine forests derived from Rehfeldt and others (2012) for climate scenario I in 2030. Orange indicates 
areas with potential for decline because the current and projected envelope distributions do not coincide. Black 
indicates areas not expected to change because the current and projected envelope distributions overlap. Blue 
indicates potential for expansion into areas that are outside the current envelope distribution. (B) Potential 
changes in baseline montane and subalpine forests derived from overlap with the projected climate envelope 
distribution (as represented in A). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Figure 14-12. Potential effects of climate change on alpine zones in the Wyoming Basin Rapid Ecoregional 
Assessment project area. (A) Projected bioclimatic envelope for alpine zones derived from Rehfeldt and others 
(2012) for climate scenario I in 2030. Orange indicates areas with potential for decline because the current and 
projected envelope distributions do not coincide. Black indicates areas not expected to change because the 
current and projected envelope distributions overlap. Blue indicates potential for expansion into areas that are 
outside the current envelope distribution. (B) Potential changes in baseline alpine zones derived from overlap 
with the projected climate envelope distribution (as represented in A). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Table 14−5. Area and percent of montane and subalpine forests and alpine zones by land ownership or 
jurisdiction in the Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer]  
Ownership or jurisdiction Area (km2) Percent of area 

Forest Service1 17,912 72.0 
Private 3,038 12.2 
Bureau of Land Management 1,834 7.4 
Tribal 1,338 5.4 
State/County 570 2.3 
Private conservation 109 0.4 
Other Federal2 14 0.1 

1 U.S. Department of Agriculture Forest Service. 

2 National Park Service, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
 
 
 

 

Figure 14-13. Relative ranks of risk from development, by land ownership or jurisdiction, for montane and 
subalpine forests and alpine zones in the Wyoming Basin Rapid Ecoregional Assessment project area. 
Rankings are lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), 
and highest (TDI score >3 percent). 

  



 387

Where are the townships with the greatest landscape-level ecological values, and where are the townships with the 
greatest landscape-level risks (fig. 14–14)? 

 

Figure 14-14. Ranks of landscape-level ecological values and risks for montane and subalpine forests and alpine 
zones, summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) 
Landscape-level values based on area and (B) landscape-level risks based on Terrestrial Development Index 
(see table 14–3 for overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Where are the townships with the greatest conservation potential (fig. 14–15)? 

 

Figure 14-15. Conservation potential of montane and subalpine forests and alpine zones, summarized by 
township, in the Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential 
identifies areas that have the highest landscape-level values and the lowest risks. Lowest conservation 
potential identifies areas with the lowest landscape-level values and the highest risks. Ranks of conservation 
potential are not intended as stand-alone summaries and are best interpreted in conjunction with the geospatial 
datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch14_Montane_Subalpine/MapServer
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Summary 

Mountain forests and alpine zones are patchily distributed in the Wyoming Basin and cover 
approximately 14 percent of the land area. The mountain forests and alpine zones are the least 
developed ecological community in the Wyoming Basin; only 4 percent of the area has Terrestrial 
Development Index (TDI) scores >5 percent. Nevertheless, development (including roads, energy, and 
agriculture) has fragmented and decreased the connectivity of mountain forests. All relatively 
undeveloped mountain forests and alpine zones (TDI score <1 percent) occur in patches <5,000 square 
kilometers(1,930 square miles). The largest relatively undeveloped patches occur in the Absaroka and 
Wind River Mountains. 

Mountain forests and alpine zones are naturally discontinuous in the Wyoming Basin, but 
development has reduced connectivity further, especially at lower elevations. Patches of highly 
connected, relatively undeveloped areas are associated with the large mountain ranges, but relatively 
undeveloped areas in the Granite, Laramie, Medicine Bow, and Sierra Madre Mountains are not 
connected at the local level. 

The recent bark beetle outbreak has affected nearly half of mountain forests in the Wyoming 
Basin. The time required for some mountain forest tree species to reach sexual maturity and the isolated 
nature of some mountain forests could result in long recovery times. In turn, wildlife species that depend 
on or have mutualistic relationships with tree species in mountain forest habitats could be negatively 
affected.  

The distribution of bioclimatic conditions conducive for mountain forests is projected to shift 
upslope in most mountain ranges and become nearly absent in the Granite Mountains by 2030 for 
climate scenario I. Likewise, the distribution of bioclimatic conditions supporting alpine flora and fauna 
is projected to contract by 2030 for climate scenario I. Most high-value townships in the mountain forest 
and alpine zone co-occur with low risks. Overall, townships with the best conservation potential are at 
the higher elevations. 
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Key Ecological Attributes 

Distribution and Ecology 

Quaking aspen is widely distributed throughout much of North America, occurring across 
the mountain West, Northeast United States, and most of forested Canada. Aspen occurs across a 
broad range of elevations but is most common where annual precipitation exceeds 
evapotranspiration (Shinneman and others, 2013). In the Wyoming Basin, the most extensive 
aspen forests are found primarily along the ecoregion periphery, although smaller stands occur 
locally within sagebrush shrublands and in the Owl Creek, Green, Shirley, Ferris, Seminoe, and 
South Big Horn Mountains, as well as the Little Mountain Ecosystem, Rattlesnake Range, and 
Commissary Ridge. Aspen-stand structure can be quite variable depending on local biophysical 
conditions. The largest trees and most extensive forests occur in areas with limited topographical 
relief and moist, fertile soils, whereas smaller stands of stunted trees may occur in the alpine 
zone or in wet microsites surrounded by xeric shrublands (Knight, 1994; Shinneman and others, 
2013). 

Physiological characteristics of aspen contribute to its broad distribution. These 
characteristics include a high tolerance to stress compared to that of other Populus species, an 
ability to respond to environmental conditions by producing smaller or larger leaves, more 
tolerance to cold temperatures and shorter growing seasons than most hardwoods, leaf petioles 
that promote leaf-cooling through fluttering, a high rate of photosynthesis, and photosynthetic 
bark (Shepperd and others, 2006). Aspen are clonal and regenerate primarily through sprouting 
from their extensive underground root systems. They can reproduce by seed, but this does not 
happen frequently (Shepperd and others, 2006; Long and Mock, 2012). Mature stems inhibit 
sucker development, but when the overstory is killed or removed, suckering increases, thus 
promoting a new cohort of overstory stems. 

Landscape Structure and Dynamics 

Aspen stands in the Wyoming Basin have been categorized into several functional types 
(using plant associations, elevation, topography, and soils) (Rogers and others, 2014). The two 
most common types are (1) mountain slope forests occurring in montane and subalpine zones, 
generally at elevations >2,590 meters (m) (8,500 feet [ft]), and (2) foothill woodlands, generally 
at elevations of <2,590 m (8,500 ft) (Knight, 1994). Mountain slope aspen may form pure stands, 
but usually it occurs in association with conifer species, including Douglas-fir, lodgepole pine, 
Engelmann spruce, and subalpine fir (Knight, 1994). Foothill aspen usually occurs in relatively 
discrete and often small stands where soils are deeper and more mesic than they are in the 
surrounding terrain, which is dominated by sagebrush or deciduous shrublands (Knight, 1994). 
Typically, aspen is the dominant tree species in stands of foothill aspen, which also may include 
juniper, limber pine, chokecherry, and serviceberry (Knight, 1994). Locally, some stands may 
include both mountain slope and foothill aspen, thus forming a continuum along an elevational 
gradient; at lower elevations, these stands exhibit characteristics of foothill aspen, and with 
increasing elevation they gradually shift to the structure and function of mountain slope aspen 
(Kurzel and others, 2007). 

 Aspen is often considered to depend on fire for long-term persistence, yet aspen may 
form relatively stable stands in the absence of fire (Shinneman and others, 2013; Rogers and 
others, 2014). Fire regimes of aspen forests and woodlands vary spatially and temporally with 
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variations in stand composition and structure, landscape context, and climate (Shinneman and 
others, 2013). Some aspen stands are fire-independent and rarely experience fire or are 
influenced by fire but do not depend on it for persistence. Both fire-independent and fire-
influenced stands typically occur in areas that lack abundant conifers and are relatively stable in 
the absence of fire (Shinneman and others, 2013). In contrast, aspen stands mixed with conifer 
are typically seral and require fire or other severe disturbances to maintain canopy dominance 
over the more shade-tolerant conifers (Kurzel and others, 2007; Shinneman and others, 2013). 
Other causes of episodic die-back in the canopy (including aspen senescence or insect outbreaks 
in conifers) can lead to pulses of aspen regeneration (Kurzel and others, 2007; Pelz and Smith, 
2013). Aspen also may co-dominate the forest canopy with conifers for prolonged periods, 
sometimes exceeding 150 years) (Kurzel and others, 2007). 

In the Wyoming Basin, foothill aspen stands typically persist in the absence of fire 
(Knight, 1994). Multiage stand structures are common, as aspen may regenerate beneath the 
mature canopy (Knight, 1994; Kashian and others, 2007). If, however, these aspen woodlands 
are subjected to prolonged, severe drought or intense and chronic herbivory by large mammals, 
sagebrush and other shrubs may expand within the stands and ultimately the aspen may 
disappear (Bartos, 2001). 

Mountain slope aspen in the Wyoming Basin is generally fire-dependent (Knight, 1994). 
Because the dynamics of these forests across broad landscapes are driven by infrequent natural 
disturbances, the degree of aspen dominance can vary over decades or centuries, in part due to 
variations in time since fire (Kulakowski and others, 2006). The recent widespread outbreak of 
mountain pine beetle in mixed aspen-conifer forests may promote a shift in dominance due to 
conifer mortality in the overstory and subsequent release of understory aspen from conifer 
suppression in the overstory (Diskin and others, 2011). The degree to which aspen expands 
following bark beetle outbreak will depend on the degree of overstory mortality, stem density 
and age of aspen trees, grazing pressure, and other site conditions (Pelz and Smith, 2013). Aspen 
is expected to be favored in areas where mortality of competing conifers is high, which results in 
larger canopy gaps (Pelz and Smith, 2013). 

Widespread, severe drought and unusually warm temperatures also can contribute to 
large-scale aspen canopy die-off, known as sudden aspen decline (SAD) (Worrall and others, 
2008; Anderegg and others, 2013). Recent widespread occurrence of SAD was associated with 
extreme moisture stress resulting from the combination of high summer temperatures and low 
soil moisture (Anderegg and others, 2013). Where suckers and the root mass remain viable, 
aspen forests have the potential to recover, but many severely affected stands have limited 
regeneration potential, which ultimately can lead to the loss of those stands (Worrall and others, 
2013). Local factors that increase vulnerability to SAD include moisture stress, typically found at 
lower elevations and on southwestern aspects; outbreaks of insects and other pathogens; and high 
levels of herbivory (Kashian and others, 2007; Worrall and others, 2008). Aspen are susceptible 
to a variety of diseases, but diseases rarely kill live trees in otherwise healthy stands (Hinds, 
1985). 

Herbivory by wild ungulates, including elk, mule deer, and moose, can have significant 
effects on aspen regeneration. Aspen suckers, twigs, and bark are highly palatable to wild 
ungulates and are used as a principal winter food source in many areas (DeByle and Winokur, 
1985; Bartos and Campbell, 1998). At low levels, browsing can enhance nutrient cycling and 
plant growth (Lindroth and Sinclair, 2013; Seager and others, 2013). At high levels, however, 
browsing can suppress or eliminate aspen sprouts, leading to decreased recruitment into the 
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canopy and even the death of the stand (Eisenburg and others, 2013; Seager and others, 2013). 
The effects of herbivory on the dynamics of aspen stands depends on many factors, including 
ungulate population levels, predator-prey dynamics, fire occurrence, and accessibility of aspen 
stands (Eisenberg and others, 2013). 

Associated Species of Management Concern 

Aspen forests support a rich diversity of understory plants, invertebrates, and wildlife 
species (DeByle and Winokur, 1985), particularly in the central Rocky Mountains, where aspen 
forests are key contributors to regional biological diversity (Campbell and Bartos, 2001). Aspen 
trees and the highly productive herbaceous understory represent a major food source for native 
ungulates (DeByle and Winokur, 1985). Aspen is also a primary food for beavers (DeByle, 
1985). Cavity-nesting birds in the western United States often favor aspen over other tree species 
(Dobkin and others, 1995) and, in the “sea of sage” that typifies many parts of the Wyoming 
Basin and other intermountain basins, migratory songbirds make significant use of aspen forests 
as stopover sites during migration (Bowen and others, 2013). Snowshoe hares, major prey items 
for the Canada lynx, also inhabit aspen forests. 

Change Agents 

Development 

Energy and Infrastructure 

Development, including infrastructure associated with energy development, can have 
direct and indirect effects on aspen. Occurrence of roads in aspen stands increases the proportion 
of edges, which may cause changes in micro-climatic conditions. Additionally, secondary and 
tertiary roads often are used as travel routes by wild and domestic ungulates; this results in 
greater browsing pressure along these pathways. Increased browsing could exacerbate the effects 
of SAD by decreasing the potential for stand regeneration (Shepperd and others, 2006). 
Recreation pressures, such as hunting, camping, and off-highway vehicle traffic may be greater 
where roads provide access to aspen stands. 

Agricultural Activities 

Agricultural activities, including cultivation, livestock use, and forestry practices, can 
directly and indirectly affect aspen forests. Locally, water diversions for croplands could affect 
aspen forests by altering soil moisture. Proximity of agriculture (such as irrigated pastures and 
alfalfa fields) to aspen could increase herbivory pressure from wild ungulates that may use these 
agricultural lands. Domestic ungulates also forage in aspen stands (Kay and Bartos, 2000). 
Although aspen has limited commercial timber value in the Wyoming Basin, forestry practices 
used to remove conifer trees, including thinning and clearcutting, can affect aspen stand structure 
and dynamics.  

Altered Fire Regime  

Generally, it has been assumed that fire suppression has reduced fire frequency, thereby 
facilitating increased stem density and expansion of conifers in aspen forests (Knight, 1994). 
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Because fire suppression is a relatively recent phenomenon, however, it probably has had little 
effect on fire regimes except perhaps in the lower montane where fires were more frequent 
(Baker, 2009). There is little evidence that fire regimes have been altered in mountain slope 
forests, and historically, fires were relatively rare in foothill woodlands (Baker, 2009; Shinneman 
and others, 2013). In the Wyoming Basin, prescribed fire is sometimes used to stimulate aspen 
regeneration, primarily for native ungulate forage. Interactions between wildfire, fire-
management practices, and ungulate herbivory can pose significant risks to aspen persistence, 
especially during prolonged drought. In areas where the intensity of herbivory from wild and 
domestic ungulates is high, wildfire and prescribed fire can lead to the loss of aspen stands if 
postfire regeneration is suppressed by ungulates (Seager and others, 2013). 

Invasive Species 

Although invasive plant species occur in aspen forests (Chong and others, 2001), they do 
not appear to be a major concern for aspen in the Wyoming Basin. Roads, however, as well as 
logging and fire, can facilitate the spread of nonnative, invasive plants into aspen stands. For 
example, Canada thistle and common mullein can increase locally in burned sites. 

Climate Change 

Over the long term, changes in precipitation and temperature have the potential to shift 
the bioclimatic envelope that is conducive for aspen to higher elevations and latitudes (Rehfeldt 
and others, 2009). The ability of aspen to withstand or keep pace with rapid climate shifts is of 
concern given its limited regeneration by seed. Because many aspen forests and woodlands 
suffering from SAD occur at the species’ margin of ecological tolerance, they are especially 
vulnerable to climate change (Rehfeldt and others, 2009; Worrall and others, 2013). On the other 
hand, some climate-change models project that fire frequency and severity could increase in mid-
elevation forests (Westerling and others, 2011), which could favor aspen in some circumstances 
(Romme and others, 2005; Kulakowski and others, 2013).  

Rapid Ecoregional Assessment Components Evaluated for Aspen 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting aspen forest and woodlands (fig. 15–1). Key ecological 
attributes addressed by the REA include (1) the distribution of mountain slope and foothill aspen, 
(2) landscape structure (patch size, structural connectivity, and core area), and (3) landscape 
dynamics (aspen dynamics, aspen-conifer ecotone dynamics, and sudden aspen declines) (table 
15–1). The Change Agents evaluated for aspen include development (especially roads) and 
climate change (table 15–2). Ecological values and risks used to assess the conservation potential 
of aspen forests and woodlands by township are summarized in table 15–3. Core Management 
Questions and Integrated Management Questions and the associated summary maps and graphs 
are provided in table 15–4. 

Methods Overview 

We used LANDFIRE Existing Vegetation Types (EVT) to classify aspen into foothill and 
mountain slope functional types based on contextual properties (adjacency to shrublands or 
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montane and subalpine conifer forest types) and elevation. We used the resulting distribution 
map to quantify baseline conditions for aspen. Because the spatial attributes of aspen vary by 
functional type, we quantified most key ecological attributes for each type separately. We 
assessed development levels in the two functional types using the Terrestrial Development Index 
(TDI) map, and then used the resulting output to calculate patch size and structural connectivity. 
We mapped the structural connectivity of baseline aspen for each functional type at three 
interpatch distances using the connectivity analysis: local (0.27 kilometers [km]; 0.17 miles 
[mi]), landscape (1.35 km; 0.84 mi), and regional (6.48 km; 4.03 mi) levels. 

Preliminary analyses indicated that the surface footprint of transportation (roads and 
railroads) was the only development variable that overlapped the baseline aspen map by more 
than 1 percent (transportation overlap was 6.12 and 7.08 percent for mountain slope and foothill 
aspen, respectively); consequently this was the only development variable used to quantify edge 
effects (table 15–2). Because levels of livestock and wild ungulate herbivory are often high along 
aspen-road edges, we evaluated the amount of core area (interior portions of patch for specified 
buffer width) within 60 m (196.9 ft) of roads that intersected aspen stands. We used the percent 
of core area within the road buffer as an index of protection from herbivory as well as from 
human disturbance resulting from road access. 

The occurrence of disturbance from fire (since 1980) or insect mortality since 1997 (table 
15–1) was used as an index of potential aspen dynamics. Perimeters of fires and areas with insect 
mortality were compiled from several sources. Recent disturbance in mountain slope aspen 
stands was used to identify areas with potential for competitive release from conifer in the 
overstory. To identify areas where aspen and conifer stands have potential for expansion in the 
next several decades, we quantified conifer occurrence and mortality within 30 m (98.4 ft) of 
existing mountain slope aspen. Disturbance in adjacent conifer forests was used to indicate 
potential aspen expansion. Adjacent conifer forests with more than 25 percent conifer that had 
not been affected by fire or bark beetles since 1997 were used to indicate areas with high conifer-
expansion potential. We assumed that greater proportions of conifer in areas adjacent to aspen 
indicate greater potential for conifer expansion when evaluated across broad landscapes. 
However, most mountain slope aspen was classified as mixed-conifer aspen; consequently, full 
evaluation of conifer-expansion potential requires local (stand-level) data. 
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Figure 15−1. Generalized conceptual model for aspen forests and woodlands for the Wyoming Basin 
Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of aspen stands are shown in orange rectangles; additional 
ecological attributes are shown in blue rectangles; and anthropogenic Change Agents that affect key 
ecological attributes are shown in yellow ovals. The dashed lines indicate components not addressed 
by the REA. Native and domestic ungulate herbivory was addressed indirectly. The role of ecological 
drivers varies by ecological context, such as between foothill and mountain slope aspen. For example, 
fire and other disturbances typically play a greater role in mountain slope aspen, whereas drought and 
sudden aspen decline can have greater magnitude of effects in foothill aspen. 
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Table 15−1. Key ecological attributes and associated indicators of baseline aspen forests and 
woodlands1 for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile; m, meter; ft, foot] 

Attributes Variables Indicators 
Amount and 
distribution 

Total area by functional type (foothill 
and mountain slope) 

Distribution derived from LANDFIRE2 

Landscape 
structure 

Patch size by functional type Patch-size frequency distribution 

Structural connectivity3  Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (0.27 km; 
0.17 mi), landscape (1.35 km; 0.84 mi), and regional 
(6.48 km; 4.03 mi) scales3  

Core area by functional type Percent core area (areas >60 m [197 ft] from nonforest 
edges) 

Landscape 
dynamics 

Aspen stand dynamics4 Aspen competitive release from conifer overstory 
derived from recent bark beetle outbreaks (since 1997) 
and fire occurrence (since 1980) in mountain slope 
aspen 

Aspen-conifer ecotone dynamics5 
 

Potential for aspen expansion derived from bark beetle 
outbreaks and recent fire occurrence in 30-m (98-ft) 
buffer around mountain slope aspen5  

 Potential for conifer expansion derived from percent 
conifer in a 30-m (98-ft) buffer around mountain slope 
aspen lacking recent disturbance from fire or bark 
beetle outbreaks 

Risk for sudden aspen decline Derived from Rehfeldt and others (2009) 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of aspen 
due to Change Agents. Baseline conditions are defined as the potential current distribution of aspen derived from 
LANDFIRE without explicit inclusion of Change Agents (see Chapter 2—Assessment Framework and the 
Appendix).  
2 Aspen functional type (foothill and mountain slope) determined by context of adjacent cover types derived from 
LANDFIRE Existing Vegetation Types (see Appendix). 
3 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not 
reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 
5 We used >25 percent of conifers in buffers as a threshold indicating potential for conifer expansion. 
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Table 15−2. Anthropogenic Change Agents and associated indicators influencing aspen forests and 
woodlands for the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile; m, meter; ft, foot] 

Change Agents Variables  Indicators 

Development Terrestrial Development 
Index1 

Percent of aspen forests in seven development classes using 
a 16-km2 (6.18 mi2) moving window 

Patch size frequency distribution for aspen that is relatively 
undeveloped or has low development scores compared to 
baseline conditions 

Inter-patch distances that provide an index of structural 
connectivity for relatively undeveloped patches at local 
(0.27 km; 0.17 mi), landscape (5.13 km; 3.19 mi), and 
regional (12.69 km; 7.89 mi) levels 

Transportation Percent of core area >60 m [197 ft] from non-forest and 
road edges2 

Climate change Projected temperature 
and precipitation 

Potential aspen distribution derived from the projected 
distribution of the bioclimatic envelope in 20303 

1 See Chapter 2—Assessment Framework for description of Terrestrial Development Index. 

2 Percent of core area was used as an index of protection from herbivory. 
3 Bioclimatic envelope represents the bioclimate conditions conducive for aspen, derived from Rehfeldt and others 
(2012) for climate scenario I (Canadian Centre for Climate Modelling and Analysis, ver. 3, emissions scenario A2). 
 

 
We used projections of the bioclimatic envelope developed by Rehfeldt and others (2009) 

for aspen in 2030 using climate scenario I (Canadian Centre for Climate Modeling and Analysis 
Coupled Global Model, ver. 3 [CCCM3], emissions scenario A2) to evaluate areas that currently 
have a greater risk for SAD. Existing aspen that fell outside the distribution of the projected 
bioclimatic envelope in 2030 was considered to be at greater risk of SAD (Rehfeldt and others, 
2009). We used SAD risk to evaluate how the loss of aspen at risk for SAD could affect aspen 
structural connectivity. We also evaluated the structural connectivity for aspen forests that were 
at low risk of SAD and were relatively undeveloped (TDI score <1 percent) to examine how 
development may further influence connectivity of aspen in the project area.  

To evaluate the potential change in the distribution of aspen forests and woodlands, we 
used the aspen bioclimatic envelope model developed by Rehfeldt and others (2012) for climate 
scenario I (CCCM3, emissions scenario A2) for 2030. Current and projected bioclimatic 
envelopes were used to identify areas where aspen distribution had the potential to increase, 
decline, or remain the same. We then overlaid the resulting map on the baseline aspen map to 
identify existing areas that have the potential to change in climate scenario I. 

Although large aspen stands have high ecological value, naturally occurring small, 
isolated stands contribute to aspen connectivity in the Wyoming Basin. To evaluate landscape-
level ecological values, we used the area of aspen patches to represent mountain slope aspen 
value and stepping stone function (defined as contributing to regional-level connectivity only) to 
represent foothill aspen value, and we used the maximum rank for each township for the overall 
value rank. The TDI score and risk for SAD were used to represent landscape-level risks. Ranks 
for values and risks were combined into an overall index of conservation potential for each 
township (table 15–3). Landscape-level values and risks, and conservation potential rankings are 
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intended to provide a synthetic overview of the geospatial datasets developed to address Core 
Management Questions in the REA. Because rankings are very sensitive to the input data used 
and the criteria used to develop the ranking thresholds, they are not intended as stand-alone 
maps. Rather, they are best used as an initial screening tool to compare regional rankings in 
conjunction with the geospatial data for Core Management Questions and information on local 
conditions that cannot be determined from regional REA maps. See Chapter 2—Assessment 
Framework and the Appendix for additional details on the methods. 
 

Table 15−3. Landscape-level ecological values and risks for aspen forests and woodlands. Ranks were 
combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 

[SAD, sudden aspen decline] 
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2  
Values Area 

 
<0.19 0.19–3.24 >3.24 Percent of township classified as aspen 

 Stepping stone 
function 

<1.67 1.67–2.34 >2.34 Mean stepping stone rank by township. 
Connected at regional levels only = 3; 
connected at landscape and regional levels 
= 2; connected at all levels = 1 

Risks Terrestrial 
Development 
Index (TDI) 

<1 1–3 >3 Mean TDI score by township 

 Road effects on 
aspen core 
areas 

>10 1–10 <1 Percent of core area by township 

 Sudden aspen 
decline (SAD) 
risk 
 

<1.67  1.67–2.34 >2.34 Mean risk by township: low and high SAD 
risk are given values of 1 and 3, 
respectively, and averaged by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for aspen communities to 
minimize the effects of extremely small areas and put greater emphasis on conservation potential of large areas (see 
table A−19 in the Appendix). 

2 See tables 15–1 and 15–2 for description of variables. 
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Table 15−4. Management Questions addressed for aspen forests and woodlands for the Wyoming Basin 
Rapid Ecoregional Assessment. 

Core Management Questions Results 
Where are the two baseline aspen functional types (mountain slope and foothill), and 
what is the total area of each? 

Figure 15–2 

Where does development pose the greatest threat to baseline aspen, and where are the 
relatively undeveloped areas? 

Figures 15–3 and 15–4 

How has development fragmented baseline aspen, and where are the large, relatively 
undeveloped patches? 

Figures 15–5 and 15–6 

Where are aspen core areas, and how is core area affected by the presence of roads and 
railroads?  

Figures 15–7 and 15–8 

Where are baseline aspen stands with high levels of structural connectivity, and which 
stands function as stepping stones? 

Figure 15–9  

Where are potential barriers and corridors that may affect animal movements among 
baseline aspen patches? 

Figure 15–10 

Where does aspen have a greater vulnerability to sudden aspen decline on the basis of 
climatic risk factors, and how would the loss of these stands affect the structural 
connectivity of aspen? 

Figure 15–11 

Where are mountain slope aspen-conifer ecotones with potential for conifer or aspen 
expansion, and which aspen stands may undergo competitive release as a result of 
recent disturbances? 
 

Figure 15–12 

What is the potential distribution of aspen in 2030? Figure 15–13 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for mountain 
slope and foothill aspen? 
 

Table 15–5, figure 15–14 

Where are the townships with the greatest landscape-level ecological values? Figure 15–15 

Where are the townships with the greatest landscape-level risks? Figure 15–16 

Where are the townships with the greatest conservation potential? Figure 15–17 
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Key Findings for Management Questions 

Where are the two baseline aspen functional types (mountain slope and foothill), and what is the total area 
of each (fig. 15–2)?  
• Mountain slope aspen covers 4,350 km2 (1,680 mi2) and foothill aspen covers 465 km2 (179 

mi2) in the project area.  
• Mean elevation of mountain slope aspen is 2,537 m (8,323 ft), whereas mean elevation of 

foothill aspen is 2,201 m (7,221 ft).  
• Only 10 percent of aspen forests and woodlands in the project area are within the Wyoming 

Basin ecoregion proper; of that, 70 percent is mountain slope and 30 percent is foothill aspen. 
Most aspen (90 percent) is within the ecoregion buffer, 93 and 7 percent of which is 
mountain slope and foothill aspen, respectively. 

 
Where does development pose the greatest threat to baseline aspen and where are the relatively 
undeveloped areas (figs. 15–3 and 15–4)? 
• Development levels for foothill aspen are greater than those for mountain slope aspen, with 

only 20.7 percent of foothills aspen in relatively undeveloped areas (TDI score <1 percent), 
and 31.9 percent had TDI score >3 percent, indicating high levels of development (figs. 15–3 
and 15–4).  

• In contrast, 45.6 percent of mountain slope aspen is relatively undeveloped, and 13.8 percent 
had TDI score >3 percent (fig. 15–4). 

• Roads and railroads contribute more than other development variables to the TDI score for 
both aspen functional types; adjacent agriculture also contributes to a greater TDI score in 
some locations. Likewise, the only development variable that directly overlaps aspen stands 
by more than 1 percent is roads: overlap with mountain slope and foothill aspen is 6.1 and 
7.1 percent, respectively. Urban, energy, and minerals development contribute only 
minimally to the TDI score for aspen. 

 
How has development fragmented baseline aspen, and where are the large, relatively undeveloped 
patches (figs. 15–5 and 15–6)? 
• Baseline aspen patches are generally small, with approximately 50 percent of mountain slope 

aspen and 75 percent of foothill aspen occurring in patches <1 km2 (0.39 mi2) (figs. 15–5 and 
15–6). 

• Development has effectively fragmented aspen into smaller patches relative to baseline 
conditions. All patches of relatively undeveloped aspen are <0.1 km2 (0.04 mi2), whereas 
23.5 percent of baseline mountain slope aspen patches and 13.5 percent of baseline foothill 
aspen patches are >50 km2 (19.31 mi2) (fig. 15–5). 
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Figure 15−2. Distribution of baseline mountain slope and foothill aspen in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer


406
 
 

 
 
Figure 15−3. Terrestrial Development Index scores for aspen forests and woodlands in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Figure 15−4. Area and percent of aspen as a function of the Terrestrial Development Index in the 

Wyoming Basin Rapid Ecoregional Assessment project area for (A) mountain slope and (B) foothill 
aspen. 
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Figure 15−5. Area of aspen as a function of patch size for baseline conditions and two development 

levels: Terrestrial Development Index (TDI) score <3 percent, and TDI score <1 percent (relatively 
undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) mountain 
slope aspen and (B) foothill aspen. 
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Figure 15−6. Baseline aspen patch sizes in the Wyoming Basin Rapid Ecoregional Assessment project 

area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Where are aspen core areas, and how is core area affected by the presence of roads and railroads (figs. 
15–7 and 15–8)? 
• Baseline aspen has a large proportion of nonforest edge, and core area accounts for only 35 

percent of mountain slope and 10 percent of foothill aspen area (figs. 15–7 and 15–8).  
• Edges created by roads, and to a very limited extent railroads, dramatically decrease the 

amount of core area. Little core area remains in foothill aspen, and core area decreases to 9 
percent of mountain slope aspen, when road and railroad edges are included (figs. 15–7 and 
15–8). 



411
 
 

 
 
Figure 15−7. Percent of core area for aspen forests and woodlands, summarized by township, in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Core area is defined as the percent of 
baseline aspen >60 meters (197 feet) from edges for (A) nonforest edges only and (B) nonforest and 
road/railroad edges. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Figure 15−8. Core area of aspen, by functional type, in the Wyoming Basin Rapid Ecoregional 

Assessment project area. Core area is defined as the percent of baseline aspen >60 meters (197 feet) 
from edges. This was evaluated for nonforested edges only and for nonforest and road/railroad edges 
combined. 

 
Where are baseline aspen stands with high levels of structural connectivity, and which stands function as 
stepping stones (fig. 15–9)? 
• Foothill aspen patches are relatively small and lack structural connectivity to the largest 

aspen forests at local and landscape levels, whereas mountain slope aspen patches have 
greater connectivity at local, landscape, and regional levels, particularly around the perimeter 
of the project area. 

• Foothill aspen patches function as stepping stones across the dominant sagebrush steppe 
landscape of the Wyoming Basin and contribute to regional connectivity, particularly 
between the eastern and western portions of the project area. 

• Development has greatly diminished structural connectivity of aspen at landscape and 
regional levels. Regional connectivity among baseline aspen forest and woodlands occurs at 
an interpatch distance of 6.48 km (4.03 mi) but is 12.69 km (7.89 mi) for relatively 
undeveloped areas. Baseline landscape-scale connectivity increases from 1.35 km (0.84 mi) 
to 5.13 km (3.19 mi) for relatively undeveloped areas. 
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Figure 15−9. Structural connectivity of baseline aspen forests and woodlands in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Black polygons include large and highly connected aspen 
patches. Blue polygons include aspen patches that contribute to both landscape and regional 
connectivity. Orange polygons represent clusters of isolated aspen patches, which can serve as 
stepping stones across broad expanses of sagebrush shrublands.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer


414 
 
 

Where are potential barriers and corridors that may affect animal movements among baseline aspen 
patches (fig. 15–10)? 

 
 
Figure 15−10. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) 

score for lands surrounding baseline aspen. Higher TDI scores (for example, >5 percent) represent 
potential barriers to movement among relatively undeveloped patches. Lower TDI scores (for example, 
<2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer


415
 
 

Where does aspen have a greater vulnerability to sudden aspen decline on the basis of climatic risk 
factors, and how would the loss of these stands affect the structural connectivity of aspen (fig.15–11)?  
• Ninety-two percent of foothill aspen is vulnerable to drought and high temperatures that 

contribute to risk of SAD, whereas 32 percent of mountain slope aspen is vulnerable. 
• Many stands at risk for SAD contribute disproportionately to aspen structural connectivity at 

regional levels. These stands often occur in areas with high levels of development; thus, the 
loss of stands to SAD could further erode structural connectivity. 

 
Where are mountain slope aspen-conifer ecotones with potential for conifer or aspen expansion, and which 
aspen stands may undergo competitive release as a result of recent disturbances (fig. 15–12)? 
• Recent bark beetle outbreaks and fires are expected to promote aspen dominance in existing 

aspen stands by killing conifers in the overstory, and they may create opportunities for aspen 
expansion in adjacent conifer forests.  

• A total of 2,474 km2 (955.2 mi2), or 51 percent, of aspen has been recently disturbed by fire 
or bark beetle outbreaks. Approximately 92 percent of the disturbance was caused by bark 
beetles. 

• Additionally, 2,903 km2 (1,120.9 mi2) of conifer forests adjacent to aspen (within 30 m [98.4 
ft] of aspen) have been disturbed by fire or bark beetles since 1997. Whether aspen expands 
into recently disturbed areas depends on the degree of overstory mortality, the amount of 
aspen present, herbivory levels, and other local factors (Pelz and Smith, 2013). 

• Only 6.7 percent of mountain slope aspen occurs along ecotones with high conifer densities 
(>25 percent of conifers within 30 m [98.4 ft]. These areas may have potential for conifer 
expansion; however, mountain slope aspen is typically classified in LANDFIRE as mixed 
aspen-conifer and consequently includes an unknown proportion of conifer. Variation in 
percent of conifer at finer scales of resolution than evaluated here could affect the potential 
for conifer expansion. 
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Figure 15−11. The risk for sudden aspen decline (SAD) in relation to regional connectivity of baseline 

aspen forests and woodlands in the Wyoming Basin Rapid Ecoregional Assessment project area. Loss 
of aspen to SAD could lead to loss of regional aspen connectivity in the Wyoming Basin. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Figure 15−12. Potential changes in mountain slope aspen-conifer ecotone dynamics as a function of 

recent disturbances from fire (since 1980) or bark beetle outbreaks (since 1997) in Wyoming Basin 
Rapid Ecoregional Assessment project area. (A) Locations of bark beetle disturbances in aspen, and 
(B) potential for conifer expansion derived from proximity of mixed-conifer forests to aspen stands. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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What is the potential distribution of aspen in 2030 (fig. 15–13)? 
• Thirty-one percent of mountain slope aspen and 87 percent of foothill aspen are projected to 

fall outside the distribution of bioclimatic conditions conducive for aspen in 2030 for climate 
scenario I (fig. 15−13). The aspen bioclimatic envelope is projected to move upslope (fig. 
15−13A), which could allow aspen to occur at higher elevations where currently it is absent 
(fig. 15−13B); however, where local hydrological conditions are more favorable, aspen may 
persist outside of the projected bioclimatic envelope. Indeed, 38 percent of baseline foothill 
aspen and 6 percent of baseline mountain slope aspen fall outside of the current bioclimatic 
envelope, indicating the limitations of the current model for predicting the occurrence of 
aspen in the Wyoming Basin, particularly for foothill aspen. The bioclimatic models are most 
useful for identifying potential vulnerabilities and to assess future risks. 

• In 2030, 55 percent of the current bioclimatic envelope conducive to aspen is projected to 
persist for the climate scenario evaluated herein, and 44 percent has the potential to decline. 
The total area for potential upslope expansion equates to 17 percent of baseline aspen. These 
projections suggest that the potential loss of foothill aspen at lower elevations might not be 
balanced by the upslope shift of aspen in the project area for the future climate scenario 
evaluated. 

• Aspen woodland is projected to be most at risk for decline provide crucial connectivity 
functions (stepping stones across sagebrush shrublands), such that the loss of these 
vulnerable aspen woodlands could lead to a loss of regional connectivity. 
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Figure 15−13. Potential effects of climate change on aspen forests and woodlands in the Wyoming Basin 

Rapid Ecoregional Assessment project area. (A) Projected changes in the bioclimatic envelope for 
aspen derived from Rehfeldt and others (2012) for climate scenario I in 2030. Orange indicates areas 
with potential for decline because current envelope distributions do not coincide. Black represents 
areas not expected to change because the current and projected envelope distributions overlap. Blue 
indicates potential for expansion into areas that are outside the current envelope distribution. (B) 
Potential changes in baseline aspen derived from overlap with the projected bioclimatic envelope 
distribution (as represented in A). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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How does risk from development vary by land ownership or jurisdiction for mountain slope and foothill 
aspen (table 15–5, fig. 15–14)? 
• Overall, U.S. Department of Agriculture Forest Service lands encompass about half of aspen 

overall, mostly mountain slope aspen. Private lands account for a third of all aspen, but most 
of this is foothill aspen (table 15–5). 

• Currently, the Bureau of Land Management (BLM) manages 11 percent of aspen (table 15–
5).  

• Tribal lands encompass the greatest proportion of foothill aspen with the lowest risk from 
development. U.S. Department of Agriculture Forest Service and other Federal lands, 
including National Park Service lands, have relatively low risk from development (fig. 15–
14). 

• Risks from development on BLM lands is somewhat mixed (fig. 15–14). 
 
 

Table 15−5. Area and percent of aspen forests and woodlands, by land ownership or jurisdiction, in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
  Total aspen Mountain slope Foothill 

Ownership or jurisdiction Area (km2) Percent Area (km2) Percent Area (km2) Percent 
Forest Service1 2,341 48.44 2,303 52.75 38 8.13 
Private 1,603 33.16 1,310 30.01 292 62.63 
Bureau of Land Management 550 11.39 465 10.64 86 18.37 
State/County 164 3.39 127 2.90 37 7.99 
Other Federal2 77 1.60 75 1.73 2 0.43 
Tribal 53 1.09 46 1.06 6 1.38 
Private conservation 42 0.87 38 0.86 4 0.95 

1 U.S. Department of Agriculture Forest Service. 
2 National Park Service, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
 



421 
 
 

 
 
Figure 15−14. Relative ranks of risk from development, by land ownership or jurisdiction, for aspen forests 

and woodlands in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Mountain slope 
aspen, and (B) foothill aspen. Rankings are lowest (Terrestrial Development Index [TDI] score <1 
percent), medium (TDI score 1−3 percent), and highest (TDI score >3 percent). [Forest Service, U.S. 
Department of Agriculture Forest Service] 
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Where are the townships with the greatest landscape-level ecological values (fig. 15–15)? 
 

 
 
Figure 15−15. Ranks of landscape-level ecological values for aspen forests and woodlands, summarized 

by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Total area, (B) 
stepping stone function, and (C) overall value ranks (see table 15–3 for overview of methods). 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Where are the townships with the greatest landscape-level risks (fig. 15–16)? 

 
 
Figure 15−16. Ranks of landscape-level risks for aspen forests and woodlands in the Wyoming Basin 

Rapid Ecoregional Assessment project area. (A) Terrestrial Development Index, (B) core area including 
road/railroad effects, (C) risk for sudden aspen decline, and (D) overall risks (see table 15–3 for 
overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Where are the townships with the greatest conservation potential (fig. 15–17)? 

 
 

Figure 15−17. Conservation potential of aspen forests and woodlands, summarized by township, in the 
Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies 
areas that have the highest landscape-level values and the lowest-level risks. Lowest conservation 
potential identifies areas with the lowest landscape-level values and the highest-level risks. Ranks of 
conservation potential are not intended as stand-alone summaries and are best interpreted in 
conjunction with the geospatial datasets used to address Core Management Questions.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch15_Aspen/MapServer
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Summary 

Most of the aspen in the Wyoming Basin occurs along the ecoregion periphery, with 10 
percent occurring in the Basin proper. Most of the aspen is classified as mountain slope and only 
10 percent is foothill aspen. Over 66 percent of mountain slope aspen is currently managed by 
Federal and state agencies, including the largest relatively undeveloped areas (fig. 15–15), 
whereas only 42 percent of foothill aspen is currently managed by Federal and state agencies. 
Most of the federally managed foothill aspen falls under Bureau of Land Management 
jurisdiction, whereas most of the federally managed mountain slope aspen is managed by the 
U.S. Department of Agriculture Forest Service. 

Although stand-level information (such as regeneration rates, overstory mortality, and 
age structure) will be necessary for full assessment of the condition of aspen forests, the 
landscape-level information summarized herein is crucial for understanding larger-scale threats 
to the ecological conditions and functions of aspen forests. Our results indicate that foothill 
aspen is more vulnerable to the Change Agents compared to mountain slope aspen in the 
Wyoming Basin. The cumulative effects of development, herbivory along natural or road edges, 
potential for sudden aspen decline (SAD), and projected climate changes are expected to have 
greater effects on foothill aspen due to the drier and hotter climate, smaller patch size, lower 
structural connectivity, and greater levels of development in proximity to foothill aspen 
compared to mountain slope aspen. Furthermore, proposed wind farms in proximity to foothill 
aspen may compound the threats to forest-dwelling songbirds and bats that use foothill aspen 
forests as migratory stopover sites (Bowen and others, 2013; Arnett and others, 2008).  

Yet, foothill aspen woodlands contribute to local diversity and provide crucial structural 
connectivity functions in sagebrush landscapes of the Wyoming Basin. Mountain slope aspen, 
because of its dependence on fire and other severe disturbances, continuity along an elevational 
gradient, larger patch sizes, and the greater amount of core area, may be more resilient to 
stressors and have a greater potential for persistence under projected climate change compared to 
foothill aspen in the Wyoming Basin. Indeed, the recent widespread outbreak of bark beetles has 
created potential for competitive release and expansion of mountain slope aspen that may offset 
potential conifer expansion in aspen forests. 

These results indicate that, compared to foothill aspen, mountain slope aspen is currently 
relatively secure in the Wyoming Basin Rapid Ecoregional Assessment project area and may not 
require active management to maintain it on the landscape. In contrast, foothill aspen represents 
significant management challenges because fire is not generally required to maintain the aspen 
stands, and management techniques used to simulate severe disturbances (such as prescribed fire 
or mechanical treatments), coupled with high overstory mortality from SAD, could lead to stand 
loss unless protection of aspen sprouts from grazing is provided (Shinneman and others, 2013). 
Yet, the small aspen patch size and adjacent land use can increase the potential for loss of stands 
due to high herbivory pressures that could occur following canopy removal or mortality. Much 
of the foothill aspen is privately owned and has high Terrestrial Development Index scores; thus, 
foothill aspen under BLM jurisdiction represents significant public ownership of vulnerable 
aspen woodlands that have crucial structural connectivity functions in the Wyoming Basin. 

The highest conservation potential is generally at upper elevations along the periphery of 
the project area, which is predominantly mountain slope aspen (fig. 15–17). Likewise, many 
small isolated stands in the vicinity of Little Mountain (south of Rock Springs, the Granite 
Mountains, and in the highlands at the southern end of the Bighorn Basin) have high 
conservation potential and may serve as stepping stones. Most townships with high landscape-
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level values for foothill aspen (fig. 15–15B) also have moderate to high risk; for these areas, 
management challenges include potential local-scale degradation (such as road effects on core 
area), landscape-scale degradation from development (as indicated by high TDI scores), and risk 
from Change Agents (such as SAD). Townships with high management challenges indicate areas 
that may benefit from management activities that mitigate the potential risk from Change Agents, 
such as maintaining multiage stand structure in areas where risk of SAD is high (Shepperd and 
others, 2006). Likewise, these areas may be sensitive to management activities that could affect 
future vulnerability of the stands to Change Agents. For example, foothill aspen woodlands that 
have limited core area (and potentially high levels of herbivory) may have decreased potential 
for regeneration following prescribed burning or clearcutting, which could increase vulnerability 
to SAD and potential loss of the aspen stand (Shepperd and others, 2006). In addition, site-level 
information that represents data gaps at the regional scale (such as stand structure, stand health, 
regeneration rates, herbivory levels) can be used to validate the regional-level ranks and provide 
more detailed information necessary for decision-making. 
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Key Ecological Attributes 

Distribution and Ecology 

There are six species of five-needle white pines (family Pinaceae) that occur across the 
Rocky Mountains, two of which occur in the Wyoming Basin: limber and whitebark pine. The 
range of limber pine extends from southwestern Alberta and southeastern British Columbia, to 
New Mexico, Arizona, and eastern California, with disjunct populations in the Dakotas, 
Nebraska, eastern Oregon, eastern Nevada, and southern California (Smith and others, 2013). 
The overall distribution of whitebark pine includes coastal and Rocky Mountain ranges from 
British Columbia to Nevada and southern California. Although broadly distributed in Canada, 
many whitebark pine stands are geographically isolated at lower latitudes (Keane and Parsons, 
2010). Nearly all whitebark pine in the United States occurs on Federal lands, about half of 
which is protected within national parks or wilderness areas (Keane, 2000). The Wyoming Basin 
encompasses the southern and eastern-most range of whitebark pine distribution in the Rocky 
Mountains. 

Whitebark pine has been declining across its range over the past century (Kendall and 
Keane, 2001). Recovery of whitebark pine is expected to be slow due to the time required to 
reach sexual maturity coupled with reduced cone production and increased mortality from white 
pine blister rust (Jewett and others, 2011). Concerns about threats to whitebark pine led the U.S. 
Fish and Wildlife Service to conclude that listing it as threatened or endangered was warranted 
(Listing Priority Number 2) but precluded by higher-priority species (U.S. Fish and Wildlife 
Service, 2011). 

Limber pine occurs in association with numerous overstory species across a broad 
ecological gradient from the lower foothills up to treeline, the broadest elevational range of any 
conifer species in the Rocky Mountains (Schoettle and Rochelle, 2000). Despite its broad 
elevational range and patchy distribution, limber pine can exhibit remarkable consistency in 
abundance among stands. In a recent study across 10 ecoregions of the mountain West, limber 
pine ranged between 13–20 percent of total basal area for elevations between 1,177 and 3,547 
meters (m) (3,861.6 and 11,637.1 feet [ft]) (Windmuller-Campione and Long, 2015). In the 
Wyoming Basin, limber pine is found most commonly in juniper woodlands, montane/subalpine 
forests, and krumholz woodlands (Knight, 1994; Schoettle and Rochelle, 2000). Limber pine 
typically occurs in association with lodgepole pine, Engelmann spruce, whitebark pine, Douglas-
fir, subalpine fir, ponderosa pine, Rocky Mountain juniper, and Utah juniper (Despain, 1973; 
Marston and Anderson, 1991).  

Whitebark pine occurs within a much narrower elevational range than limber pine, and is 
generally restricted to the subalpine and timberline zones (Tomback and others, 2011). It 
typically occurs in windy, high-elevation or high-latitude areas, which is an indication of its 
tolerance of harsh conditions (Tomback and others, 2011). Whitebark pine may occur in 
association with lodgepole pine, Englemann spruce, and subalpine fir. The relative dominance of 
whitebark pine within stands depends on elevation, soils, topography, disturbance history, and 
seral stage (Tomback and others, 2011). Whitebark pine may attain canopy dominance following 
severe disturbances, such as fire, or in harsh conditions, such as krummholz woodlands 
(Tomback and others, 2011). 

Although they can grow in a broad range of conditions, both limber and whitebark pines 
are poor competitors and consequently are often restricted to harsh environments, including 
windswept ridges, rocky areas, poor soils, steep slopes, and southern aspects. However, both 
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pine species also occur in more productive subalpine meadows (Knight, 1994; Schoettle and 
Rochelle, 2000; Tomback and others, 2001; Coop and Schoettle, 2009). In addition, the trees are 
relatively shade intolerant, slow growing, and often long-lived; whitebark pine can live up to 
1,000 years (yr), and limber pine up to 1,500 yr (Schuster and others, 1995). Both species may 
occur as extensive, closed-canopy forests in more productive locations where they may maintain 
dominance for 200–1,500 yr (Coop and Schoettle, 2009; Tomback and others, 2011). Whitebark 
pine tolerates cold, dry conditions, but may decrease in abundance as either summer precipitation 
or drought increases (Tomback and others, 2011). Limber pine seedlings are relatively drought 
tolerant, which allows them to establish in more arid locations than whitebark pine (Brunelle and 
others, 2008). 

Landscape Structure and Dynamics 

 The long- and short-term dynamics of five-needle pine forests and woodlands are shaped 
by interactions of fire, climate, disease, and insect outbreaks. These interactions lead to 
considerable spatial and temporal variation in stand structure and dynamics. Dispersal by seed-
caching corvids, such as Clark’s nutcracker and pinyon jay, influence regeneration patterns of 
five-needle pines following fire and beetle outbreaks (Tomback and others, 2011). Elevation, 
aspect, climate, and interactions among disturbances contribute to variation in stand structure and 
dynamics (Coop and Schoettle, 2009).  

In foothill woodlands (where only limber pine occurs), fires are relatively rare, especially 
among steep rocky areas where fuel continuity is often low (Knight, 1994). Long-term climatic 
variation, especially drought, may play an major role in the dynamics of woodlands in these 
areas, but long-term stability of limber pine woodlands is indicated by the regular occurrence of 
limber pines that are 150 to 250 yr old (Thileneus, 1970; Means, 2011). During the early 
Holocene, limber pine was more common than it is today, and it has been suggested that many 
existing stands may be remnants of a more widespread distribution (Monahan and others, 2013). 
Limber pine dwarf mistletoe, unlike mistletoe in other conifer species, is highly virulent and kills 
the host trees, generally within a decade of infection (Kearns and Jacobi, 2007). 

In montane and subalpine forests, fire and bark beetle outbreaks play a dominant role in 
the dynamics of five-needle pine forests. Fire regimes are spatially and temporally variable 
across the range of five-needle pines. Fire rotations range between 30–1,000 yr and vary with 
climate, topography, and forest structure (National Interagency Fuels, Fire, and Vegetation 
Technology Transfer, 2010; Tomback and others, 2011). On more productive sites, five-needle 
pines typically function as seral species in lodgepole pine or subalpine fir forests, and over 
decades or centuries, five-needle pine dominance typically decreases as other more shade-
tolerant conifers increase in dominance (Tomback and others, 2011) 

Episodic mountain pine beetle outbreaks can be primary disturbance agents in coniferous 
forests of the Rocky Mountains, especially lodgepole pine forests, and may affect more land area 
than fires during outbreak years (Logan and Powell, 2001; Raffa and others, 2008). However, 
widespread beetle outbreaks are uncommon because temperatures in high-elevation five-needle 
pine forests generally are not conducive to synchronized larval development and over-winter 
survival of mountain pine beetles (Brunelle and others, 2008; Jewett and others, 2011). The 
conditions that can lead to a shift from endemic to epidemic levels, like the most recent bark 
beetle outbreak throughout lodgepole pine forests of the Rocky Mountains, are believed to be a 
result of widespread drought, synchronicity in stand age structure of lodgepole pine over large 
landscapes, and warm temperatures that allowed an increase in over-winter survival of larvae and 
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a decrease in the number of years required for larvae to reach maturity (Brunelle and others, 
2008; Bentz and others, 2010). There is historical evidence of both previous warm periods and 
widespread bark beetle outbreaks, suggesting that, although rare, the broad extent of the recent 
bark beetle outbreak might not be unprecedented (Logan and Powell, 2001; Brunelle and others, 
2008). Outbreaks typically last a decade or more, and tree mortality is usually greatest for the 
largest trees (Brunelle and others, 2008). The current mountain pine beetle outbreak in lodgepole 
pine forests has greatly subsided in many areas (Colorado State Forest Service, 2014).  

The food-caching behavior of Clark’s nutcrackers and pinyon jays plays a large role in 
seed dispersal and regeneration of five-needle pines (Tomback and others, 2011). The large, 
nutritious seeds are preferred food sources, particularly whitebark pine, for Clark’s nutcrackers. 
Indeed, whitebark pine has a mutualistic relationship with Clark’s nutcrackers. The nutcracker’s 
sharp, chisel-like bill is specialized to open whitebark pine cones, which remain closed at 
maturity (indehiscent), thereby increasing their duration of availability to nutcrackers and 
limiting their use by other species. The tendency of Clark’s nutcrackers to cache seeds in forest 
openings and near rocks affects the regeneration patterns of five-needle pines and facilitates 
colonization of disturbed and sites where there is less competition from mature trees (Tomback 
and others, 2011). In contrast, the cones of limber pine open at maturity, and there is greater 
competition among seed predators for the pine seeds, which also can fall to the ground below the 
trees. Although the pinyon jay’s reliance on pinyon pine is well known, the jays also feed on 
limber pine, particularly in juniper woodlands of the Wyoming Basin where pinyon pines do not 
occur (Balda, 2002). Both the Clark’s nutcracker and pinyon jay cache seeds at considerable 
distances from where the seeds are initially harvested. On average both corvid species may fly up 
to 10–12 kilometers (km) (12.4 miles [mi]) before caching, but nutcrackers have been observed 
caching seeds >20 km (12.4 mi) from their source (Balda, 2002; Tomback and others, 2011). 

The 2013−2027 National Insect and Disease Forest Risk Assessment (Krist and others, 
2014) projects significant range-wide declines of both limber and whitebark pines from insects 
and disease. Whitebark pine is projected to decrease in basal area by 58 percent, and limber pine 
is forecasted to have a basal area decrease of 44 percent. Mountain pine beetle is projected to be 
the primary mortality agent for whitebark pine, accounting for 80−85 percent of the projected 
mortality, with white pine blister rust accounting for 25−30 percent of projected mortality. For 
limber pine, mountain pine beetle is projected to cause 20−80 percent of mortality, with white 
pine blister rust (1−20 percent) and dwarf mistletoe (25−30 percent) also contributing to 
mortality. Within the Rapid Ecoregional Assessment (REA) project area, the greatest projected 
declines in whitebark pine were at higher elevations along the western boundary of the REA with 
lower mortality rates along the range margins where the Bureau of Land management (BLM) 
whitebark pine stands are located. For limber pine, the greatest projected declines occur along 
the western and eastern boundaries of the REA with lower mortality rates in the south portion of 
the Big Horn Basin and in some of the interior mountain ranges. 

Associated Species of Management Concern  

Five-needle pines may function as keystone or foundation species because of their 
contribution to ecosystem functions (Tomback and others, 2011). The seeds of the whitebark 
pine provide a high nutritional food source for grizzly bear, especially during mast years 
(Tomback and others, 2011). Because of their ability to colonize sites with harsh conditions, the 
five-needle pines provide crucial ecological functions by colonizing disturbed sites, including 
burns and avalanche chutes, providing shade, or serving as nurse trees for other plants (Maher 
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and others, 2005; Kearns and Jacobi, 2007; Smith and others, 2013). The trees also help to retain 
snowpack and delay snowmelt (Kearns and Jacobi, 2007; Smith and others, 2013). 

Change Agents 

Development  

Because five-needle pine forests commonly occur at higher elevations and along steep, 
rocky slopes, there is generally limited energy development, roads, agriculture, or grazing in 
these forests and woodlands. Neither pine species has commercial timber value in the Wyoming 
Basin. Timber management or restoration activities following fires or beetle outbreaks may 
present the greatest direct anthropogenic influences on these stands. 

Altered Fire Regimes 

Fire suppression has probably had limited effect on fire rotations in high-elevation 
forests, but locally may have affected the occurrence of fires in five-needle pine forests (Baker, 
2009; Keane, 2010). It is often assumed that bark beetle outbreaks can lead to high fuel loads, 
thereby increasing the risk of severe fires, but empirical evidence for such altered fire behavior is 
limited and equivocal (Jenkins and others, 2008; Simard and others, 2011; Donato and others, 
2013). Recent field studies indicate the risk of severe fire behavior may not increase or decrease 
after bark beetle outbreaks (Simard and others, 2011). Likewise, results from modeling efforts 
indicate the potential for reduction in most measures of fire intensity for up to 35 yr after bark 
beetle outbreaks (Simard and others, 2011). In the short-term, mountain pine beetles may reduce 
the risk of crown fires by thinning the canopy (Simard and others, 2011), but effects of outbreaks 
on surface fuels vary over time (Kulakowski and Veblen, 2007). Because weather generally may 
have a greater influence on fire behavior than amount or type of fuels in subalpine forests 
(Schoennagel and others, 2004; Littell and others, 2009), the recent bark beetle outbreak may not 
have a significant lasting effects on fire behavior in five-needle pine forests in the subalpine zone 
(Simard and others, 2011). 

Introduced Disease 

White pine blister rust (hereafter blister rust) (Schoettle, 2004; Kearns and Jacobi, 2007) 
is native to Eurasia. It was introduced to western North America in 1910, and spread to the 
Wyoming Basin by the 1940s (Geils and others, 2010). All North American white pines are 
susceptible to this pathogen and serve as primary hosts (Kearns and Jacobi, 2007). Species in the 
genus Ribes are the primary alternate hosts required by the pathogen to complete its life cycle, 
but Castilleja and Pedicularis also serve as hosts (Kearns and Jacobi, 2007). The fungus invades 
needles, branches, and stems, where it can produce tree-girdling cankers that initially lead to 
reduced cone production and ultimately tree mortality, typically within a decade of infection. 
Because the fungal spores are wind-dispersed, they are capable of traveling hundreds of 
kilometers (Kearns and Jacobi, 2007). Incidence of blister rust in limber pine in and adjacent to 
the Wyoming Basin between 2002 and 2004 was highly variable (Kearns and Jacobi, 2007); 
infection of trees occurred on 55 percent of survey plots, and incidence averaged 15.5 percent. 
More northern and eastern plots had higher degrees of infection, which decreased with increasing 
elevation (Kearns and Jacobi, 2007). In the Greater Yellowstone area, 45 percent of whitebark 
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pines were dead (from either bark beetles or blister rust), and 83 percent were infected by blister 
rust (Bockino and Tinker, 2012). Wind patterns and suitability of moisture levels can lead to a 
patchy distribution of suitable sites for blister rust across broad regions (Larson, 2011). 
Occurrence of blister rust can increase susceptibility to bark beetle attack and could increase the 
severity of bark beetle outbreaks by weakening trees’ defenses (Larson, 2011; Bockino and 
Tinker, 2012).  

Climate Change 

Climate change has the potential to affect the distribution of five-needle pines as well as 
the occurrence of fire, bark beetle outbreaks, and blister rust infection rates. Because of their 
occurrence at tree line, five-needle pines could potentially expand upslope with increasing 
temperatures, but lower elevation limber pine woodlands may be especially vulnerable to 
increasing temperatures because they are constrained topographically (Monahan and others, 
2013; Moyes and others, 2013). Whitebark pine is favored over lodgepole pine by cold and wet 
climates, so a shift to warmer and drier climates may favor lodgepole pines (Brunelle and others, 
2008). Range shifts in whitebark pine under future climates may be facilitated by the presence of 
nurse trees (Maher and Germino, 2005, 2006). 

Temperature increases could affect bark beetle population dynamics and increase the 
occurrence of outbreaks by decreasing the number of years for larvae to reach maturity, 
increasing overwinter survival, and increasing the frequency of outbreaks at upper elevations 
(Monahan and others, 2013). Indeed, a 2−3 °C (3.6−5.4 °F) increase in temperature could result 
in a shift from a 2−3 yr beetle life cycle to a 1-yr life cycle, which promotes synchronicity of 
beetle populations and helps the beetles overcome tree defenses (Logan and others, 2001). In 
addition, warmer temperatures can exacerbate the effects of drought, which can lead directly to 
tree mortality and increase the potential for bark beetle outbreaks and blister rust infection 
(Brunelle and others, 2008; Monahan and others, 2013). The complex interactions between 
blister rust, bark beetles, climate, and fire create considerable uncertainty in how climate 
scenarios may play out on the landscape, but there is concern that if resistance to blister rust does 
not increase in five-needle pine populations, the long-term persistence of these species is at 
serious risk (Larson, 2011; Tomback and others, 2011). 
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Rapid Ecoregional Assessment Components Evaluated for Five-Needle Pine Forests and 
Woodlands 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting five-needle pine forests and woodlands (fig. 16–1). Key 
ecological attributes addressed by the REA include (1) the distribution of baseline five-needle 
pine forests and woodlands, (2) landscape structure (patch sizes and structural connectivity), and 
(3) landscape dynamics (fire and bark beetle occurrence) (table 16–1). The Change Agents 
evaluated include development, white pine blister rust, and climate change (table 16–2). 
Ecological values and risks used to assess the conservation potential for five-needle pine forests 
and woodlands by township are summarized in table 16–3. Core and Integrated Management 
Questions and the associated summary maps and graphs are provided in table 16–4. 
 

 
 
Figure 16−1. Generalized conceptual model for five-needle pine forests and woodlands for the Wyoming 

Basin Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes 
regulating the occurrence, structure, and dynamics of five-needle pine forests and woodlands are 
shown in orange rectangles; additional ecological attributes are shown in blue rectangles; and 
anthropogenic Change Agents that affect key ecological attributes are shown in yellow ovals. The 
dashed lines indicate components not addressed by the REA. Livestock is a Change Agent that was 
not addressed due to the lack of regionwide data. 
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Table 16−1. Key ecological attributes and associated indicators of baseline five-needle pine forests and 
woodlands1 for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile]  

Attributes Variables Indicators 

Amount and distribution Total area (by species) Distribution of limber and whitebark pine1 

Landscape structure Patch size Patch-size frequency distribution 

Structural 
connectivity2 

Interpatch distances that provide an index of structural 
connectivity of baseline patches at local (1.08 km; 0.65 mi), 
landscape (4.5 km; 2.83 mi), and regional (9.09 km; 5.65 mi) 
levels 

Landscape dynamics Fire and bark beetle 
occurrence3 

Locations of fires (since 1980) and bark beetle mortality 
(since 1997) 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of five-
needle pine forests and woodlands due to Change Agents. Baseline conditions are defined as the potential current 
distribution of five-needle pines derived from compiled distribution data from U.S. Department of Agriculture 
Forest Service, reGAP, and LANDFIRE without explicit inclusion of Change Agents (see Chapter 2—Assessment 
Framework). 
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not 
reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
3 See Wildland Fire section in the Appendix. 
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Table 16−2. Anthropogenic Change Agents and associated indicators influencing five-needle pine forests 
and woodlands for the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile] 

Change Agents Variables  Indicators 

Development Terrestrial Development 
Index1 

Percent of five-needle pine forests and woodlands in seven 
development classes using a 16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for five-needle pine forests and 
woodlands that are relatively undeveloped or have low development 
scores compared to baseline conditions 
Interpatch distances that provide an index of structural connectivity 
for relatively undeveloped patches at local (2.97 km; 1.85 mi), 
landscape (5.13 km; 3.19 mi), and regional (11.9 km; 7.39 mi) levels 

Introduced 
disease 

White pine blister rust  Risk of white pine blister rust occurrence for limber pine in 
Wyoming and Colorado2 

 Infection and mortality from 
white pine blister rust and 
bark beetles 

Percent of infected, dead, and healthy trees3 

Climate 
change 

Projected temperature and 
precipitation 

Potential distribution of limber and whitebark pine derived from the 
projected distribution of the bioclimatic envelope in 20304  

1 See Chapter 2—Assessment Framework. 
2 Risk model output for Wyoming and Colorado from Kearns and others (2014) 
3 Data for limber pine from Cleaver (2014); data for whitebark pine Greater Yellowstone Whitebark Pine Monitoring 
Working Group (2013). 
4 Bioclimatic envelope represents the climatic conditions conducive for five-needle pine forests and woodlands, 
derived from Rehfeldt and others (2012) using climate scenario I (Canadian Centre for Climate Modelling and 
Analysis, ver. 3, emissions scenario A2). 

 

Table 16−3. Landscape-level ecological values and risks for five-needle pine forests and woodlands. 
Ranks were combined into an index of conservation potential for the Wyoming Basin Rapid 
Ecoregional Assessment. 

 
 

Relative rank  
 Variables1 Lowest Medium Highest Description2  

Values Area 
 

<2.7 2.7–20 >20 Percent of township classified as 
five-needle pines 

Risks Terrestrial Development 
Index (TDI) 

<1  1–3  >3  Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for five-needle pines to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A−19 in the 
Appendix). 
2 See tables 16–1 and 16–2 for description of variables. 
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Table 16−4. Management Questions addressed for five-needle pine forests and woodlands for the 
Wyoming Basin Rapid Ecological Assessment. 

Core Management Questions Results 
Where are the baseline five-needle pine stands (whitebark and limber pine), and what is 
the total area of each? 

Figure 16–2 

Where does development pose the greatest threat to baseline five-needle pine forests and 
woodlands, and where are the relatively undeveloped areas? 

Figures 16–3 and 16–4  

How has development fragmented baseline five-needle pine forests and woodlands, and 
where are the large, relatively undeveloped patches? 

Figures 16–5 and 16–6 

Where are baseline five-needle pine stands with high structural connectivity and stands 
that function as stepping stones? 

Figure 16–7 

Where are potential barriers and corridors that may affect animal movements among 
baseline five-needle-pine patches? 

Figure 16–8 

Where have recent fires and bark beetle outbreaks occurred in baseline five-needle pine 
stands, and what is the total area affected? 

Figures 16–9 and 16–10 

Which limber pine stands in Wyoming and Colorado are at risk for white pine blister rust? Figure 16–11 

How have white pine blister rust and bark beetles affected the health of five-needle pine 
stands? 

Figure 16–12 

What is the potential distribution of five-needle pines in 2030? Figures 16–13 and 16–
14 

Integrated Management Questions Results 
How does development risk vary by land ownership or jurisdiction for five-needle pine 
forests and woodlands? 

Table 16–5, figure 16–
15 

Where are the townships with the greatest landscape-level ecological values? Figure 16–16 

Where are the townships with the greatest landscape-level risks? Figure 16–17 

Where are the townships with the greatest conservation potential? Figure 16–18 

 
 

Methods Overview 

We compiled distribution maps of limber and whitebark pine from several sources (table 
16–1) to map the baseline distribution of five-needle pines. We assessed development levels for 
the assemblage using the Terrestrial Development Index (TDI) map, and then used the resulting 
output to calculate patch size and structural connectivity metrics. We mapped the structural 
connectivity of baseline patches at three interpatch distances derived from connectivity analysis: 
local (1.08 kilometers [km]; 0.67 miles [mi]), landscape (4.50 km; 2.80 mi), and regional (9.09 
km; 5.65 mi) levels. We used development levels to identify areas that may function as barriers 
or corridors by overlaying relatively undeveloped habitat patches on the TDI map. Data sources 
for recent fire (1980−2012) and bark beetle (1997−2012) occurrence are provided in table 16–1. 
We summarized stand-level bark beetle and blister rust infection and mortality data provided by 
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Cleaver (2014) and Greater Yellowstone Whitebark Pine Working Group (2013). We used the 
results of Kearns and others (2014) to map potential risk of blister rust for limber pine. 

To evaluate the potential for change in the distribution of five-needle pines, we used the 
bioclimatic envelope models developed by Rehfeldt and others (2012) for limber and whitebark 
pine using climate scenario I (Canadian Centre for Climate Modeling and Analysis Coupled 
Global Model, ver. 3 [CCCM3], emissions scenario A2) in 2030. Current and projected 
bioclimatic envelopes were used to identify areas where five-needle pines had the potential to 
increase, decline, or remain the same. We then overlaid the resulting map of bioclimatic 
envelopes on the baseline five-needle pine distribution map to identify existing stands that have 
the potential to change using climate scenario I. We used the same approach to assess the effects 
of climate change on the bioclimatic envelope of whitebark pine in 2030, 2060, and 2090.  

Landscape-level ecological values (area of five-needle pines) and risk (TDI score) were 
compiled into an overall index of conservation potential for each township (table 16–3). 
Landscape-level values and risks, and conservation potential rankings are intended to provide a 
synthetic overview of the geospatial datasets developed to address Core Management Questions 
in the REA. Because rankings are very sensitive to the input data used and the criteria used to 
develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they are best 
used as an initial screening tool to compare regional rankings in conjunction with the geospatial 
data for Core Management Questions and information on local conditions that cannot be 
determined from regional REA maps. See Chapter 2—Assessment Framework and Appendix for 
additional details on source data and methods. 
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Key Findings for Management Questions 

Where are the baseline five-needle pine stands (whitebark and limber pine), and what is the total area of 
each (fig. 16–2)?  
• Five-needle pines, especially whitebark pine, are broadly distributed at upper elevations of 

the Wind River and Absaroka Mountains, and Wyoming Front. At lower elevations, limber 
pine occurs in smaller stands across the Granite, Big Horn and Laramie Mountains.  

• Collectively, five-needle pines cover 9,273 square kilometers (km2), or 5.2 percent, of the 
project area (fig. 16–2). 

• Limber pine accounts for 71 percent of the total area of five-needle pine. 
 
Where does development pose the greatest threat to baseline five-needle pine forests and woodlands, and 
where are the relatively undeveloped areas (figs. 16−3 and 16−4)? 
• Development levels are relatively low for five-needle pines compared to other communities 

and species, primarily as a consequence of their occurrence at high elevations and in steep 
terrain where development is low (figs. 16−3 and 16−4).  

• A total of 62.2 percent of the five-needle pine forests and woodlands are relatively 
undeveloped. 

• TDI scores are lower for whitebark pine compared to limber pine. Relatively undeveloped 
areas compose 83 percent of whitebark pine area but only 2.5 percent have TDI scores >5 
percent, indicating high levels of development. In contrast, relatively undeveloped areas 
compose 53.9 percent of limber pine area and 3.8 percent have TDI scores >5 percent (fig. 
16–4). 
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Figure 16−2. Distribution of baseline five-needle pine forests and woodlands in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Figure 16−3. Terrestrial Development Index scores for baseline five-needle pine forests and woodlands 

in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Figure 16−4. Area and percent of baseline (A) limber pine and (B) whitebark pine as a function of the 

Terrestrial Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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How has development fragmented baseline five-needle pine forests and woodlands, and where are the 
large, relatively undeveloped patches (figs. 16−5 and 16−6)? 
• Patch sizes for baseline, areas with low development, and relatively undeveloped areas of 

five-needle pines are generally similar, except for the largest patch sizes (figs. 16−5 and 
16−6). 

• Development is greatest in the smaller patch sizes at lower elevations (limber pine only), but 
roads at higher elevations have fragmented the largest patches >1,000 km2 (386.1 mi2). 

 
 

 
 
Figure 16−5. Area of five-needle pine forests and woodlands as a function of patch size for baseline 

conditions and two development levels: (1) Terrestrial Development Index (TDI) score <3 and (2) TDI 
score <1 percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 
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Figure 16−6. Patch sizes of five-needle pine forests and woodlands in the Wyoming Basin Rapid 

Ecoregional Assessment project area for (A) baseline and (B) relatively undeveloped areas (Terrestrial 
Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Where are baseline five-needle pines stands with high structural connectivity, which stands function as 
stepping stones (fig. 16–7)? 
• Five-needle pine stands at lower elevations are small and isolated, leading to relatively large 

interpatch distances. At higher elevations, stands are typically well connected and have low 
development in the adjacent ecological communities, which may enhance recolonization by 
Clark’s nutcrackers following tree mortality due to fire, bark beetles, or blister rusts, and 
facilitate regional shifts in response to climate change. Regional connectivity of baseline 
stands occurs at an interpatch distance of 9.09 km (0.65 mi) and 11.9 km (7.39 mi) for 
relatively undeveloped patches. 

• Nonetheless, the large interpatch distances fall within the distances flown by Clark’s 
nutcrackers and pinyon jays for seed caching (Tomback and others, 2011; Balda, 2002). 
Isolated patches of five-needle pine may serve as “stepping stones,” thereby increasing 
structural connectivity among larger complexes of five-needle pine patches or patch 
complexes. 

• Patches that are connected at local levels (1.08 km; 0.65 mi) may provide crucial food 
sources for pinyon jay flocks. The home range of pinyon jays is variable and depends on 
flock size, food availability, the amount of human use, among other factors. In Arizona, 
pinyon jay home range varied between 14 km2 (5.41 mi2) and 64 km2 (24.71 mi2) (Balda, 
2002). High levels of development could diminish structural connectivity among patches. 
Decreased food availability as a result of blister rust or bark beetle occurrence could 
exacerbate the fragmenting effects of development and may lead to longer flights for the jays 
to find reliable food sources. 

 
Where have recent fires and bark beetle outbreaks occurred in baseline five-needle pine forests and 
woodlands, and what is the total area affected (figs. 16–9 and 16–10)? 
• Recent disturbances have affected a total of 363 km2 (46.3 percent) of five-needle pine 

forests in the Wyoming Basin (figs. 16–9 and 16–10). 
• Bark beetle outbreaks account for 82 percent of all disturbances in five-needle pine stands.  
• Mortality from fire and bark beetles is highly variable.  
• Bark beetles have affected 55.7 percent of whitebark pine area, compared to 35.7 percent of 

limber pine area (fig. 16–10). 
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Figure 16−7. Structural connectivity of baseline five-needle pine forests and woodlands in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly connected 
patches, primarily whitebark pine. Blue polygons include limber pine patches that contribute to both 
landscape and regional connectivity. Orange polygons represent clusters of isolated limber pine 
woodlands, which may be used by pinyon jay flocks in winter, and can serve as stepping stones 
connecting five-needle pine forests across broad expanses of sagebrush shrublands, thereby 
contributing to regional connectivity. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer


449
 
 

Where are potential barriers and corridors that may affect animal movements among baseline five-needle-
pine patches (fig. 16–8)? 

 
 
Figure 16−8. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) 

score for lands surrounding baseline five-needle pine stands. Higher TDI scores (for example, >5 
percent) represent potential barriers to movement among relatively undeveloped patches. Lower TDI 
scores (for example, <2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Figure 16−9. Occurrence of fire (since 1980) and bark beetles (since 1997) in baseline five-needle pine 

forests and woodlands in the Wyoming Basin Rapid Ecoregional Assessment project area. Bark beetle 
occurrence is based on aerial flights; not all areas were surveyed, especially lower elevations. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Figure 16−10. Area of baseline limber and whitebark pine forests and woodlands undisturbed and recently 

disturbed by insect and (or) fire occurrence in the Wyoming Basin Rapid Ecoregional Assessment 
project area (derived from fig. 16–9). Total area of limber pine in the project area is 6,601 square 
kilometers (km2) (2,548.7 square miles [mi2]) and 2,672 km2 (1,031.7 mi2) for whitebark pine. 

 
Which limber pine stands in Wyoming and Colorado are at risk for white pine blister rust (fig. 16–11)? 
• According to a model developed by Kearns and others (2014), 29 percent of limber pine 

stands in the Wyoming Basin are at risk from blister rust. 
• The blister rust risk is widespread across the basin, with the exception of small stands of five-

needle pines scattered throughout the Basin. 
 
How have white pine blister rust and bark beetles affected the health of five-needle pine stands (fig. 16–
12)? 
• Blister rust infection and mortality from blister rust and mountain pine beetles is highly 

variable but widespread across the Wyoming Basin (Greater Yellowstone Whitebark Pine 
Monitoring Working Group, 2013; Cleaver, 2014). Most sampled areas had both dead and 
infected trees (Greater Yellowstone Whitebark Pine Monitoring Working Group, 2013), 
illustrating the widespread but heterogeneous occurrence of blister rust and bark beetles. 
Only a few sampled areas lack evidence of blister rust infection, and these are in the Sierra 
Madre Range. 

• On average, uninfected live trees compose <50 percent of the plots sampled. Only a few 
areas have more than 75 percent of uninfected trees, and only one sampled area has 100 
percent uninfected live trees. 
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Figure 16−11. Limber pine stands at risk of infection by white pine blister rust in Colorado and Wyoming 

(derived from Kearns and others, 2014).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Figure 16−12.  Ratio of healthy, dead, and infected five-needle pine trees. Pie charts represent the 

average of multiple survey plots derived from data on bark beetles and white pine blister rust that have 
occurred in whitebark pine stands of the Greater Yellowstone Ecosystem (Greater Yellowstone 
Whitebark Pine Monitoring Working Group, 2013) and limber pine stands throughout Wyoming and 
Colorado (Cleaver, 2014). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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What is the potential distribution of five-needle pine forests and woodlands in 2030 (figs. 16−13 and 
16−14)? 
• The distribution of bioclimatic conditions conducive for five-needle pines is projected to 

decrease by 2030 for climate scenario I, although the models indicate some areas with 
potential for expansion (fig. 16–13A). 

• Large areas that currently support limber pine woodlands are projected to have the potential 
for decline by 2030 using the climate-change scenarios examined (fig. 16–13B). 

• The distribution of bioclimatic conditions conducive for whitebark pine is projected to move 
upslope by 2030, but some climate models indicate the potential for subsequent contraction 
of high-elevation stands by 2090 (figure 2–18 includes additional climate scenarios and time 
periods). 

• For the climate scenario modeled here, 4.7 percent of whitebark pine may be vulnerable to 
decline by 2030; 34.4 percent by 2060, and 78.1 percent by 2090. 

 
How does risk from development vary by land ownership or jurisdiction for five-needle pine forests and 
woodlands (table 16–5, fig. 16–15)? 
• Most of the five-needle pine woodlands in the Wyoming Basin are found on U.S. Department 

of Agriculture Forest Service and BLM lands (table 16–5).  
• Five-needle pine woodlands occurring on U.S. Department of Agriculture Forest Service, 

tribal, and other Federal lands had >76 percent of the area with the lowest risk from 
development, whereas only 43.7 percent of BLM lands had the lowest risk from development 
(fig.16−15). 
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Figure 16−13. Potential effects of climate change on five-needle pine forests and woodlands in the 

Wyoming Basin Rapid Ecoregional Assessment project area. (A) Projected changes in the bioclimatic 
envelope for five-needle pines derived from Rehfeldt and others (2012) for climate scenario I in 2030. 
Orange indicates areas with potential for decline because current and projected envelope distributions 
do not coincide. Black indicates areas not expected to change because the current and projected 
envelope distributions overlap. Blue indicates potential for expansion into areas that are outside the 
current envelope distribution. (B) Potential changes in baseline five-needle pines derived from overlap 
with the projected bioclimatic envelope distribution (as represented in A).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Figure 16−14. Potential effects of climate change on the distribution of whitebark pine in the Wyoming 

Basin Rapid Ecoregional Assessment project area. (A) Current baseline distribution. Changes to 
current distribution derived from the distribution of bioclimatic envelope for whitebark pine in (B) 2030; 
(C) 2060; and (D) 2090 (derived from Rehfeldt and others, 2012) for climate scenario I. Red represents 
where whitebark pine currently occurs but falls outside the distribution of the projected envelope. Black 
represents areas where existing whitebark pine falls within distribution of the projected envelope.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Table 16−5. Area and percent of five-needle pine forests and woodlands by land ownership or jurisdiction 
in the Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer]  
  Total five-needle pine Whitebark pine Limber pine 

Ownership or jurisdiction km2 Percent km2 km2 
Forest Service1 4,640 50.0 2,412 2,228 
Bureau of Land Management 1,770 19.1 34 1,736 
Private 1,584 17.1 1,541 43 
Tribal 743 8.0 12 731 
State/County 454 4.9 1 453 
Private conservation 69 0.8 0 69 
Other Federal2 8 0.1 0 8 

1 U.S. Department of Agriculture Forest Service. 
2 National Park Service, and Bureau of Reclamation. 
 
 
 
 

 
Figure 16−15. Relative ranks of risk from development, by land ownership or jurisdiction, for five-needle 

pine forests and woodlands in the Wyoming Basin Rapid Ecoregional Assessment project area. 
Rankings are lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 
percent), and highest (TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest 
Service] 

  



458
 
 

Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (fig. 16–16)? 

 
 
Figure 16−16. Ranks of landscape-level ecological values and risks for five-needle pine forests and 

woodlands, summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project 
area. (A) Landscape-level values based on area and (B) landscape-level risks based on Terrestrial 
Development Index (see table 16−3 for overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Where are the townships with the greatest conservation potential (fig. 16–17)? 

 
 
Figure 16−17. Conservation potential of five-needle pine forests and woodlands, summarized by township, 

in the Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential 
identifies areas that have the highest landscape-level values and the lowest risks. Lowest conservation 
potential identifies areas with the lowest landscape-level values and the highest risks. Ranks of 
conservation potential are not intended as stand-alone summaries and are best interpreted in 
conjunction with the geospatial datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch16_Five_Needle_Pine/MapServer
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Summary 

Five-beedle pines are broadly distributed in the foothills at upper elevations in the 
Wyoming Basin. Most whitebark pine, however, occurs along the periphery of the project area. 
Whitebark pine composed 28.9 percent of the total five-needle pine distribution in the Basin. 
Almost 70 percent of five-needle pine is under Federal jurisdiction; U.S. Department of 
Agriculture Forest Service lands have a greater proportion of whitebark pine, whereas Bureau of 
Land Management (BLM) lands have a greater proportion of limber pine. 

Although stand-level information (such as mortality rates, blister rust occurrence, stand 
structure, and regeneration) will be necessary for full assessment of the condition of five-needle 
pine forests, the landscape-scale information summarized herein provides information crucial for 
understanding regional threats to five-needle pine forests. In contrast to most other communities 
and species, development poses a relatively limited and localized threat to five-needle pine 
stands, which are more common at higher elevations and along steeper rocky slopes, where 
development levels are low. The highest Terrestrial Development Index scores occur in limber 
pine stands at lower elevations, but roads at higher elevations fragment some of the largest 
whitebark pine stands. 

The widespread and virulent nature of white pine blister rust is of particular concern for 
the long-term viability of five-needle pine forests and woodlands in the Wyoming Basin. 
Although the five-needle pines are adapted to, and may benefit from, the forest openings created 
by fire and bark beetles, the extent of the recent bark beetle outbreak compounds the risks posed 
by blister rust (Tomback and others, 2011). Most areas are currently at high risk for blister rust, 
and the remaining areas at lower risk are still vulnerable to infection because blister rust spores 
can readily disperse across large distances (Kearns and others, 2014). The time required for these 
pine species to reach sexual maturity and the isolated nature of many five-needle pine stands 
could delay recovery time following the widespread bark beetle outbreak. This could negatively 
affect Clark’s nutcracker and pinyon jay populations and, in turn, further slow the recovery of 
five-needle pine stands (McKinney and others, 2009; Tomback and others, 2011). As a result, the 
occurrence of five-needle pines on the landscape may decrease in the short term. This also could 
affect some grizzly bear populations that rely on whitebark pine seeds (Tomback and others, 
2011). Projected changes in the bioclimatic envelope for five-needle pine for certain climate 
scenarios indicate the potential for additional declines in five-needle pine forests and woodlands 
over the next 75 yr. Both species are forecasted to decrease significantly in basal area (a 
surrogate for tree density) in the next 15 yr (Krist and others 2014). Of note is the forecast for 
smaller declines along the range margin of whitebark pine where the BLM stands are located and 
in the interior of the REA where limber pine occurs exclusively on BLM and private lands. 
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Key Ecological Attributes 

Distribution and Ecology 

Five species of junipers occur in the western United States, two of which occur in the 
Wyoming Basin: Rocky Mountain juniper and Utah juniper. Junipers are short-stature evergreen 
trees generally found on rocky soils in some of the driest sites that support trees anywhere in the 
world (Waring, 2011). In the Wyoming Basin, junipers generally occur on hills, escarpments, 
and rocky terrain in semiarid landscapes at elevations of 1,200–2,400 meters (m) (3,937–7,874 
feet [ft]) in the foothill shrublands and woodlands that are located between sagebrush steppe at 
lower elevations and montane forests at higher elevations. In more arid settings, juniper species 
generally are dominant in open woodlands characterized by a sparse understory of shrubs, 
grasses, and forbs, including mountain mahogany, serviceberry, bitterbush, blue grama, 
bluebunch wheatgrass, and fringed sagewort. In relatively mesic juniper woodlands, limber pine, 
ponderosa pine, aspen, and Douglas-fir may be co-dominant with junipers (Knight, 1994), and 
on some landscapes, juniper woodlands may develop into closed-canopy “pygmy forests” with 
very sparse understories. Throughout most of their range in the western United States, junipers 
co-occur with pinyon pines (often referred to as pinyon-juniper woodlands), but in the Wyoming 
Basin, pinyon pines are found only in the southern-most areas. Elsewhere in the Basin, juniper is 
often associated with limber pine, which is similar to pinyon pine because both pines have large 
seeds dispersed by animals.  

In the Wyoming Basin, Rocky Mountain and Utah junipers have similar ecological 
requirements and broadly overlapping ranges. Both species are usually found on coarse-textured 
soils but may also occur on deeper alluvial soils. Rocky Mountain juniper is widely distributed 
across the Wyoming Basin and generally occurs in ravines or in areas of ample summer 
precipitation, whereas Utah juniper is found primarily on escarpments in the western portion of 
the Basin (Knight, 1994). Analysis of packrat middens suggests that Utah juniper colonized 
southwestern Wyoming during the early Holocene (approximately 9,500–8,000 years [yr] ago), 
then spread north across the Basin, and may be continuing to colonize areas with suitable climate 
and soils (Lyford and others, 2003). The size and density of trees varies along gradients in soil 
moisture and precipitation (Romme and others, 2009). Juniper woodlands can exist as sparsely 
wooded savannahs or wooded shrublands, but also as denser woodlands with relatively dense 
overstories of old-growth trees that may persist for centuries (Romme and others, 2009). 

Landscape Structure and Dynamics 

The structure and distribution of juniper woodlands are shaped by fire, climate, and site-
level conditions, the interactions of which result in considerable spatial and temporal variation in 
juniper woodland dynamics (Romme and others, 2009). Across the full range of juniper 
woodlands, some stands are experiencing infilling and expansion, whereas widespread mortality 
resulting from fires, drought, and insect outbreaks has led to a decrease in the spatial extent of 
juniper woodlands in many areas (Romme and others, 2009). Overall, juniper woodlands were 
stable or declining across much of the Intermountain West in the 20th century, possibly due to an 
increase in episodic mortality events from fire, drought, and insect outbreaks (Romme and 
others, 2009; Arendt and Baker, 2013).  

Until recently, it was widely assumed that spreading, low-intensity fires helped to restrict 
juniper woodlands to areas with rocky soils and low fuel loads (Miller and Rose, 1999; Miller 



468 
 
 

and Tausch, 2001). Newer research, however, indicates that fires were typically high severity, 
resulting in high levels of tree mortality, and historical fire rotations were often much longer than 
previously assumed for juniper woodlands (Romme and others, 2009; Shinneman and Baker, 
2009). For example, historical fire rotations in pinyon-juniper woodlands at Dinosaur National 
Monument, Colo., and the surrounding area were estimated to have been 400−600 years (Floyd 
and others, 2004; Shinneman and Baker 2009; Arendt and Baker, 2013).  

It is well established that decadal-scale variation in climate plays a major role in episodic 
mortality and recruitment of juniper and pinyon pine, but there is considerable uncertainty about 
how natural dynamics have affected the contemporary distribution and densities of these 
woodlands in the western United States (Romme and others, 2009). Much of the research 
addressing the dynamics of juniper woodlands has been conducted in pinyon-juniper systems, 
and the degree to which these results apply to other juniper systems is unclear. Junipers and 
pinyon pines vary in their responses to drought. Pinyon pines have shallower roots compared to 
juniper; consequently, juniper establishment is favored during drought, whereas pinyon pine is 
favored during periods of above average moisture (Shinneman and Baker, 2009). During 
prolonged drought periods, 7,500−5,400 before present (B.P.) and from 2,800−1,000 B.P., Utah 
juniper expanded into central and northern Wyoming, and southern Montana (Lyford and others, 
2003). The combined effects of widespread drought, high temperatures, and bark beetle 
outbreaks led to extensive mortality of pinyon pines across the Four Corners region of the United 
States at the end of the 20th century (Romme and others, 2009). 

Locally, the complex interplay of regional precipitation patterns, elevation, topography, 
and plant species also can affect juniper woodland dynamics. In the southern Rocky Mountains, 
where most precipitation falls during the summer monsoon season, one-seeded juniper showed a 
high potential for expansion; however, the same propensity was not observed for Rocky 
Mountain juniper in areas of the Colorado Plateau, where most precipitation falls in winter 
(Jacobs, 2011). In some areas, pinyon-juniper woodlands at lower elevations have expanded 
more in recent decades than they did at higher elevations. Mortality resulting from drought can 
be greatest at lower elevations, whereas mortality resulting from fire can be greatest at upper 
elevations, which can offset recent expansions (Manier and others, 2005; Clifford and others, 
2011; Arendt and Baker, 2013; Powell and others, 2013). Juniper woodlands are often restricted 
to steeper slopes, but expansion can occur on moderate slopes in deeper soils, particularly under 
favorable climatic conditions (Jacobs, 2011; Arendt and Baker, 2013). Regionally, juniper 
woodlands occur across broad and localized ecological gradients, and consequently their 
structure and dynamics cannot be explained by a simple paradigm (Romme and others, 2009). 

In the Wyoming Basin, recent widespread expansion of juniper woodlands has not been 
demonstrated, but studies in the Wyoming Basin ecoregion are limited. A repeat photography 
study designed to compare recent photographs with historical photographs taken in the early 
1900s indicate that Utah juniper has expanded in some areas of Wyoming and Montana, but has 
remained stable in others (Steve Jackson, Director, Southwest Climate Science Center, U.S. 
Geological Survey, written commun., October 24, 2013). In Dinosaur National Monument and 
surrounding areas, pinyon-juniper woodlands declined 3–7 percent overall during the past 90 
years, resulting in part from high fire frequency relative to historical conditions (Arendt and 
Baker, 2013). Locally, however, pinyon-juniper expanded along historical pinyon-juniper-
sagebrush ecotones at elevations of 2,000−2,400 m (6,500−7,900 ft). As with much of the 
Intermountain West, juniper woodland ecotones of the Wyoming Basin appear to be expanding 
and contracting over a range of spatial and temporal scales. 
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Associated Species of Management Concern  

Juniper woodlands provide crucial ecological resources for many birds and small 
mammals (Albert and others, 2004), many of which are Wyoming Species of Greatest 
Conservation Need (Wyoming Game and Fish Department, 2010) and serve as critical winter 
habitat for elk and mule deer (Alden and Grassy, 1998). Two reptiles of management concern, 
the midget faded rattlesnake and northern tree lizard, are found in juniper woodlands in the 
Wyoming Basin. Within the Basin, both species are restricted to a small region in southwestern 
Wyoming, northeastern Utah, and northwestern Colorado. Many bird species are closely tied to 
juniper woodlands during all or part of the year, including ash-throated flycatcher, gray 
flycatcher, juniper titmouse, blue-gray gnatcatcher, Bewick’s Wren, Bullock's oriole, pinyon jay, 
western scrub-jay, Townsend’s solitaire, Virginia's warbler, and black-throated gray warbler 
(Lederer, 1977; Paulin and others, 1999; Pavlacky and Anderson, 2001; Gillihan, 2006). In a 
comparison of forests in the Flaming Gorge National Recreation Area, Wyoming, juniper 
woodlands ranked second in the percentage of obligate and semiobligate bird species and fourth 
in overall bird species diversity (Paulin and others, 1999). 

A number of mammal species in the Wyoming Basin are also restricted to or rely on 
juniper woodlands for critical resources; in southwestern Wyoming, juniper woodlands mark the 
northeastern extent of several small mammal species’ ranges, including those of the cliff 
chipmunk, pinyon mouse, and canyon mouse (Rompola and Anderson, 2004). Black bears, small 
mammals, and many bird species are attracted to juniper woodlands in the fall and winter to 
forage on juniper “berries” (cones). Additionally, the large resource-rich seeds of pinyon and 
limber pine are a major food resource for wildlife including pinyon jays and Clark’s nutcrackers 
(see Chapter 16—Five-Needle Pine Forests and Woodlands).  

Change Agents 

Development 

Juniper woodlands are used for a number of human activities, including timber harvest 
for wood products, energy extraction, livestock grazing, and recreation. Prescribed burns, 
mechanical treatments, and chemical treatments also are used to manage stand structure of 
juniper woodlands (Romme and others, 2009). The effects and effectiveness of management 
activities, such as prescribed fire, depend on past disturbance history, site use, and local 
conditions (Romme and others, 2009; Arendt and Baker, 2013).  

Altered Fire Regimes, Grazing, and Invasive Species 

Increases in stand density and expansion of juniper woodlands are often attributed to fire 
suppression and grazing. Generally, it has been assumed that livestock herbivory and fire 
suppression after Euro-American settlement reduced fire frequency, thereby facilitating the 
expansion of juniper woodlands into areas with deeper soils. Because fires were infrequent in 
juniper woodlands, however, fire exclusion is unlikely to have played a significant role in the 
recent expansion of juniper woodlands (Romme and others, 2009). Extended fire-free intervals, 
however, allow juniper seedling survival. Grazing can decrease fine fuels and lead to an increase 
in shrub cover, and shrubs can serve as nurse plants for tree seedlings (Romme and others, 
2009). The degree to which livestock grazing has led directly to increased tree densities and 
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indirectly to decreased fire occurrence is unclear and varies among species, soil types, and 
climatic patterns (Romme and others, 2009; Jacobs, 2011).  

A stronger relationship exists between cheatgrass expansion and increased fire 
frequencies (Romme and others, 2009). For example, the increased fire occurrence in juniper 
woodlands of Dinosaur National Monument and City of Rocks National Monument (southern 
Idaho) was attributed to the expansion of cheatgrass in both locations (Arendt and Baker, 2013; 
Powell and others, 2013). Roads, energy development, and management actions may influence 
the expansion of cheatgrass into juniper woodlands. Cheatgrass cover was greater along roads, 
on the edges of burns, and in seeded areas within burns in pinyon-juniper woodlands on the 
Uncompahgre Plateau in western Colorado (Getz and Baker, 2008). The greater cheatgrass cover 
in seeded areas was likely a result of the presence of cheatgrass seeds in the seed mixture used in 
postfire rehabilitation (Getz and Baker, 2008).  

Climate Change 

Climate projections, and associated changes in the distribution of bioclimatic conditions 
suitable for juniper woodlands (classified as Great Basin conifer forests) in the western United 
States, indicate the potential for northern expansion of juniper woodlands in Wyoming, Idaho, 
and Montana, but potential contraction in Washington, Nevada, Arizona, and Utah (Rehfeldt and 
others, 2012). However, the potential for cheatgrass expansion in juniper woodlands under 
increasing temperatures and carbon dioxide levels could lead to an increase in fire frequency and 
potential loss of juniper woodlands (Romme and others, 2009; Arendt and Baker, 2013). 

Rapid Ecoregional Assessment Components Evaluated for Juniper Woodlands 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting juniper woodlands (fig. 17–1). Key ecological attributes 
addressed by the Rapid Ecoregional Assessment (REA) include (1) the distribution of juniper 
woodlands, (2) landscape structure (patch sizes and structural connectivity), and (3) landscape 
dynamics (fire occurrence and sagebrush-juniper ecotone dynamics) (table 17–1). The Change 
Agents evaluated include development and climate change (table 17–2). Ecological values and 
risks used to assess the conservation potential of desert shrublands by township are summarized 
in table 17–3. Core and Integrated Management Questions and the associated summary maps and 
graphs are provided in table 17–4. 
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Figure 17−1. General conceptual model for juniper woodlands for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of juniper woodlands are shown in orange rectangles; additional 
ecological attributes are shown in blue rectangles; and anthropogenic Change Agents that affect key 
ecological attributes are shown in yellow ovals. The dashed lines indicate the components not 
addressed by the REA. Livestock and invasive plants are Change Agents that were not evaluated due 
to the lack of regionwide data.  
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Table 17−1.  Key ecological attributes and associated indicators of baseline juniper woodlands1 for the 
Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile; m, meter; ft, foot]  

Attributes Variables Indicators 
Amount and distribution Total area Distribution derived from LANDFIRE1 

Landscape structure Patch size Patch-size frequency distribution 

Structural 
connectivity2 

Interpatch distances that provide an index of structural connectivity 
for baseline patches at local (0.45 km; 0.28 mi), landscape (0.72 km; 
0.45 mi), and regional (1.08 km; 0.67 mi) levels 

Landscape dynamics Fire occurrence3 Locations of fires and annual area burned since 1980 

Sagebrush-juniper 
ecotone dynamics4 

Sagebrush shrublands within 30 m (98 ft) of juniper woodlands 

1 Baseline conditions are used as a benchmark to evaluate changes in the total area and landscape structure of juniper 
woodlands due to Change Agents. Baseline conditions are defined as the potential current distribution of juniper 
woodlands derived from LANDFIRE Existing Vegetation Types without explicit inclusion of Change Agents (see 
Chapter 2—Assessment Framework).  
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels, but does not 
reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework and the Appendix. 
3 See Wildland Fire section in the Appendix. 
4 See Chapter 23—Greater Sage-Grouse for an evaluation of the potential for juniper expansion in proximity to sage-
grouse leks. 
 
 

Table 17−2.  Anthropogenic Change agents and associated indicators influencing juniper woodlands for 
the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometers; mi2, square miles; km, kilometers; mi, miles] 
Change 
Agents Variables Indicators 

Development Terrestrial 
Development 
Index1 

Percent of juniper woodlands in seven development classes using a 16-km2 
(6.18- mi2) moving window 

Patch-size distribution for juniper woodlands that are relatively undeveloped 
or have low development scores compared to baseline conditions 

Interpatch distances that provide an index of structural connectivity for 
relatively undeveloped patches at local (0.63 km; 0.39 mi), landscape (3.33 
km; 2.07 mi), and regional (7.38 km; 4.59 mi) levels 

Climate 
change 

Projected 
temperature and 
precipitation 

Potential distribution of juniper woodlands derived from the projected 
distribution of the bioclimatic envelope in 20302 

1 See Chapter 2—Assessment Framework. 
2 Bioclimatic envelope represents the climatic conditions conducive for juniper woodlands, derived from Rehfeldt 
and others (2012) using climate scenario I (Canadian Centre for Climate Modeling and Analysis Coupled Global 
Model, ver. 3, emissions scenario A2). 
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Table 17−3.  Landscape-level ecological values and risks for juniper woodlands. Ranks were combined 
into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

 
 

Relative rank  
 Variables1 Lowest Medium Highest Description2  

Values Area 
 

<0.4    0.4–1.4  >1.4 Percent of township classified as juniper 
woodlands 

Risks Terrestrial 
Development 
Index (TDI) 

  <1          1–3    >3  Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for juniper woodlands to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A−19 in the 
Appendix). 
2 See tables 17–1 and 17–2 for description of variables. 
 

Table 17−4.  Management Questions addressed for juniper woodlands for the Wyoming Basin Rapid 
Ecoregional Assessment. 

Core Management Questions Results 
Where are baseline juniper woodlands, and what is the total area? Figure 17–2 

Where does development pose the greatest threat to baseline juniper woodlands, and where 
are the relatively undeveloped areas? 

Figures 17–3 and 17–4 

How has development fragmented baseline juniper woodlands, and where are the large, 
relatively undeveloped patches? 

Figures 17–5 and 17–6 

Where are baseline juniper woodlands with high structural connectivity, and which 
woodlands function as stepping stones? 

Figure 17–7 

Where are potential barriers and corridors that may affect animal movements among baseline 
juniper woodland patches? 
 

Figure 17–8 

Where are the sagebrush-juniper ecotones with potential for juniper expansion? Figure 17–9 

Where have recent fires occurred in baseline juniper woodlands, and what is the total area 
burned per year? 

Figure 17–10 

What is the potential distribution of juniper woodlands in 2030? Figure 17–11 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for juniper 
woodlands? 

Table 17–5, Figure 17–12 

Where are the townships with the greatest landscape-level ecological values? Figure 17–13 

Where are the townships with the greatest landscape-level risks? Figure 17–13 

Where are the townships with the greatest conservation potential? Figure 17–14 
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Methods Overview 

To map the baseline distribution of juniper woodlands, we included all juniper, pinyon-
juniper, and limber-pine juniper LANDFIRE Existing Vegetation Types (EVTs). We assessed 
development levels in juniper woodlands using the Terrestrial Development (TDI) map, and then 
used the resulting output to calculate patch size and structural connectivity metrics. We mapped 
the structural connectivity of baseline distribution at three interpatch distances derived from 
connectivity analysis: local (0.45 km; 0.28 mi), landscape (0.72 km; 0.45 mi), and regional (1.08 
km; 0.67 mi) levels. We used development levels to identify areas that may function as barriers 
or corridors by overlaying relatively undeveloped habitat patches on the TDI map. The 
perimeters of fires in juniper woodlands since 1980 were compiled from several data sources to 
assess fire frequency and extent (table 17–1). 

To evaluate the potential for expansion of juniper woodlands into adjacent sagebrush 
shrublands (includes basin, Wyoming, and mountain big sagebrush), we assumed that expansion 
potential would be greatest along ecotones between juniper woodlands and sagebrush 
shrublands. Potential ecotones included cells where juniper woodlands were adjacent to 
sagebrush shrublands; the proportion of sagebrush shrublands within a 30-m (98.4-ft) buffer was 
used as an index of the potential for juniper expansion.  

To evaluate the potential changes in the distribution of juniper woodlands as a 
consequence of climate change, we used the bioclimatic envelope model developed by Rehfeldt 
and others (2012) for juniper woodlands (which includes pinyon pine and juniper) using climate 
scenario I (Canadian Centre for Climate Modeling and Analysis Coupled Global Model, version 
3 [CCCM3], emissions scenario A2) in 2030. Current and projected bioclimatic envelopes were 
used to identify areas where juniper woodlands had the potential to increase, decline, or remain 
the same. We then overlaid the resulting map with the baseline juniper woodlands map to 
identify existing areas that have the potential to change using climate scenario I. 

Landscape-level ecological values (area of juniper woodlands) and risk (TDI score) were 
compiled into an overall index of conservation potential for each township (table 17–3). 
Landscape-level values and risks, and conservation potential rankings are intended to provide a 
synthetic overview of the geospatial datasets developed to address Core Management Questions 
in the REA. Because rankings are very sensitive to the input data used and the criteria used to 
develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they are best 
used as an initial screening tool to compare regional rankings in conjunction with the geospatial 
data for Core Management Questions and information on local conditions that cannot be 
determined from regional REA maps. See Chapter 2—Assessment Framework and Appendix for 
additional details on source data and methods. 
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Key Findings for Management Questions 

Where are baseline juniper woodlands, and what is the total area (fig. 17–2)?  
• Juniper woodlands are sparsely distributed throughout the Wyoming Basin, occupying 4,815 

km2 (1,859 mi2) or 1.6 percent of the ecoregion. 
• The largest juniper woodland complexes occur in the southern portion of the Basin at the 

base of the Uinta Mountains in northeastern Utah and northwestern Colorado, and the 
southern extent of the Bighorn Basin (fig. 17–2). 

 
Where does development pose the greatest threat to juniper woodlands (figs. 17–3 and 17–4)? 
• Juniper woodlands have relatively low development levels compared to other communities 

within the Wyoming Basin. Relatively undeveloped areas (TDI scores ≤1 percent) represent 
34 percent of juniper woodlands. Only 9 percent of the juniper woodlands have TDI scores 
>5 percent, indicating high development levels (fig. 17–3). 

• The largest patches of juniper woodlands occur in areas with low development in the 
southern portion of the Wyoming Basin and along the Granite Mountains (fig. 17–4).  

 
How has development fragmented baseline juniper woodlands, and where are the large, relatively 
undeveloped patches (figs. 17–5 and 17–6)? 
• Most of the area occupied by baseline juniper woodlands in the Wyoming Basin occur as 

numerous small patches <1 km2 (0.39 mi2). The total area of large patches exceeding 100 
km2 (38.3 mi2) is only 10 percent (figs. 17–5 and 17–6). 

• Unlike most species and communities, development levels are greater for smaller juniper 
woodlands patches than they are for larger ones. The total area of small patches that are 
relatively undeveloped is one third of the total area of small baseline patches. The area of 
baseline and relatively undeveloped woodlands of patches larger than 100 km2 is similar, 
indicating the relatively low development scores for large juniper woodlands (fig. 17–5). 

 
Where are baseline juniper woodlands with high structural connectivity, and which woodlands function as 
stepping stones (fig. 17–7)? 
• Juniper woodlands are typically small and isolated; this leads to relatively large interpatch 

distances. Regional connectivity baseline juniper woodlands occurs at interpatch distance of 
1.08 km (0.67 mi) and 7.38 km (4.59 mi) for relatively undeveloped patches. 
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Figure 17−2. Distribution of baseline juniper woodlands in the Wyoming Basin Rapid Ecoregional 

Assessment project area. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Figure 17−3. Terrestrial Development Index scores for juniper woodlands in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer


478 
 
 

 
Figure 17−4. Area and percent of baseline juniper woodlands as a function of the Terrestrial 

Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
Figure 17−5. Area of juniper woodlands as a function of patch size for baseline conditions and two 

development levels: (1) Terrestrial Development Index (TDI) score <3 percent, and (2) TDI score <1 
percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 17−6. Patch sizes of baseline juniper woodlands in the Wyoming Basin Rapid Ecoregional 

Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Figure 17−7. Structural connectivity of baseline juniper woodlands in the Wyoming Basin Rapid 

Ecoregional Assessment project area. Black polygons include large and highly connected patches. 
Blue polygons include patches that contribute to both landscape and regional connectivity. Orange 
polygons represent isolated clusters of patches surrounded by developed areas or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Where are potential barriers and corridors that may affect animal movements among baseline juniper 
woodland patches (fig. 17–8)? 

 
Figure 17−8. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) 

score for lands surrounding baseline juniper woodlands. Higher TDI scores (for example, >5 percent) 
represent potential barriers to movement among relatively undeveloped patches. Lower TDI scores (for 
example, <2 percent) represent potential corridors for movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Where are the sagebrush-juniper ecotones with potential for juniper expansion (fig. 17–9)? 
• Across the entire Wyoming Basin, 42 percent of all juniper woodland cells are >30 m (98.4 

ft) from sagebrush shrublands. Much of this area falls in the large pinyon-juniper forests in 
Utah and Colorado. 

• Because of the small size of many juniper woodland patches in the Basin, sagebrush and 
juniper woodlands form heterogeneous mosaics. 

• Twenty-four percent of juniper woodland cells had >50 percent cover of sagebrush 
shrublands within 30 m, which may represent ecotones with potential for juniper expansion. 
However, other factors, including climate variation, topography, elevation, grazing, and fire 
occurrence contribute to the dynamics of juniper woodland-sagebrush shrubland ecotones. 

• See also Chapter 23—Greater Sage-Grouse for potential juniper expansion in the vicinity of 
leks. 

 
Where have recent fires occurred in baseline juniper woodlands, and what is the total area burned per year 
(fig. 17–10)? 
• Recent fires have burned an average of 8.15 km2 (3.1 mi2) or <0.2 percent of juniper 

woodlands in the Wyoming Basin per year. 
• The largest fire year occurred in 2000, when 89 km2 (34.4 mi2) or 2 percent of juniper 

woodlands in the Basin burned. 
• The largest fires occurred in the southern portion of the Wyoming Basin. 
• In 1992 and 1995, the total area burned by prescribed fire exceeded that burned by wildfire. 
• Using the fire extent in juniper woodlands in the Wyoming Basin since 1980, the estimated 

fire-rotation interval is approximately 352 yr, which is similar to the historic fire occurrence 
for the region (Floyd and others, 2004; Shinneman and Baker, 2009). 
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Figure 17−9. Sagebrush-juniper ecotones in the Wyoming Basin Rapid Ecoregional Assessment project 

area. Ecotones are indicated by juniper woodlands cells with a higher percent of sagebrush shrublands 
within 30 meters (98.4 feet). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Figure 17−10. Annual area burned by wildfires and prescribed fires in baseline juniper woodlands since 

1980 in the Wyoming Basin Rapid Ecoregional Assessment project area.  

 
 
What is the potential distribution of juniper woodlands in 2030 (fig. 17–11)? 
• The distribution of bioclimatic conditions conducive for juniper woodlands is projected to 

greatly expand by 2030 for climate scenario I (fig. 17−11A). 
• Large areas that currently support juniper woodlands, especially in Colorado, are projected to 

have the potential for decline by 2030 (fig. 17−11B) for climate scenarios. Figure 2−18 
includes additional climate scenarios and time periods. 

 
How does risk from development vary by land ownership or jurisdiction for juniper woodlands (table 17–5, 
fig. 17–12)? 
• Most juniper woodlands in the Wyoming Basin are located on Bureau of Land Management 

(BLM) and private lands (table 17–5).  
• BLM lands have a relatively high proportion (49 percent) of juniper woodlands with low 

levels of development, whereas private lands have a high proportion (45 percent) of juniper 
woodlands with the greatest development levels (fig. 17–12). 
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Figure 17−11. Potential effects of climate change on juniper woodlands in the Wyoming Basin Rapid 

Ecoregional Assessment project area. (A) Projected changes in the bioclimatic envelope for juniper 
woodlands derived from Rehfeldt and others (2012) for climate scenario I in 2030. Orange indicates 
areas with potential for decline because current and projected envelope distributions do not coincide. 
Black indicates areas not expected to change because the current and projected envelope distributions 
overlap. Blue indicates potential for expansion into areas that are outside the current envelope 
distribution. (B) Potential changes in baseline juniper woodlands derived from overlap with the 
projected bioclimatic envelope distribution for juniper woodlands (as represented in A).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Table 17−5.  Area and percent of juniper woodlands by land ownership or jurisdiction in the Wyoming 
Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometers] 
Ownership or jurisdiction Area (km2) Percent of Area 

Bureau of Land Management 1,389 48.7 
Private 767 26.9 
Forest Service1 220 7.7 
State/County 200 7.0 
Tribal 154 5.4 
Other Federal2 94 3.3 
Private conservation 24 0.9 

1 U.S. Department of Agriculture Forest Service. 
2 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and   
Wildlife Service. 
 
 
 

 
Figure 17−12. Relative ranks of risk from development, by land ownership or jurisdiction, for juniper 

woodlands in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest 
(Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and highest 
(TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the townships with the greatest landscape-level ecological values and greatest landscape-level 
risks (fig. 17–13)? 

 
 
Figure 17−13. Ranks of landscape-level ecological values and risks for juniper woodlands, summarized by 

township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-level 
values based on area and (B) landscape-level risks based on Terrestrial Development Index (see table 
17–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Where are the townships with the greatest conservation potential (fig. 17–14, table 17–5)? 

 
Figure 17−14. Conservation potential of juniper woodlands, summarized by township, in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that 
have the highest landscape-level values and the lowest risks. Lowest conservation potential identifies 
areas with the lowest landscape-level values and the highest risks. Ranks of conservation potential are 
not intended as stand-alone summaries and are best interpreted in conjunction with the geospatial 
datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch17_Juniper/MapServer
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Summary 

Juniper woodlands occupy a limited area of the Wyoming Basin, but they provide crucial 
habitats for a number of species. Most juniper woodlands are small and widely dispersed across 
the ecoregion. The numerous small patches can function as vital stepping stones connecting 
larger juniper woodland complexes across the Basin. Many of the small patches, however, had 
high levels of development, resulting in decreased structural connectivity among relatively 
undeveloped juniper woodland complexes, which could pose problems for species that rely on 
juniper woodlands for food and cover. The Bureau of Land Management (BLM) has a significant 
responsibility for juniper woodlands in the Wyoming Basin, as almost half of the woodlands fall 
under BLM jurisdiction, and those woodlands have relatively low development scores. 

The relatively small size of juniper woodland patches in a matrix of sagebrush shrublands 
leads to a high proportion of juniper woodland edges. Over decades and centuries, the patch 
edges, or ecotones, between juniper woodlands and sagebrush shrublands can expand and 
contract in response to climate variability and time since fire. The degree to which the current 
distribution of juniper woodlands in the Wyoming Basin is a consequence of fire suppression and 
grazing or the result of longer term ecotone dynamics could not be determined for this REA and 
represents a critical information gap. Over the past several decades, however, the occurrence of 
fires in juniper woodlands of the Wyoming Basin appears consistent with the historical fire 
regime in which fire-return intervals can exceed several centuries. Consequently, fire 
suppression does not appear to have played a major role in juniper woodland expansion in this 
ecoregion. Climate-change scenarios indicate that conditions for juniper woodlands could 
expand by 2030 throughout much of the Wyoming Basin; in Colorado, however, where pinyon 
pine reaches the northern limits of its distribution, climate scenarios indicate a potential for 
declines in large stands of pinyon-juniper woodlands.  
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Key Ecological Attributes 

Distribution and Ecology 

The cutthroat trout, a freshwater fish in the Salmonidae family, is native to western North 
America. Cutthroat trout were once widespread throughout cold water streams and lakes in the 
Wyoming Basin, but habitat loss has restricted them to a subset of their former range, and they 
now primarily occupy high-elevation streams in remote headwaters (Duff, 1996). Cutthroat trout 
occupy gravel-bottomed creeks, rivers, and lakes, and prefer cold, clear water and areas with 
good overhead or instream cover. They feed primarily on aquatic and terrestrial invertebrates but 
also can consume zooplankton and other fish. 

There are 14 subspecies of cutthroat trout, four of which are present in the Wyoming 
Basin: the Bonneville, Colorado River, Yellowstone, and Snake River finespotted cutthroat trout. 
The Bonneville cutthroat trout is native to the Bear River drainage and is greatly restricted in 
numbers and distribution. It occupies approximately 35 percent of its historical habitat 
(Wyoming Game and Fish, 2010). The Colorado cutthroat trout was distributed throughout the 
upper Colorado River in Wyoming, Utah, and Colorado, but its distribution is severely restricted 
and it occupies <16 percent of its historical habitat (Hirsch and others, 2013). In 1999, the 
Colorado cutthroat trout was petitioned for listing on the basis of the Endangered Species Act, 
but it was determined that there was not enough information to warrant listing it at that time 
(Hirsch and others, 2006). The Yellowstone cutthroat trout is native to the Snake, Yellowstone, 
Bighorn-Wind, and Tongue River drainages. It occupies 42 percent of its historic range, but only 
28 percent of populations are genetically unaltered (Gresswell, 2011). The Yellowstone cutthroat 
trout was petitioned for listing in 1998 and reviewed again in 2005 but still precluded from 
listing because there are multiple populations in headwater systems. In contrast, the Snake River 
finespotted cutthroat trout is still widely distributed throughout its historic range, which consists 
of the Snake River above Palisades Reservoir. The Wyoming Basin encompasses a small section 
of the Upper Snake River. 

The Bonneville (May and Albeke, 2005), Colorado River (Hirsh and others, 2013), and 
Yellowstone (May and others, 2007) cutthroat trout have multistate conservation teams that 
manage and assess these populations. The teams focus on conservation populations, which are 
populations determined to be at least 90 percent genetically pure.  

Landscape Structure and Dynamics  

Potential cutthroat trout distribution is determined by river geomorphology and the flow 
and temperature regime (including groundwater inputs). Instream habitat features include gravel 
size, the presence of deeper pools, and temperature. The appropriate gravel size is needed for 
spawning, and deep pools or beaver ponds serve as winter refugia (Harig and Fausch, 2002). 
Cutthroat trout are coldwater fish, with a thermal maximum of 25−30 degrees Celsius (°C) 
(77−86 degrees Fahrenheit [(°F]) (Underwood and others, 2012). Low temperatures, however, 
can be a concern as well; for example, summer temperatures below 7.8 °C (46.04 °F) (using 
mean daily July temperatures) can delay spawning and egg development, resulting in decreased 
winter survival of fry (Harig and Fausch, 2002).  

Cutthroat trout populations exhibit several migratory strategies including stream resident, 
fluvial (migrating between larger and smaller streams), and adfluvial (migrating between lakes 
and streams). Cutthroat trout also may migrate to spawn, which takes place in early summer after 
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peak spring snowmelt flows. Migration may be limited by natural barriers, such as beaver dams, 
and anthropogenic barriers, such as water diversions and dams.  

Cutthroat trout are subjected to a natural disturbance regime which includes floods, 
droughts, and wildfires. Droughts can lead to decreased population abundances from reduced 
streamflow, reduced resource availability, and increased stream temperatures, while floods can 
directly kill trout and destroy redds (fish nests). Wildfires also lead to increased stream 
temperatures and increase the potential for postfire flooding and debris flows which can 
decimate fish populations (Dunham and others, 2007). Cutthroat trout density has been shown to 
decline after fire, but recovery can occur within two years (Sestrich and others, 2011).  

Change Agents 

Cutthroat trout have experienced substantial population declines. Historically, overfishing 
and habitat degradation from mining, agriculture, and water development, were the main causes 
for declines. Currently, the three major threats include habitat degradation due to development, 
presence of nonnative species, and potential climate change.  

Development 

Habitat loss due to dams and diversions has led to extensive fragmentation with most 
cutthroat trout populations restricted to short stream segments in headwater streams. For 
example, in the North Fork Little Snake River drainage, Colorado River cutthroat trout are 
restricted to 0.8–6- kilometer (km) (0.5–3.73-mile [mi]) stream segments (Cook and others, 
2010). An analysis of the Upper Colorado River Basin indicated that only 37 percent of Colorado 
River cutthroat trout populations are predicted to have a >90 percent chance of persistence for 70 
years due to fragmentation (Roberts and others, 2013). Populations in the smallest stream 
segments, <7 km (4.35 mi) in length, are at the greatest risk of extirpation (Roberts and others, 
2013). Habitat fragmentation and degradation is primarily the result of roads, energy 
development, and irrigation diversions and impoundments.  

Energy and Infrastructure 

There is limited research on how energy development affects cutthroat trout, but studies 
of brook trout in the Marcellus Shale suggest three main pathways through which energy 
development could affect trout populations: hydrological (water withdrawal), physical (surface 
disturbance), and chemical (water contamination) (Weltman-Fahs and Taylor, 2013). Reduced 
streamflow as a result of water withdrawal can affect habitat availability and quality, resulting in 
decreased densities and recruitment of trout. Surface disturbance can increase sedimentation in 
streams reducing the amount of spawning gravel available, while water contamination can have 
toxic or chronic sublethal effects.  

Agriculture Activities 

Livestock can substantially alter riparian habitat quality, water quality, and sediment 
transport by trampling stream banks and the riparian zone. Streams with extensive grazing show 
increased water temperatures, decreased cover, increased bank erosion, and loss of preferred 
spawning substrate due to a higher proportion of fine sediment (Armour and others, 1991). 
Grazing exclosures around riparian habitats can increase cutthroat trout density and biomass 
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(Binns and Remmick, 1994). Additionally, the negative effects of grazing can be mitigated by a 
shift to rotational grazing. In some northern Colorado streams, for example, a shift to a rotational 
grazing management scheme resulted in more riparian vegetation, greater inputs of terrestrial 
invertebrates, increased importance of terrestrial invertebrate prey in trout diets, and increased 
trout growth (Saunders and Fausch, 2012). 

Water diversion for irrigation can alter flow regimes, entrain fish, and decrease structural 
connectivity. Diversions may form complete barriers or be partial barriers, only blocking access 
when the diversions are in use or streamflow is low. Connectivity is crucial for fluvial cutthroat 
trout that move between different habitats to spawn (Carlson and Rahel, 2010). Diversions are 
especially of concern when they entrain fish in irrigation canals, as most entrained fish die in the 
canal (Roberts and Rahel, 2008). Estimates for the proportion of Bonneville cutthroat trout 
entrained by irrigation diversions in the Bear River drainage range from 9 to 23 percent (Schrank 
and Rahel, 2004; Carlson and Rahel, 2010). 

Altered Fire Regimes 

At higher elevations, where most cutthroat populations remain, fire regimes have not 
been greatly affected by fire suppression (see Chapter 14−Montane and Subalpine Forests and 
Alpine Zones). Climate change has the potential to increase wildfire risk in western North 
America (Westerling and others, 2006; Haak and others, 2010). Although fire can have positive 
effects on cutthroat trout populations, an increase in fire occurrence, especially where small, 
fragmented cutthroat populations occur, could lead to local population declines due to isolation 
from downstream refugia and the inability of other populations to recolonize the area (Roberts 
and others, 2013). 

Invasive Species  

Nonnative trout species, such as rainbow, lake, brown, and brook trout, are contributing 
to cutthroat trout declines through hybridization, predation, competition for habitat, or 
competition for food and spawning sites. In rivers and streams, rainbow, brown, and brook trout 
are all competitors to cutthroat trout (Wenger and others, 2011). The coldwater thermal 
preferences of brook trout and cutthroat trout are the most similar; consequently, brook trout 
probably pose the biggest threat to headwater populations owing to resource competition and 
direct predation of young cutthroat trout (Peterson and Fausch, 2003; Peterson and others, 2004). 
In Yellowstone Lake, predation by introduced lake trout has resulted in declines of cutthroat 
trout (Tronstad and others, 2010).  

Rainbow trout can interbreed with cutthroat trout and reduce the genetic integrity of 
populations (Muhfeld and others, 2009). The loss of genetic purity is a concern and provides the 
basis for determining which populations will be considered conservation populations. A 1996 
assessment determined that only 26 percent of remaining Colorado River cutthroat trout 
populations can be considered to be genetically pure (Young and others, 1996). One 
management strategy is to build barriers to keep nonnative fish out, but the barriers restrict 
cutthroat trout to isolated headwater stream segments (Novinger and Rahel, 2003; Peterson and 
others, 2008; Fausch and others, 2009). As a result, there are complex tradeoffs with this type of 
management strategy, because barriers can increase vulnerability to reduced genetic variability 
(Peterson and others, 2008; Fausch and others, 2009). 
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 Disease 

Diseases posing threats to cutthroat trout include but are not limited to whirling disease, 
furunculosis, and infectious pancreatic necrosis virus (Hirsch and others, 2013). The nonnative 
parasite that causes whirling disease (Myxobolus cerebralis) has led to major declines in 
cutthroat populations across its range (McGinnis and Kerans, 2013). 

Climate Change 

Climate change is a growing concern due to projected (1) increased summer 
temperatures, (2) increased winter flooding, (3) increased wildfire risk, and (4) protracted 
drought (Haak and others, 2010). Over their entire range, projected climate change has the 
potential to decrease cutthroat trout habitat by 58 percent (Wenger and others, 2011), because of 
increased water temperatures and negative biotic interactions. Low-elevation populations are 
especially susceptible to temperature increases, which may exceed the thermal tolerance limits of 
native trout. In contrast, high-elevation populations could experience increased recruitment and 
population densities in response to higher water temperatures. Many cutthroat trout populations 
in the Basin are located in headwater reaches, and these populations are less at risk from 
increases in water temperature (Roberts and others, 2013).  

Climate change could increase winter flooding if precipitation shifts from snow to rain. A 
decreased snowpack also could lead to protracted drought periods in the summer. Cutthroat trout 
occurrence shows a weak negative relationship with increased winter floods, but as spring 
spawners, cutthroat trout are less susceptible to winter flooding than other salmonids (Wenger 
and others, 2011). Protracted drought could have substantial negative effects on persistence and 
recruitment in cutthroat trout populations (Haak and others, 2010). In streams from which large 
amounts of water are diverted, cutthroat trout populations are likely to be especially susceptible 
to reduced streamflow from drought, and diversions can restrict access to deeper pools that can 
serve as refugia during periods of low streamflow.  

The degree of susceptibility to climate change varies among subspecies. Seventy-three 
percent of the habitat occupied by Bonneville cutthroat trout is at risk from increasing 
temperatures, wildfire occurrence, and winter flooding, but only 29 percent of the habitat 
occupied by Colorado River cutthroat trout is similarly at risk (Williams and others, 2009). This 
is because Colorado River cutthroat are restricted to higher-elevation habitats, whereas 
Bonneville cutthroat still use lower-elevation habitats. Bonneville cutthroat populations exhibit 
fluvial migration, where overwintering populations remain in lower-elevation, main-stem 
habitats and spawning occurs in headwater tributaries. Nearly 100 percent of the Bear River 
watershed main-stem migration corridors are projected to be at risk from climate change 
(Williams and others, 2009). 

Rapid Ecoregional Assessment Components Evaluated for Cutthroat Trout 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting cutthroat trout (fig. 18–1). Key ecological attributes 
addressed by the REA include (1) the distribution of cutthroat trout habitat, (2) landscape 
structure (patch size and connectivity), and (3) landscape dynamics (fire occurrence, stream 
temperature, and hydrologic regime) (table 18–1). Change Agents evaluated include 
development; competition, predation, and hybridization risk from nonnative fishes; disease; and 
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climate change (table 18–2). Ecological values and risks used to assess the conservation potential 
for cutthroat trout by fifth-level watershed are summarized in table 18–3. Core and Integrated 
Management Questions and the number of the associated summary maps and graphs are 
provided in table 18–4. 
 
 

 
 
Figure 18–1. Generalized conceptual model of cutthroat trout habitat for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of cutthroat trout populations and habitat are shown in orange 
rectangles; additional ecological attributes are shown in blue rectangles; and key anthropogenic 
Change Agents that affect key ecological attributes are shown in yellow ovals. The dashed lines 
indicate components not addressed by the REA. Livestock is a Change Agent that was not evaluated 
because there is a lack of regionwide data. 
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Table 18–1. Key ecological attributes and associated indicators of baseline cutthroat trout habitat1 for the 
Wyoming Basin Rapid Ecoregional Assessment. 

Attributes Variables Indicators 

Amount and 
distribution 

Stream length and area of lakes 
occupied 

Distribution map derived from occurrence data2 

Landscape structure Patch size3 Stream-segment length frequency distribution 

Landscape dynamics Fire occurrence See Chapter 8—Streams and Rivers 

Temperature regime Probability of occurrence using mean July 
temperature4, 5 

Hydrologic regime Mean summer flow and center time of mass stream 
flow5 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure/dynamics 
of cutthroat trout habitat due to Change Agents. Baseline conditions are defined as the current distribution of 
cutthroat habitat derived from occurrence surveys (see Chapter 2—Assessment Framework), but existing dams have 
already altered conditions and increased isolated populations. 
2 Data provided by Wyoming Game and Fish Department, Montana Fish, Wildlife & Parks, and Trout Unlimited. 
3 National Hydrography Dataset, National Inventory of Dams. 
4 Probability of occurrence using a temperature threshold model developed by Haak and others (2010). 
5 U.S. Department of Agriculture Forest Service; 
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml (Wenger and others, 2010). 
 
  

http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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Table 18–2. Anthropogenic Change Agents and associated indicators influencing cutthroat trout habitat 
for the Wyoming Basin Rapid Ecoregional Assessment. 

[m, meter] 

Change Agents Variables Indicators 

Development Aquatic Development 
Index (ADI) 

Percent of cutthroat trout habitat in seven development classes1 

Frequency distribution of stream-segment lengths that are relatively 
undeveloped or have a low development score compared to baseline 
habitat2 

Barriers to movement Number of potential barriers (points of diversion within 30 m, and 
stream-road crossings) 3 

Invasive 
species 

Competition and 
predation with 
nonnative trout 
species 

Co-occurrence of cutthroat trout with rainbow, brown, brook, and lake 
trout distributions4 

Genetic purity Hybridization status of cutthroat trout populations by subspecies5 

Hybridization risk Co-occurrence of cutthroat trout with rainbow trout4 

Disease Whirling disease risk Co-occurrence of cutthroat trout and whirling disease6 

Climate 
change 

Temperature change Change in the probability of occurrence using the projected distribution 
of the bioclimatic envelope in 20307 

Hydrologic regime 
change 

Projected mean summer flow and center time of mass streamflow in 
20408 

1 See Chapter 2—Assessment Framework. 
2 Relatively undeveloped stream segments using ADI scores <20. 
3 See Chapter 2—Assessment Framework for ADI datasets used for diversions and roads. 
4 Data on nonnative salmonids from Wyoming Game and Fish Department, and Montana Fish, Wildlife & Parks. 
5 Hybridization status data from Trout Unlimited. 
6 Data on whirling disease occurrence data from Wyoming Game and Fish Department. 
7 Probability of occurrence using temperature threshold models developed by Wenger and others (2011); projected 
temperature using climate scenario II (National Oceanic and Atmospheric Administration Geophysical Fluid 
Dynamics Laboratory Climate Model, ver. 2.1; emissions scenario A2) derived from Maurer and others (2007). 
8 U.S. Department of Agriculture Forest Service (using climate models Geophysical Fluid Dynamics Laboratory 
Climate Model, ver. 2.1; and European Center Hamburg Model, ver. 5) 
(http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml [see Wenger and others, 
2010]).  

http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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Table 18–3. Landscape-level ecological values and risks for cutthroat trout habitat. Ranks were combined 
into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer] 
 

Variables1 

Relative rank 

Description3  Lowest Medium Highest 
Values3 Amount of habitat 

 
<17 17−40  >40 Mean length (km) of stream segments occupied 

 by cutthroat trout by watershed 

Number of populations  0 1−3 >3 Number of stream segments occupied by 
cutthroat trout by watershed 

0 1 >1 Number of lakes occupied by cutthroat trout by 
watershed 

Risks Aquatic Development 
Index (ADI) 

 <20 
 

20−40 
 

>40 
 

Mean ADI score by watershed 
 

Amount of stream 
segments at risk of very 
low summer flow 

0 
 

0−0.041 
 

>0.041 
 

Number of occupied stream segments with zero 
mean summer flow, standardized by total length 
of occupied stream segments, by watershed 

Hybridization status 
and risk index 

1 1.5−2.5 >2.5 
 

Derived from genetic purity and presence of 
rainbow trout by watershed 

1 Fifth-level watershed was used as the analysis unit unit for conservation potential on the basis of input from Bureau 
of Land Management (ee table A−19 in the Appendix).  
2 See tables 18–1 and 18–2 for description of variables. 
3 Amount of habitat was valued in three ways: (1) length of stream segment, (2) number of stream segments 
(populations), and (3) number of lakes. Watersheds with longer stream segments and (or) greater number of 
populations (occupied stream segments and lakes) receive the highest rank for ecological values. 
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Table 18–4. Management questions evaluated for cutthroat trout for Wyoming Basin Rapid Ecoregional 
Assessment. 

Core Management Questions Results 
Where is occupied baseline cutthroat trout habitat, and what is the total amount occupied by 
native/introduced populations and by each subspecies? 

Figures 18–2 and 18–3 

Where does development pose the greatest threat to baseline cutthroat trout habitat, and where are 
the large, relatively undeveloped habitats? 

Figures 18–4 and 18–7 

Where do diversions and road crossings pose potential barriers to cutthroat trout movements, and 
where are watersheds with the highest structural connectivity?  

Figure 18–8 

Where are genetically pure populations of cutthroat trout, and where are populations at risk from 
hybridization? 

Figure 18–9 

Where are cutthroat trout populations at risk of competition and predation by nonnative salmonid 
species? 

Figure 18–10 

Where are cutthroat trout populations at risk from whirling disease? Figure 18–11 

Where are cutthroat trout populations currently at risk from low summer flows?  Figure 18–12  

Where could cutthroat trout populations be at risk from projected shifts in hydrological regime 
and temperature increases in 2040? 

Figures 18–13 to 18–15 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for cutthroat trout 
habitat? 

Table 18–5, Figure 18–
16 

Where are the watersheds with the greatest landscape-level ecological values? Figure 18–17 

Where are the watersheds with the greatest landscape-level risks? Figure 18–18 

Where are the watersheds with the greatest conservation potential? Figure 18–19 
 
 

Methods Overview 

To map the distribution of cutthroat trout, we compiled data on mapped occurrences for 
each subspecies from state game and fish agencies (see table 18–1 for data sources). The 
resulting distribution map was used to quantify baseline conditions for cutthroat trout overall and 
for the four subspecies (fig. 18–2). Key ecological attributes were evaluated for baseline 
conditions and compared with overlays of Change Agents. The Aquatic Development Index 
(ADI) scores were derived from catchments coincident with cutthroat habitat. We used the length 
of occupied stream segments (classified in source data) as an index of habitat patch size (Roberts 
and others, 2013). Stream segments were derived from natural and anthropogenic barriers (dams) 
that restrict bidirectional movements among cutthroat trout populations (Roberts and others, 
2013). To incorporate additional potential barriers, we summarized the number of diversion 
points within 30 meters (m) and stream-road crossings within 10 m (32.8 feet [ft]) of occupied 
stream segments, by sixth-level watershed. 

Potential competition, predation, and hybridization risk were derived from occurrence 
data for rainbow, brown, brook, and lake trout compiled from state game and fish agencies (see 
table 18–2 for data sources). Competition and predation risk was derived from the number of 
nonnative salmonid species present in the stream segment. Hybridization risk was assumed high 
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if rainbow trout were present in the stream segment. Genetic purity was derived from data and 
hybridization classes provided by Trout Unlimited. Whirling disease occurrence information was 
summarized from data provided by the Wyoming Game and Fish Department.  

To evaluate potential effects of current and projected temperature and hydrological 
regimes, we relied on data derived from existing models. Probability of cutthroat trout 
occurrence using mean daily July temperature was derived from a model developed by Haak and 
others (2010). To evaluate potential effects of current and projected hydrological regimes, we 
relied on data derived from existing macroscale hydrological Variable Infiltration Capacity 
(VIC) models. Wenger and others (2010) demonstrated that the VIC model can be used to 
simulate recent (1978-1997) hydrological characteristics (such as mean summer flow and center 
time of mass streamflow) for streams and larger rivers. The center time of mass streamflow 
(referred to herein as center time) is defined as the time when 50 percent of the annual 
streamflow has occurred and serves as an index of the recent climatic conditions that govern the 
timing of runoff  (Stewart and others, 2004). The VIC models also are used with climate model 
projections to evaluate potential changes in hydrological characteristics for future climate 
scenarios. To our knowledge, however, model calibration has not been performed for a semiarid 
environment such as the Wyoming Basin, which is dominated by intermittent and ephemeral 
stream types. These modeled streamflow characteristics, therefore, should be interpreted and 
used with caution and an understanding that these variables have a high level of uncertainty. 
Mean summer flow and center time were derived from U.S. Department of Agriculture Forest 
Service data for sixth-level watersheds (climate projections were available only for 2040; table 
18–1); the summarized flow data for each watershed were assigned to occupied stream segments. 
Occupied stream segments predicted to have a mean summer flow near or at 0 cubic foot per 
second were considered at risk for loss of cutthroat trout due to low flow (calculated for the 
period beginning the first day after June 1 when flow falls below the mean annual flow through 
September 30). To evaluate potential effects of projected climate change on cutthroat trout 
populations, we used results from climate change scenario II (National Oceanic and Atmospheric 
Administration Geophysical Fluid Dynamics Laboratory Model 2.1 [GFDL2.1], emissions 
scenario A2) because of the availability of relevant climatic variables. 

Landscape-level ecological values (amount of cutthroat trout habitat) and risk (ADI 
score, risk of low streamflow in summer, and hybridization risk) were compiled into an overall 
index of conservation potential for each fifth-level watershed (table 18–3). To account for 
different spatial patterns of habitats (mainstems, headwaters, and lakes), we combined area ranks 
using stream-segment length and number of populations (derived from counts of occupied stream 
segments and lakes) into an overall area rank (table 18–3). Conservation potential for cutthroat 
trout was summarized by fifth-level watershed derived from overall landscape-level values and 
risks. Landscape-level values and risks, and conservation potential rankings are intended to 
provide a synthetic overview of the geospatial datasets developed to address core Management 
Questions in the REA. Because rankings are very sensitive to the input data used and the criteria 
used to develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they 
are best used as an initial screening tool to compare regional rankings in conjunction with the 
geospatial data for core Management Questions and information on local conditions that cannot 
be determined from regional REA maps. See Chapter 2—Assessment Framework and the 
Appendix for additional details on the methods. 
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Key Findings for Management Questions 

Where is occupied baseline cutthroat trout habitat, and what is the total amount occupied by 
native/introduced populations and occupied by each subspecies (figs. 18–2 and 18–3)?  
• Cutthroat trout occupy 10,252 km (6,370.3 mi) of streams and rivers and 706 square 

kilometers (km2) (257.53 square miles [mi2]) of lakes and ponds. Within the Wyoming Basin, 
50 percent of rivers and streams and 51 percent of lakes and ponds support conservation 
populations (only native subspecies are present), whereas the remaining habitat constitutes 
streams occupied by a subspecies outside its native range as a consequence of stocking. 
These include areas in which none of the existing subspecies are native for example the 
North Platte Basin, and areas where a nonnative (to that basin) and native subspecies co-
occur, for example Bonneville cutthroat in the Colorado River Basin (figs. 18–2 and 18–3). 
There are introduced cutthroat trout in the New Fork drainage in the western Wind River 
Range, whereas the eastern Wind River drainage has native Yellowstone cutthroat trout. 
Mountains in the western Absaroka Range support native Yellowstone cutthroat trout, 
whereas the eastern side has a mixture of native Yellowstone cutthroat trout and introduced 
Snake River cutthroat trout in the Greybull River drainage.  

• There are four subspecies of cutthroat trout present in the Wyoming Basin. The Bonneville 
cutthroat trout accounts for 25 percent of occupied streams and rivers and 45 percent of 
occupied lakes and ponds. The Colorado River cutthroat trout accounts for 13 percent of 
streams and rivers and 1 percent of lakes and ponds. The Snake River cutthroat accounts for 
24 percent of streams and rivers and 31 percent of lakes and ponds. The Yellowstone 
accounts for 14 percent of streams and rivers and 8 percent of lakes and ponds. For 24 
percent of streams and 15 percent of lakes, the subspecies of cutthroat trout is not specified 
(fig. 18–3). 

 
Where does development pose the greatest threat to baseline cutthroat trout habitat, and where are the 
large, relatively undeveloped habitats (figs. 18–4 to 18–7)? 
• Relatively undeveloped areas are primarily found in headwater streams. The Wind River and 

Absaroka Ranges have the greatest amount of relatively undeveloped habitat (fig. 18–4).  
• Approximately 26 percent of streams and rivers and 15 percent of lakes and ponds occupied 

by cutthroat trout are classified as relatively undeveloped (ADI score <20) (fig. 18–5).  
• Approximately 24 percent of streams and rivers and 20 percent of lakes and ponds inhabited 

by cutthroat trout had very high development levels, as indicated by ADI score >50 (fig. 18–
5). Development scores were highest for mainstem river habitats. The Colorado River, Bear 
River, and North Platte Basins all had high levels of development (fig. 18–4). 

• All stream segments in relatively undeveloped areas are <500 km (310.67 mi) in length and 
are primarily found in headwater reaches (figs. 18–6 and 18–7). 

• Most of the longer stream segments (>100 km [62.2 mi]) include mainstem rivers that flow 
through developed areas. The Smiths Fork and Bear River are the only two areas which still 
contain some longer stream segments that are relatively undeveloped (fig. 18–7). 
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Figure 18–2. Distribution of baseline cutthroat trout in the Wyoming Basin Rapid Ecoregional 

Assessment project area. Native populations represent locations where only native subspecies are 
present. Introduced populations represent locations where cutthroat trout did not occur historically or 
where nonnative subspecies are present. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–3. Distribution of cutthroat trout subspecies in the Wyoming Basin Rapid Ecoregional 

Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–4. Aquatic Development Index scores for cutthroat trout habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer


508 
 
 

 
 
Figure 18–5. Cutthroat trout habitat as a function of the Aquatic Development Index in the Wyoming 

Basin Rapid Ecoregional Assessment project area for (A) streams and (B) lakes and ponds occupied 
by cutthroat trout. 
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Figure 18–6. Amount of cutthroat trout habitat as a function of stream-segment size for baseline 

conditions and two development levels: (1) Aquatic Development Index (ADI) score <30, and (2) ADI 
score <20 (relatively undeveloped habitat) in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 
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Figure 18–7. Stream-segment lengths of cutthroat trout habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas (Aquatic 
Development Index score <20). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Where do diversions and road crossings pose potential barriers to cutthroat trout movements, and where 
are watersheds with the highest structural connectivity (fig. 18–8)? 
• Large barriers to movements created by dams and smaller potential barriers, such as water 

diversion structures and road crossings that can block or impede movements, reduce 
structural connectivity of cutthroat trout populations. Almost all sixth-level watersheds 
contain >1 potential barrier, but many contain >20. 

• The Upper Green watershed, parts of the Bear River Basin, and the areas around Cody 
contain a large number of watersheds with >20 potential barriers (fig. 18–8). 

 
Where are genetically pure populations of cutthroat trout, and where are populations at risk from 
hybridization (fig. 18–9)? 
• Twenty-one percent of rivers and streams occupied by cutthroat trout contain genetically 

unaltered populations, including pure Bonneville, Colorado River, and Yellowstone cutthroat 
trout populations. Snake River cutthroat populations have not been genetically tested so their 
genetic purity is unknown. Forty-one percent of lakes and ponds occupied by cutthroat trout 
contain genetically unaltered populations, primarily Bonneville cutthroat trout. 

• Genetically pure populations are primarily found in headwater stream systems. The Bear 
River Basin in the southwest portion of the Wyoming Basin has many populations with high 
genetic purity, as do some populations in the Upper Green and Little Snake watersheds. 
Many of the mainstem rivers are classified as unknown (fig. 18–9), because genetic testing 
has not occurred where cutthroat were introduced or where native cutthroat subspecies are 
known to be absent (fig. 18–2). 

• Forty-five percent of rivers and streams and 95 percent of lakes and ponds with cutthroat 
trout also contain rainbow trout. Most genetically pure cutthroat trout populations are in areas 
where hybridization risk is low because of the lack of rainbow trout (fig. 18–9). 

 
Where are cutthroat trout populations at risk of competition and predation by nonnative salmonid species 
(fig. 18–10)? 
• Of the four species of nonnative salmonids (lake, brown, rainbow, and brook trout), most 

cutthroat trout populations coexist with at least one nonnative species. In the North and South 
Fork of the Shoshone River, upstream of Cody, there are four nonnative salmonids present. 

• Only 28 percent of streams and rivers and 3 percent of lakes and ponds are free of nonnative 
salmonids. Areas with fewer nonnative salmonids present include the Greybull River, south 
of Cody, the Wind River mountains, the Upper Green watershed, and the Bear River Basin 
(fig. 18–10). 

 
Where are cutthroat trout populations at risk from whirling disease (fig. 18–11)? 
• The data for whirling disease is limited to point detections and demonstrate that whirling 

disease has been detected throughout the Basin, with the exception of the headwaters to the 
Bear River and the Greybull River (fig. 18–11). 
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Figure 18–8. Potential barriers to cutthroat trout movements summarized by sixth-level watershed in the 

Wyoming Basin Ecoregional Assessment project area. Number of potential barriers includes points of 
diversion and stream-road crossings in occupied streams. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–9. Hybridization risk (A) and degree of hybridization (B) of cutthroat trout populations with 

rainbow trout in the Wyoming Basin Rapid Ecoregional Assessment project area. Hybridization risk is 
assumed to be high if rainbow trout are present and low if they are absent. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–10. Competition and predation risk to cutthroat trout in the Wyoming Basin Rapid Ecoregional 

Assessment project area as a function of the number of other trout species present including rainbow, 
lake, brown, and brook trout. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–11. Occurrence of whirling disease within cutthroat trout habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Where are cutthroat trout populations currently at risk from low summer flows? (fig. 18–12) 
• Cutthroat trout populations exist in streams with mean summer flow ranging from 0 ft3/s to 

>10 ft3/s (fig. 18–12). 
• Populations existing in streams with mean summer flow at or near 0 ft3/s indicate the 

potential for dry reaches, which can decrease structural connectivity among remaining pools 
and increase mortality of trapped cutthroat trout, especially during drought years. 

 
Where could cutthroat trout populations be at risk from projected shifts in hydrological regime and 
temperature increases in 2040 (figs. 18−13 to 18−15)? 
• There is little difference between current and projected mean summer flow in 2040; thus, the 

models did not identify particular areas that may be at increased risk for drought in the 
scenarios we evaluated.  

• The timing of spring runoff (as measured by center time of streamflow), however, is 
projected to occur earlier in many watersheds (figs. 18−13 to 18−14).  

• Projected 2030 temperature increases could result in range expansion to higher-elevation 
sites in the Wind River and Absaroka Ranges where lower temperatures may currently 
constrain the upper limit of cutthroat populations (fig. 18–15).  

• Lower-elevation populations in the North Platte River and Wind River/Bighorn drainages 
may be at greatest risk from projected increases in temperature (fig. 18–15). 

• Because of uncertainty associated with potential changes to hydrologic regimes derived from 
projected climate scenarios, these patterns are best used to identify regional vulnerabilities. 

 
How does risk from development vary by land ownership or jurisdiction for cutthroat trout habitat (table 18–
5, fig. 18–16)? 
• The two major types of land ownership or jurisdiction associated with cutthroat trout habitat 

are private (40 percent) and U.S. Department of Agriculture Forest Service (38 percent) 
(table 18–5). The private land has primarily moderate and high development levels, whereas 
the U.S. Department of Agriculture Forest Service land has primarily low development levels 
(fig. 18–16). 
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Figure 18–12. Mean summer flow (cubic foot per second) in cutthroat trout habitat for current conditions in 

the Wyoming Basin Rapid Ecoregional Assessment project area. Mean summer flow near or at zero 
indicates potential for reaches to dry out during summer months. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–13. Potential effects of climate change on hydrological regime for cutthroat trout stream habitat 

for current conditions and projected for 2040 in the Wyoming Basin Rapid Ecoregional Assessment 
project area; (A) mean summer flow and (B) center time of mass streamflow (the time when 50 percent 
of the annual flow has occurred) (derived from figs. 18–12 and 18–14). Y-axis values represent percent 
of combined total (kilometers) of all stream segments in the Wyoming Basin Rapid Ecological 
Assessment Project Area known to be inhabited by cutthroat trout. 
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Figure 18–14. Center time of mass streamflow: (A) current and (B) projected in 2040 in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Figure 18–15. Probability of occurrence of cutthroat trout: (A) current and (B) projected in 2030 using 

mean daily July temperature in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Table 18–5. Length and percent of cutthroat trout habitat by land ownership or jurisdiction in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

[km, kilometer]  
Ownership or jurisdiction Stream length (km) Percent of habitat 

Private 4,092 39.82 
Forest Service1 3,858 37.55 
Bureau of Land Management  787 7.66 
State/County 545 5.31 
Tribal 405 3.95 
Other Federal2 318 3.10 
Private conservation 179 1.74 
Other 90 0.88 

1 U.S. Department of Agriculture Forest Service. 
2 National Park Service, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
 
 
 

 
Figure 18–16. Relative ranks of risk from development by land ownership or jurisdiction for cutthroat trout 

habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest 
(Aquatic Development Index [ADI] score <20), medium (ADI score 20−40), and highest (ADI score 
>40). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the fifth-level watersheds with the greatest landscape-level ecological values (fig. 18–17)? 

 
 
Figure 18–17. Ranks of landscape-level ecological values for cutthroat trout habitat, summarized by fifth-

level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Landscape-level 
values based on (A) mean occupied stream-segment length (kilometers), (B) stream-segment count, 
(C) lake count, and (D) overall values (see table 18−3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Where are the fifth-level watersheds with the greatest landscape-level risks (fig. 18–18)? 

 
 
Figure 18–18. Ranks of landscape-level ecological risks for cutthroat trout habitat, summarized by fifth-

level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Landscape-level 
risks based on (A) Aquatic Development Index, (B) number of cutthroat occupied stream segments with 
a mean-summer flow of 0 cubic foot per second divided by total length of cutthroat occupied stream 
segments per watershed, (C) hybridization status and risk index, and (D) overall risks (see table 18−3 
for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Where are the fifth-level watersheds with the greatest conservation potential (fig. 18–19)? 

 
 
Figure 18–19. Conservation potential of cutthroat trout habitat, summarized by fifth-level watershed, in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies 
watersheds that have the highest landscape-level values and the lowest risks. Lowest conservation 
potential identifies watersheds with relatively low landscape-level values and the highest risks. No 
watersheds ranked very high for cutthroat trout, because there are no watersheds ranked with the 
highest values that also were ranked with the lowest risks. Ranks of conservation potential are not 
intended as stand-alone summaries and are best interpreted in conjunction with the geospatial 
datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch18_Cutthroat/MapServer
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Summary 

Cutthroat trout are present primarily in the western portion of the Wyoming Basin, with 
the larger native populations occurring in the Greybull River (Yellowstone cutthroat), Wind 
River (Yellowstone cutthroat), Bear River (Bonneville cutthroat), Upper Green River (Colorado 
River cutthroat), and Little Snake River (Colorado River cutthroat) drainages. Cutthroat trout 
have been introduced extensively in the North Platte River and Lower Green River drainages. 
Both native and introduced populations experience some degree of stocking. Cutthroat trout 
occur primarily in stream and river habitat but are also found in some lakes and ponds.  

Cutthroat habitat has been fragmented by dams, especially for mainstem river 
populations. However, our estimates of patch size derived from stream-segment length likely 
underestimate habitat fragmentation, as only major natural and anthropogenic barriers were used 
to define stream segments in the source data. Our analysis of potential barriers (water diversions, 
and stream/road crossings) included many additional potential barriers that reduce connectivity 
and increase habitat fragmentation (fig. 18–8). More detailed local studies are needed to quantify 
the loss of connectivity posed by potential barriers than can be evaluated with broad-scale data. 
For example, our analysis identified stream-segment lengths >100 kilometers (km) (62.1 miles 
[mi]) in the upper Colorado River Basin, but a local study found that most cutthroat trout 
populations in the Colorado River Basin occurred in stream segments <30 km (18.6 mi) (Roberts 
and others, 2013). Although barriers are generally believed to have negative effects on cutthroat 
trout, many of these barriers can be beneficial in isolating genetically pure cutthroat populations 
from rainbow trout, and barriers have been installed for this purpose. 

Most of the habitat occupied by cutthroat trout was highly developed as a consequence of 
roads and agricultural activities. The largest areas with relatively undeveloped habitat are in the 
Wind River and Absaroka Mountains. The Bear River and Green River drainages are highly 
developed with the exception of headwater cutthroat trout habitat, which is relatively 
undeveloped. The Bear River drainage, in particular, had high development scores resulting from 
extensive agriculture, numerous water diversions, and high densities of roads. Nevertheless, long 
stream segments supporting genetically pure native Bonneville cutthroat trout remain, including 
mainstem habitat, which may enhance resistance to natural and anthropogenic disturbances. In 
contrast, genetically pure Colorado River cutthroat trout populations in small upstream 
headwater stream segments may be more susceptible to population declines following severe 
disturbances due to their isolation from downstream populations by barriers (Roberts and others, 
2013).  

The majority of cutthroat trout populations are not genetically pure. The genetically pure 
populations were primarily located in areas with low hybridization risk due to the absence of 
rainbow trout. There are a few areas such as Bear Lake, however, with genetically unaltered 
cutthroat trout and high hybridization risk due to rainbow trout presence. 

Although flow projections did not indicate the potential for large decreases in mean 
summer flow in 2040, potential shifts to earlier timing of spring peak flow could lead to 
protracted periods of low summer flows during the summer. Risk from decreased flow would be 
exacerbated by the extensive network of water diversions present throughout cutthroat trout 
habitat. In addition, susceptibility to climate change is likely to vary by subspecies. Bonneville 
cutthroat trout are still present in mainstem habitat in the Bear River where increased 
temperatures and shifts in streamflow timing are more likely to occur, whereas Colorado River 
cutthroat trout are primarily present in headwater habitat, which is expected to be at lower risk of 
projected temperature increases and associated shifts in streamflow (Williams and others, 2009). 
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The greatest risk from a projected increase in temperature was in the northeast portion of the 
Wyoming Basin. Most of the populations in that region, however, were introduced and 
consequently are of lower conservation concern than native cutthroat trout populations.  
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Key Ecological Attributes 

Distribution and Ecology 

The bluehead sucker, flannelmouth sucker, and roundtail chub (herein referred to as the 
three-species assemblage) are imperiled fish species native to the Colorado River Basin. 
Historically, flannelmouth sucker, bluehead sucker, roundtail chub, along with razorback sucker, 
were the dominant fish species in medium-to-large reaches of the Upper Green River watershed. 
Flannelmouth suckers were probably the most abundant sucker species, and roundtail chub was 
the dominant carnivore (Rees, Ptacek, Carr, and Miller, 2005; Rees, Ptacek, and Miller, 2005). 
The distribution and abundance of these species have declined substantially however, and they 
occupy only 45−50 percent of their historical habitat in the Colorado River Basin (Bezzerides 
and Bestgen, 2002). In the Wyoming Basin, their distributions are limited to the Upper Green 
River drainage, with bluehead suckers also occurring in the Bear and Snake River drainages. All 
three members of the three-species assemblage are listed by the Bureau of Land Management 
(BLM) as sensitive species. The Wyoming Game and Fish Department and Colorado Parks & 
Wildlife (formerly the Colorado Division of Wildlife) also list them as species of concern and 
cooperate to manage them as a group. The three-species assemblage is also addressed by a 
multistate conservation agreement (Karpowitz, 2006). 

All species are relatively large-bodied and long-lived. Flannelmouth suckers may grow to 
650 millimeters (mm) (25.59 inches [in]), whereas roundtail chub only reach 200−300 mm 
(7.87−11.81 in) (Rees, Ptacek, Carr, and Miller, 2005; Sweet and others, 2009). Bluehead and 
flannelmouth suckers can live to more than 20 years of age (Rees, Ptacek, Carr, and Miller, 
2005; Ptacek and Miller, 2005), although Sweet and others (2009) consistently found 
flannelmouth suckers to be longer lived. Bluehead suckers are benthic algivores that forage by 
scraping rock surfaces, consuming not only algae, but also organic and inorganic debris and 
occasionally aquatic invertebrates. The omnivorous flannelmouth sucker consumes aquatic 
invertebrates, organic detritus, algae, and phytoplankton; the larvae consume primarily aquatic 
invertebrates, crustaceans, and organic/inorganic debris, whereas adult fish consume primarily 
benthic matter, such as organic debris, algae, and aquatic invertebrates (Rees, Ptacek, Carr, and 
Miller, 2005). Roundtail chub are also omnivores, foraging on algae, terrestrial and aquatic 
insects, vegetation, and other fish species (Laske and others, 2011); at least historically, they 
probably frequently preyed on young bluehead suckers (Ptacek and others, 2005). For unknown 
reasons, flannelmouth suckers are afflicted with relatively high rates of parasitism and disease 
(Rees, Ptacek, Carr, and Miller, 2005). 

Spawning occurs in the spring and summer. Flannelmouth suckers generally spawn in 
May and June when water temperatures are between 12−15 degrees Celsius (°C) (53.6−59 
degrees Fahrenheit (°F]). Their eggs are deposited on sand and gravel bars, and once they are 
fertilized, the eggs are adhesive (adhere to the substrate) (Rees, Ptacek, Carr, and Miller, 2005). 
Bluehead suckers spawn in mid-to-late summer when temperatures are 18−24 °C (64.4−75.2 °F). 
They deposit their eggs in redds (nests) that they build in shallow water vegetated with reeds 
(Ptacek and others, 2005). Roundtail chub spawn in spring and early summer after peak runoff 
when water temperatures are about 18.3 °C (64.94 °F). They deposit their adhesive eggs over 
gravel (Rees, Ptacek, and Miller, 2005). Knowledge about thermal preferences of sucker species 
is limited, although bluehead suckers have been found in water temperatures as high as 28 °C 
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(82.4 °F) (Ptacek and others, 2005). Roundtail chub prefer stream temperatures from 22 to 24 °C 
(71.6−75.2 °F) but can tolerate higher temperatures (Rees, Ptacek, and Miller, 2005). 

Landscape Structure and Dynamics  

Flannelmouth suckers primarily inhabit large rivers and are more common in lower 
drainages, but they also may be found in smaller streams and lakes and reservoirs. Their 
probability of occurrence is greatest in wide stream reaches with large pools, and within a given 
reach they tend to occur in the larger, deeper pools (Bower and others, 2008). Bluehead suckers 
also occupy large rivers, but compared to flannelmouth suckers, they are typically found further 
upstream in tributaries and headwaters where they inhabit wider stream reaches and larger pools 
and riffles with rocky substrates (Bower and others, 2008). Roundtail chub are generally found in 
rivers, but they also occur in six natural lakes in the upper Green River Basin (Laske and others, 
2011). In rivers, roundtail chub inhabit relatively wide streams, deep pools, and rocky substrates 
(Bower and others, 2008), whereas lentic (lake-dwelling) roundtail chub use littoral (edge) and 
mid-depth benthic habitats (Laske and others, 2011). Adults of the three-species assemblage 
generally undertake limited movements, but in spring and summer, they may migrate to spawn in 
small streams where there are gravel riffles free of sediments (Compton and others, 2008). Once 
they hatch, the larvae can drift long distances (Ptacek and others, 2005; Rees, Ptacek, and Miller, 
2005; Sweet and Hubert, 2010) to find suitable larval habitat and (or) disperse. 

Ecology and population dynamics of all three fish species are influenced by streamflow 
dynamics, which also influence their prey and predator populations (Rees, Ptacek, Carr, and 
Miller, 2005; Rees, Ptacek, and Miller, 2005). Streamflow dynamics include peak flows 
associated with snowmelt, flash floods associated with significant summer rainfall events, and 
drought. The timing, location, and extent of these events vary among years. Streamflow 
dynamics can affect sediment transport and deposition, water quality, and thermal regime, which 
have strong influences on three-species assemblage ecology (Rees, Ptacek, Carr, and Miller, 
2005; Rees, Ptacek, and Miller, 2005).  

The dynamics of and contrasts between peak and base flows have implications for 
different life-history stages of fish. For example, if peak streamflow at the mouths of major 
tributaries to the Green and Colorado Rivers and receding streamflow in the upper drainages 
occur at the same time, pooling tends to occur in side channels and backwaters near the tributary-
mainstem confluences (Rees, Ptacek, Carr, and Miller, 2005). These pools provide crucial larval 
habitat. Summer flash floods, however, can wash the larvae downstream into the river mainstems 
where water temperatures (affected by dams) may be too low for larval survival. Regular 
flooding, however, is required to maintain the complexity of channel morphology, including 
backwaters, side channels, eddies, deep pools, and riffles, that provides a range of habitat types 
required for different life stages. For example, sand and gravel deposits that form bars during 
high flows, along with deep pools strewn with unembedded boulders, provide spawning habitat 
for flannelmouth suckers; eddies, backwaters, and pools developed by streamflow dynamics 
provide crucial larval/juvenal habitats; and peak flows or flash floods can scour away fine 
sediments that would otherwise embed the rocky and gravely substrates, which are vital for 
roundtail chub spawning  (Rees, Ptacek, Carr, and Miller, 2005; Rees, Ptacek, and Miller, 2005; 
Ptacek and others, 2005). 

Wildfire generally has little direct influence on the dynamics of three-species assemblage 
habitats. Prior to vegetation regrowth, however, large quantities of sediments can be moved from 
severely burned areas into streams and rivers during large postfire rainfall events (Moody and 
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others, 2008). In the short term, large postfire sediment loads in streams can reduce fish survival 
either directly through suffocation or indirectly through loss of suitable spawning habitat and 
reductions in the food base (Rees, Ptacek, Carr, and Miller, 2005). 

Change Agents 

Development 

Dams  

Damming the Green River to create the Fontenelle and Flaming Gorge Reservoirs greatly 
reduced the availability of three-species assemblage habitat and habitat quality. Moreover, the 
Green River was treated with rotenone to depress populations of undesirable (nongame) fish 
species prior to finishing construction of Flaming Gorge Dam (1962) and Fontenelle Dam 
(1964). The rotenone treatment removed the vast majority of flannelmouth suckers, bluehead 
suckers, and roundtail chub in the area, although recolonization occurred relatively quickly 
(Wiley, 2008). More permanently, the dams altered hydrological and thermal regimes, as well as 
sedimentation dynamics, in the Green River (Wiley, 2008). The loss of habitat due to dam 
construction was considerable, both due to the conversion of riverine habitats to reservoirs and a 
transformation below the dams from a warm, turbid, free-flowing river to a clear, cold, regulated 
river (Wiley, 2008).  

Energy and Infrastructure 

Within the range of the three-species assemblage, there has been substantial development 
from road construction and extraction of oil and natural gas, which has led to the modification of 
streambeds through channelization, sedimentation, and disturbance of riparian habitats (Rees, 
Ptacek, and Miller, 2005). Dauwalter, Wenger, and others (2011) found that bluehead sucker 
occurrence decreased with increased land-use intensity, suggesting that local disturbance from 
roads and oil and gas wells was having negative effects on bluehead sucker distribution. In 
contrast, flannelmouth sucker occurrence was not associated with differences in land-use 
intensity (Dauwalter, Wenger, and others, 2011). Roundtail chub responses to road density and 
energy development are equivocal; their presence was negatively associated with road density, 
but positively associated with oil and gas well density within 0.5 kilometers (km) (0.31 miles 
[mi]) of streams. In addition, they were positively associated with road density at the watershed 
scale (Dauwalter, Wenger, and others, 2011). The positive associations were unexpected but may 
be artifacts of a positive association between oil and gas infrastructure and preferred roundtail 
chub habitat (Dauwalter, Wenger, and others, 2011). 

 

Agricultural Activities 

Water diversions are a primary agricultural threat to the three-species assemblage; they 
alter the streamflow regime, create barriers to fish movements, and cause fish mortality due to 
entrainment in irrigation ditches (Compton and others, 2008; Roberts and Rahel, 2008). Water 
diversions and the potential for dewatered stream reaches to dry out lead to habitat 
fragmentation. In turn, fragmentation can isolate fish populations, confine individuals to less 
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desirable habitat conditions, restrict access to spawning habitats, reduce genetic diversity, and 
ultimately lead to the extirpation of isolated populations (Rees, Ptacek, Carr, and Miller, 2005; 
Compton and others, 2008). In a study of the three-species assemblage in the Muddy Creek in 
Wyoming, it was found that the fish could move downstream over small diversions during high 
flows, but during low flows, the diversions restricted upstream movements (Compton and others, 
2008). The probability of occurrence for juvenile bluehead suckers can be lower in areas with a 
high proportion of dry reaches (Bower and others, 2008). In addition, severe reduction in 
streamflow can lead to increased temperatures and reduced levels of dissolved oxygen.  

Other agricultural activities, including the effects of grazing on stream and riparian 
habitats, can negatively affect the three-species assemblage. Grazing and trampling can reduce 
vegetation, leading to increased erosion and sediment loads, as well as altered thermal regimes in 
the water (Rees, Ptacek, and Miller, 2005). Streams with extensive grazing have increased water 
temperatures, decreased cover, increased bank erosion, and decreased preferred spawning 
substrate due to a higher proportion of fine sediment (Armour and others, 1991). Logging also 
may lead to degradation of watersheds through road construction, erosion and sedimentation, and 
disturbance of riparian habitats (Rees, Ptacek, and Miller, 2005), but logging activities in 
watersheds where the three-species assemblage occurs are limited.  

Altered Fire Regime 

Fire is thought to have limited direct effects on the three-species assemblage. An increase 
in the size and severity of fires, however, could affect populations negatively by limiting habitat 
availability. 

Invasive Species 

Hybridization between native and nonnative sucker species, especially the white sucker, 
is one of the greatest risks to populations in Wyoming (McDonald and others, 2008). Bluehead 
and flannelmouth suckers are hybridizing, as are the introduced white sucker and the longnose 
and Utah suckers, and at least some of the hybrid offspring are fertile (Gelwicks, and others, 
2009). Both native and nonnative suckers prefer similar habitats (large, low-gradient streams), 
and they do not segregate while spawning; consequently, hybridization is a common occurrence 
(Quist, and others, 2009). Although there are still some genetically pure flannelmouth and 
bluehead suckers in the Green River drainage, only two remaining populations are isolated from 
nonnative suckers: there is one isolated population of flannelmouth sucker in Upper Bitter Creek 
and one isolated population of bluehead sucker in Ringdahl Reservoir (Gelwicks and others, 
2009). Due to hybridization concerns, Muddy Creek, Big Sandy River, and Little Sandy Creek 
have been designated as priority areas for native fish restoration (Dauwalter, Sanderson, and 
others, 2011). In these systems, barriers will be constructed, nonnatives will be removed, and 
native species will be restored (Gelwicks and others, 2009). 

In addition to hybridization, many introduced fish species, such as brown trout and 
burbot, are competitors and predators with the three-species assemblage. The burbot is a 
voracious predator native to the Wind and Bighorn Rivers in the northern portion of the 
Wyoming Basin, but it was introduced to the Green River drainage in the early to mid-1990s, 
where it now poses a considerable threat to the three-species assemblage (Gardunio and others, 
2011). Other nonnative species, including white sucker, fathead minnow, redside shiner, and red 
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shiner, compete with juvenile species of the three-species assemblage (Rees, Ptacek, and Miller, 
2005). 

Climate Change 

Fishes living in streams and rivers have adapted to a specific set of hydrologic conditions, 
and changes in these conditions can lead to reduced fish recruitment (Modde and others, 2001), 
increased success of invasive species (Ross and others, 2001), and extirpation of locally 
specialized species (Cross and Moss, 1987). Because fishes of the three-species assemblage can 
tolerate relatively high water temperatures, they are expected to be resistant to increased 
temperatures associated with climate change; however, the potential for changes in the 
hydrologic regimes and decreasing streamflow and water levels in stream habitats is a concern. 
Reduced steamflows in areas where there are existing water diversions could exacerbate the 
potential for streams to dry out and isolate fish populations. Reduced streamflow also could 
result in water users taking a larger proportion of the remaining streamflow, thereby entraining 
more fish in diversions (Walters and others, 2012). 

Rapid Ecoregional Assessment Components Evaluated for the Three-Species Fish 
Assemblage 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and change agents affecting the three-species fish assemblage (fig. 19–1). Key 
ecological attributes addressed by the REA include (1) the distribution of the three-species 
assemblage, (2) landscape structure (patch size and connectivity) (table 19–1), and (3) landscape 
dynamics (hydrologic regime and fire occurrence). Change Agents evaluated include 
development, predation, hybridization risk, and climate change (table 19–2). Ecological values 
and risks used to assess the conservation potential for the three-species assemblage by fifth-level 
watershed are summarized in table 19–3. Core and Integrated Management Questions and the 
number of the associated summary maps and graphs are provided in Table 19–4. 
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Figure 19–1. Generalized conceptual model of the three-species assemblage habitat for the Wyoming 
Basin Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes 
regulating the occurrence, structure, and dynamics of the three-species assemblage populations and 
habitat are shown in orange rectangles; additional ecological attributes are shown in blue rectangles; 
and key anthropogenic Change Agents that affect key ecological attributes are shown in yellow ovals. 
The dashed lines indicate components not addressed by the REA. Livestock is a Change Agent that 
was not evaluated due to lack of regionwide data.  
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Table 19–1. Key ecological attributes and associated indicators of baseline habitat for the three-species 
fish assemblage1 for the Wyoming Basin Rapid Ecoregional Assessment. 
Attributes Variables Indicators1 

Amount and 
distribution 

Stream length and area of 
lakes/reservoirs occupied 
 

Distribution maps of each species and the three-species 
assemblage derived from occurrence data2 

Landscape  
Structure 

Patch size Stream-segment length frequency distribution 
 

Landscape 
dynamics 

Fire occurrence See Chapter 8—Streams and Rivers 

 Hydrological regime Mean summer flow3 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of three-
species assemblage habitat due to Change Agents. Baseline conditions are defined as the current distribution of 
three-species assemblage habitat derived from occurrence surveys. See Chapter 2—Assessment Framework. 
2 Data provided by Wyoming Game and Fish Department, Utah Natural Heritage Program, and the Colorado Parks 
& Wildlife. 
3 U.S. Department of Agriculture Forest Service, 
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml (Wenger and others, 2010). 
 

 

Table 19–2. Anthropogenic Change Agents and associated indicators influencing habitat of the three-
species fish assemblage for the Wyoming Basin Rapid Ecoregional Assessment. 

Change Agents Variables Indicators 

Development Aquatic Development 
Index (ADI) 

Percent of habitat in each of seven development classes1 

 Frequency distribution of stream-segment lengths that are relatively 
undeveloped or have low development scores compared to baseline 
habitat2 

Barriers to movement  Number of potential barriers (dams, points of diversion, and stream-road 
crossings)3 

Nonnative 
Fishes4 

Predation risk Co-occurrence of burbot with the three-species assemblage 

 Hybridization risk Co-occurrence of the nonnative white sucker with flannelmouth and 
bluehead suckers 

Climate change Hydrologic regime 
change5 

Projected mean summer flow for 2040  

1 See Chapter 2—Assessment Framework. 
2 Relatively undeveloped stream segments have ADI scores <20. 
3 See Chapter 2—Assessment Framework. 
4 White sucker and burbot occurrence data from Wyoming Game and Fish Department. 
5 U.S. Department of Agriculture Forest Service (derived from climate models Geophysical Fluid Dynamics 
Laboratory Climate Model, ver. 2.1; and European Center Hamburg Model, ver. 5). 
(http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml [see Wenger and others, 
2010]). 

http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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Table 19–3. Landscape-level ecological values and risks for three-species fish assemblage distribution. 
Ranks were combined into an index of conservation potential for the Wyoming Basin Rapid 
Ecoregional Assessment. 

[km, kilometer) 
 

Variables1 
Relative rank  

Lowest Medium Highest Description2  
Values Mean stream-segment 

length (km) 
<31 31–66 >66 Mean length of stream segments occupied by 

the three-species assemblage by watershed 
Number of stream 
segments  

0 1 2–3 Count of number of stream segments occupied 
by the three-species assemblage by watershed 

Number of lakes  0 1 2–3 Count of number of lakes/reservoirs occupied 
by the three-species assemblage by watershed 

Risks Aquatic Development 
Index (ADI) 

<20 20–40 >40 Mean ADI score by watershed 
 

Hybridization and 
predation risk 

<20 20–80 >80 Percent of catchments with co-occurrence of 
burbot and (or) white sucker and the three 
three-species assemblage by watershed 

1 Fifth-level watershed was used as the analysis unit for conservation potential on the basis of input from Bureau of 
Land Management (see table A–19 in the Appendix).  
2 See tables 19–1 and 19–2 for description of variables. 
 

Table 19–4. Management questions evaluated for the three-species fish assemblage for Wyoming Basin 
Rapid Ecoregional Assessment.  

Core Management Questions Results 
Where is baseline habitat for the three-species assemblage, and what is the total amount occupied 
per species? 

Figure 19–2 

Where does development pose the greatest threat to baseline three-species assemblage habitat, and 
where are the relatively undeveloped habitats? 

Figures 19–3 to 19–6 

Where do dams, diversions, and road crossings pose potential barriers to three-species assemblage 
movements, and where are watersheds with the highest structural connectivity? 

Figure 19–7 

Where are three-species assemblage populations at risk of hybridization and competition or 
predation from nonnative species? 

Figure 19–8 

Where could the three-species assemblage be at risk from projected shifts in hydrological regime in 
2040? 

Figures 19–9 and 
19–10 

Integrated Management Questions Results 
How does development risk vary by land ownership or jurisdiction for three-species assemblage 
habitat? 

Table 19–5, Figure 
19–11 

Where are the watersheds with the greatest landscape-level ecological values? Figure 19–12 

Where are the watersheds with the greatest landscape-level risks? Figure 19–13 

Where are the watersheds with the greatest conservation potential? Figure 19–14 
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Methods Overview 

To map the distribution of the three-species assemblage, we compiled occurrence 
information from the Wyoming Game and Fish Department (streams, rivers, and lakes and 
reservoirs), Utah Natural Heritage Program (point locations), and the Colorado Parks and 
Wildlife (sixth-level watersheds). Due to the variety in the data types available, we summarized 
occurrence information by sixth-level watershed. The resulting distribution map was used to 
quantify baseline conditions for each species and the three-species assemblage overall (fig. 19–
2). In addition, we mapped the intersection of point locations with rivers in Utah and adjacent 
occupied watersheds in Colorado, which we assumed represented occurrence along the full reach 
of the river within occupied watersheds. Aquatic Development Index (ADI) scores were derived 
from catchments coincident with three-species assemblage habitat. We used the length of 
occupied stream segments, as classified by occurrence data, as an index of habitat patch size. 
Stream segments were defined by natural and anthropogenic barriers (dams) that restrict 
bidirectional movements among three-species assemblage populations. To incorporate other 
potential barrier types, we summarized the number of diversions and stream-road crossings for 
occupied segments, by sixth-level watershed. 

We evaluated potential risks, including competition, predation, and hybridization, from 
nonnative fish on the basis of their co-occurrence with three-species assemblage species. 
Competition and predation risk were derived from co-occurrence of burbot with the three-species 
assemblage. Hybridization risk was derived from co-occurrence of white sucker with bluehead 
and flannelmouth suckers (see table 19–2 for data sources on nonnative species). 

To evaluate potential effects of current and projected hydrological regimes, we relied on 
data derived from existing macroscale hydrological Variable Infiltration Capacity (VIC) models. 
Wenger and others (2010) demonstrated that the VIC model can be used to simulate recent 
(1978-1997) hydrological characteristics (such as center time of streamflow) for streams and 
larger rivers. The VIC models also are used with climate model projections to evaluate potential 
changes in hydrological characteristics for future climate scenarios. To our knowledge, however, 
model calibration has not been performed for a semiarid environment such as the Wyoming 
Basin, which is dominated by intermittent and ephemeral stream types. These modeled 
streamflow characteristics, therefore, should be interpreted and used with caution and an 
understanding that these variables have a high level of uncertainty. 

Current and projected mean summer flow values were summarized for sixth-level 
watersheds; projected flows were available only in 2040 (table 19–2). The summarized flow data 
for each watershed were assigned to occupied stream segments. Occupied stream segments 
predicted to have a mean summer flow near or at 0 cubic feet per second (ft3/s) were considered 
at risk due to low flow (calculated for the period beginning the first day after June 1 when flow 
falls below the mean annual flow through September 30).  

Landscape-level ecological values (amount of three-species assemblage habitat) and risk 
(ADI score and risk from nonnative species) were compiled into an overall index of conservation 
potential for each fifth-level watershed (table 19–3). To account for different spatial patterns of 
habitat (mainstem, headwater, and lakes and reservoirs), we combined area ranks using stream-
segment length and number of populations (derived from counts of occupied stream segments 
and lakes/reservoirs) into an overall area rank (table 19–3). See Chapter 2—Assessment 
Framework and Appendix for additional details on methods. 
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Key Findings for Management Questions 

Where is baseline habitat for the three-species assemblage, and what is the total amount occupied per 
species (fig. 19–2)? 
• The bluehead sucker occurs in the Green, Bear, and Little Snake River drainages in the 

southwestern portion of the Basin. The flannelmouth sucker distribution broadly overlaps 
that of the bluehead sucker, but flannelmouth suckers do not occur in the Bear River 
watershed, and they are more widely distributed, occupying more watersheds. The roundtail 
chub has a more restricted distribution than the other two species within the Green and Little 
Snake River drainages. 

• Total stream and river habitat identified in the Basin is 1,810 km (1,125 mi) for the bluehead 
sucker; 2,314 km (1,438 mi) for the flannelmouth sucker; and 1,062 km (660 mi) for the 
roundtail chub. Total identified lake and reservoir habitat for the bluehead sucker is 1.8 
square kilometers (km2) (0.7 square miles [mi2]), 237 km2 (92 mi2) for the flannelmouth 
sucker, and 48 km2 (19 mi2) for the roundtail chub. 

 
Where does development pose the greatest threat to baseline habitat for the three-species assemblage, 
and where are the relatively undeveloped habitats (figs. 19–3 to 19–6)? 
• Most of the habitat occupied by the three-species assemblage has moderate or high levels of 

development (fig. 19–3).  
• Only 4 percent of river and stream habitat and 29 percent of lake and reservoir habitat is 

relatively undeveloped (ADI score <20) (fig. 19–4). 
• The longest stream segment occupied by the three-species assemblage is 738 km (458.57 mi) 

(figs. 19–5 and 19–6). All relatively undeveloped stream segments (ADI score <20) are <50 
km (31.07 mi). Only 5 percent of stream segments with low development scores (ADI score 
<30) are >50 km. 

• The longest stream segments of baseline habitat occur in the Black’s Fork, Muddy Creek, 
and Ham’s Fork drainages (fig. 19–6). Relatively undeveloped stream segments are short, 
widely scattered, and restricted to smaller creeks and two portions of the mainstem of the 
Green River in Colorado. No relatively undeveloped stream segments occur in the Little 
Snake River drainage. 

 
Where do dams, diversions, and road crossings pose potential barriers to three-species assemblage 
movements, and where are watersheds with the highest structural connectivity (fig. 19–7)? 
• The number of potential barriers to movement for three-species assemblage habitat is 

considerable in most watersheds. Only 25 percent of all watersheds lacked any potential 
barriers. Watersheds with high densities of potential barriers (>50) are scattered across the 
distribution of the three-species assemblage, and 32 percent of watersheds had >10 potential 
barriers in three fish habitat. 

• A number of watersheds with a low number of potential barriers occur in the Flaming Gorge 
Reservoir, where habitat has been altered by the presence of the dam. In addition, the 
reservoir may decrease structural connectivity among tributaries downstream of the dam. 
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Figure 19–2. Baseline distribution of (A) bluehead sucker, (B) flannelmouth sucker, (C) roundtail chub 

derived from occurrence in sixth-level watershed, and (D) number of species in the three-species fish 
assemblage, summarized by sixth-level watershed, in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Figure 19–3. Aquatic Development Index scores for the three-species fish assemblage habitat in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Figure 19–4. The total size of three-species fish assemblage habitat as a function of the Aquatic 

Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area for (A) streams 
and (B) lakes/reservoirs and ponds. 
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Figure 19–5. Amount of three-species fish assemblage habitat as a function of stream-segment size for 

baseline conditions and two development levels: (1) Aquatic Development Index (ADI) score <30, and 
(2) ADI score <20 (relatively undeveloped habitat) in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 
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Figure 19–6. Stream-segment lengths of three-species fish assemblage habitat for the Wyoming Basin 

Rapid Ecoregional Assessment project area for (A) baseline conditions and (B) relatively undeveloped  
areas (Aquatic Development Index scores <20). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Figure 19–7. Potential barriers to three-species fish assemblage movements, summarized by sixth-level 

watershed, in the Wyoming Basin Ecoregional Assessment project area. Number of potential barriers 
includes dams, points of diversion, and stream-road crossings of occupied streams. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Where are three-species assemblage populations at risk of hybridization and competition or predation from 
nonnative species (fig. 19–8)? 
• Burbot are restricted to the larger creeks and rivers within the Green River drainage, but 

white suckers are in most of the drainages occupied by the three-species assemblage. 
• There is extensive overlap between distributions of native bluehead and flannelmouth 

suckers and nonnative white suckers; thus, the potential for hybridization is high throughout 
the Basin. The upper portions of the Bear River, Smith’s fork, and Bitter Creek are the only 
regions with contiguous three-species assemblage habitat where white sucker are absent, 
although they may still have Utah and longnose suckers. 

 
Where could the three-species assemblage be at risk from projected shifts in hydrological regime in 2040? 
(fig. 19–9 and 19–10)? 

• Streams with a mean summer flow at or near 0 ft3/s indicate the potential for reaches to 
dry out which can decrease habitat connectivity and increase fish mortality especially 
during drought years. Reaches with a mean summer flow of <1 ft3/s are present in the 
mainstem of the Green River, Black’s Fork, and in several small tributary sections (fig. 
19–9). 

• There is little difference between current and projected mean summer flow in 2040 (fig. 
19–10). 
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Figure 19–8. Potential risk from competition, predation, and hybridization derived from the co-occurrence 

of burbot and white sucker with the three-species fish assemblage in the Wyoming Basin Ecoregional 
Assessment project area. Burbot is a potential competitor and predator of all three species, whereas 
the white sucker can hybridize with both native suckers.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer


549 
 
 

 
 
Figure 19–9. Current mean summer flow (cubic feet per second) in three-species fish assemblage habitat 

in the Wyoming Basin Rapid Ecoregional Assessment project area. Mean summer flow near or at zero 
indicates potential for reaches to dry out during summer months. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Figure 19–10. Mean summer flow in stream habitats for the three-species fish assemblage for current 

conditions and projected in 2040 in the Wyoming Basin Rapid Ecoregional Assessment project area. Y-
axis values represent percent of combined total (kilometers) of all stream segments in the Wyoming 
Basin Rapid Ecological Assessment Project Area known to be inhabited by three-species assemblage. 

 
How does development risk vary by land ownership or jurisdiction for three-species assemblage habitat 
(table 19–5, fig. 19–11)? 

• The two major types of land ownership or jurisdiction associated with three-species 
assemblage habitat are private (59 percent) and BLM (20 percent) (table 19–5). Private 
lands primarily have high risk from development, whereas risk from development on 
BLM lands is primarily high and medium (fig. 19–11). The U.S. Department of 
Agriculture Forest Service had the greatest percent of land at low risk from development, 
but this only accounts for 1.72 percent of the habitat. 
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Table 19–5. Length and percent of three-species fish assemblage habitat by land ownership or 
jurisdiction in the Wyoming Basin Rapid Ecoregional Assessment project area.  

[km, kilometer] 
Ownership or jurisdiction Stream length (km) Percent of habitat 

Private 1,627 59.13 
Bureau of Land Management  553 20.10 
Other Federal1 237 8.63 
State/County 203 7.36 
Forest Service2 47 1.72 
Private conservation 43 1.58 
National Park Service 31 1.11 

1 Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
2 U.S. Department of Agriculture Forest Service. 
 

 

 
 
Figure 19–11. Relative ranks of risk from development, by land ownership, for streams occupied by the 

three-species fish assemblage in the Wyoming Basin Rapid Ecoregional Assessment project area. 
Rankings are lowest (Aquatic Development Index [ADI] score <20), medium (ADI score 20−40), and 
highest (ADI score >40). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the watersheds with the greatest landscape-level ecological values (fig. 19–12)? 

 
Figure 19–12. Ranks of landscape-level ecological values for three-species fish assemblage habitat, 

summarized by fifth-level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project 
area. Landscape-level values based on (A) mean occupied segment length (kilometer), (B) stream-
segment count, (C) lake/reservoir count, and (D) overall values based on the maximum score for the 
contributing variables (see table 19−3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Where are the watersheds with the greatest landscape-level risks (fig. 19–13)? 

 
 
Figure 19–13. Ranks of landscape-level ecological risks for three-species fish assemblage habitat, 

summarized by fifth-level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project 
area. Landscape-level risks based on (A) Aquatic Development Index, (B) presence of nonnative fish, 
and (C) overall risks (see table 19−3 for overview of methods). 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Where are the watersheds with the greatest conservation potential (fig. 19–14)? 

 
 
Figure 19–14. Conservation potential of three-species fish assemblage habitat, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation 
potential identifies watersheds that have the highest landscape-level values and the lowest risks. 
Lowest conservation potential identifies watersheds with relatively low landscape-level values and the 
highest risks. Ranks of conservation potential are not intended as stand-alone summaries and are best 
interpreted in conjunction with the geospatial datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch19_ThreeFish/MapServer
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Summary 

The three fish species that make up this assemblage (bluehead and flannelmouth suckers, 
and roundtail chub) form the foundation of the native fish community of the Colorado River 
drainage. The distributions of all three species within the Wyoming Basin are limited, and most 
of the habitat has high levels of development. Relatively undeveloped habitat for the three-
species assemblage is restricted to short, highly disconnected segments in small creeks and a 
short portion of the mainstem of the Green River. Fragmentation of habitat by dams poses 
significant threats to the viability of the populations of all three species, and additional barriers 
posed by water diversions can further increase isolation of remaining populations (Compton and 
others, 2008).  

Two introduced fish species, the burbot and white sucker, widely co-occur with the three 
species and pose significant risks to the assemblage in many watersheds. Burbot, which are both 
predators and competitors, are largely limited to the mainstems of the Green, New Fork, and Big 
Sandy rivers. The brown trout is another potentially significant predator. White suckers broadly 
overlap the distribution of both bluehead and flannelmouth suckers and have hybridized with 
both of the native species across much of their range in the Basin. The Utah and longnose 
suckers also will hybridize with bluehead and flannelmouth suckers.  

The results of this assessment complement the identification of native fish conservation 
areas by Daulwalter and others (2011), who used distribution models for the three species and 
cutthroat trout, and they included a broader set of risk factors than we addressed here. Our 
approach did not include cutthroat trout, which are typically found in headwater habitats outside 
of the range of the three fish species. In addition, our ranks of conservation potential were 
derived from known locations of the three-species assemblage and a more focused set of values 
and risks. Consequently, our rankings of conservation potential for the three-species fish 
assemblage provide a different perspective. The difference among approaches illustrates how 
identification of watersheds with high conservation potential is very sensitive to the risk factors 
considered.  
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Key Ecological Attributes 

Distribution and Ecology 

Northern leatherside chub is a small minnow native to streams in the Bonneville Basin in 
Utah, Idaho, and Wyoming, and portions of the Snake River drainage in far southwestern 
Wyoming (Zafft and others, 2009). In 2004, taxonomists split northern leatherside chub (or 
“chub”) from the southern leatherside chub on the basis of genetic, morphological, and 
ecological differences (Johnson and others, 2004; Belk and others, 2005). Although once 
common in the Snake River drainage, the chub is now largely restricted to the upper Bear River 
drainage in the far western portion of the ecoregion (Johnson and others, 2004). This decline in 
distribution prompted development of a multistate conservation plan by Utah, Wyoming, 
Nevada, and Idaho State wildlife agencies to protect the chub within its native range (Utah 
Department of Natural Resources, 2009). The northern leatherside chub was recently a candidate 
for federal listing on the basis of the Endangered Species Act, although it was not recommended 
for listing (U.S. Fish and Wildlife Service, 2011). 

The Bear River drainage in the Wyoming Basin is a stronghold for the northern 
leatherside chub, with healthy populations concentrated in the low-gradient portions of streams 
draining the Uinta Mountains, including the mainstem of the Bear River (Zafft and others, 2009). 
The chub also occurs in the Green River drainage, although it is currently unknown whether 
these populations are natural or the result of cross-basin transfer by anglers. Little is known 
about the chub’s dispersal capabilities, although most populations are believed to be resident, 
with some fish making occasional long-distance movements (U.S. Fish and Wildlife Service, 
2011). 

The chub typically occurs in the pool habitats of slow-flowing (<0.5 meters per second 
(m/sec) [1.64 feet per second (ft/sec)]), mid-elevation (1,800−2,700 m [5,905.5–8,858.3 ft]) 
streams with golf ball-sized cobble substrates (Zafft and others, 2009; Wesner and Belk, 2012). 
Aquaculture experiments revealed that northern leatherside chub, which spawn in late spring and 
early summer, preferred artificial riffles with cobble and gravel substrates (Billman and others, 
2008). The chub primarily consume insects and other invertebrates (Zafft and others, 2009). The 
chub’s temperature tolerances are not well known, although these fish usually inhabit in cool-
water streams that average 15−20 degrees Celsius (°C) (59−68 degrees Fahrenheit [°F]) in the 
summer (Sigler and Sigler, 1996). In a laboratory experiment, the temperature for optimal 
growth was near 23 °C (73.4 °F) which was higher than the mean temperatures of the chub’s 
native streams but not higher than the maximum temperatures of those streams (Billman and 
others, 2008). The chub can live for up to 8 years with a maximum body size of about 15 
centimeters (cm) (5.91 inches [in]) (Belk and others, 2005).  

Landscape Structure and Dynamics 

Although adult chub occur in streams that vary widely in habitat quality, the effect of 
different stream characteristics on reproductive success is unknown. Chub abundance, however, 
was positively associated with riffle density and coarse streambed substrates (Wesner and Belk, 
2012). This is consistent with laboratory studies on chub preferences for spawning substrates 
(Billman and others, 2008). The positive relationship between coarse substrates and spawning 
suggests that population size may depend on availability of suitable spawning substrates. 



561 
 
 

Isolated chub populations are at greater risk of extirpation, especially the populations 
inhabiting Dry Fork Creek of the central Bear River subbasin (U.S. Fish and Wildlife Service, 
2011). Moreover, the chub does not occur in lakes or reservoirs; thus, the presence of Sulphur 
Creek Reservoir in the Bear River drainage likely isolated chub populations in reaches of 
Sulphur Creek above and below the reservoir.  

Associated Species of Management Concern 

A recent study indicated that the northern leatherside chub may be a potential indicator of 
biological diversity, because streams where it occurs tend to have greater overall fish diversity 
than streams where the chub is absent (Wesner and Belk, 2012). This relationship is equivocal, 
however, as other species in the study also tended to have idiosyncratic habitat requirements that 
differed from northern leatherside chub (Wesner and Belk, 2012). Commonly co-occuring 
species include redside shiner, speckled dace, mountain sucker, and longnose dace (Wesner and 
Belk, 2012) 

Change Agents 

Development 

Factors limiting northern leatherside chub distribution and possibly productivity include 
stream siltation, channelization, and water withdrawals associated with energy development and 
agricultural activities. Energy development throughout the Wyoming Basin is of concern due to 
the amount of water used for energy extraction; potential pollution from introduced chemicals or 
waste water; the creation of movement barriers (for example, culverts); and increased sediment 
runoff due to surface disturbance associated with building and maintaining roads, pipelines, and 
well pads (Entrekin and others, 2011). Little is known about the chub’s pollution tolerance; 
however, studies of spawning substrate preferences (Billman and others, 2008; Wesner and Belk, 
2012) indicate that increased sedimentation could degrade the suitability of their spawning 
habitats. There is a clear need to understand the link between factors that can increase 
sedimentation (grazing, agriculture, and energy development) and reproductive output of 
northern leatherside chub. 

Stream fragmentation due to dams and water diversions associated with agricultural 
irrigation also may limit chub populations. Some known consequences of livestock grazing 
include substantially altered riparian habitat, water quality, and sediment transport due to 
livestock trampling of stream banks and riparian vegetation. Extensive livestock grazing also 
may lead to increased water temperatures, decreased cover, increased bank erosion, and 
degraded spawning substrate due to siltation (Armour and others, 1991). Another concern is the 
entrainment of chub in irrigation ditches. On the basis of high mortality rates of other fish in 
irrigation canals (for example, cutthroat trout), Roberts and Rahel (2008) estimated that a large 
proportion of northern leatherside chub entrained in irrigation canals do not return to the stream 
from the canals due to their mortality in the canals following drawdown. 

Invasive Species 

Predatory brown, rainbow, and brook trout, which are nonnative species widely 
introduced in the Wyoming Basin, also negatively impact the chub through direct predation or by 
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potentially forcing them to seek refuge in less-preferred side-channel habitats (Wilson and Belk, 
2001). Juvenile trout may also compete directly with adult chub, although relative to predation, 
little is known about competition between trout and chub (U.S. Fish and Wildlife Service, 2011). 
Healthy populations of chub appear to be isolated from nonnative trout, particularly brown and 
rainbow trout. Maintaining isolation from nonnative species likely will help to conserve 
populations of northern leatherside chub. 

Climate Change 

Climate change is a growing concern due to projected (1) increased summer 
temperatures, (2) increased winter flooding, (3) increased risk of wildfire, and (4) protracted 
drought (Haak and others, 2010). The upper incipient lethal water temperature for adult chub is 
estimated to be between 26.5−30.2 °C (79.7−86.4 °F) (Billman and others, 2008); thus, water 
temperatures between 23−26 °C (73.4−78.8 °F) may have moderate but sublethal effects on 
northern leatherside chub, whereas prolonged summer water temperatures above 26 °C (78.8 °F) 
may be lethal. Eggs may be more vulnerable and egg survival may decline if stream temperatures 
exceed 23 °C (73.4 °F) (Bartley and others, 2012). Spring temperatures exceeding 23 °C (73.4 
°F) also may reduce offspring survival. 

Rapid Ecoregional Assessment Components Evaluated for Northern Leatherside Chub 

A generalized conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting northern leatherside chub (fig. 20–1). Key ecological 
attributes addressed by the REA include (1) the distribution of northern leatherside chub within 
the Wyoming Basin and (2) landscape dynamics (fire occurrence and hydrologic regime, table 
20–1). Occurrence information was insufficient data to address landscape structure for this 
species. The Change Agents evaluated include development, competition, predation, and climate 
change (table 20–2). Ecological values and risks used to assess the conservation potential for 
northern leatherside chub by fifth-level watershed are summarized in table 20–3. Core and 
Integrated Management Questions and the associated summary maps and graphs are provided in 
table 20–4.  
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Figure 20–1. Generalized conceptual model of northern leatherside chub habitat for the Wyoming Basin 

Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of northern leatherside chub populations and habitat are shown in 
orange rectangles; additional ecological attributes are shown in blue rectangles; and key anthropogenic 
Change Agents that affect key ecological attributes are shown in yellow ovals. The dashed lines 
indicate components not addressed by the REA. Livestock is a Change Agent that was not evaluated 
due to lack of regionwide data. 
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Table 20−1.  Key ecological attributes and associated indicators of baseline northern leatherside chub 
habitat1 for the Wyoming Basin Rapid Ecoregional Assessment. 

Attributes Variables Indicators 

Distribution Occupied sixth-level 
watersheds 

Habitat distribution derived from occurrence data2 

Landscape structure Patch size Not addressed because data were not sufficient for evaluating 
stream-segment length distribution 

Landscape  
dynamics 

Fire occurrence See Chapter 8—Streams and Rivers 

 Hydrologic regime See Chapter 8—Streams and Rivers 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of 
occupied catchments due to Change Agents. Baseline conditions are defined as the current distribution of streams 
and rivers in occupied catchments derived from data obtained from National Hydrography Dataset 
http://nhd.usgs.gov/index.html. However, dams have already altered conditions and increased isolation of 
populations. See Chapter 2—Assessment Framework. 
2 Data provided by Wyoming Game and Fish Department, Utah Department of Wildlife Resources (2009), Wesner 
and Belk (2012). 
 

 
 

Table 20−2.  Anthropogenic Change Agents and associated indicators influencing northern leatherside 
chub habitat for the Wyoming Basin Rapid Ecoregional Assessment. 

Change Agents Variables Indicators 
Development Aquatic Development 

Index (ADI) 
Percent of northern leatherside chub habitat in seven development 
classes1 

 Barriers to movement 
and flow alteration 

Number of potential barriers (dams, points of diversion, and stream-
road crossings) in occupied sixth-level watersheds1 

Nonnatives Competition and 
predation with nonnative 
trout species 

Co-occurrence of northern leatherside chub with nonnative trout2 

Climate change Hydrologic regime 
change  

See Chapter 8—Streams and Rivers 

1 See Chapter 2—Assessment Framework and Appendix 
2 Data on nonnative salmonids from Wyoming Game and Fish Department and Trout Unlimited. 

 
  

http://nhd.usgs.gov/index.html
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Table 20−3.  Landscape-level ecological values and risks for northern leatherside chub habitat. Ranks 
were combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 
 

 
Relative rank  

 
Variables1 Lowest Medium Highest Description2  

Values Amount of habitat <1.95 1.95–8.61 >8.61 Percent of catchments, by watershed 

Risks Aquatic 
Development Index 
(ADI) 

<20 20–40 >40 Mean ADI score by watershed 

1 Fifth-level watershed was used as the analysis unit for conservation potential on the basis of input from the Bureau 
of Land Management (see table A–19 in the Appendix). 
2 See tables 20–1 and 20–2 for description of variables. 
 
 

Table 20−4.  Management questions evaluated for northern leatherside chub for Wyoming Basin Rapid 
Ecoregional Assessment. 

Core Management Questions Results 
Where is occupied baseline northern leatherside chub habitat? Figure 20–2 

Where does development pose the greatest threat to northern leatherside chub habitat? Figures 20–3 and 20–4 

Where do dams, diversions, and stream-road crossings pose potential barriers to northern 
leatherside chub movements, and where are watersheds with the highest structural connectivity? 

Figure 20–5 

Where are northern leatherside chub populations at risk of competition and predation by nonnative 
salmonid species? 

Figure 20–6 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for northern leatherside 
chub habitat? 

Table 20–5, Figure 
20–7 

Where are the watersheds with the greatest landscape-level ecological values? Figure 20–8 

Where are the watersheds with the greatest landscape-level risks? Figure 20–8 

Where are the watersheds with the greatest conservation potential? Figure 20–9 
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Methods Overview 

To map the distribution of northern leatherside chub, we compiled location data (see table 
20–1 for data sources) and mapped presence by catchments and for sixth-level watersheds. The 
occurrence by sixth-level watershed was used to quantify baseline conditions for northern 
leatherside chub. Dams and reservoirs have already significantly altered baseline conditions and 
isolated several chub populations. Key ecological attributes were evaluated for baseline 
conditions and compared with overlays of Change Agents. The ADI scores were averaged by 
sixth-level watershed. To incorporate additional potential barriers, we summarized the number of 
dams, points of diversion, and stream-road crossings of occupied sixth-level watersheds. 

Potential competition and predation risk were derived from occurrence data for brown, 
rainbow, and brook trout (see table 20–1 for data sources). Competition and predation risk were 
derived from the watershed-level co-occurrence of northern leatherside chub and at least one 
species of nonnative trout in sixth-level watersheds. Whereas trout are the primary nonnative 
species of concern for northern leatherside chub (Wilson and Belk, 2001), other nonnative fish 
are also sparsely distributed throughout the range of northern leatherside chub, primarily fathead 
minnow, smallmouth bass, and walleye. We did not include these species because they have 
sparse distributions in the chub’s range (especially smallmouth bass and walleye) and are not 
surveyed as intensively as trout. 

Landscape-level ecological values (amount of northern leatherside chub habitat) and risk 
(ADI score) were compiled into an overall index of conservation potential for each fifth-level 
watershed (table 20–3). Landscape-level values and risks, and conservation potential rankings 
are intended to provide a synthetic overview of the geospatial datasets developed to address Core 
Management Questions in the REA. Because rankings are very sensitive to the input data used 
and the criteria used to develop the ranking thresholds, they are not intended as stand-alone 
maps. Rather, they are best used as an initial screening tool to compare regional rankings in 
conjunction with the geospatial data for Core Management Questions and information on local 
conditions that cannot be determined from regional REA maps. See Chapter 2—Assessment 
Framework and the Appendix for additional details on the methods. 
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Key Findings for Management Questions 

Where is occupied baseline northern leatherside chub habitat (fig. 20–2)?  
• Northern leatherside chub are narrowly distributed and are known to occupy a total of 97 

catchments, all of which are located in the western portion of the Wyoming Basin REA 
project area (fig. 20–2). 

• With the exception of one population (possibly introduced) in the Green River drainage, all 
chub populations in the Wyoming Basin are restricted to the Bear River drainage. 

• Within the Bear River drainage, northern leatherside chub occur in three distinct regions: a 
northern region that includes the Smith’s Fork River and its tributaries; a central region that 
includes Twin Creek and its tributaries; and a southern region that includes the mainstem of 
the upper Bear River and its tributaries. 

 
Where does development pose the greatest threat to northern leatherside chub habitat (figs.20– 3 and 20–
4)? 
• Only 8.6 percent of sixth-level watersheds occupied by the chub are classified as relatively 

undeveloped (ADI score <20) (figs. 20–3 and 20–4). 
• Approximately 21 percent of watersheds occupied by the chub has ADI scores >50, 

indicating high levels of development (fig. 20-3).  
• The southwestern watersheds where the chub is present have the greatest levels of 

development (fig. 20–3). 
 
Where do dams, diversions, and stream-road crossings pose potential barriers to northern leatherside chub 
movements, and where are watersheds with the highest structural connectivity (fig. 20–5)?  
• The southwestern watersheds occupied by the chub have the greatest number of dams and 

potential barriers 
• The fewest number of potential barriers occur primarily in the northern most watersheds 

occupied by the chub. 
 
Where are northern leatherside chub populations at risk of competition and predation by nonnative 
salmonid species (fig. 20–6)? 
• Nonnative trout are present in 48 percent of sixth-level watersheds in which the chub occurs.  
• The distribution of nonnative trout is spread relatively evenly across the range of northern 

leatherside chub. 
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Figure 20–2. Distribution of baseline northern leatherside chub by sixth-level watershed in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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Figure 20–3. Aquatic Development Index scores for sixth-level watersheds that have known 

occurrences of northern leatherside chub in the Wyoming Basin Rapid Ecoregional Assessment project 
area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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Figure 20–4. Area and percent of catchments within sixth-level watersheds occupied by northern 

leatherside chub as a function of the Aquatic Development Index in the Wyoming Basin Rapid 
Ecoregional Assessment project area. 
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Figure 20–5. Potential barriers to northern leatherside chub movements summarized by sixth-level 

watershed in the Wyoming Basin Ecoregional Assessment project area. Number of potential barriers 
includes dams, points of diversion, and stream-road crossings within occupied sixth-level watersheds. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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Figure 20–6. Potential risk of competition and predation risk to northern leatherside chub in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Risk is derived from the presence of 
nonnative trout species including brown trout, rainbow trout, and brook trout in sixth-level watersheds. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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How does risk from development vary by land ownership or jurisdiction for northern leatherside chub 
habitat (table 20–5, fig. 20–7)? 
• The two major types of land ownership or jurisdiction associated with the chub’s distribution 

are BLM (42 percent) and private (35 percent) (table 20–5).  
• Lands managed by the BLM primarily have moderate risk from development, whereas 

private lands have a nearly equal mix of moderate and high risk from development (fig. 20–
7). 

 
 

Table 20−5.  Area and percent of watersheds occupied by northern leatherside chub, by land ownership 
or jurisdiction, in the Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 

Ownership or jurisdiction Watershed area (km2) Percent 

Bureau of Land Management 278 41.8 
Private 231 34.6 
Forest Service1 89 13.3 
State/County 64 9.6 
National Park Service 3 0.5 

1 U.S. Department of Agriculture Forest Service. 
 
 

 

 
 
Figure 20–7. Relative ranks of risk from development, by land ownership or jurisdiction, for watersheds 

occupied by northern leatherside chub in the Wyoming Basin Rapid Ecoregional Assessment project 
area. Rankings are lowest (Aquatic Development Index [ADI] score <20), medium (ADI score 20−40), 
and highest (ADI score >40). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the watersheds with the greatest landscape-level ecological values and risks (fig. 20–8)? 

 
 
Figure 20–8. Ranks of landscape-level ecological values and risks for northern leatherside chub habitat, 

summarized by fifth-level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project 
area. (A) Landscape-level values based on percent of occupied catchments per watershed and (B) 
landscape-level risks based on Aquatic Development Index (see table 20−3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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Where are the watersheds with the greatest conservation potential (fig. 20–9)? 

 
 
Figure 20–9. Conservation potential of northern leatherside chub habitat, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation 
potential identifies watersheds that have the highest landscape-level values and the lowest risks. 
Lowest conservation potential identifies watersheds with the lowest landscape-level values and the 
highest risks. Ranks of conservation potential are not intended as stand-alone summaries and are best 
interpreted in conjunction with the geospatial datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch20_LeathersideChub/MapServer
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Summary 

The Wyoming Basin includes a majority of the extant populations of northern leatherside 
chub. These populations are limited to the far southwestern portion of the Wyoming Basin. With 
the exception of a potentially introduced population in the Green River drainage (Utah 
Department of Natural Resources, 2009), all chub populations inhabit the Bear River drainage, 
including the mainstem Bear River and its major tributaries. 

The watersheds occupied by northern leatherside chub are heavily developed for 
agricultural use, particularly in the southwestern part of their range, where there are more than 
200 potential barriers (dams, diversions, and road crossings) per watershed. Effects of these 
barriers likely vary; reservoirs are typically impassible to chub, whereas the permeability of 
culverts (road crossings that allow streams to pass under roads) varies with culvert design. 
Diversions pose a risk to chub, which can become entrained in canals once water flow is shut off 
(Roberts and Rahel, 2008).  

Overall, most northern leatherside chub habitat in the Wyoming Basin has high levels of 
development. The areas with the highest conservation potential are in the northern part of the 
chub’s range. This includes the healthy populations in Dry Fork Creek, which has low levels of 
development and occurs largely on public land (Schultz and Cavalli, 2012). Although the 
southern range has higher levels of development, it also contains some of the largest chub 
populations. These areas, however, present significant management challenges due to their 
higher levels of development, apparently low structural connectivity, and private land ownership 
(Schultz and Cavalli, 2012). 

Landscape-level analysis at the fifth-level watershed scale does not identify variation in 
habitat values and risks to populations within catchments. Nevertheless, our results are consistent 
with a recent report indicating that northern populations of northern leatherside chub contain 
excellent habitat and high conservation potential. The Wyoming Game and Fish Department 
recently classified these northern sites as “Goal 1” sites, defined as “crucial to conserving and 
maintaining populations of terrestrial and aquatic wildlife for the present and future.” They also 
classified the southern sites as Goal 2 sites, defined as “habitats where enhancement activities 
can be opportunistically performed” (Schultz and Cavalli, 2012). 
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Key Ecological Attributes 

Distribution and Ecology 

Sauger was once a widely distributed native fish species that historically occurred in the 
Missouri and Mississippi drainages (McMahon and Garder, 2001). The species occurred in the 
Mississippi River as far downstream as Arkansas and in the Missouri River upstream to Great 
Falls, Montana. Although species in the family Percidae generally do not disperse long distances, 
the sauger is considered the most migratory percid in North America, on the basis of documented 
movements of up to 600 kilometers (km) (372.8 miles [mi]) (Collette and others, 1977; Jaeger, 
2004). Sauger typically inhabit large, turbid, cool-water (20−28 degrees Celsius °C [68−82 
degrees Fahrenheit °F]) rivers and shallow turbid lakes, but they also occur in adjoining 
reservoirs (Wyoming Game and Fish Department, 2010). 

 Sauger have experienced substantial population declines and local extirpation across 
their range (McMahon, 1999). For example, in the Yellowstone River, it was estimated that 
sauger numbers declined 86−96 percent during the 1980s (McMahon, 1999). In the Wyoming 
Basin, sauger were historically found in the North Platte, Powder, Tongue, Bighorn, and Wind 
River drainages, but their distribution has been substantially reduced, and they have been 
extirpated from the North Platte River (Wyoming Game and Fish Department, 2010). Remaining 
populations in the Wyoming Basin are restricted to a small population in the Tongue River, a 
seasonal population in the Powder River, and one population each in the Bighorn drainage and 
the Wind River drainage. The populations in the Bighorn and Wind River drainages have been 
identified as conservation priorities because they are among the last genetically pure sauger 
populations in the Missouri River drainage (Wyoming Game and Fish Department, 2010). The 
Bighorn River population is considered to be stable or increasing, but the Wind River population 
has been experiencing declines and limited recruitment (Wyoming Game and Fish Department, 
2010).  

Sauger prefer turbid river segments with deep pools, cool temperatures, high alkalinity, 
and fine substrates (Amadio and others, 2006). They spend most of their time in large, deep 
pools (Kuhn and others, 2008) but may also use backwaters (Wilhite and Hubert, 2011). The 
upstream distribution of sauger appears to be limited by low summer temperatures, channel 
slope, and water diversions (Amadio and others, 2005). Sauger are primarily piscivorous, 
although juveniles will feed on aquatic invertebrates. 

Landscape Structure and Dynamics  

Sauger are highly migratory in the spring during the spawning season, but otherwise they 
are fairly sedentary (Bellgraph and others, 2008; Kuhn and others, 2008). Generally, sauger 
travel long distances to spawn, often aggregating in a few relatively discrete spawning areas 
(Jaeger, 2004). Spawning migrations of up to 600 km (372.8 mi) have been documented (Jaeger, 
2004). In Wyoming, spawning migrations in both upstream and downstream directions have 
been observed (Kuhn and others, 2008).  

For spawning, it has been thought that sauger seek out cooler tributaries (11−15 °C 
[52−59 °F]) with gravel and cobble substrates (Wyoming Game and Fish Department, 2010), but 
one telemetry study indicated that sauger spawned almost exclusively in river mainstems (Jaeger 
and others, 2005). Following emergence, larval sauger may drift considerable distances 
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downstream (up to 300 km [186.4 mi]), and juveniles may seek off-channel sites during spring 
and summer before shifting to river mainstems in autumn (Jaeger, 2004). Therefore, structural 
connectivity between nonbreeding and spawning habitat is critical to maintaining self-sustaining 
sauger populations. 

 Flow-related variables, principally water velocity and depth, are important components 
of sauger habitat, but preferred conditions vary seasonally. During the nonbreeding season, 
sauger inhabit free-flowing, turbid river systems with deep, low-velocity pools and runs (Kuhn 
and others, 2008). In winter, low-velocity pools >1.83 meters (m) (6 feet [ft]) deep are preferred 
(Kuhn, 2005).  

Change Agents 

Declines in the abundance and distribution of sauger are largely attributed to habitat 
degradation. In the Wyoming Basin, primary concerns are loss of habitat and decreased 
structural connectivity due to dams and water diversions. Additional concerns include 
hybridization and competition with introduced populations of walleye. Angler exploitation also 
may affect populations adversely in some locations (Wyoming Game and Fish Department, 
2010). 

Development 

Sauger are highly susceptible to habitat loss and alteration due to their migratory nature 
and the limited availability of suitable spawning areas (Jaeger, 2004). Dams can affect the 
availability of preferred habitat conditions by altering the flow regime, decreasing water 
temperatures, affecting turbidity, and disrupting pool formation, which can negatively affect 
sauger abundance, recruitment, growth, and survival (Wyoming Game and Fish Department, 
2010). Dams and water diversions also can fragment or disconnect spawning runs, which may 
have important effects on sauger movements, and they can entrain drifting larvae. In the Bighorn 
and Wind River drainage systems, the Boysen and Yellowtail dams have divided a previously 
contiguous population into two isolated populations. 

Energy and Infrastructure 

There is little specific information about the potential effects of energy development on 
sauger, but energy development typically affects fish populations as a consequence of water 
withdrawal, surface disturbance and sedimentation of spawning habitats, and water 
contamination (Entrekin and others, 2011). Reduced streamflow resulting from water withdrawal 
can affect habitat availability and quality, thereby leading to decreased recruitment. Surface 
disturbance can increase sedimentation in streams, reducing the amount of suitable spawning 
substrate available, and water contamination can have toxic or chronic sublethal effects. A 
preliminary study, however, suggests that sauger may tolerate at least some water contamination 
associated with energy development because growth rates of sauger in the Tongue Reservoir on 
the Montana-Wyoming border did not appear to be negatively affected by effluents from the 
Decker surface coal mine (Riggs and Gregory, 1980).  
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Agricultural Activities 

Compared to cold-water fishes, adult sauger may be relatively tolerant of livestock 
grazing because their preferred habitat (large, cool-water, turbid rivers) may be more buffered 
from the direct and indirect effects of grazing pressures than the small, cold-water streams 
preferred by cold-water fishes. Sauger, however, also will use tributaries, which could be 
degraded by livestock grazing through sedimentation, loss of riparian habitat, and increased 
water temperatures (Armour and others, 1991). 

Water diversions pose significant management concerns, as they reduce population 
connectivity, thereby restricting movements and limiting access to spawning habitats. They also 
can entrain and kill sauger (Amadio and others, 2005; Jaeger and others, 2005), and extensive 
water use can result in the loss of backwater and side channel habitat (Wilhite and Hubert, 2011).  

Invasive Species and Disease  

Sauger can hybridize with walleye, which were introduced to some lakes and reservoirs 
of the Wyoming Basin. In some regions, fisheries managers have intentionally hybridized 
walleye and sauger to produce “saugeye,” on the basis of the premise that the hybrid may be 
more tolerant of turbid reservoir conditions than walleye (Zweifel and others, 2010). Walleye 
have been stocked in Bighorn Lake and Ocean Lake, and historically they also were stocked in 
Boysen Reservoir (Bingham and others, 2012). Despite the co-occurrence of walleye and sauger 
populations, hybridization appears to be rare in wild populations. Bingham and others (2012) 
detected only 18 hybrids out of 925 individuals analyzed. Additionally, 50 percent of the hybrid 
individuals appeared to have a nonhybrid ancestor within the previous two generations, 
indicating that the hybridization event was recent. Walleye pose additional risks to sauger by 
functioning as potential predators, competitors, and disease vectors. There is considerable 
overlap in habitat use by sauger and walleye suggesting the potential for competition is high, 
although walleye are more common in lakes and reservoirs (Bellgraph and others, 2008). 

Climate Change 

Projected changes in drought frequency and severity and temperatures have the potential 
to affect sauger populations. An increase in the frequency or severity of droughts could decrease 
habitat availability and structural connectivity, strand eggs, limit downstream transport of larvae, 
and limit prey production and recruitment (Jaeger, 2004). Indeed, low streamflow is believed to 
be a contributing factor to sauger declines that occurred throughout Montana in the late 1980s 
(McMahon, 1999). Increased temperatures could decrease habitat availability by making 
downstream stream reaches too warm, or they could have positive effects by increasing 
availability of habitat where populations are currently limited by cold temperatures. Sauger 
tolerate water temperatures between 1−30 °C (34−86 °F) (Carlander, 1997) and have an upper 
temperature limit of about 31.2 °C (88.2 °F) (Fang and others, 2004). A national study modeling 
thermal and dissolved oxygen for coolwater fish (which included sauger) in lakes showed the 
potential for an increase in the number of days that would be conducive for growth on the basis 
of forecasted temperature and dissolved oxygen levels for the projected climate scenarios 
evaluated for the Wyoming Basin region (Fang and others, 2004).  
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Rapid Ecoregional Assessment Components Evaluated for Sauger 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and change agents affecting sauger (fig. 21–1). Key ecological attributes addressed by 
the Rapid Ecoregional Assessment (REA) include (1) the distribution of sauger, (2) landscape 
structure (patch size and connectivity), and (3) landscape dynamics (fire occurrence and 
hydrologic regime) (table 21–1). Change Agents evaluated include development, nonnative 
fishes, and climate change (table 21–2). Ecological values and risks used to assess the 
conservation potential for sauger by fifth-level watershed are summarized in Table 21–3. Core 
and Integrated Management Questions and the number of the associated summary maps and 
graphs are provided in Table 21–4. 

Methods Overview 

The distribution of sauger in the Wyoming Basin REA project area was derived from 
mapped occurrences from state game and fish agencies (see table 21–1 for data sources) and was 
used to quantify baseline conditions. Sauger abundance was estimated by state game and fish 
biologists as rare, common, or abundant. The Aquatic Development Index (ADI) scores were 
derived from catchments coincident with sauger habitat. We used the length of occupied streams 
as an index of patch size. Stream segments were derived from natural and anthropogenic barriers 
(dams) that restrict bidirectional movements among sauger populations. To incorporate 
additional potential barriers, we summarized the number of points of diversion within 30 meters 
(m) (98.4 feet [ft]) and stream-road crossings within 10 m (32.8 ft) of occupied stream segments 
by sixth-level watershed. Competition, predation, and hybridization risk were derived from 
occurrence data for walleye compiled from Wyoming Game and Fish Department. Mean 
summer flow was derived from U.S. Department of Agriculture Forest Service data for sixth-
level watersheds (table 21–1; see Methods section in the Streams and Rivers chapter for 
additional details). The summarized flow data for each watershed were assigned to stream 
segments coincident with the watershed. Stream segments predicted to have a mean summer 
flow near or at 0 cubic feet per second (ft3/s) were considered at risk for drought due to low flow. 

Landscape-level ecological values (amount of sauger habitat) and risks (ADI score, risk 
of low summer flow, hybridization risk) were compiled into an overall index of conservation 
potential for each fifth-level watershed (table 21–3). Conservation potential for sauger was 
summarized by fifth-level watershed based on overall landscape-level values and risks (table 21–
3). Landscape-level values and risks, and conservation potential rankings are intended to provide 
a synthetic overview of the geospatial datasets developed to address Core Management 
Questions in the REA. Because rankings are very sensitive to the input data used and the criteria 
used to develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they 
are best used as an initial screening tool to compare regional rankings in conjunction with the 
geospatial data for Core Management Questions and information on local conditions that cannot 
be determined from regional REA maps. See Chapter 2—Assessment Framework and the 
Appendix for additional details on the methods. 
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Figure 21–1. Generalized conceptual model of sauger habitat for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of sauger populations and habitat are shown in orange 
rectangles; additional ecological attributes are shown in blue rectangles; and anthropogenic 
Change Agents that affect key ecological attributes are shown in yellow ovals. The dashed 
lines indicate components not addressed by the REA. Livestock is a Change Agent that was 
not evaluated due to lack of regionwide data. 
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Table 21–1. Key ecological attributes and associated indicators of baseline sauger habitat1 for the 
Wyoming Basin Rapid Ecoregional Assessment. 
Attributes Variables Indicators 

Amount and 
distribution 

Stream length and area of lakes/ 
reservoirs occupied 

Habitat distribution derived from occurrence data2 
  

Landscape 
structure 

Patch size Stream-segment length frequency distribution 
 

Landscape 
dynamics 

Fire occurrence See Chapter 8—Streams and Rivers 

 Hydrologic regime Mean summer flow3 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of sauger 
habitat due to Change Agents. Baseline conditions are defined as the current distribution of sauger derived from 
occurrence surveys. However, dams have already altered conditions and increased isolation of populations. See 
Chapter 2—Assessment Framework. 
2 Data provided by the Wyoming Game and Fish Department. 
3 U.S. Department of Agriculture Forest Service; 
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml (Wenger and others, 2010). 
 

 

Table 21–2. Anthropogenic Change agents and associated indicators influencing sauger habitat for the 
Wyoming Basin Rapid Ecoregional Assessment. 

[m, meter]  

Change Agents Variables Indicators 

Development Aquatic Development 
Index (ADI) 

Percent of sauger habitat in seven development classes1 

 Frequency distribution of stream-segment lengths that are relatively 
undeveloped or have a low development score compared to baseline 
habitat2 

 
Barriers to movement 

 
Number of potential barriers (dams and points of diversion within 30 m 
and stream-road crossings) 1 

Invasive species 
 

Competition and 
predation with walleye 
 

Co-occurrence of sauger with walleye3 

Climate change Hydrologic regime 
change  

See Chapter 8—Streams and Rivers 

1 See Chapter 2—Assessment Framework and Appendix. 
2 Relatively undeveloped segments using ADI scores <20. 
3 Walleye occurrence data provided by the Wyoming Game and Fish Department. 
 
  

http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml
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Table 21–3. Landscape-level ecological values and risks for sauger distribution. Ranks were combined 
into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer] 
 

Variables1 

Relative rank 

Description2  Lowest Medium Highest 
Values3 Amount of habitat 

 
<22 22–40 >40 Mean length (km) of stream segments by 

watershed  
Number of 
populations 

0 1 2–3 Number of stream segments by watershed  

0 1 2–5 Number of lakes/reservoirs by watershed  

Risks Aquatic Development 
Index (ADI) 

<20 
 

20–40 
 

>40 Mean ADI score by watershed 
 

Stream segments at 
risk of very low 
summer flow  

0 0–0.5 
 

>0.5 
 

Number of occupied stream segments with zero 
mean summer flow, standardized by total length 
of occupied stream segments, by watershed 

Competition/ 
hybridization risk 

<37 37–78 >78 The percent of catchments per watershed with 
walleye present 

1 Fifth-level watershed was used as the analysis unit for conservation potential on the basis of input from Bureau of 
Land Management (see table A–19 in the Appendix).  
2 See tables 21–1 and 21–2 for description of variables. 
3Amount of habitat was valued in three ways: (1) length of stream segment, (2) number of segments (populations), 
and (3) number of lakes/reservoirs. Watersheds with longer stream segments and (or) greater number of populations 
(occupied stream segments and lakes/reservoirs) receive the highest rank for ecological values. 
 

 

Table 21–4. Management questions evaluated for sauger in Wyoming Basin Rapid Ecological 
Assessment.  

Core Management Questions Results 
Where is baseline sauger habitat, and what is the total area occupied? Figure 21–2 

Where does development pose the greatest threat to baseline sauger habitat, and where are the large, 
relatively undeveloped habitats? 

Figures 21–3 to 21–6 

Where do dams, water diversions, and stream–road crossings pose potential barriers to sauger 
movements, and where are watersheds with high structural connectivity? 

Figure 21–7 

Where are sauger populations at risk from competition and hybridization with walleye? Figure 21–8 

Where are sauger populations at risk from low summer flows? Figure 21–9 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for sauger habitat? Table 21–5, Figure 

21–10 
Where are the watersheds with the greatest landscape-level ecological values? Figure 21–11 

Where are the watersheds with the greatest landscape-level risks? Figure 21–12 

Where are the watersheds with the greatest conservation potential? Figure 21–13 
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Key Findings for Management Questions  

Where is baseline sauger habitat, and what is the total area occupied (fig. 21–2)? 

• Sauger currently have a very limited distribution in the Wyoming Basin, occupying only 656 
km (407.62 mi) of streams and rivers and 113 km2 (43.63 mi2) of reservoirs (fig. 21–2). 

• Sauger are abundant in the Boysen Reservoir and the Bighorn River, rare in the Greybull 
River, and their abundance is unknown in the remaining areas (fig. 21–2). 

 
Where does development pose the greatest threat to baseline sauger habitat, and where are the large, 
relatively undeveloped habitats (figs. 21–3 to 21–6)? 
• Almost all the habitat occupied by sauger has moderate or high levels of development as 

indicated by an ADI score >30 (fig. 21–3).  
• Only 1.2 percent of river and stream habitat and 8.2 percent of reservoir habitat are relatively 

undeveloped (ADI score <20) (fig. 21–4). 
• Nearly all baseline stream segments were between 100−500 km (62.12–310.67 mi). 

However, as a consequence of high disturbance levels, only one small segment (<50 km 
[31.07 mi]) occurs in relatively undeveloped habitat (fig. 21–5). 

• The high development scores are primarily due to agriculture and, to a lesser extent, roads 
and water diversions. There is limited energy development in baseline sauger habitat. 

• The only relatively undeveloped stream segment of habitat is located in the Popo Agie River 
(fig. 21–6). 

 
Where do dams, water diversions, and stream-road crossings pose potential barriers to sauger 
movements, and where are watersheds with high structural connectivity (fig. 21–7)? 
• The number of stream and road crossings per sixth-level watershed is relatively low, except 

for in the Nowood River (a tributary to the Bighorn), which ranged between 6 and 50 
crossings.  

• The number of water diversions was generally high, especially in the Bighorn, Nowood, and 
Popo Agie Rivers.  

• Many sixth-level watersheds have between 6−50 potential barriers and four watersheds have 
>50 potential barriers (fig. 21–7). 

 
Where are sauger populations at risk from competition and hybridization with walleye (fig. 21–8)? 
• Walleye are present in 68 percent of riverine sauger habitat. The Wind, Little Wind, and 

Popo Agie Rivers are the only sauger habitat free of walleye.  
• Walleye co-occur with sauger in all lakes and reservoirs. 
 
Where are sauger populations currently at risk from low summer flows (fig. 21–9)? 
• Sauger exist in streams with mean summer flow ranging from 0 to >10 cubic feet per second 

(fig. 21–9). 
 



588 
 
 

 
 
Figure 21–2. Distribution and abundance of sauger in the Wyoming Basin Rapid Ecoregional 

Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Figure 21–3. Aquatic Development Index scores for sauger habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Figure 21–4. Sauger habitat as a function of the Aquatic Development Index in the Wyoming 

Basin Rapid Ecoregional Assessment project area for (A) streams and rivers and (B) lakes and 
reservoirs.  
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Figure 21–5. Amount of sauger habitat as a function of stream-segment size for baseline 

conditions and two development levels: (1) Aquatic Development Index (ADI) score <30, and 
(2) ADI score <20 (relatively undeveloped habitat) in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 
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Figure 21–6. Stream-segment length of sauger habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas 
(Aquatic Development Index <20). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Figure 21–7. Potential barriers to sauger movement summarized by sixth-level watershed. 

Number of potential barriers includes dams, stream-road crossings, and water diversions in the 
Wyoming Basin Rapid Ecoregional Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer


594 
 
 

 
 
Figure 21–8. Competition and hybridization risk posed by walleye occurrence in sauger habitat 

within the Wyoming Basin Rapid Ecoregional Assessment project area. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Figure 21–9. Mean summer flow (cubic feet per second) in sauger habitat in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Mean summer flow near or at zero indicates 
potential for reaches to dry out during summer months. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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How does risk from development vary by land ownership or jurisdiction for sauger habitat (table 21–5, fig. 
21–10)? 
• The two major types of land ownership or jurisdiction associated with sauger habitat are 

tribal land (48 percent) and National Park Service land (30 percent, table 21–5).  
• Tribal land has moderate and high development levels, and National Park Service land has 

predominantly high development levels (fig. 21–10). 
• There is no Bureau of Land Management land associated with current sauger habitat (fig. 21–

10). 
 
 

Table 21–5. Length and percent of sauger habitat by land ownership or jurisdiction in the Wyoming Basin 
Rapid Ecoregional Assessment project area. 

[km, kilometer] 
Ownership or jurisdiction Stream length (km) Percent of habitat 

Tribal land  61 47.7 
National Park Service 38 29.6 
State/County 22 17.0 
Other Federal1 4 3.0 
Private 3 2.7 

1 Bureau of Reclamation. 
  

 

 
Figure 21–10. Relative ranks of risk from development, by land ownership or jurisdiction, for 

sauger distribution in the Wyoming Basin Rapid Ecoregional Assessment project area. 
Rankings are lowest (Aquatic Development Index [ADI] score <20), medium (ADI score 20−40), 
and highest (ADI score >40).  
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Where are the watersheds with the greatest landscape-level ecological values (fig. 21–11)? 

 
 
Figure 21–11. Ranks of landscape-level ecological values for sauger, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area for (A) 
stream/river segment length, (B) stream and river segment count, (C) lake and reservoir count, 
and (D) overall ecological values was based on the maximum of all three values (see table 21–
3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Where are the watersheds with the greatest landscape-level risks (fig.12)? 

 
 
Figure 21–12. Ranks of landscape-level ecological risks for sauger, summarized by fifth-level 

watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area for (A) Aquatic 
Development Index, (B) zero mean flow, (C), walleye occurrence, and (D) overall ecological 
risk (see table 21–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Where are the watersheds with the greatest conservation potential (fig. 21–13)? 

 
 
Figure 21–13. Conservation potential of sauger summarized by fifth-level watershed in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Very high conservation potential 
identifies areas that have the highest landscape-level values and the lowest landscape-level 
risks. Very low conservation potential identifies areas with the lowest landscape-level values 
and the highest landscape-level risks. No watersheds ranked very high for sauger because 
there were no watersheds ranked with the highest values that also were ranked with the lowest 
risks. Ranks of conservation potential are not intended as stand-alone summaries and are best 
interpreted in conjunction with the geospatial datasets used to address Core Management 
Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch21_Sauger/MapServer
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Summary 

The current range of sauger in the Wyoming Basin is restricted to the Bighorn and Wind 
River drainages. These populations in the Wyoming Basin are among the last genetically pure 
sauger populations in the Missouri River Basin and consequently are a conservation priority 
(Bingham and others, 2012). Most sauger populations, however, are at risk for hybridization with 
walleye due to extensive overlap of the two species distributions within the Wyoming Basin. In 
addition, walleye pose risks as potential predators, competitors, and disease carriers. Walleye and 
sauger do not co-occur in the Wind, Little Wind, and the Popo Agie Rivers; consequently, these 
populations are important for maintaining genetically pure sauger populations, although the 
isolation from larger populations is a concern.  

Development poses significant threats to sauger habitat. Almost all habitat occupied by 
sauger has moderate to high levels of development, with the exception of a small segment of the 
Popo Agie River. The Bighorn and Wind River drainages have a high level of agricultural 
development, extensive road networks, and numerous water diversions. The Boysen and 
Yellowtail dams have fragmented a population that likely was previously connected to the 
Yellowstone River. The long-term viability of these isolated headwater fragments is unclear, 
especially given concerns about very limited recruitment in the Wind River population 
(Wyoming Game and Fish Department, 2010). The amount of habitat needed to protect a highly 
migratory species such as the sauger is not known. In addition, the limited remaining sauger 
populations are affected by local potential barriers, such as water diversions that further restrict 
fish movements. For example, water diversions have been found to limit access to upstream 
habitats in the Wind River drainage (Amadio and others, 2005). The barriers to movements 
consequently limit access to spawning habitat, which further compounds the problems posed by 
the highly restricted distribution of this species.  

Watersheds with relatively high landscape-level ecological values occur in both the 
Bighorn and Wind River drainages. Because of the high development pressures and occurrence 
of walleye, all watersheds have medium or high landscape-level ecological risks; consequently, 
none of the watersheds where sauger occur are ranked as having very high conservation potential 
due to the management challenges for this species in the Wyoming Basin. Indeed, it remains 
unclear whether the few watersheds ranked as having high conservation potential compared to 
other watersheds can maintain viable sauger populations given the reduction of population 
connectivity as a result of the Boysen and Yellowtail dams. 
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Key Ecological Attributes 

Distribution and Ecology  

The spadefoot assemblage includes the Great Basin spadefoot and the plains spadefoot. 
The Great Basin spadefoot’s range extends from south-central British Columbia south through 
the Great Basin and from the Pacific Crest piedmont east to southwestern Wyoming and 
northwestern Colorado (Hammerson, 1999; Stebbins, 2003; Buseck and others, 2005; Lannoo, 
2005). The plains spadefoot occurs from the southern Canadian prairies south to northern 
Mexico, and from the Rocky Mountain piedmont east to the tallgrass prairie (Stebbins, 2003; 
Lannoo, 2005). The Great Basin spadefoot is listed as threatened in Canada (Committee on the 
Status of Endangered Wildlife in Canada, 2007), and in Wyoming, both spadefoots are 
designated as Wyoming Species of Greatest Conservation Need (Wyoming Game and Fish 
Department, 2010), primarily because little is known about their population dynamics or factors 
that may threaten their persistence. 

The Great Basin spadefoot is found at elevations up to 2,800 meters (m) (9,186.6 feet 
[ft]), primarily in sagebrush steppe, but they also occur in semidesert shrublands and grasslands, 
agricultural areas, and conifer systems from pinyon-juniper woodlands to spruce-fir forests 
(Stebbins, 2003; Lannoo, 2005). The plains spadefoot is found at elevations up to 2,440 m 
(8,005.3 ft), from semiarid grasslands and shrublands to mixed-grass prairie and agricultural 
areas of the plains, sandhills, and riparian corridors (Hammerson, 1999; Stebbins, 2003; Lannoo, 
2005). For up to 10 months of the year (but generally October to March), both species aestivate 
in burrows that are typically up to 1 m (3.3 ft) deep (that is, below the frostline, plains 
spadefoots, however, may burrow as deep as 4.6 m in more arid conditions). During warmer 
months (generally April to September), both spadefoot species dig shallow burrows for refuge 
(3−10 centimeters deep [1.2− 4 inches]) between nocturnal feeding bouts or periods of inactivity 
(Hammerson, 1999; Buseck and others, 2005; Lannoo, 2005). Burrow sites must have loose, 
sandy, loamy, or gravely and well-drained soils (Hammerson, 1999; Buseck and others, 2005; 
Lannoo, 2005). Spadefoots also use small mammal burrows, such as those of prairie dogs, 
kangaroo rats, and ground squirrels (Hammerson, 1999; Gerlanc and Kaufman, 2003; Stebbins, 
2003; Lomolino, 2004; Lannoo, 2005). 

Both spadefoots inhabit semiarid regions characterized by high variability in the timing 
and amounts of precipitation. Wetlands are required for breeding, and they respond rapidly and 
synchronously to heavy rains or runoff that create the temporary pools in which they breed and 
where the young remain until they have undergone metamorphosis (Stebbins, 2003). The 
breeding cycle from mating through metamorphosis typically lasts 6–10 weeks, depending on 
species, air and water temperatures, predation pressure, and food availability (Hammerson, 1999; 
Lannoo, 2005). Breeding onset in the Wyoming Basin occurs in late spring or early summer 
when snowmelt and spring storms create seasonal pools, but breeding also may be stimulated by 
inflows of irrigation water (Hammerson, 1999; Stebbins, 2003; Lannoo, 2005). Breeding sites 
are shallow (up to 1 m [3.3 ft]) and include various types of temporary or seasonal wetlands that 
hold water long enough to complete a full breeding cycle or permanent wetlands (Hammerson, 
1999; Buseck and others, 2005; Lannoo, 2005). Examples of natural breeding sites include 
floodplains, playas, springs, and sluggish streams; artificial sites include ditches and reservoirs 
with shallow margins, but often they harbor predators that consume spadefoot larvae 
(Hammerson, 1999; Gerlanc and Kaufman, 2003; Stebbins, 2003; Lannoo, 2005). In flowing 
waters, spadefoots anchor themselves and their egg masses to emergent vegetation. Great Basin 
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spadefoots also do not tolerate high salinity levels (total dissolved solids >5,000 milligrams per 
liter [mg/L] [0.042 pounds per gallon]) in their wetland habitats (salinity tolerances not reported 
for plains spadefoot) (Hovingh and others, 1985). 

Spadefoot foraging sites include wetland margins or open uplands where prey are 
abundant (Hammerson, 1999; Buseck and others, 2005; Lannoo, 2005). The scant information on 
spadefoot diets indicates that adults consume a wide variety of arthropods and larvae generally 
feed on organic detritus (Anderson and others, 1999; Hammerson, 1999; Lannoo, 2005;  Zack 
and Johnson, 2008; Ghioca-Robrecht and others, 2009). Tadpoles may be nonpredaceous or 
predaceous, depending on aquatic community composition (predators and food resources). 
Nonpredaceous forms consume detritus and predaceous forms consume small crustaceans and 
often other spadefoot tadpoles (Ghioca-Robrecht and others, 2009; Lannoo, 2005). Main 
predators of adult spadefoots include small raptors and mammals, and snakes, and 
premetamorphic young are consumed by aquatic beetle larvae, crustaceans, wading birds, 
corvids, and fish. 

Landscape Structure and Dynamics 

The juxtaposition of terrestrial burrowing and foraging habitats with aquatic breeding 
habitats is generally thought to be crucial to spadefoot species (Hammerson, 1999; Buseck and 
others, 2005; Lannoo, 2005), as they are not reported to travel long distances. There is limited 
information, however, on seasonal and juvenile movements (Buseck and others, 2005). Overall, 
spadefoot migration patterns and the range of acceptable distances between breeding, foraging, 
and burrowing habitats are unknown. Spadefoots have been recorded moving 300–1,000 m 
(984.3–3,280 ft) per night during heavy rains and may move up to a total of 5 kilometers (km) 
(3.2 miles [mi]) from aestivation to breeding sites, but distances of <0.5 km (0.3 mi) are thought 
to be more typical (Hammerson, 1999; Buseck and others, 2005; Lannoo, 2005). Information is 
also lacking on home range size and territoriality. 

There has been little research on how fire affects spadefoot populations, either directly 
through mortality or indirectly through altered habitat and prey base, and the little that is known 
is based on studies of the eastern spadefoot. Although eastern spadefoots have been found alive 
among the ashes of still-smoldering brushfires (Badger and Netherton, 1995), this species occurs 
in relatively mesic regions of North America, where fire effects on spadefoots may differ 
significantly from those in the Wyoming Basin. It has been hypothesized that spadefoots may 
escape direct effects of fire because they burrow underground (Fire Sciences Laboratory, 2013), 
although the Wyoming Basin fire season overlaps the period when spadefoots are on the surface 
or in very shallow burrows (as opposed to the deeper burrows used during their months of 
aestivation). The premetamorphic aquatic young may be somewhat protected from direct burning 
(Buseck and others, 2005), but indirect effects (such as postfire ash flow and sedimentation) can 
affect their wetland habitats.  

Change Agents 

Information on how Change Agents affect either spadefoot species is scant. Research on 
effects of Change Agents have been limited to effects of dewatering, development, and 
agriculture on the Great Basin spadefoot in British Columbia and a series of studies evaluating 
agricultural effects on plains spadefoot and other anurans of the Southern Great Plains playas. 
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Development 

Energy and Infrastructure 

Potential negative effects of energy development on spadefoot species include habitat 
loss, degradation, and fragmentation due to surface disturbance and habitat conversion, roads and 
traffic, soil compaction, noise, and environmental and light pollution (Lovich and Ennen, 2011). 
Because connectivity between breeding, aestivation, and foraging habitats is crucial to spadefoot 
ecology (U.S. Fish and Wildlife Service, 2005), disruption or loss of between-habitat movement 
corridors, especially from roads and traffic, is a major concern for amphibians across the West 
(Buseck and others, 2005). Low-frequency noises generated by vehicle traffic, seismic 
exploration, surface scraping, explosions, drilling, and generators can prompt spadefoot 
emergence from aestivation at inappropriate times (Brattstrom and Bondello, 1983; Lovich and 
Ennen, 2011). Wetlands adjacent to or downstream from energy-production sites, including 
ponds developed to hold wastes associated with energy production, can be contaminated with 
trace elements, high levels of salinity, radiation, and organic compounds (Rowe and others, 
1998; Ramirez, 2002). The dewatering, draining, and infilling of wetlands also negatively affects 
spadefoot species. In British Columbia, lowered water tables due to water extraction for 
residential and industrial use may have contributed to shorter wetland hydroperiods and 
disruption of Great Basin spadefoot breeding cycles (Buseck and others, 2005). Artificial 
wetlands in developed areas may provide alternative breeding sites, but contaminants associated 
with development may enter these wetlands, and anurans are highly sensitive to environmental 
toxins (Buseck and others, 2005; U.S. Fish and Wildlife Service, 2005).  

Agriculture and Grazing 

Crop and livestock production are considered major threats to spadefoot species 
(Salvador and others, 2004; Lannoo, 2005; Committee on the Status of Endangered Wildlife in 
Canada, 2007). In general, anurans are sensitive to effects of pesticide and fertilizer 
contamination in their breeding wetlands, upland habitats, and prey populations, with known 
effects of pesticides and fertilizers ranging from reduced body mass to direct mortality (Gray and 
others, 2004; Gray and Smith, 2005; Bishop and others, 2010; Dinehart and others, 2010). 
Dewatering of wetlands for agricultural irrigation alters hydroperiods and disrupts spadefoot 
breeding cycles (Buseck and others, 2005). It is unclear whether the many artificial wetlands 
created for agriculture (ditches, flooded pastures, small reservoirs, and livestock watering ponds) 
provide the conditions needed for successful spadefoot breeding or whether they are adequately 
connected to foraging and aestivation sites. To some extent, light grazing that removes wetland 
vegetation could benefit spadefoots if grazed during the nonbreeding season, as livestock may 
trample eggs and young, degrade the water quality with excrement, and stir up sediments that 
suffocate larvae (U.S. Fish and Wildlife Service, 2005; Salvador and others, 2014). In spadefoot 
breeding pools, livestock trampling can create crater-like depressions that can entrap tadpoles 
and isolate them from the rest of the pool as it shrinks (Stebbins, 2003). 

In semiarid climates, many wetlands are manipulated to increase their water-holding 
capacity for agricultural and livestock use, which alters their hydroperiods and community 
structures (Luo and others, 1997; Euliss and Mushet, 2004). In agricultural settings, sediment-
laden runoff enters wetlands, which decreases wetland water-holding capacities, and alters 
overall hydrological processes (Luo and others, 1997). When dry, many seasonal wetland basins 
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in cropland settings are disked or plowed, which alters community compositions and 
hydrological regimes (Smith and Haukos, 2002). The conversion of upland habitats to cropland 
and the overall changes to landscape structure in agricultural settings can affect rates of prey 
capture by spadefoots (Tobias and others, 2001). Dams and diversions also fragment upland 
habitats and are considered a threat to the Great Basin spadefoot (Lannoo, 2005). Cultivation 
machinery and trampling by livestock can alter soil structure of burrow sites through 
compaction, and cultivation activities may cause direct mortality to spadefoots (Sarell, 2004; 
U.S. Fish and Wildlife Service, 2005). 

Altered Fire Regimes 

The extent to which altered fire regimes in the Great Basin or prairie systems may affect 
spadefoot habitat or ecology is unknown. Overall, however, the Great Basin spadefoot 
apparently adapts to various vegetation structures as long as the prey base is sufficient (Fire 
Sciences Laboratory, 2013). 

Invasive and Introduced Species 

Little is known about effects of invasive or introduced  species on the spadefoot 
assemblage, but introduced crayfish, predatory fish (especially sportfish and mosquito fish), and 
bullfrogs have had negative effects on western spadefoot populations (U.S. Fish and Wildlife 
Service, 2005). Purple loosestrife, common reed, and other invasive aquatic plants preclude some 
aquatic species from using affected wetlands. The ephemeral nature of temporary and seasonal 
breeding sites used by the spadefoot assemblage likely diminishes the possibility of significant 
invasions at those sites. 

Climate Change 

Spadefoots depend on shallow, aquatic habitats for successful reproduction and 
recruitment. Therefore, altered hydroperiods resulting from climate change could have 
pronounced effects on spadefoot breeding cycles by altering the availability and dynamics of 
their breeding habitats (Walther and others, 2002). In particular, rains or snowmelt runoff that 
flood the temporary and seasonal wetlands used by spadefoots for breeding are crucial, and if 
there are changes that diminish periods of breeding site inundation or pronounced changes in 
temperature during breeding season, there could be negative consequences for spadefoot 
breeding success and survivorship of premetamorphic young. 

Rapid Ecoregional Assessment Components Evaluated for Great Basin and Plains 
Spadefoot Assemblage 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting the spadefoot assemblage (fig. 22–1). Key ecological 
attributes addressed by the REA include (1) the distribution of baseline spadefoot habitat, (2) 
landscape structure (patch sizes and connectivity of spadefoot habitat), and (3) landscape 
dynamics (fire occurrence; table 22–1). Only development was evaluated as a Change Agent 
(table 22–2). Ecological values and risks used to assess the conservation potential for the 
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spadefoot assemblage by township are summarized in table 22–3. Core and Integrated 
Management Questions and the associated summary maps and graphs are provided in table 22–4. 

 
 

 
 

Figure 22–1. Generalized conceptual model of spadefoot assemblage habitat for the Wyoming Basin 
Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of spadefoot assemblage habitat are shown in orange rectangles; 
additional ecological attributes are shown in blue rectangles; and key anthropogenic Change Agents 
are shown in yellow ovals. The dashed lines indicate components not addressed by the REA. Livestock 
and invasive plants are Change Agents that were not evaluated due to the lack of regionwide data. 
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Table 22–1. Key ecological attributes and associated indicators of baseline spadefoot assemblage 
habitat1 for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and distribution  Total area Habitat distribution derived from vegetation and 

abiotic variables2 

Landscape 
Structure 

Patch size Patch-size frequency distribution 

Structural connectivity3 Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (0.09 km; 
0.06 mi), landscape (0.18 km; 0.11 mi), and regional 
(0.18 km; 0.11 mi) levels 
  

Landscape dynamics Fire occurrence4 Locations of fires and annual area burned since 1980 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of 
spadefoot habitat due to Change Agents. Baseline conditions are defined as the potential current distribution of 
spadefoot habitat derived from existing abiotic and biotic variables without explicit inclusion of Change Agents (see 
Chapter 2—Assessment Framework and the Appendix). 
2 Habitat modeled using MaxEnt; occurrence data from Colorado Natural Heritage Program and the Wyoming 
Natural Diversity Database; habitat variables derived from SAGEMAP (Hanser and others, 2011) and Homer and 
others (2012). 
3 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels, but does not 
reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 
 

 

Table 22–2. Anthropogenic Change Agents and associated indicators influencing spadefoot assemblage 
habitat for the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile]  

Change Agents Variables  Indicators 

Development Terrestrial Development 
Index1 

Percent of spadefoot habitat in seven development classes using a 
16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for spadefoot habitat that is 
relatively undeveloped or has low development scores compared to 
baseline conditions 

  Interpatch distances that provide an index of connectedness for 
relatively undeveloped patches at local (0.27 km; 0.17 mi), 
landscape (3.51 km; 2.18 mi), and regional (5.67 km; 3.52 mi) levels 

1 See Chapter 2—Assessment Framework. 
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Table 22–3. Landscape-level ecological values and risks for spadefoot assemblage habitat. Ranks were 
combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 

 
 

Relative rank  
 Variables1 Lowest Medium Highest Description2  

Values Area 

 
<6 6–22 ≥22 Percent of township modeled as Great 

Basin and plains spadefoot habitat 
 

Risks Terrestrial 
Development Index 
(TDI) 

<1 1–3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for each Conservation Element 
to minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in the 
Appendix). 
2 See tables 22–1 and 22–2 for description of variables. 
 

 

Table 22–4. Management Questions addressed for the spadefoot assemblage for the Wyoming Basin 
Rapid Ecoregional Assessment. 

Core Management Questions Results 

Where is baseline spadefoot habitat, and what is the total area? Figure 22–2  

Where does development pose the greatest threat to baseline spadefoot habitat, and where are the 
relatively undeveloped areas? 

Figures 22–3 and 
22–4 

How has development fragmented baseline spadefoot habitat, and where are the large, relatively 
undeveloped patches?  

Figures 22–5 and 
22–6 

How has development affected connectivity of spadefoot habitat relative to baseline conditions? Figure 22–7 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches? 

Figure 22–8 

Where have recent fires occurred in baseline spadefoot habitat, and what is the total area burned per 
year? 

Figure 22–9  

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for spadefoot habitat? 
 

Table 22–5, Figure 
22–10 

Where are the townships with the greatest landscape-level ecological values? Figure 22–11 

Where are the townships with the greatest landscape-level risks? Figure 22–11 

Where are the townships with the greatest conservation potential?  Figure 22–12 

 
 
 



612 
 
 

Methods Overview 

We developed a general habitat model for the spadefoot assemblage using MaxEnt 
software (Phillips and others, 2006). Values of vegetation and abiotic variables at 110 mapped 
spadefoot locations were obtained from the Colorado Natural Heritage Program and the 
Wyoming Natural Diversity Database. Because of limited sample size and overlap in habitat, we 
modeled both species together. Variables with the greatest weight included the average 
precipitation of the warmest annual quarter, percent riparian vegetation, percent sand in the soil, 
and topographic ruggedness. To map potential spadefoot habitat, we used MaxEnt parameter 
values that included 90 percent of the locations (omission rate of 10 percent). The distribution 
map was used to quantify attributes of baseline spadefoot habitat within the region.  

We assessed development levels in spadefoot habitat using the Terrestrial Development 
Index (TDI) map and then used the resulting output to calculate patch size and connectivity 
metrics. We mapped the structural connectivity of relatively undeveloped habitat (TDI score <1 
percent) at three interpatch distances derived from connectivity analysis: local (0.27 km; 0.2 mi), 
landscape (3.5 km; 2.2 mi), and regional (5.7 km; 3.5 mi) levels. We used development levels to 
identify areas that may function as barriers or corridors by overlaying relatively undeveloped 
habitat patches on the TDI map. The perimeters of fires in desert shrublands since 1980 were 
compiled from several data sources to assess fire frequency and extent (table 22–1). 

Landscape-level ecological values (area of habitat) and risks (TDI score) were compiled 
into an overall index of conservation potential for each township (table 22–3). Conservation 
potential for spadefoot habitat was summarized by township based on overall landscape-level 
values and risks (table 22–3). Landscape-level values and risks, and conservation potential 
rankings are intended to provide a synthetic overview of the geospatial datasets developed to 
address Core Management Questions in the REA. Because rankings are very sensitive to the 
input data used and the criteria used to develop the ranking thresholds, they are not intended as 
stand-alone maps. Rather, they are best used as an initial screening tool to compare regional 
rankings in conjunction with the geospatial data for Core Management Questions and 
information on local conditions that cannot be determined from regional REA maps. See Chapter 
2—Assessment Framework and the Appendix for additional details on the methods. 
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Key Findings for Management Questions 

Where is baseline spadefoot habitat, and what is the total area (fig. 22–2)? 
• The total area of baseline spadefoot habitat is 19,861 square kilometers (km2) (7,668 square 

miles [mi2]) or 11 percent of the Wyoming Basin project area (14 percent of the ecoregion 
proper). 

• Baseline spadefoot habitat is well distributed throughout lower elevations in the Bighorn 
Basin, sparsely distributed in the Wind and Green River Basins, and rare in the Laramie and 
Bighorn Basins. 

 
Where does development pose the greatest threat to baseline spadefoot habitat, and where are the 
relatively undeveloped areas (figs. 22–3 and 22–4)? 
• Areas of high development in spadefoot habitat are generally associated with agricultural 

activities along streams and rivers within the Wyoming Basin (fig. 22–3).  
• Approximately 20 percent of spadefoot habitat in the Basin is relatively undeveloped (TDI 

score <1 percent), and 38 percent had high levels of development as indicated by TDI scores 
>5 percent (fig. 22–4). 

 
How has development fragmented baseline spadefoot habitat, and where are the large, relatively 
undeveloped patches (figs. 22–5 and 22–6)? 
• Development has effectively fragmented spadefoot habitat into smaller patches relative to 

baseline conditions. All relatively undeveloped habitat occurs in patches <1,000 km2 (386 
mi2).  In contrast, over 39 percent of baseline habitat occurs in patches >1,000 km2 (fig. 22–
5). 

• The largest relatively undeveloped habitat patches are located in the Bighorn and Green 
River Basins (fig. 22–6). 

 
How has development affected connectivity of spadefoot habitat relative to baseline conditions (fig. 22–7)? 
• Baseline spadefoot habitat is naturally patchy, and regional-level connectivity occurs at an 

interpatch distance of 1.53 km (0.95 mi) (fig. 22–7). 
• Development has greatly diminished the connectivity of spadefoot habitat. Relatively 

undeveloped habitat is highly fragmented and local-level connectivity (0.27 km [0.17 mi]) is 
triple that of baseline conditions. Interpatch distances for landscape- (3.51 km [2.2 mi]) and 
regional-level connectivity (5.67 km [3.5 mi]) for relatively undeveloped habitat is at least 
three times greater than baseline conditions.  

• Highly connected patches of relatively undeveloped habitat occur in the Bighorn Basin; 
habitat is not as well connected in the Green River and Great Divide Basins. Areas with high 
local and landscape connectivity may facilitate dispersal and seasonal movements, whereas 
habitat with only regional connectivity may have value as stepping stones among isolated 
areas separated by developed or otherwise unsuitable habitat. 

• Landscape and regional connectivity of spadefoot habitat in the Wind River and Laramie 
Basins and the western portion of the Green River Basin are limited, which could increase 
vulnerability to habitat loss and fragmentation in these areas. 
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Figure 22–2. Distribution of baseline spadefoot habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer
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Figure 22–3. Terrestrial Development Index scores for baseline spadefoot habitat in the Wyoming Basin 

Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer
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Figure 22–4. Area and percent of baseline spadefoot habitat as a function the Terrestrial Development 

Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
 
Figure 22–5. Area of spadefoot habitat as a function of patch size for baseline conditions and two 

development levels: (1) Terrestrial Development Index (TDI) score <3 percent and (2) TDI score <1 
percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 22–6. Patch sizes of spadefoot habitat in the Wyoming Basin Rapid Ecoregional Assessment 

project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial Development 
Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer
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Figure 22–7. Structural connectivity of relatively undeveloped spadefoot habitat in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Black polygons include large and highly connected habitat 
patches. Blue polygons include habitat patches that contribute to both landscape and regional 
connectivity. Orange polygons represent isolated clusters of patches surrounded by developed areas 
or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer


619 
 
 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches (fig. 22–8)? 

 
 
Figure 22–8. Potential barriers and corridors as a function of Terrestrial Development Index (TDI) score 

for lands surrounding relatively undeveloped spadefoot habitat. Higher TDI scores (for example, >5 
percent) represent potential barriers to movement among relatively undeveloped habitat patches. 
Lower TDI scores (for example, <2 percent) represent potential corridors for movements among 
patches.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer
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 Where have recent fires occurred in baseline spadefoot habitat, and what is the total area burned per year 
(fig. 22–9)? 
• Less than 1 percent (157 km2 [60.2 mi2]) of the spadefoot habitat has burned since 1980 (fig. 

22–9).  
• In most years since 1980, fires have been small and burned only a small portion of spadefoot 

habitat, with most of the area burned by fires occurring in 1996. This pattern is consistent 
with the historical size and occurrence of fires (fig. 22–9) (see Chapter 5—Wildland Fire for 
a more comprehensive discussion of fire). 

 
 

 
 
Figure 22–9. Annual area burned by fires in baseline spadefoot habitat since 1980 in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

 
How does risk from development vary by land ownership or jurisdiction for spadefoot habitat (table 22–5, 
fig. 22–10)? 
• Approximately 40 percent of baseline spadefoot habitat is found on BLM lands, and another 

37 percent is in private ownership (table 22–5). 
• Development levels are lowest on BLM lands; other Federal, State/County, and Tribal lands 

have intermediate levels of development; and private conservation lands are highly 
developed (fig. 22–10). 
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Table 22–5. Area and percent of Great Basin and plains spadefoot habitat by land ownership or 
jurisdiction in the Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometers] 
Ownership or jurisdiction Area (km2) Percent  

Bureau of Land Management 7,925 39.9 
Private 7,417 37.3 
Other Federal1 1,883 9.5 
State/County 1,322 6.7 
Tribal 1,181 5.9 
Private conservation 117 0.6 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, U.S. Department of 
Agriculture Forest Service, and U.S. Fish and Wildlife Service. 
 
 
 

 
 
Figure 22–10. Relative ranks of risk from development by land ownership or jurisdiction for spadefoot 

habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest 
(Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and highest 
(TDI score >3 percent).  
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Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (fig. 22−11)? 

 
 
Figure 22–11. Ranks of landscape-level ecological values and risks for spadefoot habitat, summarized by 

township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-level 
values based on habitat area and (B) landscape-level risks based on Terrestrial Development Index 
(see table 22–3 for overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer
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Where are the townships with the greatest conservation potential (fig. 22−12)?  

 
 
Figure 22–12. Conservation potential of spadefoot habitat, summarized by township, in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that 
have the highest landscape-level values and the lowest risks. Lowest conservation potential identifies 
areas with the lowest landscape-level values and the highest risks. Ranks of conservation potential are 
not intended as stand-alone summaries and are best interpreted in conjunction with the geospatial 
datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch22_Spadefoot/MapServer
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Summary 

The spadefoot habitat model indicates that their habitats are widely distributed in the 
Bighorn Basin but patchily distributed elsewhere in the Wyoming Basin. The results indicate that 
agricultural conversion, roads, and energy development in spadefoot habitat have the potential to 
increase fragmentation and decrease connectivity of Great Basin and plains spadefoot habitat. 
Spadefoots require connectivity between breeding and wintering areas; thus, development (roads 
and agriculture) that could disrupt dispersal and seasonal movements is a potential concern. In 
addition, Great Basin and plains spadefoots, like many other anurans, may be sensitive to 
pesticides, herbicides, and other toxins associated with agricultural and energy development in 
their breeding wetlands. A large proportion of the modeled spadefoot habitat in the Wyoming 
Basin is managed by the Bureau of Land Management (BLM), and spadefoot habitat on BLM 
lands has much lower development values than on other lands, indicating the potential 
conservation value of BLM lands for spadefoots. 
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Key Ecological Attributes 

Distribution and Ecology 

The greater sage-grouse (hereafter referred to as sage-grouse) is the largest member of 
the grouse family (Phasianidae) in North America. Historically, the species occurred throughout 
much of the sagebrush shrublands and is considered a sagebrush obligate (Knick and Connelly, 
2011). A striking feature of sage-grouse breeding biology is the birds’ use of lekking grounds 
(leks), where males perform complex displays to attract and mate with females. Because leks are 
often located in areas with low, open vegetation, males can be observed easily; therefore, most 
estimates of population size are derived from counts of males at leks (Connelly and others, 
2004). The sage-grouse currently occupies approximately 56 percent of its estimated historical 
range (Schroeder and others, 2004), and many populations have been declining for several 
decades (Garton and others, 2011). More recently, the overall population trend appears more 
stable, although populations continue to decline in some regions (Garton and others, 2011). As a 
result of widespread declines in their distribution and abundance, the U.S. Fish and Wildlife 
Service recently concluded that the greater sage-grouse warranted listing as a threatened or 
endangered species, but immediate action was precluded by higher priority listing candidates; 
this decision is subject to reevaluation in 2015 (U.S. Fish and Wildlife Service, 2013). 

Sage-grouse are closely tied to sagebrush shrublands for food and cover, but specific 
habitat requirements vary throughout the year. Sage-grouse leks are situated in areas with 
minimal shrub cover, which enhances the visibility of displaying males, and adjacent to 
relatively dense sagebrush, which provides escape, thermal, and feeding cover (Patterson, 1952; 
Gill, 1965). Females usually nest within 6.4 kilometers (km; 4 miles [mi]) of the leks where they 
breed (Colorado Greater Sage-grouse Steering Committee, 2008). Nests are generally located in 
areas where sagebrush canopy cover is greater and grasses are taller than they are in surrounding 
available habitats (Hagen and others, 2007). Additionally, tall, dense, herbaceous cover tends to 
increase the probability of successful hatching (Holloran and others, 2005). Chicks initially are 
reared near the nest in sagebrush-dominated areas (Connelly and others, 2000). During the first 
few weeks after hatching, insects compose the bulk of the chick’s diet, with forbs becoming a 
greater proportion of the diet later in summer when broods move to more mesic areas (Johnson 
and Boyce, 1990; Connelly, Rinkes, and Braun, 2011). In winter, sage-grouse rely almost 
exclusively on sagebrush for forage and shelter (Connelly, Rinkes, and Braun, 2011). To meet 
their seasonal habitat needs, sage-grouse need large areas of relatively interconnected sagebrush 
(Connelly, Rinkes, and Braun, 2011). 

Because of their value as a game species, their iconic status, and their potential value as 
an umbrella species for conservation of sagebrush shrublands in the western United States 
(Rowland and others, 2006; Hanser and Knick, 2011), a number of conservation strategies have 
been initiated by Federal and State agencies to protect and conserve sage-grouse. The first 
comprehensive conservation strategy was developed by the Western Association of Fish and 
Wildlife Agencies, including a range-wide assessment of population trends (Connelly and others, 
2004). To assess population and habitat trends independently of administrative boundaries, the 
Western Association of Fish and Wildlife Agencies identified seven sage-grouse management 
zones based largely on regional differences in the floristic composition of sagebrush shrublands 
(Stiver and others, 2006). The Wyoming Basin ecoregion closely corresponds to Management 
Zone II, which includes the largest sage-grouse population (minimum population estimated at 
approximately 42,500 males in 2007) (Garton and others, 2011). Estimates of sage-grouse 
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populations in the Wyoming Basin indicate a pronounced decline between 1978 and the mid-
1980s, but since 1987, populations appear to have remained relatively stable with no significant 
trends (Garton and others, 2011); however, confidence levels for population estimates prior to 
the mid-1980s are much lower than they are for more recent population estimates. 

Landscape Structure and Dynamics 

Landscape-level features are important to understanding seasonal habitat requirements 
and movements of sage-grouse (Doherty and others, 2008; Knick and others, 2013). The sage-
grouse has been identified as a landscape species because it relies on extensive areas of 
sagebrush shrublands that include a variety of specific habitat elements for leks, nest sites, brood 
rearing, and wintering (Connelly and others, 2004). The species also has been documented using 
riparian meadows, edges of agricultural fields, and occasionally patchy sagebrush habitats 
located near woodlands (Connelly, Rinkes, and Braun, 2011).  

Sage-grouse populations exhibit a variety of movement patterns throughout the year. 
Resident populations remain within year-round home ranges, moving only short distances 
between seasonal habitat types. Migratory populations move longer distances among breeding, 
brood-rearing, summering, and (or) wintering ranges. Some populations include both resident 
and migratory individuals (Connelly and others, 2000). Migration patterns likely depend on the 
juxtaposition of vegetation types that meet crucial seasonal habitat requirements (Connelly and 
others, 2000). Although seasonal movement patterns are still poorly understood for many 
populations, some sage-grouse populations have been documented moving up to 160 km (99.4 
mi) annually as they travel among breeding, summering, and wintering ranges (Connelly, Hagen, 
and Schroeder, 2011). In general, populations of sage-grouse have persisted in areas where 
sagebrush dominates 50−79 percent of the landscape (Aldridge and others, 2008; Wisdom and 
others 2011; Knick and others, 2013); however, seasonally specific spatial requirements of this 
species, such as the amount of suitable winter range necessary to maintain a population or the 
minimum sagebrush patch size required for nesting, is unknown. Quite likely, the seasonal 
spatial requirements are variable, depending on local landscape configurations, the quality of 
habitats available, and population size (Connelly, Hagen, and Schroeder, 2011).  

Historically, large fires in sagebrush shrublands were infrequent but would have burned 
significant portions of sage-grouse habitat during years with large fires (Bukowski and Baker, 
2013). The response of sage-grouse to such large fires is unknown but possibly had a significant 
effect on regional habitat availability and sage-grouse populations every few centuries. However, 
the broad expanse of sagebrush and associated sage-grouse populations prior to Euro-American 
settlement may have buffered populations from infrequent habitat losses during years of 
extensive fire. Because development has led to the loss and fragmentation of sagebrush 
shrublands, further loss of sagebrush as a result of large fires is generally viewed as a threat to 
maintaining viable sage-grouse populations in most regions (Manier and others, 2013).  

Change Agents 

The Western Association of Fish and Wildlife Agencies Integration Team (Stiver and 
others, 2006) identified and prioritized seven threats to sage-grouse populations for eastern 
portions of the species’ range, including the Wyoming Basin ecoregion, as follows: energy 
development, infrastructure, livestock herbivory, dispersed recreation, agriculture, fences, and 
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invasive plants. Below we summarize the effects of these and other Change Agents on sage-
grouse. 

Development 

Human populations have grown substantially over the past century, primarily in western 
portions of sagebrush shrublands (Knick and others, 2011), with negative consequences for sage-
grouse. Indeed, areas where sage-grouse have been extirpated have considerably higher human 
densities than occupied habitat (Aldridge and others, 2008; Wisdom and others, 2011). 

Energy and Infrastructure 

All types of oil and gas development have consistently negative effects on sage-grouse 
across their range (Naugle and others, 2011). Even low densities of energy development can 
negatively affect lek attendance. In Wyoming, male lek attendance has been found to decline if 
well-pad densities exceeded 1−3 pads per 2.6 square kilometers (km2; 1.5 square miles [mi2]) 
within 3.2−8 km (2−5 mi) of a lek (Harju and others, 2010; Naugle and others, 2011).  Because 
sage-grouse have a strong fidelity to their seasonal ranges, there is generally a 2- to 10-year time 
lag before male lek attendance begins to decline after energy development begins (Holloran, 
2005; Walker and others, 2007; Harju and others, 2010); therefore, observations immediately 
following installation of energy infrastructure may not reflect the long-term effects. Female 
survival and reproductive output also have been shown to decline in areas where energy 
development is occurring (Naugle and others, 2011).  

Studies of sage-grouse responses to wind-energy development are currently underway, 
and it is premature to draw conclusions from them (Manier and others, 2013). There are, 
however, similar types of infrastructure and disturbance associated with renewable and 
nonrenewable energy (such as roads, transmission lines and other elevated structures). Therefore, 
renewable energy development is likely to have similar negative effects on sage-grouse 
populations (Manier and others, 2013). 

Roads are ubiquitous across the range of sage-grouse; almost all existing sage-grouse 
habitat falls within 2.5 km (1.55 mi) of a paved road (Knick and others, 2011). Studies have 
documented decreased male attendance at leks near roads (Remington and Braun, 1991; 
Holloran, 2005), avoidance of roads by nesting and summering females (LeBeau, 2012), and 
reduced nest-initiation rates for females attending leks near roads (Lyon and Anderson, 2003). 
Across western portions of the sage-grouse’s range, persistence of leks decreases with increasing 
density of interstates, paved highways, and secondary roads within a 5-km (3.1-mi) radius 
(Knick and others, 2013). Along Interstate 80 in Wyoming and Utah, no leks were found within 
2 km (1.2 mi) of the interstate, and lek density was lower within 7.5 km (4.7 mi) compared to lek 
densities >7.5 km from the interstate (Connelly and others, 2004). Dispersed recreation along 
improved and four-wheel drive roads is also expected to negatively affect the species, but these 
effects have not been established empirically (Knick and others, 2011). 

Power lines may result in indirect habitat loss, as sage-grouse tend to avoid tall structures 
(Connelly and others, 2004); however, there is limited evidence for effects of power lines on 
sage-grouse (Manier and others, 2013). In western portions of the range, leks were absent where 
power line densities were >200 m/km2 (1699.5 ft/mi2) (Knick and others, 2013). Other studies 
have documented that lek attendance by males decreased after construction of a transmission line 
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(Ellis, 1985), brood-rearing females avoided habitat near transmission lines (LeBeau, 2012), and 
direct mortality of yearlings resulted from collisions with power lines (Beck and others, 2006). 

Agricultural Activities 

Conversion of sagebrush to croplands has reduced and fragmented sage-grouse habitat 
(Knick and others, 2011). Of the sagebrush habitat already converted to cropland, 75 percent is 
located where soils are deeper and more productive (Connelly and others, 2004). Wisdom and 
others (2011) compared locations from which sage-grouse have been extirpated to those where      
they persist and found that extirpation was more likely where cropland exceeded 25−27 percent 
of the surrounding areas. In addition, studies have found that lek persistence and population size 
were negatively correlated with conversion of sagebrush to agriculture in areas around leks 
(Smith and others, 2005; Walker and others, 2007; Knick and others, 2013). 

Compared to agricultural conversion, effects of livestock grazing on soils and vegetation 
of sagebrush shrublands are often less dramatic, although grazing is more widespread across the 
ecoregion (Knick and others, 2011). Around water and mineral sources, however, high 
concentrations of livestock can lead to removal of vegetation and compaction of soils (Knick and 
others, 2011). Livestock grazing primarily influences sage-grouse by altering the structure and 
composition of the vegetation (Knick and others, 2011). There are few published studies that 
have evaluated direct impacts of livestock grazing on sage-grouse and results are mixed. Light 
livestock grazing in mesic upland meadows can promote forb growth and availability, which 
may benefit summering sage-grouse (Beck and Mitchell, 2000). In addition, sage-grouse will use 
sheep salting grounds as leks (Beck and Mitchell, 2000). In contrast, sage-grouse avoid heavily 
grazed wet meadows in summer, and livestock have been observed trampling nests and causing 
nest desertions (Beck and Mitchell, 2000). Overall, effects of grazing appear to vary by 
ecological context and stocking levels. Fences also have negative effects on sage-grouse. They 
can be barriers to movements (especially woven-wire fences), can serve as predator travel 
corridors or perches, and can be the cause of direct mortality (collisions during flight) (Braun, 
1998). Fences tend to be especially problematic for sage-grouse when they are located near leks, 
in areas of low topographic relief, bisect winter concentration areas, or border riparian areas 
(Christiansen, 2009; Stevens and others, 2012).  

Altered Fire Regime 

The interactive effects of cheatgrass and concomitant alteration of fire regimes (see 
Altered Fire Regimes in Chapter 11—Sagebrush Steppe and Chapter 5—Wildland Fire) is a 
concern, primarily in the Columbia Basin, Great Basin, and Snake River Plain (Knick and 
Hanser, 2011). In the Wyoming Basin, however, fire regimes are still fairly consistent with the 
pattern of historical fire regimes (Bukowski and Baker, 2013), although locally cheatgrass and its 
potential to alter fire regimes is becoming a cause for concern. Although fire regimes do not 
appear to have been greatly altered in the Wyoming Basin, changes in fire size or frequency may 
be problematic because habitat loss and fragmentation may have decreased the capacity of sage-
grouse populations to withstand the effects of larger, more frequent fires (Bukowski and Baker, 
2013). There is also little scientific evidence supporting the benefits of prescribed fire to sage-
grouse, especially in habitats dominated by Wyoming big sagebrush (Beck and others, 2012); 
indeed, recent conservation strategies have suggested that prescribed fire is unnecessary in 
sagebrush systems and could be detrimental to sage-grouse populations (Connelly and others, 
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2011; Manier and others, 2013). Prescribed fire has been commonly used to control the 
expansion of juniper woodlands into sage-grouse habitats, which is a concern in some areas 
(Knick and others, 2011; Baruch-Mordo and others, 2013; Knick and others, 2013). The degree 
to which fire exclusion (including the effects of grazing on fuels) is the cause of juniper 
woodland expansion, or if expansion is largely a natural consequence of long-term landscape 
dynamics along sagebrush-juniper ecotones, is unclear and could vary across the sage-grouse’s 
range (see Chapter 17—Juniper Woodlands). 

Invasive Species 

Invasive plants in sagebrush systems, especially invasive annual grasses such as 
cheatgrass, can alter plant-community structure, composition, and productivity and can 
competitively exclude native plants that provide cover and forage for sage-grouse (Rowland and 
others, 2010). Recruitment of male sage-grouse at leks in central Nevada was consistently low in 
areas with high proportions of exotic grasslands within 5 km (3.2 mi) of leks (Blomberg and 
others, 2012). The primary risk from exotic annual grasses, however, is the potential conversion 
of sage-grouse habitat to annual grasslands as a result of increasing fire frequency and intensity 
following cheatgrass invasion (see Invasive Plants in Chapter 11—Sagebrush Steppe). 

Disease 

West Nile virus is a potential threat to populations of sage-grouse (Walker and Naugle, 
2011). Since 2002, when it was first detected in sage-grouse populations, West Nile virus has 
been detected throughout the sage-grouse’s range (Kilpatrick and others, 2007). Sage-grouse 
lack resistance to West Nile virus, and exposure to the virus is fatal (Clark and others, 2006) to 
all age classes, which could lead to local and regional population declines (Walker and Naugle, 
2011). The occurrence of surface water in association with oil and gas wells, stock ponds, and 
other artificial water bodies provides breeding opportunities for mosquito vectors of West Nile 
virus, thereby increasing opportunities for transmitting the virus to sage-grouse (Walker and 
Naugle, 2011). If temperatures increase in the region as projected by climate change models, 
West Nile virus outbreaks could become more severe because higher temperatures promote 
faster development of mosquito larvae and shorter incubation times for the virus (Walker and 
Naugle, 2011).  

Climate Change 

In addition to habitat changes that may result from shifts in sagebrush shrublands, sage-
grouse population dynamics also may be affected by changes in climatic conditions. For 
example, in central Nevada, chick survival and population growth increased in years with higher 
precipitation, whereas annual adult male survival was lower in years with higher maximum 
temperatures (Blomberg and others, 2012). The results of this study suggest that decreased 
precipitation and increased temperatures, as well as ecological processes expected to result from 
climate change, could negatively influence sage-grouse population dynamics, especially in 
southern portions of the species range (Blomberg and others, 2012). 
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Rapid Ecoregional Assessment Components Evaluated for Sage-Grouse 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting sage-grouse (fig. 23–1). Key ecological attributes 
addressed by the REA include (1) the distribution of sage-grouse habitat (area and proximity to 
leks), (2) landscape structure (patch sizes and structural connectivity), and (3) landscape 
dynamics (fire occurrence and conifer expansion risk; table 23–1). The Change Agents evaluated 
include development, West Nile virus, and climate change (table 23–2). Ecological values and 
risks used to assess the conservation potential for sage-grouse habitat by township are 
summarized in table 23–3. Core and Integrated Management Questions and the associated 
summary maps and graphs are provided in Table 23–4. 
 
 

 
 
Figure 23–1. Generalized conceptual model of greater sage-grouse habitat for the Wyoming Basin 

Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of sage-grouse populations and habitat are shown in orange 
rectangles; additional ecological attributes are shown in blue rectangles; and anthropogenic Change 
Agents that affect key ecological attributes are shown in yellow ovals. The dashed lines indicate 
components not addressed by the REA. Livestock and invasive plants are Change Agents that were 
not evaluated due to the lack of region-wide data. 
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Table 23−1.  Key ecological attributes and associated indicators of baseline greater sage-grouse habitat1 
for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and 
distribution of 
habitat 

Total area Habitat distribution derived from vegetation and abiotic 
variables (Hanser and others, 2011)2 

Proximity to leks Area of habitat within 6.4 km (4 mi) of leks 
Landscape 
Structure 

Patch size Patch-size frequency distribution 
Structural connectivity3 Interpatch distance that provides an index of structural 

connectivity for baseline patches at local, landscape, and 
regional (0.27 km; 0.17 mi) levels  

Landscape 
dynamics 

Fire occurrence4 Locations of fires and annual area burned since 1980 

Potential conifer expansion risk 
near leks 

See Chapter 17—Juniper Woodlands 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of sage-
grouse habitat due to Change Agents. Baseline conditions are defined as the potential current distribution of greater 
sage-grouse habitat derived from existing abiotic and biotic variables without explicit inclusion of Change Agents 
(see Chapter 2—Assessment Framework and the Appendix).  
2 Baseline habitat is derived from the greater sage-grouse general-use model without development variables 
developed by Hanser and others (2011) for the Wyoming Basin (Appendix). Lek data were provided by Wyoming 
Game and Fish Department; Idaho Department of Fish and Game; Utah Division of Wildlife Resources; and 
Montana Fish, Wildlife & Parks. Lek data were not available for Colorado. 
3Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not reflect 
species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 
 

                                                                  

Table 23−2.  Anthropogenic Change Agents and associated indicators influencing sage-grouse habitat for 
the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile] 

Change Agents Variables  Indicators 
Development Terrestrial Development 

Index1 
Percent of sage-grouse habitat in seven development classes using a 
16-km2 (6.18-mi2) moving window 
Patch-size frequency distribution for sage-grouse habitat that is 
relatively undeveloped or has low development scores compared to 
baseline conditions 

  Interpatch distances that provide an index of structural connectivity 
for relatively undeveloped patches at local (0.27 km; 0.17 mi), 
landscape (2.97 km; 1.85 mi), and regional (3.78 km; 2.35 mi) levels 

Disease West Nile virus2 Potential risk for West Nile virus using current and projected climate 
scenarios 

Climate 
change 

Potential changes in 
sagebrush shrublands 

See Chapter 11—Sagebrush Steppe 

1 See Chapter 2—Assessment Framework. 
2 Derived from model results for current conditions and in 2050 (Harrigan and others, 2014). 
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Table 23−3.  Landscape-level ecological values and risks for greater sage-grouse habitat. Ranks were 
combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 

[km, kilometer; mi, mile] 
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2  
Values Area <35 35–79 <79 Percent of township modeled as sage-grouse habitat 

Proximity to leks <20 20–80 >80 Percent of habitat within township that is within 6.4 
km (4 mi) of leks 

Risks Terrestrial 
Development Index 
(TDI) 

<1 1–3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for sagebrush steppe to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in the 
Appendix). 
2 See tables 23–1 and 23–2 for description of variables. 
 
 

Table 23−4.  Management Questions addressed for greater sage-grouse for the Wyoming Basin Rapid 
Ecoregional Assessment. 

[km, kilometer; mi, mile] 
Core Management Questions Results 

Where are baseline habitat and Preliminary Priority Habitat for greater sage-grouse, and what is the 
total area of each? 

Figure 23–2  

Where does development pose the greatest threat to baseline greater sage-grouse habitat, and where 
are the relatively undeveloped areas? 

Figures 23–3 and 
23–4 

How has development fragmented baseline greater sage-grouse habitat, and where are the large, 
relatively undeveloped patches?  

Figures 23–5 and 
23–6 

How has development affected structural connectivity of greater sage-grouse habitat relative to 
baseline conditions? 

Figure 23–7 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches? 

Figure 23–8 

Where have recent fires occurred in baseline greater sage-grouse habitat, and what is the total area 
burned per year? 

Figures 23–9 and 
23–10 

What is the potential risk from West Nile virus currently and in 2050? Figure 23–11 

Integrated Management Questions Results 
Where is relatively undeveloped greater sage-grouse habitat within 6.4 km (4 mi) of leks that falls 
outside of the Preliminary Priority Habitat designation? 

Figures 23–12 and 
23–13 

How does risk from development vary by land ownership or jurisdiction for greater sage-grouse 
habitat? 

Table 23–5,  
Figure 23–14 

Where are the townships with the greatest landscape-level ecological values? Figure 23–15 
Where are the townships with the greatest landscape-level risks? Figure 23–16 
Where are the townships with the greatest conservation potential? Figure 23–17 
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Methods Overview 

We identified baseline sage-grouse habitat using the greater sage-grouse general habitat-
use model developed by Hanser and others (2011) derived from sage-grouse pellet surveys. 
Predictor variables in the model included percent cover of sagebrush shrublands (sagebrush 
steppe and mountain big sagebrush, which is part of the foothill shrublands and woodlands 
community) and riparian vegetation, annual minimum temperature, topographic roughness, and 
elevation (table 23–1). We masked out forest, open water, and elevations >2,900 m (9,514 ft). 
The map of potential habitat in baseline condition used a probability of occurrence threshold 
>0.25; this probability threshold was used to minimize omission errors derived from an 
independent dataset of lek locations (95 percent of leks included at a 0.25 threshold). We used 
the top model of Hanser and others (2011) that was derived from vegetation and topographic 
features but did not include development variables (roads, oil and gas well pads), which allowed 
us to compare (1) baseline conditions to relatively undeveloped habitat (Terrestrial Development 
Index [TDI] score <1 percent), and (2) the spatial characteristics of sage-grouse habitat to areas 
with little or no development. 

We obtained spatial data for sage-grouse habitats designated as Preliminary Priority 
Habitat (PPH) (referred to as Greater Sage-Grouse Core Areas in Wyoming) from State wildlife 
agencies. The PPH was identified by state agencies in cooperation with the Bureau of Land 
Management (BLM) using the following general approach: each State agency initially delineated 
PPH by mapping leks and lek complexes and then applied a 6.4-km (4-mi) buffer around each 
one; PPH boundaries included buffers of leks used by a majority of the male population within a 
state (see Doherty and others, 2011). The PPH polygons were then refined using habitat 
suitability models (Colorado) (see Rice and others, 2013), expert knowledge of sage-grouse 
distribution, habitat conditions, and land-use patterns. Subsequent to the analysis of PPH in the 
REA, habitat designated for sage-grouse as Preliminary Priority Habitat (PPH) was used to 
finalize Priority Habitat Management Areas (Bureau of Land Management and U.S. Department 
of Agriculture Forest Service, 2015). Because there were differences between PPH used for the 
REA and the newly designated Priority Habitat Management Areas, we retained the PPH 
designation to reflect the dataset used for analysis.  

We assessed development levels in sage-grouse habitat using the Terrestrial Development 
Index (TDI) map, and then used the resulting output to calculate patch size and structural 
connectivity metrics. We mapped the structural connectivity of relatively undeveloped habitat at 
three interpatch distances derived from connectivity analysis; local (0.27 km; 0.17 mi), landscape 
(2.97 km; 1.85 mi), and regional (3.78 km; 2.35 mi) levels. We used development levels to 
identify areas that may function as barriers or corridors by overlaying relatively undeveloped 
habitat patches on the TDI map. The perimeters of fires in sage-grouse habitat since 1980 were 
compiled from several data sources to assess fire frequency and extent (table 23–1). To evaluate 
potential risk of West Nile virus (currently and in 2050), we used output from spatial West Nile 
virus models developed by Harrigan and others (2014).      

Landscape-level ecological values (area of habitat, proximity to leks) and risk (TDI 
score) were compiled into an overall index of conservation potential for each township (table 23–
3). Conservation potential was summarized by township based on overall landscape-level values 
and risks (table 23–3). Landscape-level values and risks, and conservation potential rankings are 
intended to provide a synthetic overview of the geospatial datasets developed to address Core 
Management Questions in the REA. Because rankings are very sensitive to the input data used 
and the criteria used to develop the ranking thresholds, they are not intended as stand-alone 
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maps. Rather, they are best used as an initial screening tool to compare regional rankings in 
conjunction with the geospatial data for Core Management Questions and information on local 
conditions that cannot be determined from regional REA maps. See Chapter 2—Assessment 
Framework and the Appendix for additional details on the methods.                                      
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Key Findings for Management Questions 

Where are baseline habitat and Preliminary Priority Habitat for greater sage-grouse, and what are the total 
areas of each (fig. 23–2)? 
• Baseline sage-grouse habitat totals 117,670 km2 (45,432.6 mi2) or 66 percent of the 

Wyoming Basin project area (80.2 percent of the ecoregion proper).  
• Greater sage-grouse habitat is well distributed throughout lower elevations in the Wyoming 

Basin with the exception of the Bighorn Basin (fig. 23–2).  
• A total of 65,764 km2 (25,391.6 mi2) is currently designated PPH, representing 56 percent of 

baseline habitat and 44.2 percent of the ecoregion proper.  
• There are 83,454 km2 (32,331.8 mi2) of habitat within 6.4 km (4 mi) of currently occupied 

leks, which represents 71 percent of baseline habitat. 
 
Where does development pose the greatest threat to baseline greater sage-grouse habitat, and where are 
the relatively undeveloped areas (figs. 23–3 and 23–4)? 
• A total of 22.8 percent of baseline habitat is classified as relatively undeveloped (TDI score 

<1 percent) (figs. 23–3 and 23–4). 
• Other development thresholds have been established for sage-grouse habitat. For example, 

22.4 percent of baseline sage-grouse habitat has a TDI score that exceeds the 5 percent 
threshold established by the Office of the Governor of Wyoming (2011). In comparison, 33.8 
percent of baseline sage-grouse habitat exceeds the 3 percent development threshold 
established by the Sage-Grouse National Technical Team (2011). It is important to note that 
our results are based on a moving-window size of 16 km2 (6.18 mi2). 

• Development scores for PPH are similar to those for baseline sage-grouse habitat. 
• The surface disturbance footprint from agriculture, transportation (railroads and roads, 

including roads associated with energy development), and energy and minerals development 
all contribute to the TDI scores for sage-grouse habitat, but the relative importance of each of 
these development classes varies across the ecoregion (see Chapter 4—Development).  

• TDI scores for baseline sage-grouse habitat are similar to those for sagebrush steppe overall 
(see Chapter 11—Sagebrush Steppe). 
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Figure 23–2. Distribution of baseline greater sage-grouse habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area. (A) Sage-grouse probability of occurrence derived from a habitat 
model developed by Hanser and others (2011) and (B) sage-grouse habitat (using probability of 
occurrence threshold >0.25) that is less than or greater than 6.4 km (4 mi) from leks. Preliminary 
Priority Habitats are included on each map. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Figure 23–3. Terrestrial Development Index scores for baseline greater sage-grouse habitat in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Figure 23–4. Area and percent of greater sage-grouse habitat as a function the Terrestrial Development 

Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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How has development fragmented baseline greater sage-grouse habitat, and where are the large, relatively 
undeveloped patches of greater sage-grouse habitat (figs. 23–5 and 23–6)? 
• Development has effectively fragmented sage-grouse habitat into smaller patches relative to 

the baseline conditions. All patches of relatively undeveloped sage-grouse habitat are <5,000 
km2 (1,931.5 mi2), whereas 92 percent of baseline sage-grouse habitat occur within patches 
>5,000 km2 (1,931.5 mi2) (figs. 23–5 and 23–6).  

• Several large areas of relatively undeveloped habitat >1,000 km2 (386.1 mi2) remain. Only 
one of these areas occurs in the northeastern portion of the Basin (fig. 23–6). 

• Relatively undeveloped habitat patches <1,000 km2 are scattered throughout the Basin (fig. 
23–6). 

 
How has development affected structural connectivity of greater sage-grouse habitat relative to baseline 
conditions (fig. 23–7)? 
• Baseline sage-grouse habitat was highly connected, with local-, landscape-, and regional-

level connectivity occurring at a 0.27-km (0.17-mi) interpatch distance.  
• Development has greatly diminished the structural connectivity of sage-grouse habitat. 

Relatively undeveloped habitat is highly fragmented. Although local-level connectivity (0.27 
km [0.17 mi]) was the same as baseline conditions, interpatch distances for landscape- (2.97 
km [1.85 mi]) and regional-level connectivity (3.78 km [2.35 mi]) compared to baseline 
conditions for relatively undeveloped habitat were at least tenfold greater than baseline 
conditions. 
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Figure 23–5. Area of greater sage-grouse habitat as a function of patch size for baseline conditions and 

two development levels: (1) Terrestrial Development Index (TDI) score <3 percent, and (2) TDI score 
<1 percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 



645 
 
 

 
 
Figure 23–6. Patch sizes of greater sage-grouse habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial 
Development Index score ≤1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Figure 23–7. Structural connectivity of relatively undeveloped greater sage-grouse habitat in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly 
connected habitat patches. Blue polygons include habitat patches that contribute to both landscape 
and regional connectivity. Orange polygons represent isolated clusters of patches surrounded by 
developed areas or other cover types not typically used by sage-grouse. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches (fig. 23–8)? 

 
 
Figure 23–8. Potential barriers and corridors as a function of Terrestrial Development Index (TDI) score 

for lands surrounding relatively undeveloped greater sage-grouse habitat. Higher TDI scores (for 
example, >5 percent) represent potential barriers to movement among relatively undeveloped habitat 
patches. Lower TDI scores (for example, <2 percent) represent potential corridors for movements 
among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Where have recent fires occurred in baseline greater sage-grouse habitat, and what is the total area burned 
per year (figs. 23–9 and 23–10)?  
• Typically only a small fraction of sage-grouse habitat has burned each year since 1980. 

Cumulatively, 2.1 percent (2460 km2 [949.8 mi2]) of sage-grouse habitat has burned since 
1980 (figs. 23–9 and 23–10).  
In most years, fires are small and burn only a small portion of sage-grouse habitat, with most 
of the area burned in three large fire years (1996, 2000, 2012) (fig. 23–9); see Chapter 5—
Wildland Fire for more comprehensive discussion of fire). 
 

 
 

 
 

 
 
Figure 23–9. Annual area burned by wildfires and prescribed fires in baseline greater sage-grouse 

habitat since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 23–10. Occurrence of wildfires and prescribed fires in baseline greater sage-grouse habitat since 

1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer


650 
 
 

What is the potential risk from West Nile virus currently and in 2050 (fig. 23–11)? 
• Risk for West Nile virus has the potential to increase throughout much of the Wyoming 

Basin in 2050 derived from climate projections, except for areas directly north and west of 
Rock Springs, Wyoming (fig. 23–11). 

• These results corroborate the projections of Schrag and others (2011) for Wyoming. 
 
Where is relatively undeveloped greater sage-grouse habitat within 6.4 km (4 mi) of leks that falls outside of 
the Preliminary Priority Habitat designation (figs. 23–12 and 23–13)? 
• Forty-six percent of relatively undeveloped sage-grouse habitat falls within areas designated 

as PPH (figs. 23–12 and 23–13). 
• More than half of the relatively undeveloped habitat falling outside of PPH is also >6.4 km (4 

mi) from leks. These areas represent sage-grouse habitat that may contribute to the size and 
structural connectivity of relatively undeveloped areas within PPH (figs. 23–12 and 23–13). 
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Figure 23–11. Potential risk of West Nile virus in baseline greater sage-grouse habitat in the Wyoming 

Basin Rapid Ecoregional Assessment project area. (A) Current risk and (B) projected risk in 2050 
derived from probability of West Nile virus presence in vectors as modeled by Harrigan and others 
(2014).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Figure 23–12. Relatively undeveloped greater sage-grouse habitat in relation to 6.4-km (4-mi) lek buffers 

and Preliminary Priority Habitat designation in the Wyoming Basin Rapid Ecoregional Assessment 
project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Figure 23–13. Percent of relatively undeveloped greater sage-grouse habitat within and outside 6.4-km 

(4-mi) lek buffers as it relates to Preliminary Priority Habitat designation in the Wyoming Basin Rapid 
Ecoregional Assessment project area.   

 
How does risk from development vary by land ownership or jurisdiction for greater sage-grouse habitat 
(table 23–5, fig. 23–14)? 
• Nearly half of greater sage-grouse habitat occurs on BLM lands, and another 36.5 percent is 

in private ownership (table 23–5). 
• Sage-grouse habitat on BLM and U.S. Department of Agriculture Forest Service lands has a 

lower proportion of highly developed land than all other land ownerships (fig. 23–14).  
• Tribal lands hold the greatest proportion of sage-grouse habitat with low development scores, 

followed by all U.S. Department of Agriculture Forest Service and BLM lands (fig. 23–14). 
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Table 23−5.  Area and percent of greater sage-grouse habitat by land ownership or jurisdiction in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 
[km2, square kilometer] 

Ownership or jurisdiction Area (km2) Percent  
Bureau of Land Management 56,673 48.2 
Private 42,997 36.5 
State/County 8,451 7.2 
Tribal 4,471 3.8 
Other Federal1 2,282 1.9 
Forest Service2 1,909 1.6 
Private conservation 829 0.7 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and 
Wildlife Service. 
2 U.S. Department of Agriculture Forest Service. 
 
 
 

 
 
Figure 23–14. Relative ranks of risk from development, by land ownership or jurisdiction, for greater 

sage-grouse habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are 
lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and 
highest (TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (figs. 23–15 and 23–16)? 

 
 
Figure 23–15. Ranks of landscape-level ecological values for greater sage-grouse habitat, summarized 

by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Total area, (B) 
proximity to leks, and (C) overall values (see table 23–3 for overview of methods). 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Figure 23–16. Ranks of landscape-level ecological risks for greater sage-grouse habitat, summarized by 

township, in the Wyoming Basin Rapid Ecoregional Assessment project area. Landscape-level risks 
based on Terrestrial Development Index (see table 23–3 for overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Where are the townships with the greatest conservation potential (fig. 23–17)? 

 
 
Figure 23–17. Conservation potential of greater sage-grouse habitat, summarized by township, in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies 
areas that have the highest landscape-level values and the lowest risks. Lowest conservation potential 
identifies areas with the lowest landscape-level values and the highest risks. Ranks of conservation 
potential are not intended as stand-alone summaries and are best interpreted in conjunction with the 
geospatial datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch23_Greater_Sage_Grouse/MapServer
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Summary 

Greater sage-grouse habitat was once widely distributed and highly connected throughout 
the Wyoming Basin. Agricultural conversion, roads, and energy development, have cumulatively 
led to increased fragmentation and decreased structural connectivity of baseline sage-grouse 
habitat. Although 66 percent of baseline sage-grouse habitat has low levels of terrestrial 
development (Terrestrial Development Index [TDI] <3 percent), only 22.8 percent is relatively 
undeveloped (TDI <1 percent). The relatively undeveloped patches are all <5,000 square 
kilometers (km2) (1,931 square miles [mi2]), compared to baseline conditions in which almost all 
sage-grouse habitat falls within a patch exceeding 109,067 km2 (42,111 mi2). Regional 
connectivity for baseline sage-grouse habitat occurs at an interpatch distance of 0.27 (kilometers 
(km) (0.17 miles [mi]) compared to 3.78 km (2.3 mi) for relatively undeveloped areas. Some of 
the largest relatively undeveloped areas do not have PPH designation. Such areas lacking 
protected status may serve as potential conservation sites for sage-grouse in the Wyoming Basin. 

Given the lack of relatively undeveloped habitat, the potential future risks to sage-grouse 
from continued energy development are of concern. In addition, projections using climate change 
scenarios indicate a potential for increased risk of habitat loss and West Nile virus throughout 
much of the current distribution of greater sage-grouse in the Wyoming Basin. There are areas 
with relatively lower risk of West Nile virus where sagebrush is expected to be stable even for 
projected changes in climates in the areas north and west of Rock Springs, Wyo. (Schrag and 
others, 2011; see Chapter 11—Sagebrush Steppe). Although some of this potential low-risk zone 
fell within PPHs, much of this area had relatively high development scores, which may increase 
on the basis of current rates of energy development in the region.  

Although fire occurrence affect limited areas of sage-grouse habitat in the Wyoming 
Basin and may be similar to historical landscape dynamics, the loss of additional habitat, 
especially from widespread fires, could magnify the threats posed by Change Agents. Indeed, 
7−23 percent of priority sage-grouse habitats in Washington, Oregon, and California burned in 
2012 (Murphy and others, 2013). This illustrates the potential for large fires to affect significant 
portions of priority habitats in a single year. We were unable to evaluate the potential 
consequences of livestock and cheatgrass due to data limitations, yet these Change Agents 
remain of significant concern. Local data can be used to evaluate grazing and cheatgrass effects 
on the condition and conservation potential of sage-grouse habitats. 
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Key Ecological Attributes 

Distribution and Ecology 

The range of the golden eagle is broadly distributed across the northern hemisphere. In 
North America, it breeds primarily in Alaska, western Canada and the United States, and 
northern Mexico (Kochert and others, 2002). In the nonbreeding season, the species departs from 
most of Alaska and northern Canada and moves from higher to lower elevations (Kochert and 
others, 2002). During the mid-to-late 20th century, golden eagle populations declined in some 
regions of North America, largely due to development-related habitat loss and concomitant 
declines in prey abundance, as well as accidents, shootings, poisonings, and disturbance (Kochert 
and Steenhof, 2002). Population trends remain mixed (Farmer and others, 2008) with increases 
in eastern regions and decreases in parts of the West. The species is protected by the 1962 Bald 
and Golden Eagle Protection Act and the Migratory Bird Treaty Act. It also has special status in 
Montana (as well as four states outside of the Wyoming Basin region). 

The Wyoming Basin is a stronghold for both breeding and wintering golden eagle 
populations in North America. Surveys conducted from 2006−2012 yielded a population estimate 
in 2012 of 6,431 golden eagles (Nielson and others, 2014) in the Northern Rockies Bird 
Conservation Region (including most of the Wyoming Basin REA), which represents 20 percent 
of the approximately 32,000 eagles that breed across the western United States (Millsap and 
others, 2013). During winter aerial surveys across New Mexico, Colorado, Wyoming, Utah, 
Montana, and Idaho from 1973–1979, Wyoming and northwestern Colorado had the highest 
densities (up to 18 per 100 square kilometers (km2) [18/38.61 square miles (mi2)]) of golden 
eagles (Kochert and others, 2002). 

Migrating and nonbreeding golden eagles use a wide variety of open to semiopen habitat 
types to elevations of 2,500 meters (m) (8,202 feet [ft]), including grasslands, savanna, 
shrublands, woodland and forest edges, deserts, tundra, and both interior and coastal waterways 
(Kochert and others, 2002). Migrating birds frequently travel along mountain chains and other 
topographic features to take advantage of strong thermals (Kochert and others, 2002). Breeding 
habitats are similar to nonbreeding habitats but include nesting sites that provide unobstructed 
views of the surrounding landscape (Kochert and others, 2002). In the Great Basin, golden eagle 
home ranges generally include cliffs or rock outcroppings juxtaposed with sagebrush-rabbitbrush 
shrubland cover and areas with more shrub cover than grasslands (Marzluff and others, 1997); 
similar features likely characterize home ranges in the Wyoming Basin. 

Golden eagles nest from late March through August, depending on location (Kochert and 
others, 2002). Typically, their nest sites are on cliffs or in trees but also may be located on 
elevated ground and human-made structures. As diurnal predators, golden eagles scout for prey 
while soaring or skimming along topographic contours, or while perched. They usually prey on 
small- to medium-sized mammals (especially leporids and sciurids), birds, and reptiles (Kochert 
and others, 2002). On rare occasions, they may take larger prey such as young ungulates. In 
winter, some golden eagles forage in waterfowl-congregation areas. They also scavenge for 
carrion, including roadkills and carcasses, which may contain lead shot that can result in 
seasonally elevated blood levels of lead (Kochert and others, 2002).  



667
 
 

Landscape Structure and Dynamics 

Although golden eagles will congregate at roost sites and carcasses, individuals range 
widely across large landscapes at fairly broad scales. Mean home-range size in southwestern 
Idaho was 2,280 hectares (ha) (5,634 acres ) during breeding season and 30,484 ha (75,328 
acres) in the nonbreeding season, although home range sizes varied widely among individuals 
(Marzluff and others, 1997). In regions like the Wyoming Basin where most breeding golden 
eagles are year-round residents, territorial boundaries vary little between years. Overlap between 
individuals or pairs is minimal in breeding season but up to 10 percent at other times. Within 
their home ranges, the birds focus their foraging activities in core areas that range from 30–1,535 
ha (74–3,793 acres) in the breeding season and 485–6,380 ha (1,198–15,765 acres) in the 
nonbreeding season. At this scale, individuals are more consistent with respect to habitat 
selection than they are throughout their home ranges (Marzluff and others, 1997). Important 
features of core areas include high-quality prey habitat, especially sagebrush-rabbitbrush 
occupied by jackrabbits. Marzluff and others (1997) recommend conserving shrub patches of at 
least 6,400 ha (15,815 acres) for golden eagles to accommodate core and winter range and to 
support immature birds and adults that do not have territories (floaters). 

Golden eagle distribution and reproductive success are closely tied to prey abundance 
(Steenhof and others, 1997), and the dynamics of several of their key prey species are influenced 
by drought, fire, and inherent population cycles. Black-tailed jackrabbits exhibit 10-year 
population cycles, which influence nesting success of golden eagles (Steenhof and others, 1997). 
Both fire and drought can initially diminish the cover and forage used by primary golden eagle 
prey species including jackrabbits and ground squirrels. When prey are scarce, golden eagles 
may shift their distribution and (or) experience increased nesting failure. 

Change Agents  

Development 

Energy and Infrastructure 

A 2010 review indicated that major concerns for golden eagle conservation include 
habitat loss, collisions, electrocutions, and renewable energy (Holroyd and others, 2010). Golden 
eagles generally avoid urbanized and disturbed areas (Kochert and others, 2002). Habitat loss 
and fragmentation from development negatively affects golden eagles and can diminish prey 
populations that also depend on these habitats. Wind-farm development is accelerating across the 
golden eagle’s range, often in otherwise high-quality eagle habitat and migration routes 
(Johnston and others, 2013), ridgelines in particular. Golden eagle mortality due to collisions 
with wind turbine blades has been well documented and is a major concern (Hunt and others, 
1999; Frosch, 2013). At the Altamont Pass Wind Resource Area in California, the estimated 
annual golden eagle mortality due to collisions is one bird per 8.7 megawatts of power 
generation (Smallwood and Thelander, 2008), with fatalities being more likely at turbines 
situated on or in ridge saddles, plateaus, steep slopes, ravines, canyons, slopes with southern or 
northwestern aspects, and near rock piles (Smallwood and Thelander, 2005). 

 Both energy development and urban/exurban development lead to proliferations of 
electrical distribution and transmission lines. For birds with large wingspans (such as eagles), 
electrocution when perching on these structures is common (Harness and Wilson, 2001; U.S. 
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Fish and Wildlife Service, 2009; Lehman and others, 2010). Golden eagles also collide with guy 
wires and powerlines. Road development not only fragments and eliminates prey habitat, roads 
contribute directly to golden eagle mortality (collisions with vehicles) (Kochert and others, 
2002); in just one winter, 100 golden eagles were killed along southwestern Wyoming highways 
near Rock Springs (Phillips, 1986). 

Golden eagles are sensitive to human disturbance, and disturbance during nesting can 
diminish nesting success. Eagles may avoid nesting close to developed areas. Indeed, occupied 
nesting territories encompass fewer residences within 1.6 km (0.99 mi) and lower human 
populations within 4.8 km (2.98 mi) than abandoned territories (Richardson and Miller, 1997). 
Recommended buffer distances between nests and human activities range from 200–2,000 m 
(656.2–6,561.7 ft), depending on context and activity type (Colorado Division of Wildlife, 
2008). 

Agricultural Activities 

The 2010 review of major concerns for golden eagle conservation mentioned above also 
indicated that range and grazing management and lead poisoning, are major concerns for golden 
eagles (Holroyd and others, 2010). Nesting golden eagles generally avoid nonnative vegetation, 
including agricultural lands (Kochert and others, 2002). In addition to cropland conversion of 
habitat, rangeland and livestock management practices that can degrade eagle prey habitat 
include burning, chaining, and herbicide applications to eliminate brush for enhancing cattle 
forage (Knick and Dyer, 1997). Golden eagles may use agricultural lands more often in winter 
than during breeding, but these habitats generally do not support suitable prey species for 
overwintering eagles (Craig and others, 1986). Secondary poisoning can result when eagles 
consume prey poisoned by pesticides used to protect crops or kill rodents and coyotes in 
agricultural and ranching areas, or when prey contain lead after being shot to protect livestock 
(Kochert and others, 2002). Golden eagles are also shot and trapped to protect livestock, 
accounting for an unknown rate of golden eagle mortality (Farmer and others, 2008). Fencing is 
a common feature of rangelands and golden eagles sometimes become entangled or collide with 
fencing (Kochert and others, 2002). 

Altered Fire Regime and Invasive Species 

Golden eagles occur in a number of fire-dependent habitat types, such as grasslands, 
shrublands, and open coniferous woodlands (Tesky, 1994); in general, they avoid densely 
forested areas (Kochert and others, 2002). As described in Chapter 11—Sagebrush Steppe of this 
report, however, cheatgrass invasion promotes more frequent, larger, and hotter fires than 
occurred historically in some western shrublands (Balch and others, 2013). When large areas of 
sagebrush-rabbitbrush habitat burned, golden eagle prey became scarce (Slater and Frye-
Christensen, 2012). Between 1981 and 1985, large fires burned large areas of shrubland in the 
Morley Nelson Snake River Birds of Prey National Conservation Area alone, leading to declines 
in eagle nesting success and territory abandonment (Kochert and others, 1999). The time period 
over which prey populations remain reduced postfire is unclear. 
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Introduced Disease 

Disease is not currently considered a concern for golden eagles (Holroyd and others, 
2010), but they are susceptible to trichomoniasis, which they contract by consuming infected 
doves and pigeons (Ciganovich, 2013), and wildlife disease experts believe that this disease may 
be very underreported (Ciganovich, 2013). An emerging disease also of potential concern for 
golden eagles is West Nile virus, but its effects on populations are unknown. In most of the 
western United States, golden eagles inhabit semiarid landscapes where mosquito populations 
are sparse. Although bald eagle mortality from West Nile virus has been documented in Utah, 
probably by consuming infected waterfowl (Utah Division of Wildlife Resources, 2013), it is not 
known whether golden eagles are susceptible to similar modes of West Nile virus transmission. 
The probability may be lower than it is for bald eagles, however, because waterfowl are not a 
major part of the golden eagle’s diet in the Wyoming Basin. 

Rapid Ecoregional Assessment Components Evaluated for Golden Eagle 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting golden eagles (fig. 24–1). Key ecological attributes 
addressed by the REA include (1) the distribution of golden eagle habitat, (2) landscape structure 
(patch sizes and structural connectivity), and (3) landscape dynamics (fire occurrence; table 24–
1). The Change Agents evaluated were development and wind energy (table 24–2). Ecological 
values and risks used to assess the conservation potential of golden eagles habitat by township 
are summarized in table 24–3. Core and Integrated Management Questions and the associated 
summary maps and graphs are provided in table 24–4. 
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Figure 24–1. Generalized conceptual model of golden eagle habitat for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of golden eagle habitat are shown in orange rectangles; additional 
ecological attributes are shown in blue rectangles; and key anthropogenic Change Agents are shown in 
yellow ovals. The dashed lines indicate components not addressed by the REA. Livestock and invasive 
plants are Change Agents that were not addressed due to the lack of regionwide data. 
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Table 24–1. Key ecological attributes and associated indicators of baseline golden eagle nesting habitat1 
for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and 
distribution of habitat 

Total area Habitat distribution derived from vegetation and abiotic variables2 

Landscape 
structure 

Patch size Patch-size frequency distribution 

Structural 
connectivity3 

Interpatch distances that provide an index of structural connectivity for 
baseline patches at local (0.09 km; 0.06 mi), landscape (0.18 km; 0.11 mi), 
and regional (0.18 km; 0.11 mi) levels 

Landscape dynamics Fire 
occurrence4 

Locations of fires and annual area burned since 1980 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of habitat 
due to Change Agents. Baseline conditions are defined as the potential current distribution of golden eagle habitat 
derived from existing abiotic and biotic variables without explicit inclusion of Change Agents (see Chapter 2—
Assessment Framework and the Appendix). 
2 Habitat modeled using MaxEnt; nest site locations from Colorado Natural Heritage Program, Idaho Fish and 
Wildlife Information System, Montana Natural Heritage Program, Rocky Mountain Bird Observatory, Utah Natural 
Heritage Program, and the Wyoming Natural Diversity Database; habitat variables derived from SAGEMAP 
(Hanser and others, 2011) and Homer and others (2012). 
3 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not reflect 
species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 

 
 

Table 24–2. Anthropogenic Change Agents and associated indicators influencing golden eagle habitat for 
the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer, mi, mile] 

Change Agents Variables  Indicators 

Development Terrestrial 
Development 
Index1 

Percent of golden eagle habitat in seven development classes using a 16-km2 
(6.18-mi2) moving window 
Patch-size frequency distribution for golden eagle habitat that is relatively 
undeveloped or has low development scores compared to baseline 
conditions1 

Interpatch distances that provide an index of structural connectivity for 
relatively undeveloped patches at local (0.54 km; 0.34 mi), landscape (2.97 
km; 1.852 mi), and regional (4.86 km; 3.02 mi) levels 

 Wind energy2 Location of existing wind-energy sites and wind-energy potential within 
golden eagle habitat 

1 See Chapter 2—Assessment Framework. 
2 See Chapter 4—Development. 
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Table 24–3. Landscape-level ecological values and risks for golden eagle habitat. Ranks were combined 
into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

 
 

Relative rank  
 Variables1 Lowest Medium Highest Description2 

Values Area 
 

<33 33–79 >79 Percent of township modeled as 
golden eagle habitat 

Risks Terrestrial 
Development 
Index (TDI) 

<1 1–3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management.  A minimum area threshold of total area per township was established for golden eagle habitat to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in the 
Appendix).  
2 See tables 24–1 and 24–2 for description of variables. 
 
 

Table 24–4. Management Questions addressed for golden eagles for the Wyoming Basin Rapid 
Ecoregional Assessment.  

Core Management Questions Results 

Where is baseline golden eagle nesting habitat, and what is the total area? Figure 24–2 

Where does development pose the greatest threat to baseline golden eagle habitat, and where 
are the relatively undeveloped areas? 

Figures 24–3 and 24–4 

How has development fragmented baseline golden eagle habitat, and where are the large, 
relatively undeveloped patches?  

Figures 24–5 and 24–6 

How has development affected structural connectivity of golden eagle habitat relative to 
baseline conditions? 

Figure 24–7 

Where are potential barriers and corridors that may affect animal movements among 
relatively undeveloped habitat patches? 

Figure 24–8 

Where are existing wind-energy facilities, and where are areas with high wind-energy 
potential in golden eagle habitat? 

Figure 24–9 

Where have recent fires occurred in baseline golden eagle habitat, and what is the total area 
burned per year? 

Figures 24–10 and 24–11 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for golden eagle 
habitat? 

Table 24–5 and Figure 
24–12 

Where are the townships with the greatest landscape-level ecological values? Figure 24–13 

Where are the townships with the greatest landscape-level risks? Figure 24–13 

Where are the townships with the greatest conservation potential?  Figure 24–14 
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Methods Overview 

We developed a nesting habitat model for golden eagles using MaxEnt software (Phillips 
and others, 2006). Values of vegetation and abiotic variables surrounding 218 recent (1990-
2011) golden eagle nest site locations were derived from data sources in table 24–1. Variables 
with the greatest weight included topographic ruggedness, herbaceous cover, mean annual 
temperature, and elevation. To produce a map of potential golden eagle nesting habitat, we used 
MaxEnt parameter values that included 95 percent of the locations (omission rate of 5 percent). 
The distribution map was used to quantify key ecological attributes (table 24–1) and Change 
Agents (table 24–2) for baseline golden eagle nesting habitat (hereafter golden eagle habitat).  

We assessed development levels in golden eagle habitat using the TDI map, and then 
used the resulting output to calculate patch size and structural connectivity metrics. We mapped 
the structural connectivity of relatively undeveloped habitat (TDI score <1 percent) at three 
interpatch distances derived from connectivity analysis: local (0.54 km; 0.34 mi), landscape 
(2.97 km; 1.85 mi), and regional (4.86 km; 3.02 mi) levels. We used development levels to 
identify areas that may function as barriers or corridors by overlaying relatively undeveloped 
habitat patches on the TDI map. The perimeters of fires in golden eagle habitat since 1980 were 
compiled from several data sources to assess fire frequency and extent (table 24–1). To evaluate 
risks to golden eagles posed by wind energy, we identified areas with existing and high potential 
for wind-energy development that were coincident with baseline golden eagle habitat (see 
Chapter 4—Development). Potential for changes in habitat resulting from climate change and 
associated shifts in ecological communities was not evaluated for this species because it uses a 
variety of shrubland and grassland habitats. 

Landscape-level ecological values (area of habitat) and risk (TDI score) were compiled 
into an overall index of conservation potential for each township (table 24–3). Conservation 
potential was summarized by township based on overall landscape-level values and risks (table 
24–3). ). Landscape-level values and risks, and conservation potential rankings are intended to 
provide a synthetic overview of the geospatial datasets developed to address Core Management 
Questions in the REA. Because rankings are very sensitive to the input data used and the criteria 
used to develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they 
are best used as an initial screening tool to compare regional rankings in conjunction with the 
geospatial data for Core Management Questions and information on local conditions that cannot 
be determined from regional REA maps. See Chapter 2—Assessment Framework and the 
Appendix for additional details on the methods. 
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Key Findings for Management Questions 

Where is baseline golden eagle nesting habitat, and what is the total area (fig. 24–2)? 
• Baseline golden eagle habitat total is 85,718 km2 (33,095.91 mi2) or 48 percent of the 

Wyoming Basin project area. 
• Golden eagle habitat is well distributed throughout lower elevations in the Wyoming Basin 

with the exception of the Bighorn Basin. 
 
Where does development pose the greatest threat to baseline golden eagle habitat, and where are the 
relatively undeveloped areas (figs. 24–3 and 24–4)? 
• Development is widely distributed across golden eagle habitat within the Wyoming Basin 

(fig. 24–3).  
• Approximately 27 percent of golden eagle habitat in the Basin is relatively undeveloped (TDI 

score <1 percent) and 17 percent had TDI scores of >5 percent (fig. 24–4).  
 
How has development fragmented baseline golden eagle habitat, and where are the large, relatively 
undeveloped patches (figs. 24–5 and 24–6)? 
• Development has effectively fragmented golden eagle habitat into smaller patches relative to 

baseline conditions. All relatively undeveloped habitat (TDI score <1 percent) occurs in 
patches <5,000 km2 (1,930 mi2). In contrast, over 84 percent of baseline habitat occurred in 
patches >5,000 km2 (fig. 24–5). 

• The largest relatively undeveloped habitat patches are located south of Rock Springs, 
Wyoming (fig. 24–6). 

 
How has development affected the structural connectivity of golden eagle habitat relative to baseline 
conditions (fig. 24–7)? 
• Baseline golden eagle habitat is highly connected, with regional-scale connectivity occurring 

at a 0.18-km (.011 mi) interpatch distance (fig. 24–7). 
• Development has greatly diminished the structural connectivity of golden eagle habitat. 

Relatively undeveloped habitat is highly fragmented. Regional-scale connectivity (4.86 km 
[3.02 mi]) for relatively undeveloped habitat is considerably greater than baseline conditions.  

• Structural connectivity for wide-ranging species like golden eagles may be less important 
than for less mobile species, but collectively smaller patch sizes and decreased connectivity 
may decrease habitat quality. In addition, eagles may avoid areas with high levels of 
development and human or vehicle disturbance, or suffer from high mortality levels due to 
collisions along roads with high traffic volumes (Phillips, 1986). 

• Areas with high local and landscape connectivity may facilitate dispersal and seasonal 
movements, whereas habitat with only regional connectivity may have value as stopover 
habitat across developed or otherwise unsuitable habitat. 

• Golden eagle habitat in the western and southeastern portions of the Basin has limited 
landscape and regional connectivity, which could increase vulnerability to habitat loss and 
fragmentation in these areas. 
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Figure 24–2. Distribution of baseline golden eagle nesting habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Figure 24–3. Terrestrial Development Index scores for baseline golden eagle habitat in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Figure 24–4. Area and percent of baseline golden eagle habitat as a function of the Terrestrial 

Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
 
Figure 24–5. Area of golden eagle habitat as a function of patch size for baseline conditions and two 

development levels: (1) Terrestrial Development Index (TDI) score <3 percent and (2) TDI score <1 
percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 24–6. Patch sizes of golden eagle habitat for the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial 
Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Figure 24–7. Structural connectivity of relatively undeveloped golden eagle habitat in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly connected 
habitat patches. Blue polygons include habitat patches that contribute to both landscape and regional 
connectivity. Orange polygons represent isolated clusters of patches surrounded by developed areas 
or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Where are potential barriers and corridors that may affect golden eagle movements among relatively 
undeveloped habitat patches (fig. 24–8)? 

 
 
Figure 24–8. Potential barriers and corridors as a function of Terrestrial Development Index (TDI) score 

for lands surrounding relatively undeveloped golden eagle habitat. Higher TDI scores (for example, >5 
percent) represent potential barriers to movement among relatively undeveloped habitat patches. 
Lower TDI scores (for example, <2 percent) represent potential corridors for movements among 
patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Where are existing wind energy facilities, and where are areas with high wind-energy potential in golden 
eagle habitat (fig. 24–9)? 
• Although most existing wind-energy facilities fall within or near golden eagle habitat, they 

are restricted to a few areas. 
• Regions with high potential for wind-energy development are found in 16 percent of golden 

eagle habitat. 
• Migrating golden eagles also may be especially susceptible to wind-energy facilities due to 

the occurrence along ridges, which often function as migration routes. 
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Figure 24–9. Potential for wind-energy development and existing wind-energy facilities within baseline 

golden eagle habitat in the Wyoming Basin Rapid Ecoregional assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Where have recent fires occurred in baseline golden eagle habitat, and what is the total area burned per 
year (figs. 24–10 and 24–11)? 
• Typically, only a small fraction of golden eagle habitat has burned each year since 1980. 

Cumulatively, approximately 4 percent of golden eagle habitat has burned since 1980 (figs. 
24–10 and 24–11).  

• In most years, fires are small and burn only a small portion of golden eagle habitat; most of 
the area burned was due to large fires from 1996 and 2000 (fig. 24–10). 

 
How does risk from development vary by land ownership or jurisdiction for golden eagle habitat (table 24–5, 
fig. 24–12)? 
• Slightly more than 50 percent of baseline golden eagle habitat occurs on BLM lands, and 

another 33 percent is in private ownership (table 24–5). 
• Development levels are the lowest on Federal and Tribal lands compared to State/County or 

privately owned lands (fig. 24–12).  
 
 
 

 
 
Figure 24–10. Annual area burned by wildfires and prescribed fires in baseline golden eagle habitat 

since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 24–11. Occurrence of wildfires and prescribed fires in baseline golden eagle habitat since 1980 in 

the Wyoming Basin Rapid Ecoregional Assessment project area. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Table 24–5. Area and percent of golden eagle habitat by ownership or jurisdiction in the Wyoming Basin 
Rapid Ecoregional Assessment project area. 

[km2, square kilometers] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 42,993 50.2 
Private 28,196 32.9 
State/County 6,031 7.0 
Tribal 3,994 4.6 
Forest Service2 2,185 2.5 
Other Federal1 1,762 2.1 
Private conservation 395 0.6 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and 
Wildlife Service. 
2 U.S. Department of Agriculture Forest Service. 

 
 
 

 
 
Figure 24–12. Relative ranks of risk from existing development, by land ownership or jurisdiction, for 

golden eagle habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are 
lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and 
highest (TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (fig. 24–11)? 

 
 
Figure 24–13. Ranks of landscape-level ecological values and risks for golden eagle habitat, 

summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) 
Landscape-level values based on habitat area and (B) landscape-level risks based on Terrestrial 
Development Index (see table 24–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer
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Where are the townships with the greatest conservation potential (fig. 24–12)? 

 
 
Figure 24–14. Conservation potential of golden eagle habitat, summarized by township, in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that 
have the highest landscape-level values and the lowest risks. Lowest conservation potential identifies 
areas with the lowest landscape-level values and the highest risks. Ranks of conservation potential are 
not intended as stand-alone summaries and are best interpreted in conjunction with the geospatial 
datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch24_Golden_Eagle/MapServer


688 
 
 

Summary 

Golden eagle habitat is widely distributed throughout much of central and southern 
Wyoming and adjacent areas of Idaho, Utah, and Colorado. Agricultural conversion, roads, and 
energy development have cumulatively led to habitat loss, increased fragmentation, and 
decreased structural connectivity of golden eagle habitat. Golden eagles, however, may respond 
differently to different types of development, depending on time of year. They are especially 
sensitive to disturbance at their nest sites; therefore, development that causes high levels of 
human activity may lead to reduced nesting productivity. In addition, collisions with vehicles 
along major thoroughfares can result in high mortality rates (Philips, 1986). Golden eagles are 
especially vulnerable to mortality from wind turbines and a large proportion of their habitat 
within the Basin occurs in regions with high wind-development potential. Half of the golden 
eagle habitat in the Basin is managed by the Bureau of Land Management. 
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Key Ecological Attributes 

Distribution and Ecology 

The ferruginous hawk is the largest buteo in North America (Bechard and Schmutz, 
1995). The species inhabits grasslands, sagebrush and desert shrublands, and deserts from 
southern Canada southward to northern New Mexico and Arizona, and from eastern Oregon, 
Washington, and northeastern California eastward to western North and South Dakota and 
Nebraska (Bechard and Schmutz, 1995). The wintering distribution stretches from northeast 
Utah, extreme southern Wyoming, and southwestern Nebraska south to western Texas, central 
Mexico, and northern Baja California. 

Since the mid-1980s, ferruginous hawk populations generally have been stable or 
increasing across most of their breeding range and much of the Wyoming Basin (Bechard and 
Schmutz, 1995), but declines have been observed in peripheral areas of the species’ range and in 
northern and central Utah (Olendorff, 1993; Stepinsky and others, 2002; Sauer and others, 2011). 
In 1991, the ferruginous hawk was petitioned for listing under the Endangered Species Act, and 
although it was denied (U.S. Fish and Wildlife Service, 1992), the U.S. Fish and Wildlife Service 
currently lists it as a species of management concern in regions 1 and 6 (which includes the 
Wyoming Basin). In Utah, the ferruginous hawk is listed as threatened and the Bureau of Land 
Management (BLM) lists it as a Sensitive Species (Travsky and Beauvais, 2005), and in Canada, 
it is a species of special concern (Commission for Environmental Cooperation, 2005). 

Ferruginous hawks breed in open grasslands, sagebrush steppe, saltbush-greasewood 
shrublands, and along the periphery of piñon-juniper woodlands and other forests (Bechard and 
Schmutz, 1995). They generally nest on elevated sites including boulders, low cliffs, trees, and 
large shrubs but will nest on the ground if elevated sites are lacking. In winter, ferruginous 
hawks generally occur in grasslands, especially where prairie dogs and other small mammals are 
abundant. 

Ferruginous hawks feed almost exclusively on small- to medium-sized mammals. West 
of the Continental Divide, their primary prey are jackrabbits or cottontail rabbits; east of the 
Divide their primary prey are ground squirrels, including prairie dogs (Olendorff, 1993). 
Ferruginous hawks generally hunt from low perches or from perches on the ground near active 
mammal burrows, but occasionally they hunt from the air. Primary predators of ferruginous 
hawk eggs and nestlings include golden eagles, falcons, great horned owls, coyotes, and foxes 
(Jasikoff, 1982). 

Landscape Structure and Dynamics 

Nesting ferruginous hawks require large areas of relatively flat or rolling terrain 
vegetated with open grassland or shrubland (Bechard and Schmutz, 1995). Reported mean home 
range sizes vary considerably (Bechard and Schmutz, 1995; Leary and others, 1998), but home 
range sizes have not been evaluated in the Wyoming Basin. Ferruginous hawks also require 
suitable, preferably elevated nest sites, a lack of which may limit occupancy of nesting 
territories. For example, territory occupancy increased after artificial nesting platforms were 
erected in territories lacking suitable nesting structures (Bechard and Schmutz, 1995). 

Fire can have both positive and negative effects on ferruginous hawks. Because 
ferruginous hawks avoid woodland and forested habitats (Bechard and Schmutz, 1995), fire and 
drought can contribute to the open habitat structure they prefer in some areas, although fire may 
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eliminate trees and structures used for nesting (Landers, 1987; Dechant and others, 2002). Within 
sagebrush shrublands, fire can result in temporary shifts from a sagebrush-dominated to a 
grassland-dominated system (Knight, 1994), but ferruginous hawks breed in both shrublands and 
grasslands (Bechard and Schmutz, 1995), so temporary loss of sagebrush may not have much 
effect on their breeding distributions. Nonetheless, declines of ferruginous hawk populations in 
Utah have been attributed, in part, to effects of fire destroying nesting structures and the shrub 
component important to prey species (Olendorff, 1993).  

Local populations of ferruginous hawks can exhibit dramatic, short-term fluctuations in 
response to prey fluctuating availabilities and landscape dynamics that influence populations of 
ground squirrels, prairie dogs, jackrabbits, and cottontail rabbits (Woffinden and Murphy, 1989; 
Olendorff, 1993; Ward and Conover, 2013). Fire and drought, in particular, can have strong 
effects on prey density, either enhancing or reducing populations, depending on context, timing, 
and species (Lehman and Allendorf, 1989). For example, body condition and densities of Piute 
ground squirrels, an important prey species for ferruginous hawks in some regions, declined 
sharply in response to drought and a longer-than-normal winter in the Morley Nelson Snake 
River Birds of Prey National Conservation Area of Idaho (Van Horne and others, 1997). 
Previously, it was assumed that during years of low prey availability, ferruginous hawks would 
abandon established breeding territories and move to areas where prey are more available 
(Bechard and Schmutz, 1995); however, recent evidence indicates that ferruginous hawks may 
forgo breeding yet remain on site when prey populations are low (Watson, 2003).  

Change Agents 

Development 

Energy and Infrastructure 

Both positive and negative responses of ferruginous hawks to oil and gas development 
have been observed (Smith and others, 2010; Keough and Conover, 2012). These hawks have a 
propensity for nesting on elevated structures, including utility and other structures associated 
with energy development sites (Bechard and Schutz, 1995), and some of their prey species are 
attracted to potential burrow sites around oil and gas well pads (Smallwood and Thelander, 
2005). In the Uinta Basin of Utah, however, ferruginous hawk nesting productivity decreased 
with increasing proximity to oil and gas wells (Keough, 2006), whereas no such effect was 
observed in central Wyoming and north-central Montana (Zelenak and Rotella, 1997; Smith and 
others, 2010). At wind-energy facilities in Wyoming, California, Oregon, and Washington, 
ferruginous hawk mortalities have been recorded (Johnson and others, 2000; Smallwood and 
Thelander, 2008; Johnson and Erickson, 2010). The ferruginous hawks’ hunting style of 
perching on or near the ground may increase their vulnerability to being hit by spinning turbine 
blades (Johnson and others, 2000; Smallwood and others, 2009). 

A crucial feature of the landscapes used by nesting ferruginous hawks is a lack of human 
disturbance, as these large raptors appear to be very sensitive to disturbances within at least a 
half mile of their nests (Keeley and Bechard, 2011). When disturbance occurs near a nest, the 
adult birds may flush from the nest or even abandon it (White and Thurow, 1985; Keeley and 
Bechard, 2011). Experimental disturbance studies indicated that fledging success also may be 
reduced by disturbance, and if a disturbed nest is abandoned, the nesting territory may remain 
unoccupied in subsequent nesting seasons (White and Thurow, 1985). 



695 
 
 

Depending on context, ferruginous hawks also may be sensitive to disturbance associated 
with roads. There is evidence that these hawks may select nest sites farther from primary roads 
than other buteos (Bechard and others, 1990). Ferruginous hawk nests within 500 m (1,640.4 ft) 
of an interstate highway or other well-traveled road were no less productive than other 
ferruginous hawk nests (Gilmer and Stewart, 1983), and highly productive ferruginous hawk 
nests were closer to unimproved dirt roads than less productive or unproductive nests (Zelenak 
and Rotella, 1997), possibly because Richardson’s ground squirrels were more abundant along 
the edges of the unimproved roads. Ferruginous hawks also nested farther from human habitation 
than other buteos of open country (Bechard and others, 1990). It is possible, however, that 
ferruginous hawks may acclimate to some levels of disturbance, as hawks nesting in exurban 
sites flushed from disturbances at shorter distances than hawks nesting in rural sites, and in either 
case, most ferruginous hawks did not flush from their nests if disturbances were at least 650 
meters (m) (2,132 feet [ft]) away (Keeley and Bechard, 2011). Ferruginous hawks also may be 
less susceptible to disturbance during the nonbreeding season, when home-range size, number of 
perches used per day, and prey-to-acquisition rates were similar between relatively undisturbed 
and disturbed areas (Plumpton and Andersen, 1998). 

Agricultural Activities 

Local declines of ferruginous hawk populations have been attributed to grazing, 
agricultural cultivation, and control of small mammals including poisoning (Olendorff, 1993); 
however, effects may depend on activity type, areal extent, and seasonality of agricultural 
activities. For example, open rangelands are considered suitable habitats for ferruginous hawks 
(Bechard and Schmutz, 1995). They also may be found in landscapes where <30 percent of the 
landscape is under cultivation (Schmutz, 1989). Where crested wheatgrass was cultivated in a 
sagebrush shrubland context, ground squirrel abundance increased after which numbers of 
ferruginous hawks also increased (Lardy, 1980). Moreover, ferruginous hawk productivity was 
greater for nests closer to crop fields than for nests farther away, also likely due to greater prey 
densities along edges of crop fields than in uncultivated areas (Zelenak and Rotella, 1997). 
Nesting densities may diminish, however, when more than 30 percent of the landscape is under 
cultivation (Gilmer and Stewart, 1983; Schmutz, 1984, 1989; Olendorf, 1993), possibly due to 
effects of disturbance on hawks and effects of cultivation practices and habitat fragmentation on 
their prey. 

Altered Fire Regime 

Fire suppression can lead to expansion of aspen or juniper woodlands into shrublands and 
grasslands (Schmutz, 1984; Olendorff, 1993). In turn, woodland expansion can result in loss of 
ferruginous hawk habitat. In the Wyoming Basin, however, woodland expansion is not a current 
concern for ferruginous hawks, as fire regimes in their primary habitat types do not appear to 
have been greatly altered since European settlement (see Chapter 17—Juniper Woodlands). 
Moreover, ferruginous hawks may readily nest in both recent and older (15 years old) burns in 
shrub-steppe or sagebrush-cheatgrass habitat (Dechant and others, 2002). 
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Invasive Species and Disease 

Cheatgrass proliferation was suggested as a possible factor in the decline and local 
extirpation of a ferruginous hawk population in western Utah (Woffinden and Murphy, 1989). 
Ferruginous hawks, however, have been observed breeding in areas dominated by sagebrush and 
cheatgrass in eastern Washington (Leary and others, 1998), and therefore, cheatgrass expansion 
may not pose a threat to ferruginous hawks in all cases. Although a few isolated cases of 
ferruginous hawks contracting West Nile virus have been reported, the virus does not appear to 
pose a serious threat to the species throughout its range (Collins and Reynolds, 2005). 

Rapid Ecoregional Assessment Components Evaluated for Ferruginous Hawk 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting ferruginous hawks (fig. 25–1). Key ecological attributes 
addressed by the REA include (1) the distribution of ferruginous hawk habitat, (2) landscape 
structure (patch sizes and structural connectivity), and (3) landscape dynamics (fire occurence) 
(table 25–1). The Change Agents evaluated were development and wind energy (table 25–2). 
Ecological values and risks used to assess the conservation potential of ferruginous hawk habitat 
by township are summarized in table 25–3. Core and Integrated Management Questions and the 
associated summary maps and graphs are provided in table 25–4. 

Methods Overview 

We developed a general habitat model for ferruginous hawks using MaxEnt software 
(Phillips and others, 2006). Values of vegetation and abiotic variables at 598 mapped ferruginous 
hawk locations (nests and observations of individual birds) since 1990 were derived from data 
sources in table 25–1. Variables with the greatest weight included topographic relief, elevation, 
the average temperature of the warmest quarter, and slope. The map of potential ferruginous 
hawk habitat was derived from MaxEnt parameter values that included 95 percent of the 
locations (omission rate of 5 percent). The distribution map was used to quantify key ecological 
attributes (table 25–1) and Change Agents (table 25–2) for baseline ferruginous hawk habitat 
within the region.  

We assessed development levels in ferruginous hawk habitat using the TDI map and then 
used the resulting output to calculate patch size and structural connectivity metrics. We mapped 
the structural connectivity of relatively undeveloped habitat (TDI score <1 percent) at three 
interpatch distances derived from connectivity analysis: local (1.26 kilometers [km]; 0.78 miles 
[mi]), landscape (3.69 km; 2.29 mi), and regional (5.04 km; 3.13 mi) levels. We used 
development levels to identify areas that may function as barriers or corridors by overlaying 
relatively undeveloped habitat patches on the TDI map. The perimeters of fires in ferruginous 
hawk habitat since 1980 were compiled from several data sources to assess fire frequency and 
extent (table 25–1). To evaluate risks to ferruginous hawks posed by wind energy, we identified 
areas with existing and high potential for wind-energy development that were coincident with 
baseline ferruginous hawk habitat (see Chapter 4—Development).  

Landscape-level ecological values (area of habitat) and risk (TDI score) were compiled 
into an overall index of conservation potential for each township (table 25–3). Conservation 
potential was summarized by township based on overall landscape-level values and risks (table 
25–3). Landscape-level values and risks, and conservation potential rankings are intended to 
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provide a synthetic overview of the geospatial datasets developed to address Core Management 
Questions in the REA. Because rankings are very sensitive to the input data used and the criteria 
used to develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they 
are best used as an initial screening tool to compare regional rankings in conjunction with the 
geospatial data for Core Management Questions and information on local conditions that cannot 
be determined from regional REA maps. See Chapter 2—Assessment Framework and the 
Appendix for additional details on the methods. 

 
 

 
 
Figure 25–1. Generalized conceptual model of ferruginous hawk habitat for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of ferruginous hawk populations and habitat are shown in orange 
rectangles; additional ecological attributes are shown in blue rectangles; and key anthropogenic 
Change Agents that affect key ecological attributes are shown in yellow ovals. The dashed lines 
indicate components not addressed by the REA. Livestock and invasive plants are Change Agents that 
were not addressed due to the lack of regionwide data. 
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Table 25–1. Key ecological attributes and associated indicators of baseline ferruginous hawk habitat1 
evaluated for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attribute Variables Indicators 
Amount and distribution of 
habitat 

Total area Habitat distribution derived from vegetation and abiotic 
variables2 

Landscape 
structure 

Patch size Patch-size frequency distribution 

Structural 
connectivity3 

Interpatch distances that provide an index of structural 
connectivity for baseline patches at local, landscape, and 
regional levels (0.09 km; 0.06 mi)  

Landscape dynamics Fire occurrence4 Locations of fires and annual area burned since 1980 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of habitat 
due to Change Agents. Baseline conditions are defined as the potential current distribution of ferruginous hawk 
habitat derived from abiotic and biotic variables without explicit inclusion of Change Agents (see Chapter 2—
Assessment Framework). 
2 Habitat modeled using MaxEnt; occurrence data (locations of individuals and nests) from Colorado Natural 
Heritage Program, Idaho Fish and Wildlife Information System, Montana Natural Heritage Program, Rocky 
Mountain Bird Observatory, Utah Natural Heritage Program, and the Wyoming Natural Diversity Database; habitat 
variables derived from SAGEMAP (Hanser and others, 2011), and Homer and others (2012). 
3 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not 
reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 
 
 

Table 25–2. Anthropogenic Change Agents and associated indicators influencing ferruginous hawk 
habitat for the Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile] 

Change Agent Variables  Indicators 

Development Terrestrial 
Development Index1 

Percent of ferruginous hawk habitat in seven development classes 
using a 16 km2 (6.18 mi2) moving window 

Patch-size frequency distribution of ferruginous hawk habitat that is 
relatively undeveloped or has low development scores compared to 
baseline habitat1 

Interpatch distances that provide an index of structural connectivity 
for relatively undeveloped patches at local (1.26 km; 0.78 mi), 
landscape (3.69 km; 2.3 mi), and regional (5.04 km; 3.13 mi) levels 

Wind energy2 Location of existing wind-energy sites and wind-energy potential 
within ferruginous hawk habitat 

1 See Chapter 2—Assessment Framework. 
2 See Chapter 4—Development. 
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Table 25–3. Landscape-level ecological values and risks for ferruginous hawk habitat. Ranks were 
combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 

 
 

Relative rank  
 Variables1 Lowest Medium Highest Description2  

Values Area 
 

<24 24−65 >65 Percent of township modeled as ferruginous 
hawk habitat 

Risks Terrestrial 
Development 
Index (TDI) 

<1  1−3  >3  Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for ferruginous hawk habitat to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in the 
Appendix). 
2 See tables 25–1 and 25–2 for description of variables. 
 
 

Table 25–4. Management Questions addressed for ferruginous hawks for the Wyoming Basin Rapid 
Ecoregional Assessment.  

Core Management Questions Results 

Where is baseline ferruginous hawk habitat, and what is the total area? Figure 25–2 

Where does development pose the greatest threat to baseline ferruginous hawk habitat, and 
where are the relatively undeveloped areas? 

Figures 25–3  
and 25–4 

How has development fragmented baseline ferruginous hawk habitat, and where are the large, 
relatively undeveloped patches?  

Figures 25–5  
and 25–6 

How has development affected structural connectivity of ferruginous hawk habitat relative to 
baseline conditions? 

Figure 25–7 

Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches? 

Figure 25–8 

Where are existing wind-energy facilities, and where are areas with high wind-energy potential 
in baseline ferruginous hawk habitat? 

Figure 25–9 

Where have recent fires occurred in baseline ferruginous hawk habitat, and what is the total area 
burned per year? 

Figures 25–10  
and 25–11 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for ferruginous hawk 
habitat? 

Table 25–5,  
Figure 25–12 

Where are the townships with the greatest landscape-level ecological values? Figure 25–13 

Where are the townships with the greatest landscape-level risks? Figure 25–13 

Where are the townships with the greatest conservation potential?  Figure 25–14 
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Key Findings for Management Questions 

 Where is baseline ferruginous hawk habitat, and what is the total area (fig. 25–2)? 
• Baseline ferruginous hawk habitat totals 54,908 square kilometers (km2) (21,200 square 

miles [mi2]) or 30.1 percent of the Wyoming Basin. 
• Baseline habitat is widely distributed throughout lower elevations in the Wyoming Basin 

with the exception of the Bighorn Basin. 
 
Where does development pose the greatest threat to baseline ferruginous hawk habitat, and where are the 
relatively undeveloped areas (figs. 25–3 and 25–4)? 
• Development is widely distributed across ferruginous hawk habitat within the Wyoming 

Basin (fig. 25–3).  
• Approximately 23 percent of ferruginous hawk habitat in the Basin is relatively undeveloped 

(TDI score <1 percent) and 29 percent had high levels of development as indicated by TDI 
scores of >5 percent (fig. 25–4). 

 
How has development fragmented baseline ferruginous hawk habitat, and where are the large, relatively 
undeveloped patches (figs. 25–5 and 25–6)? 
• Development has effectively fragmented ferruginous hawk habitat into smaller patches 

relative to baseline conditions. All relatively undeveloped habitat (TDI score < percent) 
occurs in patches <5,000 km2 (1,930 mi2). In contrast, over 50 percent of baseline habitat 
occurred in patches >5,000 km2 (fig. 25–5). 

• The largest relatively undeveloped habitat patch is located northeast of Rock Springs, 
Wyoming (fig. 25–6). 

 
How has development affected structural connectivity of ferruginous hawk habitat relative to baseline 
conditions (fig. 25–7)? 
• Baseline ferruginous hawk habitat was highly connected, with local-, landscape-, and 

regional-scale connectivity occurring at a 0.09-km (0.62-mi) interpatch distance. 
• Development has greatly diminished the structural connectivity of ferruginous hawk habitat. 

Relatively undeveloped habitat is highly fragmented and local-scale connectivity (1.26 km 
[0.78mi]) is much greater than for baseline condition. Interpatch distances for landscape- 
(3.69 km [2.29 mi]) and regional-scale connectivity (5.04 km [3.13 mi]) for relatively 
undeveloped habitat is at least tenfold greater than baseline conditions. 

• Patches of highly connected, relatively undeveloped habitat (local, landscape, and regional 
connectivity) are concentrated in the central and southern portion of the Basin.  

• Ferruginous hawk habitat in the northern and southeastern portions of the Basin has limited 
landscape and regional connectivity, which could increase vulnerability to habitat loss and 
fragmentation in these areas. 

• Structural connectivity for wide-ranging species like ferruginous hawks may be less 
important than it is for less mobile species, but collectively smaller patch sizes and 
diminished connectivity may decrease habitat quality. In addition, the hawks may avoid areas 
with high development levels and human or vehicle disturbance or suffer from high mortality 
levels due to collisions along roads with high traffic volumes. 
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Figure 25–2. Distribution of baseline ferruginous hawk habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Figure 25–3. Terrestrial Development Index scores for baseline ferruginous hawk habitat in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Figure 25–4. Area and percent of baseline ferruginous hawk habitat as a function of the Terrestrial 

Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
 
Figure 25–5. Area of ferruginous hawk habitat as a function of patch size for baseline conditions and for 

two development levels: (1) Terrestrial Development Index (TDI) score<3 percent and (2) TDI score <1 
percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 25–6. Patch sizes of ferruginous hawk habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial 
Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Figure 25–7. Structural connectivity of relatively undeveloped ferruginous hawk habitat in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly connected 
habitat patches. Blue polygons include habitat patches that contribute to both landscape and regional 
connectivity. Orange polygons represent isolated clusters of patches surrounded by developed areas 
or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches (fig. 25–8)? 

 
 
Figure 25–8. Potential barriers and corridors as a function of Terrestrial Development Index (TDI) score 

for lands surrounding relatively undeveloped ferruginous hawk habitat. Higher TDI scores (for example, 
>5 percent) represent potential barriers to movement among relatively undeveloped habitat patches. 
Lower TDI scores (for example, <2 percent) represent potential corridors for movements among 
patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Figure 25–9. Potential for wind-energy development and existing wind-energy facilities within baseline 

ferruginous hawk habitat in the Wyoming Basin Rapid Ecoregional assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Where are existing wind-energy facilities, and where are areas with high wind-energy potential in baseline 
ferruginous hawk habitat (fig. 25–9)? 
• Although most existing wind-energy facilities fall within or near ferruginous hawk habitat, 

they are restricted to a few areas. 
• Regions with high potential for wind-energy development are found throughout 29 percent of 

ferruginous hawk habitat. 
 
Where have recent fires occurred in baseline ferruginous hawk habitat, and what is the total area burned 
per year (figs. 25–10 and 25–11)? 
• Typically only a small fraction of ferruginous hawk habitat has burned each year since 1980. 

Cumulatively, <1 percent (463 km2 [178.77 mi2]) of ferruginous hawk habitat has burned 
since 1980 (figs. 25–10 and 25–11). 

• In most years, fires are small and burn only a small portion of ferruginous hawk habitat, with 
most of the area burned by fires occurring in large fires occurring in 2000 and 2008 (fig. 25–
10). 

 
 
 

 
 
Figure 25–10. Annual area burned by wildfires and prescribed fires in baseline ferruginous hawk habitat 

since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 25–11. Occurrence of wildfires and prescribed fires in baseline ferruginous hawk habitat since 

1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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How does risk from development vary by land ownership or jurisdiction for ferruginous hawk habitat (table 
25–5, fig. 25–12)? 
• The majority of the potential ferruginous hawk habitat in the Wyoming Basin occurs on 

BLM lands and another third is under private ownership, collectively accounting for 88 
percent of their habitat (table 25–5). 

• Risk from development is the lowest on BLM lands compared to most other public and 
private lands (fig. 25–12). 

 

Table 25–5. Area and percent of ferruginous hawk habitat by land ownership or jurisdiction in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 29,629 54.0 
Private 18,590 33.9 
State/County 3,510 6.4 
Tribal 1,632 3.0 
Other Federal1 1,342 2.4 
Private conservation 213 0.4 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, U.S. Department of 
Agriculture Forest Service, and U.S. Fish and Wildlife Service. 
 
 

 
 
Figure 25–12. Relative ranks of risk from existing development, by land ownership or jurisdiction, for 

ferruginous hawk habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings 
are lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score between 1 and 
3 percent), and highest (TDI score >3 percent). 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (fig. 25–13)? 

 
 
Figure 25–13. Ranks of landscape-level ecological values and risks for ferruginous hawk habitat, 

summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) 
Landscape-level values based on habitat area and (B) Landscape-level risks based on Terrestrial 
Development Index (see table 25–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Where are the townships with the greatest conservation potential (fig. 25–14)? 

 
 
Figure 25–14. Conservation potential of ferruginous hawk habitat, summarized by township, in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies 
areas that have the highest landscape-level values and the lowest risks. Lowest conservation potential 
identifies areas with the lowest landscape-level values and the highest risks. Ranks of conservation 
potential are not intended as stand-alone summaries and are best interpreted in conjunction with the 
geospatial datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch25_Ferruginous_Hawk/MapServer
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Summary 

Ferruginous hawk habitat is widely distributed throughout much of central and southern 
Wyoming and adjacent areas of Idaho, Utah, and Colorado. Agricultural conversion, roads, and 
energy development have cumulatively led to habitat loss, increased fragmentation, and 
decreased structural connectivity of ferruginous hawk habitat. Ferruginous hawks, however, may 
respond differently to different types of development. They are more sensitive to disturbance at 
their nest sites than other buteos; therefore, development that results in high levels of human 
activity may lead to a reduction in nesting productivity. In addition, ferruginous hawks are 
vulnerable to mortality from wind turbines and a large proportion of their habitat within the 
Basin occurs in regions with high wind-development potential. The majority of the ferruginous 
hawk habitat in the Basin is managed by the Bureau of Land Management. 
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Key Ecological Attributes 

Distribution and Ecology 

The Brewer’s sparrow, sagebrush sparrow (formerly sage sparrow), and sage thrasher 
compose the assemblage of sagebrush obligate-songbirds (SOS). All three are listed as Wyoming 
Species of Greatest Conservation Need (Wyoming Game and Fish Department, 2010) due to 
habitat loss, degradation, and fragmentation. The breeding distributions of SOS occur primarily 
in sagebrush shrublands of the Wyoming and Great Basins, Snake River Plains, and the 
Columbia Plateau (Martin and Carlson, 1998; Reynolds and others, 1999; Rotenberry and others, 
1999). The SOS are migratory and also share similar nonbreeding distributions, which extend 
southward from extreme southwestern U.S. to southern Baja California, northwestern Sonora, 
and throughout the Mexican Central Plateau. 

As a group, the three species are generally referred to as sagebrush-obligates, although 
they may occur in nonsagebrush shrublands. The SOS generally nest in habitats dominated by 
big sagebrush, but they also nest in other species of sagebrush, bitterbush, green rabbitbrush, 
black greasewood, and other desert shrubland species (Martin and Carlson, 1998; Paige and 
Ritter, 1999; Reynolds and others, 1999; Rotenberry and others, 1999). The three species 
respond somewhat differently, however, to vegetation and patch structure, including differences 
at landscape, patch, territory, and nest-site scales (Martin and Carlson, 1998; Reynolds and 
others, 1999; Rotenberry and others, 1999; Chalfoun and Martin, 2007).  

Brewer’s sparrows breed in relatively dense sagebrush with minimal grass cover 
(Rotenberry and others, 1999). They also nest in large openings of conifer-dominated woodlands 
or forests. At the territory scale, Brewer’s sparrows use patches with greater foliar cover and 
denser, taller shrubs than those found in the surrounding habitat (Chalfoun and Martin, 2009). 
Shrubs selected as nest sites are taller and denser than others in the patch, which provides 
concealment from nest predators and provides singing perches used by territorial males (Wiens 
and others, 1987; Rotenberry and others, 1999). 

Sagebrush sparrows generally breed in more open shrublands than Brewer’s sparrows, 
typically where the shrubs are relatively evenly spaced (Martin and Carlson, 1998). Although 
they are closely tied to sagebrush shrublands, they also nest in desert shrublands lacking 
sagebrush. Nest concealment and microclimate seem to play interactive roles in nest-site 
selection, as nests on the ground are generally in dense bunchgrasses under shrubs, and shrubs 
used for nesting are usually taller and denser than surrounding shrubs (Martin and Carlson, 
1998). 

Like Brewer’s sparrows, sage thrashers prefer relatively dense shrublands, and their 
densities increase with increasing sagebrush cover, total shrub cover, and shrub patch size. Their 
densities decline, however, with increasing landscape homogeneity, with reductions of sagebrush 
cover to <10 percent, and with increasing grass cover (Reynolds and others, 1999; Vander 
Haegen and others, 2000). Densities also correlate positively with loamy, shallow soils, but not 
with sandy soils, indicating potential direct and indirect influences of soils on habitat structure 
and (or) associated prey populations. As with the other two SOS species, at the nest-site scale 
sage thrashers select shrubs that are taller than nearby shrubs and have wider crowns. 

Brewer’s sparrows forage primarily in tall shrubs, whereas the other two SOS species 
usually forage on the ground (Rotenberry and others, 1999). All three species are omnivorous, 
but the proportion of arthropods to seeds or other plant materials consumed varies by species and 
season. Brewer’s and sagebrush sparrows (and presumably sage thrashers) will drink free water 
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if available; however, they can exist without free water (Martin and Carlson, 1998; Rotenberry 
and others, 1999).  

Primary predators of SOS adults, nestlings, and eggs include loggerhead shrikes and 
ground squirrels, but they are also preyed on by falcons, corvids, weasels, and snakes. Overall, 
nest predation is the primary cause of nesting failure among SOS species (Martin and Carlson, 
1998; Reynolds and others, 1999; Rotenberry and others, 1999). When populations of ground 
squirrels are high, nest predation on SOS eggs and nestlings has been observed to increase 
accordingly. All three SOS species are also susceptible to brood parasitism by brown-headed 
cowbirds, but the species vary in their responses to cowbird eggs. Sage thrashers eject cowbird 
eggs from their nests; sagebrush sparrows may either accept or abandon parasitized nests; and 
Brewer’s sparrows generally abandon parasitized nests (Martin and Carlson, 1998; Reynolds and 
others, 1999; Rotenberry and others, 1999). Reported rates of parasitism among Brewer’s 
sparrows are as high as 52 percent (Rotenberry and others, 1999). 

Landscape Structure and Dynamics 

Landscapes that support the greatest densities of breeding SOS include large tracts of 
mature big sagebrush characterized by a high percentage of shrub (foliar) cover with low-stem 
density; high density of potential nest sites; somewhat heterogeneous vertical and horizontal 
structure and shrub age; relatively little bare ground; and a scattered component of perennial 
bunchgrasses and forbs (Martin and Carlson, 1998; Paige and Ritter, 1999; Reynolds and others, 
1999; Rotenberry and others, 1999; Chalfoun and Martin, 2007). The sagebrush sparrow also 
avoids patch edges and is considered area sensitive (Hansley and Beauvais, 2004). 

The spatial configuration and long-term dynamics of historical sagebrush shrublands 
were influenced by fires (see Chapter 11—Sagebrush Steppe for a discussion of fire). 
Historically, fires in sagebrush shrublands were infrequent but extensive (Bukowski and Baker, 
2013). The responses of SOS species to fire likely depend on burn size and time since fire. In the 
short-term, fire removes shrub cover, leading to a decrease in density and nesting success of 
Brewer’s sparrows (Rotenberry and others, 1999). It may take many decades for sagebrush, and 
consequently SOS populations, to recover from large fires. Prior to Euro-American settlement, 
however, the broad expanse of sagebrush shrublands likely helped to buffer SOS populations 
from infrequent habitat losses during extensive fire years.  

Change Agents  

Development 

Energy and Infrastructure 

The SOS species appear to differ in their responses to energy development. In 
southwestern Wyoming, abundance of Brewer’s and sagebrush sparrows decreased with 
increasing gas well density (Gilbert and Chalfoun, 2011). This effect is stronger in developing 
fields, where levels of human activities are typically greater than they are in older fields. In 
contrast, sage thrasher abundance did not decrease with increasing gas well density, although it is 
unclear whether this was due to strong breeding site fidelity or a greater tolerance to the direct 
and indirect effects of energy development (Gilbert and Chalfoun, 2011). Preliminary results 
from an associated study in the same region indicate that nest survival of all three species also 
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decreases with increasing habitat loss from natural gas development, whereas the densities of 
rodents that are the most common nest predators (mice, chipmunks, and ground squirrels) 
increase with increasing natural gas development (Anna Chalfoun, Research Wildlife Ecologist, 
University of Wyoming Cooperative Extension Unit; unpub. data, March 2013). In southwestern 
Wyoming, densities of Brewer’s and sagebrush sparrows also decreased within 100 meters (m) 
(328.1 feet [ft]) of roads associated with energy development (Ingelfinger and Anderson, 2004), 
and densities were negatively related to traffic volume. However, traffic volume alone did not 
fully account for the decreases; thus, it is suspected that noise levels and edge effects associated 
with the energy-development roads also negatively affected these birds (Ingelfinger and 
Anderson, 2004). 

The effects of wind turbines in sagebrush steppe on breeding densities or productivity of 
SOS are poorly understood. Songbirds in general frequently collide with tall objects, including 
wind turbines, power lines, and communications towers (Manville, 2005; Drewitt and Langston, 
2008), but the conditions that promote collisions are still debated. Low cloud ceilings at night 
tend to force migrating birds to lower altitudes, where birds are more likely to encounter and 
become disoriented by the light emitted from aviation warning lights (Poot and others, 2008; 
Gehring and others, 2009). Wind-energy facilities also create a “barrier effect” that restricts 
animal movements (see http://www.fws.gov/windenergy/docs/Barrier_Effect.pdf), and birds 
have been found to avoid these facilities by up to 1 kilometer (km) (0.62 miles [mi]), particularly 
in open habitats such as grasslands and shrublands (Pitman and others, 2005; Pearce-Higgins and 
others, 2009).  

Agricultural Activities 

Agricultural conversion from sagebrush steppe to cropland causes direct loss and 
fragmentation of SOS habitat (Knick and others, 2003). Agricultural conversion, its associated 
infrastructure (such as above-ground irrigation equipment), and fragmentation also create or 
provide movement corridors, lookout perches, and foraging areas for SOS nest predators and 
cowbirds, thus increasing nesting failure and (or) reducing productivity among SOS in nearby 
sagebrush habitats (Knick and others, 2003). 

Overgrazing by livestock and trampling can reduce the grass and forb components of the 
sagebrush system, alter composition of plant communities and associated arthropod fauna 
consumed by SOS, and it can result in trampled nests (Knick and others, 2003). Brewer’s 
sparrow exhibits a neutral or negative reponse to grazing (Saab and others, 1995). Cowbird 
parasitism is also promoted when sagebrush habitats are supplanted by grasses, especially in 
proximity to feedlots, watering sites, and other animal-concentrating infrastructure associated 
with the livestock industry (Knick and others, 2003).  

Altered Fire Regime and Invasive Species 

Recent evidence indicates that current fire regimes in the Wyoming Basin appear to be 
fairly similar to historical regimes, although previous authors have suggested that the number of 
fires and total area burned have increased in the last 30 years in the Basin (Miller and others, 
2011; Bukowski and Baker, 2013; see Chapter 11—Sagebrush Steppe). The presence of invasive 
grasses can increase fire frequency, size, and intensity, as well as alter the composition and 
structure of sagebrush understory in habitats used by SOS. Sagebrush sparrows have been found 
to abandon previously occupied habitats once they were supplanted by cheatgrass (Martin and 

http://www.fws.gov/windenergy/docs/Barrier_Effect.pdf


722 
 
 

Carlson, 1998), and sage thrashers are no longer found in sagebrush habitats supplanted by 
cheatgrass (Reynolds and others, 1999). 

Climate Change 

Changes in precipitation could affect SOS, but projections of precipitation are highly 
variable among climate models (see Chapter 7—Climate Analysis). If winter precipitation 
increases throughout the sagebrush steppe, as some models project (Karl and others, 2009), 
Brewer’s sparrow productivity could increase. Overall, measures of Brewer’s sparrow 
productivity, such as clutch and brood size and fledging success, were strongly affected by 
variation in prior winter weather, and the number of Brewer’s sparrow fledglings per nest 
correlated positively with precipitation levels in the previous winter (Rotenberry and others, 
1999). Less is known about the effects of climate trends or variability on the productivity of 
other SOS or potential effects of climate change on the nonbreeding habitats used by SOS. 

Rapid Ecoregional Assessment Components Evaluated for Sagebrush-Obligate Songbirds 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting s (fig. 26–1). Key ecological attributes addressed by the 
REA include (1) the distribution of baseline sagebrush-obligate songbird habitat, (2) landscape 
structure (patch sizes and structural connectivity), and (3) landscape dynamics (fire occurrence; 
table 26–1). The Change Agents evaluated include development and climate change (table 26–2). 
Ecological values and risks used to assess the conservation potential for SOS habitat by township 
are summarized in table 26–3. Core and Integrated Management Questions and the associated 
summary maps and graphs are provided in table 26–4. 

Methods Overview 

We developed general habitat models for each species using occupancy data collected 
between 2009 and 2012 in Wyoming as part of the Integrated Monitoring in Bird Conservation 
Regions program (White and others, 2012). A suite of occupancy models with different 
environmental covariates were evaluated using program MARK (White and Burnham, 1999), 
and the top model for each species was used to model their breeding distribution. The map of 
potential habitat used parameter threshold values that included 90 percent of the locations 
(omission rate of 10 percent). This omission rate minimized commission errors derived from a 
comparison with independent datasets from Idaho Fish and Game, Montana Natural Heritage 
Program, Utah Natural Heritage Program, and Wyoming Natural Diversity Database. The 
sagebrush-obligate songbird distribution map was derived from the occurrence of at least one 
species to quantify attributes of breeding habitat (hereafter habitat).  

We assessed development levels in SOS habitat using the Terrestrial Development Index 
(TDI) map, and then used the resulting output to calculate patch size and connectivity metrics. 
We mapped the structural connectivity of relatively undeveloped habitat at three interpatch 
distances derived from connectivity analysis: local (2.07 km; 1.29 mi), landscape (3.15 km; 1.96 
mi), and regional (3.69 km; 2.29 mi) levels. We used development levels to identify areas that 
may function as barriers or corridors by overlaying relatively undeveloped habitat patches on the 
TDI map. The perimeters of fires in SOS habitat since 1980 were compiled from several data 
sources to assess fire frequency and extent (table 26–1).  
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Landscape-level ecological values (area of habitat) and risk (TDI score) were compiled 
into an overall index of conservation potential for each township (table 26–3). Conservation 
potential was summarized by township based on overall landscape-level values and risks (table 
26–3). Landscape-level values and risks, and conservation potential rankings are intended to 
provide a synthetic overview of the geospatial datasets developed to address Core Management 
Questions in the REA. Because rankings are very sensitive to the input data used and the criteria 
used to develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they 
are best used as an initial screening tool to compare regional rankings in conjunction with the 
geospatial data for Core Management Questions and information on local conditions that cannot 
be determined from regional REA maps. See Chapter 2—Assessment Framework and the 
Appendix for additional details on the methods. 
 
 

 
 
Figure 26–1. Generalized conceptual model of sagebrush-obligate songbird (SOS) habitat for the 

Wyoming Basin Rapid Ecoregional Assessment (REA). Biophysical attributes and ecological processes 
regulating the occurrence, structure, and dynamics of SOS populations and habitat are shown in 
orange rectangles; additional ecological attributes are shown in blue rectangles; and anthropogenic 
Change Agents that affect key ecological attributes are shown in yellow ovals. The dashed lines 
indicate components not addressed by the REA. Livestock and invasive plants are Change Agents that 
were not evaluated due to the lack of regionwide data. 
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Table 26–1.  Key ecological attributes and associated indicators of baseline sagebrush-obligate songbird 
breeding habitat1 for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and distribution of habitat Total area Habitat distribution derived from vegetation and abiotic 

variables2 
Landscape 
structure 

Patch size Patch-size frequency distribution 

Structural 
connectivity3 

Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (0.09 km; 0.62 mi), 
and landscape and regional (0.27 km; 0.17 mi) levels 

Landscape dynamics Fire 
occurrence4 

Locations of fires and annual area burned since 1980 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of habitat 
due to Change Agents. Baseline conditions are defined as the potential current distribution of sagebrush-obligate 
songbird habitat derived from abiotic and biotic variables without explicit inclusion of Change Agents (see Chapter 
2—Assessment Framework). 
2 Habitat modeled using species occupancy; occupancy data from Rocky Mountain Bird Observatory and U.S. 
Geological Survey; habitat variables derived from SAGEMAP (Hanser and others, 2011) and Homer and others 
(2012). 
3 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not 
reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 

 

Table 26–2.  Anthropogenic Change Agents and associated indicators influencing sagebrush-obligate 
songbird habitat for the Wyoming Basin Rapid Ecoregional Assessment.  

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile] 

Change Agents Variables  Indicators 

Development Terrestrial 
Development Index1 

Percent of sagebrush-obligate songbird habitat in seven development 
classes using a 16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for sagebrush-obligate songbird 
habitat that is relatively undeveloped or has low development scores 
compared to baseline habitat 

Interpatch distances that provide an index of patch structural 
connectivity for relatively undeveloped patches at local (2.07 km; 1.29 
mi), landscape (3.15 km; 1.96 mi), and regional (3.69 km; 2.29 mi) 
levels 

Climate 
change 

Potential changes in 
sagebrush shrublands 

See Chapter 11—Sagebrush Steppe 

1 See Chapter 2—Assessment Framework. 
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Table 26–3.  Landscape-level ecological values and risks for sagebrush-obligate songbird habitat. Ranks 
were combined into an index of conservation potential for the Wyoming Basin Rapid Ecoregional 
Assessment. 

 
 

Relative rank  
 Variables1 Lowest Medium Highest Description2  

Values Area 

 
<49 49–92  >92 Percent of township modeled as 

  sagebrush-obligate songbird habitat 
Risks Terrestrial Development 

Index (TDI) 
<1 1–3 >3   Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for sagebrush-obligate songbird 
habitat to minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in 
Appendix). 
2 See tables 26–1 and 26–2 for description of variables. 

 

Table 26–4.  Management Questions addressed for sagebrush-obligate songbirds for the Wyoming Basin 
Rapid Ecoregional Assessment.  

Core Management Questions Results 

Where is baseline sagebrush-obligate songbird habitat, and what is the total area? Figure 26–2 

Where does development pose the greatest threat to baseline sagebrush-obligate songbird 
habitat, and where are the relatively undeveloped areas? 

Figures 26–3 and 26–4 

How has development fragmented baseline sagebrush-obligate songbird habitat, and where 
are the large, relatively undeveloped patches?  

Figures 26–5 and 26–6 

How has development affected structural connectivity of sagebrush-obligate songbird habitat 
relative to baseline conditions? 

Figure 26–7 

Where are potential barriers and corridors that may affect animal movements among 
relatively undeveloped habitat patches? 

Figure 26–8 

Where have recent fires occurred in sagebrush-obligate songbird habitat, and what is the total 
area burned per year? 

Figures 26–9 and 26–10 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for sagebrush-
obligate songbird habitat? 

Figure 26–11 

Where are the townships with the greatest landscape-level ecological values?  Figure 26–12 

Where are the townships with the greatest landscape-level risks? Figure 26–12 

Where are the townships with the greatest conservation potential?  Figure 26–13 

 

  



726 
 
 

Key Findings for Management Questions 

Where is baseline and sagebrush-obligate songbird habitat, and what is the total area (fig. 26–2)? 
• Baseline habitat total for (A) Brewer’s sparrow is 97,141 square kilometers (km2) (37,506.35 

square miles [mi2]) or 54.5 percent of the project area; (B) sagebrush sparrow is 72,645 km2 
(28,048.39 mi2) or 40.7 percent of the project area; and (C) sage thrasher is 89,429 km2 
(34,528.73 mi2) or 50.1 percent of the project area.  

• Total baseline habitat for all three SOS species combined is 103,537 km2 (39,975.86 mi2) or 
58 percent of the project area and there is a close correspondence in the modeled 
distributions of SOS species. 

• There is a high degree of overlap among species in areas where sagebrush shrublands are 
dominant (fig. 26−2D). In the Bighorn Basin and along the ecoregion perimeter, where the 
distribution of sagebrush is more heterogeneous, the number of SOS species is predicted to 
be lower as the species may respond differently to spatial heterogeneity at those scales. 

 

Where does development pose the greatest threat to baseline sagebrush-obligate songbird habitat, and 
where are the relatively undeveloped areas (figs. 26–3 and 26–4)? 
• The TDI scores for baseline SOS habitat are similar to those for sagebrush shrublands overall 

(see Chapter 11—Sagebrush Steppe). Only 23.8 percent of baseline habitat is classified as 
relatively undeveloped (TDI score <1 percent) (figs. 26–3 and 26–4). 

• Approximately 20 percent of SOS habitat in the Basin has high levels of development as 
indicated by TDI scores >5 percent (fig. 26–4).  

 

How has development fragmented baseline sagebrush-obligate songbird habitat, and where are the large, 
relatively undeveloped patches (figs. 26–5 and 26–6)? 
• Development has effectively fragmented SOS habitat into smaller patches relative to baseline 

conditions. All patches of relatively undeveloped SOS habitat are <5,000 km2 (1,930.51 mi2), 
whereas half of baseline SOS habitat occurs within patches >5,000 km2 (figs. 26–5 and 26–
6).  

• Several large areas of relatively undeveloped habitat >1,000 km2 (386.1 mi2) remain, all of 
which are located in the southern portion of the Basin (fig. 26–6). Most of the relatively 
undeveloped habitat occurred in numerous isolated patches.  

 
How has development affected structural connectivity of sagebrush-obligate songbird habitat relative to 
baseline conditions (fig. 26–7)? 
• Baseline SOS habitat is highly connected, with local-scale connectivity occurring at a 0.09-

km (0.62-mi) interpatch distance, and landscape- and regional-scale connectivity occurring at 
a 0.27 km (0.1 mi) interpatch distance (fig. 26–7). 

• Development has greatly diminished the structural connectivity of SOS habitat. Relatively 
undeveloped habitat is highly fragmented, and local-scale connectivity (2.07 km [1.29 mi]) is 
double that of baseline conditions. Interpatch distances for landscape- (3.15 km [1.96 mi]) 
and regional-scale connectivity (3.69 km [2.29 mi]) for relatively undeveloped habitat are 
more than an order of magnitude greater than for baseline conditions. 
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Figure 26–2. Distribution of baseline sagebrush-obligate songbird habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area derived from occupancy models for (A) Brewer’s sparrow, (B) 
sagebrush sparrow, and (C) sage thrasher. (D) Number of sagebrush-obligate songbird species, 
derived from distribution maps A−C, is also illustrated. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Figure 26–3. Terrestrial Development Index scores for sagebrush-obligate songbird habitat in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Figure 26–4. Area and percent of sagebrush-obligate songbird habitat as a function of the Terrestrial 

Development Index in the Wyoming Basin Rapid Ecoregional Assessment project area.  

 
 

 
Figure 26–5. Patch sizes of sagebrush-obligate songbird habitat as a function of patch size for baseline 

conditions and for two development levels: (1) Terrestrial Development Index (TDI) score <3 percent, 
and (2) TDI score <1 percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 
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Figure 26–6. Patch sizes of sagebrush-obligate songbird habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas 
(Terrestrial Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer


731 
 
 

 
 
Figure 26–7. Structural connectivity of relatively undeveloped sagebrush-obligate songbird habitat in the 

Wyoming Basin Rapid Ecoregional Assessment project area. Black polygons include large and highly 
connected habitat patches. Blue polygons include habitat patches that contribute to both landscape 
and regional connectivity. Orange polygons represent isolated clusters of patches surrounded by 
developed areas or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches (fig. 26–8)? 

 
 
Figure 26–8. Potential barriers and corridors as a function of Terrestrial Development Index (TDI) score 

for lands surrounding relatively undeveloped sagebrush-obligate songbird habitat. Higher TDI scores 
(for example, >5 percent) represent potential barriers to movement among relatively undeveloped 
habitat patches. Lower TDI scores (for example, <2 percent) represent potential corridors for 
movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Where have recent fires occurred in sagebrush-obligate songbird habitat, and what is the total area burned 
per year (figs. 26–9 and 26–10)? 
• Cumulatively, 2.4 percent (2,529 km2 [976.45 mi2]) of SOS habitat has burned since 1980 

(figs. 26–9 and 26–10).  
• In most years, fires are small and burn only a small portion of SOS habitat, with most of the 

area burned by a large fire occurring in 2000 (fig. 26–9; see Chapter 5—Wildland Fire for 
more comprehensive discussion of fire). 

 
How does risk from development vary by land ownership or jurisdiction for sagebrush-obligate songbird 
habitat (table 26–5, fig. 26–11)? 
• Approximately half of baseline SOS habitat occurred on BLM lands and another third is 

privately owned (table 26–5). 
• Baseline SOS habitat on BLM and private lands have a lower proportion of highly developed 

land than all other land ownerships (fig. 26–11).  
• Private, conserved lands have relatively high levels of development. 
 
 
 

 
 
Figure 26–9. Annual area burned by wildfires and prescribed fires in baseline sagebrush-obligate 

songbird habitat since 1980 in the Wyoming Basin project area. 
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Figure 26–10. Occurrence of wildfires and prescribed fires in baseline sagebrush-obligate songbird 

habitat since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Table 26–5.  Area and percent of sagebrush-obligate songbird habitat by ownership or jurisdiction in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 53,548 51.7 
Private 34,543 33.4 
State/County 6,893 6.7 
Tribal 4,401 4.3 
Other Federal1 2,432 2.3 
Forest Service2 1,049 1.0 
Private conservation 617 0.6 

1 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and 
Wildlife Service. 
2 U.S. Department of Agriculture Forest Service. 
 

 
Figure 26–11. Relative ranks of risk from development, by land ownership or jurisdiction, for sagebrush-

obligate songbird habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings 
are lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), 
and highest (TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (fig. 26–12)? 

 
 
Figure 26–12. Ranks of landscape-level ecological values and risks for sagebrush-obligate songbird 

habitat, summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. 
(A) Landscape-level values based on habitat area and (B) landscape-level risks based on Terrestrial 
Development Index (see table 26–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Where are the townships with the greatest conservation potential (fig. 26–13)? 

 
 
Figure 26–13. Conservation potential of sagebrush-obligate songbird habitat, summarized by township, in 

the Wyoming Basin Rapid Ecoregional Assessment project area. Highest conservation potential 
identifies areas that have the highest landscape-level values and the lowest risks. Lowest conservation 
potential identifies areas with the lowest landscape-level values and the highest risks. Ranks of 
conservation potential are not intended as stand-alone summaries and are best interpreted in 
conjunction with the geospatial datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch26_Sagebrush_Songbirds/MapServer
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Summary 

Total baseline habitat for all three SOS species combined is 103,537 square kilometers 
(km2) (39,975.9 square miles [mi2]) or 58 percent of the project area, and there is a close 
correspondence in the distributions of sagebrush-obligate songbird (SOS) species. A total of 23 
percent of their habitat is relatively undeveloped, whereas 20 percent has high levels of 
development as indicated by Terrestrial Development Index (TDI) scores >5 percent. Sagebrush-
obligate songbird habitat is highly connected in baseline conditions, especially in the southern 
half of the Wyoming Baseline, but development has effectively fragmented and reduced the 
structural connectivity of habitat for all three species. The largest patches of relatively 
undeveloped SOS habitat are found northeast and southwest of Rock Springs. Previous research 
in Wyoming indicates that Brewer’s and sagebrush sparrows may be more sensitive to energy 
development than sage thrasher (Gilbert and Chalfoun, 2011).  

All three species are listed as Wyoming Species of Greatest Conservation Need 
(Wyoming Game and Fish Department, 2010) due to habitat loss, degradation, and 
fragmentation. The majority of the modeled SOS habitat in the Wyoming Basin is managed by 
the Bureau of Land Management or is on private lands, and risk from development is similar for 
both types of land. Some of the townships with the highest conservation potential for SOS 
habitat occur within areas that may function as strongholds for sagebrush shrublands under 
projections of climate change. 
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Key Ecological Attributes 

Distribution and Ecology 

The pygmy rabbit is the smallest member of the Leporidae family (rabbits and hares) in 
North America. The species is considered a sagebrush-obligate because of its close association 
with sagebrush shrublands. The pygmy rabbit’s overall range coincides with sagebrush across 
portions of California, Oregon, Nevada, Utah, Wyoming, Montana, Idaho, and some adjacent 
intermountain areas (Larrucea and Brussard, 2008a; U.S. Fish and Wildlife Service, 2010). In the 
Wyoming Basin, pygmy rabbits are generally restricted to the southwestern portion of the 
ecoregion. There is concern that the pygmy rabbit has undergone range contractions and 
population declines due to anthropogenic activities, although existing information is insufficient 
for ascertaining trends (U.S. Fish and Wildlife Service, 2010).  

In 2003, a disjunct pygmy rabbit population in the Columbia Basin in Washington was 
listed as endangered under the U.S. Endangered Species Act (U.S. Fish and Wildlife Service, 
2003). Subsequently, the species was petitioned for listing throughout its range; the population in 
southwestern Wyoming was considered separately because the distribution in the region was 
poorly described and large-scale energy development was perceived as a potential threat (U.S. 
Fish and Wildlife Service, 2010). The final decision found that listing was “not warranted” either 
throughout the range or in specific regions (U.S. Fish and Wildlife Service, 2010); however, the 
species continues to be the focus of survey and research efforts to better understand its life 
history, habitat needs, and factors that limit its dispersal and survivorship. 

Pygmy rabbits are typically found in relatively tall, dense stands of big sagebrush, which 
provides both food and year-round escape and thermal cover (U.S. Fish and Wildlife Service, 
2010). During the winter, sagebrush composes 82–99 percent of the pygmy rabbit’s diet (Green 
and Flinders, 1980; Thines and others, 2004). During the breeding and brood-rearing season 
(spring and summer), pygmy rabbits preferentially feed on native bunch grasses and forbs, 
although sagebrush remains an important component of their diet (Green and Flinders, 1980).  

Pygmy rabbits are somewhat unique among Leporids in that reproductive potential is 
relatively low, and it is one of only two North American Leporids that digs its own burrows 
(U.S. Fish and Wildlife, 2010). The rabbits use their burrow systems to escape from predators 
and inclement weather, juveniles in particular, but adults also may rely on burrows for thermal 
cover in winter. Burrows are generally found in relatively loose, deep, sandy loams of aeolian or 
alluvial origin. The loose, deep soil structure likely permits burrowing activity and burrow 
drainage, and the clay component may be important to maintain integrity of the burrow structure. 
More study is needed, however, to determine the acceptable range of soil textures and maximum 
proportion of rock fragments associated with burrow development and longevity. Purcell (2006) 
documented that concentrations of phosphorous, potassium, magnesium, calcium, and sodium 
varied among sites occupied by pygmy rabbits and unoccupied sites, and speculated that pygmy 
rabbits were selecting for sites that optimized nutrient availability in vegetative food sources. 

Predators of pygmy rabbits include badgers, long-tailed weasels, coyotes, bobcats, great 
horned and long-eared owls, ferruginous hawks, northern harriers, and common ravens (U.S. 
Fish and Wildlife Service, 2010). In the Great Basin, annual mortality rates have ranged from 27 
to 89 percent due to predation on young and (or) adult rabbits (Sanchez, 2007; Crawford and 
others, 2010; Price and others, 2010). Sanchez (2007) and Crawford and others (2010) reported 
that the most common predators were avian and mammalian, including coyotes and weasels. One 
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study also noted that mortality rates peaked when migratory raptors returned in spring and when 
mammalian and avian predators begin to feed young (Sanchez, 2007). 

Landscape Structure and Dynamics 

Pygmy rabbit habitat is often patchy due to the heterogeneous distribution of dense 
sagebrush and soils required by the rabbits (Green and Flinders, 1980; Katzner and Parker, 
1997). Sites with the appropriate vegetative and soil characteristics tend to occur in association 
with specific landscape features, including permanent and intermittent stream corridors, alluvial 
fans, and sites where winds have deposited fine particles resulting in deeper soils and associated 
denser sagebrush (Dobler and Dixon, 1990; U.S. Fish and Wildlife Service, 2003). Large, dense 
patches of sagebrush preferred by pygmy rabbits are more common in the Wyoming Basin west 
of the Continental Divide than on the eastern side, where snowfall is less reliable and the 
distribution of sagebrush shrublands tends to be more heterogeneous (Knight, 1994).  

The patchy distribution of suitable pygmy rabbit habitat in combination with a pattern of 
rapid colonization and extirpation (Price and others, 2010) suggests that connectivity between 
habitat patches is important to maintaining population persistence (Hanski, 1999). Estimates of 
dispersal distances vary greatly and are strongly influenced by rabbit gender. Maximum dispersal 
distances for radio-collared juvenile pygmy rabbits in Idaho were 6.5 kilometers (km) (4.0 miles 
[mi]) and 11.9 km (7.4 mi) for males and females, respectively (Estes-Zumpf and Rachlow, 
2009). Although pygmy rabbits establish small home ranges (0.05–20 hectares (ha) [0.12−49.9 
acres]) in areas with a high percent of sagebrush cover, during dispersal or when translocated, 
they may traverse larger areas with minimal sagebrush cover (Estes-Zumpf and Rachlow, 2009; 
Lawes and others, 2012).  

A study in Idaho indicated that pygmy rabbits were absent from locations where recent 
fires and agricultural development had removed sagebrush cover (Rachlow and Svancara, 2006). 
Prior to Euro-American settlement, the primary disturbance factor influencing the spatial 
distribution of dense sagebrush patches was fire (see Chapter 11—Sagebrush Steppe for 
discussion of historical fire regime). The historical pattern of infrequent, large fires with 
multicentury fire rotations allowed mature sagebrush to dominate for prolonged periods (Baker, 
2011). Following extensive fires, it can take many decades for sagebrush shrublands to return to 
prefire densities (Bukowkski and Baker, 2013). The extensive and highly connected sagebrush 
landscapes prior to Euro-American settlement likely would have helped buffer populations from 
habitat loss resulting from large fires.  

Change Agents 

Development 

Energy and Infrastructure 

Pygmy rabbits may tolerate limited levels of energy development (Estes-Zumpf and 
others, 2009); however, an ongoing study from Wyoming indicates that pygmy rabbit site 
occupancy is negatively related to the densities of gas well pads and gas field roads (Stephen 
Germaine, Ecologist, U.S. Geological Survey, unpub. data, 2012). Site occupancy was only 6 
percent in areas where well densities were >7.7 wells/square kilometer (km2) (20 wells/square 
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mile [mi2]), whereas site occupancy was about 50 percent where well densities were <1.9 
wells/km2 (4.9 wells/mi2) and in undeveloped sites. 

The size and density of roads can affect dispersal, survival, and gene flow of pygmy 
rabbits. Large highways have been shown to impede pygmy rabbit movement and dispersal 
(Lawes and others, 2012; Thimmayya and Buskirk, 2012) and may inhibit translocated rabbits 
from returning to capture sites (Lawes and others, 2012); however, pygmy rabbits may readily 
cross gravel roads (Estes-Zumpf and Rachlow, 2009). Genetic analysis also indicates that large 
highways can serve as barriers to movement. In Wyoming, gene flow was measurably reduced 
by a four-lane highway, but in Idaho and Wyoming, two-lane highways had limited effect on 
gene flow and genetic differentiation (Estes-Zumpf and others, 2010; Thimmayya and Buskirk, 
2012). Survival also may be negatively affected by roads (Lawes and others, 2012). 

Infrastructure associated with energy development provides roosting and nesting 
substrates (for example, transmission poles, and storage structures) for avian predators. Common 
raven abundance was greater near anthropogenic structures in Wyoming (Bui and others, 2010) 
and the Mojave desert (Kristan and Boarman, 2007), and in Nevada, the abundance of various 
avian predators that prey on pygmy rabbits increased with increasing density of anthropogenic 
structures (Larrucea, 2007). Increased road density may enhance local populations of potential 
predators, including mesocarnivores. In Utah, for example, the abundance of pygmy rabbits and 
the number of active pygmy rabbit burrows were lower near sagebrush habitat edges, whereas 
predators and potential resource competitors (cottontail rabbits and jackrabbits) were higher near 
edges (Pierce and others, 2011).  

Agricultural Activities 

Agricultural conversion and habitat manipulation for livestock, such as chaining or 
prescribed burns, contribute to habitat loss and fragmentation (Estes-Zumpf and others, 2010). 
Because sagebrush shrublands in deeper soils are the most productive areas for agriculture, more 
of these sites, which are often preferred by pygmy rabbits, have been converted to agriculture 
than sites less preferred by the rabbits (White and Bartels, 2002). There is also evidence that 
agricultural development may impede pygmy rabbit movements. Because pygmy rabbits do not 
appear to inhabit areas with sparse sagebrush cover, it has been surmised in the past that pygmy 
rabbit populations may become isolated when sagebrush cover is reduced (Weiss and Verts, 
1984), and gene flow among pygmy rabbit populations separated by agricultural fields may be 
lower than it is for populations separated by roads or other types of unsuitable habitat (Estes-
Zumpf and others, 2010). On the other hand, studies have shown that pygmy rabbits often move 
>1 km (0.62 mi) across areas with little sagebrush cover (Estes-Zumpf and Rachlow, 2009; 
Lawes and others, 2012), and there was little genetic differentiation among pygmy rabbit 
populations across wide regions of southern Wyoming and eastern Idaho (Estes-Zumpf and 
others, 2010; Thimmayya and Buskirk, 2012). The degree to which pygmy rabbit populations are 
isolated by areas of unsuitable breeding habitat is unclear, and populations may persist within a 
given region if large areas of sagebrush shrublands remain intact and development does not 
substantially reduce their movements among sites (U.S. Fish and Wildlife Service, 2010). 

Livestock grazing occurs throughout pygmy rabbit habitat, and a summary of studies 
across the pygmy rabbit’s range indicated that pygmy rabbits often occupy areas used for 
livestock (U.S. Fish and Wildlife Service, 2010). In California and Nevada, when all land 
variables were considered, 62 percent of sites that showed evidence of current pygmy rabbit 
activity also were grazed by livestock (Larrucea and Brussard, 2008a). Livestock grazing may be 
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compatible with pygmy rabbit occupancy if livestock are stocked at levels low enough to avoid 
reductions in cover of sagebrush or soil compaction (Larrucea, 2007; U.S. Fish and Wildlife 
Service, 2010). However, livestock animals have been reported trampling pygmy rabbit burrows 
in Montana (Rauscher, 1997) and Idaho (Austin, 2002), although in many areas burrows 
remained intact when livestock were present (U.S. Fish and Wildlife Service, 2010). Overall, at 
high stocking levels, livestock grazing may be incompatible with pygmy rabbit occupancy if 
vegetation structure and composition are changed or trampling of burrows results in burrow 
collapse (U.S. Fish and Wildlife Service, 2010). Otherwise, livestock grazing may not pose a 
significant threat to pygmy rabbits (U.S. Fish and Wildlife Service, 2010). 

Altered Fire Regime 

In the Wyoming Basin, current fire regimes appear consistent with the historical fire 
regimes (Bukowski and Baker, 2013). Loss of large areas of sagebrush cover, however, coupled 
with the long recovery times of sagebrush systems (Bukowski and Baker, 2013), would 
negatively affect pygmy rabbit populations (Knick and Rotenberry, 1997).  

Invasive Species 

Cheatgrass is one of the most prevalent invasive species within the range of the pygmy 
rabbit and has potential to affect pygmy rabbits in several ways. First, it may result in reduced 
amounts of succulent vegetation available to pygmy rabbits during the breeding season when 
forbs and grasses are an important part of their diet (Green and Flinders, 1980). This could occur 
through competition between cheatgrass and other herbaceous plants (Melgoza and others, 
1990), and because cheatgrass senesces very early and may be unpalatable to pygmy rabbits 
throughout much of their breeding season. Second, high-density stands of cheatgrass may reduce 
the ability of pygmy rabbits to detect and evade predators (Weiss and Verts, 1984). Finally, 
cheatgrass can promote frequent, large fires that kill sagebrush, thereby reducing the amount of 
pygmy rabbit habitat across large regions (Paige and Ritter, 1999).  

Climate Change 

Changes in climate that affect sagebrush distributions could affect pygmy rabbits. There 
is also evidence that increased temperatures could have negative effects on pygmy rabbits. In a 
Nevada study, even after accounting for changes in vegetation and land use, there were more 
pygmy rabbit extirpations at low-elevation sites than at high-elevation sites (Larrucea and 
Brussard, 2008b). Between 1950 and the early 2000s, the mean elevational range of occupied 
sites increased by 157 meters (m) (515.1 feet [ft]) (Larrucea and Brussard, 2008b), which closely 
corresponds to the 117 m (383.9 ft) elevational increase expected if rabbits are responding to the 
observed rise (0.7 °C; 1.3 °F) in global temperature over the past century (McCarty, 2001). 

Rapid Ecoregional Assessment Components Evaluated for Pygmy Rabbit 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting pygmy rabbits (fig. 27–1). Key ecological attributes 
addressed by the REA include (1) the distribution of pygmy rabbit habitat, (2) landscape 
structure (patch sizes and structural connectivity), and (3) landscape dynamics (fire and 
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sagebrush-juniper ecotone dynamics; table 27–1). The Change Agents evaluated include 
development and climate change (table 27–2). Ecological values and risks used to assess the 
conservation potential of pygmy rabbit habitat by township are summarized in table 27–3. Core 
and Integrated Management Questions and the associated summary maps and graphs are 
provided in table 27–4. 

Methods Overview 

We developed a general habitat model for pygmy rabbits by using MaxEnt software 
(Phillips and others, 2006). Values of vegetation and abiotic variables at 3,066 mapped pygmy 
rabbit locations in Wyoming were derived from data sources in table 27–1. Variables with the 
greatest weight included the average temperature of the coldest quarter, annual mean 
temperature, sagebrush cover, and the percent of sand in the soil. The map of potential pygmy 
rabbit habitat used MaxEnt parameter threshold values that included 95 percent of the locations 
(omission rate of 5 percent). The distribution map was used to quantify attributes of baseline 
pygmy rabbit habitat within the region.  

We assessed development levels in pygmy rabbit habitat using the Terrestrial 
Development Index (TDI) map, and then used the resulting output to calculate patch size and 
connectivity metrics. We mapped the structural connectivity of relatively undeveloped habitat 
(TDI score <1 percent) at three interpatch distances derived from connectivity analysis: local 
(2.43 km [1.51 mi]), landscape (4.32 km [2.68 mi]), and regional (6.75 km [4.19 mi]) levels. We 
used development levels to identify areas that may function as barriers or corridors by overlaying 
relatively undeveloped habitat patches on the TDI map. The perimeters of fires in pygmy rabbit 
habitat since 1980 were compiled from several data sources to assess fire frequency and extent 
(see table 27–1).  

Landscape-level ecological values (area of habitat) and risk (TDI score) were compiled 
into an overall index of conservation potential for each township (table 27–3). Conservation 
potential was summarized by township based on overall landscape-level values and risks (table 
27–3). Landscape-level values and risks, and conservation potential rankings are intended to 
provide a synthetic overview of the geospatial datasets developed to address Core Management 
Questions in the REA. Because rankings are very sensitive to the input data used and the criteria 
used to develop the ranking thresholds, they are not intended as stand-alone maps. Rather, they 
are best used as an initial screening tool to compare regional rankings in conjunction with the 
geospatial data for Core Management Questions and information on local conditions that cannot 
be determined from regional REA maps. See Chapter 2—Assessment Framework and the 
Appendix for additional details on the methods. 
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Figure 27–1. Generalized conceptual model of pygmy rabbit habitat for the Wyoming Basin Rapid 

Ecoregional Assessment (REA). Biophysical attributes and ecological processes regulating the 
occurrence, structure, and dynamics of pygmy rabbit habitat are shown in orange rectangles; additional 
ecological attributes are shown in blue rectangles; and key anthropogenic Change Agents are shown in 
yellow ovals. The dashed lines indicate components not addressed by the REA. Livestock and invasive 
plants are Change Agents that were not evaluated due to the lack of regionwide data. 
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Table 27–1. Key ecological attributes and associated indicators of baseline pygmy rabbit habitat1 for the 
Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes Variables Indicators 
Amount and 
distribution of habitat 

Total area Habitat distribution derived from vegetation and abiotic 
variables2 

Landscape structure Patch size  Patch-size frequency distribution 

Structural connectivity3 Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (0.09 km; 0.06 mi), 
landscape (0.18 km; 0.11 mi), and regional (0.36 km; 0.22 mi) 
levels 

Landscape dynamics Fire occurrence4 Locations of fires and annual area burned since 1980 

Sagebrush-juniper 
ecotone dynamics 

See Chapter 17—Juniper Woodlands 

1 Baseline conditions are used as a benchmark to evaluate changes in the amount and landscape structure of habitat 
due to Change Agents. Baseline conditions are defined as the potential current distribution of pygmy rabbit habitat 
derived from abiotic and biotic variables without explicit inclusion of Change Agents (see Chapter 2—Assessment 
Framework). 
2 Habitat modeled using MaxEnt; occurrence data from the Wyoming Natural Diversity Database; habitat variables 
derived from SAGEMAP (Hanser and others, 2011), and Homer and others (2012). 
3 Structural connectivity refers to the relative proximity of patches at local, landscape, and regional levels but does 
not reflect species-specific measures of connectivity. See Chapter 2—Assessment Framework. 
4 See Wildland Fire section in the Appendix. 
 
 

Table 27–2. Anthropogenic Change Agents and associated indicators influencing pygmy rabbit habitat for 
the Wyoming Basin Rapid Ecoregional Assessment.  

[km2, square kilometer; mi2, square mile] 

Change Agents Variables  Indicators 

Development Terrestrial Development 
Index1 

Percent of pygmy rabbit habitat in seven development classes using 
a 16-km2 (6.18-mi2) moving window 

Patch-size frequency distribution for pygmy rabbit habitat that is 
relatively undeveloped or has low development scores compared to 
baseline habitat1 

Interpatch distances that provide an index of structural connectivity 
for relatively undeveloped patches at local (2.43 km; 1.51), 
landscape (4.32 km; 2.68 mi), and regional (6.75 km; 4.19 mi) 
levels 

Climate 
change 

Potential changes in 
sagebrush shrublands 

See Chapter 11—Sagebrush Steppe 

1 See Chapter 2—Assessment Framework. 
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Table 27–3. Landscape-level ecological values and risks for pygmy rabbit habitat. Ranks were combined 
into an index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2  
Values Area 

 
<9 9−45 >45 Percent of township modeled as 

pygmy rabbit habitat 

Risks Terrestrial 
Development 
Index (TDI) 

<1 1–3 >3 Mean TDI score by township 

1 Township was used as the analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for pygmy rabbit habitat to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in the 
Appendix). 
2 See tables 27–1 and 27–2 for description of variables. 
 
 

Table 27–4. Management Questions addressed for pygmy rabbit for the Wyoming Basin Rapid 
Ecoregional Assessment. 

Core Management Questions Results 

Where is baseline pygmy rabbit habitat, and what is the total area? Figure 27–2 

Where does development pose the greatest threat to baseline pygmy rabbit habitat, and where 
are the relatively undeveloped areas? 

Figures 27–3 and 27–4 

How has development fragmented baseline pygmy rabbit habitat, and where are the large, 
relatively undeveloped patches?  

Figures 27–5 and 27–6 

How has development affected structural connectivity of pygmy rabbit habitat relative to 
baseline conditions? 

Figure 27–7 

Where are potential barriers and corridors that may affect animal movements among 
relatively undeveloped habitat patches? 
 

Figure 27–8 

Where have recent fires occurred in baseline pygmy rabbit habitat, and what is the total area 
burned per year? 

Figures 27–9 and 27–10 

Integrated Management Questions Results 

How does risk from development vary by land ownership or jurisdiction for pygmy rabbit 
habitat? 

Table 27–5, Figure 27–
11 

Where are the townships with the greatest landscape-level ecological values? Figure 27–12 

Where are the townships with the greatest landscape-level risks? Figure 27–12 

Where are the townships with the greatest conservation potential?  Figure 27–13 
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Key Findings for Management Questions 

Where is baseline pygmy rabbit habitat, and what is the total area (fig. 27–2)? 
• Potential pygmy rabbit habitat totals 23,950 km2 (9,247.2 mi2) or 13.4 percent of the 

Wyoming Basin. 
• Pygmy rabbit habitat is widely distributed across the southwestern portion of the Wyoming 

Basin, but small patches of potential habitat are predicted to occur in the northern portion of 
the Basin (fig. 27–2). Pygmy rabbits have been documented in the Bighorn Basin, but 
coordinates of the locations were too imprecise to include in the MaxEnt model (thus, the 
distribution of pygmy rabbit habitat in the northern portion of the Basin has high 
uncertainty). 

 
Where does development pose the greatest threat to baseline pygmy rabbit habitat, and where are the 
relatively undeveloped areas (figs. 27–3 and 27–4)? 
• Approximately 20 percent of potential pygmy rabbit habitat in the Basin is relatively 

undeveloped (TDI score <1 percent), and 35 percent had high levels of development, as 
indicated by TDI scores >5 percent (fig. 27–4). 

• Development scores are highest for pygmy rabbit habitat in Utah and Idaho, the northern and 
western portions of the Green River Basin, and near Wamsutter, Wyo. (fig. 27–3). 

• Development scores for pygmy rabbit habitat are similar to those for sagebrush shrublands 
overall (see Chapter 11—Sagebrush Steppe). 

 
How has development fragmented baseline pygmy rabbit habitat, and where are the large, relatively 
undeveloped patches (figs. 27–5 and 27–6)? 
• Most of baseline pygmy rabbit habitat is found in 15 large patches >100 km2 (38.6 mi2) (figs. 

27–5 and 27–6). 
• Development has effectively fragmented pygmy rabbit into smaller patches relative to 

baseline conditions. Only 7.8 percent of relatively undeveloped areas occurs in patches >100 
km2 (38.6 mi) (fig. 27–5). 

• There are no relatively undeveloped patches of potential pygmy rabbit habitat >1,000 km2 
(386.1 mi2). 
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Figure 27–2. The distribution of baseline pygmy rabbit habitat in the Wyoming Basin Rapid Ecoregional 

Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Figure 27–3. Terrestrial Development Index scores for pygmy rabbit habitat in the Wyoming Basin Rapid 

Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Figure 27–4. Area and percent of pygmy rabbit habitat as a function of the Terrestrial Development Index 

in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 

 
Figure 27–5. Pygmy rabbit habitat as a function of patch size for baseline conditions and for two 

development levels: (1) Terrestrial Development Index (TDI) score<3 percent and (2) TDI score <1 
percent (relatively undeveloped areas) in the Wyoming Basin Rapid Ecoregional Assessment project 
area. 
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Figure 27–6. Patch sizes of pygmy rabbit habitat for the Wyoming Basin Rapid Ecoregional Assessment 

project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial Development 
Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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How has development affected structural connectivity of pygmy rabbit habitat relative to baseline conditions 
(fig. 27–7)? 
• Baseline pygmy rabbit habitat is highly connected, with regional-scale connectivity occurring 

at a 0.09-km (0.06-mi) interpatch distance.  
• Development has greatly reduced the structural connectivity of potential pygmy rabbit 

habitat. Local-scale connectivity for relatively undeveloped habitat is 2.43 km (1.51 mi), 
landscape-scale connectivity is to 4.62 km (2.87 mi), and regional-scale connectivity is 5.04 
km (3.13 mi), which is a fiftyfold increase compared to baseline connectivity. 

• Although the interpatch distance resulting in regional connectivity among relatively 
undeveloped areas is smaller than maximum distances reported for pygmy rabbits (6.5 km 
[4.0 mi] for females and 11.9 km [7.4 mi] for males), dispersal by pygmy rabbits can be 
negatively affected by roads, either because they avoid roads or due to direct mortality 
associated with roads, including being hit by vehicles or killed by predators. Consequently, 
development occurring outside of relatively undeveloped habitat may impede pygmy rabbit 
movements. 
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Figure 27–7. Structural connectivity of relatively undeveloped pygmy rabbit habitat in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Black polygons include large and highly connected habitat 
patches. Blue polygons include habitat patches that contribute to both landscape and regional 
connectivity. Orange polygons represent isolated clusters of patches surrounded by developed areas 
or other cover types. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Where are potential barriers and corridors that may affect animal movements among relatively 
undeveloped habitat patches (fig. 27–8)? 

 
 
Figure 27–8. Potential barriers and corridors as a function of Terrestrial Development Index (TDI) score 

for lands surrounding relatively undeveloped pygmy rabbit habitat. Higher TDI scores (for example, >5 
percent) represent potential barriers to movement among relatively undeveloped habitat patches. 
Lower TDI scores (for example, <2 percent) represent potential corridors for movements among 
patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Where have recent fires occurred in baseline pygmy rabbit habitat, and what is the total area burned per 
year (figs. 27–9 and 27–10)? 
• The amount of pygmy rabbit habitat that has burned each year has been highly variable (fig. 

27–9). 
• The largest fires occurred in pygmy rabbit habitat in Colorado and Utah (fig. 27–10). 
• Typically, only a small fraction of pygmy rabbit habitat has burned each year since 1980. 

Cumulatively, 2.6 percent (633 km2; 244.4 mi2) of their habitat has burned since 1980 (figs. 
27–9 and 27–10). The area of pygmy rabbit habitat that has been burned should be considered 
a minimum because some recently burned sagebrush is classified by LANDFIRE as 
grassland and therefore, may not be included in the pygmy rabbit habitat model. 

• Between 1980 and 2012, fires were typically small and, on average only burned <0.15 
percent of pygmy rabbit habitat per year. The largest area of pygmy rabbit habitat burned in 
2008. (See Chapter 5—Wildland Fire for more comprehensive discussion of fire). 

 
How does risk from development vary by land ownership or jurisdiction for pygmy rabbit habitat (table 27–5, 
fig. 27–11)? 
• The majority of the pygmy rabbit habitat in the Basin is managed by the Bureau of Land 

Management (BLM) and 28.3 percent occurs on private land (table 27–5).  
• Only 28 percent of pygmy rabbit habitat on BLM lands has the highest development risk, 

whereas 47 percent of private land has the highest development risk (fig. 27–11). 
• Most of the pygmy rabbit habitat on private land occurs in a checkerboard distribution with 

BLM lands along Interstate–80 in Wyoming (fig. 27–11). 
 

 
 
Figure 27–9. Annual area burned by wildfires and prescribed burns in baseline pygmy rabbit habitat 

since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 
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Figure 27–10. Occurrence of prescribed burns and wildfires in baseline pygmy rabbit habitat since 1980 in 

the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer


761 
 

Table 27–5. Area and percent of pygmy rabbit habitat by land ownership or jurisdiction in the Wyoming 
Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 1,486 62.1 
Private 677 28.3 
State/County 134 5.6 
Other Federal1 73 3.1 
Forest Service2 13 0.6 
Private Conservation 9 0.4 
Tribal 2 0.1 

1 National Park Service, Bureau of Reclamation, and U.S. Fish and Wildlife Service. 
2 U.S. Department of Agriculture Forest Service. 
 
 
 

 
Figure 27–11. Relative ranks of risk from development, by land ownership or jurisdiction, for pygmy rabbit 

habitat in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are lowest 
(Terrestrial Development Index [TDI] score <1 percent), medium (TDI score 1−3 percent), and highest 
(TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest Service] 
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Where are the townships with the greatest landscape-level ecological values, and where are the townships 
with the greatest landscape-level risks (fig. 27–12)? 

 
 
Figure 27–12. Ranks of landscape-level ecological values and risks for pygmy rabbit habitat, summarized 

by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Landscape-level 
values based on habitat area and (B) Landscape-level risks based on Terrestrial Development Index 
(see table 27–3 for overview of methods). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Where are the townships with the greatest conservation potential (fig. 27–13)? 

 
 
Figure 27–13. Conservation potential of pygmy rabbit habitat, summarized by township, in the Wyoming 

Basin Rapid Ecoregional Assessment project area. Highest conservation potential identifies areas that 
have the highest landscape-level values and the lowest risks. Lowest conservation potential identifies 
areas with the lowest landscape-level values and the highest risks. Ranks of conservation potential are 
not intended as stand-alone summaries and are best interpreted in conjunction with the geospatial 
datasets used to address Core Management Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch27_Pygmy_Rabbit/MapServer
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Summary 

Baseline pygmy rabbit habitat in the Wyoming Basin totals 23,950 square kilometers 
(km2) (9,247.2 square miles [mi2]) or 13.4 percent of the total area. Approximately 20 percent of 
potential pygmy rabbit habitat in the Basin is relatively undeveloped and 35 percent has high 
levels of development. Development has effectively fragmented pygmy rabbit habitat into 
smaller patches relative to baseline conditions; approximately 7.8 percent of relatively 
undeveloped areas occur in patches >100 km2 (38.6 mi2), and there are no relatively undeveloped 
patches >1,000 km2 (386.1 mi2). The largest patches of relatively undeveloped habitat are found 
west of Rock Springs and south of Rawlins, Wyoming. Development also has greatly reduced 
the connectivity of potential pygmy rabbit habitat compared to baseline conditions, and 
significant barriers may result from I-80 and the high density of roads and energy development 
south of Pinedale. Consequently, pygmy rabbit dispersal may be impeded by high levels of 
development outside of the relatively undeveloped areas. 

The majority of the potential pygmy rabbit habitat in the Wyoming Basin is managed by 
the Bureau of Land Management (BLM), and 28.3 percent occurs on private land. The pygmy 
rabbit habitat on BLM lands is less developed than it is on other lands, and most of the potential 
pygmy rabbit habitat on private land occurs in a checkerboard distribution with BLM land in 
southern Wyoming. Many of the townships with the highest conservation potential for pygmy 
rabbit habitat occur within areas that may function as strongholds for sagebrush shrublands under 
projections of climate change (see Chapter 11—Sagebrush Steppe). 

References Cited 

Austin, M.L., 2002, An inventory of Brachylagus idahoensis within selected areas of the 
Shoshone Bureau of Land Management field office: Twin Falls, Ida., Red Willow Research 
Inc., 112 p. 

Baker, W.L., 2011, Pre-Euro-American and recent fire in sagebrush ecosystems, in Knick, S.T., 
and Connelly, J.W., eds., Greater sage-grouse—Ecology and conservation of a landscape 
species and its habitats: Berkeley, Calif., University of California Press, Studies in Avian 
Biology, no. 38, p. 185–201. 

Bui, T.D., Marzluff, J.M., and Bedrosian, Bryan, 2010, Common raven activity in relation to 
land use in western Wyoming—Implications for Greater Sage-Grouse reproductive success: 
Condor, v. 112, p. 65–78. 

Bukowski, B.E., and Baker, W.L., 2013, Historical fire regimes, reconstructed from land-survey 
data, led to complexity and fluctuation in sagebrush landscapes: Ecological Applications, v. 
23, p. 546–654. 

Crawford, J.A., Anthony, R.G., Forbes, J.T., and Lorton, G.A., 2010, Survival and causes of 
mortality for pygmy rabbits (Brachylagus idahoensis) in Oregon and Nevada: Journal of 
Mammalogy, v. 91, p. 838–847.  

Dobler, F.C., and Dixon, K.R., 1990, The pygmy rabbit Brachylagus idahoensis in Chapman, 
J.A. and Flux, J.E.C., eds., Rabbits, hares and pikas—Status survey and conservation action 
plan: Gland, Switzerland, International Union for the Conservation of Nature, p. 111–115, at 
http://data.iucn.org/dbtw-wpd/edocs/1990-010.pdf, accessed January 26, 2014. 

http://data.iucn.org/dbtw-wpd/edocs/1990-010.pdf


765
 

Estes-Zumpf, W.A., and Rachlow, J.L., 2009, Natal dispersal by the pygmy rabbits (Brachylagus 
idahoensis): Journal of Mammalogy, v. 90, p. 363–372. 

Estes-Zumpf, W.A, Griscom, Hannah, and Keinath, D.A., 2009, Annual report—Pygmy rabbit 
monitoring in the Pinedale Anticline Project Area, Sublette County, Wyoming: Laramie Wyo., 
Wyoming Natural Diversity Database, prepared for the Wyoming Game and Fish Department, 
Pinedale Anticline Project Office, and the Pinedale Field Office of the Bureau of Land 
Management, 34 p. 

Estes-Zumpf, W.A., Rachlow, J.L., Waits, L.P., and Warheit, K.I., 2010, Dispersal, gene flow, 
and population genetic structure in the pygmy rabbit (Brachylagus idahoensis): Journal of 
Mammalogy, v. 91, p. 208–219. 

Green, J.S., and Flinders, J.T., 1980, Habitat and dietary relationships of the pygmy rabbit: 
Journal of Range Management, v. 33, p.136–142. 

Hanski, Ilkka, 1999, Metapopulation ecology: Oxford, U.K., Oxford University Press, 313 p. 

Hanser, S.E., Leu, M., Knick, S.T., and Aldridge, C.L., eds., 2011, Sagebrush ecosystem 
conservation and management—Ecoregional assessment tools and models for the Wyoming 
Basins: Lawrence, Kans., Allen Press, at http://sagemap.wr.usgs.gov/wbea.aspx, data accessed 
December 2013. 

Homer, C.G., Aldridge, C.L., Meyer, D.K., and Schell, S.J., 2012, Multi-scale remote sensing 
sagebrush characterization with regression trees over Wyoming, USA—Laying a foundation 
for monitoring: International Journal of Applied Earth Observation and Geoinformation, v. 14, 
p. 233−244. 

Katzner, T.E., and Parker, K.L., 1997, Vegetative characteristics and size of home ranges used 
by pygmy rabbits (Brachylagus idahoensis) during winter: Journal of Mammalogy, v. 78, p. 
1063–1072. 

Knick, S.T., and Rotenberry, J.T., 1997, Landscape characteristics of disturbed shrubsteppe 
habitats in southwestern Idaho (U.S.A.): Landscape Ecology, v. 12, p. 287–297. 

Knight, D.H., 1994, Mountains and plains—The ecology of Wyoming landscapes: New Haven, 
Conn., Yale University Press, 352 p. 

Kristan III, W.B., and Boarman, W.I., 2007, Effects of anthropogenic developments on common 
raven nesting biology in the West Mojave Desert: Ecological Applications, v. 17, p. 1703–
1713. 

Larrucea, E.S., 2007, Distribution, behavior, and habitat preferences of the pygmy rabbit 
(Brachylagus idahoensis) in Nevada and California: Reno, Nev., University of Nevada Reno, 
Ph.D. dissertation, 181 p. 

Larrucea, E.S., and Brussard, P.F., 2008a, Habitat selection and current distribution of the pygmy 
rabbit in Nevada and California, USA: Journal of Mammalogy, v. 89, p. 691–699. 

Larrucea, E.S., and Brussard, P.F., 2008b, Shift in location of pygmy rabbit (Brachylagus 
idahoensis) habitat in response to changing environments: Journal of Arid Environments, v. 
72, p. 1636–1643. 

http://sagemap.wr.usgs.gov/wbea.aspx


766 
 

Lawes, T.J., Anthony, R.G., Robinson, W.D., Forbes, J.T., and Lorton, G.A., 2012, Homing 
behavior and survival of pygmy rabbits after experimental translocation: Western North 
American Naturalist, v. 72, p. 569–581.  

McCarty, J.P., 2001, Ecological consequences of recent climate change: Conservation Biology, 
v. 15, p. 320–331. 

Melgoza, Graciela, Nowak, R.S., and Tausch, R.J., 1990, Soil water exploitation after fire—
Competition between Bromus tectorum (Cheatgrass) and two native species: Oecologia, v. 83, 
p. 7–13. 

Paige, Christine, and Ritter, S.A., 1999, Birds in a sagebrush sea—Managing sagebrush habitats 
for bird communities: Boise, Idaho, Partners in Flight Western Working Group, 47 p., at 
http://www.partnersinflight.org/wwg/sagebrush.pdf, accessed January 26, 2014. 

Phillips, S.J., Anderson, R.P., and Schapire, R.E., 2006, Maximum entropy modeling of species 
geographic distributions: Ecological Modelling, v. 190, p. 231–259. 

Pierce, J.E., Larsen, R.T., Flinders, J.T., and Whiting, J.C., 2011, Fragmentation of sagebrush 
communities—Does an increase in habitat edge impact pygmy rabbits?: Animal Conservation, 
v. 14, p. 314–321.  

Price, A.J., Estes-Zumpf, W.A, and Rachlow, J.L., 2010, Survival of juvenile pygmy rabbits: 
Journal of Wildlife Management, v. 74, p.43–47.  

Purcell, M.J., 2006, Pygmy rabbit (Brachylagus idahoensis) distribution and habitat selection in 
Wyoming: Laramie, Wyo., University of Wyoming, M.Sc. thesis, 110 p. 

Rachlow, J.L., and Syancara, L.K., 2006, Prioritizing Habitat for Surveys of an Uncommon 
Mammal—A Modeling Approach Applied to Pygmy Rabbits: Journal of Mammalogy, v. 87, 
no., 5, p. 877−833. 

Rauscher, R.L., 1997, Status and distribution of the pygmy rabbit in Montana: Bozeman, Mont., 
Montana Fish Wildlife and Parks, 19 p. 

Sanchez, D.M., 2007, Pieces of the pygmy rabbit puzzle: Space use, survival, and survey 
indicators: Moscow, Ida., University of Idaho, Ph.D. dissertation, 146 p.  

Thimmayya, A.C., and Buskirk, S.W., 2012, Genetic connectivity and diversity of pygmy rabbits 
(Brachylagus idahoensis) in southern Wyoming: Journal of Mammalogy, v.93, p. 29–37. 

Thines, N.J.S., Shipley, L.A. and Sayler, R.D, 2004, Effects of cattle grazing on ecology and 
habitat of Columbia Basin pygmy rabbits (Brachylagus idahoensis): Biological Conservation, 
v. 119, p. 525–534. 

U.S. Fish and Wildlife Service, 2003, Endangered and threatened wildlife and plants—Final rule 
to list the Columbia Basin distinct population segment of the pygmy rabbit (Brachylagus 
idahoensis): Federal Register, v. 68, no. 43, p. 10388–10409, at 
https://www.federalregister.gov/articles/2003/03/05/03-5076/endangered-and-threatened-
wildlife-and-plants-final-rule-to-list-the-columbia-basin-distinct. 

U.S. Fish and Wildlife Service, 2010, Endangered and threatened wildlife and plants—12-month 
finding on a petition to list the pygmy rabbit as endangered or threatened, Proposed rule: 

http://www.partnersinflight.org/wwg/sagebrush.pdf


767 
 

Federal Register, v. 75, no. 189, p. 60516–60561, at www.gpo.gov/fdsys/pkg/FR-2010-09-
30/pdf/2010-24349.pdf. 

Weiss, N.T., and Verts, B.J., 1984, Habitat and distribution of pygmy rabbits (Sylvilagus 
idahoensis) in Oregon: Great Basin Naturalist, v. 44, p. 563–571. 

White, C., and Bartels, Peggy, 2002, A pygmy rabbit (Brachylagus idahoensis) survey on Idaho 
Bureau of Land Management Public Lands, Burley Field Office Area: Burley, Ida., U.S. 
Department of Interior, Bureau of Land Management, 19 p. 

http://www.gpo.gov/fdsys/pkg/FR-2010-09-30/pdf/2010-24349.pdf
http://www.gpo.gov/fdsys/pkg/FR-2010-09-30/pdf/2010-24349.pdf


768 
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Key Ecological Attributes 

Distribution and Ecology 

The mule deer is widely distributed throughout western North America from the southern 
Alaska and Yukon Territory south through Baja California and central Mexico, and from the 
Pacific Coast east to about the 100th meridian. The Rocky Mountain mule deer is the only 
subspecies in the Wyoming Basin ecoregion, where they are most likely to be found in 
shrublands and open woodlands associated with topographic breaks, such as foothills, ridges, and 
draws (Wallmo, 1981). 

Mule deer populations are declining throughout much of their range, and current 
population numbers are much lower than they were in the 1940s to 1960s (Bishop and others, 
2009). Climate variation, habitat changes, and predation are thought to be among the factors 
contributing to the declines (Bishop and others, 2009; Hurley and others, 2011). In Wyoming, 
the estimated number of mule deer declined by 31 percent between 2000–2011, from about 
540,000 to 376,000 deer (Mule Deer Working Group, 2013). From the 1980s to early 2010, the 
population in the Wyoming Range, one of the largest in the West, declined from more than 
50,000 to 29,500 deer (Wyoming Game and Fish Department, 2011) and is a State management 
concern (Wyoming Game and Fish Department, 2011). Decreasing productivity in many regions 
of the West, as measured by fawn-doe ratios (a measure of recruitment), appears to be one of the 
primary demographic factors contributing to population declines (Carpenter, 1998). In 
Wyoming, fawn production has declined approximately 20 percent since the 1980s, likely due to 
reduced habitat availability (Mule Deer Working Group, 2013). 

Mule deer in the Wyoming Basin are found in a broad range of vegetation types 
including shrublands, grasslands, woodlands, forests, and riparian habitats, as well as agricultural 
lands. Crucial habitat components include ample, nutritious forage, thermal and escape cover, 
and water (Wallmo, 1981; Anderson and Wallmo, 1984; Wiggers and Beasom, 1986;  Mule Deer 
Working Group, 2004). Mule deer diets vary by region, season, and forage availability, but they 
primarily browse on shrubs and small trees, as well as succulent forbs and nutritious grasses. In 
winter, the mule deer rely heavily on shrubs for forage in winter and shift to forbs and grasses in 
spring (Kufeld and others, 1973; Anderson and Wallmo, 1984). Survivorship and fecundity are 
strongly influenced by forage quantity and quality; high-quality forage is highly digestible and 
contains relatively high levels of crude protein (Anderson and Wallmo, 1984). Malnutrition can 
be a significant cause of winter mortality, reduced reproduction, and increased susceptibility to 
predation (Julander and others, 1961; Bender and others, 2007; Bishop and others, 2009). The 
need for access to free water is important when temperatures and energetic demands are high, 
such as during the rut or lactation, and when forage quality is low (Boroski and Mossman, 1998). 
Ideally, distances between water sources are <2–4.8 kilometers (km) (2–3 miles [mi]) (Mule 
Deer Working Group, 2009). In winter, mule deer meet their water needs by eating snow if 
available (Wallmo, 1981). 

Landscape Structure and Dynamics 

Rangewide, mule deer home range sizes vary from 49–3,379 hectares (ha) (121–8,350 
acres), depending on region, season, gender, body condition, reproductive status, habitat 
conditions, and other factors (Anderson and Wallmo, 1984; Kie and others, 2002). Mule deer 
home-range size can be influenced by the heterogeneity of vegetation types (Kie and others, 
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2002). Home-range size also may be smaller in relatively mesic regions where forage is more 
plentiful than it is in drier regions where forage is scarce and (or) of poor quality (Rodgers and 
others, 1978; Wallmo, 1981).  

Although mule deer use a broad range of vegetation types year round, their winter range 
is restricted by cold temperatures and deep snow, and most populations in the Wyoming Basin 
are migratory (Wallmo, 1981; Monteith and others, 2011; Sawyer and Kauffman, 2011; 
Anderson and others, 2012; Webb, Dzialak, Kosciuch, and others, 2013). Winter range provides 
access to forage and protection from adverse weather (Mule Deer Working Group, 2007) 
necessary to help deer survive the climatic stress of winter (Monteith and others, 2011). 
Snowpack can restrict movements, limit access to forage, and deplete energy reserves (Monteith 
and others, 2011). To help maintain body weight in winter, mule deer need access to relatively 
snow-free foraging areas with vegetation that can meet their winter maintenance nutrient needs 
(Anderson and others, 2012; Monteith and others, 2013). Sagebrush, bitterbush, and serviceberry 
are all important winter forage (Monteith and others, 2013). Thermal cover provided by conifers 
and primarily juniper can moderate winter mortality, especially during more extreme cold and 
snowy conditions (Pierce and others, 2012; Webb, Dzialak, Kosciuch, and others, 2013). 
Because the amount of suitable winter range is more limited than summer range, population 
densities are generally greater on winter range (Mule Deer Working Group, 2009), and depletion 
of food resources on the winter range can cause animals to shift to food resources that have 
lower nutritional value (Monteith and others, 2011; Pierce and others, 2012). Availability of 
suitable winter range is considered an important factor limiting mule deer populations (Wallmo, 
1981). 

Access to high-quality forage and cover is also important during migration and likely can 
affect the condition of animals arriving on winter range in the fall or prior to parturition in spring 
(Wallmo, 1981; Sawyer and Kauffman, 2011; Wyoming Game and Fish Department, 2011;  
Webb, Dzialak, Houchen, and others, 2013). In the Wyoming Basin, mule deer may move 
considerable distances from high-elevation summer range to low-elevation winter range. In the 
Upper Green River Basin and the Lower Great Divide Basin, telemetry data showed that animals 
moved 18–114 km (11.2 –70.8 mi) during migration (Sawyer and Kauffman, 2011). Male mule 
deer often move beyond their home ranges during the rut (late fall through late winter), and 
documented dispersal movements of young males range 5−200 km (3–124 mi), depending on 
habitat productivity (Anderson and Wallmo, 1984). The timing of migration can be influenced 
by the availability of forage, snow depth, temperature, and animal age and nutritional condition 
(Wallmo, 1981; Sawyer and others, 2009; Monteith and others, 2011). Availability of forage 
with a high nutritional value, which in spring is closely associated with phenological 
advancement (green-up), can affect the rate of movement and use of stopover sites during 
migration (Sawyer and Kauffman, 2011). Indeed, energy constraints during migration appear to 
be a primary driver of migration strategies in mule deer (Monteith and others, 2011; Sawyer and 
Kauffman, 2011). Populations often show strong fidelity to home ranges and migration routes 
(Julander and others, 1961; Wallmo, 1981; Kufeld and others, 1989; Sawyer and Kauffman, 
2011) 

Drought and fire can affect the availability of forage. Drought can decrease the 
availability of forage, whereas fire has mixed effects. Low-intensity, infrequent fire sets back 
seral stages, opens the denser habitats, recycles nutrients, and increases the nutritional value of 
new vegetative growth (Hobbs and Spowart, 1984; Clements and Young, 1997). In shrubland-
grassland mosaics, fire exclusion can permit mulches to accumulate, which can shade out warm-
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season, and promote cool-season, grasses (DeVos and McKinney, 2007). Infrequent, but large 
fires in sagebrush systems can enhance the growth of forbs, grasses, and re-sprouting shrubs and 
trees, but woody forage and cover provided by sagebrush and juniper can take decades to return 
to prefire densities (See Chapter 11—Sagebrush Steppe and Chapter 5—Wildland Fire). 

Associated Species of Management Concern 

Aspen provides forage and cover for mule deer, but high levels of herbivory by ungulates 
such as mule deer can negatively affect regeneration in aspen woodlands, especially those stands 
that are at risk from sudden aspen decline (see Chapter 15—Aspen Forests and Woodlands). 
Mule deer are important prey for mountains lions (Fitzgerald and others, 1994), coyotes, gray 
wolves, bobcats, and bears (Wallmo, 1981). Smaller predators prey on mule deer fawns and 
adults in poor condition, and adult mountain lions can kill adult mule deer in good condition.  

Change Agents 

Development 

Energy and Infrastructure  

Overall, energy and urban/exurban development and infrastructure are contributing to the 
loss and fragmentation of mule deer habitat, especially along migration corridors and in crucial 
winter ranges (Wyoming Game and Fish Department, 2011). Direct habitat loss results from 
habitat conversion, but substantially greater indirect habitat loss may occur as a result of barriers 
along migration routes and high levels of disturbance (Sawyer and others, 2006). Roads, fences, 
energy transmission structures, and other infrastructure associated with development, as well as 
human activities, such as traffic and noise, all represent potential barriers (Sawyer and others, 
2013).  

Most anthropogenic features are semipermeable barriers that restrict or alter movements, 
thereby altering functional attributes of migration routes (Sawyer and others, 2013). Mule deer 
responses to barriers are influenced, at least in part, by the extent and intensity of development, 
and by levels of human activity or disturbance (Sawyer and Kauffman, 2011; Sawyer and others, 
2006). In Wyoming, moderate levels of oil and gas development did not appreciably affect mule 
deer migration patterns, but at higher levels, mule deer detoured from traditional routes, 
increased their rates of movement nearly twofold, and reduced their time spent at crucial 
stopovers (Sawyer and others, 2013). In some cases, increased movement rates may be offset by 
longer use of stopovers after passing through developed areas (Sawyer and others, 2013). In 
western Colorado, migrating mule deer responded similarly to low and moderate levels of energy 
development but were more sensitive to high levels of development (Lendrum and others, 2012). 
Additionally, deer traveling through more developed areas tended to select habitats that provided 
more concealment cover, whereas those travelling through less developed areas selected habitats 
that provided access to foraging and concealment (Lendrum and others, 2012). Mule deer fidelity 
to migration routes also plays a role in their responses to barriers posed by development 
(Lendrum and others, 2012).  

On crucial winter range, avoidance of wells pads and roads effectively reduces habitat 
availability (Sawyer and others, 2006; Sawyer and others, 2009; Rost and Bailey, 1979). A 
recent study in Wyoming showed that mule deer on their winter range are highly sensitive to the 
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levels of disturbance associated with well pads in both development and production phases 
(Sawyer and others, 2006, 2009). The average number of vehicle trips per day for producing 
wells with pipelines was 2–5 as opposed to 4–9 for wells that required tanker trucks to collect 
fluid by-products; areas with the highest predicted mule deer use were 2.61 km versus 4.30 km 
(1.6 versus 2.7 mi) from well pads with and without pipelines, respectively. These avoidance 
distances correspond to indirect habitat losses of 2,100–5,800 ha (5,189–14,332 acres) compared 
to direct habitat loss from well pads averaging 1.2–1.6 ha (3–4 acres) in size. Wells that were 
actively being drilled had considerably more disturbance and the number of vehicle passes 
ranged from 86 to 145 per day; the corresponding areas with the highest predicted mule deer use 
were 7.49 km (4.65 mi) away. Furthermore, even after three years mule deer did not acclimate to 
energy development (Sawyer and others, 2006).  

In addition to direct and indirect habitat loss (Rost and Bailey, 1979; Webb, Dzialak, 
Kosciuch, and others, 2013), roads can represent a significant source of mule deer mortality. In 
1991, at least 500,000 deer (all deer species) were killed on highways in the United States, with 
an increasing trend from 1981 to 1991 (Romin and Bissonette, 1996). Motorized recreational 
vehicles including off-highway vehicle (OHV) and snowmobiles, also can disturb and negatively 
affect mule deer (Ouren and others, 2007). 

Agriculture and Grazing  

Cropland conversion has resulted in habitat loss for mule deer in the Wyoming Basin, 
particularly along riparian floodplains. Mule deer sometimes forage heavily in agricultural lands, 
which may partially offset losses of food resources but not the loss of escape or thermal cover 
(Mule Deer Working Group, 2009). Mule deer may leave their summer ranges earlier than they 
did historically to feed on high-quality food resources in agricultural lands before the plants 
senesce and their nutritional value decreases (Garrott and others, 2013). Mule deer also may 
forage on crops and pastures in early spring, when the deer are in poor nutritional status, and 
female energy demands are high due to pregnancy (Garrott and others, 2013).  

Chronic overgrazing by livestock can reduce mule deer cover and the quantity, quality 
(including digestibility), and palatability of mule deer forage (Julander and others, 1961; 
Clements and Young, 1997; Vavra and others, 2007). Moreover, moderate to heavy levels of 
livestock grazing can prompt mule deer to shift their home ranges (Loft and others, 2013) and 
may promote invasions of nonnative plants (see section below). Brush control and plantings of 
nonnative grasses to enhance forage production for livestock also diminish crucial mule deer 
winter browse and cover (Clements and Young, 1997). 

Invasive Species 

It is not clear how invasive species ultimately may affect mule deer. Interactive effects of 
fire and invasive species (see Chapter 11—Sagebrush Steppe) can lead to the loss of shrubland 
habitats required by mule deer for crucial winter forage and cover (Clements and Young, 1997; 
DeVos and McKinney, 2007), as well as perennial grasses and forbs consumed by mule deer. In 
some cases, however, ungulates have been found to prefer nonnative plants over their native 
counterparts (Austin and others, 1994). 
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Insects and Disease 

Mule deer are susceptible to various diseases and parasites that can cause mortality or 
predispose them to mortality from other causes (Wallmo, 1981). Currently, the disease of 
greatest concern among Rocky Mountain mule deer is chronic wasting disease. By 2000, the 
estimated incidence of chronic wasting disease among Colorado mule deer was 15 percent 
(Gross and Miller, 2001; Mule Deer Working Group, 2004). Two other diseases of potential 
concern include bluetongue virus and epizootic hemorrhagic disease (Mule Deer Working 
Group, 2004), which have potential to interact with climate change (see section below). 

Climate Change 

The potential effects of projected climate change on mule deer are equivocal. Although 
milder winter temperatures could ameliorate winter die-offs of mule deer (DeVos and 
McKinney, 2007), this could lead to population fluctuations that result in habitat degradation. 
Because the migratory behavior of deer is sensitive to proximate cues (forage availability, 
climate), the timing of migration could shift due to changing climate (Monteith and others, 
2011). Climate change projections indicate that low-elevation aspen woodlands, which provide 
important cover and forage for mule deer during parturition (DeVos and McKinney, 2007), could 
be at increased risk for sudden aspen decline (see Chapter 15—Aspen Forests and Woodlands). 
Recent research on factors that influence distributions of biting midges, which serve as vectors of 
bluetongue and epizootic hemorrhagic disease, suggests that climate change could alter the 
distribution and incidence of mule deer diseases (Schmidtmann and others, 2011). Increased 
carbon dioxide (CO2) concentrations could potentially affect the nutritional quality and quantity 
of mule deer forage (DeVos and McKinney, 2007).  

Rapid Ecoregional Assessment Components Evaluated for Mule Deer 

A generalized, conceptual model was used to highlight some of the key ecological 
attributes and Change Agents affecting mule deer (fig. 28–1). Key ecological attributes 
addressed by the REA include (1) the distribution of mule deer habitat (crucial winter range and 
migration corridors), (2) landscape structure (patch sizes and structural connectivity of mule deer 
crucial winter range), and (3) landscape dynamics (fire occurrence) (table 28–1). The Change 
Agents evaluated include development, and chronic wasting disease (table 28–2). Ecological 
values and risks used to assess the conservation potential by township are summarized in table 
28–3. Core and Integrated Management Questions and the associated summary maps and graphs 
are provided in table 28–4. 

Methods Overview 

Almost the entire Wyoming Basin provides year-round habitat (derived from maps 
provided by State wildlife agencies; table 28–1). We identified crucial winter range and 
migration corridors as key ecological attributes (parturition habitat is also important but 
regionwide data were not available). Definitions of crucial winter range varied by each state and 
winter range was not identified in Idaho portions of the project area. The locations of migration 
corridors were provided by Colorado and Wyoming but the precision and accuracy of the 
mapped corridors varied substantially across the region. Such differences in source data can lead 
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to differences in results across state boundaries. Crucial winter range and migration corridor 
locations were used to quantify baseline mule deer habitat within the region. Due to variation in 
the precision of corridor data, we used only crucial winter range for most subsequent analyses. 

We used LANDFIRE Existing Vegetation Types to quantify forage and cover types 
present on crucial winter range. We assessed development levels in crucial winter range and for 
2-km- (1.2-mi-) wide buffers centered on migration corridors, using the TDI map. The map of 
TDI scores for crucial winter range was used to calculate patch size and structural connectivity 
metrics. We mapped the structural connectivity of baseline crucial winter range at local (1.8 km 
[1.12 mi]), landscape (5.31 km [3.30 mi]), and regional (11.79 km [12.53 mi]) levels. We used 
development levels to identify areas that may function as barriers or corridors by overlaying 
relatively undeveloped habitat patches on the TDI map. 

In addition to the overall TDI, we evaluated the development levels for transportation 
(roads and railroads) and energy development for mule deer habitat separately because mule deer 
will use agricultural areas to forage but are particularly sensitive to disturbance effects from 
roads and energy development (Sawyer and others, 2009; Lendrum and others, 2012; Sawyer 
and others, 2013). The moving-window size (16 square kilometers [km2]) used to summarize the 
disturbance footprint corresponds to the indirect habitat loss (21–58 km2 [8.1−22.4 square miles 
[mi2]) resulting from mule deer avoiding a well pad in Wyoming (Sawyer, Kauffman, Nielson, 
and others, 2009). We did not address potential effects of climate-change scenarios because mule 
deer use a wide variety of vegetative communities; therefore, it would be difficult to interpret 
how potential changes in the distribution of vegetation would influence habitat availability (see 
Chapter 7—Climate Analysis). Information on the distribution of chronic wasting disease by 
county was obtained from the Centers for Disease Control and Prevention (2013). 

Landscape-level ecological values (area of baseline habitat and length of migration 
corridors) and risk (TDI score) were compiled into an overall index of conservation potential for 
each township (table 28–3). Conservation potential was summarized by township based on 
overall landscape-level values and risks (table 28–3). Landscape-level values and risks, and 
conservation potential rankings are intended to provide a synthetic overview of the geospatial 
datasets developed to address Core Management Questions in the REA. Because rankings are 
very sensitive to the input data used and the criteria used to develop the ranking thresholds, they 
are not intended as stand-alone maps. Rather, they are best used as an initial screening tool to 
compare regional rankings in conjunction with the geospatial data for Core Management 
Questions and information on local conditions that cannot be determined from regional REA 
maps. See Chapter 2—Assessment Framework and the Appendix for additional details on the 
methods. 
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Figure 28–1. Generalized conceptual model for mule deer for the Wyoming Basin Rapid Ecoregional 

Assessment (REA). Biophysical attributes and ecological processes regulating the occurrence, 
structure, and dynamics of mule deer habitat and populations are shown in orange rectangles; 
additional ecological attributes are shown in blue rectangles; and anthropogenic Change Agents that 
affect key ecological attributes are shown in yellow ovals. The dashed rectangles indicate components 
not addressed by the REA. Livestock and invasive plants are Change Agents that were not evaluated 
due to the lack of regionwide data. 
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Table 28–1. Key ecological attributes and associated indicators of baseline mule deer habitat1 for the 
Wyoming Basin Rapid Ecoregional Assessment. 

 [km, kilometer; mi, mile] 

Attributes Variables Indicators 

Amount and 
distribution of 
habitat 

Total area of mule deer crucial 
winter range 

Mapped locations of habitat2 

Migration corridors Mapped locations of habitat2 

Landscape structure Patch size of crucial winter 
range  

Patch-size frequency distribution 

Structural connectivity of crucial 
winter range3 

Interpatch distances that provide an index of structural 
connectivity for baseline patches at local (1.8 km; 1.12 
mi), landscape (5.31 km; 3.3 mi), and regional (11.79 km; 
12.53 mi) levels 

Landscape dynamics Fire occurrence4 Locations of fires and annual area burned since 1980 
1 Baseline conditions are used as a surrogate for reference conditions to evaluate changes in the amount and 
landscape structure of mule deer habitat due to Change Agents. Baseline conditions are defined as the current 
distribution of mule deer habitat derived from delineated habitat provided by State wildlife agencies without explicit 
inclusion of Change Agents (see Chapter 2—Assessment Framework). 
2 Crucial winter range and migration corridor locations provided by Wyoming Game and Fish Department, Idaho 
Department of Fish and Game, Utah Division of Wildlife Resources, Montana Fish, Wildlife & Parks, Colorado 
Parks and Wildlife. 
3 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels but does not reflect 
species-specific measures of connectivity. See Chapter 2—Assessment Framework and the Appendix. 
4 See Wildland Fire section in the Appendix. 
 
 

Table 28–2. Anthropogenic Change Agents and associated indicators influencing mule deer for the 
Wyoming Basin Rapid Ecoregional Assessment. 

[km2, square kilometer; mi2, square mile; km, kilometer; mi, mile] 

Change Agent Variables  Indicators 

Development Terrestrial Development 
Index (TDI) 

Percent of mule deer crucial winter range and migration corridors in 
seven development classes using a 16-km2 (6.18-mi2) moving window 

 TDI score for 
transportation, energy, 
and minerals 

Percent of mule deer crucial winter range and migration corridors in 
seven development classes using a 16-km2 (6.18-mi2) moving window 

 TDI score Patch-size frequency distribution for mule deer habitat that is relatively 
undeveloped or has low development scores compared to baseline 
habitat1 

 TDI score Interpatch distances that provide an index of structural connectivity for 
relatively undeveloped patches at local (7.2 km; 4.5 mi), landscape 
(11.5 km; 7.1 mi), and regional (23.9 km; 14.9 mi) levels 

Disease Chronic wasting disease2 Mapped occurrence of chronic wasting disease 

1 See Chapter 2—Assessment Framework. 
2 Occurrence data on chronic wasting disease from Centers for Disease Control and Prevention (2013). 
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Table 28–3. Landscape-level ecological values and risks for mule deer. Ranks were combined into an 
index of conservation potential for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer] 
 

 
Relative rank  

 Variables1 Lowest Medium Highest Description2 

Values Area of crucial winter 
range 

<17 17–49  >49 Percent of township 

Length of migration 
corridors 

<3 km   ≥3 km Length of migration corridors 
mapped by township 

Risks Terrestrial Development 
Index (TDI) 

<1 1–3 >3 Mean TDI score by township2 

1 Townships were used as an analysis unit for conservation potential on the basis of input from the Bureau of Land 
Management. A minimum area threshold of total area per township was established for mule deer habitat to 
minimize the effects of extremely small areas and put greater emphasis on large areas (see table A–19 in the 
Appendix). 
2 See tables 28–1 and 28–2 for description of variables and the Appendix. 
 
 

Table 28–4. Management Questions addressed for mule deer for the Wyoming Basin Rapid Ecological 
Assessment.  

Core Management Questions Results 
Where are baseline mule deer crucial winter range and migration corridors, and what is the total 
area and elevation of crucial winter range? 

Figure 28–2 

What is the amount and distribution of vegetation types providing forage and cover on crucial 
winter range? 

Figure 28–3, Table 
28–5 

Where does development pose the greatest threat to crucial winter range, and where are the 
relatively undeveloped areas? 

Figures 28–4 to 28–7 

How has development fragmented baseline crucial winter range, and where are the large, 
relatively undeveloped patches?  

Figures 28–8 and 28–9 

How has development affected structural connectivity of crucial winter range? Figure 28–10 

Where are potential barriers that may affect mule deer movements among patches of crucial 
winter ranges? 

Figure 28–11 

Where has chronic wasting disease been detected in the Wyoming Basin? Figure 28–12 

Where have recent fires occurred in crucial winter range, and what is the total area burned per 
year? 

Figures 28–13 and 28–
14 

Integrated Management Questions Results 
How does risk from development vary by land ownership or jurisdiction for mule deer crucial 
winter range? 

Table 28–6, Figure 
28–15  

Where are the townships with the greatest landscape-level ecological values? Figure 28–16  

Where are the townships with the greatest landscape-level risks? Figure 28–17 

Where are the townships with the greatest conservation potential?  Figure 28–18 
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Key Findings for Management Questions 

Where are baseline mule deer winter range and migration corridors, and what is the total area and 
elevation of crucial winter range (fig. 28–2)? 
• Baseline mule deer crucial winter range totals 27,934 km2 (10,785 mi2) or 15.7 percent of the 

Wyoming Basin project area. 
• Crucial winter range occurs between 1,105 and 3,200 meters (m) (3,625–10,499 feet [ft]) in 

elevation, with 74 percent occurring between 1,400- and 1,700-m (4,593–5,577 ft) elevations. 
 
What is the amount and distribution of vegetation types providing forage and cover on crucial winter range 
(table 28–5, fig. 28–3)? 
• Sagebrush, which provides important winter forage, is the dominant vegetation type on 

crucial winter range (table 28–5). 
• Conifers, which provide thermal cover and concealment, occur on 6.9 percent of crucial 

winter range and are most common in the southern and eastern portions of the range (fig. 28–
3). 

• Deciduous shrublands have high nutritional value but only occur on 4.1 percent of crucial 
winter range. However, because this vegetation type often occurs as small patches, it is 
poorly mapped by LANDFIRE.  

• Other vegetation types used for forage occurring on crucial winter range include 
riparian/wetlands and agricultural lands. 

 
Where does development pose the greatest threat to baseline mule deer habitat, and where are the 
relatively undeveloped areas (figs. 28–4 to 28–7)? 
• Only 18 percent of crucial winter range and 23.5 percent of migration corridors are classified 

as relatively undeveloped (TDI score <1 percent) (figs. 28–4 and 28–5). 
• Less than 1 percent of crucial winter range is farther than 2.2 km (1.37 mi) from development 

(represented by TDI score <1), which corresponds to documented distances at which mule 
deer avoid well pads in Wyoming (Sawyer, Kauffman, and Nielson, and others, 2009).  

• High development levels (as indicated by TDI score >5 percent) occur on 33 percent of 
crucial winter range (fig. 28–5). 

• The surface disturbance footprint from agriculture, transportation (railroads and roads, 
including roads associated with energy development), and energy and minerals development 
all contribute to the TDI scores for mule deer winter range and migration corridors, but the 
relative importance of each of these development classes varies spatially across the ecoregion 
(see Chapter 4—Development). Because mule deer will use agricultural lands for forage, we 
separately evaluated the surface disturbance footprints from roads, energy, and minerals.  

• Most crucial winter range and migration corridors have low to moderate levels of roads and 
energy development (as represented by TDI score between 0.5 and 2 percent) (figs. 28–6 and 
28–7). A total of 45 percent has a TDI score of <1 percent (fig. 28–7). 
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Figure 28–2. The distribution of mule deer crucial winter range and migration corridors in the Wyoming 

Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Table 28–5. Area and percent of vegetation types on mule deer crucial winter range for the Wyoming 
Basin Rapid Ecoregional Assessment. 

[km2, square kilometer]  

Vegetation Type1 Area (km2) Percent 

Sagebrush shrublands 19,604 70.2 
Grasslands 2,043 7.3 
Conifer 1,917 6.9 
Agricultural lands 1,220 4.4 
Deciduous shrublands 1,141 4.1 
Invasive species 842 3.0 
Other 500 1.8 
Riparian/wetlands 395 1.4 
Aspen 271 1.0 

1 Vegetation types derived from LANDFIRE. 
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Figure 28–3. The distribution of major vegetation types used for forage and cover by mule deer on 

crucial winter range in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Figure 28–4. Terrestrial Development Index scores for mule deer crucial winter range and migration 

corridors in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Figure 28–5. Area and percent of baseline mule deer (A) crucial winter range and (B) migration corridors 

as a function of the Terrestrial Development Index in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 
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Figure 28–6. Terrestrial Development Index scores for roads, railroads, energy, and minerals occurring 

on mule deer crucial winter range and migration corridors in the Wyoming Basin Rapid Ecoregional 
Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Figure 28–7. Area and percent of baseline mule deer crucial winter range and migration corridors as a 

function of the Terrestrial Development Index score for roads, railroads, energy, and minerals in the 
Wyoming Basin Rapid Ecoregional Assessment project area. 

 
 
How has development fragmented baseline mule deer crucial winter range, and where are the large, 
relatively undeveloped patches of mule deer habitat (figs. 28–8 and 28–9)? 
• Development has effectively fragmented mule deer crucial winter range into smaller patches 

relative to the baseline conditions. All patches of relatively undeveloped mule deer crucial 
winter range are <1,000 km2 (386 mi2), whereas 47 percent of baseline mule deer crucial 
winter range occurs within patches >1,000 km2 (386 mi2) (figs. 28–8 and 28–9).  

• Several large areas of relatively undeveloped habitat between 100 and 1,000 km2 (38.6 and 
386 mi2) remain (fig. 28–9). 

 
How has development affected the structural connectivity of mule deer crucial winter range relative to 
baseline conditions (fig. 28–10)? 
• Baseline mule deer crucial winter range was connected at local (1.8 km [1.12 mi]), landscape 

(5.31 km [3.3 mi]), and regional (11.79 km [12.53 mi]) levels. 
• Development has greatly diminished the structural connectivity of mule deer crucial winter 

range. Interpatch distances for relatively undeveloped crucial winter range is double that of 
baseline conditions at landscape (11.5 km [7.1 mi]), and regional (23.9 km [14.9 mi]) levels.  
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Figure 28–8. Area of mule deer crucial winter range as a function of patch size for baseline conditions 

and for two development levels: (1) Terrestrial Development Index (TDI) score <3 percent), and (2) 
relatively undeveloped areas (TDI score <11 percent) in the Wyoming Basin Rapid Ecoregional 
Assessment project area. 
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Figure 28–9. Patch sizes of mule deer crucial winter range in the Wyoming Basin Rapid Ecoregional 

Assessment project area for (A) baseline conditions and (B) relatively undeveloped areas (Terrestrial 
Development Index score <1 percent). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Figure 28–10. Structural connectivity of baseline mule deer crucial winter range in the Wyoming Basin 

Rapid Ecoregional Assessment project area. Gray polygons represent crucial winter range connected 
at local levels; blue polygons represent areas connected at landscape levels; and orange polygons 
represent areas connected at regional levels.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Where are potential barriers that may affect mule deer movements among patches of crucial winter ranges 
(fig. 28–11)? 

 
 
Figure 28–11. Terrestrial Development Index (TDI) scores for lands surrounding baseline mule deer 

crucial winter range. High TDI scores may represent potential barriers to movement among relatively 
undeveloped habitat patches, whereas low TDI scores <2 percent may represent potential corridors for 
movements among patches. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Where has chronic wasting disease been documented in the Wyoming Basin (fig. 28–12)? 
• Chronic wasting disease occurrence has been documented throughout the eastern and 

southern portions of the Wyoming Basin and along the Wyoming Front Range. 
 
Where have recent fires occurred in crucial winter range, and what is the total area burned per year (figs. 
28–13 and 28–14)? 
• Typically only a small fraction of crucial winter range has burned each year since 1980 (fig. 

28–13). Cumulatively, a total of 1,505 km2 (581.1 mi2), or 5.4 percent, of crucial mule deer 
winter range has burned since 1980 (fig. 28–14). 

• In most years, fires were small and burned only a small portion of mule deer winter range, 
with most of the area burned by fires occurring in 1996 and 2000 (figs. 28–13 and 28–14). 
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Figure 28–12. Occurrence of chronic wasting disease in the Wyoming Basin Rapid Ecoregional 

Assessment project area. The location of crucial winter range is shown for reference, but year round 
mule deer range occurs throughout the Wyoming Basin. 

 
 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Figure 28–13. Occurrence of wildfires and prescribed fires in mule deer crucial winter range since 1980 in 

the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Figure 28–14. Annual area burned by wildfires and prescribed fires in baseline mule deer crucial winter 

range since 1980 in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 
 
How does risk from development vary by land ownership or jurisdiction for mule deer crucial winter range 
(table 28–6, fig. 28–15)? 
• Nearly half of mule deer crucial winter range occurs on BLM lands, and another 37 percent 

is under private ownership (table 28–5). 
• Mule deer crucial winter range on BLM and U.S. Department of Agriculture Forest Service 

lands have the lowest percent of area at high risk from development (fig. 28–15). U.S. 
Department of Agriculture Forest Service lands have the greatest percent area at low risk 
from development. 
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Table 28–6. Area and percent of mule deer crucial winter range by land ownership in the Wyoming Basin 
Rapid Ecoregional Assessment project area. 

 [km2, square kilometer]  
Ownership Area (km2) Percent of Area 

Bureau of Land Management 15,805 43.5 
Private 13,387 36.8 
State/County 3,358 9.2 
Forest Service1 2,930 8.1 
Private conservation 368 1.1 
Other Federal2 206 1.0 

1 U.S. Department of Agriculture Forest Service. 
2 National Park Service, Department of Defense, Department of Energy, Bureau of Reclamation, and U.S. Fish and 
Wildlife Service. 
 
 
 

 
 
Figure 28–15. Relative ranks of risk from development, by land ownership or jurisdiction, for mule deer 

crucial winter range in the Wyoming Basin Rapid Ecoregional Assessment project area. Rankings are 
lowest (Terrestrial Development Index [TDI] score <1 percent), medium (TDI score between 1 and 3 
percent), and highest (TDI score >3 percent). [Forest Service, U.S. Department of Agriculture Forest 
Service] 
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Where are the townships with the greatest landscape-level ecological values (fig. 28–16)? 

 
 
Figure 28–16. Ranks of landscape-level ecological values for mule deer habitat, summarized by township, 

in the Wyoming Basin Rapid Ecoregional Assessment project area. (A) Total area crucial winter range, 
(B) total length of migration corridors, and (C) overall. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Where are the townships with the greatest landscape-level risks (fig. 28–17)? 

 
 
Figure 28–17. Ranks of landscape-level ecological risks based on the Terrestrial Development Index for 

mule deer habitat, summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment 
project area (see table 28−4 for overview of methods).  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer
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Where are the townships with the greatest conservation potential (fig. 28–18)? 

 
 
Figure 28–18. Conservation potential of mule deer crucial winter range and migration corridors, 

summarized by township, in the Wyoming Basin Rapid Ecoregional Assessment project area. Highest 
conservation potential identifies areas that have the highest landscape-level values and the lowest-
level risks. Lowest conservation potential identifies areas that have the lowest landscape-level values 
and the highest-level risks. Ranks of conservation potential are not intended as stand-alone summaries 
and are best interpreted in conjunction with the geospatial datasets used to address Core Management 
Questions. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch28_Mule_Deer/MapServer


799 
 
 

Summary 

Mule deer crucial winter range occurs in approximately 16 percent of the Wyoming 
Basin, primarily at elevations between 1,400–1,700 meters (4,593–5,577 feet). The dominant 
vegetation type is sagebrush shrubland which is a major source of winter forage, but deciduous 
shrublands and riparian areas also provide valuable forage. Juniper provides thermal cover and 
concealment on crucial winter range and during migration, and management to control juniper 
could have negative effects on mule deer populations (Anderson and others, 2012). Agricultural 
lands have mixed effects on wintering mule deer. Winter wheat and alfalfa can provide forage, 
but most agricultural lands are located on formerly productive riparian areas and sagebrush 
shrublands (see Chapter 11—Sagebrush Steppe), and agricultural lands do not provide cover.  

Relatively undeveloped areas may provide refuge from disturbance during vulnerable 
times, including winter, migration, and parturition. Development levels on crucial winter range 
and along migration corridors are very high in many areas. Of primary concern is the disturbance 
from roads and energy development, which have demonstrated negative effects on mule deer, as 
evidenced by their avoidance of infrastructure at moderate and high-development levels for 
migration corridors (Sawyer and Kauffman, 2011; Lendrum and others, 2012). Even low levels 
of development can cause the indirect loss of crucial winter range for mule deer as evidenced by 
their avoidance of well pads even when traffic volumes are limited (Sawyer and others, 2006, 
2009). Direct and indirect loss of winter range may have greater population-level effects than the 
loss or alteration of other seasonal habitats, and disturbance from activities along roads and in 
energy fields could affect survival of overwintering mule deer (Webb, Dzialak, Kosciuch, and 
others, 2013). 

Although we used the total surface disturbance footprint from development as an index of 
risk for mule deer, information on disturbance from human activities (vehicle traffic, well 
drilling activities) when available is a better predictor of avoidance behavior (Sawyer and others, 
2009). The availability of concealment cover may diminish the disturbance effects of 
development (Anderson and others, 2012). This has important management implications, 
because traffic management, use of technology that reduces vehicle traffic, and management for 
concealment cover may help to minimize the indirect loss of mule deer habitat (Sawyer and 
others, 2009).  

Most of the REA analyses centered on crucial winter range because of the availability of 
regionwide information and because of the vulnerability of wintering deer to development. There 
was limited availability of information on migration corridors and parturition areas, which are 
also vulnerable times for mule deer. Because year-round mule deer habitat is so widely 
distributed throughout the ecoregion, other chapters address vegetation types used by mule deer, 
including Chapter 11—Sagebrush Steppe, Chapter 13—Foothill Shrublands, Chapter 15—Aspen 
Forests and Woodlands, and Chapter 10—Riparian Forests. 
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Introduction 

Ecological integrity has become a guiding principle for ecosystem management (Andreasen and 
others, 2001; Noss, 1990) and has been defined as “the ability of an ecological system to support and 
maintain a community of organisms that has the species composition, diversity, and functional 
organization comparable to those of natural habitats within a region” (Parrish and others, 2003, p. 852). 
Land use, such as development, can negatively affect ecological integrity by altering landscape 
composition (such as changes in the proportion of native vegetation), structure (such as patch sizes and 
connectivity), and function (such as disturbance regimes), and it can lead to a loss in the resistance and 
resilience of ecological systems following natural and anthropogenic perturbations (Peterson and others, 
1998; Gunderson, 2000; Wiens, 2002). There are challenges, however, in evaluating ecological integrity 
at the ecoregional level, due in part to the inherent complexity of multiple interacting biological and 
physical factors, as well as the lack of information on components of ecological integrity over a range of 
spatial scales (Andreasen and others, 2001). A more operational concept to guide management decisions 
at the ecoregion level is that of landscape intactness, which has been defined by the Bureau of Land 
Management (BLM) as a quantifiable estimate of naturalness measured on a gradient of anthropogenic 
influence and based on available spatial data (David Wood, Bureau of Land Management, oral 
commun., September 2014). Landscape intactness addresses how human activities at multiple spatial 
scales affect landscape-level composition and structure.  

By representing the gradient of anthropogenic influence, the Terrestrial Development Index 
(TDI) and the Aquatic Development Index (ADI) can be used as indicators of landscape intactness for 
terrestrial and aquatic systems, respectively. Additional information is also needed to evaluate 
condition, including grazing intensity, presence of invasive species, or levels of human activity, which 
were not available regionwide but may be available locally. Therefore, to fully evaluate landscape 
intactness, multiple scales of information (such as regional and local scale) are often necessary. 

We used TDI and ADI to quantify attributes of landscape structure (size and connectivity of 
relatively undeveloped areas). This is based on the assumption that larger, well-connected areas with 
lower development levels have greater potential for resistance and resilience of populations and 
communities from natural and anthropogenic disturbances. We also evaluated how well relatively 
undeveloped areas for the entire project area represent species and communities, and we included the 
protection status and agencies responsible for these areas. Finally, we explored how the potential for 
shifts in the distribution of ecological communities projected by particular climate scenarios could alter 
(1) the potential distribution of ecological communities in relatively undeveloped areas and (2) the 
viewsheds of historic trails.  

Methods Overview 

To evaluate landscape intactness (table 29–1) and associated Management Questions (table 29–
2), we used the TDI and ADI, as described in Chapter 2—Assessment Framework. To identify areas 
with the greatest potential terrestrial landscape intactness, we included relatively undeveloped areas 
(TDI score ≤1 percent). Although TDI represents a gradient of landscape intactness, the use of relatively 
undeveloped areas to evaluate landscape structure was based on the assumption that the risk posed by 
human modifications is relatively low in these areas. Although other thresholds in TDI scores for 
defining landscape intactness could be selected, this threshold is most appropriate for the distribution of 
TDI scores for the Wyoming Basin. Relatively undeveloped areas represent 28.6 percent of the total 
project area (figs. 29–3 and 29–4). In contrast, only a small fraction (2.6 percent) of the project area has 
a TDI score of 0, and much of this area occurs at high elevations; consequently, a TDI of 0 was too 
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limiting for identifying intact areas in the Wyoming Basin. We also considered TDI thresholds greater 
than 1 percent, but these thresholds were rejected because they included too much area to be useful for 
identifying areas with the greatest conservation potential. For example, TDI thresholds of 2 percent or 3 
percent include 55.9 percent and 68.0 percent of the project area, respectively (fig. 4–2). Furthermore, a 
small increase of only 1–2 percent in the TDI score represents a much greater degree of fragmentation 
than a TDI score ≤1 percent (fig. 2–5). See Selection of Terrestrial Development Index Breakpoints in 
the Appendix for additional discussion of how breakpoints for TDI scores were established. 

We mapped the structural connectivity of relatively undeveloped areas at three interpatch 
distances based on connectivity analyses at local (1.18 kilometers [km]; 1.12 miles [mi]), landscape 
(2.25 km [1.4 mi]), and regional (3.51 km [2.18 mi]) scales. Areas that may function as barriers or 
corridors were identified by overlaying relatively undeveloped patches on the TDI map. Lower TDI 
scores (for example, <2 percent) may represent potential corridors for species’ movements among 
undeveloped patches, whereas higher TDI scores (for example, >5 percent) may represent barriers to 
movements. The particular TDI scores that represent actual barriers or corridors will depend on the 
sensitivity of a particular species to development and landscape context (for example, the amount of 
sagebrush present for sagebrush-associated species). Collectively, the structural connectivity of 
relatively undeveloped patches and the TDI scores of the intervening matrix provide an index of the 
connectedness of these patches for the Wyoming Basin project area. 

We used a similar approach to assess landscape intactness for aquatic systems. We defined 
relatively undeveloped catchments as having an ADI score <20 (fig. A–10). For potential alteration of 
flow regime, fragmentation, and loss of structural connectivity of streams, we summarized the number 
of dams and potential barriers (the number of diversion points and stream-road crossings in streams and 
rivers) by sixth-level watershed. The degree to which potential barriers affect functional connectivity of 
streams and rivers varies among species.  

For both terrestrial and aquatic systems, we evaluated how well relatively undeveloped areas at 
the ecoregion level represent the ecological communities and species addressed by the REA. We 
compared the distribution of communities and species within the relatively undeveloped areas to their 
distribution for the entire project area. We synthesized the conservation potential for terrestrial species 
evaluated as Conservation Elements by displaying the townships with at least one species that was 
ranked as having very high conservation potential. Likewise, to synthesize the conservation potential for 
the aquatic species evaluated as Conservation Elements, we included fifth-level watersheds with at least 
one species or community that was ranked as having very high conservation potential. Because rankings 
are very sensitive to the input data used and the criteria used to develop the ranking thresholds, they are 
not intended as stand-alone maps. Rather, they are best used as an initial screening tool to compare 
regional rankings in conjunction with the geospatial data for Core Management Questions and 
information on local conditions that cannot be determined from regional REA maps (see Section III—
Communities and Section IV—Species and Species Assemblages for ranks of conservation potential for 
individual species and communities). 

To explore the potential consequences of climate change for terrestrial ecological communities, 
we used available models of bioclimatic conditions (also called bioclimatic envelopes) suitable for 
ecological communities developed by Rehfeldt and others (2012) (fig. 2–18). We used a 6.4-km (4-mi) 
buffer on either side of historic trails to examine how changes in bioclimatic envelopes for communities 
could affect trail viewsheds under climate scenario I  (Canadian Centre for Climate Modeling and 
Analysis Coupled Global Model, ver. 3, emissions scenario A2) (Chapter 2—Assessment Framework). 
We also evaluated how potential shifts in the distribution of bioclimatic envelopes could affect the 
community composition of relatively undeveloped areas for climate scenario I. 
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Table 29–1. Attributes and associated indicators of landscape intactness for the Wyoming Basin Rapid 
Ecoregional Assessment. 

[km, kilometer; mi, mile] 

Attributes 
Amount and 

Variables1 Indicators1 
Total area and patch Distribution of relatively undeveloped areas. 

distribution size distribution 
Landscape 
structure 

Structural 
2connectivity  

Interpatch distances that provide an index of connectivity among relatively 
undeveloped areas at local (1.8 km; 1.12 mi), landscape (2.25 km; 1.4 mi), 
and regional (3.51 km; 2.18 mi) levels 

 Barriers and High Terrestrial Development Index (TDI) scores represent potential barriers 
corridors to movement and low TDI scores represent potential corridors. 

1 Relatively undeveloped areas are defined as having a Terrestrial Development Index score <1 percent. 
2 Structural connectivity refers to the proximity of patches at local, landscape, and regional levels, but does not reflect 
functional connectivity. See Chapter 2—Assessment Framework and the Appendix. 
 

Table 29–2. Management Questions addressed for ecological intactness for the Wyoming Basin Rapid Ecological 
Assessment. 

Core Management Questions Results 
Where are the relatively undeveloped terrestrial areas? Figure 29–1 

Where are the largest relatively undeveloped patches? Figure 29–2 

Where are relatively undeveloped areas with high structural connectivity, and which areas may 
function as stepping stones that connect large, relatively undeveloped areas? 
Where does development pose potential barriers to animal movements among relatively 
undeveloped areas? 
What is the distribution and percent of each terrestrial ecological community within relatively 
undeveloped areas? 
Where are the relatively undeveloped watersheds? 

Figure 29–3  

Figure 29–4  

Figures 29–5 and 
29–6 
Figure 29–7 

Where has development fragmented streams and rivers, altered flows, and decreased 
connectivity?  
What is the ownership or jurisdiction and protected status of relatively undeveloped areas? 

Figure 29–8 

Figure 29–9, 
Table 29–3 

Where are the potential changes in the distribution of terrestrial communities for the Wyoming 
Basin Rapid Ecoregional Assessment project area and historic trails? 
Where are the projected changes in distribution of terrestrial communities for relatively 
undeveloped areas? 

Figure 29–10 

Figure 29–11 

Integrated Management Questions Results 
How well do relatively undeveloped areas represent terrestrial species evaluated as 
Conservation Elements? 

Figure 29–12  

Where are the townships with the highest conservation potential for terrestrial species evaluated 
as Conservation Elements? 

Figure 29–13, 
Table 29–4 

Where are the watersheds with the highest conservation potential for aquatic species evaluated 
as Conservation Elements? 

Figure 29–14, 
Table 29–5 
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Key Findings for Management Questions 

Where are the relatively undeveloped terrestrial areas (fig. 29–1)?  
• A total of 28.6 percent of the Wyoming Basin REA project area is relatively undeveloped, whereas 

23.7 percent of the ecoregion proper (not including the project area buffer) is relatively 
undeveloped. 

 
Where are the largest relatively undeveloped patches (fig. 29–2)? 
• The largest patches of relatively undeveloped areas are located at high elevations and in the Bighorn 

and Great Divide Basins. 
 
Where are relatively undeveloped areas with high structural connectivity, and which areas may function as stepping 
stones that connect large, relatively undeveloped areas (fig. 29–3)? 
Where does development pose potential barriers to animal movements among relatively undeveloped areas (fig. 
29–4)? 
• Although the relatively undeveloped patches >100 km2 are important to local and landscape 

connectivity, areas <100 km2 may contribute to regional connectivity (fig. 29–3).  
• Areas with high development levels (such as TDI scores >5 percent) represent potential barriers to 

movement among many of the largest relatively undeveloped patches (fig. 29–4). The actual TDI 
scores that represent actual barriers or corridors depend on the sensitivity of species to development 
and landscape context (for example, the amount of sagebrush present for sagebrush-associated 
species). 

 
What is the distribution and percent of each terrestrial ecological community within relatively undeveloped areas 
(figs. 29–5 and 29–6)? 
• Most of the relatively undeveloped areas are at high elevations and include montane and (or) 

subalpine forests and foothill shrublands and woodlands. There is a greater proportion of these 
community types in relatively undeveloped areas compared to their proportional area in the 
Wyoming Basin project area (figs. 29–5 and 29–6). 

• At lower elevations, desert shrublands have a greater proportional area in relatively undeveloped 
areas compared to the project area. 

• Sagebrush steppe is the only ecological community that has a much greater proportional area (51 
percent) in the project area compared to relatively undeveloped areas (14 percent), indicating this 
community is underrepresented in relatively undeveloped areas (fig. 29–6). 
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Figure 29–1. Relatively undeveloped terrestrial areas (Terrestrial Development Index scores <1 percent) in the 

Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–2. Patch sizes of relatively undeveloped terrestrial areas in the Wyoming Basin Rapid Ecoregional 

Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–3. Physical connectivity of relatively undeveloped patches in the Wyoming Basin Rapid Ecoregional 

Assessment project area. Black polygons represent large and highly connected patches. Blue polygons 
represent patches that contribute to both landscape and regional connectivity. Orange polygons represent 
isolated clusters of patches surrounded by developed areas that may represent stepping stones across areas 
with high levels of development. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–4. Potential barriers and corridors as a function of the Terrestrial Development Index (TDI) scores for 

lands surrounding relatively undeveloped areas. Higher TDI scores (for example, >5 percent) represent 
potential barriers to movement among relatively undeveloped patches. Lower TDI scores (for example, <2 
percent) represent potential corridors for movements among patches.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–5. Distribution of terrestrial ecological communities within relatively undeveloped areas in the 

Wyoming Basin Rapid Ecoregional Assessment project area. See figure 29–6 for the percent of each terrestrial 
community in relatively undeveloped areas. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–6. Proportional area of each terrestrial ecological community that is relatively undeveloped in relation 

to the proportional area of each community in the Wyoming Basin Rapid Ecoregional Assessment project area. 

 
 
Where are the relatively undeveloped watersheds (fig. 29–7)? 
• Relatively undeveloped watersheds tend to occur at the highest elevations. The largest areas of 

undeveloped watersheds generally correspond to the relatively undeveloped areas for terrestrial 
systems (figs. 29–1 and 29–7). 

• A total of 29 percent of the ecoregion falls within watersheds that are relatively undeveloped. 
 
Where has development fragmented streams and rivers, altered flows, and decreased connectivity (fig. 29–8)? 
• Few perennial streams lack potential barriers posed by dams, diversions, and stream crossings, 

except at the highest elevations. 
• Approximately 71 percent of the watersheds contain more than 11 potential barriers and 46 percent 

contain 11–50 barriers. 
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Figure 29–7. Relatively undeveloped aquatic areas (Aquatic Development Index scores <20), summarized by 

sixth-level watershed, in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–8. Potential barriers in perennial streams and rivers, summarized by sixth-level watershed. (A) All 
potential barriers, (B) number of dams, (C) points of diversion, and (D) stream/road crossings. Watersheds 
without any perennial streams or rivers are white 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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What is the ownership and protected status of relatively undeveloped terrestrial areas (table 29–3, fig. 29–9)? 
• Collectively, Federal lands represent 70.7 percent of the relatively undeveloped areas (fig. 29–9), 

with 42.1 percent managed by the BLM (table 29–3). 
 
 

Table 29–3. Area and percent of relatively undeveloped areas by land ownership or jurisdiction in the Wyoming 
Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 
1 Forest Service

Private 
Tribal 
State/County 

 Other Federal2

Private conservation  
National Park Service 

21,537 
13,737 
8,776 
3,698 
2,235 

741 
236 
185 

42.1 
26.8 
17.1 

7.2 
4.4 
1.4 
0.5 
0.4 

1 U.S. Department of Agriculture Forest Service. 
2 Bureau of Reclamation, Department of Defense, Department of Energy, and U.S. Fish and Wildlife Service. 
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Figure 29–9. Land ownership or jurisdiction of relatively undeveloped terrestrial areas in the Wyoming Basin 

Rapid Ecoregional Assessment project area.  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Where are the potential changes in the distribution of terrestrial communities for the Wyoming Basin REA project 
area and historic trails (fig. 29–10)?  
Where are the projected changes in distribution of terrestrial communities for relatively undeveloped areas (fig. 29–
11)? 
• Projected distribution of bioclimatic conditions (envelope) indicates the potential for a decrease in 

the area of montane and subalpine forests, alpine zones, and sagebrush steppe under climate scenario 
I within the Wyoming Basin project area (fig 29–10A).  

• Distribution of the bioclimatic envelope for foothill shrublands and woodlands is projected to 
initially shift upslope, but ultimately the projected distribution of the bioclimatic envelope for this 
community is projected to contract by 2090. 

• The bioclimatic envelope for desert shrublands and grasslands is projected to expand. 
• Potential changes in distribution of bioclimatic envelopes within viewsheds of historic trails are 

similar to those projected for the ecoregion, with the exception that alpine zones are not currently 
present in the viewsheds (fig. 29–10B). 

• Desert shrublands are projected to have the greatest potential for expansion within the viewsheds 
under this climate scenario. 

• Potential changes in distribution of bioclimatic envelopes within relatively undeveloped areas 
closely correspond to the projections at the project level (fig. 29–10A).  

• Although the distribution of the current bioclimatic envelope for terrestrial communities (fig. 29–
11A) differs somewhat from the current distribution map (fig. 29–5), the potential changes in the 
distribution of bioclimatic envelopes for projected climate changes in 2030 show where sagebrush 
steppe in relatively undeveloped areas may be more vulnerable to projected climate changes for 
climate scenario I (fig. 29–11). 

• Although the climate projections and bioclimatic envelopes cannot reliably be used to predict future 
conditions, they nevertheless indicate potential future vulnerabilities under the climate scenarios 
evaluated for the REA. At lower elevations, sagebrush steppe is especially vulnerable to climate 
scenarios projecting decreased precipitation coupled with increased temperatures, which could lead 
to shifts from sagebrush steppe to desert shrublands or grasslands within the Wyoming Basin. 
Because sagebrush steppe is under-represented in relatively undeveloped areas, this could increase 
the vulnerability of this ecological community to changing climatic conditions. At higher elevations, 
subalpine forests and the alpine zone are especially vulnerable to projected increases in 
temperatures. This is particularly true for subalpine and alpine species of the Bighorn and Laramie 
Mountains due to the isolation of these mountain ranges from the northern Rocky Mountains, 
thereby decreasing the potential for these species to shift northward under a warming climate. 
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Figure 29–10. Potential changes in the proportional area of the projected bioclimatic envelopes for terrestrial 

communities (A) for the project area and (B) within viewsheds of historic trails in the Wyoming Basin Rapid 
Ecoregional Assessment project area. Current conditions and climate projections in 2030, 2060, and 2090 are 
based on bioclimatic envelopes developed by Rehfeldt and others (2012) using climate scenario I. 
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Figure 29–11. Potential changes in the proportional area of the projected bioclimatic envelopes for terrestrial 

communities in relatively undeveloped areas under (A) current conditions and (B) climate projections in the 
Wyoming Basin Rapid Ecoregional Assessment project area. Projected bioclimatic envelopes developed by 
Rehfeldt and others (2012) based on climate scenario I in 2030. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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How well do relatively undeveloped areas represent terrestrial species evaluated as Conservation Elements (fig. 
29–12)? 
• There was relatively little overlap in the distribution of baseline habitats among species evaluated as 

Conservation Elements for the REA, as indicated by the low number of potential habitats present 
(fig. 29–12). For baseline habitats, 69 percent of the project area includes the habitats for three or 
fewer species evaluated as Conservation Elements, and only 8.3 percent of the project area 
contained habitat for five or more species. 

• This pattern was similar for relatively undeveloped areas. Potential habitat for three or fewer species 
occurred in 76 percent of relatively undeveloped areas, and habitat for five or more species occurred 
in 5.4 percent of the relatively undeveloped areas. 

• Collectively, all terrestrial conservation elements are represented by relatively undeveloped areas. 
 
Where are the townships with the highest conservation potential for terrestrial species evaluated as Conservation 
Elements (fig. 29–13, table 29–4)? 
• The map of townships with the highest conservation potential (fig. 29–13) includes the townships 

that were ranked with the highest conservation potential for at least one terrestrial species. 
• The largest relatively undeveloped patches (>1,000 km2) generally correspond to the townships that 

have the highest conservation potential for species (figs. 29–2 and 29–13). 
• Numerous small relatively undeveloped patches (<100 km2) were also ranked as having high 

conservation potential and may be important to particular species and may contribute to regional 
connectivity (fig. 29–13). 

• As is the case for relatively undeveloped areas, the majority of townships with high conservation 
potential are predominantly on Federal lands but only the higher elevation sites have a U.S. 
Geological Survey National Gap Analysis Program (GAP) Protected Status of 1 or 2 (U.S. 
Geological Survey, 2012), and most of the townships on public lands are subject to extractive use 
(Fig. 29–13, table 29–4). 



 
 

 
 

823 

 
 
Figure 29–12. Number of habitat types present for terrestrial vertebrate species evaluated as Conservation 

Elements in the Wyoming Basin Rapid Ecoregional Assessment project area for (A) baseline conditions and 
(B) relatively undeveloped areas. The number of species present in (A) is a reference for (B), to show the 
potential number of habitat types in relatively undeveloped areas. The comparison of baseline to relatively 
undeveloped areas also highlights where development affects a higher number of habitats for terrestrial 
species evaluated as Conservation Elements. The number of species present cannot be used as an index of 
integrity because that number was a function of the species selected for the Assessment (see fig. 1-6). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Figure 29–13. Townships with very high conservation potential for at least one terrestrial species evaluated as a 

Conservation Element: (A) by land ownership or jurisdiction and (B) by level of protection as defined by GAP 
status (U.S. Geological Survey, 2012) in the Wyoming Basin Rapid Ecoregional Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer


 
 

 
 

825 

Table 29–4. Area of townships ranked as having very high terrestrial conservation potential by land ownership or 
jurisdiction in the Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 
Private 

1 Forest Service
State/County 
Tribal 
Other Federal2 
Private conservation 
National Park Service 

19,570 
9,577 

15,414 
2,576 
2,865 

625 
277 
162 

38.2 
18.7 
30.1 

5.0 
5.6 
1.2 
0.5 
0.3 

1 U.S. Department of Agriculture Forest Service. 
2 Bureau of Reclamation and U.S. Fish and Wildlife Service. 
 
 
 
Where are the watersheds with the highest conservation potential for aquatic species evaluated as Conservation 
Elements (fig. 29–14, table 29–5)?  
• The map of the watersheds with highest conservation potential (fig. 29–14) includes the watersheds 

that were ranked with the highest conservation potential for at least one aquatic species. 
• The higher elevation watersheds ranked with the highest conservation potential for species generally 

correspond to the relatively undeveloped watersheds (figs. 29–7 and 29–14).  
• In contrast, some watersheds ranked with high conservation potential do not correspond to relatively 

undeveloped watersheds, particularly in the southern and western portion of the project area. 
Likewise, some relatively undeveloped watersheds were not ranked as having high conservation 
potential, especially the Bighorn Basin, Wind River Basin, and northern portions of the Great Divide 
Basin (fig. 29–14). 

• As is the case with terrestrial systems, the majority of watersheds ranked with high conservation 
potential are predominantly on Federal lands, but only the higher elevation sites have a GAP 
Protected Status of 1 or 2 (U.S. Geological Survey, 2012), and most of the townships on public 
lands are subject to extractive use (fig. 29–14, table 29–5). 



 
 

 
 

826 

 
 
Figure 29–14. Fifth-level watersheds with high or very high conservation potential for at least one aquatic species 

evaluated as a Conservation Element: (A) by land ownership or jurisdiction and (B) by level of protection as 
defined by GAP Status (U.S. Geological Survey, 2012) in the Wyoming Basin Rapid Ecoregional Assessment 
project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch29_LandscapeIntactness/MapServer
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Table 29–5. Area of fifth-level watersheds ranked as having high or very high aquatic conservation potential by 
land ownership or jurisdiction status in the Wyoming Basin Rapid Ecoregional Assessment project area. 

[km2, square kilometer] 
Ownership or jurisdiction Area (km2) Percent of area 

Bureau of Land Management 
Private 

1 Forest Service
State/County 
Tribal 
Other Federal 
Private conservation 
National Park Service 

36,355 
30,848 
19,493 
6,181 
5,962 
2,222 

823 
445 

35.5 
30.1 
19.0 

6.0 
5.8 
2.2 
0.8 
0.4 

1 U.S. Department of Agriculture Forest Service. 
 Bureau of Reclamation, Department of Defense, Department of Energy, and U.S. Fish and Wildlife Service. 

 
2

Summary 

Large, relatively undeveloped areas represent lands that may have high landscape intactness. 
Local information on composition and other measures of condition will be necessary to fully evaluate 
the intactness of relatively undeveloped areas. Most of the relatively undeveloped areas occur on 
Federal lands, and most of these lands are under Bureau of Land Management jurisdiction and subject to 
extractive use. For terrestrial systems, relatively undeveloped areas cover 28.6 percent of the project 
area, most of which occur within the largest relatively undeveloped patches (<1,000 square kilometers 
[386 square miles]) covering 21 percent of the project area. Sagebrush steppe, which covers 55 percent 
of the ecoregion, is underrepresented in relatively undeveloped areas, as only 20 percent of sagebrush 
steppe falls within the relatively undeveloped areas.  

For most terrestrial species, townships with the highest conservation potential correspond to 
relatively undeveloped areas for the entire ecoregion. For aquatic species, however, there were many 
watersheds with high conservation potential that were outside of the relatively undeveloped watersheds 
for the entire ecoregion. Because areas with high conservation potential for species and communities 
may occur outside of the largest relatively undeveloped areas for the ecoregion, landscape intactness at 
the ecoregion level is useful but not sufficient in evaluating conservation potential of public lands. 
Conservation potential for ecological communities and priority species may help to identify other areas 
of high ecological value and low risk. 
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Introduction 
This appendix provides additional technical details on the source data and methods used for the 

Wyoming Basin Rapid Ecoregional Assessment (REA) that are not provided in Chapter 2—Assessment 
Framework and in the Methods Overview section of the individual chapters for Section II—Change 
Agents, Section III—Ecological Communities, Section IV—Species, and Section V—Landscape 
Intactness. For the most part, the description of the methods provided in the chapters is not duplicated in 
the Appendix. Additional information on the methods is available in the metadata and geographic 
information system (GIS) programs (Python scripts) used for analyses, which will be served online by 
the Bureau of Land Management (BLM) at 
http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal.html. Data gaps and 
uncertainty are also summarized. 

Distribution Mapping of Communities and Species 
Terrestrial Ecological Community Distribution Maps 

To map the distribution of terrestrial ecological communities for the Rapid Ecoregional 
Assessment (REA), we used LANDFIRE version 1.2.0 Existing Vegetation Types (EVT) (LANDFIRE, 
2010). We initially classified each EVT as one of five ecological communities (desert shrublands; 
grasslands; sagebrush steppe; foothill shrublands and woodlands; and montane/subalpine forests and 
alpine zone; table A–1). Subsequently, we combined grassland EVT with other community types as 
described below. 

Although LANDFIRE is widely used for mapping vegetation types at broad scales, it can 
contain classification errors. We used several methods to screen and correct potential classification 
errors, including using elevation ranges to identify potential misclassifications, review of preliminary 
community distribution maps by the Assessment Management Team, and cross referencing to other 
regional vegetation maps (for example, regional Gap Analysis Program [reGAP]). Collectively, these 
methods eliminated all obvious errors resulting from misclassifications of EVT. However, LANDFIRE 
is not recommended for use at a 30-m resolution (cell size) because there are mapping inaccuracies at 
that scale. 

We used the literature to establish elevational ranges for EVTs in each ecological community 
(Beetle and Johnson, 1982; Knight, 1994) and in consultation with experts on vegetation distribution in 
the Wyoming Basin (Pat Anderson and Dan Manier, Ecologists, U.S. Geological Survey, August 2012, 
oral commun.; Bob Means, Bureau of Land Management, August 2012, oral commun.). The frequency 
distribution of elevations for each EVT indicated areas of potential misclassification for isolated cells 
that fell outside the typical elevational range of each species. Elevation outliers were usually <0.1 
percent of the total area for an EVT. To minimize the effects of elevational outliers, all EVTs classified 
as foothill shrublands and woodlands occurring above 2,900 meters (m) were reclassified as mountain 
forests and alpine zone community. All EVTs classified as mountain forests occurring below 1,700 m 
were reclassified as the foothill shrublands and woodlands community. 

http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal.html
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Table A–1.  Cross walk used to classify LANDFIRE Existing Vegetation Types as ecological communities for the Wyoming Basin Rapid 
Ecoregional Assessment project area. 

[km2, square kilometer; NASS, National Agricultural Statistics Service]  

LANDFIRE Area 
Ecological community identifier Existing Vegetation Type (km2) 

Foothill Shrublands and Woodlands 2011 Rocky Mountain Aspen Forest and Woodland 3094.22 
Foothill Shrublands and Woodlands 2016 Colorado Plateau Pinyon-Juniper Woodland 1385.20 
Foothill Shrublands and Woodlands 2019 Great Basin Pinyon-Juniper Woodland 0.00 
Foothill Shrublands and Woodlands 2048 Northwestern Great Plains Highland White Spruce Woodland 4.21 
Foothill Shrublands and Woodlands 2049 Rocky Mountain Foothill Limber Pine-Juniper Woodland 1396.32 
Foothill Shrublands and Woodlands 2054 Southern Rocky Mountain Ponderosa Pine Woodland 988.72 
Foothill Shrublands and Woodlands 2059 Southern Rocky Mountain  Pinyon-Juniper Woodland 0.40 
Foothill Shrublands and Woodlands 2062 Inter-Mountain Basins Curl-leaf Mountain Mahogany Woodland and  Shrubland 1284.59 
Foothill Shrublands and Woodlands 2086 Rocky Mountain Lower Montane-Foothill Shrubland 1637.14 
Foothill Shrublands and Woodlands 2106 Northern Rocky Mountain Montane-Foothill Deciduous Shrubland 226.06 
Foothill Shrublands and Woodlands 2107 Rocky Mountain Gambel Oak-Mixed Montane Shrubland 197.71 
Foothill Shrublands and Woodlands 2115 Inter-Mountain Basins Juniper Savanna 76.05 
Foothill Shrublands and Woodlands 2117 Southern Rocky Mountain Ponderosa Pine Savanna 121.57 
Foothill Shrublands and Woodlands 2119 Southern Rocky Mountain Juniper Woodland and Savanna 0.06 
Foothill Shrublands and Woodlands 2123 Columbia Plateau Steppe and Grassland 0.12 
Foothill Shrublands and Woodlands 2126 Inter-Mountain Basins Montane  Sagebrush Steppe 5400.81 
Foothill Shrublands and Woodlands 2179 Northwestern Great Plains-Black Hills Ponderosa Pine Woodland and Savanna 150.49 
Foothill Shrublands and Woodlands 2210 Coleogyne ramosissima Shrubland Alliance 0.87 
Foothill Shrublands and Woodlands 2211 Grayia spinosa Shrubland Alliance 0.43 
Foothill Shrublands and Woodlands 2214 Arctostaphylos patula Shrubland Alliance 0.16 
Foothill Shrublands and Woodlands 2217 Quercus  gambelii Shrubland Alliance 1090.97 
Foothill Shrublands and Woodlands 2220 Artemisia tridentata ssp. vaseyana Shrubland Alliance 14132.80 
Desert Shrublands 2001 Inter-Mountain Basins Sparsely Vegetated Systems 1131.54 
Desert Shrublands 2007 Western Great Plains Sparsely Vegetated Systems 114.87 
Desert Shrublands 2066 Inter-Mountain Basins Mat Saltbush Shrubland 8880.74 
Desert Shrublands 2081 Inter-Mountain Basins Mixed Salt Desert Scrub 1258.05 
Desert Shrublands 2085 Northwestern Great Plains Shrubland 59.13 
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LANDFIRE Area 
Ecological community identifier Existing Vegetation Type (km2) 

Desert Shrublands 2093 Southern Colorado Plateau Sand Shrubland 13.93 
Desert Shrublands 2103 Great Basin Semi-Desert Chaparral 6.44 
Desert Shrublands 2104 Mogollon Chaparral 0.00 
Desert Shrublands 2127 Inter-Mountain Basins Semi-Desert Shrub-Steppe 1143.47 
Desert Shrublands 2153 Inter-Mountain Basins Greasewood Flat 1663.47 
Montane/subalpine/alpine 12 Snow Ice  
Montane/subalpine/alpine 2006 Rocky Mountain Alpine/Montane Sparsely Vegetated Systems 81.77 
Montane/subalpine/alpine 2045 Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest 1.07 
Montane/subalpine/alpine 2046 Northern Rocky Mountain Subalpine Woodland and Parkland 3032.23 
Montane/subalpine/alpine 2047 Northern Rocky Mountain Mesic Montane Mixed Conifer Forest 45.04 
Montane/subalpine/alpine 2050 Rocky Mountain Lodgepole Pine Forest 3423.06 
Montane/subalpine/alpine 2051 Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and Woodland 496.86 
Montane/subalpine/alpine 2052 Southern Rocky Mountain Mesic Montane Mixed Conifer Forest and Woodland 241.06 
Montane/subalpine/alpine 2055 Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland 4724.70 
Montane/subalpine/alpine 2056 Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland 299.16 
Montane/subalpine/alpine 2057 Rocky Mountain Subalpine-Montane Limber-Bristlecone Pine Woodland 38.44 
Montane/subalpine/alpine 2061 Inter-Mountain Basins Aspen-Mixed Conifer Forest and Woodland 1964.30 
Montane/subalpine/alpine 2070 Rocky Mountain Alpine Dwarf-Shrubland 537.11 
Montane/subalpine/alpine 2140 Northern Rocky Mountain Subalpine-Upper Montane Grassland 824.27 
Montane/subalpine/alpine 2143 Rocky Mountain Alpine Fell-Field 0.04 
Montane/subalpine/alpine 2144 Rocky Mountain Alpine Turf 1346.32 
Montane/subalpine/alpine 2145 Rocky Mountain Subalpine-Montane Mesic Meadow 1684.88 
Montane/subalpine/alpine 2166 Middle Rocky Mountain Montane Douglas-Fir Forest and Woodland 1637.57 
Montane/subalpine/alpine 2167 Rocky Mountain Poor-Site Lodgepole Pine Forest 124.84 
Montane/subalpine/alpine 2169 Northern Rocky Mountain Subalpine Deciduous Shrubland 854.50 
Montane/subalpine/alpine 2208 Abies concolor Forest Alliance 17.44 
Montane/subalpine/alpine 2227 Pseudotsuga menziesii Forest Alliance 1040.32 
Montane/subalpine/alpine 2541 Recently Disturbed Developed Upland Deciduous Forest 0.32 
Montane/subalpine/alpine 2542 Recently Disturbed Developed Upland Evergreen Forest 1.31 
Montane/subalpine/alpine 2543 Recently Disturbed Developed Upland Mixed Forest 0.12 
Riparian 2012 Rocky Mountain Bigtooth Maple Ravine Woodland 83.84 
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LANDFIRE Area 
Ecological community identifier Existing Vegetation Type (km2) 

Riparian 2154 Inter-Mountain Basins Montane Riparian Systems 0.73 
Riparian 2159 Rocky Mountain Montane Riparian Systems 1050.31 
Riparian 2160 Rocky Mountain Subalpine/Upper Montane Riparian Systems 958.15 
Riparian 2161 Northern Rocky Mountain Conifer Swamp 57.08 
Riparian 2162 Western Great Plains Floodplain Systems 1187.59 
Riparian 2180 Introduced Riparian Vegetation 431.76 
Riparian 2385 Western Great Plains Wooded Draw and Ravine 8.64 
Sagebrush steppe 2064 Colorado Plateau Mixed Low Sagebrush Shrubland 39.63 
Sagebrush steppe 2072 Wyoming Basins Dwarf Sagebrush Shrubland and Steppe 2385.03 
Sagebrush steppe 2080 Inter-Mountain Basins Big Sagebrush Shrubland 59430.01 
Sagebrush steppe 2124 Columbia Plateau Low Sagebrush Steppe 0.81 
Sagebrush steppe 2125 Inter-Mountain Basins Big Sagebrush Steppe 16866.12 

1Multiple communities  31 Barren  
1Multiple communities  2135 Inter-Mountain Basins Semi-Desert Grassland 3555.06 
1Multiple communities  2139 Northern Rocky Mountain Lower Montane-Foothill-Valley Grassland 2191.48 
1Multiple communities  2141 Northwestern Great Plains Mixedgrass Prairie 3251.85 
1Multiple communities  2146 Southern Rocky Mountain Montane-Subalpine Grassland 95.20 
1Multiple communities  2147 Western Great Plains Foothill and Piedmont Grassland 0.79 
1Multiple communities  2148 Western Great Plains Sand Prairie 322.62 
1Multiple communities  2149 Western Great Plains Shortgrass Prairie 249.46 
1Multiple communities  2181 Introduced Upland Vegetation-Annual Grassland 1716.53 
1Multiple communities  2182 Introduced Upland Vegetation-Perennial Grassland and Forbland 187.90 
1Multiple communities  2183 Introduced Upland Vegetation-Annual and Biennial Forbland 3148.17 
1Multiple communities  2195 Recently Burned-Herb and Grass Cover 0.66 

Agriculture 63  NASS -Row Crop-Close Grown Crop 287.82 
Agriculture 64  NASS-Row Crop 301.76 
Agriculture 65  NASS-Close Grown Crop 3439.00 
Agriculture 66  NASS-Fallow/Idle Cropland 69.20 
Agriculture 75  2Herbaceous Semi-Dry  281.58 
Agriculture 76  Herbaceous Semi-Wet2 61.25 
Agriculture 81  Agriculture-Pasture and Hay 1907.86 



 836 

LANDFIRE Area 
Ecological community identifier Existing Vegetation Type (km2) 

Agriculture 82  Agriculture-Cultivated Crops and Irrigated Agriculture 192.96 
Agriculture 95  2Herbaceous Wetlands  1672.07 
Agriculture 2198  Recently Burned Herbaceous Wetlands 9.39 
Agriculture 2549  Recently Disturbed Pasture and Hayland 1.89 
Development 23  Developed-Medium Intensity 44.80 
Development 24  Developed-High Intensity 6.10 

1 Elevation ranges and neighborhood analysis was used to classify grassland and barren Existing Vegetation Types into the appropriate ecological community. 
2 Comparison of Existing Vegetation Types 75, 76, and 95 with aerial imagery indicated these were predominantly agricultural lands. National Wetland Inventory 
was used to map wetlands for the Wyoming Basin Rapid Ecoregional Assessment aspen functional types. 
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There were several classification issues for grassland EVTs. First, many grassland EVTs 
spanned multiple communities across a broad elevation range (for example, the EVT “Northern Rocky 
Mountain Lower Montane-Foothill-Valley Grassland” spanned several community types; table A–1). 
Second, LANDFIRE classified burned sagebrush shrublands as grasslands in some areas. Finally, most 
grasslands occurred as small patches throughout all elevations in the Wyoming Basin Ecoregion proper, 
with the exception of recently burned areas and large areas of prairie grasslands in the eastern buffer of 
the project area (part of the Northwestern Great Plains ecoregion)(fig. 11–2). As a result of these issues, 
the Assessment Management Team recommended that grasslands not be addressed as a separate 
community type for the REA. Rather, they are best considered part of a mosaic with other ecological 
communities in the Wyoming Basin. 

To classify grasslands EVTs into the appropriate community types, grassland cells within the 
elevational ranges for foothill shrublands and woodlands (2,600–2,900 m) or mountain forests (>2,900 
m) were classified into the respective ecological community. For grassland EVTs occurring <2,600 m, 
we used neighborhood analysis to classify grasslands as desert shrublands or sagebrush steppe, which 
broadly overlap in elevational range. Grassland EVT cells were classified as the majority community 
type (desert shrublands or sagebrush steppe) within 210 m of a grassland cell. If neither community 
achieved a majority within 210 m, grassland cells within 990-m of the majority community were used. 
Grassland EVTs totaled 1,472 square kilometers (km2), 81 percent of which were reclassified as the 
sagebrush steppe community. At the request of the Assessment Management Team, we identified the 
grasslands in the sagebrush steppe distribution map (fig. 11–2), but grasslands were not treated 
separately in the analyses of the sagebrush steppe community. We used the same proximity analysis to 
classify the EVT “Barren” into the adjacent dominant ecological community. 

The Assessment Management Team identified additional misclassifications of LANDFIRE 
EVT. Several areas of Russian olive and riparian communities were misclassified as the EVT “Rocky 
Mountain Aspen Forest and Woodland.” To identify other possible aspen misclassifications, all aspen 
occurrences below 1,516 m (5,000 feet [ft]) were reclassified using reGAP. In addition, several large 
areas of known subalpine forest at elevations >2900 m were misclassified as the EVT “Inter-Mountain 
Basins Curl-leaf Mountain Mahogany Woodland and Shrubland,” which is included in the foothill 
shrublands and woodlands community. To identify other possible misclassifications of mountain 
mahogany >2,900 m, we used the reGAP classifications for this EVT; the misclassified areas were 
predominantly subalpine forests and consequently were included in the mountain forests community 
type.  

 

Plant Species Distribution Maps 

Aspen Forests and Woodlands 

We delineated two aspen functional types, foothill and mountain-slope aspen (fig. 15–2). 
Foothill aspen occurs at lower elevations, typically less than 2,621 m (8,600 ft), within a matrix of 
sagebrush and other shrubs. Mountain slope aspen occurs across broad elevations from the toe slope to 
upper subalpine zones, where it intermixes with conifer species (see additional details on aspen 
functional types in Chapter 10—Aspen). LANDFIRE EVT includes two aspen types “Rocky Mountain 
Aspen Forest and Woodland” and “Inter-mountain Basin Aspen-mixed Conifer Forest and Woodland,” 
but these EVTs overlapped broadly in elevation and were not sufficient for use in distinguishing aspen 
functional types. 
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To delineate foothill and mountain-slope aspen, we included both aspen EVTs in the following 
proximity analysis. Because higher elevation aspen typically occurs in proximity to spruce-fir forests, 
aspen patches (adjacent aspen cells) >2,220 m elevation within 240−600 m of spruce-fir LANDFIRE 
EVTs were classified as mountain-slope aspen. All other aspen patches (adjacent aspen cells) at all 
elevations and within 0−210 m of the initial mountain-slope aspen patches were also classified as 
mountain-slope aspen. The remaining aspen cells were classified as foothill aspen. Because the 
distances used for proximity analysis affected the results, we derived a final estimate of aspen functional 
types by overlaying the derived maps for all buffer distances (240−600 m; 0−210 m) and used the 
majority functional type in the combined maps to classify each aspen cell. To eliminate areas that were 
potentially misclassified as aspen, we only included areas at elevations >1,516 m (5,000 ft) and used the 
bioclimatic envelope for contemporary aspen (Rehfeldt and others, 2009) and eliminated all aspen cells 
where the “probability of occurrence” was <10 percent; these areas were reclassified using reGAP.  
 

Aquatic Ecological Community Distribution Maps 

Riparian Areas 

The location of riparian areas were identified using vegetation types that included the words 
riparian, ravine, or floodplain from LANDFIRE EVT (table A–1) and reGAP vegetation. We used 2012 
National Agriculture Imagery Program (NAIP) imagery for validation of native and nonnative (Russian 
olive and tamarisk) riparian areas. There was general correspondence among datasets in the general 
occurrence of riparian vegetation, particularly when summarizing total area by 6th level watershed. 
However, the 30-m cells of both LANDFIRE or reGAP lacked close correspondence with the spatial 
configuration and perimeters of individual riparian patches as compared to NAIP imagery. As a 
consequence, we were unable to calculate patch metrics or connectivity measures and instead we 
summarized riparian occurrence at the 6th level watershed. We used LANDFIRE to estimate the 
locations of riparian in the Wyoming Basin. 

Species Distribution Models 

Greater Sage-Grouse Habitat Model 

 We used the general-use sage-grouse habitat model developed by Hanser and others (2011) for 
the Wyoming Basin to predict potential baseline sage-grouse habitat. Hanser and others (2011) 
evaluated a variety of sage-grouse habitat models with and without development variables, and the best 
overall model included several development variables (relating to oil and gas wells, roads, and 
powerlines). Because distribution maps for baseline conditions in the REA do not explicitly include 
development variables, we used Hanser and others (2011) top general-use model (low abundance) that 
included only vegetation and abiotic variables (hereafter “baseline general-use model; provided by 
Steve Hanser, August 27, 2013, written comm.). The model (a) is shown below (see table A–2 for 
descriptions of the variables). 

(a) Prob = 1 / (1 + (exp(-(-5.517441 + 2.891109 × Big_Sage_1km + 4.552652 × Riparian_1km - 
0.0635341 × Topgraphic_Roughness_270 + 0.1856618 × Temp_min + 0.0022761 × 
Elevation)))) 
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Table A–2.  Variables used in the sage-grouse baseline general-use model from Hanser and others (2011). 
[km, kilometer; m, meter] 

Explanatory variable Variable description 
Big_Sage_1km Proportion of all Wyoming big sagebrush Existing Vegetation Types from LANDFIRE 

(LANDFIRE identifiers 2125, 2080, 2220, 2126; table A–1) (1-km radius window) 

Riparian_1km Proportion riparian Existing Vegetation Types (LANDFIRE identifiers 2154, 2159, 2160, 
2162; table A–1) (1-km radius window) 

Topographic_Roughness_2701 Mean topographic roughness index (270-m radius window) 

Temp_min Annual minimum temperature from PRISM2 data 1970–2000 

Elevation Elevation from a 30-m digital elevation model 

1 Topographic roughness index was derived using a script from Riley and others (1999). 
2 PRISM, Parameter-elevation Relationships on Independent Slopes Model. 

 
 
Because the spatial extent of the Wyoming Basin used by Hanser and others (2011) was slightly 

different than the extent of the REA project area, we applied model (a) using the same input data layers 
(table A–2) to obtain full coverage for the project area. We used a 2,900 m (9,500 ft) elevation threshold 
to exclude high elevation sites that were unlikely to be used by sage-grouse. 

The optimal probability of occurrence threshold used by Hanser and others (2011) to classify the 
top model output as potential sage-grouse habitat was 0.49. We evaluated the omission errors for a 0.49 
threshold using an independent dataset of sage-grouse lek locations; this threshold excluded 18 percent 
of lek locations (table A–3). Most leks in the southern portion of the Wyoming Basin were included 
using this threshold, but many leks in the northeastern portion of the Basin were excluded (fig. 23–2). A 
threshold of 0.25 increased the number of leks included as potential sage-grouse habitat across the entire 
Basin (table A–3) but led to inclusion of forested and other cover types not typically used by sage-
grouse (increased commission error), especially in southern portions of the project area. To minimize 
these commission errors resulting from the threshold of 0.25, we masked all forested areas and open 
water in the final baseline model. 

 

Table A–3.  Omission error for lek occurrence as a function of probability threshold for the baseline greater 
sage-grouse general-use habitat model (Hanser and others, 2011).  

Probability threshold Leks omitted (percent) 
0.49 18 
0.30 7 
0.25 5 
0.10 1 
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We also conducted a sensitivity analysis to determine how the choice of probability of 
occurrence thresholds for baseline habitat affects the assessment of connectivity and patch size for 
greater sage-grouse. Although a greater amount of potential habitat was predicted by the lower threshold 
(fig. 23–2), this did not substantially alter the relative effects of development on patch metrics (fig. A–1) 
or connectivity (fig. A–2). Patch size for relatively undeveloped areas were very similar for both 
thresholds (fig. A–1). In addition, differences in structural connectivity for relatively undeveloped areas 
using a threshold of 0.25 compared to 0.49 were small (fig A–2) relative to the differences between 
baseline and relatively undeveloped areas (tables 23–1 and 23–2). Thus, we conclude that our results are  
not sensitive to differences in probability of occurrence threshold used to define baseline sage-grouse 
habitat when evaluated for the entire ecoregion. However, there are local-scale differences (such as 
northeast or southeast areas of the Wyoming Basin) that may be of interest in application of the results 
of the REA, and we include all probability values in the baseline habitat map to allow use of other 
thresholds in future applications. 
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Figure A–1. Patch size of potential greater sage-grouse habitat using a probability threshold of 0.49 (A) and 

0.25 (B) for the baseline general-use habitat model.  
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Figure A–2. Structural connectivity of relatively undeveloped greater sage-grouse habitat as a function of 

interpatch distance at two thresholds in probability of occurrence. Relatively undeveloped areas are defined 
by a Terrestrial Development Index score ≤1 percent. The percent of area represented by the maximum 
patch size for a given interpatch distance provides an index of structural connectivity. 

 

Species Distribution Modeling using MaxEnt 

General Approach 

Potential habitat for the spadefoot assemblage, golden eagle, ferruginous hawk, and pygmy 
rabbit was modeled using a similar approach. For each species, we used MaxEnt (Phillips and others, 
2006) to develop a general habitat model that included vegetation and abiotic environmental variables 
(table A–4). Species occurrence data for the Wyoming Basin ecoregion were provided by the Colorado 
Natural Heritage Program, Idaho Fish and Wildlife Information System, Montana Natural Heritage 
Program, Rocky Mountain Bird Observatory, Utah Natural Heritage Program, and Wyoming Natural 
Diversity Database (table A–5). To minimize discrepancies between occurrences and mapped habitat 
variables, we excluded occurrences recorded before 1990. Variable importance was assessed by 
including all variables in an initial model (table A–6). For variables assessed at more than one scale, the 
scale that explained the largest amount of variance was retained in the final model. When building the 
distribution model in MaxEnt, we used the default functional relationships (linear, quadratic, 
multiplicative, threshold, and hinge).  
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Table A–4.  Environmental variables evaluated for contribution to species distribution models for the Wyoming 
Basin Rapid Ecoregional Assessment. 

[km, kilometer; m, meter] 
Variable description Species  

1Percent cover of all sage species  

Average percent cover of all sage species (18 km)1 
Average percent cover of all sage species (5 km)1 

2Annual mean temperature  
2Average temperature of the coldest quarter  

2Average temperature of the warmest quarter  
Percent cover of barren ground1 

1Percent cover of all big sage species  

Average percent cover of big sage species (1 km)1 
 Average percent cover of big sage species (270 m)

Aspect, cosine-transformed3 
Elevation (30 m)3 

Proportion of agricultural land cover (540 m)4 
Proportion of agricultural land cover (5 km)4 
Proportion of conifer forest land cover (1 km)4 
Proportion of conifer forest land cover (270 m)4 

Proportion of conifer forest land cover (5 km)4 

Soil clay content4 
Proportion of grassland land cover (1 km)4 
Proportion of grassland land cover (270 m)4 

Proportion of grassland land cover (540 m)4 
Proportion of grassland land cover (5 km)4 

4Distance (m) to intermittent water  

Proportion of juniper land cover (270 m)4 
Proportion of juniper land cover (3 km)4 
Proportion of juniper land cover (5 km)4 
Proportion of mixed shrubland land cover (5 km) 
Normalized Difference Vegetation Index (270 m) 
Normalized Difference Vegetation Index (5 km)4 
Distance (m) to perennial water 
Proportion of riparian land cover (1 km)4 
Proportion of riparian land cover (540 m) 

Soil depth4 
Sagebrush contagion (1 km)4 
Salt desert shrubland land cover (1 km) 

1 

Brewer’s sparrow, ferruginous hawk, pygmy rabbit, 
sagebrush sparrow, sage thrasher 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Golden eagle 
Golden eagle, pygmy rabbit 
Pygmy rabbit 
Ferruginous hawk, sage thrasher 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow, sage 
thrasher 
Brewer’s sparrow, pygmy rabbit, sagebrush sparrow, sage 
thrasher 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Ferruginous hawk, pygmy rabbit 
Brewer’s sparrow, ferruginous hawk, Golden eagle, sage 
thrasher, spadefoots 
Ferruginous hawk 
Ferruginous hawk 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow, sage 
thrasher spadefoots 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow, sage 
thrasher 
Pygmy rabbit 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow, sage 
thrasher 
Sagebrush sparrow, sage thrasher 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow, sage 
thrasher 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow sage 
thrasher 
Ferruginous hawk 
Ferruginous hawk 
Ferruginous hawk 
Brewer’s sparrow, sage thrasher 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Sagebrush sparrow, sage thrasher 
Ferruginous hawk, pygmy rabbit, spadefoots 
Golden eagle 
Brewer’s sparrow, sagebrush sparrow, sage thrasher, 
spadefoots 
Pygmy rabbit 
Pygmy rabbit, sagebrush sparrow 
Sagebrush sparrow, sage thrasher 
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Variable description Species  
Soil sand content4 
Soil silt content4 

4Solar radiation index  
Topographic Ruggedness Index (1 km)4 
Topographic Ruggedness Index (270 m)4 

Topographic Ruggedness Index (5 km)4 

1Percent cover of herbaceous vegetation  
Average percent cover of herbaceous vegetation (510 
m)1 
Average percent cover of herbaceous vegetation (5 
km)1 
Euclidean distance to nearest sage grouse lek5 

2Precipitation of the wettest quarter  
2Precipitation of the warmest quarter  

 1Average percent cover of all sage species (510 m)  
1Percent cover of all shrub species  

Average percent cover of all shrub species (990 m)1 
Average percent cover of all shrub species (5 km)1 
Average height of shrub1 

3Slope  
Slope (1 km) 

6Latitude, Albers U.S. Geological Survey version  
6Longitude, Albers U.S. Geological Survey version  

Pygmy rabbit, spadefoots 
Pygmy rabbit 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Spadefoots 
Brewer’s sparrow, ferruginous hawk, golden eagle, 
spadefoots 
Brewer’s sparrow, ferruginous hawk, sagebrush sparrow, sage 
thrasher 
Ferruginous hawk, pygmy rabbit 
Pygmy rabbit 

Golden eagle 

Golden eagle 
Golden eagle, pygmy rabbit 
Sagebrush sparrow, sage thrasher, spadefoots 
Pygmy rabbit 
Brewer’s sparrow, ferruginous hawk, pygmy rabbit, 
sagebrush sparrow, sage thrasher 
Pygmy rabbit 
Golden eagle 
Brewer’s sparrow, ferruginous hawk, pygmy rabbit, 
sagebrush sparrow 
Ferruginous hawk, golden eagle, pygmy rabbit 
Golden eagle, spadefoots 
Brewer’s sparrow, sagebrush sparrow, sage thrasher 
Brewer’s sparrow sagebrush sparrow, sage thrasher 

1 Homer and others (2012). 
2 World Climate (Hijmans and others, 2005). 
3 National Elevation Dataset. 
4 Hanser and others (2012). 
5 Data provided by the Wyoming Game & Fish Department. 
6 ArcGIS derived (Esri, 2011). 
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Table A–5.  Data sources and number of occurrences considered for MaxEnt modeling of potential habitat for 
Conservation Elements in the Wyoming Basin Rapid Ecoregional Assessment.  

 Species 
Data Source Spadefoot  

assemblage 
Golden eagle 

 (nests)1
Ferruginous 

hawk 
Pygmy 
Rabbit 

Wyoming Natural Diversity Database 102 470 1477 7851 
Colorado Natural Heritage Program 4 121 35  
Montana Natural Heritage Program 33 6   
Rocky Mountain Bird Observatory   1  
Idaho Fish and Wildlife Information System  5 13  
Utah Natural Heritage Program  39 10  
Total 139 641 1536 7851 
1 The Utah Natural Heritage Program provided no dates for the golden eagle occurrences. 
 

Table A–6.  Variables, data sources, and percent contribution to the top MaxEnt model for the spadefoot 
assemblage in the Wyoming Basin Rapid Ecological Assessment.  

[m, meter] 
Variable description Contribution (percent) 

Elevation 21.1 
Proportion of conifer forest land cover (540 m) 19.4 
Slope 14.3 
Proportion of riparian land cover (540 m) 12.5 
Soil sand content 12.2 
Distance (m) to intermittent water 8.3 
Topographic ruggedness index (270 m) 5.5 
Precipitation of the warmest quarter 3.8 
Distance (m) to perennial water 2.9 

 

Spadefoot Assemblage 

The two spadefoot species were modeled together because there was a good correspondence 
among habitat features for the two species. The area covered by the model was restricted to the extent of 
input variables mapped by Homer and others (2012), which was restricted to elevations below 2,377 m 
(7,800 ft). All occurrences that fell outside this mapped extent were excluded from analysis. We also 
removed all occurrences that lacked mapping precision (resolution exceeded 3.6 hectares [8.9 acres]) in 
the data provided by the Colorado Natural Heritage Program and Wyoming Natural Diversity Database. 
To reduce spatial autocorrelation, we randomly selected one occurrence record from all occurrences 
separated by <45 m (147.6 ft), leaving 105 records for analysis. After masking out a 45-m buffer around 
all occurrences, we drew 10,000 background points from the unmasked portion of the analysis area. 
Initial abiotic and biotic variables considered for input to the MaxEnt model are listed in table A–4 and 
the variables retained in the top model are listed in table A–6. A 10 percent omission rate was used to 
identify the probability of occurrence threshold (0.23) for the habitat map. 
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Golden Eagle 

The area covered by the model was restricted to the extent of input variables mapped by Homer 
and others (2012), which was below 2,377 m (7,800 ft) elevation. All occurrences that fell outside this 
mapped extent were excluded from analysis. We also removed all occurrences that lacked mapping 
precision (resolution exceeded 3.6 ha [8.90 acres] resolution) in the data provided by the Colorado 
Natural Heritage Program and Wyoming Natural Diversity Database. To reduce spatial autocorrelation, 
we randomly selected one occurrence record from all occurrences separated by <5 kilometers (km) (3.2 
miles [mi]) (this corresponds to an average home range size of 100 km2 (38.6 square miles [mi2]) 
Palmer, 1988), leaving 218 records for analysis. We masked a 5-km buffer around all occurrences and 
drew 10,000 background points from the unmasked portion of the analysis area. Initial abiotic and biotic 
variables considered for input to the MaxEnt model are listed in table A–4, and the variables retained in 
the top model are listed in table A–7. 
 

Table A–7.  Variables, data sources, and percent contribution to top MaxEnt model for golden eagle nesting 
habitat in the Wyoming Basin Rapid Ecological Assessment. 

[m, meter; km, kilometer] 
Variable description Contribution (percent) 

Slope 34.2 
Topographic ruggedness index (270 m) 18.1 
Percent cover of herbaceous vegetation (5 km) 12.6 
Elevation (30 m) 12.1 
Annual mean temperature 8.3 
Precipitation of the wettest quarter 7.3 
Average percent cover of all shrub species  5.4 
Average percent cover of all sage species 2 

 

Ferruginous Hawk 

The area covered by the model was restricted to the extent of input variables mapped by Homer 
and others (2012), which was below 2,377 m (7,800 ft) elevation. All occurrences that fell outside this 
mapped extent were excluded from the analysis. We also removed all occurrences that lacked mapping 
precision (resolution exceeded 3.6-ha [8.90-ac] resolution) in the data provided by the Colorado Natural 
Heritage Program and Wyoming Natural Diversity Database. To reduce spatial autocorrelation, we 
randomly selected one occurrence record from all occurrences separated by <1.4 km (0.9 mi), which 
corresponds to an average estimate of breeding home-range sizes in Idaho, Utah, and Oregon, (3.4–9.0 
km2 [1.3–3.5 mi2]) (Smith and Murphy 1973; Janes, 1985), leaving 598 records for analysis. We masked 
a 1.4-km (0.9-mi) buffer around all occurrences and drew 10,000 background points from the unmasked 
portion of the analysis area. Initial abiotic and biotic variables considered for input the MaxEnt model 
are listed in table A–4 and the variables retained in the top model are listed in table A–8. 
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Table A–8.  Variables, data sources, and percent contribution to top MaxEnt model for ferruginous hawk in the 
Wyoming Basin Rapid Ecological Assessment. 

[km, kilometer; m, meter] 
Variable description Contribution (percent) 

Topographic ruggedness index (5 km) 32.3 
Elevation (30 m) 22.5 
Average temperature of the warmest quarter 12.9 
Slope 8.5 
Proportion of juniper land cover (3 km) 6.0 
Proportion of conifer forest land cover (5 km) 5.8 
Percent cover of barren ground  3.6 
Distance (m) to perennial water 3.4 
Proportion of grassland land cover (5 km) 1.6 
Average height of shrub 1.1 
Percent cover of herbaceous vegetation 0.8 
Percent cover of all sage species 0.5 
Aspect, cosine-transformed 0.5 
Distance (m) to intermittent water 0.3 
Percent cover of all shrub species 0.2 
 

 

Pygmy Rabbit 

The area covered by the model was restricted to the extent of input variables mapped by Homer 
and others (2012), which was below the elevation of 2,377 m (7,800 ft). All occurrences that fell outside 
this mapped extent were excluded from the analysis. We also removed all occurrences that lacked 
mapping precision (resolution exceeded 1 ha [2.47 acres]) in the data provided by the Colorado Natural 
Heritage Program and Wyoming Natural Diversity Database. To reduce spatial autocorrelation, we 
randomly selected one occurrence record from all occurrences separated by <100 m (328 ft), which 
corresponds to an average estimate of breeding home-range size in southwestern Wyoming (0.25–1.0 ha 
[0.62–2.5 acres]) (Katzner and Parker, 1997), leaving 3,066 records for analysis. We masked a 100-m 
(328.1-ft) radius buffer around all occurrences and drew 10,000 background points from the unmasked 
portion of the analysis area. Initial abiotic and biotic variables considered for input the MaxEnt model 
are listed in table A–4 and the variables retained in the top model are listed in table A–9. The probability 
cutoffs for 5 percent and 10 percent omission error were 0.19 and 0.28 respectively. 
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Table A–9.  Variables, data sources, and percent contribution to top MaxEnt model for pygmy rabbit habitat in 
the Wyoming Basin Rapid Ecological Assessment. 

[m, meter] 

Description  Contribution (percent) 

Average temperature of the coldest quarter 32.3 
Percent cover of all sage species 17.2 
Annual mean temperature  14.1 
Soil sand content 11.4 
Distance (m) to perennial water 6.4 
Average height of shrub (990 m) 5.2 
Soil clay content 3.3 
All sagebrush species contagion 2.4 
Precipitation of the wettest quarter 2.4 
Slope 1.8 
Soil depth 1.2 
Soil silt content 1.2 
Average percent cover of all sage species (510 m) 0.9 
Average percent cover of herbaceous vegetation (510 m) 0.3 
 

 

Species Occupancy Modeling for Sagebrush-Obligate Songbirds  

Rocky Mountain Bird Observatory provided 2008–2013 survey data for all three sagebrush-
obligate songbirds (Rocky Mountain Bird Observatory, 2013). To maintain sample independence, we 
only retained detections of adults that were ≤125 m (410.1 ft) from the observer. Additionally, we 
randomly selected one occurrence wherever occurrences were <125 m apart and removed detections 
categorized as migrants, flyovers, and incidentals. The 6-minute point counts were divided into three, 2-
minute time periods for occupancy analyses. An encounter was defined as ≥1 detections during a 2-
minute time period. Surveys without any detection of the species of interest were used as absences in the 
encounter history. Initial variables tested are listed in table A–4. Thresholds for identifying suitable 
sagebrush-obligate habitat minimized omission and commission errors and were verified with 
independent datasets from the Idaho Fish and Wildlife Information System, Montana Natural Heritage 
Program, Utah Natural Heritage Program, and Wyoming Natural Diversity Database.  

Brewer’s Sparrow 

The variables and associated parameters for variables in the top occupancy model for Brewer’s 
sparrow are provided in table A–10. The model was developed using 3,621 unique encounter histories. 
The binary surface used a 5 percent omission error of the training; that is, Rocky Mountain Bird 
Observatory data resulted in 6.5 percent omission error in the 1,615 independent test-data locations 
(includes data from Idaho Fish and Game, Montana Natural Heritage Program, Utah Natural Heritage 
Program, and Wyoming Natural Diversity Database).  
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Table A–10.  Variables and logit link function parameters for the Brewer’s sparrow occupancy model. 
[s.e., standard error; m, meter; km, kilometer] 

95 percent confidence 
      interval 

Variable Beta s.e. Lower Upper 
Intercept -115.635 0.000 -115.635 -115.635 
Normalized difference vegetation index (270 m)1 -18.711 7.204 -32.831 -4.591 
Normalized difference vegetation index (270 m) 16.282 6.878 2.802 29.763 
Proportion of mixed shrubland land cover (5 km) 15.737 13.985 -11.674 43.148 
Proportion of conifer forest land cover (1 km) 7.998 2.203 3.680 12.315 
Proportion of riparian land cover (540 m) -3.881 1.266 -6.363 -1.400 
Proportion of grassland land cover (270 m) -0.898 0.713 -2.295 0.499 
Average percent cover of big sage species (270 m) 0.759 0.162 0.442 1.076 
Average percent cover of big sage species (270 m)1 -0.041 0.009 -0.059 -0.024 
Percent cover of all sage species 0.456 0.102 0.256 0.656 

1Percent cover of all sage species  -0.011 0.004 -0.018 -0.004 
Solar radiation index 0.319 0.050 0.221 0.416 

1Solar radiation index  -0.001 0.000 -0.001 -0.001 
Topographic ruggedness index (5 km) -0.114 0.015 -0.144 -0.083 
Percent cover of barren ground 0.030 0.012 0.007 0.053 
Elevation (30 m) -0.023 0.005 -0.033 -0.012 
Elevation (30 m)1 0.000 0.000 0.000 0.000 
Average height of shrub 0.005 0.019 -0.033 0.042 
Distance (m) to intermittent water -0.001 0.000 -0.001 0.000 

1 Squared term.  
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Sagebrush Sparrow 

The variables and associated parameters in the top occupancy model for sagebrush sparrow are 
provided in table A–11. The model was developed using 4,568 unique encounter histories. The binary 
surface used a 5 percent omission error of the training; that is, Rocky Mountain Bird Observatory data 
resulted in 5.3 percent omission error in the 761 independent test data locations (includes data from 
Wyoming Natural Diversity Database). 
 

Table A–11.  Variables and logit link function parameters for the sagebrush sparrow occupancy model. 
[s.e., standard error; km, kilometer; m, meter] 

      interval 
Variable Beta  s.e. Lower Upper 

Intercept -126.829 0.000 -126.829 -126.829 
Normalized difference vegetation index (5 km) -9.388 1.102 -11.548 -7.228 
Proportion of conifer forest land cover (5 km) 7.627 1.258 5.161 10.093 
Salt desert shrubland land cover (1 km) -0.779 0.694 -2.139 0.582 
Percent cover of all sage species 0.557 0.108 0.345 0.768 
[Percent cover of all sage species]1 -0.003 0.007 -0.017 0.011 
Percent cover of all big sage species -0.116 0.099 -0.310 0.078 
[Percent cover of all big sage species]1 -0.012 0.007 -0.026 0.003 
Topographic ruggedness index (5 km) -0.073 0.010 -0.092 -0.054 
Solar radiation index 0.018 0.005 0.009 0.028 
Sagebrush contagion 0.009 0.004 0.002 0.016 
Distance (m) to intermittent water 0.000 0.000 -0.001 0.000 

95 percent confidence 

1 Squared term.  

 

Sage Thrasher 

The variables and associated parameters for variables in the top occupancy model for sage 
thrasher are provided in table A–12. The model was developed using 4,012 unique encounter histories. 
The binary surface used a 5 percent omission error of the training; that is, Rocky Mountain Bird 
Observatory data resulted in 8.6 percent omission error of the 964 independent testing data locations 
(includes data from Idaho Fish and Game, Montana Natural Heritage Program, and Wyoming Natural 
Diversity Database). 
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Table A–12.  Variables and logit link function parameters for the sage thrasher occupancy model. 
[s.e., standard error; km, kilometer] 

  
Variable 

  
Beta 

  
s.e. 

95 percent confidence 
interval 

Lower Upper 
Intercept -3.870 0.000 -3.870 -3.870 
Proportion of mixed shrubland land cover (5 km) 71.045 13.611 44.366 97.723 
Normalized difference vegetation index (5 km) -5.728 0.345 -6.405 -5.051 
Proportion of conifer forest land cover (1 km) 1.603 1.010 -0.376 3.582 
Proportion of grassland land cover (1 km) 1.597 0.000 1.597 1.597 
Salt desert shrubland land cover (1 km) 1.483 1.075 -0.623 3.590 
Percent cover of all sage species 0.635 0.090 0.459 0.810 
[Percent cover of all sage species]1 -0.014 0.002 -0.019 -0.010 
Percent cover of all big sage species -0.166 0.069 -0.301 -0.031 
Average temperature of the warmest quarter -0.089 0.000 -0.089 -0.089 
Topographic ruggedness index (5 km) -0.052 0.000 -0.052 -0.052 
Precipitation of the warmest quarter -0.039 0.000 -0.039 -0.039 

1 Squared term.  

 

Change Agents 
Development  

Terrestrial Development Index 

The Terrestrial Development Index (TDI) quantifies levels of development intensity, including 
agriculture, roads and railroads, energy and minerals, transmission lines, and urban development. The 
primary variables associated with terrestrial development (table 2–6) were compiled; to facilitate 
compilation of the development variables, we used a common metric—surface disturbance—to quantify 
each variable. The TDI is derived from the percent of surface disturbance footprint for all terrestrial 
development variables in a 16-km2 (6.18-mi2) moving window. An overview of methods for the TDI is 
described in Chapter 2—Assessment Framework.  

To map the surface disturbance footprint from roads and railroads, we created buffers using the 
estimated surface disturbance footprint from various road types and railroads (table A–13). An initial 
examination of the TDI scores indicated large discrepancies at state boundaries resulting from 
differences in data sources, primarily because of the comprehensive road data available for Wyoming 
(O’Donnell and others, 2014) compared to Topographically Integrated Geographic Encoding and 
Referencing (TIGER) data used for the other states. Spot checking of NAIP imagery and TIGER 
indicated most of the omissions were in the vicinity of energy fields. We enhanced the TIGER data for 
Colorado, Utah, Idaho, and Montana by identifying energy fields and digitizing roads not captured by 
the TIGER data. Four-wheel drive roads were not digitized in the enhanced TIGER data. 
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Table A–13.  Surface disturbance buffers used for quantifying the surface disturbance footprint for development 
variables delineated as points or lines. Buffers extend on both sides of lines and as a radius for points. 

[m, meter; ha, hectare] 
   

 Development variable Attribute type Mean size of buffer 
1Interstates  
1Highways  

1Secondary roads  
1Four-wheel drive roads  

2Railroads  
3Transmission lines  

Well pad4 
Wind turbine pad3 

5Silica mine  
5Uranium mine  

5Stone mine  

Line 
Line 
Line 
Line 
Line 
Line 
Point 
Point 
Point 
Point 
Point 

45 m 
15 m 
10 m 

4 m 
10 m 
10 m 

56-m radius (1 ha) 
72-m radius (1.6 ha)6 
22-m radius (6.5 ha) 

60-m radius (115 ha) 
74-m radius (173 ha) 

1 O’Donnell and others (2014); Topological Integrated Geographic Encoding and Referencing (TIGER) from U.S. Census 
data. 
 2 Federal Railroad Administration (FRA) data. 
3 Federal Aviation Administration (FAA) data; Sagebrush and Grassland Ecosystem Map (SAGEMAP; at 
http://sagemap.wr.usgs.gov/). 
4 State Oil and Gas Commissions. 
5 U.S. Geological Survey (2012). 
6 Denholm and others (2009). 
 

 
The surface disturbance footprint for energy and minerals was mapped by creating buffers for oil 

and gas wells, wind turbines, and mine point locations (table A–13). Oil and gas wells within a 30-m 
(98.42-ft) radius buffer were combined as a single pad. The mean surface area footprint for mines was 
estimated by digitizing a random sample of each mine type for the project area. The surface area 
footprint for linear energy transmission structures was created using a 10-m (32.81-ft) buffer to all 
transmission lines. After comparing multiple state and regional data sources, we used LANDFIRE 
agriculture EVTs to map the surface area of agriculture for the Wyoming Basin, because it was 
consistent across state boundaries and provided the most comprehensive regional dataset for agricultural 
lands. The surface disturbance footprint for urban development was mapped by combining areas 
designated as medium-intensity (EVT 23) and high-intensity (EVT 24) development  for LANDFIRE 
and National Agricultural Statistics Service (NASS; classes 123 and 124) data (table A–1). To calculate 
the overall development index, the surface disturbance footprints for all development variables were 
compiled into an overall surface disturbance footprint raster by taking the maximum disturbance value 
in each cell. The compiled footprint map was used in a moving window analysis to calculate the percent 
development within a 2.25-radius (16-km2) moving window analysis. 

Selection of Moving-Window Size 

We conducted preliminary analyses to determine the most appropriate window size for 
quantifying the total surface disturbance for the TDI. Sample units that are too small can result in very 
little surface disturbance per sampling unit such that the score essentially reflects the presence or 

http://sagemap.wr.usgs.gov/
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absence of surface disturbance, but such scales provide little information about development intensity. 
Sample units that are too large may average a wide range of development intensities, resulting in low 
variation among samples. To determine an optimal window size, we conducted an analysis of variability 
in total surface disturbance across a range of square window sizes (0.8–441 km2 [0.3–170.3 mi2]; fig. A–
3). For each window size, we generated 10,000 randomly selected (with replacement) windows within 
the project area and calculated the total, mean, and standard deviation of surface disturbance in each 
window. A 3-segment regression model fit to the trend in the coefficient of variation by window size 
revealed an inflection point for window sizes of 9–16 km2 (3.5–6.2 mi2) (fig. A–3), indicating a 
reasonable scale for smoothing finer-scale variation while retaining a representative level of variability 
at broad scales. Because the REAs for other ecoregions had used a 16-km2 (6.2-mi2) grid for analysis 
units, we selected the upper range of this inflection point to provide consistency in the scale of analysis 
or reporting units among REAs. We also evaluated how moving window size can affect the TDI map by 
generating multiple TDI maps using 4-, 16-, and 130-km2 (1.5-, 6.2-, and 50.2-mi2, respectively) 
moving window sizes (fig. A–4).  

 
 

 
 
Figure A–3.  Evaluation of optimal window size for calculating the Terrestrial Development Index for the 

Wyoming Basin project area. Window size reflects the length of one side of a sampling unit. The green line 
represents a 3-segment regression (R2 = 0.9873). The inflection point of the regression line at 9–16 km2 
(3.5–6.2 mi2) represents an optimal window size. 
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Figure A–4. Terrestrial Development Index scores for several sizes of moving windows: (A) 4 square kilometers 

(km2) (1.6 square miles [mi2]), (B) 16 km2 (6.2 mi2), and (C) 130 km2 (50.2 mi2). Only the 16 km2 window size 
was used for the Wyoming Basin Rapid Ecoregional Assessment because it was at the optimal threshold for 
analysis scale (see fig. A–3). 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_01to03/MapServer
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 Selection of Terrestrial Development Index Breakpoints 

We used 10 equal subsets (quantiles) to identify potential breakpoints for the TDI scores at16 
km2. The upper values of the breakpoints were 0, 0.39, 0.78, 1.17, 2.0, 3.1, 5.1, 9.8, 23.9 and 100. To 
provide meaningful and intuitive breaks for visualization purposes, we used integer values roughly 
corresponding the 10 quantiles, using the following upper values, 0, 1, 2, 3, 5, 20, and 100). Some of the 
higher classes were combined to limit the number of classes to seven, as recommended by the 
Assessment Management Team. The continuous TDI scores were retained for analysis purposes. 

Comparison of the Terrestrial Development Index to Other Similar Approaches  

Human modification of landscapes includes the conversion or alteration of vegetation resulting 
from human activities including development (such as roads, energy and mineral extraction, agriculture, 
livestock grazing, and urban development), associated disturbance from human activities, introduction 
of invasive nonnative species, timber management, and fire suppression. The degree of vegetation 
alteration varies among the types of development, such as an interstate highway compared to an 
agricultural field. However, quantifying the variety of direct and indirect effects of human modification 
of the landscape is challenging at the ecoregion level because the response to development varies among 
species and has not been studied for most species. The direct conversion of natural vegetation by 
development (or “footprint”) is the most widely available information at the ecoregion level and 
provides a direct measure of development that can be applied to both communities and species, as well 
as at the ecoregion level. Although there are methods that address both the footprint and the intensity of 
human activities associated with development that can negatively affect species (such as Theobald, 
2013), these methods require additional assumptions about intensity levels, which are not likely to be 
applicable to all species. In addition, the intensity of activity is often proportional to the size of the 
footprint, and may be sufficiently represented by the footprint area without including weighting factors. 
For example, an interstate highway is much wider and typically has greater traffic volumes than a 
secondary road.  

In contrast to removal or conversion of vegetation types by some development activities, 
agricultural areas may still retain some native vegetation (such as pastures) or may be used by species 
for some portion of their life cycle. Some have used weights to address this issues (Theobald, 2013).  
We conducted a sensitivity analysis to determine how weighting the intensity of impact for row crops 
(0.5) and pastures (0.25) affected the TDI score. Because of the spatial patterning of agricultural lands, 
which often cover multiple adjacent cells (900 square meters [m2]) within the 16-km2 moving window, 
the TDI scores for agricultural lands typically exceeded 5 percent; consequently, agricultural areas 
would still have high development levels and the use of weightings complicates the interpretation of the 
TDI score, which without weights simply reflects the footprint area. In addition, the focus of the REAs 
is on intact areas, and the composition of agricultural lands differs from native vegetation. For these 
reasons, we did not include weights in the TDI. 

Because of the challenges with unambiguously quantifying intensity, we focused on the 
landscape-level effects of the development footprint to evaluate landscape intactness and identify the 
relatively undeveloped areas. The TDI is similar to the west-wide “human footprint” model of Leu and 
others (2008), but differs in several respects. First, we focused the TDI on the surface disturbance 
footprint and did not include other components used in the human footprint model including, invasive 
plant risk, presence of corvids, dogs, and cats, or fire ignitions. Second, we used different source data 
for many of the input variables because of the availability of regional datasets and in some cases more 
recent data, and used slightly different buffer distances to create the footprint for point and line data 
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layers (table A–13). The human footprint model used contagion to evaluate the fragmenting effects of 
development, whereas we used patch size and structural connectivity. Finally, we used a smaller 
analysis unit (15 m) for quantifying the surface disturbance footprint (compared to 180 m [590.56 ft]), 
and a smaller moving window size (16 km2 [6.2 mi2]) for calculating the TDI (compared to 2,975 km2 
[1,148.6 mi2]) used in the human footprint model because the smaller analysis units provided more 
detail for the smaller spatial extent of the Wyoming Basin compared to the human footprint model (see 
Selection of Moving Window Sizes section above for additional details on the scale of analysis units). 

Validation of Terrestrial Development Index 

To evaluate the validity of the TDI for representing species-level threats posed by development, 
we compared the TDI score with the predicted probability of greater sage-grouse occurrence (using the 
top general-use habitat model, which included development variables (Hanser and others, 2011). We 
randomly selected 150,000 cells (approximately 1 percent of the project area) and compared the mean 
probability of occurrence for each TDI class (table A–14). Using a probability threshold of 0.49 (Hanser 
and others, 2011), the results indicated that a TDI score of 2–3 percent may represent a potential 
threshold in development levels for greater sage-grouse occurrence (table A–14; fig. A–5). For TDI >3 
percent, the mean probability of occurrence drops dramatically and remains low for TDI >5 percent 
(table A–14). Although there is considerable variation in the predicted probability of occurrence and 
TDI scores (fig A–5), the central tendency of this relationship supports the use of TDI as an index of 
potential threats of development in the Wyoming Basin REA.  

 

Table A–14.  Comparison of Terrestrial Development Index score and greater sage-grouse probability of 
occurrence. The probability of occurrence is derived from the top general-use habitat model, which 
includes development variables from Hanser and others (2011).  

[>, greater than] 
Terrestrial Development 

(percent) 
Index score Mean probability of occurrence1 Sample size2 

0 0.45 270 
0.1−1 0.53 33,193 
1−2 0.53 46,359 
2−3 0.50 21,706 
3−5 0.47 16,823 

5−10 0.42 14,182 
10−20 0.41 8,886 

>20 0.39 8,684 
1 The optimal threshold for greater sage-grouse probability of occurrence for this model was 0.49, which generally 
corresponds to a Terrestrial Development Index score of 2–3 percent. 
2 A random sample was generated for comparing the Terrestrial Development Index score and the probability of occurrence. 
Very little greater sage-grouse habitat had a Terrestrial Development Index score of 0 percent because this score usually 
occurs at elevations that are higher than where sage-grouse typically occur. 
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Figure A–5. The relationship between the predicted probability of occurrence for greater sage-grouse and the 

Terrestrial Development Index (TDI). The probability of occurrence is derived from the top general-use 
habitat model, which includes development variables, from Hanser and others (2011). Median TDI scores 
are represented by the horizontal line dividing the box, 25 percentile (lower line of the box), 75 percentile 
(upper line of the box), and minimum (maximum) scores by the lower (upper) extent of the vertical lines for 
each box. 
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Aquatic Development Index 

Watershed land use has repeatedly been shown to be a good predictor of stream and riparian 
degradation (Paukert and others, 2011). Table A–15 summarizes the variables and metrics serving as 
indicators for key ecological attributes associated with streams and rivers. Variables and metrics can 
address more than one ecological attribute. For example, surface disturbance directly impacts the habitat 
quality of riparian zones, but the presence of impervious surfaces also can alter flow regimes. Likewise, 
structures that alter connectivity (roads, dams, and water diversions) can alter flow or sedimentation 
regimes. We used the Terrestrial Development Index to address multiple ecological attributes (table A–
15), such as increased sedimentation in areas of higher agriculture use. Water diversions can be used as 
an indicator of altered flow regime on relatively small streams, whereas dams can be used as an 
indicator of altered flow regime on relatively large streams and rivers. 
 

Table A–15.  Relationships between component variables and metrics for the overall Aquatic Development 
Index and key ecological attributes. 

[km2, square kilometers] 

 

Variable 

 

Metric 

Key ecological attribute 
Flow 

regime 
Sedimentation Riparian  

regime zone Connectivity 
Water 
quality 

Surface Variables in the X X X  X 
disturbance Terrestrial Development 

Index (km2)  per 
2)catchment area (km  

Road 
crossings 

Number of road crossings 
2)per catchment area (km  

 X  X  

Water use Number of dams X   X  

 Number of water X   X  
diversions per catchment 

2)area (km  

Water 
quality 

303d waterways km per 
2)per catchment area (km  

    X 

 
 

 
We developed an Aquatic Development Index (ADI) based on the synoptic human threat index 

developed by Annis and others (2010). This approach quantifies development at two hydrologically 
defined scales (local catchment for a given stream segment and upstream contributing area). In addition, 
instream distance measures are used to weight the potential effects of development for the upstream 
portion of the synoptic human threat index (table A–16, figs. A–6 and A–7). Unique subset 
combinations for variables included in the full ADI can be derived (fig. 4–6) such as transportation or 
energy and minerals. 
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Table A–16.  Weights by instream distance used for the upstream Aquatic Development Index.  
[km, kilometer] 

Weight (multiplier) Distance upstream (km) 

15 0−2 
7 2.1−10 
3 10.1−100 
1 >100 
 
 
 
 

 
 
Figure A–6. Diagram of the local and upstream contributing area used for calculating the overall Aquatic 

Development Index. Examples of distance weights for the upstream contributing area are shown in the inset 
box. [km, kilometers] 
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Figure A–7. Examples of nested catchments and watersheds in the Wyoming Basin Rapid Ecoregional 

Assessment project area. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch08_StreamsRivers_Distribution_Figs_01to09/MapServer
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Perennial streams were defined from National Hydrography Dataset (NHD) (2012) flow line 
data. Stream segments and associated catchments were defined at a catchment threshold size of 3 km2 
using the flow accumulation output and the ArcHydro Stream Definition tool (Esri Water Resources 
Team, 2011). Additional processing was required for catchments in the Great Divide Basin (a closed 
basin). The upstream contributing area was calculated from each pour point, which is the location 
furthest downstream in each catchment. All dams and water bodies (lake/pond, reservoirs) spatially 
coincident with a dam location were identified, converted from polygonal to raster, given a value of 
100, and subtracted from the reconditioned and filled digital elevation model used to define the local 
catchments. This captures the loss of hydrological connectivity and flow resulting from dams. A flow 
direction raster was derived, which was used in conjunction with the ArcGIS watershed tools to create 
the upstream watersheds to include the influence of dams from the pour points per catchment. We 
assumed that water bodies overlapping dams are reservoirs and represent impediments to upstream and 
downstream flows. 

For each catchment, we calculated local and upstream ADI (fig. A–6). The local ADI is derived 
using the local-scale catchment, whereas upstream ADI is derived from upstream contributing area. The 
values for each variable were ranked and rescaled from 0 to 100 using the SciPy rank data function 
within the stats module (SciPy, 2013). The values for all the ranked variables are summed by catchment 
(local or upstream) and normalized from 0 to 100. The overall ADI by catchment is derived by summing 
the local and upstream ADI values and normalizing from zero to 100 across (fig. A–8). 

We used Wyoming Stream Integrity Index (WSII) (Hargett and ZumBerge, 2006; Hargett, 2011) 
to evaluate the correlation between the ADI and the integrity of streams. The WSII uses 
macroinvertebrate community-level metrics that reflect the degree to which biological communities 
differ from that expected for reference conditions. Despite limitations in the WCII, there was good 
correspondence between the mean WSII and the upstream ADI (fig. A–9) supporting the use of the ADI 
as an index of risk to watersheds. ADI scores <20 corresponded to median WSII scores of 70 indicating 
high stream integrity, whereas ADI scores ≥40 corresponded to median WSII scores <30 indicating low 
integrity for the stream macroinvertebrate communities (Hargett and ZumBerge, 2006). 
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Figure A–8. Aquatic Development Index (ADI) for the Wyoming Basin Rapid Ecoregional Assessment project 

area. (A) ADI, (B) local ADI, and (C) upstream ADI. 

  

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch04_Development_Figs_04to06/MapServer
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Figure A–9. Correspondence between the Wyoming Stream Integrity Index and upstream Aquatic 

Development Index (ADI) scores for the Wyoming Basin Rapid Ecoregional Assessment. Mean upstream 
ADI score is represented by the plus sign, median score by the horizontal line dividing the box, 25 percentile 
(lower line of the box), 75 percentile (upper line of the box), and minimum (maximum) scores by the lower 
(upper) extent of the vertical lines for each box. Upstream ADI shows the closest correspondence to the 
Wyoming Stream Integrity Index compared to ADI or Local ADI. Relatively undeveloped areas have an ADI 
score <20. 

 

Invasive Species 

We followed the methods used in previous modeling efforts for tamarisk and Russian olive in 
the western United States (Jarnevich and others, 2011; Jarnevich and Reynolds, 2010), updated with 
modeling methods being used to model cheatgrass distribution in the western United States (Morisette 
and others, 2013). Changes included incorporating updated location data from Global Invasive Species 
Information Network (www.gisin.org) and from BLM offices within the Wyoming basin, expanding the 
modeling techniques with the Software for Assisted Habitat Modeling (Morisette and others, 2013). 
Climate variables used in the model were derived from monthly averages of precipitation, minimum 
temperature, and maximum temperature for climate scenario II (Geophysical Fluid Dynamics 
Laboratory’s Coupled Climate model 2.1, emissions scenario A2) (Maurer and others, 2007). Models 
were developed using the standard Software for Assisted Habitat Modeling (SAHM) workflow for 
presence-only data (SAHM tutorial node “Presence only using the entire study area”). 

We selected predictors based on previous models for the species (Jarnevich and Reynolds, 2010; 
Jarnevich and others, 2011) and variables useful for projecting future climates, removing nonclimate 

http://www.gisin.org/
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predictors for which projections do not exist. We did retain distance to water (fine-resolution layer from 
Jarnevich and Reynolds [2010]), as this variable was an important predictor for both tamarisk and 
Russian olive in previous models. We used seven bioclimatic variables for the cheatgrass models and an 
additional two bioclimatic variables and distance to water for tamarisk and Russian olive (table A–17). 
Bioclimatic variables were derived following O’Donnell and Ignizio (2012) using Parameter-elevation 
Regressions on Independent Slopes Model (PRISM) climate averages for 1971–2000 and PRISM 
climate averages for 1980–2009. We used baseline climate data for the current models to examine the 
uncertainty associated with the baseline climate data used to train the model (Roubicek and others, 
2010), and the differences may be exacerbated when projecting to future climate scenarios. 

Area under curve (AUC) values from the spatial cross-validation were similar across model 
algorithms, so we selected the generalized linear models because they were the simplest models, which 
is beneficial for forecasting (Jiménez-Valverde and others, 2011)). These models are correlative based, 
and projections assume that correlations between predictors now are maintained in the future (Elith and 
others, 2010). The models also assume that species are in equilibrium with climate, but other factors 
could limit their distribution, such biotic interactions that may limit their distribution. 
 

Table A–17.  Climate variables used in the tamarisk and Russian olive distribution models, including values for 
their percent contribution to the model using climate data from 1971−2000 and 1980−2009, calculated by 
permutating the values at presence and background locations and calculating the change in area under 
curve (AUC). Empty cells indicate the predictor variables were not included as inputs into the model for 
that species. 

 Percent contribution to the model  
 Cheatgrass Tamarisk Russian olive 
 

Climate variable 1971−2000 1980−2009 1971−2000 1980−2009 1971−2000 1980−2009 
Mean diurnal range (Mean of monthly — — 2.0 6.0 4.0 7.0 
(max temp – min temp)) 

Temperature seasonality 3.0 4.0 1.0 5.0 3.0 4.0 

Maximum temperature of warmest 10.0 11.0 21.0 27.0 30.0 32.0 
month 

Minimum temperature of coldest month 54.0 62.0 38.0 38.0 34.0 34.0 

Mean temperature of wettest quarter — — 7.0 7.0 4.0 9.0 

Precipitation of driest month — — 1.0 0.2 11.0 2.0 

Precipitation seasonality (coefficient of 22.0 15.0 0 0.1 0 0 
variation) 

Precipitation of warmest quarter 5.0 5.0 24.0 13.0 10.0 5.0 

Precipitation of coldest quarter 7.0 4.0 0.1 0.04 1.0 1.0 

Distance to water — — 5.0 3.0 4.0 4.0 
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Landscape Structure: Terrestrial Structural Connectivity Analysis 

To evaluate structural connectivity, we first evaluated the interpatch distances at which 
discontinuities in patch connectedness occurred for the mapped distribution of species and communities 
(hereafter distribution). Pronounced thresholds can indicate large discontinuities in the distribution of 
patches at particular spatial scales (see Chapter 2– Assessment Framework). This technique simplifies 
the complexity of multiscale spatial heterogeneity for analysis purposes, which allows us to compare the 
differences in the interpatch distances between baseline and relatively undeveloped areas to evaluate 
how development has potentially fragmented communities and habitats.  

We conducted this analysis for both baseline conditions and relatively undeveloped areas (TDI 
≤1 percent). Discontinuities were indicated by large increases in the maximum size of patch complexes 
(as a function of the total percent of the baseline distribution or relatively undeveloped areas) (figs. A–
10 to A–13. These discontinuities were used as an index of local, landscape, and regional levels of patch 
connectedness and were used to identify the characteristic scales corresponding to each level of patch 
connectedness for a given species or community. The use of discontinuities in connectedness provides a 
process for selecting three scales at which to evaluate structural connectivity for baseline and relatively 
undeveloped areas. The three scales selected using this process, however, are not the only scales that 
may be relevant to a particular management question. 

We used an upper threshold of 90 percent of the total area for the baseline or relatively 
undeveloped areas to identify thresholds that correspond to regional levels of connectivity. In a few 
cases, there were multiple small thresholds indicating that heterogeneity varied continuously across 
spatial levels. In these cases, we selected the most pronounced thresholds for identifying interpatch 
distances corresponding to each level of connectivity. The interpatch distances corresponding to local-, 
landscape-, and regional-levels of connectivity for baseline and relatively undeveloped areas are 
summarized for each species in table A–18. 
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Figure A–10. Connectivity analysis for determining local, landscape, and regional levels of structural connectivity 

for the Wyoming Basin Rapid Ecoregional Assessment. (A) Sagebrush steppe, (B) desert shrublands, (C) 
foothill shrublands and woodlands, and (D) mountain forests and alpine zones. 
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Figure A–11. Connectivity analysis for determining local, landscape, and regional levels of structural connectivity 

for the Wyoming Basin Rapid Ecoregional Assessment. (A) Wetlands, (B) aspen, (C) five-needle pine 
forests and woodlands, and (D) juniper woodlands. 
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Figure A–12. Connectivity analysis for determining local, landscape, and regional levels of structural connectivity 

for the Wyoming Basin Rapid Ecoregional Assessment. (A) Greater sage-grouse, (B) golden eagle, (C) 
ferruginous hawk, and (D) sagebrush-obligate birds. 
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Figure A–13. Connectivity analysis for determining local, landscape, and regional levels of structural connectivity 

for the Wyoming Basin Rapid Ecoregional Assessment. (A) Pygmy rabbit, (B) mule deer crucial winter 
range, and (C) spadefoot assemblage. 
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Table A–18.  Summary of interpatch distances corresponding to connectivity at local, landscape, and regional 
levels for baseline conditions and relatively undeveloped areas for terrestrial Conservation Elements 
evaluated for the Wyoming Basin Rapid Ecoregional Assessment. 

[km, kilometer] 

 

Integrated Management Questions 

Integrated Management Questions summarize landscape-level ecological values (for key 
ecological attributes such as habitat area) and risks (from Change Agents such as development) derived 
from Core Management Questions. The combined ranks for landscape-level values and risks were used 
to rank the conservation potential of modeled distributions or mapped occurrences of species and 
communities. This approach summarizes information in a format that can be used as a screening tool for 
identifying areas with high conservation, restoration, or development potential. Values, risks, and 
conservation potential for terrestrial Conservation Elements were summarized by township 93.3 km2 (36 
mi2) and by fifth-level watershed for aquatic Conservation Elements. 

We developed the following process for establishing breakpoints for ranking variables 
representing values and risks for each species and community. If available, we used published literature 
that provided a quantitative basis for breakpoints at the appropriate spatial scale. For example, the 
percent of greater sage-grouse habitat in a 78.5-km2 (30.3 mi2) radius analysis unit (Knick and others, 
2013) corresponded most closely to the township scale. In most cases, however, published information 
was not available to establish breakpoints.  

For species lacking established breakpoints from published literature, we initially used equal 
subsets of each dataset (quantiles) to establish breakpoints. In many cases, the distribution of scores was 
highly skewed toward very low area scores, which resulted in breakpoints that were not biologically 

Conservation Element

Sagebrush steppe

Interpatch distance (km)

Connectivity level for baseline Connectivity level for relatively  
conditions undeveloped areas

Local Landscape Regional Local Landscape Regional

0.06 0.06 0.06 0.45 2.46 3.18

Desert shrublands 0.09 0.24 0.54 1.35 3.15 3.33

Foothill shrublands and woodlands 0.27 0.27 0.27 0.27 2.43 3.24

Mountain forests and alpine zone 0.36 1.44 2.43 3.15 4.86 12.24

Aspen 0.27 1.35 6.48 0.27 5.13 12.69

Five-needle pine 1.08 4.50 9.09 2.97 5.13 11.88

Juniper woodlands 0.45 0.72 1.08 0.63 3.33 7.38

Spadefoot assemblage 0.09 0.99 1.53 0.27 3.51 5.67

Greater sage-grouse 0.27 0.27 0.27 0.27 2.97 3.78

Golden eagle 0.09 0.18 0.18 0.54 2.97 4.86

Ferruginous hawk 0.09 0.09 0.09 1.26 3.96 5.04

Sagebrush-obligate birds 0.09 0.27 0.27 2.07 3.15 3.69

Pygmy rabbit 0.09 0.18 0.36 2.43 4.32 6.75

Mule deer crucial winter range 1.80 11.79 20.16 7.20 11.52 23.94

Wetlands 0.18 0.54 1.4 0.81 1.44 3.50
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meaningful or useful for identifying conservation potential. We also evaluated the use of equal 
breakpoints, natural breaks, and biologically meaningful breaks, but no single approach could be applied 
because of the differences in the distribution of scores for each variable and each Conservation Element. 
Thus, we examined the distribution of scores for each value and risk variable to determine the most 
appropriate method for establishing breakpoints. The technique used to create breakpoints for each 
variable is provided in table A–19. 

For ranking the area of communities or habitats per township, we established a minimum area 
threshold to prevent townships with very limited area, which may result from mapping errors, from 
having a strong influence on the rank breakpoints. For most species and communities, this threshold was 
1 percent of the township area (94 ha; 232 ac). For several species (juniper woodlands, and five-needle 
pine), we used a 0.1 percent minimum area threshold because there were often small isolated patches 
that occurred in some townships. Often, the townships above the minimum area threshold still had 
highly skewed scores for habitat or community area; consequently we established the breakpoints for 
equal subsets of the datasets for scores >2 percent of township area, but included the townships with 
1−2 percent area in the lowest rank category (referred to as skew correction). For rivers and streams and 
for the fish species, we established a lower threshold of 10 m for stream segment length per fifth-level 
watershed to minimize the effects of mapping imprecisions.  

For values or risks that were derived from ranked variables (such as the mean risk for sudden 
aspen decline per township), we used equal breakpoints. If the distribution had natural breaks that 
resulted in fairly equal subsets, we used natural breaks. In a few cases (such as lek proximity for greater 
sage-grouse), the distribution was bimodal, and we used biologically meaningful breaks to represent 
both ends and the middle of the distribution (for example, <20 percent, 20−80 percent, and >80 percent) 
to avoid combining scores that were very different into one rank.  

The TDI score was used to assess risk for terrestrial species and communities, and the ADI was 
used to assess risk for aquatic species and communities. We establish standard breakpoints for ranking 
TDI and ADI, which were used to rank risks from exposure to development for each species and 
community (table A–19). Because the landscape-level value and risk maps were used to identify 
potential areas for conservation, we emphasized low development scores for ranking low and moderate 
risks. 

If more than one value or risk variable was used, the overall landscape-level values and risks 
combined the ranks for each variable. We established breakpoints in the summed overall conservation 
potential ranks that resulted in the most even distribution in the number of townships among ranks (fig. 
2−19). Landscape-level values and risks, and conservation potential rankings are intended to provide a 
synthetic overview of the geospatial datasets developed to address core Management Questions in the 
REA. Because rankings are very sensitive to the input data used and the criteria used to develop the 
ranking thresholds, they are not intended as stand-alone maps. Rather, they are best used as an initial 
screening tool to compare regional rankings in conjunction with the geospatial data for core 
Management Questions and information on local conditions that cannot be determined from regional 
REA maps. 
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Table A–19.  Summary of variables used to address landscape-level values and risks for each Conservation Element. Green shading denotes 
variables representing landscape–level values, whereas orange shading denotes variables represent landscape-level risks. 

[ <, less than; >, greater than; TDI, Terrestrial Development Index; km, kilometer; ADI, Aquatic Development Index; ≥, greater than or equal to; km, kilometer; 
km2, square kilometer; ha, hectare] 

Conservation 
Element 

Variable 
type Variable Lowest ranks Medium ranks Highest ranks Breakpoint criteria 

Aspen 
 

Value Area (percent of 
township) 

<0.19 0.19−3.24 >3.24 Equal-sized data subsets 

 Stepping stones Local, landscape, 
and regional 
connectivity 

Landscape and 
regional 
connectivity 

Regional 
connectivity 

Natural breaks 

Aspen Overall 
value 

Maximum value 
rank 

2–3 4 5–6 Equal-sized data subsets 

Aspen Risk TDI 0–1 1–3 >3 Standard breaks          
  Edge effect  >10 percent core 

area 
1–10 percent core 
area 

0–1 percent core 
area 

Biologically meaningful breaks 

  Sudden aspen 
decline 

1–1.67 1.67–2.34 2.34–3 Equal intervals of  ranks of high 
(3) or low (1) risk 

Aspen Overall 
risk 

Average risk rank 3–5 6–8 9 Equal-sized data subsets 

Cutthroat trout Value Mean fragment 
length (km) 

<17 17–40 ≥40 Equal-sized data subsets 

  Segment count 0 1–3 4–34 Biologically meaningful breaks 

  Lake count 0 1 2–8 Biologically meaningful breaks 
Cutthroat trout Overall 

value 
Maximum value 
rank 

3–4 5–6 7–9 Equal-sized data subsets 

Cutthroat trout Risk ADI 0–20 20–40 >40 Standard breaks            
  Number of zero 

mean summer flow 
segments / 

0 0–0.080 ≥0.080 Equal-sized data subsets 

  Hybridization status 
and risk index 

1 1.5–2 2.5–3 Biologically meaningful breaks 

Cutthroat trout Overall 
risk  

Maximum  risk rank 3–4 5–6 7–9 Equal-sized data subsets 

Desert shrublands Overall 
value 

Area (percent of 
township) 

<6 6–18 ≥18 Equal-sized data subsets1          
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Conservation 
Element 

Variable 
type Variable Lowest ranks Medium ranks Highest ranks Breakpoint criteria 

Desert shrublands Overall 
risk 

TDI 0–1 1–3 >3 Standard            

Ferruginous hawk Overall 
value 

Area (percent of 
township) 

<31 31–74 ≥74 Equal-sized data subsets1 

Ferruginous hawk Overall 
risk 

TDI 0−1 1−3 >3 Standard           

Three-fish 
assemblage 

Value Mean segments 
length (km) 

<31 31–66 ≥66 Equal-sized data subsets 

  Count of segments 0 1 2–3 Natural breaks 

  Count of lakes 0 1 2–3 Natural breaks 

Three-fish 
assemblage 

Overall 
value 

Maximum value 
rank 

3–4 5–6 7–9 Equal-sized data subsets 

Three-fish 
assemblage 

Risk ADI 0–20 20–40 >40 Standard          

  Invasive species 
present (percent of  
watershed)  

<20 20–80 ≥80 Natural breaks 

Three-fish 
assemblage 

Overall 
risk 

Average risk ranks 2–3 4–5 6 Equal-sized data subsets 

Five-needle pine Overall 
value 

Area (percent of 
township) 

<2.75 2.75–19.9 ≥19.9 Equal-sized data subsets2 

Five-needle pine Overall 
risk 

TDI 0–1 1–3 >3 Standard           

Foothill shrublands 
and woodlands 

Overall 
value 

Area (percent of 
township) 

<11 11–34 ≥34 Equal-sized data subsets1 

Foothill shrublands 
and woodlands 

Overall 
risk 

TDI 0–1 1–3 >3 Standard            

Golden eagle Overall 
Value 

Area (percent of 
township) 

<33 33–79 ≥79 Equal-sized data subsets1 

Golden eagle Overall 
risk 

TDI 0–1 1–3 >3 Standard            

Juniper woodlands Overall 
value 

Area (percent of 
township) 

<0.36 0.36–1.38 ≥1.38 Equal-sized data subsets2          

Juniper woodlands Overall 
risk 

TDI 0–1 1–3 >3 Standard          
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Conservation 
Element 

Variable 
type Variable Lowest ranks Medium ranks Highest ranks Breakpoint criteria 

Leatherside Chub  Overall 
value 

Percent of 
catchments occupied  

<1.95 1.95–8.61 ≥8.61 Equal-sized data subsets 

Leatherside Chub  Overall 
risk 

ADI  0–20 20–40 ≥40 Equal-sized data subsets 

Mountain forests Overall 
value 

Area (percent of 
township) 

<26 26–76 ≥76 Equal-sized data subsets1 

Mountain forests Overall 
risk 

TDI 0–1 1–3 >3 Standard            

Mule deer Overall  
value 

Area - crucial winter 
range  

<17 17–49 >49 Equal-sized data subsets         

Mule deer Overall 
risk 

TDI 0–1 1–3 >3 Standard            

Pygmy rabbit Overall 
value 

Area (percent of 
township) 

<9 9–45 ≥45 Equal-sized data subsets1 

Pygmy rabbit Overall 
risk 

TDI 0–1 1–3 >3 Standard           

Riparian  Overall 
value 

Area (ha/km2) 68 69–75 >75 Equal-sized data subsets2 

Riparian  Risk ADI <20 20–40 ≥40 Standard            
  Number of dams 0 1–3 4–27 Low= 0; >0 natural breaks 

  Presence/absence of 
invasive species 

1 2 3 Based on Bureau of Land 
Management and LANDFIRE 
data3 

Riparian  Overall 
risk  

Average risk rank 3–4 5–6 7–9 Equal-sized data subsets 

Sage-grouse Value Area (percent of 
township) 

0–0.35 0.35–0.79 <0.79 Biologically meaningful breaks 
derived from the literature 
(Knick and others, 2013) 

  Proximity to lek <20 20–80 >80 Biological meaningful breaks  

Sage-grouse Overall 
value 

Average value rank 2–3 4 5–6 Equal-sized data subsets 

Sage-grouse Risk TDI 0–1 1–3 >3 Standard            
Sagebrush obligate 
songbirds 

Overall 
value 

Area (percent of 
township) 

<48.8 48.8–91.9 >91.9 Equal-sized data subsets1 
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Conservation 
Element 

Variable 
type Variable Lowest ranks Medium ranks Highest ranks Breakpoint criteria 

Sagebrush obligate 
songbirds 

Overall 
risk 

TDI 0–1 1–3 >3 Standard            

Sagebrush steppe  Overall 
value 

Area (percent of 
township) 

<44 44–75 ≥75 Equal-sized data subsets1 

Sagebrush steppe Overall 
risk 

TDI 0–1 1–3 >3 Standard           

Sauger Value Mean segment 
length (km) 

<22 22–40 ≥40 Equal-sized data subsets 

  Segment count by 
fifth-level watershed 

0 1 2–3 Low = 0; >0 equal-sized data 
subsets for remaining 
distribution for medium and high 

  Lake count by fifth-
level watershed 

0 1 2–5 Natural breaks 

Sauger Overall 
value 

Maximum value 
rank 

3–4 5–6 7–8 Sauger 

Sauger Risk ADI <20 20–40 ≥40 Standard 

  Number of zero 
mean summer flow 
segments 

0 0–0.5 ≥0.5 Low risk = 0; >0 equal-sized 
data subsets for medium and 
high 

  Invasive species (% 
of catchments with 
walleye present) 

<37 37–78 >78 Natural breaks 

Sauger Overall 
Risk  

Average risk rank 3–4 5–7 8–9 Equal-sized data subsets 

Spadefoot 
assemblage 

Overall 
value 

Area (percent of 
township) 

<6 6–22 ≥22 Equal-sized data subsets2 

Spadefoot 
assemblage 

Overall 
risk 

TDI 0–1 1–3 >3 Standard     
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Conservation 
Element 

Variable 
type Variable Lowest ranks Medium ranks Highest ranks Breakpoint criteria 

Streams and rivers  Value Perennial stream 
density (length:area 
ratio [km/km2])  

<0.13 0.13–0.34 ≥0.34 Equal-sized data subsets 

  Ephemeral stream 
density (length:area 
ratio [km/km2])  

<1.12 1.12–1.56 ≥1.56 Equal-sized data subsets 

Streams and rivers Overall 
value 

Sum of rank values 
rank 

2–3 4 5−6 Equal-sized data subsets 

Streams and rivers Risk ADI <20 20–40 ≥40 Standard 

  Number of dams 0 1–2 >2 Low = 0; >0 equal-sized data 
subsets for remaining 
distribution for medium and high 

Streams and rivers Overall 
risk  

Average risk rank 2–3 4 5–6 Equal-sized data subsets 

Wetlands  Overall 
value 

Area <1percent 1–3 percent ≥3–23percent Equal-sized data subsets 

Wetlands Overall 
risk 

Local ADI <20 20–40 ≥40 Standard      

1 We used a lower threshold of 1 percent of the township area. In addition, skew corrections were made as follows: juniper (0.1 percent); pygmy rabbit (1 percent);
    and desert shrublands, ferruginous hawk, foothill shrublands and woodlands, golden eagle, juniper woodlands, mountain forest, sagebrush obligated songbirds,
    and sagebrush steppe (2 percent). 
2  For spadefoot assemblage, we used a lower threshold  of 0.01 percent of the township area with a skew correction of 1 percent. For juniper woodlands and five-
      needle pine, we used a lower threshold of 0.1 percent of the township area with a skew correction of 2 percent.     

3 For riparian zone risk of invasive species: if known occurrences of invasive species (derived from Bureau of Land Management data), the rank was highest; if 
LANDFIRE indicated invasive species were present, the rank was medium; otherwise, the rank was lowest.
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Wildland Fire 

Fire occurrence data were compiled from U.S. Department of Agriculture Forest Service, U.S. 
Geological Survey (GeoMac), National Park Service (Monitoring Trends in Burn Severity), Bureau of 
Land Management, and National Fire and Aviation Management Web applications. 

At the coarse scales of Bailey’s ecoprovinces (Bailey 1995), the subregional differences in fuels 
can be masked by regional relationships that are “averaged” over large areas. Littell and others (2010) 
and Littell and Gwozdz (2011) introduced fire-climate regression models for Bailey’s ecosections, the 
next finer classification in the Bailey system, for the Pacific Northwest (Columbia Basin and western 
Montana). These finer resolution models had similar fuels sensitivities but at finer scales. For example, 
variability in fire area in forested systems was primarily related to climate variables associated with 
lower than normal fuel moisture such as increased summer temperature, decreased summer 
precipitation, increased water balance deficit (potential minus actual evapotranspiration), increased 
vapor pressure deficit, decreased soil moisture, and other hydrologic variables. In contrast, variability in 
fire area in nonforested systems was negatively related to variables affecting fuel moisture and 
antecedent variables affecting vegetation productivity and possibly fuel continuity, such as increased 
precipitation and decreased temperature. 

The hydrologic output required to assess the relationship between fire and climate for the 
Wyoming Basin ecoegion was developed by Littell and others (2011) following methods in Elsner and 
others (2010). Briefly, monthly gridded historical climate (temperature, precipitation, wind) averages or 
totals were developed for approximately 36-km2 (13.9-mi2) cells across the Columbia, upper Missouri, 
and upper Colorado River basins for the period 1916−2006. These variables were combined with local 
topographic, vegetation and soil parameters in the Variable Infiltration Capacity hydrologic model to 
estimate approximately 20 derived hydrologic variables (including potential evapotranspiration, actual 
evapotranspiration, vapor pressure deficit, snow water equivalent, soil moisture, and relative humidity). 
In this analysis, we chose to use climatic and hydrologic variables that have been commonly 
hypothesized or shown to be related to fire activity, including temperature, precipitation, soil moisture, 
snow pack (estimated by snow water equivalent), relative humidity, vapor pressure deficit, potential 
evapotranspiration (PET), and actual evapotranspiration (AET). In addition, we used combinations of 
these variables that try to capture the hydrologic or ecological mechanisms responsible for fuel 
availability, including combined flow (runoff + baseflow, an index of total water availability), water 
balance deficit (PET − AET), a form of climatic water deficit (precipitation – PET), and water balance 
deficit and climatic water deficit normalized by PET. Further details, including correlations with 
monthly and (or) seasonal variables are in (figs. 5–1 to 5–4).  

We followed methods in Littell and others (2010) and Littell and Gwozdz (2011) and aggregated 
area burned observations using administrative unit from the National Interagency Fire Management 
Integrated Database. We evaluated the area burned between 1980−2006 for duplicate observations and 
other obvious attribution errors, and quantified the area burned by ecosection using percentage area 
(U.S. Department of Agriculture Forest Service, National Park Service, U.S. Fish and Wildlife Service, 
BLM, and Bureau of Indian Affairs protected areas). Characteristics of the distribution of area burned 
are presented in table 5–3. Most of the fire occurrences were dominated by low annual area burned and 
a few years with high area burned. 

We then developed regressions of area burned as a function of climate (table A−20). We used 
Pearson correlations between the time series of log-transformed hectares burned and the time series of 
available monthly and seasonal climate variables for the common period, 1980−2006. In addition, we 
considered climate in the two years prior to the observed fire season, similar to Littell and others (2009). 
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In such a strategy, there are numerous possible climate predictors, many of which are sufficiently 
correlated with each other, such that choices among them are essentially arbitrary because either would 
produce a similarly skilled regression. We prioritized year-of-fire relationships unless lagged 
relationships were clearly better predictors (better correlations and in-regression performance), and we 
also prioritized seasonal aggregations of several months with similar correlations over single-month 
relationships that could be spurious and merely the consequence of running many correlations. We 
entered the highest correlating variables into regression models first, retaining only those with P(t) 
<0.05 and rejecting those with P(t) >0.1. We built the models forward until the fit (measured by R2) 
could not be improved further. To avoid possibly spurious projections and overfitting, we did not 
include interaction terms in the regressions, although it should be noted that such interactions can 
sometimes be used diagnostically to better understand the historical controls of climate on fire. We 
calculated Durbin-Watson tests for autocorrelation of residuals and considered predictors as 
autocorrelated if Variance Inflation Factor (VIF) statistics for a single variable exceeded 2.5.  
 

Table A–20.  Regression models representing historical fire-climate sensitivities and regression diagnostics. 
[Model parameter signs (positive or negative) are indicated in parentheses; “+” not in parentheses indicates that the 
regressions consider variables as additive; PET, evapotranspiration; potential AET, actual evapotranspiration; PPT, 
precipitation; Lag1, the year prior to the observed fire year; Lag2, two years prior to the observed fire year; VPD, vapor 
pressure deficit; and SWE, snow water equivalent; R2, r-squared; VIF, Variance Inflation Factor] 

Ecosection Model R2 VIF 
Yellowstone (+)July−Sept. PET – July−Sept. AET 0.86 NA 
Highlands 
Bighorn (-)June−Aug. PPT – July−Sept. PET + (+) Lag1 Oct. VPD +(-)Lag2 Oct.−Dec. 0.73 1.00−1.17 
Mountains PET1 
Wind River (+)July−Sept. VPD + (+)Lag2 June PPT 0.50 1.00−1.01 
Mountain 
Bighorn 

1 Basin
(+)July−Sept. PET1 + (-)Dec.−Feb. SWE + (-)Lag2 Dec.−Feb. SWE 0.55 1.06−1.08 

Bear Lake (+)Lag1 Nov. VPD 0.44 NA 

Central Basin (+)April−Sept. VPD + (-)Lag1 July−Sept. PET3 + (-)Lag2 Oct.−March SWE 0.66 1.06–1.09 
and Hills 
Greater Green (+)July−Sept. PET − July−Sept. AET + (-)Lag1 July−Sept. PPT/ July−Sept. PET 0.43 1.00–1.00 

 River
1 The Bighorn Basin model is marginally statistically significant (p > 0.05). 
 

 
Relationships indicating climate facilitation of fire (for example, increased productivity or fuel 

production) generally were weak compared to variables indicating moisture limitation, and most models 
included primary terms related to hydrologic deficit, as represented by either the difference between 
potential and actual evapotranspiration (water balance deficit and PET − AET) or the difference between 
precipitation and potential evapotranspiration (a form of “climatic water deficit”). Vapor pressure deficit 
was important in several models, although the season and strength of the relationship varied with 
ecosection. Finally, snow water equivalent (SWE) in winters prior to the fire season was a secondary, 
negative predictor in the Bighorn Basin and Central Basin and Hills ecosections, indicating that some 
role of winter drought is evident independent of summer water demand.  
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Regression models used for future projections are described in table 5–4. We were able to 
develop acceptable models for all ecosections except the Bear Lake ecosection, which had a trend in 
residuals strong enough to result in questionable projections. In addition, the Bear Lake ecosection has 
only a handful of years with nonzero observations, making the correlations with lagged November VPD 
dubious. The Big Horn Basin ecosection also had some autocorrelation in its residuals, and although it 
passed the Durbin-Watson test, indications are the projections from this model may also underestimate 
the variability in area burned for years of high climatic fire potential. The regression model for the 
Central Basin and Hills ecosection also under-predicts historical observed area burned possibly because 
historical means were used as input for the lagged variables and the sequence of these variables may be 
a better predictor of area burned than the mean value. 

We used future downscaled climate and hydrologic projections from Littell and others (2011) 
aggregated (averaged across cells) to the Bailey ecosection level. The mean climate variables for the 
2040s (2030−2059) and 2080s (2070−2099) were available from the Littell and others (2011) work, and 
we used those values in the regression models (table 5–4) to project the expected area burned given the 
mean climate estimates. We developed projections for an ensemble of 10 global climate models 
(Bjerknes Centre for Climate Research [BCCR]; Centre National de Recherches Meteorologiques, 
Climate Model, ver. 3 [CNRM-CM3]; Commonwealth Scientific and Industrial Research Organisation, 
Centre for Australian Weather and Climate Research, climate model Mk3.5 [CSIRO3.5]; European 
Center Hamburg Model, ver. 5 [ECHAM5]; ECHO-G; Hadley Centre Climate Model [HADCM]; 
Hadley Centre Global Environmental Model, ver. 1 [HADGEM1]; Model for Interdisciplinary Research 
on Climate, ver. 3.2 [ MIROC3.2]; Model for Interdisciplinary Research on Climate using High 
Resolution data [MIROC3.2, HI]; and National Center for Atmospheric Research, Parallel Climate 
Model, ver. 1 [PCM1]), as well as projections for four bracketing models (ECHAM5, HADGEM1, 
MIROC3.2, and PCM1), all for the Special Report on Emissions Scenarios A1B emissions scenario. 
Note that these projected values are derived from the mean future climate projected for the ecosections, 
and not the full range of variability encountered in the 20th and 21st centuries. Better estimates of the 
range of expected future fire responses could be developed by using interannual time series of future 
projections (which exist, but have not yet been aggregated to the scale of the fire data). This is 
particularly key for fire responses, which were nonlinearly distributed. 

In most ecosections, increasing PET and VPD were responsible for the increase in area burned, 
and any changes in precipitation or AET were insufficient to counteract the increase in water deficit. In 
the Big Horn Basin and the Central Basin and Hills ecosections, projected increases in area burned also 
were related to projected decreases in winter snow. These relationships both point to increased fuel 
availability via flammability as the main mechanism for increased area burned. Future composite 
projections of mean area burned were clearly outside the modeled confidence intervals for the historical 
mean for the Yellowstone Highlands and Big Horn Mountains ecosections for the 2040s and 2080s and 
for the Big Horn Basin ecosection in the 2080s (table A–20). The MIROC3.2 global climate model 
(GCM), which projected warmer, drier summers in the northern U.S. Rocky Mountains, is the only 
model that exceeded this range in the 2080s for the Central Basin and Hills and Greater Green River 
Basin ecosections. 
  



 880 

Table A–21.  Projections of mean area burned for the 2080s. 
[All areas were rounded to the nearest whole number; ha, hectare; ECHAM5, European Center Hamburg Model, version 5; 
HADGEM1, Hadley Centre Global Environment Model, version 1; MIROC3.2, Model for Interdisciplinary Research On 
Climate, version 3.2 (University of Tokyo); and PCM1, Parallel Climate Model version 1 (National Center for Atmospheric 
Research).] 

   2080s A1B (ha)
Historical 

Ecosection (modeled) (ha) Ensemble ECHAM5 HADGEM1 MIROC3.2 PCM1 
Yellowstone Highlands 169 4,792 425 17,790 60,053 1,229 
Big Horn Mountains 21 12 5 10 20 13 
Wind River Mountain 5 183 58 198 1,158 53 
Big Horn Basin 185 1,085 842 1,605 946 798 
Central Basin and Hills 27 632 450 1,962 1,125 200 
Greater Green River Basin 355 633 420 289 2,355 547 
 

 

Climate Analysis 

Current Climate—Observations and Analysis 

Data for defining the recent history of climate were from gridded observational datasets from 
weather stations dating back to the late 1800s, that became the National Oceanic and Atmospheric 
Administration National Weather Service Cooperative Observer Network (also known as the COOP 
network), and a special climate observing network, the Climate Reference Network of the National 
Oceanic and Atmospheric Administration National Climatic Data Center; see COOP observation 
stations in Wyoming at http://www.ncdc.noaa.gov/oa/climate/uscrn/. The Snow Telemetry (SNOTEL) 
network, operated by the U.S. Department of Agriculture National Resources Conservation Service, is a 
west-wide system for obtaining snow and other weather and hydrologic measurements at higher 
elevations; see SNOTEL observation stations around the Wyoming Basin at 
http://www.wrds.uwyo.edu/wrds/nrcs/SnowDataSitesFront.pdf. The distribution of stations in Wyoming 
is illustrative of stations in the Wyoming Basin in adjacent states, with COOP stations generally at 
elevations below 2,500 m (8,200 ft) and SNOTEL stations at higher elevations. 

Because observation stations are not evenly distributed, a standard practice is to construct 
gridded observational datasets, which interpolate between stations using statistical models to account for 
elevation and terrain. In Chapter 7—Climate Analysis, figures 7–1 to 7–3 used these gridded observed 
datasets. Gridded datasets used directly in this report or by studies cited herein include the following. 
• The PRISM gridded observational dataset (Di Luzio and others, 2008) gathers observations from a 

wide range of monitoring networks and uses statistical models that account for elevation, slope and 
aspect to interpolate among stations to develop spatially gridded climate datasets for the study of 
short- and long-term climate patterns (http://www.prism.oregonstate.edu/). The PRISM data used in 
this report were at a resolution of 4 km (2.5 mi). 

• The Bias-Corrected Spatially Downscaled (BCSD) gridded observational dataset (Maurer and 
others, 2007) uses an interpolation methodology similar to PRISM to create a dataset with gridboxes 
1/8° latitude-longitude (about 12 km [7.5 mi] at Wyoming Basin’s latitude) dataset, which is used in 
the analysis of the BCSD projections data (http://gdodcp.ucllnl.org/downscaled_cmip_projections/). 

http://www.ncdc.noaa.gov/oa/climate/uscrn/
http://www.wrds.uwyo.edu/wrds/nrcs/SnowDataSitesFront.pdf
http://www.prism.oregonstate.edu/
http://gdo-dcp.ucllnl.org/downscaled_cmip_projections/
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We compared BCSD and the Rehfeldt gridded observations and found them to be similar given the 
difference in resolution. 

• Rehfeldt and others (2006) developed a gridded observational dataset for use in their vegetation 
modeling work. Their “thin spline” interpolation method accounts for spatially varying elevation 
relationships (Daly and others, 2008), and is similar to the method used to generate the WorldClim 
dataset that is widely used by ecologists (Hijmans and others, 2005). However, in the approach used 
by Rehfeldt and others (2006), the polynomials act as a smoothing function and do not handle sharp 
gradients, such as those in mountainous regions or areas with strong temperature inversions (Daly, 
2008). Most of the Wyoming Basin is fairly flat, except the surrounding mountains; thus, the 
Rehfeldt downscaling is likely to adequately represent precipitation and temperature of the valley 
areas, assuming the input observations are reasonable.  

 
We compared the Rehfeldt gridded observational datasets to the BCSD and PRISM datasets for 

the Wyoming Basin (not shown), and found them to be very similar, given the slightly different 
resolutions, and similar enough given the broad scales of the REA. We concluded that the Rehfeldt 
product was a reasonable choice for the REA analysis. 

Future Climate—Projections Methods and Datasets 

Choice of CMIP3 Generation of Models 

In 2013, the Intergovernmental Panel on Climate Change fifth assessment (Intergovernmental 
Panel on Climate Change, 2013) provided a new generation of climate-projection models (the Coupled 
Model Intercomparison project Phase 5 [CMIP5]). When the Wyoming Basin REA was initiated, 
however, CMIP5 output was only just becoming available, and few analyses of these models were 
available in the published literature. The CMIP5 models do offer some enhancements, such as improved 
representation of the characteristic 2- to 7-year timescale for recurrence of El Niño Southern Oscillation 
(Intergovernmental Panel on Climate Change, 2013; Sheffield and others, 2013). Seager and others 
(2012) conducted a study of surface water availability projected by CMIP5 models for North America, 
including the Wyoming Basin. Similar to the CMIP3 results described in Chapter 7—Climate Analysis, 
they found that, for the 2021–2040 period, the CMIP5 projected a shift to wetter conditions (compared 
to 1951–2000) in the fall (October–November) and winter (January–March). For April–June and July–
September, they also found a north-to-south gradient in precipitation changes, with a projected increase 
in the north and a decrease in the south; however, precipitation minus evaporation (P − E, a variable 
related to soil moisture) was projected to decrease (become drier) than it has been for the current 
climate.  

The overall result of a warming world, however, was not expected to be significantly different in 
CMIP5 compared to CMIP3, which has now been confirmed in published results (Knutti and Sedláček, 
2012; Intergovernmental panel on Climate Change, 2013). The CMIP3 generation of models already 
captured many aspects of the seasonal movements of storm tracks over North America (Karl and others, 
2008), which are a major feature of climate in Wyoming; the simulated storm tracks in CMIP5 are 
improved over CMIP3 but are still positioned a little too far south, are weaker, and show fewer storms 
than observed when measured in terms of atmospheric pressure variations (Chang and others, 2012). 
Sidebar 5–1 in Lukas and others (2014) provides a longer discussion of the differences as they relate to 
the interior West. 

Given that the CMIP3 and CMIP5 results were similar overall, especially at the biome scale, the 
differences were within the range of reasonably foreseeable futures represented in the CMIP3 

http://gdo-dcp.ucllnl.org/downscaled_cmip_projections/
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generation of models. Therefore, we chose to work with the 2007 generation of output, and the many 
ecological and hydrological studies that are derived from that output. The same choice was made for the 
National Climate Assessment, which was underway at the same time (Kunkel and others, 2013; Cayan 
and others, 2013; Gershunov and others, 2013); thus, the discussion in Chapter 7—Climate Analysis is a 
snapshot of the current state of climate understanding overall, as well as climate in the Wyoming Basin 
ecosystems. 

The Global Context 

The starting point for all climate projections analyzed for this report was the set of models run 
for the CMIP3. This included over 20 GCMs which were used to produce simulations of the past and 
projections of the future. Chapter 7—Climate Analysis focuses on projections from seven of these 
CMIP3 GCMs (CCCM3) and ensemble averages of up to 16 GCMs. The 20th-century simulations of all 
these models used the best estimates of the temporal variations in external forcings, such as solar output 
and concentrations of volcanic aerosols and greenhouse gases. The future projections assumed changes 
in greenhouse gas concentrations; we focused on the A2 emissions scenarios, as directed by the BLM.  

Chapter 7— Climate Analysis describes the North American context for change in the Wyoming 
Basin, the multimodel mean for the CMIP3 models at their original resolution of 2−3° latitude-longitude 
or about 160–320 km (100–200 mi). Chapter 7—Climate Analysis references figure 5–1 in Ray and 
others (2008), which illustrates North American temperature and precipitation changes projected for 
2050 (2040–2060 average), derived from the global analysis in the 4th Intergovernmental Panel on 
Climate Change report (fig. 11.12 in Intergovernmental Panel on Climate Change, 2007). Although this 
analysis used the A1B emissions scenario, the A1B, A2, and B1emissions scenarios result in a similar 
range of global and regional climate change out to the mid-21st century, and thus for 25- and 50-year 
planning horizons, the implications of all three scenarios are similar; later in the 21st century, however, 
the scenarios diverge (p.18 in Ray and others, 2008; fig 2.23 in Walsh and others, 2014). The top two 
rows in figure 2.23 (Walsh and others, 2014) show the difference of the multimodel average for the 
period 2040−2060 from the average of the 20th-century model runs for the baseline period of 
1950−1999. 

Downscaling Products and Methods 

The spatial resolution of most GCMs is 2−3° latitude-longitude or about 160–320 km (100–200 
mi), which is too large for most policy and planning purposes. Therefore, the GCM output has been 
downscaled by a number of groups each using different strategies, described in more detail in Fowler 
and others (2007) and Barsugli and others (2012). However, no one downscaling product suited all the 
tasks, so we consulted the following products, including the Hostetler downscaling, as directed by BLM 
(table A–22 gives more details on each downscaling product). 
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Table A–22.  Downscaled climate projection datasets for possible inclusion in climate analysis. Reclamation 
Bias-Corrected and Spatially Downscaled (BCSD) and Bias-Corrected Constructed Analog (BCCA; 
downscaled) datasets use two of the same general circulation models (National Oceanic and 
Atmospheric Administration Geophysical Fluid Dynamics Laboratory Climate Model, ver. 2, and 
European Center Hamburg Model, ver. 5) used in the U.S. Geological Survey dynamical downscaling; 
BCSD and BCCA downscaled more global climate models than indicated here—the ones shown in this 
table are only those used in common with U.S. Geological Survey and Shafer. Rehfeldt used some 
models in common with each of the other four downscaling efforts. 

[km, kilometer; ECHAM5, European Center Hamburg Model, ver. 5; GCM, global climate model; GENMOM, Global 
Environmental and Ecological Simulation of Interactive Systems, ver. 3 combined with Modular Ocean Model, ver. 2; 
GFDL2.0 or 2.1, Geophysical Fluid Dynamics Laboratory Climate Model, ver. 2.0 or 2.1; SRES, Special Report on 
Emissions Scenarios; VIC, variable infiltration capacity] 

  U.S. Geological 
Survey 

(Hostetler and 
others, 2011) Rehfeldt 

Bias-Corrected 
Spatial 

Disaggregation 
(BCSD) 

Bias-Corrected 
Constructed Analog 

(BCCA) 

Projections of future 
climate for resource 

management 
Institution of 
origin 

Down-
scaling 
method  

Spatial 
resolution  

Temporal 
resolution 

International 
Panel on 
Climate 
Change 
SRES 
emissions 
scenarios 
downscaled 

General 
circulation 
models 
downscaled 

U.S. Geological 
Survey 

Dynamical 
downscaling by 
regional climate 
model 
RegCM31 

15 km 

Daily, decadal, 
and monthly 
means for 
1968–1999, 
2040–2069, 
2010–2099 

A2 

GFDL2.02 
ECHAM53 
GENMOM4 

U.S. 
Department of 
Agriculture 
Forest Service 

Statistical 
downscaling 
with 
interpolation 
and spline 
model 

1 km 

Monthly, 
decadal means 
around 2030, 
2060, 2090  

B1, B2, A2 
(varies for 
GCM used) 

GFDL2.12 
 
 

Bureau of 
Reclamation 
/Lawrence 
Livermore National 
Laboratory 

BCSD and post-
processing with 
VIC hydrologic/ 
land surface model 

About 12 km (1/8 
degree) 

Monthly means, 
1950–2099 

B1, A1B, A2 

GFDL2.0, 2.1 
ECHAM5 
 

Bureau of 
Reclamation 
/Lawrence 
Livermore National 
Laboratory 

BCCA and post-
processing with VIC 
hydrologic/ land 
surface model 

About 12 km (1/8 
degree) 

Daily 1961–2000, 
2046–2065, 2081–
2100 

B1, A1B, A2 

GFDL2.0, 2.1 
ECHAM5 
 

Forest Service 

Statistical/ delta 
method with VIC 
hydrology model 

~5 km (1/16 degree) 

Monthly means for 
2030–2059, aka 
2040s, and 2070–
2099, aka 2080s 

A1B 
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• Hostetler and others (2011) downscaled one run from each of 3 GCMs to drive their dynamical 
downscaling, which they chose because of the range of sensitivities of the GCM to greenhouse gas 
forcing: 2−4 °C for ECHAM and 3−5 °C for Geophysical Fluid Dynamics Laboratory Climate 
Model, ver. 2.0 (GFDL2.0). They also downscaled a third GCM, GENMOM (combines the Global 
Environmental and Ecological Simulation of Interactive Systems, ver. 3 atmospheric GCM with the 
Modular Ocean Model, ver. 2), which is not included in CMIP3 or 5 and was not downscaled by any 
of the other products. Note that according to the IPCC (2007), “climate sensitivity,” or the 
equilibrium temperature change in different GCMs in response to the same radiative forcing, 
is likely to be in the range of 2−4.5 °C with a best estimate of about 3 °C and is very unlikely to be 
less than 1.5 °C. Hostetler and others (2011) concluded that values substantially higher than 4.5 °C 
cannot be excluded, but agreement of models with observations is not as good for those values. The 
mean ±1 standard deviation value from 18 GCMs in the fourth assessment was 3.26 °C ± 0.69 °C 
(box 10.2 in IPCC, 2007). 

• Rehfeldt and others (2012) developed a statistical downscaling for the U.S. Department of 
Agriculture Forest Service for ecological studies and subsequently used the output to drive 
ecological models for aspen and other species. They used a thin spline interpolation similar to the 
method used in the WorldClim downscaling widely used in the ecological community. The spatial 
resolution is 1-km (0.62-mi), and the dataset provides monthly averages of some daily variables (for 
example, monthly average of daily minimum temperature); decadal means around 2030, 2060, 2090 
(for example, means of the modeled years 2025−2034, 2055−2064, and 2085−2094). This product 
includes one run each downscaled from each of five GCMs (see table A–22). Differences between 
model projections likely are larger than any errors introduced by downscaling. 

• Bias-Corrected Spatially Downscaled dataset (BCSD) (Bureau of Reclamation 2013, 2011; Maurer 
and others, 2007)—Created to support hydrologic assessment by the Bureau of Reclamation over the 
Western United States, this product bias-corrected and spatially downscaled CMIP3 GCM 
projections (http://gdo-dcp.ucllnl.org/downscaled_ cmip3_projections). In total, 112 climate 
projections from 16 GCMs, and several emissions scenarios, were translated into hydrologic 
projections using watershed applications of the Variable Infiltration Capacity (VIC) macroscale 
hydrology model (developed at the University of Washington). Outputs from the VIC models 
include snowpack and runoff distributed over the watershed. This product excluded about a third of 
the models in the CMIP3 archive, which their evaluation indicated was not performing as well. This 
left 16 GCMs, some of which were run multiple times, for a total of 36 runs that make up the 
ensemble we use in this report. The remaining spread of these 36 model runs might be thought of as 
representing the range of reasonably foreseeable futures. 

• Two downscaled products in this report both use the “Projections of Future Climate for Resource 
Management” (Littell and others, 2011). The Western Stream Flow Metric Dataset (used in Chapter 
18—Cutthroat Trout and Chapter 6—Terrestrial Invasive Plant Species) was downscaled for river 
basins. It uses the same techniques as BCSD but includes further post-processing to generate 
hydroclimate variables that affect biomes. In particular, this product calculated several hydroclimate 
variables relevant for fire, trout, and invasive species studies. A second product from the same 
downscaled projections dataset was downscaled to ecoregions and was used in Chapter 5—Wildland 
Fire. This product was downscaled to the 2040s and 2080s, including MIROC3.2 and PCM1 and a 
10-GCM ensemble mean. This product used the A1B emissions scenario, which is not appreciably 
different from A2 until after mid-century (see fig 2.23 in Walsh and others, 2014).  

• North American Regional Climate Change Assessment Program (NARCCAP)—Although we did 
not analyze this dynamical downscaling, we discuss the results of this downscaling as they were 

http://gdo-dcp.ucllnl.org/downscaled_%20cmip3_projections
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analyzed in the National Climate Assessment, including the Great Plains chapter of which Wyoming 
is a part. This product downscaled 3 GCMs used by other products in this study (Canadian Centre 
for Climate Modeling and Analysis Coupled Global Model, ver. 3 [CCCMA], GFDL2.1, and 
Hadley Centre Climate Model, ver. 3 [HADCM3]).  

• Hayhoe and others (2004, 2008)—Also statistically downscaled CMIP3 models, developing a 
product with daily data that is useful for looking at metrics like number of days of extreme 
temperatures. Like NARCCAP, this product was used in the National Climate Assessment, and we 
discuss these results for the Wyoming Basin in the Climate chapter sections on other temperature 
and precipitation variables. 

Comparison and Strengths and Weaknesses of Downscaling Products 

The BLM directed that the report consider the dynamical downscaling done by Hostetler and 
others (2011). Few ecological studies, however, had been done using this product, in contrast to the 
body of published work using the Rehfeldt, BCSD, and the Western Streamflow products. Ecologists 
exploring the use of the Hostetler product (and our own analysis) found significant wet biases compared 
to observations for regions near the Wyoming basin (Dominique Bachelet, Conservation Biology 
Institute, oral commun.). The Hostetler product also divides the west into four “tiles,” or downscaling 
regions, and Wyoming is included in all of them but with different results depending on the tile (not 
shown). The advantages of the dynamically downscaled product is that it may better represent dynamics 
and includes useful hydrologic variables (available for BCSD, but not for the Rehfeldt product), the 
issues with the different tiles and large wet bias introduced complexities that were beyond original 
scope and budget of this project. For these reasons, and especially because of the opportunity to take 
advantage of ecological studies already published in the peer review literature, we chose to work 
primarily with other downscaled products.  

The BCSD product has been used for planning and policy purposes by the Bureau of 
Reclamation (Bureau of Reclamation 2011, 2013), and is being widely used in hydrologic and 
ecological studies. Although it is subject to some of the same critiques as other statistical products (for 
example, that it does not reflect changes in dynamic patterns, or extremes outside the recent range), it is 
a reasonable choice for evaluating future risks at the level of biomes. 

The Rehfeldt product is the basis for a large body of work relevant to the REA, but it has been 
used primarily by Rehfeldt and his coworkers and Wyoming BLM wanted to know whether it was a 
reasonable choice. The Rehfeldt and Hostetler products did not downscale any of the same GCMs, and 
thus were not easy to compare. Maurer and Rehfeldt downscalings are very similar for temperature and 
precipitation for several GCMs we looked at that both products downscaled, which is not surprising 
given that they have similar statistical downscaling methodologies. Figure A–14 shows their results for 
temperature for the GFDL2.1 model. 
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Figure A–14. Annual average temperature around 2030 shown for downscaled products at two resolutions. 

Maps illustrate the difference in resolution of the (A) 1-km (0.62-mi) Rehfeldt product and (B) the 12-km 
(7.46-mi) BCSD products for the same global climate model, National Oceanic and Atmospheric 
Administration Geophysical Fluid Dynamics Laboratory Climate Model, version 2.1 (GFDL2.1). The two 
statistical methodologies are very similar as expected because of the similar methods; the main difference is 
the finer scale of the Rehfeldt product. 

https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/WYBarcgis/rest/services/WYB_2011/WYB_Ch07_Climate_Figs_01to08/MapServer
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We think that the smaller spatial scale Rehfeldt product (1 km [0.6 mi]) is appropriate for the 
modeling of aspen and other trees in mountainous areas, because changes in temperature with elevation 
(lapse rate) are likely to be significant over small distances in the mountainous terrain of the tree species 
of concern. Even given that the smoothing involved in the thin spline technique, the 1-km (0.62-mi) 
downscaling product may provide an improved finer scale for the elevation differences that would be 
relevant for those Conservation Elements, compared to the 4-km (2.49-mi) BCSD. There is a trade-off, 
however, between the downscaling providing value-added information and giving a false sense of 
increased accuracy. The “added value” information in the finer-resolution downscaling is the elevation, 
slope, and aspect derived from the digital elevation model. Therefore, for most analyses, we believe that 
12-km (7.46-mi) BCSD is as small a resolution as is reasonable. Furthermore, the BCSD product (and 
the related Western Streamflow dataset) includes hydroclimate variables not available in the Rehfeldt 
product. In our judgment, the larger resolution of the BCSD product is reasonable for the biome scale of 
interest for this REA analysis. We have used the BCSD downscaling for most of the analysis and 
graphics discussed in the Chapter 7— Climate. Its use means we can be consistent across the various 
plots for temperature, precipitation, and hydroclimate variables like soil moisture and streamflow. For 
most of Chapter 7— Climate Analysis, we discuss and use maps using the BCSD downscaling (for 
example, figs. 7–6 to 7–8, 7–10, 7–12). Figure 7–9 also uses the BCSD downscaling but is from an 
analysis done for Ray and others (2008). 

A concern with using a downscaling product that has only a few GCMs is that it represents only 
a small number of reasonably forseeable futures. We consider a range of GCMs downscaled in order to 
represent a range of reasonably forseeable futures, and we use graphics and analysis like that in figure 
7–5 and discussed further below, to understand how individual models compare to each other and to the 
range of climates in a larger ensemble of GCMs. This process is described further in the section below. 

Visualizing the Climates in the Downscaled Global Climate Models  

A major challenge for the overall REA is that each of these products downscaled a different set 
of GCMs (see table A–22):  Hostetler downscaled one run each from ECHAM5, GFDL2.0, and 
GENMOM driven by the A2 emissions scenario; Rehfeldt downscaled GFDL2.1, HADCM3, and 
CCCM3 driven by the A2 scenario; the Western Streamflow Database downscaled PCM1 and MIROC, 
driven by the A1B scenario; and the Maurer BCSD includes all of these except GENMOM in a suite of 
16 CMIP3 GCMs, and includes B2, A1B, and the A2 emissions scenarios. This could have implications 
for evaluating the results of different ecological studies that used different downscaling products, with 
the potential for results of the studies to be misinterpreted. For examples, differences in GCMS and 
other downscaling methods resulted in very different projected bioclimatic envelopes for sagebrush 
steppe (Rehfeldt and others, 2012; Schlaepfer and others, 2011).  

For the analysis and graphics in Chapter 7—Climate, we focused on the GCMs downscaled by 
Hostetler (ECHAM5 and GFDL2.0) and Rehfeldt (GFDL2.1, HADCM3, and CCCM3) and then show 
how the climate in those GCMs relates to the larger set of models downscaled by Maurer. Graphics in 
Chapter 7—Climate Analysis bracket three reasonably foreseeable futures: GFDL 2.1 shows an increase 
in precipitation and a relatively larger increase in temperature; the 36-member ensemble average shows 
little change in precipitation; and ECHAM5 shows a small decrease in precipitation and a relatively 
smaller increase in temperature. 

A simple way to put the various GCMs in context to each other is to plot the temperature versus 
precipitation for particular places, because the climate in different downscaling products depends 
greatly on the climate they “inherit” from the driving GCM. In other words, what different climate 
futures did they show, and how did they relate to each other (that is, is the GCM or run selected 
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warmer/cooler/drier in the range of many GCMs?). We plotted the output of the downscaled GCMs that 
we focused on in this report by using the BCSD product which downscaled 16 GCMs including all of 
those downscaled by Hostetler, Rehfeldt, and the Western Streamflow Database. Because the BCSD 
creators excluded the least performing GCMs and kept 16 GCMs, we consider that the whole scatterplot 
distribution represents reasonably forseeable futures, for 2030 and 2060, as described in Chapter 
7−Climate Analysis.  

Figures A–15 and 7–5 show scatterplots of the projected temperature versus precipitation for all 
the models (including several ensemble members, or runs, of the same model) for the central valley area 
and a representative mountain area, the Wind River Range. These figures allow us characterize the 
range of climate futures in the different GCMs and the climates in specific GCMs. 
 
• ECHAM5 projects a future that is slightly cooler (~0.2 °C) than the ensemble mean and with a slight 

precipitation decrease in the later period that is within the natural variability. 
• GFDL2.0 and GFDL2.1 (a newer version of the same model) project quite different futures for 

2016−2030 with GFDL2.0 drier than the ensemble mean and GFDL2.1 wetter and also ~0.4 °C 
warmer.  

• CCCM3 and HADCM3 are very similar to the ensemble mean for 2016−2030 and project a future 
wetter than the ensemble for the 2046−2060 period. 

• PCM1 and MIROC runs driven by the A1B scenario (unlike all the others in this figure, which were 
driven by the A2 scenario) were selected by the creators of the Western U.S. Streamflow Metric 
Dataset as representative ends of a temp-precipitation range, with MIROC projecting a “warmer and 
drier summers than the ensemble mean,” and PCM1, projecting “cooler and wetter summers than the 
ensemble mean.” For the Wyoming Basin, however, although PCM1 is cooler and wetter than the 
ensemble, MIROC is warmer but also wet and slightly dry for 2046–2060. 
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Figure A–15. Range of projected futures in global climate models (GCMs) for the Wind River Range. Annual 

temperature and precipitation changes between the current climate (1961−1990) and (A) 2016−2030 and 
(B) 2046−2060 downscaled for the Wind River Range, a representative mountain area, show the range of 
futures in 16 GCMs downscaled by BCSD. These plots show that the cloud of model results is warmer in the 
latter period and reveal the climates in the models; for example, the Canadian Centre for Climate Modeling 
and Analysis Coupled Global Model, version 3 [CCCM3] and the Hadley Centre Coupled Model, version 3 
[HADCM3] are very similar to each other; the ensemble mean for 2016−2030 and the National Oceanic and 
Atmospheric Administration Geophysical Fluid Dynamics Laboratory Climate Model, version 2.1 [GFDL2.1] 
has a climate that is both warmer and wetter than most of the other GCMs. There are multiple runs of some 
GCMs for 36 total runs. Downscaled GCMs used in this report are labelled on the graph, including the 
European Center Hamburg Model, version 5 (ECHAM5), National Oceanic and (Atmospheric Administration 
Geophysical Fluid Dynamics Laboratory Climate Model, version 2.0 (GFDL2.0) GFDL2.1, CCCMA, and 
HADCM3, and the 36-member ensemble mean were all forced by the A2 emissions scenario. PCM1 and 
MIROC (blue), which are part of the Western U.S. Streamflow Metric Dataset, which were forced by the A1B 
scenario. The long term (1895−2013) 1-standard deviation in annual precipitation for this area is about +/-5 
percent. BCSD data, 12-km (7.5-mi) resolution. 

 

  



 890 

The seven GCMs used in the suite of GCM’s downscaled by Hostetler, Rehfeldt, and Littell are 
within the “cloud” of reasonably forseeable futures in the larger suite of GCMs downscaled by BCSD, 
although they represent a smaller range of futures than the BCSD ensemble. Most of the plots and 
graphics in this report will display downscaling of ECHAM5, dynamically downscaled by Hostetler and 
statistically downscaled by BCSD and GFDL2.1, and the ensemble mean of 36 runs of 9 GCMs show 
the climate the different GCMs project (scatterplot). ECHAM5 shows a relatively cooler/less warming 
2030, but catches up by mid-century; HADCM3 and CCCMA models statistically downscaled by 
Rehfeldt and Maurer are similar. ECHAM5 (downscaled by Hostetler) is similar in temperature and 
precipitation change compared to HADCM3 and CCCMA (downscaled by Rehfeldt); GFDL 2.0 
(downscaled by Hostetler) is slightly cooler than GFDL2.1 (downscaled by Rehfeldt) but similar in 
precipitation. 

Hydroclimate 

Figures 7–14 to 7–16 in Chapter 7—Climate Analysis show two views of projected soil moisture 
change. Figure 7–14 shows a time series of soil moisture for six GCMs focused on in this report 
(CCCM3, GFDL2.0 and 2.1, ECHAM5, HADCM3, GCM MIROC, and PCM1) and for the 36-member 
ensemble average. The time series, beginning with simulated soil moisture from 1950, shows 
projections to 2099 with a slight downward trend for the lower elevation area near Baggs, Wyo., and a 
larger trend for an area near Lizardhead Peak in the Wind River Mountains. These figures also show 
variability of approximately ±10 percent, depending on the GCM.  

Figures 7–15 and 7–16 then illustrate the month to month changes in soil moisture that may 
occur over the next 100 years and show seasonal shifts in soil moisture that may have ecological 
consequences. To understand the changes, we needed to account for the variability in the soil moisture 
record and projections and for the issue that modeled soil moisture is not directly comparable to 
observations. Soil moisture variables are essentially an index of the moisture state in the soil (Koster 
and others, 2009) but can be considered as a relative measure of changes. We analyzed the projected 
changes of relative changes normalized to the variability in the 1961–1990 period analyzed for this 
report. For each of six GCMs and the 36-member ensemble mean, we calculated the monthly mean soil 
moisture for the 1961–1990 climate; then, we calculated normalized soil moisture for two future periods 
for each model and the ensemble mean. The resulting plots by month for two areas show the projected 
seasonal shift in soil moisture. Recall from figure 7–5 that the climate of the ensemble mean has an 
increase in temperature and little change in annual precipitation, although, as shown in figure 7–13, 
there is an increase in winter precipitation and a decrease in summer precipitation. Figure 7–15A shows 
that the effect of this temperature increase is to decrease soil moisture in the late summer and fall but 
with an increase in the winter, probably resulting from the increased winter precipitation. Figure 7–15B 
shows the same area around Baggs, Wyo., but for the GFDL2.1 GCM, which is warmer and wetter than 
the ensemble (see figure 7–5). The implications of the wetter future are that the temperature impact is 
nearly offset in the early part of the year by increased winter precipitation, but summer precipitation is 
also projected to be lower, and as a result, soils are projected to dry out earlier in the summer and the 
fall. Figure 7–16B shows the same analysis for an area near Lizardhead Peak in the Wind River Range.  

Data Gaps and Uncertainty 
Regional and national datasets, such as LANDFIRE, TIGER, National Wetlands Inventory, and 

National Hydrography Dataset, often have spatial inaccuracies that limit their use at scales approaching 
the resolution of the datasets (such as 30 m for LANDFIRE) but such spatial inaccuracies can be 
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minimized using moving windows (such as the TDI). Many datasets were compiled from the five states 
within the ecoregion, and differences across state boundaries can result from underlying differences in 
the state-level data. Some datasets available for the ecoregion, such as water diversion data, varied 
spatially in completeness. In many cases, available regional-level data on Change Agents were not 
sufficient for use in the REA. This included grazing levels, off-highway vehicle use, traffic levels, 
invasive species occurrence, beaver occurrence/beaver ponds, and fire occurrence and severity (prior to 
1980). This limited our ability to fully evaluate the degree of human modification of the landscape, and 
instead we focused the REA assessment framework on the surface disturbance footprint for 
development variables. In addition, we lack information on how most species respond to development 
levels, and the level of development at which the species responds negatively to development (for 
example, TDI >3 or TDI >5) varies among species. Consequently, risk from development is best viewed 
as a gradient, with greater confidence in the potential risk from development at either end of the 
gradient; relatively undeveloped areas have the least risk from development compared to the risk in 
areas with high levels of development.  

Occurrence information on species across the entire ecoregion was sometimes quite limited 
(especially for most fish species except cutthroat trout), and in some cases, the spatial accuracy of 
mapped occurrences (such as migration corridors for mule deer) was quite variable within and between 
states or only were available for certain times of the year (for example, breeding season for greater sage-
grouse and crucial winter range for mule deer). In most cases, we had independent datasets to validate 
the species distribution models (such as greater sage-grouse, sagebrush-obligate songbirds, golden 
eagles, ferruginous hawks), but in other cases, independent datasets were lacking (for example, 
spadefoot assemblage).  

The REAs summarize broad-scale information that provides the larger context for local 
management decisions, but often lack the spatial resolution that provides local information on condition. 
Often, more detailed information is available locally, but it may not be available for broad geographic 
extents. As a result, both broad- and local-scale information may be necessary to address particular 
Management Questions. Additionally, the REAs can provide assessments of spatially explicit 
cumulative effects of Change Agents, especially development. The REAs, therefore, contribute to 
multiscale information necessary for implementing the BLM’s Landscape Approach.  
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