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Conversion Factors
Sl to Inch/Pound

Multiply By To obtain

Length

centimeter (cm) 0.3937 inch (in.)

millimeter (mm) 0.03937 inch (in.)

meter (m) 3.281 foot (ft)

kilometer (km) 0.6214 mile (mi)

meter (m) 1.094 yard (yd)
Area

square meter (m®) 0.0002471 acre

hectare (ha) 2471 acre

square kilometer (km?) 247.1 acre

square meter (m?) 10.76 square foot (ft%)

hectare (ha) 0.003861 square mile (mi®)

square kilometer (km?) 0.3861 square mile (mi®)

Flow rate

cubic meter per second (m*/s) 70.07 acre-foot per day (acre-ft/d)
Mass

kilogram (kg) 2.205 pound avoirdupois (Ib)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32.
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Executive Summary

By Timothy J. Assal and Natasha B. Carr

The purpose of the Pre-Assessment Report for the Southern Great Plains Rapid
Ecoregional Assessment (REA) is to document the selection process for and final list of
Conservation Elements, Change Agents, and Management Questions developed during Phase 1.
The overall goal of the REAs being conducted for the Bureau of Land Management (BLM) is to
provide information that supports regional planning and analysis for the management of
ecological resources. The REA provides an assessment of baseline ecological conditions, an
evaluation of current risks from drivers of ecosystem change, and a predictive capacity for
evaluating future risks. The REA also may be used for identifying priority areas for conservation
or restoration and for assessing the cumulative effects of a variety of land uses. There are several
components of the REAs. Management Questions, developed by the BLM and partners for the
ecoregion, identify the information needed for addressing land-management responsibilities.
Conservation Elements represent regionally significant terrestrial and aquatic species and
communities that are to be conserved and (or) restored. For each Conservation Element, key
ecological attributes will be evaluated to determine the status of each species and community.
The REA also will evaluate major drivers of ecosystem change, or Change Agents, currently
affecting or likely to affect the status of Conservation Elements in the future. The relationships
between Change Agents and key ecological attributes will be summarized using conceptual
models. The REA process is a two-phase process. Phase I (pre-assessment) includes developing
and finalizing the lists of priority Management Questions, Conservation Elements, and Change
Agents, culminating in the REA Pre-Assessment Report.

Chapter 1 provides an overview of the REA process. Chapter 2 describes the biophysical
and anthropogenic features of the Southern Great Plains, and Chapter 3 explains the process used
to identify Conservation Elements, Change Agents and Management Questionss. The remaining
chapters each feature one of 19 Conservation Elements—o6 ecological communities and 13
species (including 2 species assemblages)—to be addressed in Phase II. For each Conservation
Element, we will address the four primary Change Agents—development, fire, invasive species,
and climate change—required for the REA. In addition, we will evaluate insect pests and disease
for particular Conservation Elements. Development includes effects related to energy and
infrastructure, agricultural activities, and other human activities, including urbanization and
recreation.

An overview on the ecology and management issues for each Conservation Element is
provided, including distribution and ecology, landscape structure and dynamics, and associated
species of management concern affiliated with each Conservation Element. For each
Conservation Element, effects of the Change Agents are described. An overview of potential key
ecological attributes and potential Change Agents are summarized by conceptual models and
tables. The tables provide an organizational framework and background information for
evaluating the key ecological attributes and Change Agents in Phase II.
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Section I. Southern Great Plains Ecoregional Assessment—
Background and Overview

Chapter 1. Introduction—Bureau of Land Management Rapid Ecoregional
Assessments

By Natasha B. Carr, Cynthia P. Melcher, and Zachary H. Bowen
Purpose of the Rapid Ecoregional Assessment

The overall goal of the Rapid Ecoregional Assessments (REAs) undertaken by the
Bureau of Land Management (BLM) is to provide information that facilitates development of
ecoregion-based conservation strategies across jurisdictional boundaries and to facilitate
planning and analysis for the management of ecological resources. The REA provides an
assessment of ecological conditions, an evaluation of risk from Change Agents (CAs), a
predictive capacity for evaluating future risks from CAs, baseline information for long-term
monitoring of ecoregional conditions, and guidance for adaptation and mitigation planning in
response to climate change. The REA also may be used for identifying and prioritizing potential
conservation areas or native plant and animal communities that need restoration, for assessing
cumulative effects as required by the National Environmental Policy Act, and for informing
landscape-scale planning and decision-making for all resources and uses of public lands. Overall,
the REA provides a vehicle for creating stronger and more effective, efficient collaboration and
cooperation among all parties interested in regional land and resource management.

The BLM established the overall process and required components for the REA, which
includes Management Questions (MQs), Conservation Elements (CEs), which are ecological
resources of concern, and CAs for each ecoregion. Within these overall guidelines, however,
there is flexibility to tailor the REA to the specific information priorities for a given ecoregion.
We first provide an overview of the general REA guidelines. Sections that follow discuss
specific details pertaining to the Wyoming Basin REA and which we adapted for the Southern
Great Plains (SGP) REA.

Overview of the Rapid Ecoregional Assessment Process

An REA entails a two-phase process (table 1). In Phase I (pre-assessment), the lists of
priority MQs, CEs, and CAs are developed and finalized. Phase I also includes the development
of key ecological attributes and CAs. Phase II (assessment) comprises three tasks related to the
compilation, analyses, and documentation of datasets to address MQs and complete the
ecoregional assessment.



Table 1. Overview of Phase | (pre-assessment) and Phase Il (assessment) tasks for the Rapid
Ecoregional Assessment (REA).

Phase Task Task description

1 Refine Management Questions; select Conservation Elements and Change Agents; develop overall
ecosystem conceptual model.

2 Identify key ecological attributes and indicators for Conservation Elements that will establish the
1. Pre-assessment framework for Phase II analysis.

3 Develop conceptual models for Conservation Elements.

4 Prepare Pre-Assessment Report.

Compile and generate source datasets.

IL Assessment 6 Conduct analyses and generate findings.

7 Prepare final REA report and documents.

Rapid Ecoregional Assessment Products

The purpose of the Pre-Assessment Report is to document the selection process for, and
final list of, MQs, CEs, and CAs developed during Phase I (although the lists may be updated
based on analysis conducted during Phase II). The report also presents the overall assessment
framework that will be used to determine the status of CEs and answer MQs. The assessment
framework describes the overall approach and includes templates for conceptual models and
formats for organizing and documenting the data sources and methods, which will be refined and
applied in Phase II.

At the end of Phase II, a final REA report is published. The final REA report expands
upon the Pre-Assessment Report to document specific methods, results, and conclusions relating
to MQs, CEs, and CAs. All source and derived datasets are to be provided to the BLM following
the guidelines established in the REA Statement of Work.

Components of the Rapid Ecoregional Assessment

The major components of an REA include MQs, CEs, and CAs (table 2). Also crucial to
the REA process is the development of conceptual models, which guide the selection of key
ecological attributes to be evaluated in the REA. These components are described in detail in the
sections that follow.

Management Questions

Management Questions (table 2) identify the information needed for addressing land-
management responsibilities, including land-use planning, developing best-management
practices, authorizing uses, and establishing priorities for conservation and restoration. The MQs
help to focus the REA process and ensure that the most relevant datasets are compiled, analyzed,
and summarized. The MQs may pertain to ecological resources and CAs. Ecological resources
include native terrestrial and aquatic species and communities of regional significance. The CAs
are ecological processes or human activities that influence the current status of resources and
may pose future risks to those resources.



Table 2. Major components of the Rapid Ecoregional Assessment.
[From Carr and others (2013) and adapted from Parrish and others (2003)]

Term Definition or description

Management Questions Priority information needs regarding ecological resources and Change Agents. Management Questions
address land-management responsibilities and will guide the assessment process and ensure that the most
relevant datasets are compiled, analyzed, and summarized.

Conservation Elements A limited number of species, species assemblages, and ecological communities or ecosystems that represent
critical components of ecosystems.

Terrestrial and aquatic ecological communities that comprise most of the ecoregion and are presumed to
represent the habitat requirements of most plant and animal species of the ecoregion.

Regionally significant species or species assemblages, including sensitive or specialized species, not
represented adequately by the ecological communities in which they occur.

Key ecological attributes Characteristics of Conservation Elements that are especially crucial and affect long-term persistence or
viability of the Conservation Element or associated species.

Change Agents Primary factors currently affecting or likely to affect the status of Conservation Elements.
Indicators or metrics Measurable variables used to assess the status and condition of key ecological attributes.
Index of ecological integrity A complementary, integrated suite of Conservation Elements that collectively represent important

ecological components of an ecosystem.

Conservation Elements

The CEs (table 2) represent regionally significant terrestrial and aquatic species and
communities that are of management concern. Potential CEs will be identified, prioritized, and
finalized to form a limited suite of CEs for which current status and potential for change will be
assessed. There are two CE categories.

Terrestrial and Aquatic Ecological Communities

Conservation of these CEs is based on the premise that intact and functioning systems are
more resistant and resilient to stressors (Noss, 1987; Poiani and others, 2000). Because it is not
feasible to manage or monitor all species individually, we assume that protection of intact and
functioning systems will serve as a safety net for most species.

Species and Species Assemblages

These CEs include plants, animals, and other organisms. They may be single species,
assemblages of taxonomically similar species (for example, bat assemblage), or species that use
similar resources (for example, freshwater mussel assemblage). These CEs highlight rare or
specialized species that likely would not be assessed adequately by the ecological communities
(Poiani and others, 2000) because they require localized habitats or because they are already at
risk and require active, targeted management to prevent further population declines. Typically,
these CEs are species with special status, including declining, endemic, rare, sensitive, or area-
sensitive species (table 2).



Key Ecological Attributes

For each CE, we will identify key ecological attributes (such as landscape structure) to be
evaluated as part of the REA. The process of selecting the key ecological attributes will be
informed by conceptual models, data availability, and relevance to the MQs. Indicator variables
and metrics will be developed to quantify the key ecological attributes for use in evaluating CE
status.

Change Agents

The CAs are major drivers of ecosystem change. The REA will identify and assess
primary factors (CAs) that currently affect or are likely to affect the status of CEs for two future
points in time (2025 and 2060). Additional time frames may be included in the assessment, as
appropriate. Criteria for including CAs in the REA are as follows.

For each CE, a limited suite of the most pertinent drivers of change will be identified and
evaluated. The CAs can be either anthropogenic (such as energy development or invasive
species) or natural drivers that can be altered directly or indirectly by human activities (such as
climate, fire, or insect outbreaks). Existing or derived data are sufficient to quantify CAs for the
entire REA.

The CAs to be evaluated for the entire ecoregion minimally should include

e development (for example, urban, energy, roads, dams, agricultural activities),

e wildland fire,

e invasive species, and

e climate change.

Conceptual Models

Conceptual models are useful for describing and visualizing ecosystem components and
their interactions based on the current understanding of cause and effect relationships (Manley
and others, 2000). The conceptual models will be used to highlight the key ecological attributes
and CAs addressed by the REA, as well as the dominant pathways and major interactions of CA
influence. Although generally hypothetical, conceptual models can help to organize thinking
about ecosystem integrity and to develop approaches for studying, monitoring, and managing
ecosystem functions. Another important purpose of conceptual models is to make transparent the
assumptions that are made when assessing potential effects of CAs on CEs. To keep conceptual
models useful, we do not include all possible interactions among drivers.

Assessment Management Team

The Assessment Management Team (AMT) provides overall guidance for the
development of the REA, ensures that procedures and products are consistent with project
objectives, ensures a collaborative, interagency approach, and provides policy and workload
guidance to the Technical Team. The AMT is composed of Federal, tribal, State, and local land
management agencies.



Technical Team

The Technical Team provides technical and ecological guidance, direction, review, and
recommendations for the development of the REA. The Technical Team is tasked with providing
specific information and technical knowledge about the ecoregion to the Assessment
Management Team to assist with developing management questions, evaluating conceptual
models, reviewing process models, and interpreting results of the assessment. The Technical
Team is composed of technical experts from participating Federal, tribal, State, and local land
management agencies.

Process for Identifying and Selecting Priority Conservation Elements and Management
Questions

Webinars

Webinars, as well as conference calls and workshops, are conducted prior to developing
an REA to develop, present, discuss, and finalize the list of candidate CEs and associated MQs.
These meetings facilitate extensive and in-depth input and feedback from the Technical Team
and provide recommendations to the Technical Team on the scientific approaches that would
best achieve the objectives and constraints of the REA. To facilitate this level of input,
conference calls, webinars and workshops are approached as brainstorming sessions. Example
MQs and CEs are presented to help initiate the discussions. After obtaining input on the
candidate list of CEs, additional CEs may be proposed. The input received is carefully evaluated
and documented. Input includes

e the objectives and sideboards for including CEs and MQs based on the REA scope of
work;

e the criteria for CE and MQ selection;

¢ identifying participants’ abilities and willingness to contribute further to the process,
such as providing useful data or expert review of products; and

e organizing and synthesizing the information discussed during meetings for additional
feedback and review by the AMT and Technical Team.

Compiling and Reviewing Candidate Lists of Conservation Elements and Management Questions

All candidate MQs and CEs, as derived from Technical Team and AMT input, are
screened according to the selection criteria (see next two sections, “Conservation Element
Selection Criteria” and Management Question Selection Criteria”), which were refined from the
REA scope of work and from Carr and others (2013). All suggested candidates are tracked, and
candidates that do not meet the criteria are documented accordingly. The CEs and MQs that meet
the criteria are reviewed and finalized.

Conservation Element Selection Criteria

Approaches used to identify potential CEs include identifying both a candidate’s regional
significance and its unique or special attributes. A regionally significant CE has attributes that
give it more than local significance, especially in comparison to similar ecological resources.



Attributes associated with a CE can include special worth, irreplaceable functions, exemplary or
unique populations, or species otherwise considered fragile, sensitive, rare, or vulnerable to
adverse change and that require management/conservation beyond the local scale (such as a
BLM field office). Candidate CEs are then prioritized, as determined by the Technical Team and
approved by the AMT. The final CE list is a limited suite of regionally significant communities,
species, and species assemblages that collectively represent an important suite of ecological
functions and natural resources for the ecoregion.

Management Question Selection Criteria

Once the CE list is finalized, the Technical Team identifies the priority MQs for each CE.
Additional MQs may be drawn from across disciplines and from interested parties in the
ecoregion, literature searches, prior assessments, Resource Management Plans (RMPs) and other
land-use plans, and other sources identified through Phase I, Task 1. Preliminary MQs are
evaluated against established criteria to prioritize and select a limited set of MQs. Potential
criteria for evaluating MQs are as follows.

e Does the MQ address large-scale, ecoregion-level issues (that is, does the effect of

decisions cross field office boundaries, connected phenomena, and so on)?

e Can the MQ be answered by available geospatial information, remote sensing, or

acceptable surrogates at the landscape scale?

e Does the MQ identify the potential subsequent decision process and (or) action

associated with the answer to the question?

e Does the MQ relate to the key processes, attributes, and indicators for the ecoregion

model?

e Has the MQ been answered in another recently completed ecoregion assessment, and

is there additional information that warrants reexamining this issue?

Review and Finalize Components

The CEs and MQs that have met the established REA criteria above are documented
accordingly and presented to the AMT as final draft candidates. If additional consideration is
needed, a supplemental draft list is distributed for review by the AMT; the AMT provides its
final recommendations to the Contracting Officer’s Representative, who provides the final list to
the contracting team. The analyses and products generated for each CE serve to answer relevant
priority MQs.
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Chapter 2. Southern Great Plains Rapid Ecoregional Assessment Overview
By Timothy J. Assal and Natasha B. Carr
Background on the Southern Great Plains Region—Ecological Setting

The SGP REA area encompasses more than 72.8 million hectares (ha) in the south-
central United States. The area includes three ecoregions as defined by Omernik (1987): the
Central Great Plains, the High Plains, and the Southwestern Tablelands. The REA project
boundary includes all 5th-level hydrologic unit class watersheds that intersect the project
perimeter (fig. 1). The project area covers portions of five states: the northernmost Panhandle of
Texas, western Oklahoma, eastern New Mexico, eastern Colorado, and westernmost Kansas.

Agriculture is the dominant land use in the region. The elevated Southwestern Tablelands
contain little irrigated agriculture and are largely used for livestock. Higher in elevation and drier
than the Central Great Plains to the east, much of the western High Plains is used for
cropland. The Central Great Plains are slightly lower in elevation and receive more precipitation
than the plains to the west. Once a vast grassland with scattered low trees and shrubs in the
south, much of this ecological region is now cropland.

Biophysical Controls

Many of the biophysical controls of the SGP project area reflect an east-west gradient
from the Rocky Mountain Front in the west to the low plains in the eastern portion of the region.
The highest point in the SGP REA project area is 2,708 meters (m) at Cerro Pelon, New Mexico.
The lowest point is found where the Red River exits the project area (222 m) along the
Oklahoma-Texas border near the town of Spanish Fort, Texas. The elevation range of the project
area is 2,486 m.

The surficial geology is quite varied across the region (Soller and others, 2009). The
Front Range of New Mexico and Colorado are dominated by residual materials of igneous and
metamorphic rock. Isolated areas of volcanic rock (basaltic and andesitic) dot the landscape of
northeastern New Mexico. The uplands in New Mexico and Colorado are dominated by residual
materials of sedimentary rocks. The major river valleys of eastern Colorado are dominated by
thin alluviums and delineated from the uplands by bands of eolian loess and sand dunes. The
alluvial deposits delineate major stream valleys that cross the southern Great Plains from west to
east. The Oklahoma and Texas panhandles and areas in central Kansas are composed of eolian
sediments with discontinuous colluvial material. Large areas of colluvial sediments and loess are
found in northwestern Kansas. The eastern portion of the project area in central Texas and
Oklahoma is dominated by bands of residual materials developed in sedimentary rock and
bedrock (Soller and others, 2009).

Soil development is governed by geology, climate, topography, biology, and time (Hess,
2011). Dry mollisols are the dominant soil type in central Texas, central Oklahoma, and central
Kansas. Alfisols are found in the eastern portion of the study area in Oklahoma and Texas, as
well as parts of the Texas panhandle. Aridisols and entisols dominate in southeastern Colorado,
and alfisols and aridisols are found in northeastern New Mexico (Hess, 2011). Prairie soils are
typically poor in nitrogen and carbon (National Park Service, 2008). Climate, vegetation, biota,
topography, and parent material contribute to the rate of soil formation, which is typically 1 inch



Figure 1. Overview map of the Southern Great Plains Rapid Ecoregional Assessment (REA) project
area. (Map developed by Jason Schmidt, Photo Science Inc., a Quantum Spatial Co.)



of topsoil every 100—-1,000 years. The vast majority of native prairie vegetative biomass is found
below ground. Cultivation of prairie soils removes extensive root systems and organic carbon,
and it reduces soil stability and overall soil productivity (National Park Service, 2008).

The assemblage of ecosystems in the SGP are governed by two climatic gradients:
precipitation (east-west) and temperature (north-south) (National Park Service, 2008). Annual
precipitation ranges from 31 centimeters (cm) on the western plains to 97 cm in south-central
Oklahoma. Approximately two-thirds of the rainfall occurs between April and September, and
frequent droughts, the result of reduced precipitation and increased evapotranspiration, occur
regularly. Average maximum daily temperatures peak at 26 °C (south-central Texas), and
average minimum daily temperatures hover at —0.5 °C in the western part of the region (National
Park Service, 2008).

Major Ecosystems and Communities

The SGP region consists mostly of mixed-grass and shortgrass terrestrial ecosystems.
Blue grama (Bouteloua gracilis) and buffalograss (B. dactyloides [formerly in the genus
Buchloe]) dominate the western grasslands, where big bluestem (Andropogon gerardii) and little
bluestem (Schizachyrium scoparium), switchgrass (Panicum virgatum), and Indiangrass
(Sorghastrum nutans) become more prevalent in the eastern portion of the region (National Park
Service, 2008). Cottonwood trees (Populus deltoides) are found along riparian areas in the west,
and American elm (Ulmus americana), sugarberry (Celtis laevigata), bald cypress (Taxodium
distichum), and green ash (Fraxinus pennslyvanica) may be found along streams with increasing
precipitation moving east (National Park Service, 2008). Today, only small fragments of native
ecosystem remain in the Great Plains. Much of the Great Plains region, including this project
area, has been converted to farmland or grazed intensively by domestic livestock (Ricketts and
others, 1999).

Grazing by bison and prairie dogs was a primary ecological driver in the Great Plains
(National Park Service, 2008). In the middle of the 19th century, large populations of grazing
ungulates existed on the Great Plains, including American bison (Bison bison), pronghorn
(Antilocapra americana), and elk (Cervus elaphus). These populations formed the prey base for
grizzly bears (Ursus arctos) and gray wolves (Canis lupus) (Ricketts and others, 1999).
Conspicuous herbivores such as black-tailed prairie dogs (Cynomys ludovicianus) occupied
expansive areas of open grasslands (Proctor and others, 2006). Since that time, the large natural
predators have been hunted to extinction, bison have been extirpated, and prairie dog populations
have been greatly diminished from their historical levels. Grasslands remain an important habitat
for small mammals and numerous grassland bird species. Shrublands found in the grassland
mosaic contribute to habitat for the lesser prairie-chicken (Tympanuchus pallidicinctus) and the
dunes sagebrush lizard (Sceloporus arenicolus).

Although grasslands are the dominant ecosystems, numerous aquatic habitats are found in
the semiarid landscape, providing habitat for prairie birds, migrating waterfowl, and breeding
and migratory shorebirds. Large streams throughout the SGP are characterized by moderate flow,
dynamic channels, and high turbidity and high evaporation rates. Small streams in the study area
are characterized by irregular flow and a distinct wet-dry cycle. Streams in the region provide
habitat for pelagic spawning fishes (including the Arkansas River shiner [Notropis girardi]) and
numerous species of freshwater mussels. Riparian areas and wetlands bridge aquatic
environments with upland terrestrial ecosystems. Playas form in shallow depressions in relatively
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flat terrain and provide important wildlife habitat, particularly for waterbirds (Mitchusson, 2000).
Manmade impoundments have altered stream courses and created large reservoirs in the region.

Ecosystem Processes

Climate and disturbance are major drivers of vegetation community composition and
structure. The climatic gradient in the region influences several major ecosystem processes.
Regional patterns of aboveground net primary production in grasslands reflect the east-west
precipitation gradient, with lowest values of aboveground net primary production observed in the
west and highest values in the east (Sala and others, 1988). Burke and others (1989) found that
soil organic carbon of grassland soils increases with precipitation and clay content and decreases
with temperature.

Grasses in the region evolved under frequent disturbance from large mammalian grazers,
trampling, and fire. Perennial grasses reproduce via seed and vegetatively through underground
rhizomes that are protected from ungulates (Ricketts and others, 1999). Climate influences the
physiological distribution of grasses, with C; grass being prevalent in the north and C,4 grass
being dominant in the south (Sage and others, 1999). The C; grasses are most efficient at
photosynthesizing in cooler temperatures, while warm-season grasses have a photosynthetic
pathway adapted to hot climates (Barbour and others, 1999).

Vegetation of natural grasslands favors frequent fire because the dry leaves and stems
accumulate rapidly, producing extensive amounts of fine fuels easily ignited during convective
storms (Knight, 1994; Barbour and others, 1999). Prior to Anglo-European settlement, the
continuity of flammable vegetation on the prairie allowed fires to burn large areas (Barbour and
others, 1999). Fires could burn for weeks or months until fuels were consumed, a barrier was
reached (for example, a watercourse), or the weather changed (Knight, 1994). Grassland plants
are adapted to frequent, low-severity fire and may quickly resprout from intact roots or increased
reproduction from seed (Barbour and others, 1999). Fire plays a key role in nutrient cycling and
subsequently influences primary productivity of grasslands. Combustion converts organic matter
into the inorganic nutrients needed for plant growth, and primary production often increases after
fire (Knight, 1994).

Drought occurs regularly in the region. Drought reduces grassland productivity, limits
plant population densities, and increases mortality of annual forbs and grasses within stands of
perennial species (Tilman and El Haddi, 1992). The most severe drought in the modern record,
the Dust Bowl of the mid-1930s, was largely confined to the shortgrass prairie region of the
study area (Hart, 2008). Multidecadal droughts in the shortgrass prairie have been documented in
the tree ring record dating from the 16th century (Stahle and others, 2000).

Overall Grassland Ecosystem Model

Conceptual models are a useful tool to convey dynamics and highlight important
processes within an ecosystem. Furthermore, they illustrate connections between ecological
drivers and anthropogenic stressors. Drivers refer to natural agents responsible for temporal
changes or variability in quantitative measures of structural and functional attributes of
ecosystems. Anthropogenic stressors are physical, chemical, or biological perturbations to a
system that cause substantial changes in the ecological components, patterns, and processes in
natural systems (Barrett and others, 1976). We used a conceptual model developed through the
National Park Service Inventory and Monitoring program’s Southern Plains Network to illustrate
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grassland dynamics in the region. The Southern Plains Network is composed of 11 National Park
Service units located in the five states included in the SGP REA. The model illustrates important
overall ecosystem components, drivers, stressors, and the interaction of each in the SGP
ecoregion (fig. 2). The model also identifies external stressors that are characteristic of private
agricultural lands. The National Park Service units offer some of the most intact landscapes of
the SGP and can provide the closest reference conditions because there are fewer anthropogenic
influences within the park units.

Figure 2. Conceptual model developed by the National Park Service’s Southern Plains Network Vital
Signs Monitoring Plan (National Park Service, 2008). The model identifies the major ecological drivers and
anthropogenic stressors in the region, along with core vital signs (red arrow) monitored at National Park
Service units. (Courtesy of the National Park Service) (ORV, off-road vehicle)
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Background on the Southern Great Plains Region—Human Context
Demographic Overview

The population of the Great Plains began to increase after the Civil War as the population
migrated westward from more densely populated areas in the east (Gutman and others, 2005).
The shift was encouraged by the Homestead Act of 1862 under which 1.5 million people settled
in the region. Settlers found potential for arable crops in the eastern portion of the Great Plains
and pasture land in the west (Gutman and others, 2005). Large tracts of native grassland were
subsequently converted to row-crop agriculture or pasture (Samson and others, 2004). Although
the region’s rural population has been declining since the 1930s (Gutman and others, 2005), the
total population has steadily increased from 1950 to the present (Wilson, 2009), signifying a shift
to urban areas. Population trends differ by region of the Great Plains, but overall the population
growth lagged slightly behind that pace of national population growth (Archer and Lonsdale,
2003). Today the major population centers are found on the eastern and western edges of the
region. In the eastern portion of the SGP, the major population center, which includes Wichita
Falls, Oklahoma City, and Wichita, stretches along the Interstate 44/Interstate 35 corridor. The
corridor along the Colorado Front Range and Interstate 25, which includes Pueblo, Colorado
Springs, Denver, and Fort Collins, is also a densely populated landscape. Smaller communities
are found along Interstate 70 in the north and Interstate 40 in the south.

Land Ownership

The total land area of the SGP is more than 72 million ha. Most of the surficial land in the
project is privately owned (fig. 3, table 3). Collectively, State, Federal, and tribal lands compose
less than 10 percent of the project area. Most Bureau of Land Management (BLM) lands within
the SGP are located in New Mexico (table 3), but the SGP overlaps eight BLM Field Office
jurisdictions: the Royal Gorge Field Office in Colorado; the Taos, Roswell, Socorro, Rio Puerco
and Carlsbad Field Offices in New Mexico; and all BLM lands in Texas, Oklahoma, and Kansas
encompassed by the Oklahoma Field Office.

Land Use

The region experienced social and economic disruptions during the Dust Bowl of the
1930s, yet land use changed little during this time. The amount of land conversion to cropland
peaked in 1940 and remained stable during the 20th century, despite the depopulation in rural
areas (Gutman and others, 2005). By the 1940s, advanced pumping technology and the
availability of rural electric power encouraged the use of groundwater for crop irrigation (Hart,
2008). The largest source of groundwater in the region is the Ogallala aquifer, which has been
severely depleted by extensive pumping for irrigation (Nativ and Smith, 1987).

Agriculture remains the most important land use in the SGP ecoregion, with farming and
ranching dominating the eastern and western regions, respectively. Livestock grazing is the main
agricultural activity of the shortgrass prairie, whereas cultivated wheat is the dominant land use
of the mixed-grass prairie (Hart, 2008; National Park Service, 2008). Many small family farms
have been consolidated into larger, corporation-owned farms. Farmland has been converted
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primarily through either farm abandonment or urban sprawl (Parton and others, 2003). Mineral
and energy extraction are important economic drivers in the region (National Park Service,
2008), and wind development has accelerated in recent years. Population dynamics in the region
have implications on current and future land use, including conventional and wind energy
development. This subject will be explored further in Phase II.
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Figure 3. The Southern Great Plains Rapid Ecoregional Assessment (REA) project area and
jurisdictions, including Bureau of Land Management (BLM) Field Office boundaries.
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Table 3. Area and percentage of land managed or owned by different entities within each state in the Southern Great Plains Rapid Ecoregional
Assessment project area (based on fig. 3).

Area by state (acres)

Jurisdiction Total area (acres) Percent New
Colorado Kansas Nebraska . Oklahoma1 Texas1 Wyoming
Mexico

Private 167,085,778 90.6 26,409,240 37,648,948 3,583,109 22,846,385 23,361,006 52,873,511 363,579
States 8,046,891 44 2,031,230 139,057 127,385 4,778,394 832,803 102,880 34,642
Bureau of Land 3,441,328 1.9 283,199 0 18 3,142,877 3,275 11,958 -

Management
Forest Service 2,782,275 1.5 1,224,479 108,628 6 1,314,638 46,439 88,066 19
Tribal lands 1,446,260 0.8 - - - 165,796 1,279,419 1,045 -
U.S. Department of Defense 1,016,479 0.6 449,644 128,465 13,862 190,399 217,416 16,693 -
U.S. Fish and Wildlife 376,165 0.2 26,307 33,327 - 197,281 104,696 14,554 -

Service
Bureau of Reclamation 107,213 <0.1 6,947 11,246 - 11,752 50,877 26,391 -
U.S. Army Corps of 50,982 <0.1 - - - - 50,982 - -

Engineers
National Park Service 37,684 <0.1 734 664 - 7,817 - 28,469 -
Other Federal lands 1,923 <0.1 1,923 - - - - - -
TOTALS 184,392,978 30,433,703 38,070,336 3,724,380 32,655,839 25,946,913 53,163,567 398,240

! Acreage totals for Bureau of Land Management land in Texas and Oklahoma do not include an estimate for the Red River public domain lands.
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Chapter 3. Southern Great Plains Rapid Ecoregional Assessment
By Timothy J. Assal and Natasha B. Carr
Conservation Elements and Primary Management Issues

The CEs represent regionally significant terrestrial and aquatic species and ecological
communities that are to be conserved and (or) restored. The initial proposed set of CEs was
reduced to a limited suite of CEs for which current status and potential for change will be
assessed. There are two CE categories: (1) ecological communities and (2) species or species
assemblages. Focus on communities is based on the premise that intact and functioning terrestrial
and aquatic ecosystems are more resistant and resilient to stressors, and it is assumed that intact
and functioning systems can serve as a safety net for most species. Species level CEs include
single species or assemblages of taxonomically similar species of plants, animals, and other
organisms. Species assemblages may also be considered for species that use similar resources.
Species CEs may include those with special status, including endemic, rare, sensitive, or area-
sensitive species. These CEs highlight rare or specialized species that likely would not be
assessed adequately by the ecological communities, because they require localized habitats or
because they are already at risk and require active, targeted management to prevent further
population declines.

[dentification of Conservation Elements

Identification of CEs was a primary task in Phase I of the Rapid Ecoregional Assessment
(REA). A series of workshops and webinars were used to identify primary conservation and
management issues in the SGP. Initially, two workshops were held with the Assessment
Management Team (AMT) and Technical Team in Arcadia, Oklahoma, in April 2013. The
purpose of these workshops was to introduce the REA concept and potential products to
members of the AMT and Technical Team, respectively. In addition we sought to begin the
discussion on the management questions and CEs specific to each member’s agency. The groups
held lengthy discussions of current regional initiatives that could be utilized in this REA. Early
on, we recognized the identification of CEs would be an iterative process between scientists and
resource managers. Criteria used to select CEs, in all cases as recommended by the Technical
Team and the U.S. Geological Survey (USGS) and approved by the AMT, were as follows.

e Six to eight regionally significant terrestrial and aquatic communities of the major

ecological systems and functions of the SGP.

e Ten to twelve regionally significant species or communities that occur throughout the
jurisdiction of at least two states in the SGP project area, with an emphasis on widely
distributed species; this criterion was developed to help meet the REA goal of
ensuring that the REA is relevant to regional priority management issues (other
management issues may be addressed by specific MQs).

o Commodity species (game or furbearer species).

e Species or species assemblages of conservation concern.

e Species directly tied to management priorities and issues.
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e Species not addressed adequately by an assessment of the ecological communities in
which those species occur.

Identification of Ecological Community Conservation Elements

The Great Plains Landscape Conservation Cooperative (GPLCC) list of high-priority
habitats (http://www.greatplainslcc.org/about/priorities/) was used to identify a preliminary set of
priority communities. The GPLCC is a partnership that provides applied science and decision
support tools to assist natural resource managers in conservation of species and communities in
the SGP. Members of the Technical Team provided additional priority ecological communities
representative of the SGP to be considered as CEs. The AMT stipulated that all of the major
ecological terrestrial and aquatic ecological communities within the REA should be represented
(there should be no gaps).

Shortgrass and mixed-grass prairies are the dominant terrestrial communities of the
project area. There is no distinct boundary between these two communities, but rather an
ecological gradient. The variation in the distribution and dominance of species within this
gradient clearly points to site conditions and history, including management, fire, and grazing, as
having important determinant effects on community structure and composition. Available data
describing subordinate information within each terrestrial community will be evaluated in Phase
II. The Natural Resources Conservation Service provides a framework for classifying and
describing rangeland soils and vegetation through the Major Land Resource Area and Ecological
Site Descriptions. There are 38 unique Major Land Resource Area units in the SGP project area.
This information can be used to describe local site potential. In Phase II, we will investigate if
the framework is feasible to use in a landscape-scale rapid ecoregional assessment. Communities
that only occur in the buffer of the project area were not included because they are best
addressed in adjacent ecoregions.

The Technical Team identified two shrub species, shinnery oak (Quercus havardii; also
known by some authorities as Harvard oak) and sand sagebrush, that provide crucial habitats
within the grassland matrix. These shrublands are intermixed in the shortgrass and mixed-grass
prairie mosaic of the SGP. We determined these would be best addressed as key ecological
attributes for the shortgrass and mixed-grass prairie communities. These species dominate
habitats for several endemic and regionally important species, indicating a need to manage for
healthy oak and sand sagebrush (Artemisia filifolia) communities to conserve habitats within the
prairie landscape. The shrub species were given special consideration as part of the mixed-grass
prairie CE, although they do occur in the shortgrass prairie as well.

The aquatic ecological communities selected include riparian and wetlands, playas and
saline lakes, lakes and reservoirs, and prairie rivers and streams. There are six ecological
communities to be considered in Phase II (fig. 4).

|dentification of Species and Species Assemblage Conservation Elements

The USGS proposed a suite of selection criteria to provide an objective and transparent
process to reduce the initial list of species to a final list of 10—12, as proposed in the scope of
work. The Technical Team provided input on the selection criteria, and the AMT approved the
final criteria below.

I.  Priority species or assemblages of conservation concern as determined by the Bureau
of Land Management and other Federal and State agencies.
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II.  Directly tied to management priorities and issues of representatives on the technical
team.
III.  Regionally significant species or communities: occurrence throughout at least two
SGP REA States, with an emphasis on widely distributed species.
IV.  Commodity species (game or furbearer species).
V.  Species not adequately addressed by ecological community CEs or other species CEs.

The GPLCC developed a list of priority wildlife species
(http://www.greatplainslcc.org/about/priorities/) from information in the Wildlife Action Plans of
the State partners encompassed within the GPLCC boundary, as well as regional planning
documents of the U.S. Fish and Wildlife Service and The Nature Conservancy. We used the
GLPCC list as a preliminary list of priority species to identify species that met criterion I. In
addition, Technical Team members proposed candidate species from their respective State
Wildlife Action Plans. We identified 131 species for the initial list.

Figure 4. Ecological communities, species, and species assemblages identified as Conservation
Elements (CEs) for terrestrial (green) and aquatic (blue) systems. The ecological community CEs are
shown in bold text in the top row of white boxes. Species and species assemblage CEs are shown in boxes
below the primary community (or communities) where they are found. For wildlife species that are strongly
tied to terrestrial systems but also use adjacent aquatic habitats, horizontal lines are placed under the
aquatic systems also used by that species. (Harvard oak [Quercus harvardii] is commonly known as
shinnery oak.)

To evaluate criterion II, each member of the Technical Team provided a management-
priority rank for each candidate species in the preliminary list. The Technical Team identified
three species assemblages: fish, freshwater mussels, and bats. Candidate species of management
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concern that did not meet the regionally significant criterion could still warrant consideration as
part of a species assemblage. Technical team members subsequently ranked each species or
species assemblage based on their agencies’ priorities. Technical team members also identified
management issues associated with a species, particularly if the species was ranked as a high or
medium priority. The USGS collated all responses and assigned a score based on the priority
level (high = 3, medium = 2, low = 1, not a priority = 0). The scores were summed across all five
states, and the priority score was used to rank the candidate species level CEs.

The species ranked in the top 30 were evaluated for additional criteria. To evaluate
regional significance (criterion III), the BLM developed range maps of the top 30 species. The
technical team identified game species (criterion V) and engaged in discussion regarding
criterion V for the remaining species on the list.

The AMT approved the final list of 13 species as CEs. The list includes seven bird
species, four mammals (including one species assemblage), one fish, and one invertebrate
species assemblage (fig. 4, table 4). Candidate species that did not make the final list are
included in appendix A. A total of 19 ecological communities and species CEs will be assessed
in Phase II. Data availability for each CE will be evaluated at the start of Phase II. It is possible
that not all CEs can be fully assessed in Phase II if adequate data are not available.

Table 4. Final list of species Conservation Elements.
[NM, New Mexico; TX, Texas; CO, Colorado; OK, Oklahoma; KS, Kansas. Management priority: H, high; M, medium; L, low]

Selection Criteria’

| Il 1l \% )
Management priority Addressed by
Regional Regionally Commodity community
Species NM X Cco OK KS  priority score significant species conservation element
Lesser prairie-chicken H H H H H 15 Yes Yes No
Black-tailed prairie dog H H M L H 12 Yes Yes No
Interior least tern H M L M M 10 Yes No No
Burrowing owl H M M L L 9 Yes No No
Mountain plover H M M L L 9 Yes No No
Long-billed curlew H M L L L 8 Yes No No
Freshwater mussel H M - - H 8 Yes No No
assemblage
Ferruginous hawk M M L L L 7 Yes No No
Mule deer H L - - H 7 Yes Yes No
Snowy plover H H - L 7 Yes No No
Bat assemblage M M - - H 7 Yes No No
Swift fox M H L - L 7 Yes Yes No
Arkansas River shiner H - - M M 7 Yes No No
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Conservation Element Overview

An overview on the ecology and management issues for each CE is provided in Section II
(Chapters 4-22). The USGS assembled a team of 12 subject matter specialists composed of
Federal and university scientists. Each CE chapter consists of three sections; key ecological
attributes, CAs, and REA components. The key ecological attribute section details the
distribution and ecology, landscape structure and dynamics, and associated species of
management concern affiliated with each CE. The landscape structure and dynamics section
describes the historic patterns and processes (for example, fire, climate, drought) of ecological
communities and the response of species to the structure and dynamics of their habitat. The
Change Agents section details how CAs disrupt the historic or natural landscape structure and
dynamics.

An overview of potential key ecological attributes and CAs are summarized by
conceptual models and tables. A basic conceptual model (fig. 5) was developed for each CE to
highlight dominant ecological processes, primary interactions, and potential effects of major
drivers and stressors. The key ecological attributes table (table 5) summarizes variables that may
be assessed in Phase II. Table 6 summarizes the potential effects of each CA. The tables provide
an organizational framework and background information for evaluating key ecological
attributes and CAs in Phase II.

Figure 5. Example of generalized conceptual model using the bat species assemblage.
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Table 5. Example of key ecological attributes table using the bat species assemblage.

Attribute Variables
Amount and distribution Bat species distribution (occurrence records).
Landscape structure Size and spatial distribution of habitat; availability and type of roost sites.
Landscape dynamics Habitat productivity (availability of prey food resources), drought (effects on water resources, prey

availability), roosting resources, predator dynamics.

Table 6. Example of Change Agent table using the bat species assemblage.

Attribute Variables
Development (energy and Habitat alteration (disturbance/destruction of roosting resources; noise pollution), contamination/loss of
infrastructure) water resources, contamination of food resources, mortality (wind turbines).
Development (agricultural Habitat alteration (fluctuation in availability of prey [£]; effects on water resources [+£]).

activities)

Altered fire regime Fire suppression results in habitat alteration (expansion of forested areas may increase roosting structures;
effects on prey availability).

Invasive species Habitat alteration (expansion of eastern redcedar—increase in forage and roosting [+], reduction in water
resources [-]).
Insects and disease Presence and effect of white-nose syndrome on population.

Climate change Potential changes to habitat condition (distribution and abundance of vegetation, prey, and water resources;
roost microclimate); potential changes to behavior (timing and success of reproduction and hibernation).

Change Agents

The specific influence of each CA varies by CE and will be discussed in detail in each
CE chapter. Below we summarize the overall patterns and general effects of each CA.

The grasslands of the Great Plains are considered one of the most endangered ecosystems
in North America. Human settlement and agriculture have converted open grasslands into a
mosaic of cultivated croplands, prairie remnants, and expanding woodlands (Samson and Knopf,
1994). Approximately 40-90 percent of mixed-grass and 50—75 percent of shortgrass prairie has
been under cultivation at some point in time since European settlement (Bragg and Steuter, 1996;
Weaver and others, 1996). Areas of the prairie that have not been cultivated are intensely grazed
by domestic livestock that has undoubtedly influenced ecosystems in the southern Great Plains
(Ricketts and others, 1999). The effects of grazing and grazing management on plant and animal
communities are variable and can be both direct and indirect. Effects include loss of riparian
vegetation, removal of vegetative cover, and dispersal of seeds from invasive plant species
(Chaney and other, 1990; Vavra and others, 2007). The effects of livestock grazing on an
individual species are also variable and complex. Nests of bird species, including lesser prairie-
chicken, can be damaged or destroyed by intensive grazing of domestic livestock as well as
native ungulates (Pitman and others, 2005). However, grazing can produce the shorter grassland
vegetation structure preferred by long-billed curlews (Numenius americanus) for nesting.
Grazing lands are often positively associated with bird presence, particularly if intensity of
grazing pressure is varied to increase landscape heterogeneity (Derner and others, 2009).
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Energy development (including oil, gas, and wind) is highly detrimental to some species
and brings with it associated infrastructure, including well pads, wind turbines, roads, pipelines,
and transmission lines. The infrastructure used to support industrial activities across the prairie
landscape has a range of effects from the redistribution of water resources (for drilling, hydraulic
fracturing, and extraction of coalbed methane) to the introduction of exotic species. These
activities result in a combination of habitat loss (direct surface use), habitat change (often
considered degradation), and landscape-level habitat fragmentation. These activities are often
juxtaposed with other land uses and natural patterns, resulting in cumulative effects on habitat
condition and distribution.

The hydrology of major streams in the region has been altered as the result of
impoundments, withdrawals (municipal and irrigation), groundwater depletion, and a multitude
of upland land-use changes. As a result, timing and flow, water temperature, dissolved nutrients,
and sediment levels have been altered (National Park Service, 2008). Water quality in the region
has been affected by the use of herbicides, urban pollutants, and fecal contamination (National
Park Service, 2008). Groundwater depletion is a regional major concern, centered on the
Ogallala aquifer. The Ogallala aquifer underlies parts of all five states in the SGP REA project
area and extends north into Nebraska and South Dakota (Nativ and Smith, 1987). The aquifer
declined by an average of 3 m during a 40-year period in the middle of the 20th century (Dugan
and others, 1994).

Prior to Anglo-European settlement and the introduction of livestock grazing, fences, and
roads, fire was a major ecological process influencing the structure, composition, and
productivity of shortgrass and mixed-grass prairie ecosystems on the Great Plains (Brockway
and others, 2002). Since that time, however, the frequency and extent of fire has dramatically
declined as a result of organized fire suppression efforts and heavy grazing by domestic
livestock, which reduced the available levels of fine fuels. The altered fire regime in these
ecosystems is thought to be responsible for ecologically adverse shifts in the composition,
structure, and diversity of these grasslands. Over the last 125 years there has been a rise in
ruderal species and invasion by less fire-tolerant species (Brockway and others, 2002).
Historically, fire maintained grassland ecosystems by restricting the extent of woody plant
species such as juniper (Juniperus spp.), mesquite (Prosopis spp.), eastern redcedar (Juniperus
virginiana), and creosote bush (Larrea tridentata) (Engle and others, 1996; Weaver and others,
1996). However, woodlands have expanded at the expense of grasslands due to altered fire
regimes, intensive livestock grazing, climate change, intentional planting, and removal of native
herbivores (Weltzin and others, 1997).

Insects and disease include both native and introduced organisms. Recently introduced
diseases, such as West Nile virus (Flavivirus Japanese encephalitis antigenic complex), can be
especially devastating to species that lack any natural immunity. Chronic wasting disease is a
significant concern in mule deer (Odocoileus hemionus) populations and has been reported in
Colorado and western Kansas. The disease white-nose syndrome is associated with a fungal
species that affects hibernating bats east of the SGP; however, white-nose syndrome is a concern
for this region, as it could have a significant effect on bat populations. Invasive species also are a
concern, including tamarisk (7amarix spp.) in riparian areas to cheatgrass (Bromus tectorum) in
shortgrass prairie. Zebra mussels (Dreissena polymorpha) have spread throughout lakes and
reservoirs over the last 25 years, including the SGP region.

Climate change has the potential to change the landscape in fundamental ways, with
potential consequences for natural communities and exacerbating many other CAs. Climate
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change predictions suggest higher temperatures in both summer and winter in the SGP. The
signal for changes in precipitation is less clear, but decreases in rainfall are likely in more
southern areas in the coming decades. Because the water cycle is strongly influenced by
temperature, projected evaporation could increase, and soil moisture and relative humidity could
decline (Kirtman and others, 2013).

Organizational Diagram of CEs and CAs

We developed an organizational diagram of CEs and CAs of the SGP REA. The
framework highlights the primary CAs, ecological systems, and CEs that will be evaluated as a
part of the SGP REA (fig. 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 and anthropogenic CAs 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 between CEs and CAs (Miller, 2005).

Figure 6. Organizational diagram representing primary components of the Southern Great Plains Rapid
Ecoregional Assessment (indicated by colored boxes). Terrestrial (green box) and aquatic (blue box)
ecological community Conservation Elements (CE) are shown in the top row of white boxes, and species
and species assemblage CEs are shown in boxes below the primary community (or communities) in which
they are found. For wildlife species that are strongly tied to terrestrial systems but also use adjacent aquatic
habitats, horizontal lines are placed under the aquatic systems also used by that species. The arrows
represent the direction of influence and feedback among the ecosystem components. Change Agents (light
orange box) are shown in the box on the left.
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Management Questions Overview
Description and Criteria

Management Questions (MQs), developed by the AMT and Technical Team for the
ecoregion, identify the information needed for addressing land-management responsibilities,
including land-use planning, developing best-management practices, authorizing uses, and
establishing priorities for conservation and restoration. The MQs help to focus the REA process
and ensure that the most relevant datasets are compiled, analyzed, and summarized. The MQs
may pertain to CEs and CAs.

Identification and Review of Candidate Management Questions

The initial list of MQs was developed by compiling issues and questions suggested by the
AMT and Technical Team during the initial workshop and subsequent webinars. To ensure that
we adequately captured issues about each CE, we solicited Technical Team members with a
management question matrix. Issues were not always posed as a question, although MQs refer to
any management question or management issue. All responses were compiled and organized
thematically, grouped by CE and CA. We delineated general “what” or “where” questions
associated with each CE that were not affiliated with a specific CA. We also characterized three
categories of MQs not affiliated with specific CEs: general key ecological attribute questions,
general CA questions, and integrated management questions. We preliminarily characterized
each MQ into one of four status categories, as follows.

e To be addressed in Phase I CE Packet.

e To be addressed in Phase II (depending on data availability).

e Unknown at this time whether MQ can be addressed or partially addressed in Phase

I

e Out of scope/cannot be addressed.

This MQ categorization effort provides sideboards on the direction of management issues
as the REA progresses. Please note the status of each issue may change in Phase II of the
assessment. The AMT members identified priority management issues listed in the matrix during
a webinar in May 2014. This information is included in appendix B.

Next Steps for Management Questions

Additional evaluation of the MQs will be conducted in Phase II to finalize the questions
or types of questions that will be addressed. The Phase II work plan will provide
recommendations on how the MQs should be addressed. The AMT and Technical Team will
have the opportunity to contribute to the process to address MQ recommendations. One option
that other REAs have used is to develop a suite of core MQs that will be applied to each CA and
CE. This is an efficient method to address numerous questions in an objective manner and allows
the focus to shift to more complex integrated MQs. Discussion is needed to finalize and prioritize
MQs in the next phase.
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Overview of Assessment Framework

We will outline the assessment process in the Phase II work plan. We will begin
compiling available datasets for the project area and assess the quality of the data and metadata.
We will utilize and expand on the geospatial library that has been created by the BLM. We
anticipate refining MQs based on input from the AMT and Technical Team. We will identify a
suite of core MQs that will be applied to each CE. Example core MQs and the proposed map or
metric to address each are summarized below.

e What and where are the key ecological attributes?

—Individual maps will identify the amount and distribution of key ecological
attributes for each CE.

e What and where are the CAs?

—Individual maps will identify an index for each CA.

e Where do the CAs overlap with the key ecological attributes?

—The overlap of key ecological attributes with the CA index will be calculated.

e How do the CAs affect the key ecological attributes?

—The amount and distribution of key ecological attributes impacted by the CA index
will be calculated.

Integrated MQs, which will be differentiated from core MQs, will be addressed by
combining the metrics developed for core MQs. An example integrated MQ might be, “Where
are priority areas for conservation, restoration, or development?” The question can be addressed
by combining maps of the key ecological attributes for each CE with an integrated threat index to
identify key ecological attributes at risk for each CE. Integrated MQs will be formulated during
the refinement process of Phase II.
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Section Il. Conservation Elements

Chapter 4. Mixed-Grass Prairie

By Daniel J. Manier, T. Luke George, and Cynthia P. Melcher
Key Ecological Attributes

Distribution and Ecology

The mixed-grass prairie ecoregion occurs in the central third of the Great Plains, where it
forms a transition zone of mid-height grasslands between tall-grass prairie to the east, shortgrass
prairie to the west (about 300 kilometers east of the Rocky Mountains), juniper-oak savanna to
the south, and aspen parklands to the north (Bragg and Steuter, 1996). Some authorities further
divide this region into the Sandhills prairie and the southern and northern mixed-grass prairies
(Bragg and Steuter, 1996). In the SGP ecoregion, the southern mixed-grass prairie (SMGP)
generally includes the grasslands of south-central Nebraska, the central third of Kansas and
Oklahoma, small parts of the eastern Texas panhandle, and the western half of north-central
Texas (fig. 7).' The zones of transition between the shortgrass and the tallgrass shift westward
and eastward as the region’s highly variable climate cycles in and out of deep and (or) prolonged
drought (Knight, 1994; Weaver and others, 1996).

Mean annual precipitation across the entire mixed-grass prairie increases from 40 to 80
cm along a west-to-east gradient; to a lesser extent, there is also a north-to-south gradient along
which precipitation increases (Weaver and others, 1996). More than 60 percent of the
precipitation typically falls as rain during the growing season, although drought during the
growing season is common (Bragg and Steuter, 1996). Average annual temperatures in the
SMGP range from approximately 10 °C in the north to 15 °C in the south (Weaver and others,
1996). These climatic gradients are primary drivers of variation in primary productivity across
the SMGP, where estimated annual standing crop ranges from 180—450 kilograms per hectare
(kg/ha) in the south to 200—420 kg/ha in the north (Bragg and Steuter, 1996).

The SMGP is characterized by two major plant associations: bluestem-grama
(Andropogon gerardii, Schizachyrium scoparium, Bouteloua curtipendula, and B. gracilis)
throughout most of the region, and mesquite-buffalograss (Prosopis spp.—Bouteloua dactyloides
[formerly Buchloe dactyloides]), primarily in the Rolling Plains; the overall plant community
composition, however, varies widely from region to region within the SMGP (Bragg and Steuter,
1996). Depending on location and conditions, dominant short to mid-height grasses typically
include buffalograss (Bouteloua dactyloides and blue grama (B. gracilis); common mid-height
grasses include sideoats grama (B. curtipendula) and little bluestem (Schizachyrium scoparium);
and tall bluestem, are usually dominant under relatively mesic conditions, whereas shortgrasses
and drought-tolerant mid-height grasses, such as buffalograss, blue grama, hairy grama (B.
hirsuta), and sideoats grama, are usually dominant in relatively dry locations (Bragg and Steuter,

' Throughout this report, we limit most of our discussion to the SMGP; however, where
information specific to the SMGP was not available, we refer to the mixed-grass prairie.
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Figure 7.  Extent of mixed-grass prairie based on Omernik’s (1987) Level lll Ecoregion classification
(U.S. Environmental Protection Agency, 2013). (Map developed by Jason Schmidt, Photo Science Inc., a
Quantum Spatial Co.) (BLM, Bureau of Land Management; REA, Rapid Ecoregional Assessment)
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1996), especially where soils have a significant clay component. Grasses contribute the largest
portion of the primary productivity in the mixed-grass prairie, but forbs may comprise as much
as 25 percent of the standing crop and contribute significantly more to the overall plant diversity
(Bragg and Steuter, 1996). Forb species of the mixed-grass prairie commonly include
blanketflowers (Gaillardia spp.), evening primroses (Oenothera spp.), dozedaisies
(Aphanostephus spp.), asters (Symphyotrichum spp.), penstemons (Penstemon spp.), dotted
blazing star (Liatris punctata), and annual sunflower (Helianthus annuus) (Bragg and Steuter,
1996; Natural Resources Conservation Service, 2014).

Although most of the SMGP is dominated by grasses and forbs, shrubs and trees can be
dominant where conditions are suitable. Common tree species of the SMGP include redberry
juniper (Juniperus pinchotii), and common shrubs include honey mesquite (Prosopis
glandulosa), a predominant feature of the plant community on the Rolling Plains of Texas
(Bragg and Steuter, 1996), shinnery oak, and sand sagebrush. Although it remains uncertain as to
whether shinnery oak and sand sagebrush are more prevalent in the SMGP or the shortgrass
prairie (Phase 2 of this assessment will entail mapping their distributions), both species are
important components of the SMGP system, as they provide crucial habitat to some of the
region’s wildlife species of greatest concern. Shinnery oak is found on sandy soils from western
Oklahoma and northern Texas south to central Texas and southern New Mexico. Important
codominant species of shinnery oak communities include dropseeds (Sporobolus spp.), little
bluestem, sand bluestem (Andropogon hallii), giant sandreed (Calamovilfa gigantea), and
Havard’s panicgrass (Panicum havardii). Sand sagebrush occurs from eastern Wyoming and
western Nebraska, south through Texas and parts of northern Mexico. Like shinnery oak, sand
sagebrush is strongly associated with deep, sandy soils and often co-occurs with shinnery oak.
The understory of sand sagebrush communities is generally dominated by shortgrasses, such as
blue grama and buffalograss; taller grasses, including little bluestem, needle-and-thread
(Hesperostipa comata), sand dropseed (for example, S. cryptandrus), prairie sandreed (C.
longifolia), and sand bluestem may co-dominate where conditions are sufficiently mesic. These
shrub communities are important because the plant and animal communities associated with
them differ from those that associate with the surrounding grasslands.

Landscape Structure and Dynamics

The mixed-grass prairie landscape is characterized by rolling plains interspersed with
broad riparian valleys and scattered buttes, escarpments, and other topographic features;
elevations gradually decline from 1,130 m in the west to 400 m in the east (Bragg and Steuter,
1996). Region-wide climate patterns drive the large-scale patterns in vegetation types and
community structures. The transition from shortgrass to mixed-grass prairie occurs where the
rain-shadow effect of the Rocky Mountains gradually yields to midcontinental climate patterns,
including frontal systems and summer convective storms that deliver more annual moisture than
what is delivered farther west. Overall, this moisture gradient promotes shorter vegetation
structure in western portions of the mixed-grass prairie, whereas the extra moisture that falls
farther to the east promotes high productivity of taller grasses. In addition to precipitation,
however, the mixed-grass system is heavily influenced by topographic features, soil textures,
temperature gradients, disturbances (fire, herbivory, and drought), and land-use history, the
various combinations and interactions of which result in a mosaic of plant community
composition across the landscape (for example, Martinson and others, 2011; Winter and others,
2011; Myster, 2012). As such, taller grasses can grow well within the rain shadow (Archer,
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1984), and shorter grasses can dominate central portions of the mixed-grass prairie (Smith,
1940). Overall, the patchy distribution of heterogeneous habitat structures (that is, short, mid-
height, mixed, and tall) is an important characteristic of the Great Plains. This heterogeneity
drives much of the Great Plains biodiversity, and it is crucial for meeting the varied habitat
requirements of many native prairie species. Indeed, a key habitat attribute for some of the
regionally important wildlife species, including lesser prairie-chicken and swift fox, is the
juxtaposition of different vegetative structures and community compositions created by local
topographic features and disturbances (Archer, 1984; Winter and others, 2011).

Soil texture in the SMGP can range from clayey to loamy to sandy, which strongly
influences vegetation type, largely due to the significant effect of soil texture on water
infiltration and retention. Moisture easily and rapidly infiltrates sandy soils, whereas clay soils
tend to resist moisture infiltration; loams fall between these extremes.” For example, the
relatively drought-tolerant shortgrasses tend to dominate clayey soils, whereas shinnery oak and
sand sagebrush require deep, sandy soils (Peterson and Boyd, 1998; U.S. Forest Service, 2014).
Topographic features further influence vegetation structure by varying aspect, elevation, parent
soil types and soil depth, and water accumulation. In turn, these influences can create myriad
microhabitats where temperatures, moisture levels, substrates, and insolation can vary widely
from those of surrounding habitats. Topographic features, such as breaks and riparian systems,
also can serve as natural fire breaks that permit woody species, such as juniper and mesquite, to
become locally dominant (Bragg and Steuter, 1996). Other factors that often promote woody
species dominance include landscape features that discourage or exclude the presence of
herbivores; greater, more reliable moisture levels such as those found in and near drainage
systems; and soils that allow deeper infiltration and retention of moisture, such as sandy loams.

Because fire scar data are scant in landscapes dominated by herbaceous vegetation, there
is little information about historical fire regimes in the mixed-grass prairie. It is believed,
however, that fire suppressed woody species, removed fine fuels, and recycled nutrients.
Historically, humans frequently used fire to manage habitat and drive game in the mixed-grass
prairie system (Bragg and Steuter, 1996). Indeed, the mosaic of vegetation patterns and the
ecological processes across the mixed-grass landscape are likely the result of interactions
between local factors (“site potential”), herbivory, and fire (Limb and others, 2011; Winter and
others, 2011). Although shinnery oak and sand sagebrush represent an important part of the
structure and diversity in the mixed-grass prairie mosaic, there has been a perception that
shinnery oak has undergone recent expansions at the expense of quality grassland habitats; in
turn, this prompted several decades of management activities intended to remove and restrict the
growth of shinnery oak. Although fire (prescribed and wild) can have strong, positive effects on
the productivity of grasses and shinnery oak, treatment with chemical herbicides (such as
Tebuthiuron) will kill the oak. Moreover, research has shown that recent expansion of shinnery
oak 1s unlikely to have occurred because typically the root structures are extremely old (hundreds
to thousands of years) and successful reproduction from seed is rare to nonexistent. Therefore,
although shinnery oak responds well to disturbances that leave roots (mostly) intact, it does not
expand readily to recolonize previous or new habitats. Sand sagebrush represents important
habitats for several endemic and regionally important species, including the lesser prairie-
chickens and the massasauga.

? For a more detailed discussion of soil type and its influence on vegetation, see the “Landscape
Structure and Dynamics” section in Chapter 5, “Shortgrass Prairie.”
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Whereas climate and soils have long-term (slow change) determinant effects on grassland
systems, disturbances such as fire, herbivory (vertebrates and invertebrates), and domestic
grazing have important short-term effects (year-to-year differences), which can become long-
term effects (see discussion of shinnery oak below). Restoration of historical disturbance
processes, including fire, grazing or both, in prairie management has been adopted by many land
managers across the SGP region based on the understanding that these processes benefit species
composition and diversity, primary productivity, habitat structure, and control of exotic species
(Brudvig and others, 2007). Because most fuels on the Great Plains are herbaceous (standing
crop and litter), interactions between site-based factors (site potential), herbivory, fire, and even
drought are instrumental in maintaining the mosaic that composes the mixed-grass landscape
(Limb and others, 2011; Winter and others, 2011). Modern understanding of these relations
provides better understanding of the historic effects of fire-suppression actions and moderate to
heavy grazing intensities on prairie fire regimes; namely, past management has resulted in a
process-altering reduction in the frequency of fire in most mixed-grass prairie ecosystems
(Brudvig and others, 2007; Winter and others, 2011).

In the short term, all disturbance types can reduce the standing crop, although in the
longer term, the litter reduction and accelerated nutrient cycling brought about by disturbances
may stimulate growth and increase the vegetation structure (Bragg and Steuter, 1996). Herbivory
and fire alone may produce one set of effects, whereas herbivory and fire together may produce
another set of effects. Prior to European settlement, the major herbivores that had a significant
influence on the vegetative communities of the mixed-grass prairie included both mammalian
and invertebrate species, especially grasshoppers. American bison (Bison bison), black-tailed
prairie dogs (Cynomys ludovicianus), elk (Cervus elaphus), mule and white-tailed deer
(Odocoileus hemionus and O. virginianus), and pronghorn (4Antilocapra americana) all ranged
across the mixed-grass prairie; indeed, the mixed-grass prairie was central to the bison’s
historical range (Bragg and Steuter, 1996). The varying degrees of grazing intensity and
frequency imposed by these large, grazing mammals influenced the vegetation community
structure, composition, and habitat conditions, in turn affecting other species that preferentially
used or avoided heavily, moderately, or lightly grazed areas. Although bison were extirpated
from the SMGP, they have been reintroduced into protected areas (for example, the Wichita
Mountains and Maxwell National Wildlife Refuges). Mule deer are relatively rare in the SMGP,
as the region is largely beyond the species’ distribution. White-tailed deer, however, remain
common in the SMGP, and although they are found primarily in woodland habitats, they may be
found in mixed-grass habitats adjacent to woodlands and riparian areas; their habitat use and diet
may vary based on forage availability. Elk were largely eliminated from the plains in the 1800s,
and although populations have been reestablished in some areas (for example, the Wichita
Mountains National Wildlife Refuge), only a few isolated populations persist in Oklahoma and
Kansas. Pronghorn are more common farther west in the shortgrass prairie, but they can occur in
mixed-grass habitats dominated by shorter statured species; isolated populations persist in
eastern Kansas and Texas. Black-tailed prairie dogs (Cynomys ludovicianus) (Chapter 20) are
often a controversial co-occupant of the mixed-grass prairie because of their perceived effect on
forage availability. In addition to potentially important roles in soil-surface conditions and
nutrient cycling, prairie dog colonies represent important habitats (especially their burrows,
which provide nesting and denning sites) for several native species of conservation concern.
Moreover, the burrowing activities of prairie dogs and other fossorial animals also play
potentially important roles in soil surface conditions and nutrient cycling.
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Associated Species of Management Concern

Mixed-grass prairie habitats of the SGP support or historically supported a number of
breeding, wintering, and year-round species also evaluated for the SGP Rapid Ecoregional
Assessment. They include the burrowing owl (Athene cunicularia) (Chapter 12), ferruginous
hawk (Buteo regalis) (Chapter 13), lesser prairie-chicken (Tympanuchus pallidicinctus) (Chapter
15), black-tailed prairie dog (Chapter 20), mule deer (Chapter 21), and swift fox (Vulpes velox)
(Chapter 22). The prairie-chicken, prairie dog, and fox are year-round residents of the SMGP.
The burrowing owl occurs in breeding season (and to some extent year-round in extreme
southern portions of the SMGP), the ferruginous hawk is primarily a winter resident, and the
mule deer’s range overlaps the SMGP only in western Kansas. Additional species considered
priorities by Great Plains Landscape Conservation Cooperative and which occur or historically
occurred in the SMGP include the American bison and (likely) American burying beetle
(Nicrophorus americanus) (year-round residents); upland sandpiper (Bartramia longicauda),
grasshopper sparrow (Admmodramus savannarum), Cassin’s sparrow (Peucaea cassinii), and lark
bunting (Calamospiza melanocorys) (breeding and migration; Cassin’s sparrow and lark bunting
also may winter in extreme southern portions of the SMGP); and Harris’s sparrow (Zonotrichia
querula) (winter resident). Overall, grassland birds are considered the fastest declining suite of
birds in North America. Additionally, several species of migratory waterfowl nest and forage in
the mixed-grass prairie uplands that surround the region’s wetlands (playas in particular).
Although black-tailed prairie dogs serve as prey for some species, their burrows also provide
crucial nesting habitat for burrowing owls and denning sites and (or) escape cover for black-
footed ferrets (Mustela nigripes) and swift foxes. The shinnery oak and sand sagebrush
communities provide habitat for several endemic and regionally important wildlife species,
including lesser prairie-chicken, mule deer, dunes sagebrush lizard (Sceloporus arenicolus), and
massasauga (Sistrurus catenatus). It is important to note that the lizard is not found in human-
altered landscapes.

Change Agents
Development

The structure and function of mixed-grass prairie, as well as the occurrence of keystone
species, have been significantly altered by anthropogenic CAs. The CAs having the greatest
influence include agricultural cultivation of large areas and the associated redistribution of
surface water and reduced groundwater levels; altered fire regimes and the associated increased
woodland area; development of extensive transportation corridors and the associated inroads for
invasions and expansions of exotic species; energy-extraction infrastructure and urbanization;
and effects of land-management practices (grazing in particular) within discrete management
units (Bragg and Steuter, 1996). These activities and land uses are resulting in cumulative effects
on habitat condition and distribution.

Energy and Infrastructure

The SMGP landscape and its biotic communities are being affected by a variety of
energy-development activities, including oil and gas development and wind farming. Energy-
extraction infrastructure, such as gas and oil well pads and wind turbines, along with access
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roads and distribution systems, such as pipelines and powerlines, can eliminate habitats and
degrade and fragment habitats at a landscape scale. Although there has been little research
designed to evaluate specific effects of energy development on prairie biomes, it is clear from
work in other systems (such as sagebrush steppe) that corridors and patchworks of surface
disturbance created during energy development result in direct habitat loss and fragmentation;
they also lead to indirect losses, such as the inroads for invasions of nonnative species created by
surface disturbance and transportation corridors (Bergquist and others, 2007; Finn and Knick,
2011; Knick and others, 2011).

Activities associated with energy development, such as drilling and hydraulic fracturing,
also can affect the distribution and levels of surface water and groundwater. For example, an
average of 4.8 million gallons of water are typically used to fracture natural gas shales in every
horizontal well drilled (Freyman, 2014), including the Woodford and Barnett shales being
developed in Oklahoma and Texas, respectively (U.S. Energy Information Administration,
2011). In these regions, however, the water stress is already considered medium to extremely
high, and in some areas of the SMGP hydraulic fracturing is contributing significantly to further
depletion of the groundwater resources (Freyman, 2014). Also of potential concern where fossil
fuels are being developed is the possibility of spills and other accidents, as well as intentional
dumping of contaminated fluids, that result in contamination of land and water resources. Fluids
associated with energy development and its waste products may contain high levels of salinity,
radioactivity, hydrocarbons, and (or) other contaminants that can alter vegetation, soils, and
important processes, such as nutrient cycling (Irwin and others, 1996; Kharaka and Otton, 2003;
Fisher and Sublette, 2005; U.S. Environmental Protection Agency, 2012).

Many large wind farms have already been developed throughout the SMGP, with many
more being proposed. Indeed, wind energy development has become the source of significant
concern in terms of its potential effects on habitats and wildlife of the Great Plains. As a result,
the U.S. Fish and Wildlife Service initiated work on a Great Plains Wind Energy Environmental
Impact Statement and Habitat Conservation Plan (U.S. Fish and Wildlife Service, 2011) that
encompasses almost the entire mixed-grass prairie region, as well as parts of the shortgrass and
tallgrass prairie regions. Potential effects include habitat loss, degradation, and fragmentation. As
with development of fossil fuels, the footprint of wind energy development also provides inroads
for introductions or expansions of exotic species.

Agricultural Activities

Based on a comparison of estimated historical and current (mid-1990s) distributions of
native mixed-grass prairie vegetation, it was estimated that only 8 percent (bluestem-grama) to
60 percent (wheatgrass-needlegrass and mesquite-buffalograss) of the native mixed-grass prairie
communities remained, largely the result of agricultural conversion (Bragg and Steuter, 1996).
Although some wildlife species, such as geese and mule deer, will forage in croplands, the
natural habitats preferred by most native grassland wildlife are removed or greatly reduced when
native prairie is converted to agriculture. From a landscape perspective, however, there may be a
gradient of habitat suitability across different geographies, land cover types, and land uses; thus,
even if agricultural lands do not provide all the resources normally provided by natural habitats,
they can be used by native species for some activities. For example, most native species can
safely move through agricultural landscapes but would have difficulty moving through urban or
suburban areas where exposure to predators, vehicles, and human activities presents greater
risks. For some species, the size and composition of agricultural fields may determine the level
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of risk in traversing such a landscape, which, in turn, has direct implications for habitat
connectivity and animal dispersals and migration movements. Mismanagement of croplands and
rangelands also may alter essential soil and hydrological resources, as observed during dramatic
erosion events that occurred in the early 1900s (Kothmann, 1996).

Great Plains ecosystems evolved under the influences of grazing by large ungulates,
birds, and invertebrates, especially grasshoppers; indeed, it has been shown that large herbivores
have been present in the Great Plains region for at least two million years (Collins and Barber,
1985; Kothmann, 1996). Precise effects of the widespread switch from wild-ranging herds and
individuals of ungulates to the closely managed livestock grazing systems of today cannot be
quantified accurately (Lauenroth and others, 1993). Despite the lack of quantitative information,
however, published studies and common practices confirm that, despite clear differences and
potential limitations, the vegetation and soils of the Great Plains are generally robust under
regimes of moderate livestock grazing; indeed, exclusion of grazing may be considered a
disturbance to ecosystem processes (Kothmann, 1996). On the other hand, high stocking rates
and early (in the growing season) and continuous or long-duration grazing can result in the
elimination of highly palatable plant species and the increase of woody, invasive plant species or
other undesirable vegetation (Smith, 1940). Grazing also can determine the relative composition
of dominant grasses and the productivity of mixed-grass ecosystems (Collins and Barber, 1985).
Light to moderate grazing may increase or decrease productivity and diversity, whereas heavy
grazing generally leads to decreased diversity (Collins and Barber, 1985). Although stocking
rates are recognized as having significant effects on the composition and structure of grasses,
research also indicates that climate and local soil conditions have strong, primary influences on
the plant communities, and the responses of plants to grazing are fundamentally influenced by
site-level conditions and annual precipitation (Gillen and Sims, 2006; Winter and others, 2011).

Altered Fire Regimes

Today’s fire-suppression practices likely have reduced fire frequency, and contemporary
grazing management practices likely have reduced fuel loads where stocking rates have been
high (Brudvig and others, 2007; Winter and others, 2011). Combined, these factors likely have
altered mixed-grass prairie function and processes, and restoring fire as a disturbance agent is
expected to help maintain native vegetation communities, support nutrient cycling, and generally
improve habitat conditions for both wildlife and domestic livestock (Vermeire and others, 2005;
Limb and others, 2011).

Observed changes in the structure of shinnery oak communities exemplify how fire and
herbivory may interact on the prairie landscape, the role that fire places in determining
community structure, and the responses of native grasses and shrubs to fire. The apparent
expansion of shinnery oak across its range in the SGP ecoregion led to widespread efforts to
control it with herbicides, thus reducing the cover of this regionally important species (Peterson
and Boyd, 1998; Boyd and Bidwell, 2002). Recent studies, however, suggest that the apparent
changes in shinnery oak communities were more likely due to fire suppression and the effects of
livestock grazing on the structure of tall grasses (Peterson and Boyd, 1998). Based on indirect
evidence, historical fire-return intervals in stands of shinnery oak were estimated at 5—10 years
(Boyd and Bidwell, 2002), and restoration of fire in shinnery oak communities (especially
frequent fires during the season of plant dormancy) can have immediate beneficial effects on the
overall percent cover, height, and composition of both woody and herbaceous components of the
shinnery oak community (Boyd and Bidwell, 2002). Similarly, burning can stimulate a rapid,
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beneficial response of vegetation in sand sagebrush associations, which in turn have positive
effects on habitat heterogeneity and the distributions of animals (Winter and others, 2011).

Invasive Species

There are relatively widely distributed exotic and native invasive plant species in the
SMGP, but not all of them attain dominance or alter ecosystem structure and function (Weaver
and others, 1996). Plant species of concern or potential concern in more northern areas include
annuals and perennials, such as field bromes (Bromus arvensis) and smooth bromes (B. inermis),
crested wheatgrass (Agropyron cristatum), nonnative bluestems (Bothriochloa spp.), and forbs
such as sweet clover (Melilotus spp.), knapweed (Centaurea spp.), kochia (Bassia spp.), and
alyssum (Alyssum spp.) (Weaver and others, 1996). Cheatgrass (B. tectorum), which has invaded
and 1s altering much of the sagebrush steppe, is well-distributed throughout the SMGP,
especially in Kansas and eastern Colorado (Natural Resources Conservation Service, 2014), but
its potential for altering the community structure and processes of mixed-grass prairie systems is
not yet understood. It could have greater effects in communities dominated by fire-intolerant
shrubs, such as shinnery oak, than in grassland-forb systems. Although introduced species like
Kentucky bluegrass (Poa pratensis), smooth brome, and weeping lovegrass (Eragrostis curvula)
persist in the southern plains, native invaders, such as honey mesquite (Prosopsis glandulosa),
creosote bush (Larrea tridentata), and juniper species (Juniperus spp.), present more serious
management challenges because of their persistence and modification of soil-vegetation relations
(Weaver and others, 1996). Where fire and mowing are used to reduce these woody invaders
(Risser, 1996), the native grass community can be expected to respond robustly (Collins and
Barber, 1985; Brudvig and others, 2007), indicating that even though invasive species can be a
management challenge on prairie landscapes, there are options for control, especially where
desirable native species occur.

In some regions of the SGP, there is concern about range expansions of feral and wild
exotic swine (including feral pigs and wild boars introduced from Europe), as their activities,
including wallowing and rooting, can alter habitats significantly. In 1982, the range of these
animals included only extreme southern portions of the SMGP in Texas; by 2010, however, they
had expanded throughout the SMGP and even into states bordering Canada (Animal and Plant
and Health Inspection Service, 2013). It is unclear whether these expansions represent scattered
individuals or established populations, but their populations are expected to continue to expand.
The extent to which feral and wild swine could have ecosystem-altering effects on the SMGP
also remains unclear, although these animals tend to prefer bottomlands of drainage systems and
along rivers (Animal and Plant and Health Inspection Service, 2013; Iowa State University
Forestry Extension, 2012).

Insects and Disease

Although grasshoppers and other insect herbivores are often considered pests of the
prairie, these species also represent an important food source for birds (Knopf, 1996) and
reptiles. Grasshoppers are common and diverse across prairie grasslands (Branson and Sword,
2008), with herbivory patterns differing among species (grasses versus forbs); like ungulates,
grasshoppers also can recognize and respond to differences in forage quantity and quality (Joern
and others, 2012). Great Plains grasshopper populations respond to several primary drivers,
including climate cycles, ungulate grazing, and recent fire history (especially years since fire).
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Grasshopper numbers are generally greater in wetter years, presumably because more
precipitation promotes greater productivity of plants (grasshopper forage), and grasshopper
maturation tends to be faster during warmer springs, thus increasing the potential for greater
grasshopper abundance later in the growing season. Strong connections between population
cycles and environmental drivers, however, remain elusive (Jonas and Joern, 2007).

Climate Change

Current climate change models are projecting a range of potential shifts across the SGP,
including increasing temperatures and more intense rainfall events despite a decrease in average
amounts of total annual precipitation (Karl and others, 2009). Although topography, soils,
disturbance history, and land-use activities have important determinant effects on community
composition, structure, and productivity of the mixed-grass prairie, gradients in temperature
(Martinson and others, 2011) and precipitation patterns (Myster, 2012) are the primary drivers of
species’ distributions and their relative dominances. Furthermore, despite the fact that drought
and summer heat have long been a part of the SMGP climate patterns, primary production and
water-use efficiencies of mixed-grass prairie species vary widely (Vermeire and others, 2005).
Therefore, changes in overall moisture availability, seasonality, and rates of evapotranspiration
driven by increasing temperatures and altered patterns in precipitation may affect the competitive
relationships between plant species, which in turn could alter their relative abundances. For
example, although blue grama and buffalograss are important components of mixed-grass prairie
communities, they are not dominant across the SMGP; however, changes in the timing and
amount of precipitation, accompanied by sustained or increasing temperatures, may promote
increased abundance or more widespread dominance of these highly drought-tolerant species at
the expense of the taller, less drought-tolerant grasses.

Also important to this discussion is the effect of climate and CO, levels on
photosynthesis, primary productivity, and plant community structure and composition. The
abundance of species that use the C4 photosynthetic pathway (that is, “warm-season species”),
including blue grama and buffalograss, is positively correlated with July temperatures, and
water-use efficiency in C4 species can be up to two times greater than that of Cs (or “cool-
season”) species (monocots in particular) (Ehleringer and others, 1997), such as western
wheatgrass and prairie Junegrass (Koeleria macrantha). Therefore, it is possible that C; species
will become less productive as drought and temperatures increase (Vermeire and others, 2005),
particularly if winter and spring moisture needed for the early-season growth of C; species
becomes more limiting. On the other hand, C; species are generally favored under higher levels
of CO; (Dukes, 2000), whereas C4 species are generally favored under low concentrations of
CO, (with a threshold of less than 500 parts per million [ppm] above which C4 species lose their
advantage) (Ehrlinger and others, 1997). Since 1958, the atmospheric concentration of CO; has
risen from less than 300 to 400 ppm, with levels projected to go well beyond 500 ppm by the end
of the 21st century (Dukes, 2000); this rise has the potential to somewhat offset the competitive
advantage of C,4 species under increasingly warm conditions. Clearly, changes in seasonal
patterns of temperature and moisture, coupled with extreme events and altered storm tracks
(Heisler-White and others, 2009), have the potential to drive changes in the distributions and
dominance of individual species and the overall composition and structure of mixed-grass prairie
communities, but individual species respond differently and sometimes unpredictably (especially
C4 species) to altered environments (Dukes, 2000). Also of importance are the potential plant-
animal interactions that could result from any shifts in the proportions of C4 to Cs species.
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Overall, the nutritional quality of Cs species is greater (more protein content and better
digestibility) than that of C4 species, and although mammalian and invertebrate herbivores differ
with regard to their preferences for Cs or C4 species, increasing levels of CO, are likely to affect
plant-animal interactions and overall distributions of C4 and C; species, grasses especially, across
the globe (Ehleringer and others, 2002).

Rapid Ecoregional Assessment Components

A conceptual model for the key ecological attributes and CAs affecting mixed-grass
prairie is illustrated in figure 8. Ecological attributes and CAs identified in the Rapid Ecoregional
Assessment are enumerated in tables 7 and 8.

Figure 8. Generalized conceptual model highlighting the major key ecological attributes and Change
Agents for mixed-grass prairie in the Southern Great Plains ecoregion. Key ecological attributes and
ecological processes regulating the occurrence, structure, and dynamics of mixed-grass prairie are shown
in orange rectangles (see also table 7); additional ecological attributes are shown in blue rectangles; and
anthropogenic Change Agents that affect key ecological attributes are shown in yellow ovals (see also
table 8).
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Table 7. Key ecological attributes identified by the Southern Great Plains Rapid Ecoregional Assessment
for mixed-grass prairie.

Attribute Variables
Amount and distribution Distribution, vegetation condition of mixed-grass prairie (including sand sagebrush and shinnery oak).
Landscape structure Patch size and spatial distribution (area, connectivity).
Landscape dynamics Fire regime (frequency and severity), grazing intensity and frequency, climate dynamics.

Associated species management  Abbreviated list with associated conservation elements: mountain plover, burrowing owl, black-tailed prairie
of concern dog, swift fox, and lesser prairie-chicken.

Table 8. Anthropogenic Change Agents identified by the Southern Great Plains Rapid Ecoregional
Assessment for mixed-grass prairie.

Attribute Variables
Development (energy and Loss and alteration (direct loss of mixed-grass community, decreased productivity, altered vertical
infrastructure) structure), fragmentation (reduction in connectivity), discharge of produced waters.
Development (agricultural Loss and alteration (direct loss of shortgrass community, changes to vegetation communities, changes to soil
activities) structure and hydrologic processes [erosion]), fragmentation (reduction in connectivity), herbicide and

pesticide application, livestock grazing (reduction of palatable species, changes in productivity and
diversity [£]).

Altered fire regime Alteration (changes to vegetation communities), dynamics (£) in shrubland mosaic (shinnery oak and sand
sagebrush), suppression (reduction in and frequency = expansion of woody vegetation [mesquite and
creosote]).

Invasive species Alteration (changes to vegetation communities).

Insects and disease Presence and effect on population of animal species (for example, chronic wasting disease, sylvatic plague),

reduction of biomass or mortality of plant species (for example, elevated populations of beetle grubs,
short-horned grasshopper, nematodes).

Climate change Alteration (changes to species composition), drought effects.
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Chapter 5. Shortgrass Prairie
By Cynthia P. Melcher

Key Ecological Attributes
Distribution and Ecology

The North American prairie system stretches across the central North American
landscape between the Rocky Mountains and the Mississippi River and from south-central
Canada to northern Mexico. In the western 320 km of this range, the Rocky Mountains cast a
significant rain shadow, and in this narrow strip of semiarid landscape lies the shortgrass steppe
or shortgrass prairie (Weaver and others, 1996). In the SGP ecoregion, to which we limit most of
this discussion, shortgrass prairie occurs across eastern Colorado and New Mexico, the
westernmost counties of Kansas, and the panhandles and rolling plains of Oklahoma and Texas
(fig. 9). East of this region, the shortgrass prairie transitions into mixed-grass prairie. As
indicated in Chapter 4 for the mixed-grass prairie, the zone of transition from shortgrass to
mixed-grass shifts westward and eastward as the region’s highly variable climate cycles in and
out of deep and (or) prolonged drought (Knight, 1994; Weaver and others, 1996).

Mean annual precipitation in the shortgrass prairie is 340 millimeters (mm), about 70
percent of which falls between April and September (Shortgrass Steppe Long Term Ecological
Research, 2007). Early spring storms usually bring prolonged, soil-penetrating rains, whereas
summer rains are generally intermittent, highly localized thunderstorms. Although drought
conditions tend to increase as summer progresses, rainfall may be heavy where these
thunderstorms do occur, and interannual variation in precipitation is significant, with annual
rains often failing to occur (Weaver and others, 1996; Shortgrass Steppe Long Term Ecological
Research, 2007).

From north to south latitudes, the average low—high annual temperatures in the shortgrass
prairie increase from approximately 3—18 to 525 °C, respectively (Weaver and others, 1996).
Precipitation also increases along the same latitudinal gradient, with annual precipitation
averaging 38 cm in the northwest and 61 cm in the southeast portions of the shortgrass prairie.
The gradients in temperature and precipitation tend to counteract one another, such that
precipitation is approximately 20 percent of potential evapotranspiration throughout the
shortgrass prairie (Weaver and others, 1996). The shortgrass prairie is also characterized by
persistent winds, which are generally greatest in spring and contribute significantly to the
semiarid conditions of this region (Coupland, 1958).

The shortgrass prairie vegetation community is characterized by two codominant grasses:
buffalograss (Bouteloua dactyloides) and blue grama (B. gracilis) (Weaver and others, 1996).
These species are well adapted to grazing and can withstand moderate to heavy grazing pressure
(Weaver and others, 1996; Hart, 2001). Both grazing pressure and water stress have been
selective forces in shaping the relatively short stature of these and other shortgrass prairie plant
species (Weaver and others, 1996). Buffalograss grows to heights of 10.15-20.3 cm, and blue
grama typically grows 15.25-30.5 cm high. Buffalograss is a sod-forming grass, and blue grama
is a bunchgrass that can form open mats of sod. The spaces between bunchgrasses permit other
grass or forb species to grow among them, which promotes a diverse mixture of species. Both
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Figure 9. Extent of shortgrass prairie based on Omernik’s (1987) Level lll Ecoregion classification (U.S.
Environmental Protection Agency, 2013). (Map developed by Jason Schmidt, Photo Science Inc., a
Quantum Spatial Co.) (BLM, Bureau of Land Management; REA, Rapid Ecoregional Assessment)
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buffalograss and blue grama are warm-season (Cj) species (Weaver and others, 1996), the
photosynthetic pathway of which requires less water and nitrogen than that of Cs species (cool-
season grasses) to maintain a given rate of photosynthesis; therefore, C4 plants can grow under
conditions of high daytime temperatures, drought, and (or) limiting soil nitrogen, all of which
characterize the shortgrass prairie. As a result, C4 species comprise more than 80 percent of the
shortgrass community at lower latitudes (30—42° N.), whereas north of 42° N. the percentage of
Cs species increases dramatically (Pieper, 2005). Some herbaceous species commonly associated
with the codominant grasses include threadleaf sedge (Carex filifolia), prairie Junegrass
(Koeleria macrantha), hairy grama (B. hirsuta), sand dropseed (Sporobolus cryptandrus),
squirreltail (Elymus elymoides), curlycup gumweed (Grindelia squarrosa), and scarlet
globemallow (Sphaeralcea coccinea) (Weaver and others, 1996). In some areas, woody species,
sand sagebrush (Artemisia filifolia) and shinnery oak (Quercus havardii) in particular, form
distinct communities that differ significantly from the surrounding grasslands.’

Landscape Structure and Dynamics

The shortgrass prairie is a patchwork of community types shaped primarily by soil type
and climate variability, including microclimatic conditions associated with topographic
heterogeneity (Knight, 1994; Weaver and others, 1996; Limb and others, 2009). Shortgrass
prairie soils are generally perpetually dry because the scant precipitation usually infiltrates only a
few centimeters of the upper soil horizon and the moisture is quickly lost to evapotranspiration
(Sala and others, 2013). Infiltration of up to 135 cm can occur, but it is usually attributable to
infrequent but major storm events (Sala and others, 2013). The rate and depth of infiltration,
however, are strongly influenced by soil type. The “tighter” clayey loams that characterize much
of the shortgrass prairie are relatively resistant to infiltration, whereas the “looser” sandy loams
allow faster, deeper infiltration. In turn, these soil-moisture dynamics influence the distribution
of vegetation types in the shortgrass prairie. For example, woody species such as sand sagebrush
and shinnery oak® require more water than the shortgrasses, thus they occur on relatively sandy
soils, whereas the shortgrasses have life-history characteristics, such as limited aboveground
biomass, that allow them to tolerate water stress fairly well and become dominant on tight soils
(Weaver and others, 1996). Rates of decomposition, both above and below ground, are also slow
in the semiarid shortgrass prairie climate; thus, soils lack the high humus content and nutrient
availability—nitrogen in particular—found in more mesic prairie soils (Lauenroth and others,
1978; Pieper, 2005).

The patchy structure is significantly enhanced by “pulses” of plant growth and seral
setbacks caused by disturbances, including drought, herbivory, other animal activities, and fire.
The pulses are generally responses to significant rainfall, sudden releases of nutrients through
fire and animal droppings, or enhanced nutrient cycling through the activities of fossorial
mammals and harvester ants. The setbacks are generally caused by deep and (or) prolonged
drought, grazing and trampling by large herbivores, outbreaks of grasshoppers or other
herbivorous invertebrates, burrowing by fossorial animals, and fire. The spatiotemporal scales of
these dynamics vary widely, which also contributes to the patchy structure. For example, short-
term drought typically happens on an annual basis and often has relatively short-term and
sometimes localized effects. Longer term droughts, driven by shifts in sea-surface temperatures

3 See Chapter 4, “Mixed-Grass Prairie,” for a more in-depth discussion of these shrub
communities.

47



and random fluctuations, generally occur at decadal time scales and typically occur over entire
regions (Hoerling and others, 2014). Overall, the high levels of spatial variability promote
species diversity and overall ecosystem resilience in the shortgrass prairie. For example, growth
pulses of relatively succulent and nutritious forage are sought by wandering ungulates
(Fuhlendorf and others, 2001).

Major herbivores believed to have had significant influence on the structure and
dynamics of the shortgrass prairie are the American bison (Bison bison), black-tailed prairie dogs
(Cynomys ludovicianus), short-horned grasshoppers (Caelifera), and belowground herbivores
such as beetle grubs and nematodes (Rottman and Capinera, 1983; Martinsen and others, 1990;
Milchunas and others, 1998; Minnick and others, 1999). Herbivory helps to recyle nutrients in a
system where decomposition is otherwise relatively slow, thus contributing to pulses of
vegetative growth and the development of patches in various seral stages. The juxtaposition of
disturbed patches created by large mammal grazing and trampling with relatively undisturbed
patches also may support grasshopper populations, which require bare soil in which to lay their
eggs and nearby vegetated patches where grasshopper nymphs can feed (Knight, 1994). Drought
also favors grasshoppers, possibly because drought suppresses some of the fungal and bacterial
infections that can affect grasshoppers, and population outbreaks are known to coincide with
drought (Weaver and others, 1996).

Reconstructing natural fire regimes of the shortgrass prairie has been difficult because
burned shortgrass vegetation provides little fire-scar data; however, fire is also believed to have
been an important process in shaping the structure and dynamics of the shortgrass prairie (Ford
and McPherson, 1997; Brockway and others, 2002). Fire provided a mechanism for cycling
nutrients through the system and kept woody vegetation from expanding and becoming
dominant. Historically, the dry climate and slow rates of decomposition led to buildups of fine
fuels that could sustain large prairie fires until cold or wet weather, or a natural break such as a
large river, extinguished or stopped the fire (Knight, 1994). Mean fire-return intervals in the
North American prairie system is estimated to have been 2—-30 years, with longer intervals in
more broken terrain, where bunchgrasses were dominant (the more continuous cover of sod-
forming grasses promotes fire more readily than the discontinuous cover of bunchgrasses), and in
the more arid regions where fuels built up more slowly. With lightning being the primary source
of ignition, most fires occurred during July and August, when conditions and fuels were dry and
thunderstorms were frequent (Knight, 1994). Native Americans also frequently used fire to drive
game and alter vegetation. Probably due to evolving with frequent fire, warm-season grasses are
generally more fire tolerant than cool-season grasses, which in part explains their dominance in
in the shortgrass prairie (Knight, 1994).

Whether or not these and other disturbances lead to changes in community composition is
a function of complex interactions between climate variability and disturbance regime. For
example, significant rainfall in late summer or fall will have different effects on community
composition than significant rainfall in spring and early summer. The same principle applies to
the seasonality, intensity, and between-disturbance intervals of herbivory (Fuhlendorf and others,
2001). Pyric-herbivory dynamics (fire followed by herbivory) may be especially important in
promoting a shortgrass mosaic that supports wildlife diversity (Fuhlendorf and others, 2010).

Associated Species of Management Concern

The shortgrass prairie supports nearly every terrestrial species of wildlife treated as a CE
in this REA, including ferruginous hawk (Buteo regalis) (Chapter 13), mountain plover
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(Charadrius montanus) (Chapter 17), long-billed curlew (Numenius americanus) (Chapter 16),
burrowing owl (Athene cunicularia) (Chapter 12), black-tailed prairie dog (Chapter 20), and
swift fox (Vulpes velox) (Chapter 22). The lesser prairie-chicken (Tympanuchus pallidicinctus)
(Chapter 15) also uses shortgrass prairie habitats, particularly the transition zones where there is
a juxtaposition of shortgrass types that provide brood-rearing habitat and mixed-grass shrub-
steppe (shinnery oak, sand sagebrush, and mixed grasses) types that provide the taller cover
needed for nesting and escape. Lesser prairie-chickens also establish their leks (male display
grounds where mating takes place) in open, often disturbed sites in shortgrass types (Hagan and
Giesen, 2005). In addition to the species listed above, the Great Plains Landscape Conservation
Cooperative lists several priority grassland species whose ranges overlap the shortgrass prairie:
prairie falcon (Falco mexicanus), Cassin’s sparrow (Peucaea cassinii), lark bunting
(Calamospiza melanocorys), grasshopper sparrow (Ammodramus savannarum), Harris’ sparrow
(Zonotrichia querula), black-footed ferret (Mustela nigripes), and American bison. All of these
species are shortgrass obligates and (or) use grass-shrub-steppe types.

Change Agents

Anthropogenic activities since European settlement have contributed to significant
changes in the shortgrass prairie (Hart, 2008). Among the threats considered most serious are
habitat loss and fragmentation resulting from agricultural cultivation, fencing, and development,
as well as changes in community composition arising from fire suppression, invasive species,
and climate change (Weaver and others, 1996; Hart, 2001; Brockway and others, 2002; Pieper,
2005; Heisler-White and others, 2008).

Development
Energy and Infrastructure

Most of the shortgrass prairie is ranked as having fair to superb wind energy potential;
accordingly, development of wind turbine farms has been accelerating across much of the region.
The greatest wind farm density may be found in the northern Texas panhandle and western
Oklahoma (Open Energy Information, 2013). The recent advent of directional drilling coupled
with hydraulic fracturing also has led to booms in oil and gas development in some areas of the
shortgrass prairie, particularly in northeastern Colorado and central Oklahoma (U.S. Energy
Information Administration, 2011). Energy-development infrastructure, including well pads,
wind turbines, roads, pipelines, and transmission lines, not only results in direct loss of
shortgrass prairie—it also causes significant ecosystem fragmentation. Most research, however,
has focused on the effects of energy development on wildlife. Little research has been devoted to
the effects of energy development on vegetation communities in the shortgrass prairie. It is clear
from work conducted in other regions, however, that corridors and patchworks of surface
disturbance often create conditions conducive to agents of change in vegetation communities,
such as range expansions of nonnative and (or) invasive plant and animal species (Bergquist and
others, 2007). This is particularly true of ruderals, which are native or nonnative species that
quickly colonize recently disturbed sites and remain dominant for several years; where
disturbance is severe and (or) chronic, ruderals may become permanently established. Accidental
or intentional discharges of fluids associated with oil and gas production, such as the “produced
waters” that arise from drilled formations, drilling “muds,” or hydraulic fracturing fluids, are also
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potential sources of disturbance. These fluids often contain high levels of salinity, radioactive
components, hydrocarbons, and other chemicals capable of creating perturbations to vegetation,
soil communities, and nutrient cycling processes (Irwin and others, 1996; Kharaka and Otton,
2003; Fisher and Sublette, 2005; U.S. Environmental Protection Agency, 2012).

Agricultural Activities

Agriculture has resulted in significant habitat loss and degradation in the shortgrass
prairie, with 5075 percent of the shortgrass prairie having been cultivated at some point. The
majority of studies evaluating effects of cultivation have involved birds, and it is well established
that cultivation is the single greatest cause of decline among grassland bird species. Cultivation
not only alters the vegetative community structure and composition, it also entails frequent
applications of pesticides, herbicides, and mechanical disturbances (such as disking) to remove
weeds, all of which can result in diminished nesting success. Furthermore, cultivation has altered
the soil structure and soil communities to the extent that return to its original condition in the
near future is unlikely. Winter wheat is a common crop in the shortgrass ecoregion because it
does not require irrigation, and with water becoming increasingly expensive to pump as the main
aquifer under the SGP (Ogallala) is mined, the emphasis on dryland farming will increase as
more drought- and herbicide-tolerant varieties of corn, soybeans, and other crops are developed.

Prairie soils were lost at a rapid rate once cultivation exposed them to significant erosion
from water and wind, furthered by slow recovery in these droughty lands. During the 20th
century, the Conservation Reserve Program (CRP) was introduced in the United States as part of
the Farm Bill to help curtail the loss of highly erodible soils. Farmers enrolled in the CRP were
paid to rest their lands and plant them with perennial grasses, initially exotics, but more recently
native grass-forb mixes have been encouraged. Although the CRP has greatly diminished the
rates of decline among some grassland birds (Wiens and MclIntyre, 2008), appropriations for the
CRP have declined, and economics often drive farmers out of the program. For example, the
emphasis on manufacturing biofuels, as well as the development of more drought-resistant crop
varieties, has reduced the incentive to reenroll in the CRP and created an incentive to expand sod
busting in native prairie in more arid regions.

Most authorities believe that because shortgrass systems evolved with heavy grazing,
plants of the shortgrass prairie are well adapted to grazing effects, and that livestock grazing
serves as a surrogate for the intensive grazing of native large mammals, such as bison, that once
dominated the plains (Knight, 1994; Weaver and others, 1996). Moderate to heavy grazing is
probably not unlike that with which the shortgrass system evolved (Hart, 2001). Indeed, plant
diversity in exclosures was lower than it was in lightly to moderately grazed plots, likely because
grazing removed competitive species that readily became dominant. The heavily grazed plots, on
the other hand, were dominated by the two main shortgrass species: blue grama and buffalograss
(Hart, 2001). Despite considerable research on the topic, there is still debate as to whether
livestock grazing is beneficial or detrimental to plants, likely due to a suite of factors considered
(for example, species- to community-level responses, patch size, aboveground/ belowground
biomass). It is clear that plant responses to grazing are complex interplays of grazing intensity,
seasonality, and duration. Under natural conditions of perturbation, patchworks of forage types
led large mammalian herbivores to wander widely in search of preferred forage types (Knight,
1994); however, fencing, season and duration of grazing, and number of animal units grazing a
given unit of area can have widely different effects on plant communities. Clearly, too many
animals foraging in a small area, particularly during severe drought, will lead to reduced plant
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vigor and increased mortality, and it also can lead to invasions of ruderals (Knight, 1994).
Grazing also may interact with fire suppression to alter fire regimes of the shortgrass prairie by
reducing the rates of fuel buildups (Knight, 1994; Weaver and others, 1996; Brockway and
others, 2002).

Fencing is another, albeit indirect, effect of grazing. Although fencing influences grazing
patterns, it also fragments the shortgrass prairie ecosystem. Furthermore, fencing provides a
perch for predators, which may alter predation patterns in systems where vertical structures are
rare, and many bird species collide with fences, including lesser prairie-chickens (Wolfe and
others, 2007).

Altered Fire Regime

The spatiotemporal properties of a fire regime are complex and governed by drought, fuel
biomass and condition, and topographic factors (McKenzie and others, 2011), which make it
difficult to generalize about altered fire regimes over large areas. Furthermore, the effects of fire
in the shortgrass steppe have received little attention compared to more productive grassland
ecosystems (Stapp and others, 2008). Overall, the passive change in fire regime that resulted
when Native Americans were displaced by European settlers and the active change that resulted
from modern fire suppression have resulted in greatly diminished fire frequency and size across
the Great Plains (Knight, 1994), but this effect is believed to be greater in mixed-grass and
tallgrass systems than in shortgrass systems. The consequences of fire suppression are complex
and not fully understood, although shifts in community composition are a known consequence
(Brockway and others, 2002). The expansion of woody vegetation, junipers (Juniperus spp.) and
mesquite (Prosopis spp.) in particular, is of concern where fire suppression has taken place in
shortgrass systems. Fire suppression also can result in greater buildups of fuels, which in turn
can promote hotter fires and greater plant mortality (Knight, 1994), although moderate to heavy
grazing in shortgrass systems may counteract any effect of fire suppression.

Invasive Species

In addition to woody plant expansion resulting from fire suppression (Weaver and others,
1996), several exotic grass and forb species are invading (or may invade) the shortgrass prairie
where surface disturbance associated with development has occurred and along travel corridors.
These species are altering or have the potential to alter shortgrass prairie communities (Weaver
and others, 1996; Hart, 2001). Leafy spurge (Euphorbia esula) is an aggressive, nonnative
species now distributed throughout western reaches of the shortgrass prairie ecoregion, including
much of eastern Colorado, a few counties in Kansas, and parts of northeastern New Mexico
(Natural Resources Conservation Service, 2014). It is unpalatable to most North American
herbivores and livestock, thus it can grow and reproduce relatively unchecked, and where
moisture is not limiting, it can form monocultures. Exotic bromes (Bromus arvensis, B.
Jjaponicas), which have invaded much of the shortgrass prairie, often compete with native
grasses. Cheatgrass (Bromus tectorum), which has invaded and is altering much of the sagebrush
steppe, is well-distributed throughout the SGP, but its potential for altering shortgrass prairie
systems is not yet clear. Also capable of altering shortgrass communities are invasions of crested
wheatgrass (Agropyron cristatum), knapweeds (Centaurea spp.), kochia (Kochia scoparia), and
yellow sweetclover (Melilotus indicus) (Weaver and others, 1996). Of increasing concern are the
Old World bluestems (Bothriochloa spp.), which are relatively tall, sod-forming, very drought-
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and grazing-tolerant, warm-season perennial grasses frequently planted as forage or in
restoration/CRP sites; although they have escaped cultivated sites and are invasive in local areas
(Ruftner, 2012), their potential for altering the shortgrass prairie or how they may respond in a
warming climate is not clear.

Insects and Disease

No exotic insects or diseases are known to have significant effects on the shortgrass
prairie. There are native species of invertebrates, however, that can have significant effects on
plant mortality. For example, white grubs (Phyllophaga fimbripes) consume belowground parts
of buffalograss, and large population increases of this species, possibly driven by certain
environmental factors, can cause widespread mortality of buffalograss (Rottman and Capinera,
1983). Short-horned grasshoppers and nematodes also can attain high population numbers under
various conditions, which can lead to episodic changes in overall aboveground and (or)
belowground plant biomass (Knight, 1994; Weaver and others, 1996; Blossey and Hunt-Joshi,
2003).

Climate Change

Although average annual precipitation over most of the SGP increased from 1958 to 2008
(Karl and others, 2009), projections for the remainder of the 21st century indicate that annual
average precipitation may decrease in the SGP, especially in the southwestern portion of the
region. The greatest decreases are projected to occur in spring and summer (Karl and others,
2009); thus, the historical timing of annual rains may shift, potentially decoupling rainfall-plant
phenlogy cycles. Very heavy rainfall events are also projected to increase, which could help to
offset overall annual decreases in precipitation and increased rates of evapotranspiration
resulting from increasing average temperatures. Even if heavy rainfall events offset these other
effects, overall patterns in soil moisture could be altered, which in turn could alter species
distributions.

A modeling effort designed to better understand the effects of temperature and soil water
on germination and establishment patterns was conducted for two shortgrass species: (1) blue
grama, which is distributed throughout much of the SGP, and (2) black grama (B. eriopoda),
which occurs south and west of the SGP. The model indicated that the number of years in which
temperature and soil-water conditions were suitable for germination and establishment decreases
along a north-to-south gradient for blue grama and increases for black grama, which matched
observed dominance patterns (Minnick and others, 1999). In the ecotone where the two species
are codominant, the number of years in which the conditions were favorable for germination and
establishment were roughly equal for the two species. Further modeling efforts (using the climate
data scaled for use in three general circulation models) indicated that climate change may result
in a northward shift of the ecotone and a northward expansion of black grama (Minnick and
others, 1999). The extent to which this phenomenon may hold true for other important SGP
species is not well understood, but similar scenarios for other species are likely. Increasing levels
of atmospheric CO, also have been shown to enhance seedling recruitment of at least one low-
digestibility grass—needle-and-thread (Hesperostipa comata)—and there is evidence that
increasing CO; levels may drive a shift towards C; species dominance in the shortgrass prairie
(Morgan and others, 2004).
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Rapid Ecoregional Assessment Components

A conceptual model for the key ecological attributes and CAs affecting shortgrass prairie
is illustrated in figure 10. Ecological attributes and CAs identified in the Rapid Ecoregional
Assessment are enumerated in tables 9 and 10.

Figure 10. Generalized conceptual model highlighting the major key ecological attributes and Change
Agents for shortgrass prairie in the Southern Great Plains ecoregion. Key ecological attributes and
ecological processes regulating the occurrence, structure, and dynamics of shortgrass prairie are shown in
orange rectangles (see also table 9); additional ecological attributes are shown in blue rectangles; and
anthropogenic Change Agents that affect key ecological attributes are shown in yellow ovals (see also
table 10).
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Table 9. Key ecological attributes identified by the Southern Great Plains Rapid Ecoregional Assessment
for shortgrass prairie.

Attribute Variables
Amount and distribution Distribution, vegetation condition of shortgrass prairie.
Landscape structure Patch size and spatial distribution (area, connectivity).
Landscape dynamics Fire regime (frequency and severity), grazing.

Associated species management  Ferruginous hawk, mountain plover, long-billed curlew, burrowing owl, black-tailed prairie dog, swift fox,
of concern and lesser prairie-chicken.

Table 10. Anthropogenic Change Agents identified by the Southern Great Plains Rapid Ecoregional
Assessment for shortgrass prairie.

Attribute Variables
Development (energy and Alteration (direct loss of shortgrass community), fragmentation (reduction in connectivity), discharge of
infrastructure) produced waters.
Development (agricultural Alteration (direct loss of shortgrass community, changes to vegetation communities, changes to soil
activities) structure and communities, reduction in seed production, removal of surface fuel), fragmentation

(reduction in connectivity), herbicide and pesticide application.

Climate change Alteration (changes to vegetation communities, latitudinal shifts in plant populations), drought effects.
Invasive species Alteration (changes to vegetation communities).
Altered fire regime Alteration (changes to vegetation communities, decrease in shrubland, increase in exotic species, such as

cheatgrass), suppression (reduction in fire size and frequency).

Insects and disease Presence and effects on population of animal species (for example, chronic wasting disease and sylvatic
plague), reduction of biomass or mortality of plant species (for example, pathogens, fungi, beetle grubs,
short-horned grasshopper, and nematodes).
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Chapter 6. Riparian Areas and Wetlands
By Lucy E. Burris

Key Ecological Attributes

Distribution and Ecology

Riparian areas and wetlands are important transition zones between aquatic environments
and upland, terrestrial ecosystems. Both riparian areas and wetlands are considered “emergent”
systems in that they exhibit properties not found in the adjacent deepwater or dry terrestrial
systems. Wetlands are permanently or intermittently flooded and occur where the water table is
at or near the land surface or where land is covered by shallow water creating saturated or
periodically anaerobic or hydric soils (Mitsch and Gosselink, 2000). Wetland habitats include
freshwater marshes, swamps, bogs, seeps, wet meadows, and shallow ponds. Wetlands can occur
naturally or they can be created by humans, such those as created by sustained irrigation, canals,
or dredging. Wetland vegetation includes wetland obligates (or hydrophytes, those plants
requiring saturated soils and able to tolerate anaerobic conditions) and wetland facultatives
(those plants which can exist in but do not require saturated soils).

In the SGP ecoregion, most wetlands are playa wetlands—shallow, precipitation-filled,
clay-lined, marsh-like ponds (Mitsch and Gosselink, 2000; Haukos and Smith, 2003). Playas are
covered in detail in Chapter 7, “Playas and Saline Lakes,” therefore only general information on
wetlands is provided here. Riparian areas are heterogeneous bank zones along rivers and streams
that are periodically inundated by flood events (Gregory and others, 1991; Naiman and
Decamps, 1997). While wetland soils are saturated for long periods, riparian soils are saturated
only during the flooding period and will dry after flooding subsides; the typical water table may
be several meters deep in riparian zones. Depending on the duration of flooding, riparian
vegetation can range from obligate upland plants (when flooding is extremely limited) to
facultative wetland plants (when flooding is of long duration; Mitsch and Gosselink, 2000).

Many common riparian plants such as cottonwood (Populus spp.) and willow (Salix spp.)
rely on flooding events for seed dispersal, streambank scouring to create exposed moist
substrates, and water table maintenance (Scott and others, 1996; Amlin and Rood, 2002). In the
SGP, riparian vegetation types can range from grasses near small and ephemeral streams, to
shrubs as stream size and water availability increases, to patchy linear forests along major
drainages like the South Platte, the Arkansas, the Canadian, and the Red Rivers (Dodds and
others, 2004). Forests can be cottonwood and willow, as mentioned above, eastern redcedar
(Juniperus virginiana), or a mixture of native and introduced species (Nagler and others, 2011;
Wine and Zou, 2012). Vegetation is highly variable and controlled by physical factors such as
stream gradient, sinuosity, channel width-to-depth ratios, topography, and soil type (Knight,
1994; Scott and others, 1996; Naiman and Decamps, 1997). Riparian plant communities reflect
histories of both fluvial disturbance from floods and the nonfluvial disturbance regimes of
adjacent upland areas, such as fire, wind, plant disease, insect outbreaks, and native and
nonnative grazing (Gregory and others, 1991; Scott and others, 2003; Glenn and Nagler, 2005;
Skagen and others, 2005). Both wetland and riparian habitats are characterized by high diversity,
density, and productivity of both plant and animal species, particularly when compared to
surrounding drier uplands (see for example Smith, 2003).
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Both terrestrial uplands and water systems contribute to riparian and wetland function:
uplands through organic matter inputs and water systems through disturbance (primarily flooding
but also sediment deposition) and moist soil maintenance. Since riparian and wetland areas are
transitional between water ways and drier uplands, demarcating riparian/wetland and not
riparian/not wetland areas can be difficult. Where possible, the presence or absence of hydric or
flood-adapted and flood-tolerant plant species, as well as topography (the presence of incised
channels, flood plain morphology, or surface depressions) and (or) the presence of hydric soils,
are used to delineate riparian and wetland areas.

Landscape Structure and Dynamics

The spatial distribution of riparian and wetland areas is influenced by precipitation, soils,
topography, proximity to streams and rivers, and the dynamics of natural and anthropogenic
disturbances (Gregory and others, 1991). Riparian hydrologic regimes are characteristically
dynamic, and the amount, timing, and temporal variability of groundwater and surface water
inputs affect riparian structure and function. Both seasonal and interannual variability in water
flow affect the native plant and animal communities (Baron and others, 2002). Whereas cycles of
inundation and drought create significant disturbance in wetland and riparian systems, these
cycles are critical to ecosystem health (see for example Euliss and others, 2004).

A number of key drivers regulate the structure and function of riparian and wetland areas
(Baron and others, 2002). In particular, flow regime defines the rates and pathways by which
precipitation enters, circulates, and exits these systems. In areas like the SGP with warm-season
grasses, intermittent streams dominate over perennial streams (Dodds and others, 2004). Flow in
ephemeral and intermittent streams is driven by short-lived but intense convective storms
(thunderstorms) and, in some locations, by rapid melting of heavy spring snows with resulting
flooding and subsequent drying until the next rain event. Ephemeral and intermittent streams are
both dry during some portion of the year, but intermittent streams have a longer wet period
(generally the duration of the wet season). At the extreme, severe flooding can remove
streamside vegetation and reposition the stream channel, opening up new areas for colonization.

During storm events, upland runoff can accumulate sediments, nutrients, and toxins from
upland areas and deposit them in riparian and wetland areas (Skagen and others, 2008). While
nutrients and sediments can be beneficial, in excess and in combination with toxins such as
pesticides, fertilizers, and herbicides, they can be detrimental to riparian and wetland ecosystem
health. In the absence of periodic floods or during drought conditions, water tables drop, riparian
and wetland areas become drier, and dry fuels accumulate, resulting in increased fire frequency
and intensity; thus, riparian corridors may provide pathways for fire to spread (Petit and Naiman,
2007). Many plants such as cottonwood and willow can resprout after fire, but susceptible
species may be lost. Sedimentation affects physical structure, nutrient levels, and chemical
characteristics, which in turn regulate pH, productivity, evapotranspiration, and water quality
(Baron and others, 2002). Excess sedimentation, for example, can suppress the emergence of
wetland vegetation and invertebrates (Jurik and others, 1994; Gleason and others, 2003).

Ecosystem process rates and community structure are governed by the biotic assemblage.
In grassland settings for example, where intermittent streams dominate and riparian trees are
absent, streams have lower leaf litter input and grazer invertebrates dominate (Dodds and others,
2004). Aboveground structures of riparian areas and wetlands include precipitation and sunlight
intercepting surface area, surface roughness, water storage capacity, and litter fall. Belowground
structures include roots providing soil stabilization, nutrient exchange, and filtration. Both
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above- and belowground structures are essential to the maintenance of stream health through
velocity reduction of eroding overbank flows, nutrient exchange, and water storage (Tabacchi
and others, 2000; Richardson and others, 2007). Since riparian areas have historically been low-
stress, moderate disturbance environments, plants are adapted to variable water levels, high
nutrients, and disturbance (Glenn and Nagler, 2005). Adaptations include pioneer-species traits
such as rapid growth rates, colonization from roots and seeds, pulsed seed dispersal via wind and
water, moisture-driven germination, and seed establishment on bare substrates (Glenn and
Nagler, 2005; Richardson and others, 2007).

Associated Species of Management Concern

Snowy plovers (Charadrius nivosus) (Chapter 18) nest in riparian areas, although at
much lower frequencies than at saline lakes, but their nest success is similar in riparian and
saline lake habitats (Conway and others, 2005a). For nesting, snowy plovers select dry ground at
riparian areas where dry mud, mud, and water occur rather than locations with only dry ground
(Grover and Knopf, 1982; Conway and others, 2005b). Interior least tern (Sterna antillarum
athalassos) (Chapter 14) nesting in nonforested riparian areas along the Platte, Arkansas,
Canadian, and Red Rivers has been reported (Conway and others, 2003). Nest sites along the
Red River in Texas are primarily on sand or gravel bars roughly 200 m from water, at least 10 m
from vegetation, and within 15 cm of debris (driftwood, rocks) but do not differ in general
characteristics from the surrounding landscape. Nest site fidelity is low, and nest initiation can be
delayed due to annual variations in flooding and nesting season water levels. Long-billed curlews
(Numenius americanus) (Chapter 16) breed primarily in open grasslands in the SGP, and their
need for nearby water sources is poorly understood (Fellows and Jones, 2009). Nonbreeding
migrants have been observed at wetland areas like Cheyenne Bottoms in Kansas and reservoirs
and rivers in Colorado, and overwintering birds will use playas in Texas. Loss of grassland
habitat has led to a 30 percent reduction in historical range, primarily from the eastern region.
Pallid bats (4Antrozous pallidus) (Chapter 19) in the Red Hills of Kansas (at the eastern edge of
their range) roost within 50 m of ephemeral water, which may be due to insect activity and
hydration maintenance (Miller and Jenson, 2013). In the panhandle of Oklahoma, red-tailed
hawks (Buteo jamaicensis) primarily nest in riparian cottonwood trees within grassland settings
(McConnell and others, 2008). In the Texas panhandle, female Rio Grande wild turkeys
(Melegris gallopavo intermedia) prefer riparian habitat for nesting; both males and females
prefer riparian habitats over urban or Conservation Reserve Program lands (Hall and others,
2007). Freshwater mussels (Chapter 10) generally require moving freshwater, so their occurrence
in wetlands is limited (Angelo and others, 2009). An extensive study in Kansas found very
limited occurrences of freshwater mussels along western river drainages.

In general, little land area in the SGP has been given protection status to maintain
biodiversity or for multiple uses (Aycrigg and others, 2013). Across the United States, only
about 5 percent of floodplain and riparian areas have been set aside for diversity management,
less than the 17 percent suggested by the Aichi Biodiversity Target of the Convention on
Biological Diversity. If this same fraction holds for riparian areas in the SGP, only limited areas
will continue to be available for species of concern.
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Change Agents

Wetlands across the United States have been heavily degraded in the past, particularly
during the 1950s through the 1970s (Dahl, 2011). Recent legislation and Federal programs,
however, have resulted in a reduction in wetland acreage loss and even some recovery,
particularly in freshwater ponds. Wetlands continue to be vulnerable to development in the form
of energy infrastructure, agricultural activities, altered fire regime, and climate change.

Development

Development has frequently included dams, ditches, groundwater pumping, and other
anthropogenic alteration of hydrology affecting the flow regime, reducing water tables,
increasing sedimentation, and altering riparian biota (Copeland and others, 2010). Of particular
importance, flow regulation driven by development (whether for water control or irrigation) is a
key driver in the presence of invasive riparian species and a decrease in species richness
(Uowolo and others, 2005; Copeland and others, 2010). Generally, increases in flow alteration
and decreases in water table are accompanied by a decrease in cottonwood dominance (Merritt
and Poff, 2010). Changes in timing of peak flows can be detrimental to native species and
facilitate the dominance of introduced species such as tamarisk (Tamarix spp.). A secondary
effect of development is the redistribution of water on the landscape: creating or expanding
wetlands where none existed previously (Crifasi, 2005). For example, in eastern Colorado, moist
areas along canals and return flows from irrigation have created extensive wetland habitats
which are now at risk for dewatering as water rights are sold and water is redirected to Front
Range municipalities (Wiener and others, 2008).

Energy and Infrastructure

Energy development (wind generation, gas and oil drilling, and biofuels agriculture) does
not pose particular unique risks for riparian areas and wetlands. Key areas of concern are
alteration of surface flow timing, volume and loss of periodic flooding through impoundment or
channelization, groundwater depletion through pumping, and contamination from upland
disturbance via runoff and sediment inputs (Smith and others, 2008; Brinson and Eckles, 2011).

Agricultural Activities

Loss of playas due to sediment infilling from surrounding agriculture is an area of major
concern (Brinson and Eckles, 2011). Although riparian and wetland areas are less vulnerable to
the conversion to cropping because of their generally wetter conditions, when near agriculture
they are also at risk from sedimentation and contamination. Another area of agricultural threat is
livestock grazing. While interest in the effects of general grazing as a research topic peaked in
the 1980s, it is still one of the most important areas of concern in the SGP (Poff and others, 2011,
2012). Heavy grazing, either by duration or intensity, and poorly timed grazing by introduced
and native herbivores can reduce or eliminate riparian vegetation, allow bank downcutting,
increase sediment runoff, increase nutrient load, and lower water tables (Chaney and others,
1990). Riparian vegetation is likely to recover when grazing pressure is reduced as long as flow
modifications have been minimal (Chaney and others, 1990; Skagen and others, 2005). In
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Oklahoma, for example, degraded grasslands are now experiencing expansion of eastern
redcedar and riparian forests (Wine and Zou, 2012).

Altered Fire Regimes

The effects of fire on streams and their associated riparian and wetland areas are poorly
understood (Bisson and others, 2003; Dwire and Kauffman, 2003). Although fires are not
uncommon in the tallgrass prairie, on Konza Prairie (near Manhattan, Kans.) riparian fires are
infrequent and of low intensity (Briggs and others, 2002). Grazing reduces fire severity and
allows an increase of woody plants into grasslands. As mentioned above, flooding is an
important riparian disturbance; its effects can be compounded when occurring with fire. When
fire precedes flooding, erosion may be severe; when fire follows flooding, regenerating
vegetation may be destroyed (Petit and Naiman, 2007). Water control and fire suppression since
European settlement may be increasing riparian fire potential through buildup of fuels while
increased human use of riparian areas is increasing ignition sources (Dwire and Kauffman, 2003;
Wine and Zou, 2012).

Invasive Species

Much has been published about Russian olive (Elaeagnus angustifolia) and tamarisk
(saltcedar) invasions of western riparian areas. This material is only briefly summarized here;
refer to the cited references for additional information. Introduced species, particularly Russian
olive and tamarisk, have altered riparian ecosystems and the species that rely on them. Across
the western United States (including the SGP), tamarisk and Russian olive are the third and
fourth most frequently found tree species, and tamarisk provides the second densest canopy
cover after cottonwood (Friedman and others, 2005). Both tamarisk and Russian olive are found
throughout the SGP, although Russian olive is not found south of the Texas panhandle, likely
because of temperature constraints.

Russian olive is a naturalized shrub or small tree from Europe planted in the western
United States since about 1900 for windbreaks, particularly along riparian areas (Lesica and
Miles, 2001a; Katz and Shafroth, 2003). Although it is a pioneer species like cottonwood and
willow, Russian olive is able to establish in the shade beneath established cottonwoods, which
are shade intolerant and establish on unvegetated, moist substrates (Katz and Shafroth, 2003).
After fire, Russian olive can resprout from root crowns.

Also a pioneer species, tamarisk is a drought- and salt-tolerant European shrub/tree
originally imported for horticultural use (Lehnhoff and others, 2011). The extensive irrigation
ditch systems of the southern Great Plains may be promoting the spread of tamarisk (Stohlgren
and others, 1998; Hart, 2002). During the late 1800s, the plant became naturalized and spread to
most of the watercourses in the southwestern United States by the early 1900s (Katz and
Shafroth, 2003; Merritt and Poff, 2010). Originally, spread was thought to be limited to the
southwest because of cold intolerance, but since the 1950s it has been found in the northern
Great Plains where plants are successful though less productive (Lesica and Miles, 2001b).

Russian olive and tamarisk produce easily dispersed seeds with longer viability than
native cottonwood or willow (Jarnevich and Reynolds, 2011; Lehnhoff and others, 2011). Both
Russian olive and tamarisk are able to access groundwater at depths of 3 m, deeper than
cottonwood or willow (Katz and Shafroth, 2003; Nagler and others, 2011). Like Russian olive,
tamarisk will resprout from root crowns after fire, although less vigorously than cottonwood or
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willow (Stromberg and Rychener, 2010). Although tamarisk provides a good fuel source,
increased fire frequency in riparian zones may be due to the absence of scouring floods and
resulting fuel accumulation on regulated rivers (Stromberg and Chew, 2002).

Research conclusions are mixed about habitat interchangeability of willow and
cottonwood stands and (or) Russian olive and tamarisk stands. It is not uncommon to find
cottonwood stands with a Russian olive or tamarisk understory or streambanks with cottonwood
trees younger than co-occurring Russian olive or tamarisk (Lesica and Miles, 2001 a, b). Beaver
have been found to browse more on native cottonwood than on Russian olive, resulting in more
suppression of cottonwood close to streams than of Russian olive. Migrating birds that use
riparian corridors prefer cottonwood and willow patches with structural diversity (Pocewicz and
others, 2013); Russian olive and tamarisk within cottonwood stands may provide an important
midcanopy habitat for birds although they offer limited habitat for cavity nesters (Katz and
Shafroth, 2003; van Riper and others, 2008; Fischer and others, 2012). In the Southwest, soil
salinity in tamarisk stands has been found to be higher than tolerable for cottonwood and willow;
however, increased soil salinity in tamarisk stands may be due to the lack of soil-cleansing floods
rather than tamarisk presence (Bagstad and others, 2006; Ladenburger and others, 2006).

Climate Change

Riparian areas provide an extensive array of ecosystem services ranging from regulating
functions, such as disturbance prevention, to habitat functions like corridors, to production
functions like raw materials (Capon and others, 2013). Climate change may affect any of these,
through, for example, altered vegetation communities. Across the west, changes in streamflow,
temperature, and snow pack since 1950 can be attributed to climate change (Barnett and others,
2008). While direct effects of climate change (warming temperatures and reduced precipitation)
on southwestern United States grassland systems are becoming better understood, the direct
effect to riparian areas is a current knowledge gap (Polley and others, 2013). Grazers may
concentrate in riparian areas, increasing stress on vegetation and increasing streamside erosion.
Drier conditions will reduce moisture (precipitation and groundwater) available to riparian
systems, so drought-tolerant plant species such as tamarisk and eastern redcedar and fire
frequency may increase (Bisson and others, 2003; Polley and others, 2013). Generally, smaller
and less permanent wetland and riparian habitats will be most at risk, particularly from increases
in evapotranspiration or decreases in precipitation (Matthews, 2008). Riparian habitats (including
ravine areas) will be at increased risk for severe flooding and erosion because of increased storm
intensity. Although total annual precipitation is anticipated to decrease slightly in the future, a
recent examination of rainfall in the south Central Plains showed an increase in rainfall from
1920 to 2000 (Garbrecht and others, 2004; Burris and Skagen, 2013). Importantly, most of the
increase occurred during spring, contributing to a short-term streamflow increase rather than
increasing moisture during the drier summer and fall months. This seasonality shift in
precipitation, coupled with increased summer temperatures, suggests that wetland and riparian
areas may become increasingly drought stressed (Stocker and others, 2013). As previously
mentioned, reduced flows and droughts contribute to increased fire frequency and increased
dominance of introduced species as well as reduction in ecosystem services such as water
storage, nutrient cycling, and habitat maintenance.
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Rapid Ecoregional Assessment Components

A conceptual model for the key ecological attributes and CAs affecting wetlands and
riparian areas is illustrated in figure 11. Ecological attributes and CAs identified in the Rapid
Ecoregional Assessment are enumerated in tables 11 and 12.

Figure 11. Generalized conceptual model highlighting the major key ecological attributes and Change
Agents for wetlands and riparian areas in the Southern Great Plains ecoregion. Key ecological attributes
and ecological processes regulating the occurrence, structure, and dynamics of wetlands and riparian
areas are shown in orange rectangles (see also table 11); additional ecological attributes are shown in blue
rectangles; and anthropogenic Change Agents that affect key ecological attributes are shown in yellow
ovals (see also table 12).
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Table 11. Key ecological attributes identified by the Southern Great Plains Rapid Ecoregional Assessment
for wetlands and riparian areas.

Attribute Variables
Amount and distribution Mapped distribution of wetland and riparian areas.
Landscape structure Size and spatial distribution (area, density, connectivity), biotic assemblage.
Landscape dynamics Hydrologic regime (amount, timing, temporal variability of groundwater and surface water inputs), cycles of

inundation and drought, fire regime (frequency and severity).

Associated species management  Snowy plover, long-billed curlew, interior least tern, pallid bat, red-tailed hawk, wild turkey, and freshwater
of concern mussel species.

Table 12. Anthropogenic Change Agents identified by the Southern Great Plains Rapid Ecoregional
Assessment for wetlands and riparian areas.

Attribute Variables
Development (energy and Alteration (changes to surface flow, loss of periodic flooding due to impoundment or channelization,
infrastructure) groundwater depletion, contamination such as sediments and toxins from upland disturbance),

fragmentation (reduction in connectivity), discharge of produced waters.

Development (agricultural Loss (infill/conversion into agricultural areas), alteration (sediment inputs from cropland, herbicide
activities) application), fragmentation (reduction in connectivity), livestock grazing (loss of riparian vegetation,
bank erosion, lowering of water table).

Altered fire regime Alteration (changes to vegetation communities), suppression (expansion of woody vegetation, buildup of
fuels).
Invasive species Alteration (changes to vegetation communities, such as effects of tamarisk and Russian olive on

establishment of native species; soil salinity).

Climate change Alteration (changes to species composition), drought effects (increase in evapotranspiration), seasonality
shift in precipitation (effects on hydrologic regime).
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