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Executive Summary

This report was completed in January 2026 in fulfillment of Agreement L21AC10513 with the
Bureau of Land Management. It contains state-and-transition models (STMs) for 112 ecological
sites within Major Land Resource Area 29 in the state of Nevada. STMs were developed in
accordance with the National Ecological Site Handbook (NRCS 2017) and the Interagency
Ecological Site Handbook for Rangelands (Caudle et al. 2013). A team of scientists, professional
land managers, and interested stakeholders, led by Dr. Tamzen Stringham, developed these
products. The team examined local knowledge, soil mapping data, and published literature on
soils, plant ecology, plant response to various disturbances, disturbance history of the area, and
many other important attributes necessary to document the ecology of MLRA 29 by ecological
site. Pre-existing ecological sites were sorted into groups based on their responses to natural or
human-induced disturbances. These groups are referred to as Disturbance Response Groups
(DRGs). DRGs simplify the landscape into ecologically significant units for management and
were utilized during the STM-building process. DRGs can also be used to map ecological sites.
This report is organized by DRG, with one generalized STM narrative for the group, followed by
individualized STMs for each ecological site within the group. Fieldwork reports including site
visit locations and field note reports are included as appendices.
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Introduction

Ecological Site Descriptions (ESD) synthesize information concerning soils, hydrology, ecology,
and management into a user-friendly document. A crucial component of an ESD is the state-
and-transition model (STM) that identifies the different vegetation states, describes the
disturbances that caused vegetation change, and suggests restoration activities needed to
restore plant communities. State-and-transition models are powerful tools that utilize
professional knowledge, data, and literature to describe the resistance and resilience of an
ecological site. The STM then captures various disturbances, triggers leading to ecological
thresholds, feedback mechanisms maintaining ecological states, and the restoration techniques
required for moving from one ecological state to another (Stringham et al. 2003, Briske et al.
2008).

Many ecological sites are similar in their plant composition and other important physical
attributes such as soils, but may differ in total production or landscape setting. Thus, often
these similar ecological sites will respond to the same disturbance in a similar manner. The rate
of response to disturbance may be different but the endpoint of the change will be very similar.
In order to expedite development of STMs, a process developed by Dr. Stringham, referred to
as Disturbance Response Grouping was utilized in this project. The Disturbance Response Group
process is conducted at the Major Land Resource Area (MLRA) scale, making it a highly efficient
method for STM development. The process requires a team of experts with years of experience
working in the area of interest.

The core team for this project consisted of:

e Tamzen K. Stringham is a Professor with the University of Nevada, Reno

e William C. Richardson is a Postdoctoral Researcher with the University of
Nevada, Reno

e Lucas Phipps is a Professor with the University of Nevada, Reno

e Wade Lieurance is a Rangeland Ecologist with University of Nevada, Reno

e Devon K. Snyder, formerly a Rangeland Ecologist with University of Nevada, Reno

e Patti Novak-Echenique, formerly a Rangeland Management Specialist with the
Bureau of Land Management, Sparks, Nevada (retired)

Additional support members of the team:

Alicia Styles, BLM Basin and Range National Monument, Nevada

e Daniel Condie, BLM Basin and Range National Monument, Nevada
e Cameron Boyce, BLM Caliente Field Office, Nevada

e Olivia Winslow, BLM Caliente Field Office, Nevada

e Jay Goodwin, BLM Caliente Field Office, Nevada



e Laramie Smith, BLM Caliente Field Office, Nevada

e Thomas Mendoza, BLM Tonopah Field Office, Nevada

e Brian Truax, BLM Tonopah Field Office, Nevada

e Sabrina McCue, BLM Stillwater Field Office, Nevada

e Hondo Brisbin, formerly a PhD student at University of Nevada, Reno

e Alexa Lyons, formerly Rangeland Ecologist with University of Nevada, Reno
e Kylie Hopkins, Student Technician with University of Nevada, Reno

e Zachary Wells, Student Technician with University of Nevada, Reno

e William Kneiblher, Student Technician with University of Nevada, Reno

e Kaden Schorovsky, Student Technician with University of Nevada, Reno

Initial office meetings were conducted with all Core Team members present to group sites into
preliminary Disturbance Response Groups (DRGs) (Stringham et al. 2016). During the DRG office
exercise, the Core Team examines characteristics of each existing range site, including but not
limited to the following:

e Dominant Vegetation

e Soils: depth, texture, parent material, diagnostic horizons, chemical properties,
soil temperature and moisture regimes

e Precipitation

e Slope and Elevation

e Plant productivity

e Response to various disturbances based on all the above characteristics, plus
management history

The Core Team spends an extensive amount of time on the topic of response to disturbance.
Discussions on different disturbances such as fire, grazing, long-term drought, insects, flooding
or ponding, invasive species, and combinations of disturbances are recorded. The Core Team
makes a determination as to which DRG each ecological site or range site will be assigned to for
modeling purposes. After the initial DRG is finalized, the “modal” ecological site for the DRG is
chosen. This ecological site typically represents the site in each DRG with the most mapped
acres in the NRCS soil survey. Dr. Stringham then develops a “Tier I” state-and-transition model
for the modal ecological site for each DRG. This generalized STM represents each ecological site
within the DRG until field validation is complete, and changes to the STM are deemed necessary
based on field observations.

Field validation occurs primarily with the Core Team and at times with assistance from others
interested in the process. To facilitate the field component, the GIS specialist builds a
geodatabase with relevant data. These include NRCS soil survey data (i.e. ecological site type
locations, soil map units, ecological site polygons, soil pit sampling locations), historical wildfires
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dating back at least 30 years, BLM land treatment layers, land ownership, roads, any available
vegetation monitoring data, NAIP imagery, and USGS Digital Raster topography. The GIS
specialist or the soil scientist utilizes this geodatabase while in the field to inform the team of
recent fires, multiple fires, or mechanical treatments performed on the site. The Core Team
attempts to visit every ecological site at least once, and visits the modal ecological site for each
DRG multiple times in different locations, and in different conditions. At each site visit the
following information was recorded:

e GPS coordinates

e Photos

e Elevation

e Slope and aspect

e lLandform

e Soil description to 20 in. depth, or to restrictive horizon

e Soil is identified to series if possible

e Known disturbances: fire, drought, insects, management practices, and others

e Plant species composition by weight, estimated ocularly and sometimes clipped

e Shrub and tree cover

e Rangeland Health

e State-and-transition model state and community phase, including any relevant
notes on ecological dynamics

Dr. Stringham modifies the STM if needed based on field notes, this then becomes the “Tier II”
model. The Core Team reconvenes in the office and reviews the Tier Il state-and-transition
models. Members of the interested public are invited to the meetings to provide input and
critical review. Models are modified if warranted. STMs are built using Microsoft Visio, and a
shorthand “key” is written for each Community Pathway and Transition. Dr. Stringham, along
with her staff, complete the STMs by developing the “STM narrative,” which explains the
ecological dynamics associated with the various States, Community Phases, Community
Pathways and Transitions. An extensive literature review is conducted and added to the
knowledge gained from the field investigations. The Core Team and interested agency partners
peer review and provide critical feedback for the ecological dynamics section and the STM.

This project produced 335 field notes over the course of five field seasons and 20 weeks of field
work. The Final Report contains the Disturbance Response Group list for MLRA 29, a robust
literature review and Ecological Dynamics section for the modal ecological site of each DRG,
State-and-Transition Model diagrams for each ecological site contained within a DRG, and
supplemental information with field notes for all site visits.
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Definitions and Standardized STM Concepts for this Report

This report aims to adhere to the ecological site standards for ecological dynamics outlined in
The Interagency Ecological Site Handbook (hereafter “Handbook”, Caudle et al. 2013). This
section defines concepts and terms used throughout this report, many of which come from the
Handbook or associated literature (Stringham et al. 2019).

Definitions:

Disturbance Response Group (DRG):

DRGs are defined as groups of ecological sites that respond similarly to natural or
human-caused disturbance, reaching the same state or endpoint, although the rate of
adjustment may vary by site.

State:

A state is a suite of community phases and their inherent soil properties that interact
with the abiotic and biotic environment to produce persistent functional and structural
attributes associated with a characteristic range of variability (Briske et al. 2008, Caudle
et al. 2013). Alternative states differ in the operation of one or more primary ecological
processes including the hydrologic (water) cycle, nutrient cycle, the process of energy
capture and transformation (energy flow). In this report, States are given a number and
a title, i.e. Reference State 1.0.

Phase:

A vegetative community within a state, capable of self-repair and resilience in the face
of disturbances. In this report, Phases are given a decimal number within their
respective State, i.e. Phase 1 in Reference State 1.0 is Phase 1.1.

Community Phase Pathway:

Community pathways describe the causes of shifts between community phases.
Community pathways can include the concepts of episodic plant community changes as
well as succession and seral stages. Community pathways can represent both linear and
non-linear plant community changes. A community pathway is reversible, attributable
to succession, natural disturbances, short-term climatic variation, and facilitating
practices such as grazing management (Caudle et al. 2013). These pathways generally,
though not always, flow in both directions, and are visualized by directional arrows.
Arrows are numbered based on the state and phase from which the pathway arrow
originates, followed by a lower-case letter (a, b, ¢, etc.) uniquely identifying the arrow
(i.e. 1.1ais the first pathway that originates from Phase 1.1 in State 1.0).

“At-Risk” Phase:
These phases are at risk of transitioning to another state. Careful management is
necessary to prevent a transition.
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Threshold:

A boundary in space and time at which one or more of the primary ecological processes
responsible for maintaining the sustained equilibrium of the state degrades beyond the
point of self-repair. These processes must be actively restored before the return to the
previous state is possible.

Transition:

The point in space and/or time at which a vegetative community crosses a threshold.
Transitions are not reversible without external inputs of energy or resources to restore
to a previous state. These are numbered based on the state from which the transition
arrow originates, followed by an upper-case letter (A, B, C, etc.) uniquely identifying the
arrow (i.e. T4A is the first Transition that originates from State 4.0).

Restoration Pathway:

Restoration pathways describe the environmental conditions and management
practices that are required to recover a state that has undergone a transition. These are
numbered based on the state from which the Restoration Pathway arrow originates,
followed by an upper-case letter (A, B, C, etc.) uniquely identifying the arrow (i.e. R4A is
the first Restoration Pathway that originates from State 4.0).

General descriptions of State concepts used in this report:

Reference state:

The reference state has seen little unnatural disturbances and is thought of as pre-
settlement condition. Only native species are present in this state. The reference state
and reference community phase (below) formed as a result of interacting environmental
gradients, natural disturbance regimes, and physiological characteristics of species
comprising the community.

In this report, Phase 1.1 is designated as the “reference community phase,” which
most closely represents the ecological site concept of the modal site for the DRG.
The reference community phase may or may not represent a late successional
community, because the natural disturbance regime may have maintained early-
seral species (i.e. tall grass prairie maintained by frequent wildfire) (Briske et al.
2008, Caudle et al. 2013).

Current potential state:

This state is similar to the Reference state, but with the presence of non-native species.
All plant functional groups from the Reference State are still dominant. Non-native
species are present in small numbers, but threaten site resilience through competition
and by exacerbating effects of disturbances (i.e. increasing fire frequency by creating
drier fuels).
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Phase 2.4 in the Current Potential State does not occur in every DRG. It is primarily
used to capture the phenomenon of non-native annual grass flushes after
particularly favorable annual weather patterns. Native bunchgrasses and forbs still
comprise 50% or more of the understory annual production, however non-native
annual grasses are nearly codominant. This phase is temporary, and weather
patterns that are unfavorable to annual grasses may reduce the high cover and
production of the annual grass component. This phase is considered “At Risk”
because fire could lead to perennial bunchgrass mortality, which may shift the site
to an Annual State.

Shrub state:

This state is characterized by a loss of deep-rooted native perennial grasses. Shrubs are
usually dominant, but after fire the dominant plants are usually Sandberg bluegrass or
low-growing, mat-forming forbs. This state is a product of decades of inappropriate
grazing management.

Annual state:

In this state, non-native annual species dominate. The species may include cheatgrass,
medusahead, Russian thistle, annual mustards. Annual species dominate site resources;
soil function and disturbance frequency and severity are altered.

Tree state:

The Tree state is written for shrub-grass ecological sites that currently have Phase Il or
Phase Il trees encroachment (Miller et al. 2008b). The shrub-grass understory on these
sites has begun to decline in vigor, and significant shrub mortality may be occurring.

Infilled tree state:

The Infilled tree state is like the Tree State, but written for woodland ecological sites.
This state has old growth trees present, but because of lack of disturbance, an
overabundance of young trees exists. The health of the old growth trees may be
impacted, and the risk of stand-replacing crown fire is significantly increased.

Eroded state:

This state is characterized by active soil movement, which inhibits establishment of new
plants. This site occurs in late-state conifer encroachment, after severe fires, or after
long term inappropriate grazing management resulting in a loss of understory
vegetation.

Forb state:

This state is characterized by a dominance of forbs like mule ears. It is a product of long-
term overgrazing by sheep and usually occurs on clayey soils. This state is less common,
but may occur in small areas that have had concentrated use in the past (i.e. sheep
bedding grounds)
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Major Land Resource Area 29

MLRA 29 (NRCS 2022).

Major Land Resource Area 29, known as Southern Nevada Basin and Range, is 25,883 mi? (16.6
M ac) in size. Most of MLRA 29 is located in Nevada, with the remainder along the middle of the
southeastern border of California and in the southwestern corner of Utah. Elevation ranges
from 1,950 to 5,600 ft in most of the area, with mountains as high as 9,400 ft. This MLRA
consists of aggraded desert plains separating north-south trending mountain ranges. Uplifted
fault blocks with steep side slopes create the mountains, which are not well dissected due to
low rainfall. The Owens River and Owens Lake are in this MLRA, though most of the streams are
small and intermittent. The valleys consist mostly of alluvial fill, with playa deposits at the
lowest elevations in the closed basins. The mountains are dominated by andesite and basalt
rocks, though very young tuffaceous sediments and older intrusive outcrops are found
scattered in the western and eastern portions of the MLRA. The dominant soil orders are
Aridisols and Entisols, though Mollisols occur at higher elevations. The soils are shallow to very
deep, well drained or somewhat excessively drained, and loamy-skeletal or sandy-skeletal. The
majority of soils in this area are mesic with an aridic or xeric moisture regime (NRCS 2022).

Average annual precipitation ranges from 5 to 12 in., increasing with elevation up to 29 in. This
area experiences most of its rainfall from high-intensity, convective thunderstorms during the
growing season with sporadic storms throughout July and August. The average annual
temperature is 26-58°F, decreasing with elevation. The freeze-free period averages 205 days,
but ranges from 80 to 335 days along an elevation gradient (NRCS 2022).
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Major Land Resource Area 29 Disturbance Response Groups

Ecological Sites and Associated Disturbance Response Groups

Ecological Site Name Status Dominant Vegetation Site ID
Group 1: Loamy soils with shadscale and Indian ricegrass
Loamy 5-8" P.Z. Modal ATCO-PIDE4/ACHY R0O29XY017NV
Loamy Slope 5-8" P.Z. ATCO/ACHY R0O29XY022NV
Gravelly Loam 5-8" P.Z. SAVEB/ACHY R0O29XY0O87NV
Loamy Slope 3-5" P.Z. ATCO/ACHY R0O29XY033NV
Sodic Loam 3-5" P.Z. ATCO/ACHY R0O29XY032NV
Coarse Gravelly Loam 3-5" P.Z. ATCO-AMDU2-SAVEB/ACHY R0O29XY039NV
Shallow Silty 5-8" P.Z. ATCO R0O29XYO59NV
Loamy 3-5" P.Z. ATCO-LYSH-PIDE4/ACHY R0O29XY035NV
Stony Slope 5-8" P.Z. ATCO-ARBI3/ACSP12 R0O29XY064NV
Group 2: Alluvial soils with spiny menodora and Indian ricegrass
Cobbly Loam 5-8" P.Z. Modal MESP2/ACHY R0O29XY036NV
Cobbly Slope 5-8" P.Z. MESP2/ACSP12-PLIA RO29XY037NV
Shallow Cobbly Loam 8-10" P.Z. MESP2-EPNE/ACHY RO29XY161INV
Granitic Cobbly Loam 5-8" P.Z. MESP2/ACSP12 RO29XY107NV
Eroded Slope 8-10" P.Z. PSPO-ERNAN/ACHY RO29XY162NV
Shallow Loam 5-8" P.Z. MESP2/ATCO/ACHY-ACSP12 RO29XY074NV
Cobbly Loam 8-10" P.Z. MESP2-ARTRWS/ACHY RO29XY038NV
Group 3: Sandy sites dominated by saltbush and Indian ricegrass
Sandy Loam 5-8" P.Z. Modal ATCA2-KRLA2/ACHY R029XY046NV
Sandy 5-8" P.Z. ATCA2/ACHY R0O29XY012NV
Sandy 3-5"P.Z. ATCA2/ACHY R0O29XY034NV
Shallow Sandy Loam 5-8" P.Z. ATCA2-MESP2/ACHY R0O29XYO8ONV
Group 4: Silty soils with winterfat and Indian ricegrass
Coarse Silty 5-8" P.Z. Modal KRLA2/ACHY R029XY042NV
Silty 5-8" P.Z. P.Z. KRLA2/ACHY-ELEL5 RO29XY020NV
Group 5: Seasonally flooded areas with basin wildrye
Saline Bottom Modal SAVE4/LECI4-SPAI R0O29XY004NV
Sodic Terrace 8-10" P.Z. ARTR2-SAVE4-ATTO/LECI4 RO29XYO91INV
Deep Sodic Fan ATTO/LECI4-SPAI R0O29XY093NV
Dry Floodplain ARTR2/LECI4 R0O29XY156NV
Group 6: Salty soils with shadscale and black greasewood
Sodic Terrace 5-8" P.Z. Modal ATCO-SAVE4/ACHY R029XY024NV
Dry Sodic Terrace ATCO/ACHY RO29XY063NV
Saline Terrace 5-8" P.Z. BAAMA4-ATCO/ACHY R0O29XY120NV
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Group 7: Salt-affected soils with greasewood, iodinebush, and warm-season grasses

Sodic Flat Modal SAVE4/DISP R029XY076NV
Sodic Floodplain ALOC2/SPAI RO29XY094NV
Group 8: Sandy soils dominated by black greasewood and salt-desert shrubs
Sodic Dune Modal SAVE4/ACHY R0O29XY018NV
Group 9: Sites associated with ephemeral streams
Dry Wash Modal ERNAN5-ATCA2/ACHY RO29XY041NV
Upland Wash ARTR2-PRFA/POSE-ACHY RO29XYO09NV
Valley Wash ATCA2-AMER/ACHY RO29XY072NV
Group 10: Loamy soils with basin big sagebrush and basin wildrye
Loamy Bottom 8-12" P.Z. Modal ARTRT/LECI4 RO29XY003NV
Group 11: Calcareous soils with black sagebrush and needlegrasses
Shallow Calcareous Loam 8-12" P.Z. Modal ARNO4/ACHY R0O29XYO08NV
Shallow Calcareous Slope 8-12" P.Z. ARNO4/ACHY RO29XY014NV
Shallow Calcareous Hill 10-14" P.Z. JUOS/ARNO4/ACHY R0O29XY0O8INV
Shallow Clay Loam 8-12" P.Z. ARNO4/ACHY-ACTH7 RO29XY104NV
Shallow Calcareous Hill 8-10" P.Z. JUOS/PUST-ARNO4/ACHY R0O29XYO015NV
Shallow Eroded Slope 8-10" P.Z. GUSA-ARNO4/PLIA RO29XY168NV
Shallow Calcareous Loam 10-12" P.Z. ARNO4-PUST/ACHY R0O29XY170NV
Stony Calcareous Hill 8-12" P.Z. ARNO4-MAFR3/ACHY RO29XYO099NV
Stony Calcareous Slope 8-12" P.Z. ARNO4/ACSP12 RO29XY045NV
Limestone Slope 8-10" P.Z. PUST/ACSP12 RO29XY160NV
Travertine Bar MAFR3-ARNO4/ACHY RO29XY047NV
Group 12: Calcareous soils at higher precipitation zone with black sagebrush and cool-season
grasses
Shallow Calcareous Slope 12-14" P.Z. Modal ARNO4/PSSPI R0O29XY028NV
Shallow Gravelly Fan 12-14" P.Z. RO29XY173NV
Group 13: Loamy soils with Wyoming big sagebrush and cool-season grasses
Loamy Slope 8-10" P.Z. P.Z. Modal ARTRWS/ACHY-HECO26 R0O29XY010NV
Loamy 8-10"P.Z. P.Z. ARTRWS8/ACHY-HECO26 R0O29XYOO6NV
Sandy Loam 8-12" P.Z. ARTRWS8/ACHY RO29XY049NV
Loamy 10-12" P.Z. ARTR2/HECO26-ACHY R0O29XY029NV
Loamy Slope 10-12" P.Z. ARTR2/HECO26-ACHY R0O29XYO75NV
Gravelly Clay Slope 12-14" P.Z. ARTRV-AMUT/POFE RO29XY164NV
Loamy Fan 8-12" P.Z. ARTRWS/LECI4-ACHY RO29XY114NV
Gravelly Loam 8-10" P.Z. ARTRWS/BOGR2-PLIA RO29XY167NV
Bouldery Slope 8-12" P.Z. P.Z. ARTR2/ACSP12 RO29XY073NV
Gravelly Clay Slope 10-12" P.Z. ARTR2/ACTH7-ACHY RO29XY106NV
Loamy Slope 12-14" P.Z. ARTRV/PSSPI RO29XYO57NV
Coarse Loamy 8-10" P.Z. ARTRWS-ATCA2/ACHY RO29XY158NV
Loamy 12-14" P.Z. ARTRV/PSSPI RO29XYO30NV
Fan Collar 12-16" P.Z. ARTRV-PUGL2/LECI4 RO29XYO061INV
Group 14: Loamy soils with mountain big sagebrush and needlegrasses
Loamy Slope 16+" P.Z. Modal ARTRV/ACHNA-POFE R0O29XYO051NV
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Mountain Slope 12-14" P.Z. ARTRV/POFE-BOGR2 RO29XY138NV

Loamy 16+" P.Z. ARTRV/ACHNA RO29XYO50NV
Group 15: Steep slopes with serviceberry and muttongrass

Eroded North Slope 12-14" P.Z. Modal AMUT-PUTR2/POFE R029XY165NV

Stony Loam 12-16" P.Z. AMUT-ARTRV/POFE RO29XY098NV

Eroded South Slope 12-14" P.Z. PUST-CEGR/PLIA R0O29XY166NV
Group 16: Clayey soils with low sagebrush and cool-season grasses

Cobbly Claypan 12-14" P.Z. Modal ARARS8-AMUT/POFE RO29XY163NV

Claypan 8-12" P.Z. ARARS/ACSP12-ACHY RO29XY062NV
Group 17: High precipitation zone low sagebrush with needlegrasses

Claypan 16+" P.Z. Modal ARARS/ACLE9-POFE R0O29XY052NV

Claypan 12-16" P.Z. ARARS/ACTH7-POFE RO29XYO55NV

Mountain Ridge 16+" P.Z. ARARS/ACHNA-POFE RO29XY053NV

Mountain Ridge 12-16" P.Z. ARARS-ARNO4/ACTH7 RO29XY056NV
Group 18: Fans with pygmy sagebrush and needlegrasses

Barren Fan 8-10" P.Z. Modal ARPY2/ACHY-HECO26 R0O29XY092NV
Group 19: Pinyon and juniper woodland with black sagebrush understory

PIMO-JUOS/ARNO4 Modal PIMO-JUOS/ARNO4-POFE F029XY069NV

JUOS/ARNO4/ACHY JUOS/ARNO4-PUST/ACHY FO29XYO7INV

PIMO-JUOS/ARAR8-AMUT PIMO-JUOS/ARAR8-AMUT/POFE FO29XY068NV

PIMO-JUOS/ARNO4-QUGA PIMO-JUOS/ARNO4-QUGA/POFE FO29XY083NV
Group 20: Pinyon and juniper woodland with mountain big sagebrush understory

PIMO-JUOS/ARTRV Modal PIMO-JUOS/ARTRV/POFE-ACHNA FO029XY066NV

PIMO-JUOS/ARTRV PIMO-JUOS/ARTRV/POFE FO29XY095NV

PIMO-JUOS/PUST PIMO-JUQS/PUST/PYRRO-POFE FO29XYO58NV

PIMO/ARTRV/POFE PIMO/ARTRV/POFE FO29XY103NV

PIMO/ARTRV/POFE PIMO/ARTRV/POFE FO29XY102NV
Group 21: Pinyon and juniper woodland with fire-adapted shrub understory

PIMO-JUOS/QUERC-AMUT-ARTRV Modal PIMO/JUOS/ARTRV-AMUT/POFE F029XY078NV

PIMO-JUOS/ARTRV-AMUT-QUGA PIMO-JUOS/ARTRV-AMUT/POFE-BOGR2  FO29XY084NV

PIMO/AMUT-ARTRV-QUTU2 PIMO/AMUT-QUTU2/POFE FO29XY100NV

PIMO-JUOS/ARTRV-AMUT-GAFL2 PIMO-JUOS/ARTRV-AMUT/POFE FO29XY067NV
Group 22: Silty soils with Bonneville saltbush and Indian ricegrass

Silty Plain Modal ATBO/ACHY RO29XY117NV

Deep Silty 5-8" P.Z. ATBO-ATCO/ACHY RO29XY159NV

Outwash Plain ATCA2/LECI4 RO29XY048NV
Group 23: Sites on hills and mountain sideslopes dominated by littleleaf mountain mahogany.

Limestone Hill Modal CEIN7-ARNO4/HECO26 R029XY040NV
Group 24: Rocky soils with mountain mahogany, mountain big sagebrush, and needlegrass

Mahogany Thicket Modal CELE3/ARTRV/ACHNA-LECI4 R0O29XY027NV
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Mahogany Savanna CELE3/ARTRV/ACHNA-POFE RO29XY043NV
Group 25: Loamy soils with spiny hopsage and cool-season grasses

Droughty Loam 5-8" P.Z. Modal GRSP-EPNE/ACHY-ACSP12 R029XY079NV

Loamy Upland 5-8" P.Z. GRSP-ATCA2/ACHY R0O29XY016NV

Shallow Droughty Loam 5-8" P.Z. GRSP-MESP2/ACHY RO29XY031INV

Loamy Hill 5-8" P.Z. GRSP-LYAN/ACHY-PLIA R0O29XY021INV

Joshua Upland YUBR/GRSP-EPNE-ATCA2/ACHY R0O29XYO07NV
Group 26: Shallow soils with blackbrush and cool-season grasses

Shallow Gravelly Slope 8-10" P.Z. Modal CORA/ACSP12-ACHY R0O29XY019NV

Shallow Gravelly Loam 8-10" P.Z. CORA/ACSP12 RO29XYO077NV

Shallow Gravelly Loam 5-8" P.Z. CORA/ACHY RO29XY013NV
Group 27: Bouldery slopes

Bouldery Slope 5-8" P.Z. Modal EPVI/ACSP12 RO29XY085NV

Scree Slope 8-10" P.Z. EPVI-ARTRWS8/ACSP12 RO29XY169NV
Group 28: Pinyon and juniper woodland with Wyoming big sagebrush understory

PIMO-JUOS/ARTRWS Modal PIMO-JUOS/ARTRWS/POA F029XY065NV

JUOS/ARTRWS-PUGL2/ACHY JUOS/ARTRWS-PUGL2/ACHY F029XY070NV
Group 29: Well drained soils dominated by oak

North Slope 12-14" P.Z. Modal QUTU2-AMUT/POFE RO29XY172NV

Oak Thicket QUGA-AMUT/POFE RO29XY171INV
Group 30: Singleleaf pinyon pine with white fir

PIMO-ABCOC/AMUT/POFE Modal ABCO-PIMO/AMUT/POFE FO029XY096NV
Group 31: Ponderosa pine and mixed chaparral shrubs

PIPOS/ARPA6-QUGA-AMUT Modal PIPOS/ARPA6-QUGA/POFE F029XY086NV
Group 32: Riparian ponderosa pine forest

PIPOS/ARTRV/POFE Modal PIPOS/ARTRV/POFE FO029XY097NV
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Ecological Sites Omitted from This Report

The following list of ecological sites were omitted from this final report for various reasons.
Some ecological sites have been removed from the soil survey after being deemed redundant,

so they no longer have any acres mapped in the USDA Soil Survey database (SSURGO). Other

sites are minor inclusions in the MLRA and may only occur on a few hundred acres, and riparian

sites were outside the scope of this project. For our purposes, we focused on providing

ecological information for Ecological Sites that were extensive enough to be meaningful for
management. A tentative Disturbance Response Group (DRG) number is given for some sites, in
the event that mapping is updated in the future to include them on a larger scale.

Site Name Reason Dominant Vegetation Site ID DRG
Streambank 10-14" P.Z. Riparian ARTRT/LECI4-ELLA3 R0O29XY025NV
Streambank 14+" P.Z. Riparian ARTRV/LECI4-ELYMU-ACHNA RO29XY026NV

Wet Meadow 16+" P.Z. Riparian CAREX-DECE RO29XYO60NV

Wet Meadow 8-12" P.Z. Riparian CAREX-JUNCU-POSE RO29XYOOINV

Dry Meadow Riparian / CAREX-POSE RO29XY054NV

Zero acres

Saline Meadow Riparian SPAI-DISP-JUARL RO29XY002NV
Wetland Riparian TYPHA-ELEOC RO29XY044NV
Gravelly Clay 8-10” P.Z. Zero acres ARARS8/ACHY RO29XY128NV

;’2"’1’5’ ,‘,’VPCZ”I careous Loam 55 acres ARNO4/ACTH7-BOGR2 RO29XY115NV
Gravelly Clay 10-12" P.Z. Zero acres ARTR2/ACTH7-ACHY RO29XY105NV
Mountain Shoulder small ARTRV/ACLE9-POFE RO29XY150NV 14

acreage

Loamy Plain Zero acres ARTRWS/ACHY-PASM RO29XY116NV

Silt Flat Zero acres ARTRWS/ELEL5-POSE RO29XY119NV

‘;hza llow Limestone Hill 5-8" 7 ¢ cres CEIN7-PUST RO29XY151INV
Mahogany Pocket Zero acres CELE3/ARTRV/ACHNA-POFE RO29XY139NV

Stony Mahogany Savanna  Zero acres CELE3/ARTRV/POFE-ACNED RO29XY122NV 24
;g‘,’f’f;’ Limestone Slope 8- ;. 1 res CORA/ACAR14-ACSP12 RO29XY127NV
;g‘,’f’f;" sandstone Hill & 4, cres CORA/ACPAD-ACHY-POFE RO29XY132NV
‘zg‘j’g’;’ Granitic Slope 8-/, pa 30 CORA/ACSP12 RO29XY144NV
Gravelly Inset Fan 8-10 MLRA30/  opA PREA/ACSP12-POFE RO29XY143NV

P.Z small acreage

‘jg‘,f’f;’ GraniticLoam 8-\ A 30 CORA-QUTU2/ACSP12 RO29XY129NV

JUOS WSG: 0R0405 Zero acres JUOS/CORA/BOER4-ACHNA FO29XY125NV

JUOS WSG: 0D0406 Zero acres JUOS/QUTU2-PUGL2-CEGR-ARTRWS ~ FO29XYO89INV

PIMO WSG: 0R0603 Zero acres PIMO/ARARS/POFE-ACPI2 FO29XY13INV 19
PIMO WSG: 1R0601 Zero acres PIMO/ARTRV,/POFE FO29XY10INV 20
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PIMO WSG: 1R0607
PIMO WSG: OR0607
PIMO WSG: OR0607
PIMO WSG: OR0607
PIMO WSG: OR0606
PIMO-JUOS WSG: OR0O507

Limestone Ridge

PIMO-JUOS WSG: OR0504
PIMO-JUOS WSG: OR0504
PIMO JUOS WSG: ORO507
PIMO-JUOS WSG: ORO505

PIMO-JUOS WSG: OR0507

PIMO-JUOS WSG: ORO506
POTR5 WSG: 1A1707
Bouldery Sandstone Slope
8-12” P.Z.

Shallow Sandstone Hill 12-
147 P.Z.

Granitic Slope 10-12" P.Z.
Granitic Hill 10-12" P.Z.
Sodic Sands

Sodic Loam 5-8" P.Z.

Dry Saline Meadow

Zero acres
Zero acres
Zero acres
MLRA 30
Zero acres
Zero acres
Small
acreage
Zero acres
Zero acres
Zero acres
Zero acres
MLRA 30/
small acreage
Zero acres
Zero acres

Zero acres

Zero acres

MLRA 30

Zero acres
Zero acres
Zero acres
Zero acres

PIMO/QUGA-ARTRV/POFE-ACOCO
PIMO/QUGA-SYLO-AMUT-ARNO4
PIMO/QUGA-SYLO-AMUT-ARTRV
PIMO/QUGA-SYMPH-ARTRV/POFE
PIMO/QUTU2-CORA/ACHNA-POFE
PIMO-JUOS/ARNO4-AMUT-GAFL2

PIMO-JUOS/ARNO4-ARPU5/ACAR14

PIMO-JUOS/ARNO4-PERA4
PIMO-JUOS/ARNO4-PUST
PIMO-JUOS/CEMO2-GAFL2/POFE
PIMO-JUOS/CORA-QUTU2

PIMO-JUOS/PUST-CORA/BOGR2

PIMO-JUOS/QUTU2-ARNO4
POTR5/SYOR2/ELTR7

QUTU2/ACHNA-ACHY-POFE

QUTU2-ARPU5-ARNO4/ACPAD

QUTU2-ERFAP/ACSP12
QUTU2-ERFAP/ACSP12
SAVE4/ACHY-SPAI
SAVE4-ATCO/SPAI-ACHY
SPAI-DISP

FO29XY109NV
FO29XY136NV
FO29XY140NV
FO29XY141INV
FO29XY148NV
FO29XY135NV

FO29XY137NV

FO29XY124NV
FO29XY145NV
FO29XY111INV
FO29XY152NV

FO29XY126NV

FO29XY149NV
FO29XY130NV

RO29XY133NV

RO29XY142NV

RO29XY112NV
RO29XY113NV
RO29XY153NV
RO29XY155NV
RO29XY154NV
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Small acreage: Less than 200 ac. MLRA 30: All mapped acres of that ecological site occur in MLRA 30 exclusively.
Zero acres: Ecosite is not associated with any map unit in the NRCS SSURGO soil database. Riparian: Ecological site
is riparian in nature and outside of the scope of the project.
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MLRA 29 Group 1: Loamy soils with shadscale and Indian ricegrass

Description of MLRA 29 Disturbance Response Group 1

Disturbance Response Group (DRG) 1 consists of eight ecological sites. The precipitation ranges
from 3 to 8 in. with slopes ranging from 0 to 75%. Elevations range from 3,000 to 6,500 ft. Soils
are typically formed in alluvium from mixed sources and are typically alkaline, calcareous, or
carbonatic. Soil textures are variable but soil profiles are skeletal and gravels or stones are
common on the surface. Soils are well drained and shallow to very deep depending on
landform. The soil temperature regime is mesic and the moisture regime is aridic. Production
ranges from 50 to 450 Ib/ac for a normal year, with an average of about 320 Ib/ac. The
potential native plant community for these sites is typically dominated by shadscale (Atriplex
confertifolia) in the overstory. Bud sagebrush (Picrothamnus desertorum), winterfat
(Krascheninnikovia lanata), Bailey’s greasewood (Sarcobatus baileyi), Shockley’s wolfberry
(Lycium shockleyi), and white bursage (Ambrosia dumosa) are other important shrubs. The
understory is dominated primarily by Indian ricegrass (Achnatherum hymenoides). Galleta grass
(Pleuraphis jamesii), desert needlegrass (Achnatherum speciosum), and bottlebrush squirreltail
(Elymus elymoides) are also important grasses on these sites.

Disturbance Response Group 1 Ecological Sites:

Loamy 5-8" P.Z. — Modal RO29XY017NV
Loamy Slope 5-8" P.Z. RO29XY022NV
Gravelly Loam 5-8" P.Z. RO29XY0O87NV
Loamy Slope 3-5" P.Z. RO29XY033NV
Sodic Loam 3-5" P.Z. R0O29XY032NV
Coarse Gravelly Loam 3-5" P.Z. RO29XY039NV
Shallow Silty 5-8" P.Z. RO29XYO59NV
Loamy 3-5" P.Z. RO29XY035NV
Stony Slope 5-8" P.Z. RO29XY064NV
Modal Site:

The Loamy 5-8" P.Z. ecological site is the modal site that represents this DRG, as it has the most
acres mapped. This site occurs on piedmont slopes and alluvial plains on all exposures.
Precipitation ranges from 5 to 8 in. Slopes range from 0 to 30%, but slope gradients of 2 to 8%
are most typical. Elevation ranges from 4,400 to 6,500 ft. Soils of this site are moderately to
strongly alkaline, non-saline to slightly saline, and non-sodic to slightly sodic. Permeability is
moderate and runoff is medium. The available water holding capacity of the soil is very low to
low. The soil temperature regime is mesic and the soil moisture regime is typic aridic.
Production for a normal year is typically 450 Ib/ac. The native plant community is dominated by
shadscale (Atriplex confertifolia), bud sagebrush (Picrothamnus desertorum) and Indian
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ricegrass (Achnatherum hymenoides). Other important species are galleta (Pleuraphis jamesii),
winterfat (Krascheninnikovia lanata), and bottlebrush squirreltail (Elymus elymoides).

Ecological Dynamics and Disturbance Response:

An ecological site is the product of all the environmental factors responsible for its
development and it has a set of key characteristics that influence a site’s resilience to
disturbance and resistance to invasives. Key characteristics include 1) climate (precipitation,
temperature), 2) topography (aspect, slope, elevation, and landform), 3) hydrology (infiltration,
runoff), 4) soils (depth, texture, structure, organic matter), 5) plant communities (functional
groups, productivity), and 6) natural disturbance regime (fire, herbivory, etc.) (Caudle et al.
2013). Biotic factors that influence resilience include site productivity, species composition and
structure, and population regulation and regeneration (Chambers et al. 2013).

Major Land Resource Area 29 (MLRA 29) spans across Nevada where the Great Basin and
Mojave deserts converge. As the transition zone between the two deserts, this area hosts an
interesting climate pattern and suite of vegetation. The majority of annual precipitation is
received during late fall and winter. However, monsoonal weather patterns also affect this
area, especially in eastern Nevada, when strong convection storms contribute significantly to
annual precipitation. Moisture and soil temperature regime differences, along with
precipitation timing and amount, result in a mix of warm-season and cool-season species
(Beatley 1975, Comstock and Ehleringer 1992). Winter precipitation and slow melting of snow
at higher elevations combined with lower temperatures results in deep percolation of moisture
into the soil profile. Cool-season species take advantage of this soil moisture in early spring and
initiate growth before warm-season species. Conversely, summer precipitation combined with
higher temperatures results in much less soil moisture recharge due to evapotranspiration
(Comstock and Ehleringer 1992). Warm-season species are uniquely adapted to these summer
precipitation events and are able to respond with renewed growth when many cool-season
species are dormant (Everett et al. 1980).

Periodic drought regularly influences these ecosystems and drought duration and severity has
increased throughout the 20t century in much of the Intermountain West (Miller et al. 2008a).
Major shifts away from historical precipitation patterns have the greatest potential to alter
ecosystem function and productivity. Species composition and productivity can be altered by
the timing of precipitation and water availability within the soil profile (Bates et al. 2006).

The ecological sites in this DRG are dominated by deep-rooted, cool-season perennial
bunchgrasses and drought tolerant shrubs with high root to shoot ratios. Native bunchgrasses
generally have somewhat shallower root systems than the shrubs, but root densities are often
as high as or higher than those of the shrubs in the upper 0.5 m (1.6 ft) of the soil profile.
General differences in root depth distributions between grasses and shrubs results in resource
partitioning in these shrub — grass systems. Although not dominant, warm-season grasses occur
on all sites.
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Shadscale, the dominant shrub in this group, is a densely clumped, rounded, compact native
shrub. It generally attains heights of 8 to 32 in. and widths of 12 to 68 in. (Blaisdell and
Holmgren 1984). Shadscale, a short-lived species, is considered an evergreen to partially
deciduous shrub, since a small percentage of leaves are dropped in the winter (Smith and Nobel
1986, Harper et al. 1990). Shadscale possesses wider ecological amplitude than most Atriplex
species (Crofts and Epps 1975), and shows ploidy levels from diploid (2x) to decaploid (10x). The
extensive polyploidy of shadscale is an important consideration when implementing
revegetation projects because ploidy levels are usually associated with distinct habitats
(Sanderson et al. 1990). Diploid individuals are unlikely to perform as well in areas where
tetraploids are more common. Diploid individuals generally occur above Pleistocene lake levels,
whereas lake floors are usually occupied by autotetraploids. Overall, tetraploids are the most
widespread throughout its range (Carlson 1984). Thus, the diploid most associated with these
sites are a tetraploid.

Shadscale roots to the full depth of the winter-spring soil moisture recharge, which Fernandez
and Caldwell (1975) reported as between 80 and 110 cm (31.5 in. to 43.3 in.). This species
initiates root growth, in early April, a few days to a week prior to aerial plant parts and exhibits
active root growth for several weeks after termination of shoot growth (Fernandez and
Caldwell 1975). Continued root growth, even for established plants that are not exploring new
areas of the soil, facilitates water absorption particularly in low soil moisture conditions
(Gardner 1960). Fernandez and Caldwell (1975) concluded that the ability of shadscale to
explore the soil volume at greater depths with a more profuse system of small branching lateral
roots than winterfat or sagebrush (Artemisia tridentata ssp. wyomingensis) may play a role in
its ability to remain photosynthetically active longer into the summer season. Although
shadscale exhibits the ability to withstand drought conditions on a short-term basis, the forty
year photographic record (1951-1990) from the Raft River Valley of south-central Idaho visually
demonstrates the impact of multiple years of drought on shadscale communities (Sharp et al.
1990). Scale insects have also been implicated in the death of shadscale (Sharp et al. 1990),
however, the data on this subject remains inconclusive (Nelson et al. 1990a). Interestingly,
periods of above normal springtime precipitation are also linked to shadscale die-off. (Nelson et
al. 1990a) investigated areas of severe shadscale die-off that were, for the most part, located in
low areas in valley bottoms or upland depressions that apparently incurred prolonged high soil
moisture during a wet period. The high soil moisture appeared to be correlated with increased
pythiaceous fungi leading to rootlet mortality and plant stress (Nelson et al. 1990a). The
authors suggest that depending on the degree and duration of plant stress, injury could range
from a sustained disease to rapid death. However, mass die-offs in shadscale stands have been
witnessed to bounce back presumably through a persistent seed bank (Sharp et al. 1990, Meyer
et al. 1998, Haubensak et al. 2009).

Bud sagebrush, a common shrub in this group, is a native, summer-deciduous shrub. It is low
growing, spinescent and aromatic in nature with a height of 4 to 10 in. and a spread of 8 to 12
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in. (Stubbendieck et al. 2017). Chambers and Norton (1993) found that the species does not
break dormancy until fall precipitation penetrates the soil and reaches its deep, spreading root
structure at 9.8 to 11.8 in. It will then produce new leaves, but not elongate its stems until
spring and go dormant by early summer (Wood and Brotherson 1986). The bud sagebrush root
system is able to penetrate deeper into the soil and branch out significantly more than
shadscale (Chambers and Norton 1993). This allows the shrub to compete for valuable
resources.

Bailey’s greasewood is a small, densely spined, deciduous shrub that can grow up to 0.5 m (1.6
ft) tall. They grow on mounds of accumulated sand and silt. Unlike black greasewood, it is
reliant on precipitation for moisture which is not abundant in their environment. In response to
drought, it conserves energy by delaying flowering—and sometimes leaf emergence—for years
at a time (Young and Clements 2006). It has been commonly found coexisting with shadscale in
areas slightly south of cheatgrass (Bromus tectorum) zones. It is resilient against fire and is able
to resprout after damage (Monsen and Kitchen 1994).

White bursage, a deciduous shrub commonly found in arroyos, bajadas, gentle slopes, valley
floors, and sand dunes. White bursage can grow up to 23 in. tall with stiff branches and a
hemispherical crown (Fonteyn and Mahall 1981). Roots grow and extend to a depth of 28 in.
(Fonteyn and Mahall 1981). Vasek (1979) notes white bursage colonizes in large open spaces
because of the large-scale seeding establishment. White bursage flowers around May and
germination usually occurs during September (Beatley 1974).

Anderson wolfberry (Lycium andersonii) is a drought-deciduous, spiny, rounded and many
branched shrub typically found on sandy or gravelly ashes, sandy or alkali flats, mesas and
slopes from 1,500 to 6,000 ft in elevation throughout the southwestern United States (Tesky
1992). It possesses a relatively extensive, tough and fibrous root system extending 25 to 30 ft
from the plant and enabling it to reach heights of 1 to 9 ft (Tesky 1992). Wolfberry is
characterized by its spiny light-barked twigs that harbor fleshy red berries and thick, fleshy and
flattened leaves. Germination either occurs late in the year following summer rains as a result
of seed dispersal after ingestion by small mammals or through root sprouting from broken
roots (Tesky 1992).

Indian ricegrass, the dominant understory species of this group, is a long-lived, cool-season
perennial bunchgrass that grows from 4 to 24 in. in height (Blaisdell and Holmgren 1984).
Primarily adapted to coarse textured soils, its deep, fibrous root system makes Indian ricegrass
one of the most drought-tolerant native species (Booth et al. 1980). Unlike other cool-season
species, Indian ricegrass does not require vernalization (exposure to cold) in order to produce
flowers and flowering can continue into late fall with favorable environmental conditions. This
allows the seeds in each panicle to ripen over a longer period of time than most other species
thus providing a greater opportunity for successful seed production (Jones 1990).
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Galleta is a mat-forming, rhizomatous, native grass that is 11 to 19 in. tall (Stubbendieck et al.
2003). This warm-season, perennial species is more water efficient than its cool-season
counterparts. This allows galleta grass to survive in low precipitation zones where a significant
portion of rainfall occurs during summer months (Banner et al. 2011). Everett et al. (1980)
found that galleta grass initiated more than one phenological cycle with the presence of
summer precipitation, allowing the species to grow and set seed more than once. This plant is
typical of southern Nevada and the transition zone between the Great Basin and the Mojave
Desert. It is most common on fine-textured soils (Stubbendieck et al. 2003).

The ecological sites in this DRG have low to moderate resilience to disturbance and resistance
to invasion. Increased resilience increases with elevation, aspect, increased precipitation and
increased nutrient availability. Five possible stable states have been identified for this DRG.

Annual Invasive Species:

The invasibility of plant communities is often linked to resource availability. Disturbance can
decrease resource uptake due to damage or mortality of the native species and depressed
competition or can increase resource pools by the decomposition of dead plant material
following disturbance. Historically, shadscale dominant salt-desert shrub communities were
free of exotic invaders; however, excessive grazing pressure during settlement and into the
20th century has increased the overall presence of cheatgrass, halogeton (Halogeton
glomeratus), Russian thistle (Salsola spp.) and weedy mustard species (Brassicaceae family)
(Peters and Bunting 1994). The presence of non-native annual plants within these ecosystems
decreases ecosystem resilience and resistance to disturbance through competition for limited
resources.

The species most likely to invade the ecological sites in this DRG is cheatgrass. Cheatgrass is a
cool-season annual grass that maintains an advantage over native plants, in part, because it is a
prolific seed producer, can germinate in the autumn or spring, tolerates grazing, and increases
with frequent fire (Klemmedson and Smith 1964, Miller et al. 1999). Cheatgrass originated from
Eurasia and was first reported in North America in the late 1800s (Furbush 1953, Mack and Pyke
1983). Bradley et al. (2018) found that cheatgrass has expanded to greater than 15% cover over
210,000 km? (130,488 mi?), roughly 31% of the Intermountain West. In the Great Basin,
cheatgrass is expanding at a rate of expansion of 3,700 km? (2,300 mi?) annually and is a land
management issue that will require creative solutions (Smith et al. 2022). Mapping potential or
current invasion vectors is a management method designed to increase the cost-effectiveness
of control methods. Recent modeling and empirical work by Lauenroth and Bradford (2006)
suggest that seasonal patterns of precipitation input and temperature are also key factors
determining regional variation in the growth, seed production, and spread of invasive annual
grasses. The phenomenon of cheatgrass “die-off” provides opportunities for restoration of
perennial native species (Baughman et al. 2016, Baughman et al. 2017). The causes of these
events are not fully understood, but there is ongoing work to try to predict where they occur, in
the hopes of aiding conservation planning (Weisberg et al. 2017, Brehm 2019).
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Halogeton is a non-competitive plant that tends to invade areas that are susceptible to
repeated disturbance such as; livestock trails, roadsides, trampled areas near watering holes or
corrals and rangeland areas stripped of the natural vegetation by excessive grazing or other soil
disturbing activities (Young 2002). It was first introduced into the western U.S. during the 20t
century with the first collection being made near Wells, Nevada in 1934. Halogeton is highly
toxic to sheep and has been responsible for thousands of sheep deaths throughout the western
U.S., which triggered a massive effort to eradicate the introduced species in the late 1900s
(Young 2002). Halogeton has two distinct seed forms; a black form which consists of the achene
only and a brown form which consists of the achene and attached sepals (Tisdale and Zappetini
1953, Robocker et al. 1969). The black form of halogeton seed germinate readily under a wide
range of pH and salt concentrations within the first year. The brown form of seed was found to
be 100% viable at the end of two years and 15% viable at the end of 10 years, proving that
halogeton seed may remain viable in the soil for up to 10 years (Robocker et al. 1969).
Eradication of this species is problematic, therefore, appropriate range management practices
focused on soil and rangeland integrity are necessary to control the species.

Fire Ecology:

The lack of continuous fuels to carry fires made fire rare to nonexistent in shadscale
communities (Young and Tipton 1990), thus it is not surprising that shadscale and bud
sagebrush are both fire intolerant (Banner 1992, West 1994). Shadscale does not readily
recover from fire, except for establishment through seed (West 1994). The slow
reestablishment allows for easy invasion by halogeton, cheatgrass and other non-native weedy
species (Sanderson et al. 1990). The increased presence of exotic annual grasses has greatly
altered fire regimes in areas of the Intermountain West where shadscale is a major vegetation
component. Exotic annuals increase fire frequency under wet to near-normal summer moisture
conditions and repeated, frequent fire has converted large expanses of shadscale rangeland to
annual non-native plant communities (Knapp 1998). However, the shadscale communities in
MLRA 29, to-date, have not experienced a reduced fire-return interval nor do they exhibit a
conversion to annual grass dominance. However, the shadscale communities located in
northern Nevada exhibit conversion to annual grass dominance following fire, suggesting the
potential exists for the expansion of non-native annual species in the shadscale communities of
MLRA 29.

The effect of fire on bunchgrasses relates to culm density, culm-leaf morphology, and the size
of the plant. The condition of bunchgrasses within the site along with seasonality and intensity
of the fire all factor into the individual species' response. Thus, fire mortality is correlated to
duration and intensity of heat which is related to culm density, culm-leaf morphology, size of
plant, and abundance of old growth (Wright 1971, Young 1983). Boyd et al. (2015) found soil
color and depth of burn to be accurate predictors of bunchgrass mortality in post-fire
landscapes. They also found that bunchgrasses in close proximity of shrubs had up to a five-fold
higher mortality than bunchgrasses located in the interspaces (Boyd et al. 2015).
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Indian ricegrass is fairly fire tolerant (Wright 1985), which is likely due to its low culm density
and below-ground growing points. Vallentine (1989) cites several studies in the sagebrush zone
that classified Indian ricegrass as being slightly damaged from late summer burning. Indian
ricegrass has also been found to reestablish on burned sites through seeds dispersed from
adjacent unburned areas (Young 1983, West 1994). Thus, the presence of surviving, seed-
producing plants facilitates the reestablishment of Indian ricegrass. Grazing management
following fire to promote seed production and establishment of seedlings is important. When
properly managed, Indian ricegrass can be a key factor in a community recovering from
disturbance because it can grow in rough, rocky, coarse, and otherwise unproductive soils
(Booth et al. 1980).

Galleta grass, a significant component of these ecological sites, has been found to increase
following fire likely due to its rhizomatous root structure and ability to resprout (Jameson
1962). This sod-forming grass species may retard reestablishment of deeper-rooted
bunchgrasses. Fire in this community, although rare, will significantly reduce shadscale, bud
sagebrush and winterfat while promoting establishment of an annual weed community with
varying amounts of galleta, spiny hopsage (Grayia spinosa), ephedra (Ephedra spp.) and
rabbitbrush (Chrysothamnus spp.).

Like many long-lived desert perennials, Anderson wolfberry (Lycium andersonii) isn’t strongly
adapted to fire. Wolfberry’s ability to sprout after a fire depends on the fire’s severity: with
high-severity fire reducing most plants to ash with very high levels of mortality while moderate
or low severity fires allowing intermittent sprouting to occur after disturbance (Tesky 1992).
However, even with this possibility to may take many years to reach pre-burn densities on
disturbed sites (Tesky 1992).

Rehabilitation on these sites following fire will have limited success as evidenced in similar
communities in the West. Observations from one hundred and seven separate plantings within
the shadscale zone in Utah and Nevada indicate a very low success rate (Bleak and Frischknecht
1965). Seed from 148 native and non-native grasses, forbs and shrubs were planted from 1937
to 1962 across 10 locations. Good seedling stands were obtained with introduced
wheatgrasses, but most perished during the first summer. A few plantings of crested
wheatgrass (Agropyron cristatum), fairway and Siberian wheatgrass (Agropyron fragile) along
with Russian wildrye (Psathyrostachys juncea) maintained stands for 10 or more years but
eventually declined to a very few plants (Bleak and Frischknecht 1965). The primary cause of
seeding failures appeared to be the arid climate.

Livestock/Wildlife Grazing Interpretations:

Traditionally, shadscale plant communities provided good winter forage for the expanding
sheep and cattle industry in the arid west. Shadscale is a valuable browse species for a wide
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variety of wildlife and livestock (Blaisdell and Holmgren 1984). The spinescent growth habit of
shadscale lends to its browsing tolerance with no more than 15 to 20% utilization by sheep
being reported (Blaisdell and Holmgren 1984) and significantly less utilization by cattle.
Increased presence of shadscale within grazed versus ungrazed areas is generally a result of the
decreased competition from more heavily browsed associates (Cibils et al. 1998). Reduced
competition from more palatable species in heavily grazed areas may increase shadscale
germination and establishment. Chambers and Norton (1993) found shadscale establishment
higher under spring than winter browsing as well as heavy compared to light browsing. During
years of below average precipitation, shadscale has been found to be very susceptible to
grazing pressure regardless of season (Chambers and Norton 1993). Following fire, grazing
exclusion for two or more years is beneficial for revegetation of shadscale communities as first
year shadscale seedlings lack spines and are highly susceptible to browsing. Spines develop in
the second year (Zielinski 1994).

Bud sagebrush is also a palatable, nutritious forage for upland game birds, small game, big
game and domestic sheep in winter, particularly late winter (Johnson 1978); however it can be
poisonous or fatal to calves when eaten in quantity (Stubbendieck et al. 1992). Bud sagebrush is
highly susceptible to effects of browsing. It decreases under browsing due to year-long
palatability of its buds and is particularly susceptible to browsing in the spring when it is
physiologically most active (Harper et al. 1990, Chambers and Norton 1993). Heavy browsing
(>50%) may kill bud sagebrush rapidly (Wood and Brotherson 1986). Winterfat, a highly
nutritious winter feed, shows similar results to bud sagebrush with significant declines in
density with late winter or early spring grazing (Harper et al. 1990). Interestingly, the same 54-
year study also showed winterfat density decreasing in the ungrazed plots.

Anderson wolfberry plays a minor role as a browse species due to its fair to low palatability,
resulting it in being used as forage by livestock and feral burros, only when more desirable
species are unavailable (Tesky 1992). Its red berries provide a small percentage of the diet for
some birds and small mammals that it uses for seed distribution (Tesky 1992).

Indian ricegrass is a preferred forage species for livestock and wildlife and cures well, providing
nutritious winter feed (Cook 1962, Booth et al. 1980). It is also readily utilized in early spring,
being a source of green feed before most other perennial grasses have produced new growth
(Quinones 1981). Booth et al. (1980) note that the plant does well when utilized in winter and
spring. In eastern Idaho, productivity of Indian ricegrass was at least 10 times greater in
undisturbed plots than in heavily (60% utilization) grazed ones (Pearson 1965). Cook and Child
(1971) found significant reduction in crown cover, plant vigor and herbage yield of Indian
ricegrass when the species was utilized at 90% during any season. However, they found no
reductions at 30% utilization during any season and no reductions at 60% utilization during
winter and early spring grazing (Cook and Child 1971). The seed crop may be reduced where
grazing is heavy (Bich et al. 1995). Tolerance to grazing increases after May, thus spring
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deferment may be necessary for stand enhancement (Pearson 1964, Cook and Child 1971);
however, utilization of less than 60% is recommended. In summary, adaptive management is
required to manage this bunchgrass well.

Galleta is a highly palatable forage species for cattle, sheep, deer (Odocoileus spp.), antelope
(Antilocapra americana), and horses during late spring and summer while it is green
(Stubbendieck et al. 2017). Due to its rhizomatous characteristics, galleta grass is particularly
tolerant of heavy grazing and trampling (Pratt et al. 2002). This species will also initiate more
than one phenological cycle if summer precipitation is present (Everett et al. 1980), allowing
galleta to grow and propagate after defoliation.

Thus, overgrazing causes a decrease in Indian ricegrass along with bud sagebrush, while
shadscale may initially increase. Spring grazing, year after year, can be detrimental to bud
sagebrush and bunchgrasses. Continued abusive grazing leads to increased bare ground and
invasion by annual weeds (e.g., cheatgrass, halogeton, and tansy mustard). Shadscale may
become dominant with an annual understory. With further deterioration, shadscale declines,
bare ground increases, soil redistribution accelerates and site productivity decreases. On some
soils, erosion can result in increased surface salts and development of desert pavement.
Reestablishment of perennials is limited in areas of extensive desert pavement.

State and Transition Model Narrative for Group 1:

This is a text description of the states, phases, transitions, and community pathways possible in
the modal ecological site State and Transition model for the MLRA 29 Disturbance Response
Group 1.

Reference State 1.0:

The Reference State 1.0 is a representative of the natural range of variability under pristine
conditions. State dynamics are maintained by interactions between climatic patterns and
disturbance regimes. Negative feedbacks enhance ecosystem resilience and contribute to the
stability of the state. These include the presence of all structural and functional groups, low fine
fuel loads, and retention of organic matter and nutrients. Plant community changes would be
reflected in production response to long-term drought. Wet years will increase grass
production, while drought years will reduce production. Shadscale is highly sensitive to
drought, and will experience significant mortality during extended droughts; however, extreme
growing season wet periods have also been shown to cause shadscale death.

Community Phase 1.1:

This community is dominated by shadscale and Indian ricegrass. Galleta and bottlebrush
squirreltail are minor components along with bud sagebrush and winterfat. Potential
vegetative composition by air-dry weight is 45% grasses, 5% forbs and 50% shrubs.
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Approximate ground cover (basal and crown) is 15 to 25%. Total annual air-dry
production ranges from 200 to 700 Ib/ac.

Community phase changes are primarily a function of drought, insects and/or disease.
Drought will favor all shrubs except shadscale over perennial bunchgrasses. However,
long-term drought will result in an overall decline in plant community production,
regardless of functional group. Extreme growing season wet periods may also reduce
the shadscale component. Fire is very infrequent to non-existent.

Community Phase Pathway 1.1a, from Phase 1.1 to 1.2:

Long-term drought or an unusually wet spring which encourages the growth of a
pythiaceous fungi, reduces the shadscale community. Drought and/or insect infestation
will favor all shrubs except shadscale over perennial bunchgrasses, however, shadscale
death allows for the reallocation of onsite resources to the remaining bunchgrasses and
shrubs.

Community Phase 1.2:

Shadscale has been reduced in the community. Bud sagebrush, winterfat, and other
shrubs dominate the overstory while perennial bunchgrasses dominate the understory
with less competition from the shadscale community.

Community Phase Pathway 1.2a, from Phase 1.2 to 1.1:
Release from drought, insect infestation or disease will allow shadscale to reestablish
from seed into the system.

T1A: Transition from Reference State 1.0 to Current Potential State 2.0:

Trigger: This transition is caused by the introduction of non-native annual plants, such as
halogeton, Russian thistle, mustards and cheatgrass.

Slow variables: Over time the annual non-native species will increase within the community.

Threshold: Any amount of introduced non-native species causes an immediate decrease in the
resilience of the site. Annual non-native species cannot be easily removed from the system and
have the potential to significantly alter disturbance regimes from their historic range of
variation.

Current Potential State 2.0:

The Current Potential State 2.0 is similar to the Reference State 1.0 with the addition of a shrub
dominated community phase in which deep-rooted perennial bunchgrasses have been reduced.
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Ecological function has not changed; however, the resiliency of the state has been reduced by
the presence of invasive weeds. Non-natives may increase in abundance but will not become
dominant within this State. Negative feedbacks enhance ecosystem resilience and contribute to
the stability of the state. These feedbacks include the presence of all structural and functional
groups, low fine fuel loads, and retention of organic matter and nutrients. Positive feedbacks
decrease ecosystem resilience and stability of the state. These include the non-natives’ high
seed output, persistent seed bank, rapid growth rate, ability to cross pollinate, and adaptations
for seed dispersal.

Community Phase 2.1:

This community is compositionally similar to the Reference State Community Phase 1.1
with the presence of non-native species in trace amounts. This community is dominated
by shadscale and Indian ricegrass. Galleta, bottlebrush squirreltail, bud sagebrush and
winterfat are also important species on this site. Community phase changes are
primarily a function of chronic drought or extreme wet periods. Fire is infrequent and
patchy due to low fuel loads.
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Loamy Slope 3-5" P.Z. (R029XY033NV), Current Potential 2.1, T. Stringham, May 2021

Community Phase Pathway 2.1a, from Phase 2.1 to 2.2:

Long-term drought or an unusually wet spring makes shadscale more susceptible to
insects and disease, reducing the shadscale community (Schultz and Ostler 1995; Weber
et al. 1990). Drought will favor all shrubs except shadscale over perennial bunchgrasses,
however, shadscale death allows for the reallocation of onsite resources to the
remaining bunchgrasses and shrubs.

Community Phase Pathway 2.1b, from Phase 2.1 to 2.3:
Inappropriate grazing management causes a decline in the deep-rooted perennial
bunchgrass community.

Community Phase 2.2:

Shadscale has been reduced in the community. Bud sagebrush, winterfat, and other
shrubs dominate the overstory while perennial bunchgrasses dominate the understory
with less competition from the shadscale community. Annual non-native species are
present.

Community Phase Pathway 2.2a, from Phase 2.2 to 2.1:
Release from drought will allow shadscale to reestablish from the seed bank.

Community Phase Pathway 2.2b, from Phase 2.2 to 2.3:

Release from drought combined with inappropriate grazing management will
significantly reduce deep-rooted perennial bunchgrasses, winterfat and bud sagebrush
in favor of shadscale, rabbitbrush, and galleta.

Community Phase 2.3 (At Risk):
Shadscale and other unpalatable shrubs such as rabbitbrush dominate the overstory
while deep-rooted perennial bunchgrasses, winterfat, and bud sagebrush are reduced
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from inappropriate grazing during the growing season. Galleta may increase due to its
rhizomatous growth habit. Annual non-native species may be stable or increasing due to
a lack of completion with deep-rooted perennial bunchgrasses. Bare ground may be
significant. This community is at risk of crossing a threshold to either Shrub State 3.0 or
Annual State 4.0.

Loamy 5-8" P.Z. (RO29XY017NV), Current Potential 2.3, T. Stringham, June 2021

Community Phase Pathway 2.3a, from Phase 2.3 to 2.2:

Release from inappropriate grazing management allows for bud sagebrush, winterfat
and deep-rooted perennial grasses to increase. An unusually wet growing season may
also reduce shadscale allowing other desirable species to increase.

T2A: Transition from Current Potential State 2.0 to Shrub State 3.0:

Trigger: Long-term inappropriate grazing and/or long-term drought will decrease or eliminate
deep-rooted perennial bunchgrasses and favor shrub growth and establishment.

Slow variables: Long term decrease in deep-rooted perennial grass density.

Threshold: Loss of deep-rooted perennial bunchgrasses changes nutrient cycling, nutrient
redistribution, and reduces soil organic matter.

T2B: Transition from Current Potential State 2.0 to Annual State 4.0:
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Trigger: Long-term inappropriate grazing management including wild horse and burro use. An
unusually wet spring may also facilitate the increased germination and production of exotic
annual species leading to their dominance within the community.

Slow variables: Increased production and cover of non-native annual species.

Threshold: Loss of deep-rooted perennial bunchgrasses and shrubs truncates, spatially and
temporally, nutrient capture and cycling within the community.

Shrub State 3.0:

The Shrub State 3.0 has two community phases. This state has crossed a biotic threshold where
deep-rooted perennial bunchgrasses have been removed from the system and site resources
are being controlled by shrubs. Shrub cover exceeds the site concept and may be decadent,
reflecting stand maturity and lack of seedling establishment due to competition with mature
plants. The shrub overstory dominates site resources such that soil water, nutrient capture,

nutrient cycling and soil organic matter are temporally and spatially redistributed. Bare ground
has increased.

Community Phase 3.1 (At-Risk):

Shadscale, bud sagebrush and/or winterfat dominate the overstory. Deep-rooted
perennial bunchgrasses may be present in trace amounts or absent from the
community, however, galleta may be the dominant understory grass species. Annual
non-native species have increased and bare ground is significant.

Loamy 5-8 .. (2X01), Shrub S , .r|haMay 2021
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Gravelly Loam 5-8" P.Z. (R029XY087N), Shrub State 3.1, D. Snyder, September 2020

Community Phase Pathway 3.1a, from Phase 3.1 to 3.2:

Inappropriate or excessive grazing, including wild horse and burros, reduces shadscale,
bud sagebrush and/or winterfat cover and allows for sprouting shrubs to dominate the
overstory. Brush treatments (not observed) with minimal soil disturbance could also
facilitate this community phase pathway. Although brush treatments were not observed
for these ecological sites, brush treatments were observed in MLRA 28B at similar sites.

Community Phase 3.2 (At Risk):

Rabbitbrush dominates the overstory. Annual non-native species may be increasing and
bare ground is significant. Desirable species such as Indian ricegrass and/or shadscale
may be present in trace amounts. This site is at risk for an increase in invasive annual
weeds. This community phase is at risk of transitioning to an Annual State 4.0 or an
Abiotic State 5.0.
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Loamy 5-8" P.Z. (R029XY017NV), Shrub State 3.2, T. Stringham, June 2020

Community Phase Pathway 3.2a, from Phase 3.2 to 3.1:

Time and lack of disturbance and/or grazing, including wild horse and burro,
management that favors the reestablishment and growth of shadscale and/or other
non-sprouting shrubs.

T3A: Transition from Shrub State 3.0 to Annual State 4.0:

Trigger: Long-term inappropriate grazing, including wild horse and burros, an unusually wet
spring, and/or long-term, chronic drought.

Slow variables: Increased production and cover of non-native annual species.

Threshold: Changes in plant community composition and spatial variability of vegetation due to
the loss of perennial bunchgrasses and shrubs truncate energy capture spatially and temporally
thus impacting nutrient cycling and distribution.

T3B: Transition from Shrub State 3.0 to Abiotic State 5.0:

Trigger: Long-term, inappropriate grazing and/or wild horse and burro management, severe
drought and/or soil disturbing activities combined with significant soil loss and redistribution.

Slow variables: Long-term decrease in density of native, perennial vegetation combined with
soil movement and loss.

Threshold: Increased wind or water erosion resulting in soil loss preventing the establishment
of native perennials. Changes in plant community composition and spatial variability of
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vegetation due to the loss of perennial bunchgrasses and shrubs truncate energy capture
spatially and temporally thus impacting nutrient cycling and distribution.

Annual State 4.0:

This state has one community phase. In this state, a biotic threshold has been crossed and state
dynamics are driven by the dominance and persistence of the exotic annual species. Halogeton,
Russian thistle, tumble mustard and/or cheatgrass dominate the plant community. Bare ground
may be abundant and desirable, native vegetation is trace or missing.

Community Phase 4.1:

This community is dominated by annual non-native species. Halogeton most commonly
invades these sites. Trace amounts of shadscale and other desirable species may be
present, but are not contributing to overall site function. Bare ground may be abundant,
especially during low precipitation years.

=

Loamy 5-8" P.Z. (R029XY017NV), Annual State, T. Stringham, June 2023
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Loamy 5-8" P.Z. (RO29XYO17NV), Annual State At Risk of Abiotic, T. Stringham, June 2023

T4A: Transition from Annual State 4.0 to Abiotic State 5.0:

Trigger: Long-term, extremely inappropriate grazing and/or wild horse and burro management,
severe drought and/or soil disturbing activities combined with significant soil loss and
redistribution.

Slow variables: Long term decrease in density of native, perennial vegetation combined with
soil movement and loss.

Threshold: Increased wind or water erosion resulting in soil loss preventing the establishment
of native perennials. Changes in plant community composition and spatial variability of
vegetation due to the loss of perennial bunchgrasses and shrubs truncate energy capture
spatially and temporally thus impacting nutrient cycling and distribution.

Abiotic State 5.0:

This state consists of one community phase in which abiotic factors (i.e. wind or water erosion)
have dramatically altered the site. It is characterized by the loss of vegetative cover along with
the redistribution and loss of the soil surface. Feedbacks contributing to the stability of this
state include soil loss, nutrient loss, soil surface degradation and increased area, distribution
and connectivity between patches of bare soil.

Community Phase 5.1:

This community is the result of extreme soil loss and redistribution. The vegetative
cover is minimal, but is dominated by introduced non-native grasses and/or forbs. Trace
amounts of desirable species may be present and bare ground interspaces are large and
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connected. Site function is controlled by soil erosion, wind and soil temperature.
Rehabilitation of this community is unknown.

Loamy 5-8" P.Z. (R029X017NV), Abiotic State 5.1, T. Strinham, May 2021
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Potential Resilience Differences with Other Ecological Sites in this Group:

Loamy Slope 5-8" P.Z. R029XY022NV:

This site occurs on steeper slopes than the modal ecological site and the soils of this site are
shallow or very shallow to bedrock and well drained. Surface textures are typically very gravelly,
cobbly, or stony. Production is typically 225 Ib/ac during a normal year. This site is at risk of
forming desert pavement, however this site is not expected to develop an Abiotic State.

Gravelly Loam 5-8" P.Z. RO29XY087NV:

The site occurs on piedmont slopes and inset fans with typical slopes from 4 to 15%. The plant
community is dominated by Bailey’s greasewood and Indian ricegrass. Shadscale, bud
sagebrush and galleta are minor components. Production is typically 450 Ib/ac during a normal
year.

Loamy Slope 3-5" P.Z. R029XY0O33NV:

This site occurs on steeper slopes than the modal ecological site and the soils of this site are
shallow or very shallow to bedrock and well drained. Surface textures are typically very gravelly,
cobbly, or stony. Production is typically 50 Ib/ac during a normal year. This site also receives
less precipitation than the modal, making it less resilient to disturbances. An Abiotic State is not
expected.

Sodic Loam 3-5" P.Z. R029XY032NV:

This site occurs on summits and sideslopes of lower fan piedmonts with typical slopes from 4 to
15%. This plant community is dominated by shadscale and other shrubs in the reference state
and naturally does not carry as much grass as the modal ecological site. Production is typically
125 Ib/ac during a normal year. This site also receives less precipitation than the modal, making
it less resilient to disturbances. The Abiotic State is not expected.

Coarse Gravelly Loam 3-5" P.Z. R029XY039NV:

This site occurs on lower fan piedmonts with typical slopes from 2 to 8%. This plant community
is dominated by shadscale and other shrubs in the reference state and naturally does not carry
as much grass as the modal ecological site. Production is typically 350 Ib/ac during a normal
year. This site also receives less precipitation than the modal, making it less resilient to
disturbances. An Abiotic State is not expected.
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Shallow Silty 5-8" P.Z. RO29XYO59NV:

This site occurs on lake plains and lake plain terraces of basin floors. The plant community is
dominated by shadscale and other shrubs in the reference state and naturally does not carry as
much grass as the modal ecological site. This site is also occasionally flooded and is susceptible
to rills and gullies. Production is typically 375 Ib/ac during a normal year.

Loamy 3-5" P.Z. R029XY035NV:

This site occurs on alluvial flats of basin floors where slope gradients are flatter than the modal
ecological site and precipitation is lower. The reference plant community is dominated by a mix
of shrubs — shadscale, Shockley’s wolfberry, and bud sagebrush. This site naturally does not
carry as much grass as the modal ecological site. Production is typically 150 Ib/ac during a
normal year.

Stony Slope 5-8" P.Z. R029XY064NV:

This site occurs on summits and sideslopes of hills and lower mountains. The soils are shallow
to moderately deep and are formed in residuum from dolomitic limestone. The plant
community is dominated by shadscale, Bigelow’s sagebrush, ephedra, and desert needlegrass,
although the shrub component is variable due to the mosaic of rock outcrop and varying soil
depths. Production is approximately 700 Ib/ac in a normal year, but is less on shallower soils.
Most of the decrease in production on the shallower soils is because of a reduction in desert
needlegrass. An Abiotic State is not expected.
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Modal State and Transition Model for Group 1 in MLRA 29:

MLRA 29
Group 1
Loamy 5-8" P.Z.
R029XY017NV
Reference State 1.0
1.1 1.2
Shadscale and Indian ricegrass dominant | 1.1a—p| Shadscale minor component
Bud sagebrush and winterfat common Bud sagebrush, winterfat, and other shrubs
Galleta and bottlebrush squirreltail present in l€—1.2a— dominate the overstory
understory Perennial bunchgrasses dominate understory
Galleta present
T1A

|

Current Potential State 2.0

21
Shadscale and Indian ricegrass dominant
Bud sagebrush and winterfat common
Galleta and bottlebrush squirreltail present in

understory —2.2a
Annual non-native species present

——2.1a—|

22
Shadscale minor component
Bud sagebrush, winterfat, and other shrubs
dominate the overstory
Perennial bunchgrasses dominate understory
Galleta present
Annual non-native species present

2.3 (At Risk)

Galleta may increase

Bare ground significant

21b Shadscale and/or other unpalatable shrubs

dominant
Winterfat and bud sagebrush reduced

Perennial grasses minor component

Annual non-native species stable or increasing

—2.3a

T2A  T2B

Shrub State 3.0
3.1 (At Risk)

Shadscale, bud sagebrush, and/or winterfat
dominant

Galleta may be dominant understory grass
Annual non-native species present

Indian ricegrass trace or missing

T3A—>|

Annual State 4.0

4.1 (At Risk)
Annual non-native species dominate
Halogeton present
Shadscale and other shrubs trace or missing
Bare ground abundant

Interspaces are large and connected

| )

3.1a 3.2a

\

T4A

!

v |

3.2 (At Risk)
Rabbitbrush and other sprouting shrubs
dominate the overstory
Indian ricegrass trace to missing
Annual non-native species increasing
Interspaces are large, connected, and increasing

———T3B—

Abiotic State 5.0

51
Extreme soil loss and redistribution
Vegetative cover is minimal, but dominated by
non-native annual forbs and grasses
Trace amounts of desirable species
Bare ground interspaces large and connected
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MLRA 29
Group 1
Loamy 5-8" P.Z.
R029XY017NV

Reference State 1.0 Community Phase Pathways

1.1a: Prolonged drought or an unusually wet spring that promotes growth of a pythiaceous fungi reduces the shadscale community.
Drought favors other shrubs over shadscale and reallocates resources for bunchgrasses.

1.2a: Absence of drought, insect infestation, and/or disease.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community and favoring other shrubs and grasses.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Absence of inappropriate grazing management allows deep-rooted perennial grasses and palatable shrubs to re-establish and/or an
unusually wet spring reduces the shadscale community allowing for the reestablishment of desired species.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought will reduce
perennial bunchgrasses, favoring shrub growth.

Transition T2B: Long-term inappropriate grazing management and/or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways
3.1a: Long-term inappropriate grazing, brush treatments, or other disturbance reduces non-sprouting shrub community.
3.2a: Time and lack of disturbance that allows for shrub reestablishment.

Transition T3A: Long-term inappropriate grazing management, long-term, chronic drought, or an unusually wet spring.

Transition T3B: Long-term, inappropriate grazing management, severe drought, and/or unsuccessful soil disturbing treatments (drill
seeding, roller chopper, etc.) combined with significant soil loss and redistribution.

Transition T4A: Long-term, inappropriate grazing management, and/or severe drought, and/or unsuccessful sail disturbing treatments (drill
seeding, roller chopper, etc.) combined with significant soil loss and redistribution.
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Additional State and Transition Models for Group 1 in MLRA 29:

MLRA 29
Group 1
Loamy Slope 5-8" P.Z.
R029XY 022NV
Reference State 1.0 1o
1.1 Shadscale minor component
Shadscale and Indian ricegrass dominant 112> Bud sagebrush, winterfat, Bailey's greasewood,
Galleta and desert needlegrass may be present and other shrubs dominate the overstory
in understory 4¢—1.2a— Indian ricegrass dominates understory
Galleta and desert needlegrass may be present
T1A

i

Current Potential State 2.0
21 22
Shadscale and Indian ricegrass dominant ——2.1a—| Shadscale minor component
Galleta and desert needlegrass may be present Bud sagebrush, winterfat, Bailey’s greasewood
in understory < 2923 and other shrubs dominate the overstory
Annual non-native species present Indian ricegrass dominate understory
Annual non-native species present
Galleta and desert needlegrass may be present
Y
2.1b
2.3 (At Risk)
Shadscale and/or other shrubs dominant 29p
Indian ricegrass minor component 23—
»| Galleta may increase
Annual non-native species present <
Bare ground significant
Shrub State 3.0 T2A T2B |Annual State 4.0
3.1 (At Risk) 41
Sh:/dscatlrc]a, bur:i ssg%bru§h,tBa|Iey s greasewood Dominated by annual non-native species
anadjor other shrubs dominate P Halogeton is the most common annual invasive

Bunchgrass trace or missing

Galleta may be dominate understory grass
Annual non-native species increasing
Bare ground significant

3.La T

3.2a

' |

3.2 (At Risk)
Bailey’s greasewood and/or sprouting shrubs
dominate overstory
Perennial grass trace to missing
Annual non-native species increasing
Bare ground is significant and increasing

species
Shadscale and other shrubs trace or missing
T3IA— Bare ground abundant
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MLRA 29
Group 1
Loamy Slope 5-8" P.Z.
R029XY022NV

Reference State 1.0 Community Phase Pathways

1.1a: Prolonged drought or an unusually wet spring that promotes growth of a pythiaceous fungi reduces the shadscale community.
Drought favors other shrubs over shadscale and perennial bunchgrasses.

1.2a: Release from drought, insect infestation, and/or disease.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses and palatable shrubs to re-establish and/or
an unusually wet spring reduces the shadscale community allowing for the reestablishment of deep-rooted perennial bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought all reduce
perennial bunchgrasses, favoring shrub growth.

Transition T2B: Long-term inappropriate grazing management or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways
3.1a: Long-term inappropriate grazing and/or other disturbance reduces palatable and/or non-sprouting shrub community.
3.2a: Time and lack of disturbance that allows for non-sprouting shrub reestablishment.

Transition T3A: Long-term inappropriate grazing management, long-term, chronic drought, or an unusually wet spring.
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MLRA 29 Reference State 1.0

Group 1

Gravelly Loam 5-8" P.Z. 1

R0O29XY087NV Bailey’s greasewood,

T1A

Indian ricegrass dominate
Galleta is present in the understory

1.2
1 L 115 Shadscale minor component
shadscale, and ) Bailey’s greasewood, bud sagebrush, and
other shrubs dominate the overstory
—1.2a—

Indian ricegrass dominates understory
Galleta is present

)

Current Potential State 2.0

21
Bailey's greasewood, shadscale and
Indian ricegrass dominate
Galleta is present in the understory

——=2.1a—»

Shadscale minor component

Bailey’s greasewood, bud sagebrush and other
shrubs dominate the overstory

Indian ricegrass dominates understory

22

Annual non-native species present 225 Galleta is present
Annual non native species present
2.3 (At Risk)
21b Bailey’s Greasewood an_d/or other 23 22b
unpalatable shrubs dominate —<-oa
Indian ricegrass minor component
Galleta and/or sand dropseed increased
» Annual non-native species present <
Bare ground significant
Annual State 4.0
Shrub State 3.0 T2A 128
4.1 (At Risk)
3.1 (At Risk) Annual non-native species dominate
Bailey's Greasewood and/or other shrubs Bailey's greasewood and other shrubs trace or
dominate > missing
Galleta and/or sand dropseed dominate Perennial grass trace or missing
understory Bare ground abundant
Indian ricegrass trace or missing
Annual non-native species present ——T3A—>
Bare ground significant i
3 ‘1 a ? T4A
: 3.2a +
v | —
3.2 (At Risk) Abiotic State 5.0
Nevada ephedra and/or other sprouting shrubs 5.1
dominate overstory Extreme soil loss and redistribution
Galleta and/or sand dropseed present Vegetative cover is minimal, but dominated
Indian ricegrass trace or missing 3B » |bynon-native forbs and grasses
Annual non-native species increasing Trace amounts of desirable species
Bare ground is large, connected, and increasing Bare ground interspaces large and
connected

48



MLRA 29
Group 1
Gravelly Loam 5-8" P.Z.
R029XY087NV

Reference State 1.0 Community Phase Pathways
1.1a: Prolonged drought or unusually wet spring reduces the shadscale component.
1.2a: Release from drought, insect infestation, and/or disease.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
component. Bailey’s greasewood and other drought tolerant shrubs may increase.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet
spring reduces the shadscale component of the community allowing for the reestablishment of deep-rooted perennial bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought will reduce
bunchgrasses, favoring shrub growth.

Transition T2B: Long-term inappropriate grazing management and/or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways

3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces the palatable and/or non-sprouting shrub
community.

3.2a: Time and lack of disturbance that allows for shadscale reestablishment.

Transition T3A: Long-term inappropriate grazing management, long-term, chronic drought, or an unusually wet spring.

Transition T3B: Long-term, extremely inappropriate grazing management, and/or severe drought, and/or unsuccessful soil disturbing
treatments (drill seeding, roller chopper, etc.) combined with significant soil loss and redistribution.

Transition T4A: Long-term, inappropriate grazing management, and/or severe drought, and/or unsuccessful soil disturbing treatments (drill
seeding, roller chopper, etc.) combined with significant soil loss and redistribution.

49



11
Shadscale and Indian ricegrass dominate
Baileys greasewood, Nevada ephedra,
and other shrubs may be present

1.2
| 1.1a—»| Bailey’s greasewood and other shrubs
dominate
l¢—1.2a—| Shadscale minor component

Indian ricegrass dominates understory

MLRA 29 Reference State 1.0
Group 1
Loamy Slope 3-5" P.Z.
R029XY033NV
T1A

| !
3.1a 3.2
l i

Current Potential State 2.0 22
21 Bailey's greasewood and other shrubs
Shadscale and Indian ricegrass ——2.1a—» dominate
dominate Shadscale minor component
Bailey’s greasewood, Nevada ephedra, |¢ 224 | Indian ricegrass domlna_te understory
and other shrubs may be present Annual non-native species present
Annual non-native species present .
2.3 (At Risk) 29p
2.1b Shadscale and/or other shrubs dominate 23 '
Indian ricegrass minor component oa
»| Fluffgrass may be present
Annual non-native species present <
Bare ground significant
Shrub State 3.0 Annual State 4.0
3.1 (At Risk) T2A T2B
Shadscale and/or other shrubs dominate _ 4.1 _
Indian ricegrass trace or missing Annual non-native species dominate
Fluffgrass and galleta may be increasing | |Halogeton present
Annual non-native species present < Shadscale and other shrubs trace or missing
Bare ground is significant Bare ground abundant

T3A

3.2 (At Risk)
Bailey’s greasewood and/or sprouting shrubs
dominates overstory
Indian ricegrass trace to missing
Galleta and fluffgrass may be increasing
Annual non-native species increasing
Bare ground is significant
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MLRA 29
Group 1
Loamy Slope 3-5" P.Z.
R029XY033NV

Reference State 1.0 Community Phase Pathways
1.1a: Prolonged drought or unusually wet spring reduces the shadscale community.
1.2a: Release from drought.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet
spring reduces the shadscale community allowing facilitating an increase in shrubs and bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattie/horses/burros and/or long-term, chronic drought will reduce
bunchgrasses, favoring shrub growth.

Transition T2B: Long-term inappropriate grazing management or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways

3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces non-sprouting and/or palatable shrub community.
3.2a: Time and lack of disturbance that allows for reestablishment of palatable and/or non-sprouting shrubs.

Transition T3A: Long-term inappropriate grazing management, long-term chronic drought, or an unusually wet spring.
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MLRA 29

Group 1
Sodic Loam 3-5" P.Z.
R029XY032NV
Reference State 1.0
1.2
11 Bailey’s greasewood, wolfberry and/or other
Shadscale, wolfberry, and Bailey's 118> shrubs dominate
greasewood dominate Shadscale minor component
Indian ricegrass dominates understory l«—1.2a— Indian ricegrass dominates understory
Galleta present Galleta is present
T1A

l

Current Potential State 2.0

Shadscale, Bailey’s greasewood, wolfberry, and/ T2A T2B

22
2.1 Bailey’s greasewood, wolfberry and/or other
Shadscale, wolfberry, and Bailey’s | 2.1a—»| shrubs domln_ate
greasewood dominate Shadscale minor component
Indian ricegrass dominates understory  ¢—2.2a— Indian ricegrass dom|na_tes understory
Galleta present Annual non-native species present
Annual non-native species present Galleta is present
A
2.3 (At Risk)
2.1b Shadscale, Bailey’s greasewood, 2.2b
wolfberry, and/or other shrubs dominate 233
Indian ricegrass minor component
"| Galleta increases
Annual non-native species present <
Bare ground significant
Shrub State 3.0
3.1 (At Risk) Annual State 4.0

or other shrubs dominate

Indian ricegrass trace or missing
Galleta increases

Annual non-native species present < Ly
Bare ground significant

4.1 (At Risk)
Annual non-natives species dominate
Halogeton present
Shadscale and other shrubs are trace or missing
Bare ground abundant

3.1a T

i 3.2a
3.2 (At Risk)
Bailey's greasewood, wolfberry, and/or other

shrubs dominate overstory T3A
Shadscale minor component

Perennial grass trace to missing

Annual non-native species present

Bare ground is significant and increasing
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MLRA 29
Group 1
Sodic Loam 3-5" P.Z.
R029XY032NV

Reference State 1.0 Community Phase Pathways
1.1a: Prolonged drought or unusually wet spring reduces the shadscale community.
1.2a: Release from drought.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet
spring reduces the shadscale community allowing for the reestablishment of deep-rooted perennial bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought will reduce
bunchgrasses and palatable shrubs.

Transition T2B: Long-term inappropriate grazing management, or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways
3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces non-sprouting and/or palatable shrub community.
3.2a: Time and lack of disturbance that allows for reestablishment of palatable and/or non sprouting shrubs.

Transition T3A: Long-term inappropriate grazing management, long-term, chronic drought, or an unusually wet spring.
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MLRA 29
Group 1

Coarse Gravelly Loam 3-5" P.Z.

R029XY039NV

Reference State 1.0

1.1
dominate

presentin understory

Shadscale and Indian ricegrass

Galleta and other perennial grasses

T1A

1.2

Shadscale minor component

le—1.2a— Indian ricegrass dominates understory

Galleta is present

Bailey's greasewood, wolfberry, white bursage,
—1.1a—»{ and/or other shrubs dominate

l

Current Potential State 2.0

2.1
Shadscale and Indian ricegrass
dominate
Galleta and other perennial grasses
presentin understory
Annual non-native species present

——=2.1a—

—2.2a—

22
Bailey’s greasewood, wolfberry, white bursage,
and/or other shrubs dominate
Shadscale minor component
Indian ricegrass dominates understory
Galleta is present
Annual non-native species present

2.1b

2.3 (At Risk)

Shadscale and/or other shrubs dominate 2.2b
Indian ricegrass minor component 232
Galleta and/or fluffgrass increases

Annual non-native species present
Bare ground significant

Shrub State 3.0

3.1 (At Risk)
Shadscale and/or other shrubs dominate
Galleta and/or fluffgrass dominate understory
Annual non-native species present
Indian ricegrass trace or missing
Bare ground significant

T2A

3.‘1a T
v |

3.2 (At Risk)
White bursage, Bailey’s greasewood, and/or
wolfberry and other shrubs dominate overstory
Indian ricegrass trace to missing
Annual non-native species increasing
Bare ground is significant and increasing

2B Annual State 4.0

4.1
Annual non-native species dominate
Halogeton present

Bare ground abundant

Shadscale and other shrubs trace or missing

T3A
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MLRA 29
Group 1
Coarse Gravelly Loam 3-5" P.Z.
R029XYO039NV

Reference State 1.0 Community Phase Pathways

1.1a: Prolonged drought or an unusually wet spring that promotes growth of a pythiaceous fungi reduces the shadscale community.
Drought favors other shrubs over shadscale.

1.2a: Absence of drought, insect infestation, and/or disease.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Absence of inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet spring
reduces the shadscale community facilitating an increase in other shrubs and bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought will reduce
bunchgrasses, favoring shrub growth.

Transition T2B: Long-term inappropriate grazing management and/or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways
3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces non-sprouting shrub community.
3.2a: Time and lack of disturbance that allows for shrub reestablishment.

Transition T3A: Long-term inappropriate grazing management, long-term chronic drought, or an unusually wet spring.
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Shallow Silty 5-8" P.Z.

MLRA 29
Group 1

RO029XY059NV Reference State 1.0

1.2

present

11
Shadscale dominate; other shrubs may be

Indian ricegrass and/or bottlebrush

other shrubs increase

4—1.2a— dominates understory

| 1.1a—p| Fourwing saltbush, green molly kochia, and/or

Indian ricegrass and/or bottlebrush squirreltail

TlA squirreltail dominate understory Shadscale minor component
Current Potential State 2.0 2
2.1 Fourwing saltbush, green molly kochia, and/or
Shadscale dominate; other shrubs may [——2.1a—1 other shrubs increase ] )
be present Indian ricegrass and/or bottlebrush squirreltail
Indian ricegrass and/or bottlebrush dominates understory
; ; f +—2.2a Shadscale minor component
squirreltail dominate understory ’ po
Annual non-native species present Annual non-native species present
4
21b 2.3 (At Risk)
' Shadscale and/or other shrubs dominate 2.2b
Perennial grasses minor component —23a——
Annual non-native species present
Bare ground significant <

Shrub State 3.0

T2A  T2B

3.1 (At Risk)
Shadscale and/or other shrubs dominate
Perennial grass trace to missing
Bare ground significant
Annual non-native species present

T3A—

|

3.1a

v

!

3.2a

|

Annual State 4.0

4.1 (At Risk)
Annual non-native species dominates
Halogeton
Shadscale and other shrubs trace or missing
Bare ground abundant

dominates overstory

3.2 (At Risk)
Shadscale minor component
Fourwing saltbush and/or other sprouting shrubs

Perennial grass trace to missing
Annual non-native species increasing
Bare ground is significant and increasing

T3IB——»

T4A

v

Abiotic State 5.0

5.1
Extreme soil loss and redistribution
Vegetative cover is minimal, but dominated
by non-native annual forbs
Trace amounts of desirable species on site
Bare ground interspaces large and
connected; rills and gullies may be
significant
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MLRA 29
Group 1
Shallow Silty 5-8" P.Z.
R029XYO059NV

Reference State 1.0 Community Phase Pathways
1.1a: Prolonged drought or unusually wet spring reduces the shadscale community.
1.2a: Release from drought.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet
spring reduces the shadscale community allowing for the reestablishment of deep-rooted perennial bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought will reduce
bunchgrass and palatable shrubs.

Transition T2B: Long-term inappropriate grazing management, unsuccessful soil disturbing treatments (drill seeding, etc.), or an unusually

wet spring.

Shrub State 3.0 Community Phase Pathways

3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces non-sprouting and/or palatable shrub community.
3.2a: Time and lack of disturbance that allows for establishment of palatable and/or non-sprouting shrubs.

Transition T3A: Long-term inappropriate grazing management, long-term, chronic drought, or an unusually wet spring.

Transition T3B: Long-term, extremely inappropriate grazing management, severe drought, and/or extreme moisture event leading to gully

formation. Significant soil loss and redistribution.

Transition T4A: Long-term, extremely inappropriate grazing management, severe drought, and/or extreme moisture event leading to gully

formation. Significant soil loss and redistribution.
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11
Shadscale and Indian ricegrass dominate
Baileys greasewood, Nevada ephedra,
and other shrubs may be present

1.2
| 1.1a—»| Bailey’s greasewood and other shrubs
dominate
l¢—1.2a—| Shadscale minor component

Indian ricegrass dominates understory

MLRA 29 Reference State 1.0
Group 1
Loamy Slope 3-5" P.Z.
R029XY033NV
T1A

| !
3.1a 3.2
l i

Current Potential State 2.0 22
21 Bailey's greasewood and other shrubs
Shadscale and Indian ricegrass ——2.1a—» dominate
dominate Shadscale minor component
Bailey’s greasewood, Nevada ephedra, |¢ 224 | Indian ricegrass domlna_te understory
and other shrubs may be present Annual non-native species present
Annual non-native species present .
2.3 (At Risk) 29p
2.1b Shadscale and/or other shrubs dominate 23 '
Indian ricegrass minor component oa
»| Fluffgrass may be present
Annual non-native species present <
Bare ground significant
Shrub State 3.0 Annual State 4.0
3.1 (At Risk) T2A T2B
Shadscale and/or other shrubs dominate _ 4.1 _
Indian ricegrass trace or missing Annual non-native species dominate
Fluffgrass and galleta may be increasing | |Halogeton present
Annual non-native species present < Shadscale and other shrubs trace or missing
Bare ground is significant Bare ground abundant

T3A

3.2 (At Risk)
Bailey’s greasewood and/or sprouting shrubs
dominates overstory
Indian ricegrass trace to missing
Galleta and fluffgrass may be increasing
Annual non-native species increasing
Bare ground is significant
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MLRA 29
Group 1
Loamy 3-5" P.Z.
R029XY035NV

Reference State 1.0 Community Phase Pathways

1.1a: Prolonged drought or an unusually wet spring that promotes growth of a pythiaceous fungi reduces the shadscale community.
Drought favors other shrubs over shadscale and perennial bunchgrasses.

1.2a: Release from drought, insect infestation, and/or disease.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring makes shadscale more susceptible to insects and disease, reducing the shadscale
community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet
spring reduces the shadscale community facilitating an increase in shrubs and perennial grasses.

Transition T2A: Long-term inappropriate grazing management of cattle/horses/burros and/or long-term, chronic drought will reduce
bunchgrasses, favoring shrub growth.

Transition T2B: Long-term inappropriate grazing management or an unusually wet spring, increasing germination of invasive annual
species.

Shrub State 3.0 Community Phase Pathways
3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces non-sprouting and/or palatable shrub community.
3.2a: Time and lack of disturbance that allows for reestablishment of palatable and/or non-sprouting shrubs.

Transition T3A: Long-term inappropriate grazing management, long-term, chronic drought, or an unusually wet spring.

Transition T3B: Long-term, inappropriate grazing management, severe drought, and/or unsuccessful soil disturbing treatments (drill
seeding, roller chopper, etc.) combined with significant soil loss and redistribution.

Transition T4A: Long-term, inappropriate grazing management, severe drought, and/or unsuccessful soil disturbing treatments (drill
seeding, roller chopper, etc.) combined with significant soil loss and redistribution.
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MLRA 29

Group 1
Stony Slope 5-8" P.Z.
R029XY064NV Reference State 1.0
11 1.2

Bigelow’s sagebrush and shadscale —1.1a—> Bigelow’s sagebrush and/or other shrubs
dominate dominate

Desert needlegrass and other perennial [4—1.2a— ghadscale minor component

TIA bunchgrasses dominate understory Deep-rooted perennial bunchgrasses reduced

|

Current Potential State 2.0

22

2.1 . ,
Bigelow’s sagebrush and shadscale 2 12— Blge'low s sagebrush and/or other shrubs
dominate dominate
: Shadscale minor component
Desert needlegrass and other perennial g 5 94 .
bunchgrasses dominate understory Deep-rooted pe_rennlal t_)unchgrasses reduced
Annual non-native species present
2.1b
2.3 (At Risk) 2.2p

Shadscale and/or other shrubs dominate |2 33

Desert needlegrass and other deep-rooted

perennial grasses minor component <

Annual non-native species present

Shrub State 3.0 Annual State 4.0
T2A  T2B 4.1 (At Risk)

3.1 (At Risk)
Shadscale and/or other shrubs dominate
Indian ricegrass dominates understory
Annual non-native species present
Trace amounts of desirable species may be

present
3.1a T

3.2a

v ]

Globemallow and/or annual forbs dominate
Annual non-native species present
Shadscale and other shrubs trace or missing
Perennial grass trace or missing

Bare ground interspaces may be large and
connected

3.2 (At Risk)
Fourwing saltbush and/or other sprouting shrubs
dominate overstory
Perennial grass trace to missing
Annual non-native species present
Trace amounts of desirable species may be
present
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MLRA 29
Group 1
Stony Slope 5-8" P.Z.
R029XY064NV

Reference State 1.0 Community Phase Pathways
1.1a: Prolonged drought or unusually wet spring reduces the shadscale community.
1.2a: Release from drought.

Transition T1A: Introduction of non-native annual species such as halogeton, Russian thistle, cheatgrass and annual mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Prolonged drought or an unusually wet spring that reduces the shadscale community.

2.1b: Inappropriate grazing management reduces deep-rooted perennial bunchgrass community.

2.2a: Release from drought.

2.2b: Release from drought combined with inappropriate grazing management that reduces deep-rooted perennial bunchgrass
community.

2.3a: Release from inappropriate grazing management allows deep-rooted perennial grasses to re-establish and/or an unusually wet
spring reduces the shadscale community allowing for the reestablishment of deep-rooted perennial bunchgrasses.

Transition T2A: Long-term inappropriate grazing management of cattle or horses and/or long-term, chronic drought.

Transition T2B: Long-term inappropriate grazing management, unsuccessful sail disturbing treatments (drill seeding, roller chopper,
Lawson aerator etc.), or an unusually wet spring.

Shrub State 3.0 Community Phase Pathways
3.1a: Long-term inappropriate grazing, soil disturbance, or other disturbance reduces non-sprouting shrub community.
3.2a: Time and lack of disturbance that allows for shrub reestablishment.

Transition T3A: Long-term inappropriate grazing management, unsuccessful sail disturbing treatments (drill seeding, roller chopper,
Lawson aerator etc.), long-term, chronic drought, or an unusually wet spring.
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MLRA 29 Group 2: Alluvial soils with spiny menodora and Indian ricegrass

Description of MLRA 29 Disturbance Response Group 2

Disturbance Response Group (DRG) 2 consists of seven ecological sites. The precipitation ranges
from 5 to 10 in. Slopes range from 2 to 75% with 30% or less being typical. Elevation ranges
from 4,000 to about 6,500 ft. Annual production for a normal year can range from 125 to 450
Ib/ac. Soils are formed from various sources, including volcanic rock, siltstone, basalt, granite,
limestone, dolomite, and quartzite, sandstone and ignimbrite. These soils are typically salty and
calcareous or carbonatic and are often modified with high amounts of gravel, cobbles, or stones
on the surface and throughout the profile. The available water holding capacity ranges from
very low to high and is typically moderate. Soils are well-drained; runoff is slow to rapid and the
potential for sheet and rill erosion is low to moderate. The soil moisture regime is aridic and the
soil temperature regime is mesic. The potential native plant community for these sites varies
depending on precipitation, elevation, and landform. The reference plant communities are
dominated by spiny menodora (Menodora spinescens), shadscale saltbush (Atriplex
confertifolia), bud sagebrush (Picrothamnus desertorum), and Nevada jointfir or ephedra
(Ephedra nevadensis). The perennial grass community is dominated by Indian ricegrass
(Achnatherum hymenoides), galleta (Pleuraphis jamesii), and desert needlegrass (Achnatherum
speciosum). Other species important to these sites include globemallow (Sphaeralcea spp.) and
penstemon (Penstemon spp.).

Disturbance Response Group 2 Ecological Sites:

Cobbly Loam 5-8" P.Z. — Modal R0O29XY036NV
Cobbly Slope 5-8" P.Z. RO29XY037NV
Shallow Cobbly Loam 8-10" P.Z. RO29XY161NV
Granitic Cobbly Loam 8-10" P.Z. RO29XY107NV
Eroded Slope 8-10" P.Z. RO29XY162NV
Shallow Loam 5-8" P.Z. R0O29XYO74NV
Cobbly Loam 8-10" P.Z. R0O29XY038NV
Modal Site:

The Cobbly Loam 5-8" P.Z. ecological site is the modal site that represents this DRG, as it has
the most acres mapped. This site occurs on lower piedmont slopes and alluvial flats of basin
floors on all aspects. Slopes range from 2 to 30%, though slopes of 2 to 15% are most common.
Elevation ranges from 4,500 to 5,500 ft. Annual vegetation production is 300 Ib/ac in a normal
year, though it ranges from 100 lb/ac in an unfavorable year and up to 400 Ib/ac in a favorable
year. Approximate ground cover (basal and crown) cover is 4 to 12%. Soils are formed in mixed
alluvium from volcanic rock. Soil surfaces are stony or very cobbly, with loamy texture, and
subsoils may have a restrictive layer within the main rooting depths. Water intake rates and
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available water holding capacity are moderate. These soils are well drained, and runoff is
medium to slow. The shrub component on this site is primarily dominated by spiny menodora,
with other common shrubs including shadscale, Bailey’s greasewood (Sarcobatus baileyi),
Nevada ephedra, and bud sagebrush. The herbaceous component is dominated by Indian
ricegrass, with galleta as the sub-dominant grass. Bottlebrush squirreltail (Elymus elymoides)
and King’s desertgrass (Blepharidachne kingii) are present in minor amounts. A wide variety of
annual and perennial forbs may be present including globemallow, four o’clock (Mirabilis spp.),
princesplume (Stanleya spp.) and rockcress (Boechera spp.).

Ecological Dynamics and Disturbance Response:

An ecological site is the product of all the environmental factors responsible for its
development and it has a set of key characteristics that influence a site’s resilience to
disturbance and resistance to invasives. Key characteristics include 1) climate (precipitation,
temperature), 2) topography (aspect, slope, elevation, and landform), 3) hydrology (infiltration,
runoff), 4) soils (depth, texture, structure, organic matter), 5) plant communities (functional
groups, productivity), and 6) natural disturbance regime (fire, herbivory, etc.) (Caudle et al.
2013). Biotic factors that influence resilience include site productivity, species composition and
structure, and population regulation and regeneration (Chambers et al. 2013).

Major Land Resource Area 29 (MLRA 29) spans a unique area in Nevada where the Great Basin
and Mojave deserts converge. As the transition zone between the two deserts, this area hosts
an interesting climate pattern and suite of vegetation. The majority of annual precipitation is
received during late fall and winter. However, monsoonal weather patterns also affect this
area. Flashy, summer storm events contribute significantly to annual precipitation as well. Air
and soil temperature regime differences, along with precipitation timing and amount, result in
a mix of warm-season and cool-season species (Beatley 1975, Comstock and Ehleringer 1992).
Winter precipitation and slow melting of snow at higher elevations combined with lower
temperatures results in deep percolation of moisture into the soil profile. Cool-season species
take advantage of this soil moisture in early spring and initiate growth before warm-season
species. Conversely, summer precipitation combined with higher temperatures results in much
less soil moisture recharge due to evapotranspiration (Comstock and Ehleringer 1992). Warm-
season species are uniquely adapted to these summer precipitation events and are able to
respond with renewed growth when many cool-season species are dormant (Everett et al.
1980).

Periodic drought regularly influences these ecosystems and drought duration, and severity has
increased throughout the 20t century in much of the Intermountain West (Miller et al. 2008b).
Maijor shifts away from historical precipitation patterns have the greatest potential to alter
ecosystem function and productivity. Species composition and productivity can be altered by
the timing of precipitation and water availability within the soil profile (Bates et al. 2006).
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The shrub communities that dominate this DRG are characterized by high spatial and temporal
variability in precipitation, both over years and within growing seasons. Nutrient availability is
typically low but increases with elevation and closely follows moisture availability. The resource
supporting the greatest amount of plant growth is usually water stored in the soil profile during
the winter (Comstock and Ehleringer 1992). The invasibility of plant communities is often linked
to resource availability. Disturbance can increase resources for invasive species through native
species mortality or damage. Soil water and nutrient availability can increase with native
species mortality and decomposition further aiding invasive species establishment. The
introduction of annual non-native species, like cheatgrass (Bromus tectorum), may cause an
increase in fire frequency. Conversely, increased fire return intervals, driven by inappropriate
grazing management and fire suppression, facilitates an increase in woody species cover.

Spiny menodora is a dense, mounded shrub with forked branches that end in sharp thorns and
grows about 3 ft tall. It is commonly found in dwarf shrublands of the Great Basin and Mojave
Desert alongside Nevada ephedra, spiny hopsage (Grayia spinosa), and other shrub species
(Evens et al. 2020). Spiny menodora is typically found on rocky hills and dry washes in sparse,
spread-out plant communities (Sawyer and Keeler-Wolf 1995). It mainly spreads through seed
dispersal on the wind and by birds (Chumley 2007), but plants can sprout when top-killed by
fire (Novak-Echenique 2020).

Shadscale is a densely clumped, rounded, compact native shrub. It generally attains heights of 8
to 32 in. and widths of 12 to 68 in. (Blaisdell and Holmgren 1984). Shadscale is considered an
evergreen to partially deciduous shrub, since a small percentage of leaves are dropped in the
winter (Smith and Nobel 1986). Shadscale possesses wider ecological amplitude than most
Atriplex species (Crofts and Epps 1975), and shows ploidy levels from diploid (2x) to decaploid
(10x). The extensive polyploidy of shadscale is an important consideration when implementing
revegetation projects because ploidy levels are usually associated with distinct habitats
(Sanderson et al. 1990). Diploid individuals are unlikely to perform as well in areas where
tetraploids are more common. Diploid individuals generally occur above Pleistocene Lake
levels, whereas lake floors are usually occupied by autotetraploids. Overall, tetraploids are the
most widespread throughout its range (Carlson 1984). Thus, the diploid most associated with
this site is a tetraploid.

Bud sagebrush, a common shrub in this group, is a native, summer-deciduous shrub. It is low
growing, spinescent, and aromatic in nature with a height of 4 to 10 in. and a spread of 8 to 12
in. (Stubbendieck et al. 2017). Chambers and Norton (1993) found that the species does not
break dormancy until fall precipitation penetrates the soil and reaches its deep, spreading root
structure at 10 to 12 in. It will then produce new leaves but not elongate its stems until spring
and go dormant by early summer (Wood and Brotherson 1986). The bud sagebrush root system
is able to penetrate deeper into the soil and branch out significantly more than shadscale
(Chambers and Norton 1993). This allows the shrub to compete for valuable resources.
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Nevada ephedra can be found in small clumps or large, independent stands in various plant
communities, including sagebrush, desert shrub, and pinyon-juniper communities (Stanton
1973). Nevada ephedra is a dominant plant community in Nevada (West et al. 1998) and can be
codominant with many species, including spiny menodora, winterfat (Krascheninnikovia
lanata), yellow rabbitbrush (Chrysothamnus viscidiflorus), desert bitterbrush (Purshia
glandulosa), and others (Minnich 1999). Nevada ephedra primarily reproduces by seed (Welsh
et al. 1987), but plants can produce through crown sprouting in response to disturbance such as
fire or herbicide (Hunter et al. 1978).

The primary perennial grasses include Indian ricegrass and galleta. These species have
shallower root systems than the shrubs, but root densities are often as high as or higher than
those of shrubs in the upper 20 in. of the soil profile. General differences in root depth
distributions between grasses and shrubs result in resource partitioning in these shrub/grass
systems (Lee and Lauenroth 1994).

Indian ricegrass is a long-lived, cool-season perennial bunchgrass that grows from 4 to 24 in. in
height (Blaisdell and Holmgren 1984). Primarily adapted to coarse textured soils, its deep,
fibrous root system makes Indian ricegrass one of the most drought-tolerant native species
(Booth et al. 1980). Unlike other cool-season species, Indian ricegrass does not require
vernalization (exposure to cold) to produce flowers and flowering can continue into late fall
with favorable environmental conditions. This allows the seeds in each panicle to ripen over a
longer period of time than most other species thus providing a greater opportunity for
successful seed production (Jones 1990).

Galleta is a mat-forming, rhizomatous, native grass that is 11 to 19 in. tall (Stubbendieck et al.
1992). This warm-season, perennial species is more water efficient than its cool-season
counterparts. This allows galleta grass to survive in low precipitation zones where a significant
portion of rainfall occurs during summer months (Banner et al. 2011). Everett et al. (1980)
found that galleta grass initiated more than one phenological cycle with summer precipitation,
allowing the species to grow and set seed more than once. This plant is typical of southern
Nevada and the transition zone between the Great Basin and the Mojave Desert. It is most
common in fine-textured soils (Stubbendieck et al. 1992).

Bottlebrush squirreltail is a short, cool-season bunchgrass that grows between 4 to 45 in. tall. It
is an allotetraploid that can self-pollinate and hybridize with other grasses, including other
species of Elymus and some species of Hordeum (barley) (Welsh et al. 1987). Squirreltail is a
very adaptable grass that is found across western North America in the United States, Canada,
and Mexico. Squirreltail can be found above 2,000 ft in elevation, and in areas that receive at
least 5 in. of precipitation per year (Welsh et al. 1987). Squirreltail is commonly found in
shadscale or sagebrush communities along with other perennial bunchgrasses (Medin 1990).
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King’s desertgrass, or King’s eyelashgrass, is a warm-season, densely tufted perennial
bunchgrass that grows up to 4 in. tall (Welsh et al. 1987, Huang et al. 2022). It is widespread
across the Great Basin and is found in California, Utah, and Oregon (Olson 2019). King’s
desertgrass is typically found in the understory of shadscale and sagebrush communities on dry,
calcareous, gravelly, or rocky, limestone basin floors, slopes, and washes, typically from 4,000
to 6,200 ft (Welsh et al. 1987, Kartesz 1988).

Annual Invasive Species:

The sites in this DRG are not likely to be dominated by annual non-native grasses or forbs.
However, trace amounts of cheatgrass, halogeton (Halogeton glomeratus), and Russian thistle
(Salsola tragus) are common. The invasibility of plant communities is often linked to resource
availability. Disturbance can decrease resource uptake due to damage or mortality of the native
species and depress competition or increase resource pools by the decomposition of dead plant
material. Excessive grazing pressure during settlement and into the 20th century has increased
the overall presence of cheatgrass, Halogeton, Russian thistle, and weedy mustard species
(Brassica spp.) (Peters and Bunting 1994).

The species most likely to invade the ecological sites in this DRG is cheatgrass. Cheatgrass is a
cool-season annual grass that maintains an advantage over native plants, in part, because it is a
prolific seed producer, can germinate in the autumn or spring, tolerates grazing, and increases
with frequent fire (Klemmedson and Smith 1964, Miller et al. 1999). Cheatgrass originated from
Eurasia and was first reported in North America in the late 1800s (Furbush 1953, Mack and Pyke
1983). Bradley et al. (2018) found that cheatgrass has expanded to greater than 15% cover over
210,000 km? (130,488 mi?), roughly 31% of the Intermountain West. In the Great Basin,
cheatgrass is expanding at a rate of expansion of 3,700 km? (2,300 mi?) annually and is a land
management issue that will require creative solutions (Smith et al. 2022). Mapping potential or
current invasion vectors is a management method designed to increase the cost-effectiveness
of control methods. Recent modeling and empirical work by Lauenroth and Bradford (2006)
suggest that seasonal patterns of precipitation input and temperature are also key factors
determining regional variation in the growth, seed production, and spread of invasive annual
grasses. The phenomenon of cheatgrass “die-off” provides opportunities for restoration of
perennial native species (Baughman et al. 2016, Baughman et al. 2017). The causes of these
events are not fully understood, but there is ongoing work to try to predict where they occur, in
the hopes of aiding conservation planning (Weisberg et al. 2017, Brehm 2019).

Halogeton is an introduced, succulent annual of the goosefoot family (Chenopodiaceae) native
to semi-desert lands in the Altai region of central Asia. It possesses a strong taproot that
penetrates 4 to 5 in. and an extensive root system spanning up to 2 ft in lateral spread and
depth (Tisdale and Zappetini 1953). Halogeton is characterized by its small fleshy leaves that
can appear slightly red or purple as the plants matures (BIA 2022). This plant can produce as
many as 25,000 seeds while typical plants sizes of about 3 in. can produce up to 800. These
seeds are spread minorly through wind with the majority coming from fruit ingestion and
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movement (Tisdale and Zappetini 1953). Halogeton is well adapted to alkaline and saline soils
and is prevalent on disturbed and overgrazed sites (BIA 2022). These plants accumulate salt
that can leach from dead plant materials, increasing the soil salinity in top soil, which favors
continued germination and spread in invaded sites (BIA 2022).

Russian thistle is a tap-rooted, C4 photosynthesis (warm-season) annual forb, introduced from
southeastern Europe and central Asia. The seeds have a remarkable capability to germinate in a
variety of soil temperatures and very little precipitation and even move back into dormancy
after initial germination (Wallace et al. 1968). The seeds, however, are not persistent and
generally remain viable in the seed bank for less than two years (Boerboom 1993, Young et al.
1995). Russian thistle has been observed to provide initial establishment in completely de-
vegetated sites and create a microsite habitat that may allow increased establishment of other
species (Allen and Allen 1988). The successful establishment of other species, particularly later
seral species that form mycorrhizal associations, may reduce the cover of Russian thistle as
mycorrhizal inoculation has been observed to reduce the size and vigor of Russian thistle while
encouraging later seral species such as perennial bunchgrasses (Johnson 1998b).

Fire Ecology:

The mean fire return interval for saltbush desert scrub communities is estimated at 237 to
1,978 years (LANDFIRE 2020). Although the fire return interval is long for this DRG, spiny
menodora is tolerant to fire due to its morphology and sprouting ability. Plant communities
dominated by spiny menodora are typically sparse and individual plants are widely spaced
(Sawyer and Keeler-Wolf 1995). In addition, the dense, woody branches of spiny menodora do
not burn easily, and if the plant is top-killed by fire, it readily sprouts (Moody et al. 2010). These
characteristics make spiny menodora tolerant of fire, and it is likely to dominate the site after
low-severity fire.

Shadscale and bud sagebrush do not sprout, and establishment occurs only from seed (Banner
1992, West 1994). The increased presence of non-native annual grasses has greatly altered fire
regimes in areas of the Intermountain West where shadscale is a dominant vegetation type,
however, annual non-native species invasion and increased fire frequency has not been
observed in this DRG in MLRA 29.

Nevada ephedra typically sprouts after being top-killed by low-severity fire (Bates 1983).
However, high-severity fire may kill belowground regenerative structures (McLaughlin and
Bowers 1982). The communities in which Nevada ephedra is found can have varied fire
regimes. Periods of increased precipitation can lead to an increased amount of annual grasses
on the site, which can fuel more intense fires (McLaughlin and Bowers 1982), while fires are
smaller and less frequent on sites with lower grass density (Paysen et al. 2000).

The condition of bunchgrasses within the site along with seasonality and intensity of the fire all
factor into the individual species' response. Thus, fire mortality is correlated to duration and
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intensity of heat, which is related to culm density, culm-leaf morphology, size of the plant, and
abundance of old growth (Wright 1971, Young 1983). Boyd et al. (2015) found soil color and
depth of burn to be accurate predictors of bunchgrass mortality in post fire landscapes. They
also found that bunchgrasses in close proximity of shrubs had up to five-fold higher mortality
than bunchgrasses located in the interspaces.

Indian ricegrass is fairly fire tolerant (Wright 1985), which is likely due to its low culm density
and below ground plant crowns. Vallentine (1989) cites several studies in the sagebrush zone
that classified Indian ricegrass as being slightly damaged from late summer burning. Indian
ricegrass has also been found to reestablish on burned sites through seed dispersed from
adjacent unburned areas (Young 1983, West 1994). Thus, the presence of surviving, seed-
producing plants facilitates the reestablishment of this species. Grazing management following
fire to promote seed production and establishment of seedlings is important. When properly
planted and managed, Indian ricegrass can be a key factor in a community recovering from
disturbance because it can grow in rough, rocky, coarse, and otherwise unattractive soils
(Booth et al. 1980).

Galleta grass has been found to increase following fire likely due to its rhizomatous root
structure and ability to resprout (Jameson 1962). Sandberg’s bluegrass, another minor
component of these ecological sites, has also been found to increase following fire due to its
low stature, early dormancy, and low productivity (Daubenmire 1975). Both grass species may
retard reestablishment of deeper-rooted bunchgrasses.

Squirreltail is a short-lived perennial grass adapted to a broad suite of environmental
conditions. It is found in plant communities ranging from salt desert scrub to alpine meadows,
from 2,000 to 11,500 ft in elevation, from Mexico to British Columbia (Monsen et al. 2004b).
Bottlebrush squirreltail is considered one of the most fire-resistant bunchgrasses due to its
small size, coarse stems, and sparse leafy material (Wright and Klemmedson 1965, Wright 1971,
Britton et al. 1990). Post-fire regeneration occurs from surviving root crowns and from on- and
off-site seed sources (Bradley et al. 1992). Squirreltail reproduces primarily through seed. The
long awns of the fruit allow for wind dispersal up to 130 ft away from the parent plant
(Hironaka and Tisdale 1963, Marlette and Anderson 1986). Bottlebrush squirreltail has the
ability to produce large numbers of highly germinable seeds, with relatively rapid germination
(Young and Evans 1977) when exposed to the correct environmental cues. Squirreltail is
capable of facultative fall or spring germination, developing extensive roots at low
temperatures, and producing seeds early in the season (Reynolds and Fraley 1989, Hironaka
1994, Monsen et al. 2004b). Recent research indicates that squirreltail is capable of relatively
rapid natural selection to improve survival in low-water, competitive environments (Kulpa and
Leger 2013). These traits and others make squirreltail competitive with cheatgrass and
medusahead (Hironaka and Sindelar 1975, Hironaka 1994).

Livestock/Wildlife Grazing Interpretations:
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The seeds and stalks of spiny menodora are not particularly attractive forage for wildlife,
though some herbivores will occasionally eat it (Chumley 2007). It provides important habitat
for many bird species and is often the shrub species that most significantly impacts bird
population density in an area, especially the black-throated sparrow (Amphispiza bilineata) and
ash-throated flycatcher (Myiarchus cinerascens) (Hamilton 1999). Spiny menodora has low
palatability, but it is grazed by cattle and elk in the spring before the stems become woody and
spiny (Moody et al. 2010).

Shadscale is a valuable browse species for a wide variety of wildlife and livestock (Blaisdell and
Holmgren 1984). The spinescent growth habit of shadscale lends to its browsing tolerance with
no more than 15 to 20% utilization by domestic sheep being reported (Blaisdell and Holmgren
1984) and significantly less utilization by cattle. Increased presence of shadscale within grazed
versus ungrazed areas is generally a result of the decreased competition from more heavily
browsed associates (Cibils et al. 1998). Reduced competition from more palatable species in
heavily grazed areas may increase shadscale germination and establishment. Chambers and
Norton (1993) found shadscale establishment higher under spring than winter browsing as well
as heavy compared to light browsing. During years of below average precipitation, shadscale
has been found to be very susceptible to grazing pressure regardless of season (Chambers and
Norton 1993). Following fire, grazing exclusion for two or more years is beneficial for
revegetation of shadscale communities as first year shadscale seedlings lack spines and are
highly susceptible to browsing. Spines develop in the second year (Zielinski 1994).

Bud sagebrush is also a palatable, nutritious forage for upland game birds, small game, big
game and domestic sheep (Ovis aries) in winter, particularly late winter (Johnson 1978);
however, it can be poisonous or fatal to calves when eaten in quantity (Stubbendieck et al.
1992). Bud sagebrush is highly susceptible to effects of browsing. It decreases under browsing
due to year-long palatability of its buds and is particularly susceptible to browsing in the spring
when it is physiologically most active (Harper et al. 1990, Chambers and Norton 1993). Heavy
browsing (>50%) may kill bud sagebrush rapidly (Wood and Brotherson 1986). Sheep find bud
sagebrush palatable, especially in winter (Johnson 1978), while it is slightly toxic and less
palatable to cattle (Stubbendieck et al. 1992). Winterfat, on the other hand, is highly palatable
to both cattle and domestic sheep, but is not a preferred forage species for sheep (Sampson
and Jespersen 1963, Severson and May 1967). Due to this difference in preference, the type of
grazer present in a bud sagebrush/winterfat community can tip the composition of the plant
community in favor of one species or another.

Winterfat, a highly nutritious winter feed species that is present in small amounts on these
sites, shows similar results to bud sagebrush with significant declines in density with late winter
or early spring grazing (Harper et al. 1990). Interestingly the same 54-year study also showed
winterfat density decreasing in the ungrazed plots. Winterfat is a valuable forage species with
an average of 10% crude protein during winter when there are few nutritious options for
livestock and wildlife (Welch 1989). However, excessive grazing throughout the West has
negatively impacted the survival of winterfat stands (Hilton 1941, Statler 1967, Stevens et al.
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1977). Time of grazing is critical for winterfat with the active growing period being most critical
(Romo et al. 1995). Stevens et al. (1977) found that both vigor and reproduction of winterfat
were reduced in Steptoe Valley, Nevada by improper season of use, and he recommended no
more than 25% utilization during periods of active growth and up to 75% utilization during
dormant season use. Rasmussen and Brotherson (1986) found significantly greater foliar cover
and density of winterfat in areas ungrazed for 26 years versus winter grazed areas in Utah. In
exclosures protected from grazing between 5 and 16 years, (Rice and Westoby 1978) found that
winterfat increased in foliar cover but not in density where it was dominant, and in both foliar
cover and density in shadscale-perennial grass communities where it was not dominant.

In addition to grazing by cattle (Bos taurus), winterfat is browsed by rabbits, antelope, and
other wildlife species (Stevens et al. 1977, Ogle et al. 2001). Winterfat and perennial grasses
average 80% of jackrabbits’ diet in southeastern Idaho, with shrubs being grazed in fall and
winter particularly (Johnson and Anderson 1984). Pronghorn (Antilocapra americana) and
rabbits browse stems, leaves, and seed stalks of winterfat year-round, especially during periods
of active growth (Stevens et al. 1977). Management of wildlife browse is difficult, and browse
may be harmful to winterfat reestablishment as seed production and regrowth are curtailed if
grazing occurs as the plant begins to grow (Eckert 1954).

Nevada ephedra is grazed by livestock and wildlife year-round. Its relative abundance in winter
makes it valuable forage when other shrub production decreases, and cattle, sheep, goats, and
mule deer (Odocoileus hemionus) consume large amounts of ephedra in the winter (Dayton
1931). When new growth is available in spring and summer, ephedra is browsed by mule deer,
bighorn sheep (Ovis canadensis), and pronghorn (Beale and Smith 1970). Nevada ephedra
provides cover for pronghorn, small mammals, and both game and nongame birds (Dittberner
and Olson 1983). Small mammals and birds eat Nevada ephedra seeds (Meyer 2008b).

Indian ricegrass is a preferred forage species for livestock and wildlife and cures well, providing
nutritious winter feed (Cook 1962, Booth et al. 1980). It is also readily utilized in early spring,
being a source of green feed before most other perennial grasses have produced new growth
(Quinones 1981). Booth et al. (1980) note that the plant does well when utilized in winter and
spring. In eastern Idaho, productivity of Indian ricegrass was at least 10 times greater in
undisturbed plots than in heavily (60% utilization) grazed ones (Pearson 1965). Cook and Child
(1971) found significant reduction in crown cover, plant vigor and herbage yield of Indian
ricegrass when the species was utilized at 90% during any season. However, they found no
reductions at 30% utilization during any season and no reductions at 60% utilization during
winter and early spring grazing (Cook and Child 1971). The seed crop may be reduced where
grazing is heavy (Bich et al. 1995). Tolerance to grazing increases after May, thus, spring
deferment may be necessary for stand enhancement (Pearson 1964, Cook and Child 1971);
however, utilization of less than 60% is recommended. In summary, adaptive management is
required to manage this bunchgrass well.
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Galleta is a highly palatable forage species for cattle, sheep, deer, antelope, and horses (Equus
ferus) during late spring and summer while it is green (Stubbendieck et al. 2017). Due to its
rhizomatous characteristics, galleta grass is particularly tolerant of heavy grazing and trampling
(Pratt et al. 2002). This species will also initiate more than one phenological cycle if summer
precipitation is present (Everett et al. 1980), allowing galleta to grow and propagate after
defoliation.

King’s eyelashgrass (also known as King’s desertgrass), is a densely-tufted perennial bunchgrass
that grows 2 to 10 cm tall (1 to 4 in.) (Welsh et al. 1987). King’s eyelashgrass is typically found in
the understory of shadscale and sagebrush communities on dry, calcareous, gravelly or rocky,
limestone basin floors, slopes, and washes, typically from 4,000 to 6,200 ft (Welsh et al. 1987,
Kartesz 1988). Despite its relative abundance in some areas, King’s eyelashgrass is unpalatable
to livestock due to its sharp-pointed blades and low stature (Holmgren and Holmgren 1977).

Inappropriate grazing management during the spring growing season will cause a decline in
understory plants such as Indian ricegrass and galleta. Growing season grazing by cattle several
years in a row causes a decrease in the bunchgrass component and gives a competitive
advantage to shrub species (Eckert et al. 1972). Reduced bunchgrass vigor or density provides
an opportunity for galleta and/or Sandberg bluegrass expansion to occupy interspaces. Galleta
and/or Sandberg bluegrass increases under grazing pressure (Jameson 1962, Tisdale and
Hironaka 1981).

State and Transition Model Narrative for Group 2:

This is a text description of the states, phases, transitions, and community pathways possible in
the State and Transition model for the MLRA 29 Disturbance Response Group 2.

Reference State 1.0:

The Reference State 1.0 is representative of the natural range of variability under pristine
conditions. The reference state has two general community phases: a shrub-grass dominant
phase and a shrub dominant phase. State dynamics are maintained by interactions between
climatic patterns and disturbance regimes. Negative feedbacks enhance ecosystem resilience
and contribute to the stability of the state. Reference state is a functional ecological state with
high resilience to disturbance, characterized by the presence of all key structural and functional
plant groups. Community phases occur across a shifting mosaic are influenced by chronic
drought cycles, variable herbivory pressures, and an insect or disease attack.

Community Phase 1.1:

This community is co-dominated by spiny menodora and Indian ricegrass, with galleta
and other perennial grasses present in minor amounts. Shrubs such as bud sagebrush,
Nevada ephedra, and shadscale are common. Bare ground is common and shrub
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production is significantly higher than grass production. Potential vegetative
composition by air-dry weight is 20% grasses, 5% forbs and 75% shrubs. Approximate
ground cover (basal and crown) is 4 to 12%. Total annual air-dry production ranges from
100 to 400 Ib/ac.

3

Cobbly Slope 5-8" P.2. (R029XY037V), Reference State 1.1, T. Stringhm, May 2021

Community Phase Pathway 1.1a, from Phase 1.1 to 1.2:

Chronic, multi-year drought and/or inappropriate herbivory can result in a substantial
decline of the perennial bunchgrass component. Herbaceous cover is reduced, leading
to increased dominance by shrubs, especially spiny menodora and bud sagebrush. Bare
ground may further increase.

Community Phase 1.2:

This phase is dominated by a high density of shrubs, particularly spiny menodora and
bud sagebrush. Perennial bunchgrasses are reduced in density and/or production.
Galleta may be increasing. Sites in this phase often show signs of past drought stress or
prolonged ungulate use.

T1A: Transition from Reference State 1.0 to Current Potential State 2.0:
Trigger: Introduction of non-native annual species.
Slow variables: Over time, the annual non-native plants will increase within the community.

Threshold: Any amount of introduced non-native species causes an immediate decrease in the
resilience of the site. Annual non-native species cannot be easily removed from the system and
have the potential to significantly alter disturbance regimes from their historic range of
variation.
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Current Potential State 2.0:

This state is similar to the Reference State 1.0 with two community phases. Ecological function
has not changed; however, the resiliency of the state has been reduced by the presence of
invasive species. Negative feedbacks enhance ecosystem resilience and contribute to the
stability of the state. These include the presence of all structural and functional groups, low fine
fuel loads, and retention of organic matter and nutrients. Positive feedbacks decrease
ecosystem resilience and stability of the state. These include the non-native high seed output,
persistent seed bank, rapid growth rate, ability to cross-pollinate, and adaptations for seed
dispersal. Additionally, the presence of highly flammable, non-native species reduces State
resilience because these species can promote fire where historically fire has been infrequent,
leading to positive feedbacks that further the degradation of the system.

Community Phase 2.1:

This community is co-dominated by spiny menodora and Indian ricegrass, with galleta
and other perennial grasses present in minor amounts. Shrubs such as bud sagebrush,
Nevada ephedra, and shadscale are common. Bare ground is common and shrub
production is significantly higher than grass production. Trace amounts of invasive
species are present.

Cobbly Loam 5-8" P.Z. (R029XY036NV), Current Potential State 2.1, T. Stringham, September 2023

Community Phase Pathway 2.1a, from Phase 2.1 to 2.2:

Chronic, multi-year drought and/or inappropriate grazing, including wild horses and
burros, can result in a substantial decline of the perennial grass component. Herbaceous
cover is reduced, leading to increased dominance by shrubs, especially spiny menodora
and bud sagebrush. Bare ground may further increase.
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Community Phase 2.2:

Spiny menodora comprises the majority of shrub cover. Bud sagebrush, shadscale and
other shrubs may increase. Perennial bunchgrasses are reduced in density and/or
production. Galleta may be increasing. Sites in this phase often show signs of past

drought stress or prolonged inappropriate grazing management or wildlife/horse/burro
use.

Community Phase Pathway 2.2a, from Phase 2.2 to 2.1:

Recovery of the grass component is possible but contingent on significant changes to
land use, such as appropriate grazing management and favorable climatic conditions.
Even degraded sites can show early signs of deep-rooted perennial grass recruitment in
some microsites, particularly where shrub cover provides shade and wind protection.

T2A: Transition from Current Potential State 2.0 to Shrub State 3.0:

Trigger: To Community Phase 3.1: Inappropriate cattle/horse/burro grazing will decrease or
eliminate deep-rooted perennial bunchgrasses, increase galleta grass and favor shrub growth
and establishment.

Slow variables: Long-term decrease in deep-rooted perennial grass density.

Threshold: Loss of deep-rooted perennial bunchgrasses changes nutrient cycling, nutrient
redistribution, and reduces soil organic matter.

Shrub State 3.0:

This state has one community phases in which the overstory is dominated by either spiny
menodora or sprouting shrubs such as yellow rabbitbrush, broom snakeweed (Gutierrezia
sarothrae), and/or ephedra. Galleta grass may dominate the understory. A site in this state has
crossed a biotic threshold and site processes are being controlled by shrubs. Site resources such
as soil water, nutrient capture, nutrient cycling, and soil organic matter are temporally and
spatially redistributed by the vegetation composition. Bare ground has increased and
pedestalling of grasses may be excessive.

Community Phase 3.1:

Spiny menodora is the primary overstory species with bud sagebrush as sub-dominant.
Nevada ephedra and other shrubs may be a significant component. Perennial
bunchgrass cover is trace or completely absent. Galleta may be present to increasing.
Invasive species are present in trace amounts. Interspaces are large and connected.
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Cobbly Loam 5-8" PZ (R029XY03 NV), Shrub State 3. , P. Novak-Echenique, May 2021

Cobbly Loam 5-8" P.Z. (R029XY036NV, hrub State 3.1, T. Stringham, May 2021

States not Observed in Group 2:

An Annual State was not observed during field work for this DRG. While trace amounts of non-
native annuals have been noted, there is no evidence of dominant non-native annual
communities. Fire, a primary vector for annual state conversion in other systems, is not a player
in this ecosystem due to sparse fuel continuity, low productivity, and fire-resistant shrub
architecture.

Potential Resilience Differences with Other Ecological Sites in this Group:
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Cobbly Slope 5-8" P.Z. R029XY037NV

The reference plant community is dominated by spiny menodora, desert needlegrass and
galleta. This site occurs on summits and sideslopes of low hills, piedmont slopes, pedisediments
and rock pediments. Slopes range from 15 to 75%. Elevations range from 4,500 to 5,500 ft. The
soils on this site are shallow to very shallow to bedrock. Runoff is medium to rapid and water
intake rates are moderate. Total annual air-dry production ranges from 100 to 300 Ib/ac. This
site is similar to the modal with three stable states.

Shallow Cobbly Loam 8-10" P.Z. R029XY161NV

The reference plant community is dominated by spiny menodora, Nevada ephedra, and Indian
ricegrass. This site occurs on rockier soils at higher elevations (more precipitation) than the
modal site, at elevations from approximately 4,250 to 6,400 ft. This site occurs on summits and
sideslopes of fan remnants and partial ballenas. The soils are shallow to a duripan and well
drained. Runoff is high to very high and available water capacity is very low. Water intake rates
are moderate. Total annual air-dry production ranges from 200 to 400 Ib/ac. This site is similar
to the modal with three stable states.

Granitic Cobbly Loam 5-8" P.Z. R029XY107NV

The reference plant community is dominated by spiny menodora and desert needlegrass. This
site occurs on mid- to lower piedmont slopes. Slopes range from 0 to 50% but slope gradients
of 2 to 15% are typical. Soil surfaces are stony or cobbly and coarse-textured. Water intake
rates are rapid and runoff is low. Available water capacity is low. This site naturally has a larger
composition of grass (40%) in the community and is more productive than the modal (250 to
600 lb/ac). This site is more resilient than the modal due to higher productivity but will have the
same three stable states.

Eroded Slope 8-10" P.Z. R029XY162NV

The reference plant community is dominated by Nevada dalea (Psorothamnus polydenius),
rubber rabbitbrush (Ericameria nauseosa), and Indian ricegrass. This site occurs on eroding
sideslopes of hills and lower mountains. Slopes range from 15 to 50% and elevations range
from 4,250 to 6,400 ft. The soils are very shallow to a duripan. Runoff is high to very high,
available water capacity is very low and water intake rates are moderate. Total annual air-dry
production is very low (75 to 175 Ib/ac). This site is similar to the modal with three stable
states.

Shallow Loam 5-8" P.Z. R029XY074NV
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The reference plant community is dominated by Nevada dalea, rubber rabbitbrush (Ericameria
nauseosa), and Indian ricegrass. This site occurs on summits and sideslopes of fan piedmonts.
Slopes range from 2 to 50% but slope gradients of 2 to 30% are typical. The soils are shallow to
very shallow and moderately to strongly alkaline. This site exhibits very low water holding
capacity and very slow permeability into the soil. Production is greater on this site at 450 |b/ac
in a normal year. This site is similar to the modal with three stable states.

Cobbly Loam 8-10" P.Z. R029XY038NV

The reference plant community is dominated by spiny menodora, Wyoming big sagebrush
(Artemisia tridentata ssp. wyomingensis), and Indian ricegrass. Bud sagebrush, Nevada
ephedra, and fourwing saltbush (Atriplex canescens) are other important species. This site
occurs on piedmont slopes and low hills on slopes ranging from 0 to 50%. Elevations range from
5,200 to approximately 6,500 ft. The soils are typically shallow and well drained. Surfaces are
usually cobbly or stony. Water intake rates are moderate and runoff is medium. Total annual
air-dry production ranges from 200 to 700 Ib/ac. This site has more resilience than the modal
due to higher elevations and productivity but will have the same three stable states.
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Modal State and Transition Model for Group 2 in MLRA 29:

MLRA 29
Group 2
Cobbly Loam 5-8" P.Z.
R029XY036NV

Reference State 1.0

Spiny menodora and Indian ricegrass
dominate

Galleta and other bunchgrasses may
be present

11

—1.2a—

12

——1.1a— Spiny menodora and other shrubs

increased in dominance
Bunchgrasses minor component
Galleta may be increasing

T1A

Current Potential State 2.0

21

ricegrass dominate

Spiny menodora and Indian

Galleta and other bunchgrasses

reduced

Spiny menodora dominates
——2.1a—»| Other shrubs may be increasing
Indian ricegrass and other bunchgrasses

22

—2.2a—
may be present ] ¥ Galleta may be increasing
Annual non-native species present Annual non-native species present
T2A
Shrub State 3.0
3.1

Spiny menodora, bud sagebrush, ephedra, and

other shrubs dominate

Perennial bunchgrasses trace or absent

Galleta may increase
Bare ground significant
Annual non-native species present
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MLRA 29
Group 2
Cobbly Loam 5-8" P.Z.
R029XY036NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial bunchgrass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating and increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate palatable shrubs and deep rooted perennial bunchgrasses,
increase galleta grass and favor shrub growth and establishment, leading to Shrub State 3.1.
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Additional State and Transition Models for Group 2 in MLRA 29:

MLRA 29
Group 2
Cobbly Slope 5-8" P.Z.
R029XY037NV

Reference State 1.0

11
Spiny menodora dominant
Bailey’s greasewood and wolfberry
present

——1.1a—

1.2
Spiny menodora and other shrubs
increase
Desert needlegrass and other

Galleta, desert needlegrass, and other —1.2a— bunchgrasses reduced
bunchgrasses dominate understory Galleta may increase
T1A
Current Potential State 2.0
21 29
Spiny menodora dominant . :
th hi

Bailey’s greasewood and wolfberry  ——2.1a—» i;‘):lrr;};g;enodora and other shrubs

present

Galleta, desert needlegrass, and other
bunchgrasses dominate understory
Annual non-native species present

Desert needlegrass and other

«—2.2a——bunchgrasses reduced

Galleta may increase
Annual non-native species present

T2A

Shrub State 3.0

31

Galleta may increase

Spiny menodora and other shrubs dominate
Perennial bunchgrasses trace or absent

Annual non-native species present
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MLRA 29
Group 2
Cobbly Slope 5-8" P.Z.
R029XY037NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial bunchgrass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating and increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate deep rooted perennial bunchgrasses, increase galleta grass
and favor shrub growth and establishment, leading to Shrub State 3.1.
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MLRA

1.2
——1.1a—»|Spiny menodora, ephedra, and
other shrubs increase

Indian ricegrass minor component

—1.2a Galleta may increase

Group 2
Shallow Cobbly Loam 8-10" P.Z.
R029XY161NV
Reference State 1.0
1.1
Spiny menodora, ephedra, and Indian
ricegrass dominate
Galleta and other perennial grasses
present
T1A

Current Potential State 2.0

2.1
Spiny menodora, ephedra, and
Indian ricegrass dominate
Galleta and other perennial
grasses present
Annual non-native species present

——2.1a—> shrubs increase

le—2 29— Galleta may increase

2.2
Spiny menodora, ephedra, and other

Indian ricegrass minor component

Annual non-native species present

T2A

Shrub State 3.0

3.

Spiny menodora, ephedra, rabbitbrush and other
shrubs dominate
Perennial bunchgrasses trace or absent
Galleta may increase
Annual non-native species present

1
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MLRA 29
Group 2
Shallow Cobbly Loam 8-10" P.Z.
R029XY16 1NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial bunchgrass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating and increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate deep rooted perennial bunchgrasses, increase galleta grass
and favor sprouting shrub growth and establishment, leading to Shrub State 3.1.
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MLRA 29

Group 2
Granitic Cobbly Loam 5-8" P.Z.
R029XY107NV
Reference State 1.0
1.1 1.2
Spiny menodora, shadscale, and ——1.1a—p Spiny menodora, shadscale, and
desert needlegrass dominant other shrubs increase
Indian ricegrass and other perennial 12 Desert needlegrass and other
grasses present ¢ <8 perennial grasses minor component
T1A
Current Potential State 2.0
21 22

Spiny menodora, shadscale, and Spiny menodora, shadscale, and other

desert needlegrass dominant 2.1a— shrubs increase
Indian ricegrass and other Desert needlegrass and other perennial
perennial bunchgrasses present 4——2.2a—{grasses minor component
Annual non-native species present Annual non-native species present
T2A
Shrub State 3.0
3.1
Spiny menodora, shadscale, and other shrubs

dominate

Perennial bunchgrasses trace or absent
Galleta may be dominant understory species
Annual non-native species present




MLRA 29
Group 2
Granitic Cobbly Loam 5-8" P.Z.
R029XY107NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial bunchgrass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating and increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate deep rooted perennial bunchgrasses, increase galleta grass
and favor shrub growth and establishment, leading to Shrub State 3.1.
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MLRA 29
Group 2

Eroded Slope 8-10" P.Z.

R029XY162NV

Reference State 1.0

1.1
Nevada dalea, rabbitbrush, and
ephedra dominate

Indian ricegrass dominates understory

1.2
Nevada dalea, rabbitbrush, ephedra,

——1.1a—»and other shrubs increase

Indian ricegrass minor component

dominate overstory
Indian ricegrass dominates understory

Squirrrt_altail, galleta, and other <¢—1.2a—— Squirreltail and galleta may increase
perennial grasses present
T1A
Current Potential State 2.0
2.1
Nevada dalea, rabbitbrush, and ephedra _2'2
L 2 15— Nevada dalea, rabbitbrush, ephedra, and

other shrubs increase
Indian ricegrass minor component

:?al;i;;esltzirlég::?ta and other perennial +—2.2a Squirreltail and galleta may increase
Annual non-native species present Annual non-native species present
T2A
Shrub State 3.0
3.1

shrubs dominate

or absent

Nevada dalea, rabbitbrush, ephedra, and other
Indian ricegrass and other perennial grasses trace

Annual non-native species present
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MLRA 29
Group 2
Eroded Slope 8-10" P.Z.
R029XY162NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial bunchgrass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating and increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate deep rooted perennial bunchgrasses, potentially increase
galleta grass and favor shrub growth and establishment, leading to Shrub State 3.1.
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MLRA 29
Group 2
Shallow Loam 5-8" P.Z.
R029XY074NV

Reference State 1.0

co-dominant

1.1

Spiny menodora and shadscale are

Indian ricegrass and desert
needlegrass dominate understory

1.2
Spiny menodora, shadscale, and
L 11a—»p other shrubs increase
Indian ricegrass and desert
needlegrass minor components

Galleta and other perennial grasses |¢—1.2a—— Galleta may increase
present
T1A
Current Potential State 2.0
2.1 22

Spiny menodora and shadscale are
co-dominant

Indian ricegrass and desert
needlegrass dominate understory
Galleta and other perennial
grasses present

Annual non-native species present

—2.1a—p

—2.2a—]

Spiny menodora shadscale, and other
shrubs increase

Indian ricegrass and desert needlegrass
minor components

Galleta may increase

Annual non-native species presennt

T2A

Shrub State 3.0

dominate

3.1
Spiny menodora, shadscale, and other shrubs

Perennial bunchgrasses trace or absent
Galleta may be dominant understory species
Annual non-native species present
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MLRA 29
Group 2
Shallow Loam 5-8" P.Z.
R029XY074NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial bunchgrass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating and increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate deep rooted perennial bunchgrasses, increase galleta grass
and favor shrub growth and establishment, leading to Shrub State 3.1.
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MLRA 29
Group 2
Cobbly Loam 8-10" P.Z.
R029XY038NV

Reference State 1.0

1.2
1.1 . .

. L Spiny menodora, Wyoming
Spiny menodora and Indian ricegrass | 1 13— sagebrush and other shrubs
dominate increase
Wyoming big sagebrush present '\€«—1.2a——Indian ricegrass and other

Galleta and other bunchgrasses minor

bunchgrasses minor component
component

Galleta may be increasing

T1A

Current Potential State 2.0

2.1 22
Spiny menodora and Indian Spiny menodora, Wyoming big sagebrush
ricegrass dominate ——2.1a—» and other shrubs increase
Wyoming big sagebrush present Indian ricegrass and other bunchgrasses
Gglleta and other bunchgrasses 294 minor componept .
minor component Galleta may be increasing
Annual non-native species present Annual non-native species present

T2A

Shrub State 3.0

3.1
Spiny menodora, Wyoming big sagebrush and
other shrubs are dominate
Galleta dominates understory
Perennial bunchgrasses trace or absent
Annual non-native species present
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MLRA 29
Group 2
Cobbly Loam 8-10" P.Z.
R029XY038NV

Reference State 1.0 Community Pathways
1.1a: Drought and/or inappropriate herbivory reduces herbaceous cover allowing increase in shrub establishment.
1.2a: Release from drought and/or herbivory allows for perennial grass re-establishment.

Transition T1A: Introduction of non-native annual species.

Current Potential State 2.0 Community Pathways:

2.1a: Chronic, multi-year drought and/or prolonged inappropriate grazing management reduces perennial grass cover, facilitating an increase
in shrub dominance.

2.2a: Appropriate grazing management and favorable climatic conditions can facilitate recovery of the bunchgrass component.

Transition T2A: Inappropriate cattle/horse/burro grazing will decrease or eliminate deep rooted perennial bunchgrasses, increase galleta grass
and favor shrub growth and establishment, leading to Shrub State 3.1.
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MLRA 29 Group 3: Sandy sites dominated by saltbush and Indian ricegrass

Description of MLRA 29 Disturbance Response Group 3

Disturbance Response Group (DRG) 3 consists of four ecological sites. The precipitation zone is
3 to 8 in. The soils correlated to this site occur on inset fans, sand sheets on lower piedmont
slopes, and alluvial plains. Parent materials consist of mixed alluvium and aeolian sands. Slopes
range from 0 to 30%, but slope gradients of 0 to 15% are typical. Elevations range from 3,500 to
about 6,550 ft. Soil temperature regime is mesic and the soil moisture regime is typic aridic.
These soils are porous and are well drained to excessively drained. If soils are not protected by
plant cover, they are highly susceptible to wind erosion. Little to no runoff is expected, as
moisture penetrates the soil rapidly. Vegetative production in a normal year can range between
250 to 500 Ib/ac. The reference plant community for these sites is dominated by Indian
ricegrass (Achnatherum hymenoides), fourwing saltbush (Atriplex canescens), and winterfat
(Krascheninnikovia lanata). Other important plants are bud sagebrush (Picrothamnus
desertorum), spiny menodora (Menodora spinescens), wolfberry (Lycium spp.), James’ galleta
(Pleuraphis jamesii), and needle-and-thread (Hesperostipa comata).

Disturbance Response Group 3 Ecological Sites:

Sandy Loam 5-8" P.Z. — Modal R0O29XY046NV

Sandy 5-8" P.Z. RO29XY012NV

Shallow Sandy Loam 5-8" P.Z. R0O29XYO80ONV

Sandy 3-5" P.Z. RO29XY034NV
Modal Site:

The Sandy Loam 5-8" P.Z. ecological site is the modal site for this group as it has the most acres
mapped. It occurs on inset fans of lower piedmont slopes and on axial-stream floodplain
terraces of basin floors. Elevation ranges from 4,000 to about 5,500 ft. Slopes range from 0 to
15%, but slope gradients of 2 to 8% are typical. Soils correlated to this site are well drained and
moderately deep to deep. Soils have coarse-textured surfaces which are generally underlain at
shallow depths by a layer restrictive to root development. Soil temperature regime is mesic,
and the soil moisture regime is typic aridic. Runoff is slow and water infiltration is moderate to
high. The potential for rill and sheet erosion is moderate. Normal year production is 500 Ib/ac.
This site is dominated by fourwing saltbush, winterfat, and Indian ricegrass. Other important
species are spiny hopsage (Grayia spinosa), bud sagebrush, galleta, and sand dropseed
(Sporobolus cryptandrus).
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Ecological Dynamics and Disturbance Response:

An ecological site is the product of all the environmental factors responsible for its
development and it has a set of key characteristics that influence a site’s resilience to
disturbance and resistance to invasive species. Key characteristics include 1) climate
(precipitation, temperature), 2) topography (aspect, slope, elevation, and landform), 3)
hydrology (infiltration, runoff), 4) soils (depth, texture, structure, organic matter), 5) plant
communities (functional groups, productivity), and 6) natural disturbance regime (fire,
herbivory, etc.) (Caudle et al. 2013). Biotic factors that influence resilience include site
productivity, species composition and structure, and population regulation and regeneration
(Chambers et al. 2013).

Major Land Resource Area 29 (MLRA 29) spans across Nevada where the Great Basin and
Mojave deserts converge. As the transition zone between the two deserts, this area hosts an
interesting climate pattern and suite of vegetation. The majority of annual precipitation is
received during late fall and winter. However, monsoonal weather patterns also affect this
area, especially in eastern Nevada, when strong convection storms contribute significantly to
annual precipitation. Moisture and soil temperature regime differences, along with
precipitation timing and amount, result in a mix of warm-season and cool-season species
(Beatley 1975, Comstock and Ehleringer 1992). Winter precipitation and slow melting of snow
at higher elevations combined with lower temperatures results in deep percolation of moisture
into the soil profile. Cool-season species take advantage of this soil moisture in early spring and
initiate growth before warm-season species. Conversely, summer precipitation combined with
higher temperatures results in much less soil moisture recharge due to evapotranspiration
(Comstock and Ehleringer 1992) and the rapid rate at which this precipitation often occurs and
runs-off. Warm-season species are uniquely adapted to these summer precipitation events and
are able to respond with renewed growth when many cool-season species are dormant (Everett
et al. 1980).

Periodic drought regularly influences these ecosystems and drought duration and severity has
increased throughout the 20t century in much of the Intermountain West (Miller et al. 2008a).
Major shifts away from historical precipitation patterns have the greatest potential to alter
ecosystem function and productivity. Species composition and productivity can be altered by
the timing of precipitation and water availability within the soil profile (Bates et al. 2006).
Altered precipitation regimes combined with historical anthropogenic land uses (i.e. grazing)
and aggressive introduced species have altered these communities in many of the locations
visited during the field work efforts included in this publication.

The ecological sites in this DRG are historically dominated by the deep-rooted cool season
perennial bunchgrasses, including Indian ricegrass and needle-and-thread grass. Warm-season
grasses, predominantly sand dropseed and galleta grass, occur within each ecological site
included in this DRG, however, these are generally sub-dominant in reference condition. While
soil textures are generally coarse in this group, restrictive layers are common in the soils
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correlated to these ecological sites. This often impacts the ability of water to infiltrate to
greater depths within the soil, as well as the ability of plants to root beyond the restrictive
feature. The presence of restrictive layers may increase soil water availability for grass, forbs,
and shallow-rooted shrubs, by reducing deep percolation of precipitation and maintaining
moisture in the rooting zone.

Fourwing saltbush is the most widely distributed and abundant saltbush in the southwest USA
(Mozingo 1987c). It is a native, long-lived woody shrub that grows on a variety of landforms and
soils from sand dunes, sand sheets, alluvial fans and plains, hills and mountains, and washes. It
tolerates salinity but is not restricted to saline soils (Henrickson 1977). It is a polymorphic
species and is evergreen or deciduous depending on climate (Ogle et al. 2012a). Fourwing
saltbush has a long taproot of depths of 6 to 12 m (20 to 40 ft) and many small lateral roots
(Van Dersal 1938, Barrow et al. 1997). It has been found that the roots compose 40% of the
total mass of adult plants (Wallace et al. 1974). Fourwing saltbush is classified as a
phreatophyte and has been documented at water tables occurring from 8 to 62 ft in New
Mexico (Meinzer 1927). Atriplex species are considered medium to short-lived shrubs and
possess a number of morphological and physiological traits that enable them to cope with
drought. Some of these traits include: a) photosynthesis through the Cs carboxylation pathway;
b) production of leaf trichomes (hair) and accumulation of salt crystals on the leaf surface to
increase reflectance; c) accumulation and synthesis of inorganic and organic solutes to maintain
turgor; and 4) root association with endomycorrhiza that allows absorption of soil moisture at
very low water potentials (Newton and Goodin 1989, Dobrowolski et al. 1990, Cibils et al.
1998).

Winterfat is a long-lived, drought tolerant native shrub typically about 30 cm (12 in.) in height.
It has a woody base from which annual branchlets grow (Welsh et al. 1987). The most common
variety is a low growing dwarf form (less than 15 in.), which is most often found on desert
valley floors (Stevens et al. 1977). Total winter precipitation is a primary growth driver and
lower than average spring precipitation can reverse the impact of plentiful winter precipitation.
While summer rainfall has a limited impact, heavy August through September rain can cause a
second flowering of winterfat (West and Gasto 1978). Winterfat reproduces from seed and
primarily pollinates via wind (Stevens et al. 1977). Seed production, especially in desert regions,
is dependent on precipitation (West and Gasto 1978) with good seed years occurring when
there is appreciable summer precipitation and little browsing (Stevens et al. 1977). Winterfat
has multiple dispersal mechanisms: diaspores are shed in the fall or winter, dispersed by wind,
rodent-cached, or carried on animals (Majerus 2003). Diaspores take advantage of available
moisture, tolerating freezing conditions as they progress from imbibed seeds to germinants to
nonwoody seedlings (Booth 1989). Under some circumstances, the degree of reproduction may
be dependent on mature plant density (Freeman and Emlen 1995).

Perennial bunchgrasses generally have somewhat shallower root systems than shrubs, but root
densities are often as high as or higher than those of shrubs in the upper 0.5 m (20 in.). General
differences in root depth distributions between grasses and shrubs result in resource
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partitioning in these shrub/grass systems. The perennial bunchgrasses that are sub-dominant
with the shrubs include Indian ricegrass and needle-and-thread. The dominant grass within this
site, Indian ricegrass, is a hardy, cool-season, densely tufted, long-lived perennial bunchgrass
that grows from 4 to 24 inches in height (Blaisdell and Holmgren 1984). Its deep, fibrous root
system makes Indian ricegrass one of the most drought tolerant native species. Indian ricegrass
can be found in low deserts associated with fourwing saltbush, shadscale saltbush (Atriplex
confertifolia), and winterfat and in elevations up to 10,000 ft. It can be found throughout MLRA
29, including on ridges, canyons, dunes, hills, plains, and mountains. Indian ricegrass is a key
plant in recovering communities disturbed by grazing, mining, and fire because it is a hardy
grass that is able to grow in rough, rocky, and coarse soils and still provides very valuable
forage. When successfully planted or recovered and managed, Indian ricegrass can help
rehabilitate disturbed areas by competing with invasive plants and providing cover and forage
(Booth et al. 1980). Indian ricegrass germination and establishment appears to occur in strong
pulses, with the plant preferring spring conditions, characterized by slightly higher than normal
early soil temperatures, followed by lower than normal temperatures later in the growing
season (Pearson 1979).

Galleta is a mat-forming, rhizomatous, warm-season grass that is 11 to 19 in. tall (Stubbendieck
et al. 2003). This warm-season (C4), perennial species is more water-efficient than its cool-
season counterparts. This allows galleta grass to survive in low precipitation zones where a
significant portion of rainfall occurs during summer months (Banner et al. 2011). It has been
found that galleta grass initiated more than one phenological cycle with the presence of
summer precipitation, allowing the species to grow and set seed more than once (Everett et al.
1980). This plant is typical of southern Nevada and the transition zone between the Great Basin
and the Mojave Desert. It is most common in fine-textured soils (Stubbendieck et al. 2003) but
is also present on sandy and coarse-textured soils.

Sand dropseed is a perennial warm-season bunchgrass that prefers the coarser soil textures of
this DRG, including increased sand and less silt and clay than other perennial grasses (Soil
Survey Staff 2024). This C4 grass has clonal reproduction and low palatablility of the mature
plants which make the plant resistant to grazing. In areas which receive inappropriate grazing,
this plant has a tendancy to increase and may become dominant along with other species in the
same genus Sporobolus. The plant is consumed and killed by fire, however appears to
reestablish from seeds stored in the seedbank (Abrams 1988). Given the grasses use of summer
monsoonal moisture, spring and summer forage is most useful to ruminants (Anderson and
Scherzinger 1975).

The ecological sites in this DRG have moderate resilience to disturbance and resistance to
invasion. Increased resilience generally increases with elevation, aspect, increased
precipitation, and increased nutrient availability. Four alternative states have been identified
for this ecological site, including an annual state primarily dominated by invasive forbs, and an
abiotic state which appears to be more common than in many other DRGs. The current
potential state contains a range of perennial plants such as Indian ricegrass, winterfat, galleta,
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and trace non-native annual species, while more rabbitbrush (Chrysothamnus spp.) and bud
sagebrush dominated the overstory in the shrub state.

Annual Invasive Species:

While invasive annual grasses are well known and documented to establish in salt-desert plant
communities, this particular group of ecological sites was not documented to be dominated by
annual grasses in the course of fieldwork for this project. The presence of annual grasses,
predominantly cheatgrass (Bromus tectorum), was noted at many of the sites visited, however,
the species was not found to dominate the sites, likely due to coarse soils and limited winter
precipitation. The annual invasive species found were Russian thistle (Salsola tragus) and
halogeton (Halogeton glomeratus). Both species are summer annuals, germinating and growing
in late spring and maturing in late summer/early fall. The summer rainfall associated with this
DRG likely facilitates the growth of these two taprooted, invasive forbs.

The invasibility of plant communities is often linked to resource availability. Disturbance can
decrease resource uptake due to damage or mortality of the native species and depressed
competition or can increase resource pools by the decomposition of dead plant material
following disturbance. Disturbance can decrease resource uptake due to damage or mortality of
the native species, and decomposition of dead plant material following disturbance further
increases resource pools. Historically, salt-desert shrub communities were free of exotic
invaders; however, excessive grazing pressure during settlement and into the 20th century has
increased the overall presence of cheatgrass, halogeton, Russian thistle and weedy mustard
species (Brassicaceae spp.) (Peters and Bunting 1994). The presence of exotic annual plants
within these ecosystems decreases ecosystem resilience and resistance to disturbance through
competition for limited resources. Dobrowolski et al. (1990) cite multiple authors on the extent
of the soil profile exploited by the competitive exotic annual cheatgrass. Specifically, the depth
of rooting is dependent on the size the plant achieves, and in competitive environments,
cheatgrass roots were found to penetrate only 15 cm (6 in.), whereas isolated plants and pure
stands were found to root at least 1 m (39 in.) in depth with some plants rooting as deep as 1.5
to 1.7 m (59 to 67 in.).

Russian thistle is a taprooted, C4 photosynthesis (warm-season) annual forb, introduced from
southeastern Europe and central Asia. The seeds have a remarkable capability to germinate in a
variety of soil temperatures and very little precipitation and even move back into dormancy
after initial germination (Wallace et al. 1968). The seeds, however, are not persistent and
generally remain viable in the seed bank for less than two years (Boerboom 1993, Young et al.
1995). Russian thistle has been observed to provide initial establishment in completely de-
vegetated sites and create a microsite habitat that may allow increased establishment of other
species (Allen and Allen 1988). The successful establishment of other species, particularly later
seral species that form mycorrhizal associations, may reduce the cover of Russian thistle as
mycorrhizal inoculation has been observed to reduce the size and vigor of Russian thistle while
encouraging later seral species such as perennial bunchgrasses (Johnson 1998a).
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Halogeton is a non-native succulent annual of the goosefoot family (Chenopodiaceae spp.)
native to semi-desert lands in the Altai region of central Asia (Tisdale and Zappetini 1953). It
possesses a strong taproot that penetrates 4 to 5 in. and an extensive root system spanning up
to 2 ft in lateral spread and depth (Tisdale and Zappetini 1953). Halogeton is characterized by
its small fleshy leaves that can appear slightly red or purple as the plant matures. This plant can
produce as many as 25,000 seeds, while typical plant sizes of about 3 in. can produce up to 800
seeds. These seeds are spread primarily through fruit ingestion and fruit movement, but can
also be spread through wind (Tisdale and Zappetini 1953). Halogeton is well adapted to alkaline
and saline soils and is prevalent on disturbed and overgrazed sites These plants accumulate salt
that can leach from dead plant materials, increasing the soil salinity in topsoil, which favors
continued germination and spread in invaded sites (Cronin 1965).

Fire Ecology:

Fourwing saltbush’s ability to sprout following fire may depend on the population and fire
severity. One study showed a 58% mortality rate of fourwing saltbush following fire in New
Mexico, the surviving shrubs produced sprouts shortly after fire (Parmenter 2008). While
fourwing saltbush is able to resprout after fire, it primarily reestablishes from seed (Stutz 1979,
Wasser 1982). This plant can also sprout from a below ground crown or rootstock and layers
after fire, which can aid in the drought tolerance and nutrient uptake of the species (Wasser
1982). High severity fire in more productive sites occurring in the upper elevation range of this
DRG will result in an increased presence of xerohalophytes, or resprouting shrubs like fourwing
saltbush, winterfat, green molly (Bassia americana), and black greasewood (Sarcobatus
vermiculatus) (West 1994).

Winterfat tolerates environmental stress, extremes of temperature and precipitation, and
competition from other perennials but not the disturbances of fire or overgrazing (Ogle et al.
2001). Fire is rare within these communities due to low fuel loads. There are conflicting reports
in the literature about the response of winterfat to fire. In one of the first published
descriptions, it was reported that winterfat sprouts vigorously after fire (Dwyer and Pieper
1967). This observation was frequently cited in subsequent literature, but recent observations
have suggested that winterfat can be completely killed by fire (Pellant and Reichert 1984). The
response is apparently dependent on fire severity. Winterfat is able to sprout from buds near
the base of the plant. However, if these buds are destroyed, winterfat will not sprout. Research
has shown that winterfat seedling growth is depressed in growth by at least 90% when growing
in the presence of cheatgrass (Hild et al. 2007). Repeated, frequent fires will increase the
likelihood of conversion to a non-native, annual plant community with trace amounts of
winterfat.

The effect of fire on bunchgrasses relates to culm density, culm-leaf morphology, and the size
of the plant. The initial condition of bunchgrasses within the site, along with seasonality and
intensity of the fire all factor into the individual species response. The two dominant grasses on
this site, Indian ricegrass and needle-and-thread grass, have different responses to fire. Needle-
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and-thread is top-killed by fire but is likely to resprout if fire does not consume above-ground
stems (Akinsoji 1988, Bradley et al. 1992). The season of burn rather than fire intensity seemed
to be the crucial factor in mortality for needle-and-thread grass (Wright and Klemmedson
1965). Early spring season burning was found to kill the plants while August burning had no
effect.

Indian ricegrass, is fairly fire tolerant (Wright 1985), which is likely due to its low culm density
and below ground plant crowns. Several studies in the sagebrush zone classified Indian
ricegrass as being slightly damaged from late summer burning (Vallentine 1989). Indian
ricegrass has also been found to reestablish on burned sites through seed dispersed from
adjacent unburned areas (Young 1983, West 1994). Thus, the presence of surviving, seed-
producing plants facilitates the reestablishment of Indian ricegrass. Grazing management
following fire to promote seed production and establishment of seedlings is important. When
successfully planted and managed, Indian ricegrass can be a key factor in a community
recovering from disturbance because it can grow in rough, rocky, coarse-textured soils (Booth
et al. 1980).

Galleta grass, a minor component of these ecological sites, has been found to increase
following fire likely due to its rhizomatous root structure and ability to re-sprout (Jameson
1962). This species may retard reestablishment of deeper-rooted bunchgrasses due to site
resource availability. Sand dropseed tends to be top-killed by fire and significantly reduces post
fire, however appears to reestablish from seed (Abrams 1988). Repeated frequent fire in this
community will reduce fourwing saltbush, significantly decrease bunchgrass density, and
facilitate the establishment of an annual non-native community with varying amounts of galleta
and rabbitbrush, the predominant sprouting shrub in this community along with Nevada
ephedra (Ephedra nevadensis) (Abrams 1988).

Invasion by annual forbs and grasses decreases site resilience, increases the risk of stand-
replacing fire, and decreases the potential for four-wing saltbush and Indian ricegrass
reestablishment. Soil movement associated with fire and other activities such as OHV use has
been observed.

Livestock/Wildlife Grazing Interpretations:

The salt-desert shrub community is typically regarded as a browse-specific plant community. It
is characterized by low productivity, which requires substantial acreage for grazing animals—
about 1.5 to 3 ac/sheep/month and 10 to 20 ac/cow. Within this vegetation type, it is
acknowledged that 65 to 90% of the available forage is browse (Costello 1944).

Fourwing saltbush is one of the most important forage shrubs in arid sites. Its importance is due
to its abundance, accessibility, size, large volume of forage, evergreen habitat, high palatability
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and nutritive value (USFS 1937, Van Epps 1975). The palatability rates from fairly good to good
for cattle, and is good for domestic sheep and goats. Deer (Odocoileus spp.) usually consume it
as a winter browse (USFS 1937). It has similar protein, fat, and carbohydrate levels as alfalfa
(Medicago sativa) (Catlin 1925). Fourwing saltbush is especially valuable as winter forage. It was
noted that sheep readily grazed fourwing saltbush when introduced into a new pasture
(Otsyina et al. 1982). Fourwing saltbush is a dioecious plant, though nutrient levels have been
shown not to significantly vary between male, female, and labile plants (Tiedemann et al.
1984). Differences were found seasonally, in the spring, when males tended to have higher
levels of chlorophyll and nonstructural carbohydrate levels. Generally, the plant has appeared
moderately or not affected by spring and fall or early summer utilization. Moderate utilization
(60% defoliation of the current year growth) during rapid growth, seed set, and quiescence
tended to stimulate twig growth. High intensity utilization however (> 90% defoliation of
current year growth) at high frequency (four or more times) could cause plant mortality (Buwai
and Trlica 1977).

Winterfat is a valuable forage species with an average of 10% crude protein during winter when
there are few nutritious options for livestock and wildlife (Welch 1989). However, excessive
grazing throughout the West has negatively impacted survival of winterfat stands (Hilton 1941,
Statler 1967, Stevens et al. 1977). Time of grazing is critical for winterfat with the active
growing period being most critical (Romo et al. 1995). Active growing season for winterfat
occurs from early spring to mid-spring, which in southern portions of the Great Basin, can occur
earlier than in other areas. Stevens et al. (1977) found that both vigor and reproduction of
winterfat were reduced in Steptoe Valley, Nevada by improper season of use, which they
recommended no more than 25% utilization during periods of active growth and up to 75%
utilization during dormant season use. Significantly greater foliar cover and density of winterfat
was found in areas ungrazed for 26 years versus winter grazed areas in Utah (Rasmussen and
Brotherson 1986). In exclosures protected from grazing for between 5 and 16 years, it was
found that winterfat increased in foliar cover but not in density where it was dominant, and in
both foliar cover and density in shadscale-perennial grass communities where it was sub-
dominant (Rice and Westoby 1978).

In addition to grazing by cattle, winterfat is browsed by western rabbits (Sylvilagus spp.),
antelope (Antilocapra spp.), and other wildlife species (Stevens et al. 1977, Ogle et al. 2001).
Winterfat and perennial grasses average 80% of jackrabbits’ (Lepus californicus) diet in
southeastern ldaho, with shrubs being grazed in fall and winter particularly (Johnson and
Anderson 1984). Pronghorn (Antilocapra americana) and rabbits browse stems, leaves, and
seed stalks of winterfat year round, especially during periods of active growth (Stevens et al.
1977). Management of wildlife browse is difficult and browse may be harmful to winterfat
reestablishment as seed production and regrowth are curtailed if grazing occurs as the plant
begins to grow (Eckert 1954).

Sheep find bud sagebrush palatable, especially in winter (Johnson 1978), while it is slightly toxic
and less palatable to cattle (Stubbendieck et al. 1992). Winterfat, on the other hand, is highly

111



palatable to both cattle and sheep, but is not a preferred forage species for sheep (Sampson
and Jespersen 1963, Severson and May 1967). Due to this difference in preference, the type of
grazer present in a bud sagebrush/winterfat community can tip the composition of the plant
community in favor of one species or another.

Indian ricegrass is a preferred forage species for livestock and wildlife (Cook 1962, Booth et al.
1980). This species is often heavily utilized in winter because it cures well (Booth et al. 1980). It
is also readily utilized in early spring, being a source of green feed before most other perennial
grasses have produced new growth (Quinones 1981). The plant does well when utilized in
winter and spring (Booth et al. 1980). However, it has been found that repeated heavy grazing,
particularly in early spring, reduced crown cover, stand density, and plant vigor, which may
reduce seed production, density, and basal area of these plants (Cook and Child 1971). In
eastern ldaho, productivity of Indian ricegrass was at least 10 times greater in undisturbed plots
than in heavily grazed ones (Pearson 1979), however Cook and Child (1971) found a significant
reduction in plant cover after 7 years of rest from heavy (90%) and moderate (60%) spring use.
Tolerance to grazing increases after May, thus spring deferment may be necessary for stand
enhancement (Pearson 1964, Cook and Child 1971); however, utilization of less than 60% is
recommended. In summary, adaptive management is required to manage this bunchgrass well.

Galleta is a highly palatable forage species for cattle, domestic sheep, deer, antelope, and
horses during late spring and summer while it is green (Stubbendieck et al. 2017). Due to its low
growth form and rhizomatous characteristics, galleta is particularly tolerant of heavy grazing
and trampling, and may increase as bunchgrasses decline (Pratt et al. 2002). This species will
also initiate more than one phenological cycle if summer precipitation is present (Everett et al.
1980), allowing galleta to grow and propagate after defoliation.

Sand dropseed has low palatability however, due to its ability to remain green longer into the
winter than other forage species, it becomes an important forage species for cattle, horses,
sheep, elk (Cervus canadensis), deer and pronghorn in winter months (Tilley et al. 2010).
Additionally, the plant and seeds are eaten by small birds, rodents and other small mammals, as
well as providing cover for sage grouse (Centrocercus urophasianus) (Tilley et al. 2010).

Inappropriate grazing management during the spring growing season will cause a decline in
understory plants such as Indian ricegrass and needle-and-thread. Growing season grazing by
cattle several years in a row causes a decrease in the bunchgrass component and palatable
shrubs (Eckert et al. 1972). Reduced bunchgrass vigor or density provides an opportunity for
galleta, sand dropseed, and/or invasive species such as halogeton or Russian thistle to occupy
interspaces. Thus, depending on the season of use, the type of grazing animal, and site
conditions, either galleta, sand dropseed, or invasive annual forbs may become the dominant
understory with inappropriate grazing management.

Halogeton is a highly adapted annual species that exploits the ecological void left by repeated
disturbance such as livestock trails and unpaved roads that were periodically graded, trampled
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areas near watering points or corrals, and rangeland areas denuded by excessive grazing (Young
2002). Halogeton is notable for its toxicity to grazing livestock, primarily affecting sheep. With
as little as 300 grams (11 oz) of the plant being potentially fatal to sheep. Halogeton may
accumulate up to 30% oxalates, these oxalates precipitate calcium from the blood resulting in
hypocalcemia, formation of calcium oxalate crystals in blood streams, and uremia (Rood et al.
2014). This toxicity has caused the deaths of hundreds of sheep and is a vital component of
sheep grazing planning and management.

State and Transition Model Narrative for Group 3:

This is a text description of the states, phases, transitions, and community pathways possible in
the State and Transition model for the MLRA 29 Disturbance Response Group 3.

Reference State 1.0:

The Reference State 1.0 is a representative of the natural range of variability under pristine
conditions. The reference state has two general community phases; a shrub-grass dominated
phase, and a shrub dominated phase. State dynamics are maintained by interactions between
climatic patterns and disturbance regimes. Negative feedbacks enhance ecosystem resilience
and contribute to the stability of the state. These include the presence of all structural and
functional groups, low fine fuel loads, and retention of organic matter and nutrients. Fire in
salt- desert shrub communities is very infrequent, with fire return intervals estimated at >500
years (Miller and Tausch 2001). Due to infrequent fire, plant community phase changes are
primarily driven by climactic extremes (drought or flooding) and/or insect or disease attack
(Nelson et al. 1989, Ewing and Dobrowolski 1992).

Community Phase 1.1:

Fourwing saltbush, winterfat and Indian ricegrass dominate the site. Bud sagebrush and
spiny hopsage are also common. Galleta, sand dropseed, and other perennial grasses
may also be present in the understory. Perennial and annual forbs are present but not
abundant. Potential vegetative composition by air-dry weight is approximately 45%
grasses, 5% forbs and 50% shrubs. Approximate ground cover (basal and canopy) is 15
to 25%. Total annual air-dry production ranges from 300 to 700 Ib/ac.

Community Phase Pathway 1.1a, from Phase 1.1 to 1.2:

Long-term drought, time, and herbivory from wildlife favor an increase in unpalatable
shrubs over deep-rooted perennial bunchgrasses, fourwing saltbush, and winterfat.
Sand dropseed and galleta may increase.

Community Phase 1.2:
Fourwing saltbush and winterfat are reduced as well as Indian ricegrass. Shallow-rooted
perennials including galleta and sand dropseed will increase alongside less palatable
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shrubs including Douglas rabbitbrush (Chrysothamnus viscidiflorus) and horsebrush
(Tetradymia spp.).

Community Phase Pathway 1.2a, from Phase 1.2 to 1.1:
Release from drought and/or absence of disturbance over time allows for fourwing
saltbush, winterfat, and Indian ricegrass to recover.

T1A: Transition from Reference State 1.0 to Current Potential State 2.0:

Trigger: This transition is caused by the introduction of non-native annual weeds, such as
Russian thistle, halogeton, cheatgrass, and mustards.

Slow variables: Over time the annual non-native plants will increase within the community.

Threshold: Any amount of introduced non-native species causes an immediate decrease in the
resilience of the site. Annual non-native species cannot be easily removed from the system and
have the potential to significantly alter disturbance regimes from their historic range of
variation.

Current Potential State 2.0:

This state is similar to the Reference State 1.0. This state has three general community phases,
a shrub-grass dominated phase, a less palatable perennial bunchgrass grass-sprouting shrub
dominated phase, and a shrub dominated phase. Ecological function has not changed; however,
the resiliency of the state has been reduced by the presence of non-native annual species. The
non-native species may increase in abundance but will not become dominant within this state.
These non-natives can be highly flammable and can promote fire where historically fire had
been very infrequent. Negative feedbacks enhance ecosystem resilience and contribute to the
stability of the state. These feedbacks include the presence of all structural and functional
groups, low fine fuel loads and retention of organic matter and nutrients. Positive feedbacks
decrease ecosystem resilience and stability of the state. These include the non-natives’ high
seed output, persistent seed bank, rapid growth rate, ability to cross pollinate and adaptations
for seed dispersal.

Community Phase 2.1:

Fourwing saltbush, winterfat, and Indian ricegrass dominate the site. Bud sagebrush and
spiny hopsage are common. Galleta, sand dropseed, and other perennial grasses may be
present in the understory. Perennial and annual forbs make up a smaller percentage by
weight of the understory. Non-native annual species are present.
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Sandy 5-8" P.Z. (R029XY012NV), Current Potential 2.1, D. Snyder, September 2020

Community Phase Pathway 2.1a, from Phase 2.1 to 2.2:

Repeated, chronic grazing from domestic livestock and/or wild horses/burros (Equus
asinus) during the late summer to early spring period reduces the cover of fourwing
saltbush and winterfat. Indian ricegrass, galleta, and sand dropseed increase.

Community Phase Pathway 2.1b, from Phase 2.1 to 2.3:

Time and lack of disturbance allow for fourwing saltbush and winterfat to increase in
density. Inappropriate growing season grazing from domestic livestock and/or wild
horses/burros reduces deep-rooted perennial bunchgrasses and facilitates shrub
dominance.

Community Phase 2.2:

Fourwing saltbush and winterfat are reduced. Indian ricegrass, galleta, and sand
dropseed will increase along with less palatable shrubs, including Douglas rabbitbrush
and horsebrush. Annual, non-native species are present and may be increasing.
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Sandy 5-8" P.Z. (RO29XY012NV), Current Potential 2.2, T. Stringham, June 2022

Community Phase Pathway 2.2a, from Phase 2.2 to 2.1:

Time and lack of disturbance allows re-establishment of fourwing saltbush and
winterfat. Appropriate late summer to early spring grazing management facilitates an
increase in fourwing saltbush and winterfat.

Community Phase 2.3 (At Risk):

This community is at risk of crossing a threshold to a shrub-dominated state. Fourwing
saltbush, winterfat, and sprouting shrubs like Douglas rabbitbrush dominate the
overstory. Indian ricegrass is a minor component, while galleta and sand dropseed have
increased. Continuous growing season grazing favors the shrub component and reduces
Indian ricegrass while sand dropseed and galleta increase. Annual non-native species are
present.

Sandy 5-8" P.Z. (R029XY012NV), Current Potential 2.3, D. Snder, September 2020
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Community Phase Pathway 2.3a, from Phase 2.3 to 2.1:

Grazing management that reduces shrubs, such as late-summer through winter grazing,
may reduce the palatable shrub overstory and facilitate an increase in perennial
bunchgrasses like Indian ricegrass. While fire is not a primary driver for change in this
community, a low severity fire would create a fourwing saltbush/grass mosaic.

T2A: Transition from Current Potential State 2.0 to Shrub State 3.0:

Trigger: Inappropriate, long-term, growing season grazing reduces the vigor and reproductive
capabilities of perennial bunchgrasses facilitating a transition to Community Phase 3.1. Long-
term drought and/or inappropriate grazing would favor unpalatable shrubs, including Douglas
rabbitbrush and horsebrush and initiates a transition to Community Phase 3.2. Understory
vegetation in these communities is dominated by less palatable C4 grasses - galleta and sand
dropseed.

Slow variables: Long-term decrease in deep-rooted perennial Indian ricegrass density.

Threshold: Loss of deep-rooted perennial bunchgrasses, primarily Indian ricegrass, changes
spatial and temporal nutrient cycling and nutrient redistribution, and reduces soil organic
matter.

T2B: Transition from Current Potential State 2.0 to Annual State 4.0:

Trigger: Catastrophic fire would cause a transition to Community Phase 4.1.
Slow variables: Increased production and cover of non-native annual species.

Threshold: Increased, continuous fine fuels modify the fire regime by changing intensity, size
and spatial variability of fires. Changes in plant community composition and spatial variability of
vegetation due to the loss of perennial bunchgrasses and fourwing saltbush truncate energy
capture and impact the nutrient cycling and distribution.

Shrub State 3.0:

This state consists of two community phases, one is dominated by shrubs with an understory of
grazing tolerant grasses, such as galleta or sand dropseed. The second phase is dominated by
sprouting shrubs such as rabbitbrush and/or unpalatable shrubs with limited understory. This
site has crossed a biotic threshold and site processes are being controlled by shrubs. Bare
ground has increased and invasive species may be increasing.

Community Phase 3.1:
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Perennial bunchgrasses like Indian ricegrass are reduced and the site is dominated by
fourwing saltbush, winterfat, and bud sagebrush. Other shrubs like spiny hopsage,
Douglas rabbitbrush, and Anderson wolfberry (Lycium andersonii) are common. Galleta
and sand dropseed may be present. Bare ground is increasing, with interspaces that are
large and connected. Annual non-native species are present.

g 1 A L
Shallow Sandy Loam 5-8" P.Z. (R029XY080NYV) Shrub State 3.1, T. Stringham, April 2023

Community Phase Pathway 3.1a, from Phase 3.1 to 3.2:

Severe drought and/or chronic, inappropriate late-summer to early spring grazing would
decrease or eliminate the overstory of palatable shrubs. Non-palatable sprouting shrubs
increase with the reduction in fourwing saltbush, winterfat, and bud sagebrush.

Community Phase 3.2:

Sprouting shrubs such as yellow (aka Douglas) rabbitbrush (Chrysothamnus viscidiflorus),
dominate the community. Perennial bunchgrasses, like Indian ricegrass, are trace to
missing. Galleta and sand dropseed may be present. Bare ground has increased and
interspaces are large and connected. Wind erosion may be significant and lead to soil
redistribution under shrubs, significantly reducing reestablishment of desirable shrubs.
Trace amounts of fourwing saltbush may be present. Annual non-native species are
present and increasing.
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Sandy Loam 5-8" P.Z. (RO29XY046NV), Shrub State 3.2, T. Stringham, June 2020

Community Phase Pathway 3.2a, from Phase 3.2 to 3.1:
Time and lack of disturbance may allow for regeneration of fourwing saltbush and
winterfat.

T3A: Transition from Shrub State 3.0 to Annual State 4.0

Trigger: Long-term, inappropriate grazing management in the presence of annual non-native
species in combination with higher-than-normal spring/early summer precipitation causes an
increase in Russian thistle, halogeton, and mustards. While fire is infrequent in a salt-desert
shrub community, a severe fire will also cause a transition to Annual State.

Slow variables: Increased production and cover of non-native annual species.

Threshold: Changes in plant community composition and spatial variability of vegetation due to
the loss of perennial bunchgrasses, winterfat, and saltbush truncate energy capture and impact
water and nutrient cycling and distribution.

Annual State 4.0

This state has one community phase. In this state, a biotic threshold has been crossed and state
dynamics are driven by the dominance and persistence of the exotic annual species. Russian
thistle, halogeton, tumble mustard (Sisymbrium altissimum) and/or cheatgrass dominate the
plant community. Bare ground may be abundant, and desirable native vegetation is trace or
missing.
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Community Phase 4.1:

This community is dominated by annual non-native species. Russian thistle and
halogeton most commonly invades these sites. Trace amounts of fourwing saltbush and
other desirable species may be present, but are not contributing to overall site function.
Bare ground is abundant, especially during low precipitation years. Soil redistribution
may be evident.

Sandy 5-8" P.Z. (R029XY012V), AuaIState 4.1, T. Stringham, Septmber 2023

T4A: Transition from Annual State 4.0 to Abiotic State 5.0:

Trigger: Long-term, extremely inappropriate grazing management, severe drought, and/or
severe flooding, significantly reducing vegetative cover leads to significant soil loss and
redistribution.

Slow variables: Long-term decrease in density of native, perennial vegetation combined with
soil movement and loss.

Threshold: Increased wind or water erosion resulting in soil loss, preventing the establishment
of native perennials and/or invasive species. Changes in plant community composition and
spatial variability of vegetation due to the loss of perennial bunchgrasses and shrubs truncate
energy capture spatially and temporally, thus impacting nutrient cycling and distribution.

Abiotic State 5.0:

This state consists of one community phase in which abiotic factors (i.e. wind or water erosion)
have dramatically altered the site. It is characterized by the loss of vegetative cover along with
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the redistribution and loss of the soil surface. Feedback contributing to the stability of this state
include soil loss, nutrient loss, soil surface degradation led to significant bare ground.

Community Phase 5.1:

This community is the result of extreme soil loss and redistribution. The vegetative
cover is minimal, but is dominated by introduced non-native forbs and/or grasses. Trace
amounts of desirable species may be present and bare ground interspaces are large and
connected. Site function is controlled by soil erosion and soil temperature.
Rehabilitation of this community is unknown.

Sandy 3-5" P.Z. (R029XY034NV), Abiotic State, T. Stringham, May 2021
Potential Resilience Differences with Other Ecological Sites in this Group:

Sandy 5-8" P.Z. (R029XY012NV):

This site occurs on sand sheets that occur on lower fan remnants and alluvial fans. The soils of
this site have formed in coarse-textured alluvium or aeolian deposits from mixed rock sources.
Some soils have a thick layer of overblown or alluvial sand. These soils have rapid infiltration
and percolation rates, low available water capacity and are excessively drained with low to no
runoff. The potential for wind erosion on these sites is high. The potential native plant
community is dominated by Indian ricegrass and spiny hopsage. This site is similar to the modal
site with five alternative states. Resilience on this site is considered to be similar to that of the
Modal site (Sandy Loam 5-8” P.Z.), with the reduced presence of galleta grass. The coarse soil
texture, which can aid in scarification of dormant Indian ricegrass seed and rapid infiltration of
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water onsite, has led to positive responses after cessation of years of inappropriate grazing
management, suggesting moderate resiliency.

Shallow Sandy Loam 5-8" P.Z. (R029XYO80NV):

This site occurs on shallower, but similarly coarse soils. The shallower soil reduces water
holding capacity thus reducing site resiliency. This results in a more droughty plant community,
including reduced grass cover and an increased presence of salt-desert shrubs, including spiny
menodora, Nevada ephedra, and Anderson’s wolfberry. Winterfat may be present, but is less
common than on the modal site (Sandy Loam 5-8” P.Z.). For these reasons, transition to the
Shrub State and loss or reduction of the deep-rooted perennial grass understory is more likely.
Field observations recorded multiple shrub-dominated sites with characteristics that resembled
conditions of a limited understory.

Sandy 3-5" P.Z. (RO29XY034NV):

This soil is among the coarsest soils of the ecological sites in this group. It is excessively drained
and low in organic matter, making it a very challenging site for plant establishment. Resilience is
less than the modal site and conversion to a Shrub State will occur more rapidly. In addition, an
Abiotic State was observed during fieldwork. Abiotic and Annual states observed in sandy sites
were dominated by yellow rabbitbrush, littleleaf horsebrush (Tetradymia glabrata), Nevada
dalea (Psorothamnus polydenius), and various potential non-native annual species.

122



Modal State and Transition Model for Group 3 in MLRA 29:

MLRA 29
Group 3

Sandy Loam 5-8" P.Z.
R029XY046NV

T1A

Reference State 1.0

1.1
Fourwing saltbush, winterfat, and Indian
ricegrass dominate
Spiny hopsage and bud sagebrush
common
Galleta and sand dropseed present
Forbs present but not abundant

—1.1a»

[—1.2a—

1.2
Fourwing saltbush, winterfat, and Indian
ricegrass decrease
Galleta and sand dropseed increase
Less palatable shrubs including Douglas
rabbitbrush and horsebrush increase

Current Potential State 2.0

Fourwing saltbush, winterfat, and Indian
ricegrass dominate

Spiny hopsage and bud sagebrush common
Galleta and sand dropseed present

Forbs present but not abundant

Annual non-native species present

21

—2.1a—

—2.2a—

Indian ricegrass, galleta, and sand
dropseed dominate understory
Fourwing saltbush and winterfat minor
components
Less palatable shrubs including Douglas
rabbitbrush and horsebrush increase
Annual non-native species present

22

2.1b

——2.3a—

A

2.3 (At Risk)

shrubs co-dominant

Fourwing saltbush, winterfat, and sprouting

Indian ricegrass minor component
Galleta and sand dropseed increase
Annual non-native species present

Shrub State 3.0

3.1

T2A

Annual State 4.0

Indian ricegrass minor component to absent
Fourwing saltbush, winterfat, bud
sagebrush and sprouting shrubs dominant
Galleta and sand dropseed dominate
understory

Interspaces are large and connected
Annual non-native species present

| I

3.1a 3.2a

|

3.2
Douglas rabbitbrush dominant
Indian ricegrass minor component to absent
Galleta and/or sand dropseed may be
present
Interspaces large and connected
Increased soil redistribution under shrubs
Annual non-native species present and
increasing

TIA——P

41
Russian thistle and halogeton dominant
Trace amounts of perennial grasses and/or
sprouting shrubs may be present
Interspaces large and connected; sail
redistribution may be evident

T4A

Abiotic State 5.0

5.1

Vegetative cover is minimal

Russian thistle and other non-native species are
sparse

Trace amounts of desirable species may be present
Bare ground interspaces are large and connected
Wind and water erosion apparent
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MLRA 29
Group 3
Sandy Loam 5-8" P.Z.
R029XY046NV

Reference State 1.0 Community Phase Pathways

1.1a: Long term drought, time, and/or herbivory favors increase of shrubs over deep-rooted perennial grasses. Galleta and
sand dropseed may increase.

1.2a: Time and lack of disturbance and/or release from drought allows saltbush, winterfat, and Indian ricegrass to recover.

Transition T1A: Introduction of non-native annual species such as cheatgrass, halogeton, Russian thistle, and mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Chronic grazing during the late summer to early spring period reduces fourwing saltbush and winterfat. Indian
ricegrass, galleta, and sand dropseed increase.

2.1b: Time, lack of disturbance allows fourwing saltbush and winterfat to increase in density. Inappropriate growing season
grazing reduces deep-rooted perennial bunchgrasses.

2.2a: Time, lack of disturbance allows fourwing saltbush and winterfat to recover. Appropriate late summer to early spring
grazing management facilitates an increase in fourwing saltbush and winterfat.

2.3a: Late-summer through winter grazing that reduces shrubs facilitates an increase in Indian ricegrass and a decrease in
palatable shrubs. Low severity fire, while not a primary driver of change in this community, would create a fourwing saltbush/
grass mosaic.

Transition T2A: Long-term inappropriate grazing management during the growing season (to 3.1). Long term drought or
grazing management that favors unpalatable shrubs would cause transition to Community Phase 3.2.

Transition T2B: Catastrophic fire.

Shrub State 3.0 Community Phase Pathways

3.1a: Severe drought and/or chronic, improper late-summer to early spring grazing management decreases or eliminates
the overstory of palatable shrubs.

3.2a: Time, lack of disturbance allows for regeneration of fourwing saltbush and winterfat.

Transition T3A: Severe fire and/or long-term inappropriate grazing management with higher than normal spring precipitation
increases the presence of non-native annual species. High severity fire will also cause a transition to an Annual State (4.0).

Transition T4A: Long-term, extremely inappropriate grazing management, severe drought, and/or soil disturbing treatments,
combined with significant soil loss and redistribution.
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Additional State and Transition Models for Group 3 in MLRA 29:

MLRA 29 Reference State 1.0
Group 3
Sandy 5-8" P.Z. 12
RO29XY012NV 1.1 fan rice .
Indian ricegrass and fourwing saltbush ~1.1a-p Shrubs and Indian ricegrass minor
dominant component
Winterfat, sand dropseed, and Sand dropseed and needleandthread
needleandthread are present l¢-1.2a- Increase .
T1A | | Forbs present but not abundant Less palatable shrubs like Douglas
rabbitbrush increase

Current Potential State 2.0

21
fourwing saltbush dominant

present

Indian ricegrass, sand dropseed, and
Winterfat, needleandthread,

Forbs present but not abundant
Annual non-native species present

—2.1a—»| component

and galleta are Sand dropseed and galleta increase
Less palatable shrubs like Douglas
rabbitbrush increase

Annual non-native species present

«—2.2a—

22

Shrubs and Indian ricegrass minor

2.1b 2.3a——

2.3 (At Risk)
Fourwing saltbush, winterfat, and sprouting
shrubs co-dominant
Sand dropseed, spike dropseed, and galleta
increase

» Indian ricegrass minor component

Annual non-native species present

Shrub State 3.0

T2A

3.1

Sand dropseed and needleandthread
dominate understory

Interspaces large and connected, bare
ground increasing

Annual non-native species present

Indian ricegrass minor component to absent
Fourwing saltbush and winterfat dominant

Annual State 4.0

f

3.1a 3.2a

v l

4.1

Russian thistle and halogeton dominant
Trace amounts of perennial grasses and/or
sprouting shrubs may be present

T3A > Interspaclesllgrge and connected; bare
ground significant

3.2
Sprouting shrubs dominant.
Wind erosion significant, increased soil
redistribution.

trace amounts
Annual non-native species present

Fourwing saltbush and winterfat present in

Abiotic State 5.0

sparse

51

Vegetative cover is minimal
Russian thistle and other non-native species are

Trace amounts of desirable species may be present
Bare ground interspaces are large and connected
Wind and water erosion apparent
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MLRA 29
Group 3
Sandy 5-8" P.Z.
R029XY012NV

Reference State 1.0 Community Phase Pathways

1.1a: Long term drought, time and/or herbivory favors increase of shrubs over deep-rooted perennial grasses. Galleta and
sand dropseed may increase.

1.2a: Time and lack of disturbance and/or release from drought allows saltbush, winterfat, and Indian ricegrass to recover.

Transition T1A: Introduction of non-native annual species such as cheatgrass, halogeton, Russian thistle, and mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Chronic grazing during the late summer to early spring period reduces fourwing saltbush and winterfat. Indian
ricegrass, galleta, and sand dropseed increase.

2.1b: Time, lack of disturbance allows fourwing saltbush and winterfat to increase in density. Inappropriate growing season
grazing reduces deep-rooted perennial bunchgrasses.

2.2a: Time, lack of disturbance allows fourwing saltbush and winterfat to recover. Appropriate late summer to early spring
grazing management facilitates an increase in fourwing saltbush and winterfat.

2.3a: Late-summer through winter grazing that reduces shrubs facilitates an increase in Indian ricegrass and a decrease in
palatable shrubs. Low severity fire, while not a primary driver of change in this community, would create a fourwing saltbush/
grass mosaic.

Transition T2A: Long-term inappropriate grazing management during the growing season (to 3.1). Long term drought or
grazing management that favors unpalatable shrubs would cause transition to Community Phase 3.2.

Transition T2B: Catastrophic fire.

Shrub State 3.0 Community Phase Pathways

3.1a: Severe drought and/or chronic, improper late-summer to early spring grazing management decreases or eliminates
the overstory of palatable shrubs.

3.2a: Time, lack of disturbance allows for regeneration of fourwing saltbush and winterfat.

Transition T3A: Severe fire and/or long-term inappropriate grazing management with higher than normal spring precipitation
increases the presence of non-native annual species. High severity fire will also cause a transition to an Annual State (4.0).

Transition T4A: Long-term, extremely inappropriate grazing management, severe drought, and/or soil disturbing treatments,
combined with significant soil loss and redistribution.
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MLRA 29

Group 3
Shallow Sandy Loam 5-8"
P.Z.

Reference State 1.0

R029XYO080NV

T1A

Fourwing saltbush and Indian ricegrass
dominant

Spiny menodora, Nevada ephedra,
desert needlegrass, and bottlebrush
squirretail present in understory

Forbs present but not abundant

11

1.2

Shrubs and Indian ricegrass minor
|-1.1a—p| COmponent

Shallow rooted perennials such as galleta
grass increase

1.2 | ess palatable shrubs including spiny
menodora may increase

Current Potential State 2.0

21

dominant

Fourwing saltbush and Indian ricegrass

Spiny menodora, Nevada ephedra,
desert needlegrass, and bottlebrush
squirretail present in understory
Forbs present but not abundant
Annual non-native species present

——2.1a—»{ component

grass increase

2.3a

22

Shrubs and Indian ricegrass minor
Shallow rooted perennials such as galleta
[€—2.2a— | ess palatable shrubs including spiny

menodora may increase
Annual non-native species present

A

2.3 (At Risk)
Fourwing saltbush dominant and decadent
Spiny menodora increasing
Perennial bunchgrasses minor component
Annual non-native species present

Anderson’s wolfberry, snakeweed, and

T2B
Shrub State 3.0 T2A i
Annual State 4.0
3.1
Fourwing saltbush and spiny menodora
dominant _ ' _4.1
Indian ricegrass, desert needlegrass, and Non-native species like cheatgrass and
perennial bunchgrasses minor component annual forbs dominate
Bare ground increasing Bare ground significant
Annual non-native species present TIA———>| Trace amounts of perennial grasses or
sprouting shrubs may be present
3.1a 3.2a ‘
| T4A
3.2

horsebrush dominant

Wind erosion significant and increased soil
redistribution

Annual non-native species present

Abiotic State 5.0

5.1
Vegetative cover is minimal
Non-native grasses and/or forbs sparse

present
Bare ground interspaces are large and
connected

Trace amounts of desirable species may be
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MLRA 29
Group 3
Shallow Sandy Loam 5-8"
P.Z.
R029XYO080NV

Reference State 1.0 Community Phase Pathways

1.1a: Long term drought, time and/or herbivory favors increase of shrubs over deep-rooted perennial grasses. Galleta and
desert needlegrass may increase.

1.2a: Time and lack of disturbance and/or release from drought allows saltbush and Indian ricegrass to recover.

Transition T1A: Introduction of non-native annual species such as cheatgrass, halogeton, Russian thistle, and mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Chronic grazing during the late summer to early spring period reduces fourwing saltbush. Indian ricegrass, galleta, and
desert needlegrass increase.

2.1b: Time, lack of disturbance allows fourwing saltbush to increase in density. Inappropriate growing season grazing
reduces deep-rooted perennial bunchgrasses.

2.2a: Time, lack of disturbance allows fourwing saltbush to recover. Appropriate late summer to early spring grazing
management facilitates an increase in fourwing saltbush.

2.3a: Late-summer through winter grazing that reduces shrubs facilitates an increase in Indian ricegrass and a decrease in
palatable shrubs. Low severity fire, while not a primary driver of change in this community, would create a fourwing saltbush/
grass mosaic.

Transition T2A: Long-term inappropriate grazing management during the growing season (to 3.1). Long term drought or
grazing management that favors unpalatable shrubs would cause transition to Community Phase 3.2.

Transition T2B: Catastrophic fire.

Shrub State 3.0 Community Phase Pathways

3.1a: Severe drought and/or chronic, improper late-summer to early spring grazing management decreases or eliminates
the overstory of palatable shrubs.

3.2a: Time, lack of disturbance allows for regeneration of fourwing saltbush.

Transition T3A: Severe fire and/or long-term inappropriate grazing management with higher than normal spring precipitation
increases the presence of non-native annual species. High severity fire will also cause a transition to an Annual State (4.0).

Transition T4A: Long-term, extremely inappropriate grazing management, severe drought, and/or soil disturbing treatments,
combined with significant soil loss and redistribution.
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MLRA 29

Group 3
Sandy 3-5" P.Z. Reference State 1.0
R029XY034NV 11

dominant

—

T1A

Fourwing saltbush and Indian ricegrass

Shockley’s wolfberry, winterfat, and
Nevada dalea are common

Sand dropseed present in understory
Forbs present but not abundant

1.2
Fourwing saltbush and Indian ricegrass

~1.1a% decrease

Less palatable shrubs including Bailey’s

le-1.25— 9reasewood increase

Sand dropseed may increase

Current Potential State 2.0

21
Fourwing saltbush and Indian ricegrass
dominant
Shockley’s wolfberry, winterfat, and Nevada
dalea are common
Sand dropseed present in understory

l«—2.2a— Sand d

Fourwing saltbush and Indian ricegrass
| —2.1a—p| decrease

Less palatable shrubs including Bailey’s
greasewood increase

22

ropseed may increase

Annual non-native species present

| !

3.1a 3.2a

v |

Bailey’s greasewood, Nevada dalea, and
Shockley’s wolfberry dominant

Wind erosion significant and increased soil
redistribution

Annual non-native species present

3.2

Forbs present but not abundant Annual non-native species present and
Annual non-native species present increasing
2.3 (At Risk)
2.1b 2.3a Fourwing saltbush and Shockley’s wolfberry
dominant
Indian ricegrass minor component
Annual non-native species present
T2B
Shrub State 3.0 L
T2A
31 Annual State 4.0
Indian ricegrass minor component to absent 41
Fourwing saltbush, winterfat, and < Non-native species such as Russian thistle,
Shockley's wolfberry dominant cheatgrass, and halogeton dominant
Sand dropseed dominates understory Bare ground significant
Bare ground increasing Trace amounts of perennial grasses or
TIA———P

sprouting shrubs may be present

Abiotic State 5.0

5.1
Vegetative cover is minimal
Non-native grasses and/or forbs sparse
Trace amounts of desirable species may be
present
Bare ground interspaces are large and
connected
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MLRA 29
Group 3
Sandy 3-5" P.Z.
R029XY034NV

Reference State 1.0 Community Phase Pathways

1.1a: Long term drought, time, and/or herbivory favors increase of shrubs over deep-rooted perennial grasses. Sand
dropseed may increase.

1.2a: Time and lack of disturbance and/or release from drought allows saltbush and Indian ricegrass to recover.

Transition T1A: Introduction of non-native annual species such as cheatgrass, halogeton, Russian thistle, and mustards.

Current Potential State 2.0 Community Phase Pathways

2.1a: Chronic grazing during the late summer to early spring period reduces fourwing saltbush and winterfat. Indian
ricegrass and sand dropseed increase.

2.1b: Time, lack of disturbance allows fourwing saltbush and Shockley’s wolfberry to increase in density. Inappropriate
growing season grazing reduces deep-rooted perennial bunchgrasses.

2.2a: Time, lack of disturbance allows fourwing saltbush to recover. Appropriate late summer to early spring grazing
management facilitates an increase in fourwing saltbush and Indian ricegrass.

2.3a: Late-summer through winter grazing that reduces shrubs facilitates an increase in Indian ricegrass and a decrease in
palatable shrubs. Low severity fire, while not a primary driver of change in this community, would create a fourwing saltbush/
grass mosaic.

Transition T2A: Long-term inappropriate grazing management during the growing season (to 3.1). Long term drought or
grazing management that favors unpalatable shrubs would cause transition to Community Phase 3.2.

Transition T2B: Catastrophic fire.

Shrub State 3.0 Community Phase Pathways

3.1a: Severe drought and/or chronic, improper late-summer to early spring grazing management decreases or eliminates
the overstory of palatable shrubs.

3.2a: Time, lack of disturbance allows for regeneration of fourwing saltbush and winterfat.

Transition T3A: Severe fire and/or long-term inappropriate grazing management with higher than normal spring precipitation
increases the presence of non-native annual species. High severity fire will also cause a transition to an Annual State (4.0).

Transition T4A: Long-term, extremely inappropriate grazing management, severe drought, and/or soil disturbing treatments,
combined with significant soil loss and redistribution.
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MLRA 29 Group 4: Silty soils with winterfat and Indian ricegrass

Description of MLRA 29 Disturbance Response Group 4

Disturbance Response Group (DRG) 4 consists of two ecological sites. The precipitation ranges
from 5 to 8 in. Slopes range from 0 to 15%. Elevations range from 4,000 to about 6,000 ft.
Production ranges from 350 to 450 lb/ac for a normal year. The soils on these sites are typically
deep to very deep and are moderately well to excessively drained. The water holding capacity
can range from low to high. The reference plant community is dominated by winterfat
(Krascheninnikovia lanata) and/or Indian ricegrass (Achnatherum hymenoides). Other important
species include, bud sagebrush (Picrothamnus desertorum), galleta (Pleuraphis jamesii),
bottlebrush squirreltail (Elymus elymoides), fourwing saltbush (Atriplex canescens), sand
dropseed (Sporobolus cryptandrus).

Disturbance Response Group 4 Ecological Sites:

Coarse Silty 5-8" P.Z. — Modal RO29XY042NV
Silty 5-8" P.Z. RO29XY020NV
Modal Site:

The Coarse Silty 5-8" P.Z. ecological site is the modal site that represents this DRG, as it has the
most acres mapped. This site occurs on lower fan piedmonts and inset fans on all exposures.
Slopes range from 2 to 15%, but slope gradients of 2 to 8% are typical. Elevations are 4,500 to
6,000 ft. Surface soils are typically moderately coarse to coarse-textured. The coarse surface
textures provide rapid water infiltration and enhance the effective moisture supply. The soils of
this site are typically deep to very deep and well drained to somewhat excessively drained. The
soils are moderately to strongly alkaline and calcareous throughout the profile. The soil
temperature regime is mesic and the soil moisture regime is typic. Potential for sheet and rill
erosion is slight. The native plant community is dominated by Indian ricegrass and winterfat.
Other important species include bud sagebrush, galleta, bottlebrush squirreltail, and fourwing
saltbush.

Ecological Dynamics and Disturbance Response:

An ecological site is the product of all the environmental factors responsible for its
development and it has a set of key characteristics that influence a site’s resilience to
disturbance and resistance to invasives. Key characteristics include 1) climate (precipitation,
temperature), 2) topography (aspect, slope, elevation, and landform), 3) hydrology (infiltration,
runoff), 4) soils (depth, texture, structure, organic matter), 5) plant communities (functional
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groups, productivity), and 6) natural disturbance regime (fire, herbivory, etc.) (Caudle et al.
2013). Biotic factors that influence resilience include site productivity, species composition and
structure, and population regulation and regeneration (Chambers et al. 2013).

Major Land Resource Area 29 (MLRA 29) spans a unique area in Nevada where the Great Basin
and Mojave deserts converge. As the transition zone between the two deserts, this area hosts
an interesting climate pattern and suite of vegetation. The majority of annual precipitation is
received during late fall and winter. However, monsoonal weather patterns also affect this
area. Flashy summer storm events contribute significantly to annual precipitation. Air and soil
temperature regime differences, along with precipitation timing and amount, result in a mix of
warm-season and cool-season species within MLRA 29 (Beatley 1975, Comstock and Ehleringer
1992). Winter precipitation and slow melting of snow at higher elevations, combined with
lower temperatures results in deep percolation of moisture into the soil profile. Cool-season
species take advantage of this soil moisture in early spring and initiate growth before warm-
season species. Conversely, summer precipitation combined with higher temperatures results
in much less soil moisture recharge due to evapotranspiration (Comstock and Ehleringer 1992).
Warm-season species are uniquely adapted to these summer precipitation events and are able
to respond with renewed growth when many cool-season species are dormant (Everett et al.
1980).

Periodic drought regularly influences sagebrush ecosystems, with drought duration and severity
increasing throughout the 20t century in much of the Intermountain West (Miller et al. 2008a).
Maijor shifts away from historical precipitation patterns have the potential to alter ecosystem
function, vegetative composition and productivity. Species composition and productivity can be
altered by the timing of precipitation and water availability within the soil profile (Bates et al.
2006).

The ecological sites in this DRG are dominated by deep-rooted, cool-season perennial
bunchgrasses and drought tolerant shrubs with high root to shoot ratios. Native bunchgrasses
generally have somewhat shallower root systems than the shrubs, but root densities are often
as high, or higher, than those of the shrubs in the upper 0.5 m (20 in.) of the soil profile
(Dobrowolski et al. 1990). General differences in root depth distributions between grasses and
shrubs results in resource partitioning in these shrub — grass systems. Although not dominant,
warm-season grasses are present within all of these sites.

Winterfat, the dominant shrub of this group, is a native, cool-season, long-lived and drought
tolerant species (Mozingo 1987c). It has a woody base from which annual branchlets grow
(Welsh et al. 1987). The most common variety is a low growing dwarf form (less than 38 cm or
15 in.), which is most often found on desert valley floors (Stevens et al. 1977). Winter
precipitation and plentiful spring moisture is a primary growth driver for winterfat. Winterfat
has a long growth period from April to September, and heavy August-September rain can cause
a second late-season flowering (West and Gasto 1978). Winterfat reproduces from seed and
primarily pollinates via wind (Stevens et al. 1977). Seed production, especially in desert regions,
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is dependent on precipitation (West and Gasto 1978) with good seed years occurring when
there is appreciable summer precipitation and little browsing (Stevens et al. 1977). In years of
low winter precipitation, winterfat greatly reduces seed production (West and Gasto 1978).
Winterfat has multiple dispersal mechanisms: diaspores are shed in the fall or winter, dispersed
by wind, rodent-cached, or carried on animals (Majerus 2003). Diaspores take advantage of
available moisture, tolerating freezing conditions as they progress from imbibed seeds to
germinants to nonwoody seedlings (Booth 1989). Under some circumstances, the degree of
reproduction may be dependent on mature plant density (Freeman and Emlen 1995).

Bud sagebrush, a common shrub in this group, is a native summer-deciduous shrub. It is low
growing, spinescent, and aromatic in nature with a height of 4 to 10 in. and a spread of 8 to 12
in. (Stubbendieck et al. 2017). Bud sagebrush roots are more branched and deeply penetrating
than associated shrub species like winterfat and shadscale, so it more efficiently utilizes spring
precipitation. This shrub typically actively grows between March and June, and is dormant for
the rest of the year. This dormancy means bud sagebrush is not significantly affected by
summer drought. Autumn rain can cause bud sage plants to partially emerge from dormancy
and produce new leaves (Chambers and Norton 1993).

Indian ricegrass, the dominant understory species of this group, is a long-lived, cool-season
perennial bunchgrass that grows from 10 to 60 cm (4 to 24 in.) in height (Blaisdell and
Holmgren 1984). Primarily adapted to coarse-textured soils, its deep, fibrous root system makes
Indian ricegrass one of the most drought-tolerant native species (Booth et al. 1980). Unlike
other cool-season species, Indian ricegrass does not require vernalization (exposure to cold) in
order to produce flowers and flowering can continue into late fall with favorable environmental
conditions. This allows the seeds in each panicle to ripen over a longer period of time than most
other species thus providing a greater opportunity for successful seed production (Jones 1990).

Galleta is a mat-forming, rhizomatous, native grass that is 30 to 50 cm tall (12 to 20 in.)
(Stubbendieck et al. 2003). This warm-season, perennial species is more water efficient than its
cool-season counterparts. This allows galleta grass to survive in low precipitation zones where a
significant portion of rainfall occurs during summer months (Banner et al. 2011). Everett et al.
(1980) found that galleta grass initiated more than one phenological cycle with the presence of
summer precipitation, allowing the species to grow and set seed more than once a year. This
plant is typical of southern Nevada and the transition zone between the Great Basin and the
Mojave Desert. It is most common in fine-textured soils (Stubbendieck et al. 2003).

These communities often exhibit the formation of microbiotic crusts within the interspaces
between shrubs. The effects of biological soil crusts are variable and dependent on ecosystem
type and the composition of the crust’s functional group. Faist et al. (2017) concludes that
intact, light colored microbiotic crusts exhibited higher runoff and more sediment loss than the
trampled or scraped crusts. Furthermore, the authors report the trampled dark colored
microbiotic crusts shed slightly more water, after 30 min of intense rainfall (9 in./hr) than the
intact comparison. Other authors report a reduction in microbiotic crust integrity with
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inappropriate grazing management, wildland fire and cheatgrass (Bromus tectorum) invasion
(Belnap 2006, Ponzetti et al. 2007).

Annual Invasive Species:

The invasibility of plant communities is often linked to resource availability. Disturbance can
decrease resource uptake due to damage or mortality of the native species resulting in reduced
competition while simultaneously increasing resource pools through the decomposition of dead
plant material. Historically, winterfat communities were free of exotic invaders; however,
excessive grazing pressure during settlement and into the 20th century has increased the
overall presence of cheatgrass, red brome (Bromus rubens), halogeton (Halogeton glomeratus),
Russian thistle (Salsola tragus) and weedy mustard species (Brassicaceae spp.) (Pellant and
Reichert 1984, Peters and Bunting 1994). The presence of exotic annual plants within these
ecosystems decreases ecosystem resilience and resistance to disturbance through competition
for limited resources. Cheatgrass and halogeton are the species most likely to invade the
ecological sites contained within this DRG.

Cheatgrass is a cool-season annual grass that maintains an advantage over native plants, in
part, because it is a prolific seed producer, can germinate in the autumn or spring, tolerates
grazing, and increases with frequent fire (Klemmedson and Smith 1964, Miller 1999).
Cheatgrass originated from Eurasia and was first reported in North America in the late 1800s
(Furbush 1953, Mack and Pyke 1983). Bradley et al. (2018) found that cheatgrass has expanded
to greater than 15% cover over 210,000 km? (130,500 mi?) — roughly 31% of the Intermountain
West. In the Great Basin, cheatgrass is expanding at a rate of expansion of 3,700 km? (2,300
mi?) annually and is a land management issue that will require creative solutions (Smith et al.
2022).

Methods to control cheatgrass include herbicide, targeted grazing, and seeding. The majority of
research on cheatgrass control has focused on Wyoming big sagebrush (Artemisia tridentata
ssp. wyomingensis) dominated rangelands. Control options include spraying with herbicide
(imazapic or imazapic + glyphosate, indaziflam) and seeding with desired perennial species
(Sheley et al. 2012). Indaziflam, a relatively new herbicide for rangeland applications, is showing
promise in its ability to control cheatgrass, red brome, and halogeton. Approved for rangelands
in 2016, this pre-emergent herbicide works by inhibiting cell wall biosynthesis and therefore
seed germination and root elongation (Kaapro and Hall 2012, Clark et al. 2019). Indaziflam
effectively reduces the seed bank of invasive annuals with little to no effect on aboveground
plant communities (Courkamp et al. 2022). It also has been proven to control invasive annuals
longer than other herbicides, providing three or more years of control (Sebastian et al. 2017b).
Sebastian et al. (2017b) found that indaziflam selectively controlled cheatgrass without
impacting perennial grass and forb biomass as well. This led to significant increases in biomass
of desirable species due to reductions in cheatgrass presence and competition (Sebastian et al.
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2017b). Clark et al. (2019) found a similar result on plots in Colorado suggesting that indaziflam
may be the best new herbicide on the market for invasive annual control.

Targeted grazing during the fall and winter can also control cheatgrass on invaded sites. Fall and
winter grazing decreases standing dead biomass and reduces fuel continuity with minimal risk
to native perennial herbaceous plants (Davies et al. 2016). This alters fire risk and severity by
reducing fuel loads, flame height, rate of spread and area burned in Great Basin sagebrush
systems (Davies et al. 2015a). Repetitive fall grazing can also reduce cheatgrass seed banks,
however, the seed bank can rapidly recover if fall grazing efforts cease (Perryman et al. 2020).
Halogeton is a non-competitive plant that tends to invade areas that are susceptible to
repeated disturbance such as; livestock trails, roadsides, trampled areas near watering holes or
corrals and rangeland areas stripped of the natural vegetation by excessive grazing or other soil
disturbing activities (Young 2002). It was first introduced into the western U.S. during the 20t
century with the first collection being made near Wells, Nevada in 1934. Halogeton is highly
toxic to sheep and has been responsible for thousands of sheep deaths throughout the western
U.S., which triggered a massive effort to eradicate the introduced species in the late 1900s
(Young 2002).

Halogeton has two distinct seed forms; a black form which consists of the achene only and a
brown form which consists of the achene and attached sepals (Tisdale and Zappetini 1953,
Robocker et al. 1969). The black form of halogeton seed germinate readily under a wide range
of pH and salt concentrations within the first year. The brown form of seed was found to be
100% viable at the end of two years and 15% viable at the end of 10 years, proving that
halogeton seed may remain viable in the soil for up to 10 years (Robocker et al. 1969).
Eradication of this species is problematic, therefore, appropriate range management practices
focused on soil and rangeland integrity are necessary to control the species.

Fire Ecology:

Winterfat is able to tolerate environmental stress, extremes of temperature and precipitation,
and competition from other perennials, however it does not tolerate fire or overgrazing well
(Ogle et al. 2001). Fire was historically rare within these communities due to low fuel loads.
There are conflicting reports in the literature about the response of winterfat to fire. In one of
the first published descriptions, Dwyer and Pieper (1967) reported that winterfat sprouts
vigorously after fire. This observation was frequently cited in subsequent literature, but recent
observations have suggested that winterfat can be completely killed by fire (Pellant and
Reichert 1984). The response is apparently dependent on fire severity. Winterfat is able to
sprout from buds near the base of the plant. However, if these buds are destroyed, winterfat
will not sprout. Research has shown that winterfat seedling growth is depressed in growth by at
least 90% when growing in the presence of cheatgrass (Hild et al. 2007). Repeated, frequent
fires will increase the likelihood of conversion to a non-native, annual plant community with
trace amounts of winterfat or other desirable species.
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The effect of fire on bunchgrasses relates to culm density, culm-leaf morphology, and the size
of the plant. The condition of bunchgrasses within the site along with seasonality and intensity
of the fire all factor into the individual species' response. Thus, fire mortality is correlated to
duration and intensity of heat which is related to culm density, culm-leaf morphology, size of
plant, and abundance of old growth (Wright 1971, Young 1983). Boyd et al. (2015) found soil
color and depth of burn to be accurate predictors of bunchgrass mortality in post fire
landscapes. They also found that bunchgrasses in close proximity of shrubs had up to five-fold
higher mortality than bunchgrasses located in the interspaces (Boyd et al. 2015).

Indian ricegrass is fairly fire tolerant (Wright 1985), which is likely due to its low culm density
and below-ground plant crowns. Vallentine (1989) cites several studies in the sagebrush zone
that classified Indian ricegrass as being slightly damaged from late summer burning. Indian
ricegrass has also been found to reestablish on burned sites through seeds dispersed from
adjacent unburned areas (Young 1983, West 1994). Thus, the presence of surviving, seed-
producing plants facilitates the reestablishment of Indian ricegrass. Grazing management
following fire to promote seed production and establishment of seedlings is important. When
properly managed, Indian ricegrass can be a key factor in a community recovering from
disturbance because it can grow in rough, rocky, coarse, and otherwise unproductive soils
(Booth et al. 1980).

Galleta grass, a minor component of these ecological sites, has been found to increase
following fire likely due to its rhizomatous root structure and ability to resprout (Jameson
1962). This species may retard reestablishment of deeper-rooted bunchgrasses. Repeated
frequent fire in this community will eliminate winterfat and bud sagebrush, significantly
decrease deep-rooted bunchgrass density and facilitate the establishment of an annual weed
community with varying amounts of galleta and sprouting shrubs.

Livestock/Wildlife Grazing Interpretations:

Winterfat is a valuable forage species for livestock and wildlife, with an average of 14% crude
protein during winter and 21% during the spring and early summer months (Clements et al.
2010). However, excessive grazing throughout the west has negatively impacted survival of
winterfat stands (Hilton 1941, Statler 1967, Stevens et al. 1977). Domestic sheep and cattle
diets on Great Basin rangelands greatly overlap, with a similarity of 78% (Johnson 1979). Time
of grazing is critical for winterfat with the active growing period being most critical (Romo et al.
1995). Winterfat is a highly nutritious winter feed and shows significant declines in density with
late winter or early spring grazing (Harper et al. 1990). Stevens et al. (1977) found that both
vigor and reproduction of winterfat were reduced in Steptoe Valley, Nevada by improper
season of use, and he recommended no more than 25% utilization during periods of active
growth and up to 75% utilization during dormant season use. Rasmussen and Brotherson (1986)
found significantly greater foliar cover and density of winterfat in areas ungrazed for 26 years
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versus winter grazed areas in Utah. In exclosures protected from grazing for between 5 and 16
years, Rice and Westoby (1978) found that winterfat increased in foliar cover but not in density
where it was dominant, and in both foliar cover and density in shadscale-perennial grass
communities where it was not dominant.

In addition to grazing by sheep and cattle, winterfat is browsed by rabbits (Leporidae spp.),
antelope (Antilocapra americana), and other wildlife species (Stevens et al. 1977, Ogle et al.
2001). Winterfat and perennial grasses average 80% of jackrabbits’ (Lepus spp.) diet in
southeastern Idaho, with shrubs being grazed in fall and winter particularly (Johnson and
Anderson 1984). Pronghorn and rabbits browse stems, leaves, and seed stalks of winterfat year
round, especially during periods of active growth (Stevens et al. 1977). Management of wildlife
browse is difficult and browse may be harmful to winterfat reestablishment as seed production
and regrowth are curtailed if grazing occurs as the plant begins to grow (Eckert 1954).

Bud sagebrush is also a palatable, nutritious forage for upland game birds, small game, big
game and domestic sheep in winter, particularly late winter (Johnson 1978); however it can be
poisonous or fatal to calves when eaten in quantity (Stubbendieck et al. 1992). Bud sagebrush is
highly susceptible to effects of browsing. It decreases under browsing due to year-long
palatability of its buds and is particularly susceptible to browsing in the spring when it is
physiologically most active (Harper et al. 1990, Chambers and Norton 1993). Heavy browsing
(>50%) may kill bud sagebrush rapidly (Wood and Brotherson 1986).

Indian ricegrass is a preferred forage species for livestock and wildlife and cures well, providing
nutritious winter feed (Cook 1962, Booth et al. 1980). It is also readily utilized in early spring,
being a source of green feed before most other perennial grasses have produced new growth
(Quinones 1981). Booth et al. (1980) note that the plant does well when utilized in winter and
spring. In eastern Idaho, productivity of Indian ricegrass was at least 10 times greater in
undisturbed plots than in heavily (60% utilization) grazed ones (Pearson 1965). Cook and Child
(1971) found significant reduction in crown cover, plant vigor and herbage yield of Indian
ricegrass when the species was utilized at 90% during any season. However, they found no
reductions at 30% utilization during any season and no reductions at 60% utilization during
winter and early spring grazing (Cook and Child 1971). The seed crop may be reduced where
grazing is heavy (Bich et al. 1995). Tolerance to grazing increases after May, thus spring
deferment may be necessary for stand enhancement (Pearson 1964, Cook and Child 1971);
however, utilization of less than 60% is recommended. In summary, adaptive management is
required to manage this bunchgrass well.

Galleta is a highly palatable forage species for cattle, sheep, deer (Odocoileus spp.), antelope,
and horses during late spring and summer while it is green (Stubbendieck et al. 2017). Due to its
rhizomatous characteristics, galleta grass is particularly tolerant of heavy grazing and trampling
(Pratt et al. 2002). This species will also initiate more than one phenological cycle if summer
precipitation is present (Everett et al. 1980), allowing galleta to grow and propagate after
defoliation.
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State and Transition Model Narrative for Group 4:

Reference State 1.0:

The Reference State 1.0 is a representative of the natural range of variability under pristine
conditions. This state has two community phases, one dominated by grass, and the other
dominated by shrubs. State dynamics are maintained by interactions between climatic patterns
and disturbance regimes. Negative feedbacks enhance ecosystem resilience and contribute to
the stability of the state. These include the presence of all structural and functional groups, low
fine fuel loads, and retention of organic matter and nutrients. This site is very stable, with little
variation in plant community composition. Plant community changes would be reflected in
production in response to drought or above average precipitation events. Wet years will
increase grass production, while drought years will reduce production. Shrub production will
also increase during wet years; however, recruitment of winterfat is episodic.

Community Phase 1.1:

This community is dominated by winterfat and Indian ricegrass. Galleta, bud sagebrush
and fourwing saltbush are also important species on this site. Potential vegetative
composition by air-dry weight is approximately 55% grasses, 5% forbs and 40% shrubs.
Approximate ground cover (basal and canopy) is 15 to 30%. Total annual air-dry
production ranges from 300 to 700 Ib/ac.

Community Phase Pathway 1.1a, from Phase 1.1 to 1.2:

Prolonged drought and/or excessive herbivory reduces deep-rooted perennial grass
while bare ground increases. Fires would also decrease vegetation on these sites but
would be infrequent and patchy due to low fuel loads.

Community Phase 1.2:

Winterfat and bud sagebrush dominate the site. Indian ricegrass is reduced and bare
ground has increased. Drought will favor shrubs over perennial bunchgrasses. However,
long-term drought will result in an overall decline in the plant community, regardless of
functional group.

Community Phase Pathway 1.2a, from Phase 1.2 to 1.1:
Time, lack of disturbance and recovery from drought would allow the vegetation to
increase and bare ground would eventually decrease.

T1A: Transition from Reference State 1.0 to Current Potential State 2.0:

Trigger: Introduction of non-native annual plants such as cheatgrass, Russian thistle, mustards,
and/or halogeton.

Slow variables: Over time the annual non-native plants will increase within the community.
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Threshold: Any amount of introduced non-native species causes an immediate decrease in the
resilience of the site. Annual non-native species cannot be easily removed from the system and
have the potential to significantly alter disturbance regimes from their historic range of
variation.

Current Potential State 2.0:

In this state, ecological function has not changed, however the resiliency of the state has been
reduced by the presence of invasive weeds and the introduction of domestic grazers and non-
native horses and burros. Non-natives may increase in abundance but will not become
dominant within this State. These non-natives can be highly flammable and can promote fire
where historically fire had been infrequent. Negative feedbacks enhance ecosystem resilience
and contribute to the stability of the state. These feedbacks include the presence of all
structural and functional groups, low fine fuel loads, and retention of organic matter and
nutrients. Positive feedbacks decrease ecosystem resilience and stability of the state. These
include the non-natives’ high seed output, persistent seed bank, rapid growth rate, ability to
cross pollinate, and adaptations for seed dispersal.

Community Phase 2.1:

This community is dominated by winterfat and Indian ricegrass. Galleta and bud
sagebrush are also important species on this site. Non-native annual species are
present.

7

Coarse Silty 5-8" P.2. (R029XY042NV), Current Potential State 2.1, T. Stringham, June 2020

Community Phase Pathway 2.1a, from Phase 2.1 to 2.2:

Drought will favor shrubs over perennial bunchgrasses. However, long-term drought will
result in an overall decline in the plant community, regardless of functional group.
Inappropriate livestock and/or horse and burro grazing will favor unpalatable shrubs
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such as shadscale and Douglas rabbitbrush, and cause a decline in Indian ricegrass,
winterfat and bud sagebrush.

Community Phase 2.2 (At Risk):

Winterfat and other shrubs dominate this community. Indian ricegrass and other deep
rooted perennial bunchgrasses are a minor component, and galleta and/or sand
dropseed are increasing. Annual non-natives are present. This community is at risk of
crossing a threshold to either a Shrub State 3.0 or an Annual State 4.0.

Coarse Silty 5-8" P.Z. (R029XY042NV), Current Potential State 2.2, T. Stringham, June 2020

Community Phase Pathway 2.2a, from Phase 2.2 to 2.1
Release from long term drought and/or growing season livestock and/or horse and
burro grazing allows recovery of bunchgrasses, winterfat, and bud sagebrush.

T2A: Transition from Current Potential State 2.0 to Shrub State 3.0:

Trigger: Inappropriate, long-term grazing of Indian ricegrass and other perennial bunchgrasses
during the growing season and/or long-term drought will favor shrubs and initiate a transition
to Community phase 3.1.

Slow variables: Long term decrease in deep-rooted perennial grass density.

Threshold: Loss of deep-rooted Indian ricegrass and other perennial bunchgrasses changes
nutrient cycling, nutrient redistribution, and reduces soil organic matter.

T2B: Transition from Current Potential State 2.0 to Annual State 4.0:
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Trigger: Long term extremely inappropriate grazing and/or soil disturbing activities such as
trampling of wet soil. Fire, following a year with above normal precipitation causing an increase
in fine fuels.

Slow variables: Increased production and cover of non-native annual species.

Threshold: Loss of deep-rooted perennial bunchgrasses and shrubs truncates, spatially and
temporally, nutrient capture and cycling within the community. Increased, continuous fine fuels
from annual non-native plants modify the fire regime by changing intensity, size and spatial
variability of fires.

Shrub State 3.0:

This state consists of two community phases. This site has crossed a biotic threshold and site
processes are being controlled by shrubs. Bare ground has increased.

Community Phase 3.1 (At Risk):

Perennial bunchgrasses are significantly reduced or missing, winterfat and other shrubs
are dominant. Annual non-native species are present and bare ground has increased.
This community is at risk of transitioning to an Annual State 4.0 or an Abiotic State 5.0.

Coarse Silty 5-8" P.Z. (R029XY042NV), Shrub State 3.1, T. Stringham, June 2020
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Silty 5-8" P.Z. (RO29XY020NV), Shrub State 3.1, D. Snyder, June 2019

Community Phase Pathway 3.1a from Phase 3.1 to 3.2:

Inappropriate or excessive grazing reduces winterfat and/or bud sagebrush cover and
allows for sprouting shrubs, such as Douglas rabbitbrush, to dominate the overstory.
Brush treatments with minimal soil disturbance would also facilitate this community
phase pathway.

Community Phase 3.2 (At Risk):

Rabbitbrush and/or other sprouting shrubs dominate the overstory. Annual non-native
species may be increasing and bare ground is significant. Desirable species such as
Indian ricegrass and/or winterfat may be present in trace amounts. This site is at risk for
an increase in invasive annual weeds. This community phase is at risk of transitioning to
an Annual State 4.0 or an Abiotic State 5.0.

Coarse Silty 5-8" P.Z. (R029Y042NV), Shrub State 3.2, D. Snyer, June 2019
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Coarse Silty 5-8" P.Z. (RO029XY042NV), Shrub State 3.2, T. Stringham, June 2020

Community Phase Pathway 3.2a from Phase 3.2 to 3.1:
Grazing and/or horse and burro management that favors the reestablishment and
growth of winterfat and/or other non-sprouting shrubs.

T3A: Transition from Shrub State 3.0 to Annual State 4.0:

Trigger: Long-term inappropriate grazing and/or trampling on wet soil (4.1). Long-term
inappropriate grazing, unsuccessful soil disturbing treatments such as drill seeding or brush
mowing and/or long-term, chronic drought. Fire following a wet growing season (4.2).

Slow variables: Increased production and cover of non-native annual species.

Threshold: Changes in plant community composition and spatial variability of vegetation due to
the loss of perennial bunchgrasses and shrubs truncate energy capture spatially and temporally
thus impacting nutrient cycling and distribution.

T3B: Transition from Shrub State 3.0 to Abiotic State 5.0:

Trigger: Long-term, extremely inappropriate grazing management, flooding, severe drought
and/or soil disturbing treatments such as drill seeding or roller chopper, etc. combined with
significant soil loss and redistribution.

Slow variables: Long term decrease in density of native, perennial vegetation combined with
soil movement and loss.
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Threshold: Increased wind or water erosion resulting in soil loss preventing the establishment
of native perennials. Changes in plant community composition and spatial variability of
vegetation due to the loss of perennial bunchgrasses and shrubs truncate energy capture
spatially and temporally thus impacting nutrient cycling and distribution.

Annual State 4.0:

This state consists of two community phases. In this state, a biotic threshold has been crossed
and state dynamics are driven by the dominance and persistence of the exotic annual species.
Halogeton, Russian thistle, tumble mustard and/or cheatgrass dominate the plant community.
Bare ground may be abundant and desirable, native vegetation is trace or missing.

Community Phase 4.1:

Annual non-native species are dominant. Sand dropseed and/or galleta may be sub-
dominant. Winterfat and Indian ricegrass are a trace component or missing. Bare
ground may be abundant, especially during low precipitation years.

Silty 5-8" P.Z. (RO29XY020NV), Annual State 4.1, D. Snyder, September 2020

Community Phase Pathway 4.1a, from Phase 4.1 to 4.2:

Fire following a wet growing season or long-term inappropriate grazing, unsuccessful
soil disturbing treatments such as drill seeding or brush mowing and/or long-term,
chronic drought.

Community Phase 4.2:

This community is dominated by annual non-native species. Trace amounts of winterfat
and other shrubs may be present, but are not contributing to site function. Bare ground
may be abundant, especially during low precipitation years.
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Coarse Silty 5-8" P.Z. (RO29XY042NV), Annual State 4.2, T. Strinham, May 2020

T4A: Transition from Annual State 4.0 to Abiotic State 5.0:

Trigger: Long-term, extremely inappropriate grazing management, flooding, severe drought
and/or unsuccessful soil disturbing treatments such as drill seeding, roller chopper, etc.
combined with significant soil loss and redistribution.

Slow variables: Long term decrease in density of native and non-native vegetation combined
with soil movement and loss.

Threshold: Increased wind or water erosion resulting in soil loss preventing the establishment
of native perennials and reduction in non-native species. Changes in plant community
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composition and spatial variability of vegetation due to the loss of vegetative density and cover
of all functional groups truncates energy capture spatially and temporally thus impacting
nutrient cycling and distribution.

Abiotic State 5.0:

This state consists of one community phase in which abiotic factors (ea. wind or water erosion)
have dramatically altered the site. It is characterized by the loss of vegetative cover along with
the redistribution and loss of the soil surface. Feedbacks contributing to the stability of this
state include soil loss, nutrient loss, soil surface degradation a