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Chapter 6: Sagebrush Steppe Case Study
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Background
Sagebrush Steppe Ecosystems

Widespread yet vulnerable, sagebrush (Artemisia spp.) steppe ecosystems provide a
variety of biological, hydrological, and recreational ecosystem services throughout
the Interior West (Homer et al. 2015). One particular service is the provision of
essential habitat for the greater sage-grouse (Centrocercus urophasianus), which
was considered for listing under the Endangered Species Act. That listing was
avoided in 2015 by an unprecedented conservation partnership across organiza-
tions and state boundaries (Chambers et al. 2017). The once widespread sagebrush
steppe ecosystem has been significantly reduced in total area (down to 59 percent of
historical extent) and is threatened throughout its range by nonnative invasive plant
species (especially cheatgrass [Bromus tectorum L.]), altered fire regimes, conifer
expansion (i.e., conversion of sagebrush steppe to woodlands or forests), and cli-
mate change (Chambers et al. 2014a, 2017). Additional threats to sagebrush include
energy development, roads, mining, housing development, recreational activities
(e.g., off-highway vehicle use), wild horse (Equus ferus caballus) use, and poorly
managed livestock grazing (Chambers et al. 2017). These stressors and their inter-
actions have reduced the capacity of sagebrush ecosystems to recover from natural
disturbances such as wildfires. The natural fire regime in sagebrush steppe ecosys-
tems is characterized as mixed severity, with low plant survivorship in burned areas
interspersed with unburned patches (Baker 2006, Connelly et al. 2000).

Fires in sagebrush steppe ecosystems are spatially complex and strongly influ-
enced by topography and soils, resulting in a wide range of return intervals (Miller
and Heyerdahl 2008). Fires promote reproduction and seral-stage diversity among
sagebrush species, and inhibit conifer encroachment. However, fires must recur at
sufficiently long intervals to allow obligate seeding sagebrush species to mature to
reproductive size, because the common sagebrush in our project area (mountain big
sagebrush [A. tridentata ssp. vaseyana Nutt. ssp. vaseyana (Rydb.) Beetle]) does
not resprout and often requires 30 to 100 years to recover from fire. Fire return

I Marc D. Meyer is an ecologist, Southern Sierra Province, 351 Pacu Lane, Bishop, CA
93514; Micheéle Slaton is an ecologist, U.S. Department of Agriculture, Forest Service,
Pacific Southwest Region Remote Sensing Laboratory, 3237 Peacekeeper Way, Suite 201,
McClellan, CA 95652; Amarina Wuenschel is an ecologist, U.S. Department of Agricul-
ture, Forest Service, Southern Sierra Province, 57003 Road 225, North Fork, CA 93643;
Kyle E. Merriam is an ecologist, U.S. Department of Agriculture, Forest Service, Sierra
Cascade Province, 159 Lawrence Street, Quincy, CA 95971.

123



GENERAL TECHNICAL REPORT PSW-GTR-270

The most serious
threat to the sagebrush
steppe throughout its
range is the invasion of

cheatgrass.
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intervals in these ecosystems prior to Euro-American colonization may have been
between 30 and 80 years (Slaton and Stone 2013).

The most serious threat to the sagebrush steppe throughout its range is the
invasion of cheatgrass. Owing to its early-season growth, cheatgrass can displace
native grasses, forbs, and shrubs by reducing moisture and nutrients in surface soils
(Norton et al. 2004). Overgrazing contributes to cheatgrass invasion by reducing
the abundance of native perennial grasses, disturbing intact soils and complex
biological soil crusts, and dispersing cheatgrass seed. Once established, cheatgrass
also dramatically alters fire regimes in sagebrush steppe. This annual grass grows
rapidly, particularly following wet years, creating a nonhistorical continuous cover
of dry fuels that ignite and spread fire easily (Brooks et al. 2004, Knapp 1998). Fire
return intervals in cheatgrass-invaded sagebrush steppe can be as frequent as every
3 to 5 years (Whisenant 1990), effectively eliminating sagebrush and other native
species adapted to longer fire return intervals that are characteristic of natural sage-
brush steppe ecosystems. After a few cheatgrass-exacerbated fire cycles, the native
plant seed bank becomes depleted, greatly reducing reestablishment. The invasion
of cheatgrass has contributed to the conversion of millions of hectares of sagebrush
steppe to low-diversity, annual grasslands that provide low-quality habitat for native
plants, wildlife, and grazing livestock (Balch et al. 2013, Knapp 1996).

Sagebrush recovery after fire is influenced by a variety of factors, including
distance to unburned shrubs (to provide a seed source), abundance and viability of
seed within the soil seed bank (which may persist up to 3 years), pre- and postfire
weather, and postfire disturbances such as grazing (Ziegenhagen and Miller 2009,
Newingham and Strand 2018). Other important factors include prefire vegetation
composition and structure, fire severity, post-wildfire precipitation, and local soil
and hydrology characteristics (Arkle et al. 2014; Chambers et al. 2014a, 2017,;
Miller et al. 2015b). Native bunchgrasses are a key determinant in postfire recovery
(Chambers et al. 2017), but the arid, coarse volcanic soils of the Crowley Basin

typically support limited bunchgrass cover.

Owens River Fire

The Owens River Fire was ignited on September 17, 2016, burning 5,482 ac (2218
ha) on the Mammoth and Mono Lake Ranger Districts of the Inyo National Forest.
Approximately two-thirds of the fire burned in sagebrush-dominated vegetation,
while the remaining third burned Jeffrey pine (Pinus jeffreyi Balf.) forest and other
vegetation types (fig. 6.1). The fire burned primarily on national forest lands but
included 912 ac (369 ha) of lands under private ownership. The Owens River Fire
is bordered by the 1993 Bald Mountain Fire and 2001 McLaughlin Fire to the north
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Figure 6.1—Postfire conditions in sagebrush steppe and Jeffrey pine forest after the 2016 Owens River Fire (center background). The
foreground displays recovering sagebrush steppe outside the 2016 Owens River Fire perimeter that was burned in a 1993 wildfire, about
24 years prior.

and east, respectively. Both of these earlier fires had been followed by cheatgrass
invasion, especially on warm south-facing slopes, creating a substantial seed bank
for this invasive annual grass adjacent to the Owens River Fire (based on prefire
field observations). There were limited historical fires within the Owens River Fire
perimeter, largely due to combined effects of fire suppression, livestock grazing,
and earlier shrub reduction efforts in the vicinity (e.g., aerial herbicide application
and mechanical removal). The prefire plant community was primarily dominated by
relatively tall and dense sagebrush with elevated fuel loads (attributed to dense and
old shrubs), especially on the bottom of Long Valley. Mountain big sagebrush is the
dominant sagebrush species in the analysis area occurring in varying proportions
with bitterbrush (Purshia tridentata (Pursh) DC. ssp. tridentata), yellow rabbitbrush
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Our primary
restoration goals for
the assessment area
focused on sustaining
and restoring
sagebrush steppe
ecosystems and sage-
grouse habitat.
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(Chrysothamnus viscidiflorus (Hook.) Nutt.), rubber rabbitbrush (Ericameria nau-
seosa (Pall. ex Pursh) G.L.Nesom & G.I.Baird)), horsebrush (Tetradymia canescens
DC.), snowberry (Symphoricarpos rotundifolius A. Gray), and native perennial

and annual forbs and grasses. Limited conifer encroachment of Jeffrey pine had
occurred into the shrublands over the past few decades, especially in the western

section of the Owens River Fire.

Postfire Restoration Framework

Step 1: Identifying Priority Resources, Desired Conditions, and
Restoration Goals

We considered several resources in the Owens River Fire analysis area but focused
primarily on sage-grouse habitat and sagebrush vegetation in our assessment (table
6.1). These primary resources were derived from the 2012 Bi-State Action Plan
(Bi-State Technical Advisory Committee Nevada and California 2013), the land
management plan for the Inyo National Forest, and specialist input. Sage-grouse
habitat was considered a primary resource because this species was considered

for federal listing under the Endangered Species Act and is currently a U.S. Forest
Service species of conservation concern, and is a species of conservation concern
under the new draft land management plan for the Inyo National Forest (USDA-FS
2019). The Inyo National Forest manages approximately 20 percent (213,670 ac [86
469 ha]) of priority sage-grouse habitat identified in the Bi-State Action Plan for
Conservation of the Greater Sage-Grouse in eastern California and western Nevada
(Bi-State Technical Advisory Committee Nevada and California 2013). The BAER
team found that approximately 3,550 ac (1437 ha) of suitable sage-grouse habitat
were consumed in the fire..

We reviewed desired conditions for sagebrush steppe based on information pro-
vided in the bi-state action plan and land and resource management planning docu-
ments relevant to our assessment area (USDA FS 2013a, 2013b). Desired conditions,
based upon scientific understanding of historical references, include the following:

*  Sagebrush occurs mixed within complex and diverse assemblages of other
shrubs, perennial grasses, and forbs.

* At the landscape scale, sagebrush is represented by a range of age classes,
including mature shrubs and seedlings.

* Invasive annual grasses (e.g., cheatgrass) are absent or rare, and the intro-
duction and spread of invasive species are minimized.

*  Within sagebrush steppe, encroachment by conifer trees such as pinyon
pine (Pinus monophylla Torr. & Frém.), Utah juniper (Juniperus utahensis

(Torr.) Little), or Jeffrey pine, is generally rare.
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* Sagebrush ecosystems provide suitable habitat and connectivity for wildlife

species such as greater sage-grouse.

* Biological soil crusts frequently occur within the interstitial spaces among

shrubs and perennial grasses.

Our primary restoration goals for the assessment area focused on sustaining

and restoring sagebrush steppe ecosystems and sage-grouse habitat, based on

land management and resource planning sources (table 6.2). The Owens River fire

affected several additional resources of concern, including mule deer (Odocoileus

hemionus) habitat, at-risk plant habitat, active grazing allotments, timber stands,

and riparian areas linked to recreational fisheries.

Table 6.2—Postfire flowchart outputs that serve as the foundation of a restoration portfolio

Output

Primary restoration goals

Most relevant guiding
principles from the
restoration framework

Analysis area

Restoration opportunities

Potential restoration
actions

Additional actions for
secondary resources

* Promote or maintain sagebrush ecosystem integrity and resilience

* Maintain and enhance sage-grouse habitat quality and connectivity

* Restore key ecological processes

* Consider landscape context

* Support native biodiversity and habitat connectivity
« Sustain diverse ecosystem services
« Incorporate climate change adaptation

* Owens River Fire and adjacent recent fire perimeters, including a 500 m (1640 ft) buffer
from the Owens River Fire perimeter

Maintain or promote desired
conditions

¢ Create fuel breaks where
appropriate (Miller et al.
2014b)

* Prevent invasion of
nonnative plants where
feasible

e Suppress fires in burned
areas for >35 years

* Monitor ecological status
and trend of passive
restoration efforts

* Maintain soil biotic crusts
where feasible

Take management actions to
restore desired conditions

* Reseed and replant native
plants

* Remove encroaching
conifers

* Defer livestock grazing

* Install extra signage and
barriers to discourage off-
highway vehicle use outside
of designated roads and
routes

« Eradicate and contain
nonnative plants where
feasible

* Monitor effectiveness of
management actions

Reevaluate desired
conditions considering
interacting stressors

* Monitor ecological status
and trend

 Contain nonnative plants
where feasible

¢ Consider adjusting desired
conditions to align with
current, novel conditions

* At-risk plant species: flag, avoid, and monitor at-risk plant populations
« Forest vegetation: consider reforestation using climate-smart approaches
* Mule deer habitat: promote forage and hiding cover in suitable habitat
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Step 2: Gather and Review Relevant Spatial Data

Our analysis area included the Owens River Fire, with a 500 -m (0.31-mi) buf-

fer around its perimeter, and the perimeters of the adjacent Bald Mountain and
McLaughlin Fires (fig. 6.2). This analysis area captures the influence of previously
burned and unburned areas directly surrounding the Owens River Fire, especially
because these areas may serve as sources of nonnative plant propagules. The
500-m buffer represented a distance that would capture most neighboring nonnative
invasive plant occurrences with the potential to disperse inside the fire perimeter
(wind- or animal-facilitated seed dispersal), based on published estimates of dis-
persal distance in sagebrush ecosystems (Monty et al. 2013, Nielson et al. 2011).

Amarina Wuenschel

Big sagebrush priority resources within the 2016 Owens River Fire analysis area

B Higher moisture— ] Lower moisture—steep and/or southwest B Mid moisture—gentle
canyon bottoms, unburned slopes and ridges, unburned northeast slopes, unburned
¥4 Higher moisture— ] Lower moisture—steep and/or southwest Forest area
canyon bottoms, burned slopes and ridges, burned

% Mid moisture—
northeast slopes, burned

Figure 6.2—Spatial assessment identifying mesic sites prioritized for sagebrush restoration in the Owens River Fire on the Inyo
National Forest.
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We evaluated prefire ecological condition using (1) prefire vegetation type (using
pre-Euro-American settlement fire regime classes) and (2) landscape position as an
indicator of topographically mediated moisture gradients (based on landscape man-
agement units [LMUs]) (app. 1). These topographically mediated moisture gradients
are related to sagebrush ecosystem resilience and risk of cheatgrass invasion, with
higher resilience and lower invasibility associated with cooler and moister sites on
the landscape (Chambers et al. 2014a, Condon et al. 2011). We also reviewed but did
not include additional prefire data sources in our initial analysis, including sage-
grouse habitat data (suitable habitat, habitat connectivity) and soil survey data that
provided moisture gradient information at finer spatial scales (table 6.1).

Next, we evaluated postfire ecological condition using spatially explicit datasets
most relevant to sagebrush ecosystems. To do this, we initially examined a combi-
nation of vegetation burn severity and fire return interval departure (FRID) data.
Although vegetation burn severity and FRID data can be informative for evaluating
the general condition of terrestrial ecosystems, these spatial data may have method-
ological issues when applied to sagebrush ecosystems (i.e., vegetation burn severity)
or have received little attention in the published literature focused on sagebrush
steppe (i.e., FRID). Consequently, their utility in assessing the ecological condition of
sagebrush ecosystems is uncertain. We used Rapid Assessment Of Vegetation Condi-
tion after Wildfire (RAVG) data to evaluate vegetation burn severity. Vegetation burn
severity is an indicator of aboveground biomass consumption (Keeley 2009) that
may be correlated with shrub and perennial grass mortality in arid, shrub-dominated
ecosystems (Miller et al. 2013 ). Vegetation burn severity also may inform eco-
system resilience to disturbance and resistance to invasive plants in sagebrush and
other Great Basin ecosystems (Miller et al. 2013, 2015a), with high-severity burned
patches often considered a priority for restoration (Chambers et al. 2014b). In sage-
brush vegetation, the use of delta Normalized Burn Ratio (ANBR) or relativized delta
Normalized Burn Ratio (RANBR) values may provide more resolved information
on vegetation change than the broadly defined fire severity classes (i.e., unchanged,
low, moderate, high). Regional Forest Service data based on the RANBR developed
by Miller and Thode (2007) were not available during our initial analysis, and rapid
assessment data are more sensitive to postfire resprouting (including species such
as rabbitbrush and bitterbrush). However, we found that vegetation burn severity
was less informative for the Owens River Fire area because more than 85 percent of
sagebrush vegetation burned at high severity), a pattern observed in published stud-
ies of burned sagebrush ecosystems (Miller and Thode 2007, Slaton and Stone 2013).
Although we found soil burn severity to be slightly more informative than vegetation

burn severity in assessing fire effects to sagebrush ecosystems in the Owens River
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Fire, we assumed the stratification of topographic position and slope was sufficient
for assessing the risk for postfire runoff and erosion in the analysis area. We exam-
ined FRID data, but only about 5 percent of the Owens River Fire burned in previ-
ously recorded wildfires, suggesting limited impacts of a surplus fire frequency (i.e.,
too-frequent fire that may favor cheatgrass invasion) in the analysis area. Because
neither fire severity nor FRID data were particularly discriminating in our analysis,
we predominantly used prefire data (i.e., prefire vegetation type, landscape position)
for our final spatial assessment of the Owens River Fire.

We considered sagebrush vegetation situated in more sheltered topographic posi-
tions as indicative of relatively lower moisture stress, including valley bottoms and
gentle slopes (<30 percent) on northeastern facing aspects (mesic sites). Ridgetops,
steeper slopes (>30 percent), and southwestern facing aspects were indicative of
areas of higher moisture stress (xeric sites) that ranked as lowest priority in our
assessment. We chose to prioritize areas with a higher probability of success to
improve restoration achievement in high-value areas, based on several factors such
as overall landscape condition (fair), resource availability (low), and specialist input.

Twelve patches totaling 533 ac (216 ha, or 10 percent of the area burned) of
sagebrush were located in lower topographic positions with high moisture avail-
ability (fig. 6.2). Of this area, 473 ac (191 ha) were also located within suitable
sage-grouse habitat, and 41 ac (17 ha) were previously burned in the 1993 Bald
Mountain Fire or 2001 McLaughlin Fire. Sage-grouse habitat burned in the Owens
River Fire did not include any significant habitat corridors or patches of sagebrush
connectivity in the region (Bi-State Technical Advisory Committee Nevada and
California 2013).

Step 3. Use the Postfire Flowchart to Identify Restoration
Opportunities

Question A: Where did fire improve or maintain ecological conditions and are
fire effects within desired conditions or NRV?—

We first examined whether the Owens River Fire burned within the natural range of
variation (NRV) for fire severity and frequency. The comparison of fire severity pat-
terns with historical reference conditions suggests that the analysis area is burning at
the higher end of the range of severity historically experienced by these ecosystems
(i.e., primarily mixed vegetation burn severity); although lack of reference data

for historical high-severity patch sizes (e.g., mean, maximum) and their effects of
sagebrush recovery suggests that our NRV evaluation of fire severity is inconclusive.
Nevertheless, mapping of larger high-severity burned sagebrush patches (patches

with interior regions that extend about 200 m from the perimeter can be used to
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represent areas lacking sufficient propagules for ecosystem recovery) may locate
areas where fire effects did not maintain desired conditions for sagebrush ecosystem
resilience (box 6A). Although historical fire return interval estimates for big sage-
brush are highly variable (decades to centuries) (Slaton and Stone 2013, Van de Water
and Safford 2011), FRID data (with estimates on the low end of the range) indicated
that nearly all prefire vegetation in the analysis area was burning less frequently than
historically prior to the Owens River Fire: 55 percent was in condition class 3 (high
departure from NRV; mostly nontargeted Jeffrey pine forest), about 44 percent was
in condition class 2 (moderate departure from NRV; mostly sagebrush), 0.4 percent
was in condition class 1 (sagebrush burning within NRV). After the Owens River
Fire, most of these arecas dominated by sagebrush were burning within NRV (condi-
tion class 1), suggesting that, in the absence of interacting stressors (e.g., cheatgrass

and altered fire regimes) (see question B below), the Owens River Fire could possibly

Box 6A:

Assessing High-Severity Burned Sagebrush Areas for Replanting Needs

Mountain big sagebrush (Artemisia tridentata ssp.
vaseyana Nutt.) can take at least 30 years to recover
after fire (see chapter 6 “Background”). Along
with receiving adequate precipitation, distance to
live sagebrush has been identified as one of the
most important factors in determining sagebrush
recovery after fire (Ziegenhagen and Miller 2009).
Most sagebrush species do not resprout after fire,
and there are low densities of viable seeds in the soil
(Young and Evans 1989) making seed dissemination
from adult plants critical for postfire recruitment.
Sagebrush seeds are typically only dispersed
within 9 to 12 m of the parent plant (Blaisdell 1953,
Johnson and Payne 1968, Mueggler 1956). Biologi-
cal constraints on sagebrush dispersal imply that
interiors of large burned areas will be among the
slowest to recover after fire.

We undertook a simple Geographic Informa-
tion System exercise to delineate the interiors of

high-severity burn patches that will be most in need

of replanting sagebrush. We (1) chose a vegeta-

tion dataset with the best available delineations of
sagebrush vegetation types for the project area, (2)
intersected the project vegetation dataset with a veg-
etation burn severity dataset to identify high burn
severity areas (75 to 100 percent basal area loss) in
sagebrush, and (3) created an interior buffer (200 m
inside severely burned sagebrush patches that had

a higher probability of natural recovery and may be
excluded from restoration actions) and clipped data
to create the final selection of high burn severity
areas in the interiors of sagebrush patches. We tested
the use of a smaller buffer, but ended up with more
area in the interior areas than was potentially treat-
able; likewise, a larger buffer resulted in excluding
areas in the interior that were in need of restoration.
Our final selection (fig. 6.3) provided a reasonable
number of potential candidates for interior areas in
need of restoration, which field staff could further

refine once they had performed site visits.

Continued on next page
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improve ecological conditions by restoring the fire frequency and structural class
diversity considered within the NRV for sagebrush ecosystems. However, although
we answered a tentative “yes” to the question of whether fire improved ecologi-

cal conditions and was within NRV, we needed to consider additional interacting

stressors in our next step (question B) according to the postfire flowchart.

Question B: Where do other factors threaten long-term ecological resilience
and sustainability?—

There are several stressors that might interfere with long-term ecological resilience
and sustainability of sagebrush ecosystems in the analysis area, including (1) non-
native annual grasses (i.e., cheatgrass, with its subsequent effects on fire frequency
and ecological succession), (2) inappropriate past or present livestock grazing, (3)
off-highway vehicle (OHV) use, (4) conifer encroachment, and (5) climate change.
To address potential impacts of these stressors, we examined spatial data of invasive

Interior high-severity burn patches in big sagebrush within the 2016 Owens River Fire analysis area ]
B 200 m inside high-severity burned sagebrush [] Unburned sagebrush ' $
k<] Burned sagebrush excluding high-severity interior Forest area

e )

[

e

Amarina Wuenschel

; 4
I I Kilometers

X2 .

Figure 6.3—Map of burned and unburned sagebrush patches, with areas highlighted in red located 200 m (656 ft) inside the
perimeter of severely burned sagebrush. These areas may be in greatest need of sagebrush replanting efforts, given slow sagebrush
recovery in burn patch interiors.
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plants, livestock grazing allotments, OHV road access, and climate exposure (table
6.1), especially in relation to mesic sagebrush sites identified in step 3. First, we
observed several prefire cheatgrass occurrences totaling about 6 ac (2.4 ha) in the
Owens River Fire analysis area, with additional occurrences about 750 m from the
fire perimeter. Because of limitations in accurate mapping of cheatgrass extent, we
assumed the mapped occurrences were most likely an underestimate of true extent
(see box 6B). Second, rangeland allotment data showed that the analysis area was
covered by four grazing allotments, suggesting potential impacts of livestock grazing
in sagebrush ecosystems, but with no clear indication of where inappropriate grazing
levels may have occurred. No wild horse territories occurred in or near the analysis
area based on spatial data and recent field observation. Third, 3 of 12 (25 percent)
mesic sagebrush sites (145 ac [59 ha] total) were bisected by national Forest Service
system roads totaling 1.9 mi (3.1 km) in length. The BAER team identified an addi-
tional impact as a result of firefighting activities (15.2 mi [24.4 km] of dozer line, 1.4
mi [2.2 km] of hand line, and four drop points within the analysis area) that required
invasive plant species response efforts. Fourth, potential for conifer encroachment
into sagebrush, primarily by Jeffrey pine, was identified in western Long Valley
(especially the southwestern section of Owens River Fire) based on prefire vegetation
data and recent prefire field accounts from the area (for conifer encroachment map-
ping techniques see box 6B). Vegetation burn severity data indicated that most of
these encroached areas burned at high severity, suggesting that they had little or no
potential for conifer encroachment in the near future. However, unburned and some
burned sagebrush located immediately outside the southern edge of the Owens River
Fire had also experienced conifer encroachment that warrants management action
(restoration opportunity 2). Lastly, climatic water deficit (CWD) data suggested
moderate increases (15 to 20 percent) in projected CWD in the analysis area over the
next two decades, especially in Clark and Alpers Canyons where recent mapping of
shrubland patch mortality confirmed that these areas had undergone loss of sage-
brush and bitterbrush cover during several years of drought preceding the fire.
Collectively, this information indicated that potential stressors could interfere with
long-term ecological resilience and sustainability in sagebrush ecosystems throughout
the analysis area. This was especially apparent in mesic sagebrush sites bisected by
roads and adjacent to nonnative invasive plant occurrences. These areas led us to ques-
tion C in the postfire flowchart. Additionally, despite potential widespread impacts of
stressors, we recognized that other mesic sagebrush sites in the Owens River Fire were
less affected by nonnative invasive plants and OHV access. We categorized these areas
as relatively unaffected by localized stressors, where the management goal would be
focused on maintaining or promoting desired conditions (restoration opportunity 1).
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Box 6B:

Remote-Sensing Tools for Arid Shrubland and Woodland Burn Restoration Planning and Monitoring

The scale and complexity of spatial patterns within
burn perimeters are usually great enough that
remote-sensing technologies are required to assess
conditions efficiently and adequately. Manag-

ers have access to a variety of imagery sources,
acquired from sensors on satellites or aircraft,
which measure electromagnetic radiation reflected
from the vegetation canopy and ground surface (fig.
6.4). Temporal, spatial, and spectral resolution vary
across sources, as does cost, though some technolo-
gies, such as the Landsat archive and newly emerg-
ing synthetic aperture radar are currently available
for free. Three examples are given below demon-
strating the range of products available, including
derived products, such as change-detection algo-

rithms based on imagery. These products are also

described in “Appendix 2: Data Sources for Data
Gathering and Analysis.”

Detecting cheatgrass infestation and native
shrub cover change—

F3 is an algorithm that combines ground-based
and remote sensing data to create maps of ecosys-
tem metrics (Huang et al. 2018). The U.S. Forest
Service Pacific Southwest Region Remote Sensing
Lab used this approach in the Owens River Fire,
leveraging the distinct phenological signal of
invasive annual grass as compared to perennial
vegetation. Optical data from the RapidEye satel-
lite constellation plus Synthetic Aperture Radar
(SAR) were used to map invasive annual grasses
and native shrubs. The optical dataset detects the

Canopy productivity and health

Fire severity

Biomass and basal area

Leaf pigments

Michéle Slaton

Stand and forest structure

Canopy moisture

Leaf and canopy structure

I1m
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Infrared Radar Radio
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Figure 6.4—A conceptual diagram illustrating the leaf to ecosystem attributes derived from remote-sensing analyses of the elec-
tromagnetic spectrum. Mapping tools and applications used in vegetation monitoring are based on these biophysical principles.

Continued on next page
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unique phenology, while the addition of radar data

The resulting map (fig. 6.5) depicts gain and loss
of shrub cover in the study area over the decade

discriminates shrub versus grass canopy structure.

preceding the Owens River Fire. Gains were due
in part to regrowth after previous fires (fig. 6.6),
and losses were due largely to drought-induced

shrub mortality.

2005 to 2015 shrub cover

B >20% loss

] 10to 20% loss
[ ] <10% change
[] 10 to 20% gain
] >20% gain

Michéle Slaton

[] sagebrush steppe .
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Figure 6.5—Map of changes in native shrub cover 2005-2015, based on remote-sensing and field training data
used in F3 model. Changes in cover prior to the Owens River Fire were mostly caused by drought or regrowth after
previous fires or rangeland management projects. This prefire trend information can help prioritize areas where
restoration may be most successful within the Owens Fire area of interest (AOI), Inyo National Forest.

Continued on next page

136




Postfire Restoration Framework for National Forests in California

Michéle Slaton

Michéle Slaton

Mapping conifer encroachment—

Light detection and ranging (LiDAR) uses laser light
to provide an accurate, high-resolution, 3-D image
of an area (McGaughey 2014). In the Owens River
Fire, prefire LiIDAR (fig. 6.7) detected encroach-

ing trees into sagebrush (fig. 6.8), providing both

a visual and a quantitative measure for planning
efforts for potential management action.

Figure 6.6—Vegetation regrowth 3 years after the 2002
McLaughlin Fire within the footprint of the Owens Fire. Domi-
nant shrubs are resprouting bitterbrush (Purshia tridentata),
and rabbitbrush (Chrysothamnus viscidiflorus), with native
perennial grasses and nonnative grass (Bromus tectorum) in
the interspaces.

Mortality induced by causes other than fire—

The Ecosystem Disturbance and Recovery Tracker
(eDaRT) is an automated anomaly detection algo-
rithm that compares vegetation to a recent historical
baseline (Koltunov et al. 2020). eDaRT uses all
available Landsat imagery (30 m or 100 ft) to map
disturbances, including canopy mortality. Outputs
for the Owens River Fire area (fig. 6.9) showed that
significant prefire shrub mortality had occurred in
the 2009-2016 drought (fig. 6.10).

Michéle Slaton

Figure 6.7—LiDAR-derived map of conifer encroachment
in the sagebrush-forest ecotone of the Owens River Fire area
(Inyo National Forest).

Michéle Slaton

Figure 6.8—Jeffrey pine (Pinus jeffreyi) encroachment in
sagebrush steppe within a section of the Owens River Fire area
that had no previously recorded burn history.

Continued on next page
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Figure 6.9—Map of shrub mortality patches identified using
the Ecosystem Disturbance and Recovery Tracker in the
Owens River Fire area.

Michéle Slaton

Figure 6.10—Localized patch of sagebrush mortality near the
Owens River Fire area, likely owing to drought conditions.
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Question C: Where are management approaches feasible for the restoration of
desired conditions given current and anticipated future conditions?—

We reexamined the spatial data for the mesic sites of sagebrush identified in the
sections above (addressing questions A and B) for essential structural features
(e.g., shrub cover), indicators of ecosystem integrity, and extent of departure

from NRV. As noted above, vegetation burn severity data indicated a loss of
shrub cover in all four sagebrush patches and subsequent impacts to sage-grouse
habitat. Soil burn severity data reported by the BAER team indicated that two of
these larger patches were burned at high soil burn severity, suggesting loss of soil
productivity, nutrient availability, biological soil crusts, and hydrologic function
(e.g., soil water infiltration and runoff) and greater susceptibility to cheatgrass
invasion. Collectively, these patterns suggest that postfire conditions for sagebrush
ecosystems in our analysis area have substantially departed from our desired
conditions, and restoration activities may be required to achieve landscape desired
conditions for sagebrush steppe; field visits to the site would be necessary to
confirm these patterns of departure from desired conditions. There are several
feasible management actions (e.g., sagebrush restoration) that could be developed
to address this departure of current postfire conditions from desired conditions
and NRYV (outlined below).
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Restoration opportunity 1: maintain or promote desired conditions—

In mesic sagebrush sites, management opportunities could include passive res-
toration, nonnative invasive plant management, and status and trend monitoring.
Facilitating postfire succession of native species in the analysis area, combined with
small, strategically placed fuel breaks in areas neighboring the Owens River Fire
(addressed in restoration opportunity 2), may enhance the long-term resilience of
arid shrubland ecosystems to wildfire, particularly through limiting future wildfire
spread into the Owens River Fire perimeter during the critical period of postfire
recovery. Control of nonnative invasive plant species on the valley bottom would
facilitate the growth of native early-seral plant species (e.g., buckwheats [Eriogo-
num spp.], cryptantha [Cryptantha spp.], gilia [Gilia spp.] skeletonweed [Stephano-
meria Nutt.], goosefoot [Chenopodium spp.]) that provide native ground cover and
summer forage for sage-grouse.

Long-term monitoring would greatly complement passive restoration and non-
native plant treatments in the Owens River Fire area (Pyke et al. 2018). For exam-
ple, five long-term ecological monitoring plots were burned in the Owens River
Fire, offering an opportunity to track postfire vegetation trajectories and evaluate
the effectiveness of passive restoration approaches. Remote-sensing techniques (box

6B) also greatly contribute to monitoring efforts in the analysis area.

Restoration opportunity 2: take management actions to restore desired
conditions—

In four of the burned mesic sites and one unburned site with conifer encroachment
into sagebrush (step 3, questions B and C), management actions could be selected
to restore desired conditions, diminish the impact of stressors, and reduce departure
from NRV. We compiled a potential list of restoration actions for sagebrush and
pinyon-juniper ecosystems (e.g., evaluation of ecological site conditions, species
selection for revegetation) based on local expert input and published resources
(Chambers et al. 2014a; Finch et al. 2016; Miller et al. 2014a, 2015b; Pyke et al.
2014, 2015) (table 6.2).

Restoration opportunity 3: reevaluate desired conditions considering climate
change and other stressors—

Restoration of some sites in the Owens River Fire may no longer be feasible owing
to the dominance (biomass or cover) of cheatgrass or other nonnative invasive spe-
cies observed in the field by forest staff in 2018. This may occur in areas of cheat-
grass occurrence that burned too frequently (e.g., negative FRID condition class),
or areas exposed to additional site-specific stressors (e.g., inappropriate livestock

grazing) or widespread stressors (e.g., climate change) that inhibit or preclude
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native plant recovery. In these cases, conversion to nonnative annual grassland may
be likely, with concomitant losses of ecosystem services. It may be important to
monitor these areas for long-term vegetation change and nonnative species contain-
ment, or to apply adaptive management approaches for managing these potentially
novel or hybrid ecosystems (e.g., by revegetating areas with unique combinations
of species that tolerate high disturbance). Finally, emerging evidence elsewhere in
the Great Basin indicates that despite the presence of cheatgrass, maximizing the
cover of perennial grasses and forbs promotes elements of ecosystem resilience and
integrity (Chambers et al. 2017). Although this is not the ideal invasion-free land-
scape that may be desired, such mixed-vegetation conditions do provide benefits

to wildlife, range, and other resources and suggest a reevaluation of desired condi-
tions in light of interacting stressors. Additional native forbs and shrubs, including
early-seral species, could be particularly beneficial as perennial grass cover may
have been historically limited in the Crowley Basin. In some limited cases, seeding
or planting of sagebrush and other native shrub species may be feasible in localized,
targeted areas (e.g., high-value habitat corridors, experimental sites) to achieve

long-term native vegetation recovery (Ott et al. 2019).

Step 4: Develop and Integrate Restoration Opportunities Into
Potential Restoration Actions

Based on our review of the postfire flowchart (i.e., restoration opportunities 1, 2,
and 3 described above), we proposed a list of restoration opportunities (table 6.2),
including some related to other valued resources not specifically addressed earlier.
Based on these opportunities, we generated a list of potential management actions
for the Owens River Fire analysis area:
* Reseed and plant greenhouse-stock sagebrush, bitterbrush, and other native
species obtained from local seed sources (Gucker and Shaw 2019, Miller et
al. 2014a) focusing on creating or expanding sagebrush islands within the
fire perimeter or within fire suppression activity areas
* Remove encroaching conifers (e.g., Jeffrey pine) in sagebrush within
burned and unburned patches adjacent to the southern fire perimeter
»  Defer livestock grazing for at least the first 2 years postfire or longer if
desirable forage species have not recovered
» Install signage or barriers to discourage illegal off-road vehicle use in the
burned area
* Eradicate or contain the spread of nonnative invasive plants where feasible
* Apply strategic fuel breaks to neighboring unburned areas to limit future

wildfire spread (and nonnative plant invasions)
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* Implement slope or road rehabilitation measures to stabilize soils and
encourage native plant regeneration

¢ Monitor restoration treatment effectiveness

Most of these management actions (most also listed in table 6.2) can be

. . o . . onsolidation of high-
combined and integrated to maximize treatment effectiveness and efficiency. For c 9

example, native plant revegetation efforts could be combined with nonnative plant priority restoration

. . areas may be enhanced
and grazing management, and off-road vehicle closures to ensure greater success

. . . . . in itional
of restoration efforts (i.e., in areas targeted for revegetation efforts, install signage by using additiona

. . . . . spatial tools and site-
or barriers to discourage off-road vehicle use, eradicate or control nonnative plants, P

and work with grazing permittees to redirect livestock grazing to other areas). specific evaluation and

Consolidation of high-priority restoration areas may be enhanced using additional analysis.
spatial tools and site-specific evaluation and analysis (see box 6B). For example,
three of the mesic sagebrush patches in or adjacent to Clark Canyon are character-
ized by (1) sufficient road access (provides increased accessibility for revegetation
activities), (2) close proximity or connectivity with cheatgrass occurrences (i.e.,
higher potential for invasion), (3) availability of suitable habitat for sage-grouse,

(4) relatively lower moisture stress (i.e., topographic positions of higher moisture
availability and lower current CWD), and (5) patches of high soil burn severity that
would influence recovery (Figs. 6.2 and 6.3); sage-grouse habitat, CWD, and soil
burn severity not displayed). These areas of recovering sagebrush could be targeted
for a combination of native plant reseeding, deferred grazing, prohibitive off-road
vehicle signage, nonnative plant control, road stabilization, and effectiveness

monitoring efforts.

Step 5: Build a Restoration Portfolio by Prioritizing Actions

For sagebrush steppe ecosystems, postfire revegetation efforts will be constrained
by local greenhouse and seed stock availability (e.g., native plant seeds and seed-
lings), which requires precise application in the priority mesic sagebrush patches.
However, even small patches of recovering sagebrush vegetation may facilitate
more rapid and desirable successional transitions (Chambers et al. 2017, Finch et al.
2016), underscoring the importance of identifying priority treatment areas. Another
primary constraint for the Owens River Fire area is accessibility, especially road
access, which is further limited by private property inholdings and limited river
crossings. Mesic sagebrush patches in Clark and Alpers Canyons (fig. 6.2) are
accessible and operable for the types of management actions identified in table 6.3.
The prioritization of management actions (fig. 6.11) will depend on the integration

of these and other factors, such as availability of resources.
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Figure 6.11—Restoration opportunities for sagebrush vegetation in the Owens River Fire analysis area. Areas selected to take manage-
ment actions and identified for potential sagebrush replanting (i.e., overlap between yellow and cross-hatching polygons) could be priori-
tized for sagebrush replanting efforts and complementary restoration actions (e.g., redirect grazing outside of priority restoration areas).

Finally, we developed a restoration portfolio based on these integration and
prioritization steps (table 6.3). The management actions we identified provide the
basis of an ecological restoration portfolio for the Owens River Fire that includes
areas where the fire improved ecological conditions, as well as areas where the fire
degraded priority resources. By employing a suite of actions designed to address
the full range of restoration opportunities created by the fire, this restoration portfo-
lio maximizes the potential for achieving the postfire restoration goals in the Owens

River Fire analysis area.
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Table 6.3—Restoration portfolio for the Owens River Fire analysis area based on the primary management
goals, approaches, and opportunities presented in table 6.2.

Restoration Cost of
opportunity Target areas Management actions Timing Feasibility  inaction
Maintain or Burned sagebrush Contain and, where feasible, Short term Low to High
promote desired patches, especially eradicate nonnative plants (1 to 3 years) Moderate
conditions in areas of
management
activities
Burned sagebrush Create appropriate fuel breaks Mid-term Moderate  Moderate
patches, especially (Miller et al. 2014b) around (3 to 10 years)
in areas of burned areas to facilitate fire
management suppression until sagebrush
activities ecosystem can benefit from
subsequent fire (>35 years)
Sagebrush Install long-term vegetation Mid to long term High Moderate
vegetation in Clark monitoring plots in native plant ~ (>5 to 10 years)
Canyon and Alpers reseeding and replanting sites
Canyon and areas of conifer removal to
evaluate treatment effectiveness
Take management Sagebrush Reseed native grasses and forbs Short term Moderate High
actions to vegetation in Clark and replant native shrubs (likely (1 to 3 years)
restore desired Canyon limited to localized patches due
conditions to limited availability of seed
stock, seedlings, and personnel)
Unburned sagebrush  Hand thin Jeffrey pine from Short term High Moderate
located outside of unburned sagebrush stands (1 to 3 years)
the north edge of
the Owens River
Fire
Burned sagebrush Work with grazing permittees Short term Moderate High
patches to redirect livestock grazing (1 to 3 years)
outside of target burned areas
Burned area Install signage or barriers to Short term Moderate High
especially in Clark discourage illegal off-road (1 to 3 years)
Canyon vehicle use
Reevaluate desired Nonnative plant Conduct long-term monitoring of Mid to long term High Moderate

conditions
considering
interacting
stressors

distribution

nonnative plants using remote
sensing and field surveys

(>5 to 10 years)

Note: This restoration portfolio has not yet been applied on a national forest to inform project planning.
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Conclusions

We assessed the pre- and postfire ecological condition of the Owens River Fire
analysis area based on vegetation type and landscape management unit, but also
included vegetation burn severity and FRID condition class. Most of the target
ecosystem (i.e., sagebrush) burned at stand-replacing severity in a landscape that
is not departed from the historical fire return interval or is burning slightly less
frequently than NRV (i.e., low to moderate FRID). These conditions suggested
that maintaining or promoting desired conditions (restoration opportunity 1) was
appropriate for much of the analysis area. However, some unburned and burned
areas located along or immediately outside the southern edge of the Owens River
Fire had experienced conifer encroachment that warranted intervention and some
areas of severely burned sagebrush in Clark Canyon were targeted for native plant
reseeding and replanting efforts (restoration opportunity 2). Finally, some areas
that were heavily invaded by nonnative species suggest a reconsideration of desired
conditions (restoration opportunity 3) that would reflect a mix of native and nonna-
tive species in the future. The restoration portfolio included seven important resto-
ration management actions for restoration and maintenance of sagebrush steppe in
the Owens River Fire analysis area. Most of these actions were considered feasible,
integrative, and critical to supporting the primary management goals, especially in

target areas located within and adjacent to the Owens River Fire perimeter.
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