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EXECUTIVE SUMMARY

The Nevada’s Wildlife Action Plan was published and submitted to the US Fish and Wildlife Service in
2005. The plan’s fundamental structure followed the coarse filter-fine filter approach with major habitat
types forming the coarse filters and nested within them wildlife species of concern were fine filters. The
2005 plan did not comprehensively address climate change as a threat to wildlife species and their
habitats.

The Nature Conservancy (TNC) and other cooperators were contracted by the Nevada Department of
Wildlife (NDOW) to inform a comprehensive climate change revision of the original Wildlife Action Plan.
TNC focused on measuring climate change effects on the future condition of ecological systems, which
are building blocks to the major habitat types. TNC also proposed to evaluate the feasibility of restoring
ecological systems that showed greater vulnerability to climate change.

The state of Nevada was divided into 14 phytogeographic regions. Potential vegetation types (ecological
systems) and current vegetation classes within them were downloaded from LANDFIRE’s website,
modified with additional geodata, and clipped to each of the 14 regions. All computer simulations and
analyses were conducted by region. Each region was assigned to one ecoregion that reflected
consistent ecological systems and ecological processes: Columbia Plateau, Eastern Sierra Nevada, Great
Basin, and Mojave Desert.

State-and-transition models were built for each of 33 ecological systems. Each ecoregion consisted of a
group of models. No ecoregion contained all 33 different ecological systems. Models were simulated for
two general purposes: (a) to obtain reference conditions, which reflect vegetation dynamics without
any post-European settlement influences and (b) to determine vegetation dynamics with post-European
settlement influences. Reference conditions for each ecological system, also called the Natural Range of
Variability, were used to calculate the ecological departure (ED) between the percentages of current
vegetation classes in a region (from the LANDFIRE geodata) and the expected percentage under
reference conditions (Natural Range of Variability). ED is a measure of dissimilarity between current
class percentages and expected percentages. Two other metrics of ecological conditions were
calculated: high-risk vegetation classes (HR) and the percentage of area in aspen lost. HR classes must
satisfy two of three conditions: (a) the class contains >5% non-native species cover, (b) the class is very
expensive to restore to a succession class (usually >$300 per acre), and (c) the class must lead directly to
a class defined in (a) or (b).

Climate change influences on an ecological system’s ED, HR and, for aspen, aspen loss were determined
by comparing simulation results from two scenarios:

e Minimum management without climate change influences (i.e., continuation of past weather
patterns and no range shifts);

e Minimum management with climate change influences (i.e., modification of past weather
patterns and range shifts).

Minimum management assumed that ecological systems received no special management (for
examples, no herbicide application, no prescribed fire, no mechanical thinning of vegetation, and so on);
however, they experienced traditional livestock grazing and fire suppression management. Climate
change influences were incorporated through range shifts and ecological processes. Furthermore, the
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minimum management with climate change scenario was developed in a version with half the intensity
of range shifts because the full intensity of range shift was hypothesized—this second version of the
scenario was used to gauge the sensitivity of results to the intensity of range shifts. Effects of climate
changes on ecological processes (for examples, annual grass invasion rate, replacement fire return
interval) within both scenarios were identical; only range shift rates differed.

Climate change influences on ecological processes were fundamentally modeled through time series of
annual data that modified base parameter values in models. These time series were obtained from each
region’s data for peak and annual discharge from representative creeks and rivers, total area burned,
drought, tree ring width chronology, and minimum temperature. The raw data were normalized and
transformed with mathematical equations and logical rules. The resulting time series introduced both
real world variability and trends into all simulations. In the absence of climate change, time series of
past data were used unmodified for simulations of the next 50 years (and range shifts disabled). To
imitate climate change, the time series’ variability and trends were modified based of specific
hypotheses of climate change, which were complex, and range shift were enabled.

The overall predictions of climate change are for a hotter climate by about 3°C with greater greenhouse
gas concentration, but with the same total amount of average precipitation. This prediction is highly
dependent on the influence of the Pacific Ocean. The greatest uncertainty for future climate forecasting
(high divergence among Global Circulation Models) will be for a western shift of the western boundary
for the monsoonal effect (i.e., summer precipitation). We assumed that the eastern Nevada regions
would experience a greater amount of summer precipitation; therefore less drought.

More specific hypotheses of change were:

0 Increased dispersal of non-native species caused by CO, fertilization of plant growth during
wetter than average years;

0 Decreased dispersal of non-native species during drier than average years regardless of CO,
concentrations;

0 Higher tree mortality during longer growing season droughts;

0 Longer period of low flows caused by earlier snowmelt;

0 Greater severe flood variability due to greater frequency of rain-on-snow events, which would
favor cottonwood and willow recruitment on currently regulated rivers and creeks;

0 Longer period of groundwater recharge during colder months with low evapotranspiration and
greater percentage of rain versus snow (more effective recharge);

0 More stable discharge (buffered from precipitation) for springs, seeps, wet meadows, creeks,
and rivers on carbonate geology and, conversely, less stable discharge on non-carbonate
geology;

o0 More frequent, larger fires in forested systems;

0 Increased growth and recruitment of subalpine trees due to increased tree line temperature
regardless of CO, fertilization.

0 Longer fire return intervals in shrubland systems due to increased drought frequency preventing
fine fuel build up;

0 Increased dispersal of pinyon and juniper in shrublands caused by CO, fertilization during wetter
than average years;

o Greater conifer and deciduous tree species recruitment and growth in wetlands/riparian due to
drought and CO, fertilization;



0 Impaired recruitment of willow and cottonwood due to descending peak flows occurring one
month earlier and limited ability of these species to flower one month earlier in cold drainages;
and

o Faster growth of fast-growing native tree species.

Comparison of scenario results after 50 years revealed consistent effects by ecological systems and
differences among regions compared to the scenario without climate change. Climate change caused
both detrimental (increased ED, HR, or loss of aspen) and, conversely, beneficial results, and created
ecological systems previously not found in a region. Differences between the full and half rates of range
shifts were minor.

Detrimental effects of climate change compared to no-climate change were more widespread among
regions for about 12 ecological systems relative to where they occur: aspen-mixed conifer, aspen
woodland, blackbrush mesic and thermic, curl-leaf mountain mahogany (half of regions), creosotebush-
bursage, Jeffrey pine, mixed conifer, low-black sagebrush (only for HR, not ED), montane riparian (non-
carbonate), montane sagebrush steppe-mountain site (>14 inch precipitation zone), and Wyoming big
sagebrush semi-desert (<12 inch precipitation zone; for HR). These systems were targeted for
management simulations. Many other ecological systems that were predicted to be in poor ecological
condition in 50 years did not suffer from added detrimental climate change effects. The primary causes
of either increased ED or HR are increased area invaded by annual grasses, exotic forbs and trees, and
loss of aspen clones.

Climate change had no significant effects or decreased ED or HR for a large number of ecological
systems: big sagebrush upland sites (12 to 14 inch precipitation zone), chaparral, curl-leaf mountain
mahogany (half the regions), greasewood, limber-bristlecone pine, mixed salt desert, pinyon-juniper
woodland, washes, Wyoming big sagebrush semi-desert (for ED).

TNC and NDOW staff held workshops in Carson City twice, Ely, and Las Vegas to seek expert knowledge
on ecological system management for the Calcareous, Eastern Sierra Nevada, Elko, Lahontan, Mojave,
and Walker regions. The goal was to develop coarse and representative management strategies to
abate detrimental climate change effects and order of magnitude costs for regions belonging to
different ecoregions. Ecological systems chosen for management were: aspen-mixed conifer, aspen
woodland, blackbrush mesic and thermic, creosotebush-bursage, Jeffrey pine, mixed conifer, low-black
sagebrush, montane riparian (non-carbonate), montane sagebrush steppe-mountain site, and Wyoming
big sagebrush semi-desert. Proposed management strategies were very variable in type and cost among
regions and agencies.

The following lessons learned emerged from our statewide analysis:

> Large differences in ED and HR were found in regions sharing the same models and climatic
data. Differences in initial conditions, sometimes modest, fire activity, and flood regimes
accounted for these differences.

» Comparable results were found between the full range shift and half range shifts scenarios;
however, the rates and paths of range shifts were entirely hypothetical because no data exist on
these topics. There is a dire need for basic conservation research on local range shifts caused by
climate change that goes beyond the bioclimatic envelope modeling approach, which appears to
greatly overestimate change.
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The regional cost of restoration was staggering for even a few BpS in a few regions. Our
simulations easily spent $200 million using scenarios with higher Return-On-Investment. One
BpS alone consumed >$75 million. Given the current success rates of restoration technology,
the concept of wisely picking battles in a few promising large landscapes appears necessary.
The staggering cost of restoration was primarily caused by the high failure rates of annual grass
control and native plant material at middle and lower elevations. Greater sage-grouse, pygmy
rabbit, mule deer, pronghorn, desert tortoise, and Ferruginous Hawk, to name a few wildlife
species, prefer the middle and lower elevations. Technological and commercial breakthroughs
in annual grass diseases and drought adapted native plant material are badly needed.
Cnservationists may need to reconsider the role of mixed species plant material at lower
elevations incorporating introduced species (crested wheatgrass and forage koshia) to achieve
long-term success by displacement of annual grasses and reconditioning of soils to facilitate
recolonization of native species. Conservation organizations often refuse or resist use of
introduced species, therefore leaving managers with a choice between annual grasslands and
failed seeding returning to annual grasslands at the lower elevations.

Restoration of the dominant creosotebush-white bursage and blackbrush matrix in the Mojave
Desert appears hopeless because the effect of herbicides on annual grasses only persists for two
years and the success rate of native plant material establishment is at best 1%. Promising
research on plant material currently being conducted might become commercially viable in the
next 10-20 years (Abella et al. 2011); however, preservation of the classic Mojave Desert
lowlands might depend on accelerating that schedule while managers find temporary and
mostly wishful actions to conserve Mojave lowlands.

The restoration of burned blackbrush communities does not appear possible. Blackbrush
communities have been described as fire-sensitive relicts of past climatic periods that do not
have the ability to regenerate in the current climate (but see Pendleton et al. 1996). Although
blackbrush produces and disperses seeds, small mammals, ants, and plant competition,
including for parent plants, reduces establishment success to about 0% (Pendleton et al. 1996).
“Young” blackbrush are rare and mostly found on bulldozer-exposed rights-of-ways adjacent to
unburned communities (Pendleton et al. 1996). Burned blackbrush communities have two
fates: exotic species grassland and forbland or the early-succession snakeweed-yucca-big
sagebrush phase that can last a minimum of 200 years (2,000 years at the lowest elevations).
Because it is safe to assume that blackbrush will not return to its former potential, the
conservation, academic, and management community should think about creation of a BpS
without blackbrush on former blackbrush soils. Considering climate change, this new
community might include a mixed community of creosotebush, fire-adapted or neutral Mojave
shrubs, succulents, white bursage, snakeweed, and many species of the mixed salt desert
usually found at lower elevation.



INTRODUCTION

The Nevada’s Wildlife Action Plan was published and submitted to the US Fish and Wildlife Service in
2005. The plan’s fundamental structure followed the coarse filter-fine filter approach with major habitat
types forming the coarse filters and nested within them wildlife species of concern were fine filters. The
2005 plan did not comprehensively address climate change as a threat to wildlife species and their
habitats.

The study of climate change effects on ecological systems at regional or sub-regional scales is not well
developed. Typically, climate change effects on vegetation are presented as (a) range shifts, which are
transformations of potential vegetation types at fixed locations (Rehfeldt et al. 2006; Bradley 2009a;
Kelly and Goulden 2008), (b) quantitative studies of changes in CO,, temperature, and precipitation on
species mortality or growth (Smith et al. 2000; Bradley 2009b; Pennisi 2009; Salzer et al. 2009), and (c)
guantitative studies of changes in CO,, temperature, and precipitation on ecological processes (Tausch
and Nowak 1999; Brown et al. 2004; Dettinger et al. 2004; Stronestrom and Harrill 2006; Maurer 2007,
Westerling and Bryant 2008; Westerling, in press). None of these studies are specific to Nevada nor
provide direct relationships of CO,, temperature, and precipitation to ecological processes that could be
modeled to test the effects of climate change on ecological systems.

The Nature Conservancy (TNC), as one of many cooperators, was contracted by the Nevada Department
of Wildlife (NDOW) to inform a comprehensive climate change revision of the original Wildlife Action
Plan. TNC focused on measuring climate change effects on the future condition of ecological systems,
which are building blocks to the major habitat types. TNC also proposed to evaluate the feasibility of
restoring ecological systems that showed greater vulnerability to climate change.

TNC proposed to use Landscape Conservation Forecasting™ (formerly Enhanced-Conservation Action
Planning; Low et al. 2011) to evaluate future effects of climate change on ecological systems and
restoration methods to abate negative effects of climate change. Landscape Conservation Forecasting™
consists of six steps:

1. Develop maps of potential vegetation types (synonymously ecological systems) and current
vegetation classes within them by using interpreted satellite or low-flying aircraft imagery.

2. Refine computerized predictive state-and-transition ecological models for the ecological systems by
updating TNC'’s Great Basin and Mojave Desert “library” of models.

3. Determine current condition of all ecological systems (a broad-scale measure of their “health”),
using ecological departure (a.k.a., Fire Regime Condition or FRC; Rollins 2009) metric and other
metrics of ecological condition. Ecological departure is measured by comparing the current
condition of vegetation and the reference condition.

4. Use the computerized ecological models to forecast anticipated future condition of ecological
systems under minimum management (includes traditional livestock grazing and standard fire
suppression management) without and with climate change effects to quantify the added effect of
climate change to ecological condition.

5. Use the computerized ecological models to forecast anticipated future condition of ecological
systems under different sets of management actions designed to abate the added undesirable
effects, including those of climate change.
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6. Use Return-on-Investment analysis to assess which strategies for which ecological systems yield the
most advantageous results.

A simple schematic diagram (Figure 1) that displays the relationship of these components to each other
is presented below:

®

Maps:
Ecological Systems
& Current
Vegetation Classes,
Single merged @
\1/ ~ Modeling:
“1 Future condition under
@ minimum management
Current condition of @
ecological systems: > Analyses of Return
Departure from NRV @ on Investment
~ Modeling:
@ “1 Future condition under
Predictive ecological alternative strategies

models

Figure 1. Schematic of the Landscape Conservation Forecasting™. Legend: NRV = Natural Range of Variability is
the reference condition. Ecological systems are potential vegetation types.

The end goal of this report was to summarize the effects of climatic change on the ecological condition
of habitat types that would shed light on effects to wildlife.

METHODS
Vegetation Mapping

This section explains the process of mapping ecological systems and vegetation classes for the 14
phytogeographic regions of Nevada.

Mapping Biophysical Settings and S-Classes

The foundation of the mapping component of this project is the stratification of the landscape into
biophysical settings (BpS), which represent potential vegetation types. More specifically, the BpS is
represented by the “type” of dominant vegetation that is expected in the physical environment under
natural ecological conditions and disturbance regimes. Preferably, BpSs are mapped by interpreting
ecological sites from Natural Resource Conservation Service (NRCS) soil surveys to major vegetation
types. The NRCS defines ecological site as “a distinctive kind of land with specific physical characteristics
that differs from other kinds on land in its ability to produce a distinctive kind and amount of
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vegetation.” (National Forestry Manual, ww.nrcs.usda.gov/technical/ECS/forest/
2002_nfm_complete.pdf). Biophysical settings are composed of one or more ecological sites sharing the
same dominant upper-layer species.

This project did not have available the comprehensive coverage of NRCS soil surveys and associated
ecological sites needed to achieve the preferred method for mapping BpSs, as noted above. Therefore,
spatial data of vegetation-type distributions from several different sources were integrated to generate
one final vegetation map product. The five input sources were:

1. LANDFIRE (20104, b, c) is interpreted Landsat satellite imagery. Each grid cell (pixel) includes: (1)
the BpS type; and (2) the succession class or “S-Class” of the BpS type that currently occupies
the grid cell. These LANDFIRE geodata were primary in the sense that all other products had to
adopt their structure, because only these LANDFIRE spatial layers provided the critical S-Class
(more intuitively, vegetation class) layer used to measure ecological departure. LANDFIRE’s
Existing Vegetation Cover (EVC) layer represents the average percent cover of existing
vegetation for a 30-m grid cell. This layer was used to inform select non-reference classes from
the combined BpS by S-Class layer.

2. Precipitation map from the PRISM (Parameter-elevation Regressions on Independent Slopes
Model) group of Oregon State University that shows the distribution of precipitation across the
United States based on modeled extrapolation of weather data among weather stations (Daly et
al. 2008). PRISM is the USDA’s official climatological data. These data were used to a) divide
LANDFIRE’s Blackbrush BpS between the thermic and mesic BpSs at the 9 inch precipitation zone
and b)divide the big sagebrush complex into Wyoming Big Sagebrush semi-desert BpS (8-10 inch
precipitation zone), Big Sagebrush-upland BpS (12-14 inch precipitation zone), and the Montane
Sagebrush Steppe-mountain BpS (>14 inch precipitation zone).

3. The Nevada Natural Heritage Program (NNHP) developed the Annual Grass Index layer, which is
an estimated relative measure of annual grass cover that can be correlated to the percent
ground cover of non-native annual grasses interpreted from two captures of Landsat satellite
imagery and field plots (Peterson 2005).

4. NNHP’s known locations of invasive weeds (other than annual grasses) in Nevada served to
inform select non-reference classes from the BpS by S-Class layer.

5. Southwestern Regional Gap Analysis Program landcover layer (Lowry et al. 2005) is interpreted
satellite imagery of current natural and semi-natural vegetation on the landscape. This layer
was used to inform select non-reference classes from the BpS by S-Class layer.

The integration of these sources was accomplished by a three-step process:

1. After a review of all LANDFIRE BpS, TNC merged minor with larger ones, or combined
ecologically-compatible BpSs that are difficult to separate by remote sensing (e.g., Black-Low
sagebrush and Inter-mountain Basins Semi-desert Shrub Steppe was nested in Mixed Salt
Desert); then

2. TNC mapped the distributions of all of the major vegetation (BpS) types that appeared in the
LANDFIRE source; and then

3. TNC wrote a lengthy set of queries or decision rules as to how those input data were to be
depicted, pixel by pixel, on the output of the single merged map. These queries were designed
primarily to assign a new class identity to each of the non-reference classes using the most
current on-the-ground spatial information available. The queries also were used to rectify
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implausible vegetation classes. The full set of queries for the State of Nevada, appears in
Appendix 1.

For each BpS pixel in the raster data, it was next necessary to assign the correct vegetation class for any
changed BpS (as a result of queries). Different BpSs that were merged may have the same code of
vegetation classes; however, the codes could correspond to distinct succession or non-reference classes.
This re-assignment of the vegetation class attributes was done according to field-informed knowledge of
Nevada ecological systems by one of the project’s principals (L. Provencher). A short description of each
vegetation class by BpS used in the analyses is presented Appendix Il. The revised map layers were
clipped to the minor phytogeographic regions layer.

The 27 phytogeographic regions layer acquired from NNHP represented floristically and
physiographically similar areas of Nevada. This layer was consolidated from 27 to 14 phytogeographic
regions to facilitate modeling (Figure 2). The phytogeographic regions were consolidated into the
Mojave, Clover-Delamar, Walker Corridor, Eastern Sierra Nevada, Sierra Nevada, Lahontan Basin,
Humboldt Ranges, Toiyabe, Eureka, Calcareous Ranges, Elko, Tonopah, Owyhee Desert, and Black Rock
Plateau. The Mojave was consolidated from 7 individual phytogeographic regions to one. The
Calcareous region was consolidated from three individual phytogeographic regions, and Elko and
Tonopah were both consolidated from two phytogeographic regions. Two phytogeographic regions
that were not within the boundaries of Nevada were removed.

These actions were completed within Arcinfo 9.3.1. Original configuration of the data can be found in
Table 1. LANDFIRE layers were downloaded using LANDFIRE’s Data Access tool, which operates as an
extension in ArcMap. All layers were projected to North American Datum 83 and, if needed, they were
converted to 30 meter resolution, and clipped to the boundary of Nevada. Due to the large amount of
data for processing, several Environment settings were changed from default values: 1) The snap raster
was set to the BpS layer to force pixels to be processed in their correct locations; 2) Cell Size was set to
30 m to force ArcMap to process results to the desired pixel size; and 3) The maximum number of
unique value generated option had to be increased to accommodate the resulting data combination
from the Combine tool.

Table 1. Description of contributing spatial layers.

Spatial Data Spatial Resolution Date Creator
Biophysical Settings 30 m 2010 LANDFIRE
Succession Class 30m 2010 LANDFIRE
Precipitation 654 m 2006 PRISM
Landcover 30m 2004 SWReGAP
Annual Grass Index 285 m 2004 NNHP
Weeds Shapefile 2005 NNHP
Existing Vegetation 30m 2010 LANDFIRE
Cover
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Figure 2.Consolidated phytogeographic regions of Nevada. Based on 27 original regions proposed by
the Nevada Natural heritage Program.

Upon further review of vegetation classes per phytogeographic regions by the project’s principals
familiar with the expected vegetation classes, further refinement of the spatial data was conducted.
Refinements consisted of nesting unlikely BpSs in a region into recipient BPSs and cross-walking S-
Classes. These operations resulted in a large number of adjustments to the initial conditions used for
computer simulations and shared with partners.
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Assessing Future Condition

This section explains the process of simulating climate change effects using range shifts and temporal
multipliers in state-and-transition models for the 14 different regions of Nevada.

Modeling by Regions of Nevada

We retained 14 regions for analysis; however current modeling was conducted for only for 13 of them.
The Sierra Nevada region, the smallest limited to the Carson Range, contained the greatest number of
BpSs with many unique to this region. A decision was made to not develop explicit models for this very
small region containing Lake Tahoe and many residential developments, especially because TNC had just
completed a similar assessment for the whole Northern Sierra Nevada, including the Carson Range on
the eastside of the Sierra crest (Low et al. 2011). Moreover, models and results for the Eastern Sierra
Nevada region, also a small region surrounding the Sierra Nevada region, would apply to the latter.

Although 13 regions were modeled, only four groups of models were required to characterize them:
Great Basin, Columbia Plateau, Eastern Sierra Nevada, and Mojave (Table 2). For example, the Eureka
and Toiyabe regions share the same Great Basin models. The Great Basin group is the most general of
the four. The Columbia Plateau resembles the Great Basin group but has shorter fire return intervals
for sagebrush BpSs, contains unique BpSs such as Low-Elevation Grassland, and Big Sagebrush Steppe is
especially important in this region because Idaho fescue (Festuca idahoensis) is widespread. The Eastern
Sierra Nevada group is nearly identical to the Great Basin, except that ponderosa pine (Pinus ponderosa)
is replaced by Jeffrey pine (Pinus jeffreyi). The Mojave Desert group has unique BpSs (for example,
Paloverde-Mixed Cacti), the traditional Big Sagebrush upland BpS is a hybrid of upland and desert wash
vegetation, and aspen-mixed conifer is strictly an avalanche dependent community unlike aspen
(Populus tremuloides) communities in the rest of Nevada. Whether a BpS is present in a region
depended on the initial conditions of the BpS’s vegetation classes. For example, the Eureka and Toiyabe
regions may share the same Great Basin models, but one region may lack the subalpine riparian BpS.
Regions retained most of their identity through temporal multipliers (defined later). Temporal
multipliers are time series of fire and climate variation obtained from local data and imported into the
models.

Table 2. Model groups for the 13 regions of Nevada.

Region/Group Great Basin Columbia Plateau Eastern Sierra Mojave
Black Rock X

Clover-Delamar X

Calcareous X

Eastern Sierra NV X

Elko X

Eureka X

Humboldt X

Lahontan X

Mojave X
Owyhee X

Toiyabe X

Tonopah X

Walker X
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In addition to the four groups, models for pairs or single BpSs with strong soil affinities belonging to all
regions were expected to buffer climate change induced range shifts. Models of this type were named
“resistant” because other plant communities can rarely occupy the soils they live on and these types are
notoriously resistant to variation in drought levels. For example, the Greasewood BpS is found on sodic
soils at 2,000 feet of elevation in the Mojave Desert and 6,000 feet of elevation in the central Great
Basin ecoregion. The full list of BpSs is shown in Table 3.

Table 3. Biophysical settings of the model groups. The Montane riparian carbonate and subalpine riparian
carbonate are coupled “resistant” models.

BpS Great Columbia Eastern Mojave Resistant
Basin Plateau Sierra

>
>
>
>

Aspen-Mixed Conifer

>
>
>

Big Sagebrush Steppe

>
x
>

Blackbrush-mesic

pad
pad
>

Chaparral

pad
pad
pad
>

Curlleaf Mountain Mahogany

>
x
>
>

High Elevation Meadow

>

Juniper Savanna

x
x
x
>

Low-Black Sagebrush

x

Low-Elevation Grassland

x
x
x
>

Mixed Salt Desert

>

Montane Riparian Carbonate

x
>
>
>

Mountain Shrub

pad
pad
pad
>

Pinyon-Juniper

>

Semi-Desert Grassland

x
>
>

Subalpine Riparian

>

Warm Desert Riparian

Wyoming Big Sagebrush X X X
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Predictive Ecological Models

In order to forecast future condition with and without projected climate change effects (as well as to
test alternative management strategies), one state-and-transition model was developed for each BpS
using Vegetation Dynamics Development tool (VDDT by ESSA Technologies Ltd.; Barrett 2001; Beukema
et al. 2003). Models were uploaded in the new PATH software platform recently developed by ESSA
Technologies, LTD. PATH allows users to run multiple state-and-transition models across a landscape
and features advanced input/output and reporting options compatible with Excel viewing.

A state-and-transition model is a discrete, box-and-arrow representation of the continuous variation in
vegetation composition and structure of an ecological system (Bestelmeyer et al. 2004). Different boxes
either belong to different phases within a state or different states. States are formally defined in
rangeland literature (Bestelmeyer et al. 2004) as: persistent vegetation and soil changes per potential
ecological sites that can be represented in a diagram with two or more boxes (phases of the same state).
Different states are separated by “thresholds.” A threshold implies that substantial management action
would be required to restore ecosystem structure and function. Relatively reversible changes caused by
natural disturbances (e.g., fire, flooding, drought, insect outbreaks, and others), unlike threshold-causing
disturbances, operate between phases within a state.

All BpS models originally had at their core the LANDFIRE reference condition represented by some
variation around the A-B-C-D-E succession classes, which are phases within the reference state (for
example, Forbis et al. 2007). The A-E class models represent succession from usually herbaceous
vegetation (class A) to increasing woody species dominance where the dominant woody vegetation
might be shrubs (class C) or trees (class E). We used TNC’s modifications of the original LANDFIRE
models that have since been used in many projects (Provencher et al. 2009; Abele et al. 2010; Low et al.
2011; Provencher et al. 2010; Tuhy et al. 2010a,b). These newer models have slightly different A-E
classes than the original LANDFIRE models and, for most models, additional “uncharacteristic” (U)
classes. Uncharacteristic classes are outside of reference condition classes and are caused by
anthropogenic disturbances (e.g. non-native annual grass invasion).

The Natural Range of Variability (NRV) representing the reference condition of each BpS was obtained
by simulating each model for 500 years and disabling all anthropogenic disturbances (for examples,
livestock grazing, annual-grass invasion, fire-suppression, exotic-forb invasion) and zeroing out all
uncharacteristic classes. The percentages of each class for each BpS by region after 500 years is the
NRV. The NRV is necessary to calculate the ecological departure (ED) metric, and ultimately Return-On-
Investment (ROI).

A comprehensive nuts-and-bolts description of each BpS’s model is presented in Appendix Ill.

Overview of Climate Change Modeling

We captured climate change effects through range shifts and modifications to ecological disturbance
rates.

Range shifts
Range shifts occur when the dominant and indicator species of a BpS cannot reproduce at a site and

indicator species of another BpS replace them permanently at the same site. Useful results or
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hypotheses about local range shifts are rare in the literature, especially for the Inter-Mountain West.
The most comprehensive analysis is bioclimatic envelope modeling spanning the western United States
(Rehfeldt et al. 2006). Results show range shifts of functional groups and key woody species (many
trees) by 30-year increments: 2030, 2060, and 2090. For example, Engelmann spruce (Picea
engelmannii) disappears from Nevada, whereas ponderosa pine, Douglas-fir (Pseudotsuga menziesii),
Gambel oak (Quercus gambelii) and saguaro cactus (Carnegiea gigantea) dramatically expand their
ranges in Nevada, most likely due to the penetration of monsoonal storms towards central Nevada.
Similarly, Bradley (2009a) predicts from bioclimatic envelope modeling coupled with 20 climate change
model predictions that Wyoming and basin big sagebrush’s (respectively, Artemisia tridentata
wyomensis and Artemisia tridentata tridentata) ranges will dramatically shrink during the same period.
The bioclimatic approach does not incorporate local or long distance dispersal processes of species
dispersal and the ability of long-lived adult individuals to persist for hundreds and thousands of years
even in unfavorable climate (famously, bristlecone pine [Pinus longaeva], curl-leaf mountain mahogany
[Cercocarpus ledifolius], limber pine [Pinus flexilis], and Utah juniper [Juniperus osteosperma]). For
example, it is hard to imagine that giant saguaro cactus would migrate from southern Arizona to the Las
Vegas Nevada in 100 years, especially given that reproduction starts between ages 50 and 75 years.

Dispersal and seedling establishment of colonizing species may be underestimated factors in range shift
studies. Kelly and Goulden (2008) attempted to detect range shifts along an altitudinal gradient in the
southern California Santa Rosa Mountains at the edge of the Mojave Desert and the southern tip of the
Sierra Nevada. The Santa Rosa Mountains had warmed by 0.27°C per decade since 1979. They found
that species such as Jeffrey pine, white fir (Abies concolor), various oaks, creosotebush (Larrea
tridentata), white bursage (Ambrosia dumosa) did not shift upwards, but all “leaned” upwards in their
distribution after 30 years. Leaning means that the abundance of the species increases at the higher
elevations of its distribution, but decreases at the lower elevations. In other words, after 30 years of
strong warming, no changes in the BpSs’ footprints were detected, although changes in relative
abundance were found.

Recent paleoecology work in central Nevada also stresses the natural inertia of species to climate
variation (personal communication: Dr. Robin Tausch, Rocky Mountains Research station, Reno, NV).
Tausch’s group studied packrat middens and ancient temperature variation in central Nevada. They
showed that central Nevada experienced a period of warming ~2,500 years ago similar to the one
predicted by global circulation models (i.e., 3°C over 100 years) with major shifts in species ranges
occurring, however, this warming lasted 1,000 years. A period of 1,000 years would allow species to
disperse. For example, Tausch and collaborators found mixed salt desert species (for example
shadscale, Atriplex confertifolia) at 7,400 feet (2,255 m) of elevation mixed with Wyoming big sagebrush
and persisting curl-leaf mountain mahogany. Today, mountain big sagebrush on loamy soils and pinyon-
juniper or curl-leaf mountain mahogany on unproductive soils dominate at 7,400 feet of elevation.
Tausch hypothesized that current climate change will be sufficiently fast that species will not track it
except by attrition, especially at lower elevations. The more drought resistant species with good
dispersal capabilities will survive and migrate. Others will disappear. At higher elevations where soil
moisture is greater, prolific tree species will have the ability to move towards greater soil moisture more
rapidly than lower elevation species.
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Table 4. Hypothesized directions of range shifts. BpSs are approximately arranged by elevation in the
Great Basin. Different BpSs among rows (read vertically only and never across columns) with the same
letter (not groups of letters) indicate a range shift and the letter in bold (arbitrarily assigned to each

losing BpS) is the originating (losing) BpS; therefore the normal letter indicates recipients (gaining) BpSs.

See arrow as one example.

BpS Great Columbia Eastern Mojave Resistant
Basin Plateau Sierra

Alpine @ A A A

Limber-Bristlecone Pine AB AB AB

Spruce-Fir AC AC

High Elevation Meadow D C

Subalpine Riparian E

Subalpine Riparian Carbonate | F A

Aspen Woodland G

Montane Sagebrush Steppe H,I D
mountain

Curl-leaf Mountain Mahogany | B,J,M B,D,E,H

Low Sagebrush Steppe K

Aspen-Mixed Conifer H F

Mixed Conifer B,C,.D,L B,C,D,G

Ponderosa Pine LM G,H

Jeffrey Pine

Montane Riparian E,N |

Montane Riparian Carbonate F A

Chaparral L,M D,E,G,H,]

Mountain Shrub (0] (0] J

Pinyon-Juniper L,M,P L,M,P L,M,P E,F,G,H,K

Big Sagebrush Steppe G,1,0,Q G,1,0,Q G,1,0,Q

Big Sagebrush upland G,H,l,0,R G,H,,O,R G,H,l,O,R IL

Low-Black Sagebrush 1,J,K,P,R,S LJLK,P,R,S 1J,K,P,R,S K

Juniper Savanna

Blackbrush-mesic T K,M

Blackbrush-thermic T M,L,N

Washes N

Wyoming Big Sagebrush J,P,Q,R,U

Low-Elevation Grassland

Semi-Desert Grassland

Creosotebush-Bursage \' N,O

Mixed Salt Desert S,U,V (0]

Greasewood

Warm Desert Riparian

Paloverde-Mixed Cacti 0]
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We were encouraged by Drs. Tausch and Weisberg (Dr. Peter Weisberg, University of Nevada, Reno) to
build hypotheses about range shifts in Nevada because quantitative results do not exist. We created
two matrices of hypotheses about shifts from one to one or more BpSs (i.e., the direction of shift), and
about the percentage of shifts over 100 years (the simulations are based on rates of shift: probability
per year). The directions of various hypothetical shifts are presented in Table 4.

Most of the range shifts are simply colonization of the next higher elevation zone. Intuitive examples in
Table 4 were (descriptions of shifts are from the perspective of model disturbances: arrows point out
from the losing BpS [usually cooler-wetter] towards the gaining BpS [usually warmer-drier]):

1. Transition out from Montane Sagebrush Steppe mountain (i.e., subalpine) to Big Sagebrush
upland (montane);

2. Transition out from Big Sagebrush upland (montane) to Wyoming Big Sagebrush (semi-desert) or
Low-Black Sagebrush (semi-desert to montane) on harsher soils;

3. Transition out from Subalpine Riparian to Montane Riparian on both non-carbonate and
carbonate rocks;

4. Transition out from Montane Riparian to Washes on non-carbonate rocks, where rivers with
losing and gaining reaches are sensitive to precipitation. Carbonate aquifers buffer discharge
because creeks are dominated by gaining reaches with older water recharge; therefore there is
no predicted shift to Washes.

Other shifts are less intuitive because recipient BpSs have large ecological amplitude. For example, Curl-
leaf Mountain Mahogany is the most likely recipient BpS of areas occupied by the Limber-Bristlecone
Pine BpS (droughty sites) in the subalpine zone as seen today in the Snake Range (NV) and White
Mountains (CA). Ponderosa Pine, however, at montane elevations in eastern Nevada and the Mojave
Desert (or Jeffrey Pine in the Sierra Nevada) is predicted to be replaced by Curl-leaf Mountain
Mahogany, Chaparral, and Pinyon-Juniper BpSs. Dominant species of these “warmer” BpSs are today
sub-dominant species in Ponderosa Pine; therefore the range shift to a drier BpS is justified. A less
obvious range shift is out of Aspen-Mixed Conifer to Montane Sagebrush Steppe mountain and Big
Sagebrush upland BpSs. Aspen-Mixed Conifer contains a subalpine form composed of Engelmann
spruce and limber pine at subalpine elevations that would shift to Montane Sagebrush Steppe
mountain, whereas the montane form of aspen composed of white fir and Douglas-fir will shift to Big
Sagebrush upland with warming.

The rates of conversion from losing to gaining BpSs were hypothesized based on their productivity,
whether or not the losing and gaining indicator species are the same (for example, Low Sagebrush
Steppe to Low-Black Sagebrush BpSs), different species but already overlapping at the same location (for
example, Wyoming Big sagebrush to Mixed Salt Desert BpSs), or species are not in the same range (i.e.,
requiring long distance dispersal) (Table 5). The highest rate of conversion was 60% when the losing and
gaining indicator species are the same in high and intermediate productivity BpSs at subalpine to
montane elevations. One exception is the riparian BpS on carbonate aquifers, which is thermally
buffered by cold water feeding creeks dominated by gaining reaches. For BpSs found at alpine elevation
or the lowest elevations, the rate of conversion drops to 50% for the same indicator species at
intermediate productivity (no cases at high productivity); however, the rate is halved to 25% for mesic to
thermic Blackbrush (Coleogyne ramosissima) in the Mojave Desert because it requires that increased
temperature kills drought resistant Utah junipers while preserving blackbrush. All rates for shifts among
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the same indicator species drop by 10% (i.e., 60% to 50% or 50% to 40%) for low productivity BpSs (for
example, Low Sagebrush Steppe).

Table 5. Hypothetical percentage of range shifts according to BpSs productivity and indicator species distribution
over 100 years. Biophysical settings are approximately arranged by elevation in the Great Basin.

Productivity

Source BpS
Type High Medium Low

Recipient Species in Landscape? Recipient Species in Landscape? Recipient Species in Landscape?
Same Indicator Species? Same Indicator Species? Same Indicator Species?

Yes/ Yes/ No/ Yes/ Yes/ No/ Yes/ Yes/ No/
Same Different Different ~ Same Different Different Same Different  Different

Alpine 10%!

Limber-
Bristlecone
Pine 5%

Spruce 10%]

Subalpine
Shrub 60%" 15% 50%°

High
Elevation
Meadow 20%d

Aspen 20%¢

Montane
Forest 15%! 10%s

Riparian
Non-
Carbonate 60%2 15%m

Riparian
Carbonate 10%"»

Montane
Shrub 60%¢ 60%9 109%n

Subxeric
Woodland 5%

Semi-
desert
Shrub 40%p 5% 1%

Desert
Shrub 25%h 40%q 19w

%: Subalpine to Montane Riparian and to Washes

b, Subalpine Riparian carbonate to Montane Riparian carbonate

‘. Mountain Shrub to Big Sagebrush upland and Big Sagebrush Steppe

d, High-Elevation Meadow to Mixed Conifer

€: Aspen Woodland to Big Sagebrush upland and Big Sagebrush Steppe; Aspen Mixed Conifer to Big Sagebrush upland and
Montane Sagebrush Steppe mountain

f. Montane Sagebrush Steppe mountain to Big Sagebrush upland and Low-Black Sagebrush

€. Big Sagebrush Steppe to Wyoming Big Sagebrush

" Blackbrush mesic to Blackbrush thermic

f: Alpine to Limber-Bristlecone Pine

! Spruce to Mixed Conifer

k. Montane Sagebrush Steppe mountain to Chaparral in Mojave Desert

: Mixed Conifer to Ponderosa Pine in Great Basin and Columbia Plateau; Mixed Conifer to Ponderosa Pine, Chaparral and
Pinyon-Juniper in Mojave desert; Ponderosa pine to Curl-leaf Mountain Mahogany, Chaparral, and Pinyon-Juniper in Mojave
Desert
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™. Montane Riparian to Big Sagebrush upland in Mojave Desert; Big Sagebrush upland to Washes in Mojave Desert

": Big Sagebrush upland to Wyoming Big Sagebrush in Great Basin; Mountain Shrub to Chaparral in Mojave Desert

: Low Sagebrush Steppe to Low-Black Sagebrush

: Wyoming Big Sagebrush to Mixed Salt Desert except Mojave Desert

: Blackbrush thermic to Creosotebush-White Bursage

Limber-Bristlecone Pine to Curl-leaf Mountain Mahogany and Mixed Conifer

: Mixed Conifer to Pinyon-Juniper and Ponderosa Pine; Jeffrey Pine to Chaparral and Pinyon-Juniper in the Eastern Sierra

' Pinyon-Juniper or Curl-leaf Mountain Mahogany to Wyoming Big Sagebrush and Low-Black Sagebrush in the Great Basin; Curl-
leaf Mountain Mahogany to Chaparral and Pinyon-Juniper in the Mojave Desert

“: Low-Black Sagebrush to Mixed Salt Desert in Great Basin; Low-Black Sagebrush to Blackbrush mesic in Mojave Desert

¥: Mixed Salt Desert to Creosotebush-White Bursage in Great Basin; Low-Black Sagebrush to Blackbrush mesic in Mojave Desert
" Creosotebush-White Bursage to Mixed Salt Desert and Paloverde-Mixed Cacti in Mojave Desert

.- o T o

S

Range shifts are substantially smaller when the indicator species of the gaining BpSs differ from those of
the losing BpS (second column in each productivity group). The rates drop by 5% for the BpSs at the
harsher alpine and low elevations (for examples, Big Sagebrush upland to Wyoming Big Sagebrush,
Spruce to Mixed Conifer, and Alpine to Limber-Bristlecone Pine). The smallest range shifts (1%) are
hypothesized when the recipient BpSs are far away (not in the landscape) from the losing BpS or the
dispersal ability of the gaining indicator species is highly improbable (for example, blackbrush), and
indicator species are different. Only three cases fall in this category: the shift from Low-Black Sagebrush
to Blackbrush BpSs on shallow calcareous soils of the Mojave Desert, from Mixed Salt Desert to
Creosotebush-White Bursage BpSs in the Great Basin, and from Creosotebush-White Bursage to
Paloverde-Mixed Cacti BpSs in the Mojave Desert.

The percentages of range shifts in Table 5 translate to rates (probability per year) in simulations. Special
disturbances named CC-Conversions were created to execute the range shifts. We assumed that range
shifts occur immediately after stand replacing events when the original indicator species (for example,
Jeffrey pine) cannot reproduce at a site where it previously could. This shift only occurs during the first
year of any early succession class (“A” class and such classes as Annual-Grassland [AG] and Early-Shrub
[ES]). Also, losing pixels are gained by other BpSs on the second year, thus guaranteeing that incoming
pixels are not immediately transferred to the next BpSs in a second range shift. Appendix IV contains all
the range shifts disturbances and their rates, including all other disturbances. Because range shifts were
hypothesized and considered a worst case scenario, we also arbitrarily cut the rates of range shifts by
approximately half (actually 45% to accomplish a realized ~50% range shift in simulations) to test
sensitivity of results, and recalculated disturbance rates. A final characteristic of CC-Conversion is its
build-up over time. We assumed that climate change-induced range shifts are null at the beginning of
the simulation, but increase linearly with time until they double by year 75 (the maximum duration of a
simulation); therefore, the temporal multiplier is equal to one at about 38 years into the simulation.
Doubling the temporal multiplier by year 75 guaranteed that the average of the time series is one (i.e.,
no change to the baseline parameter).

Accounting for Variability in Disturbances

The basic VDDT models incorporate stochastic disturbance rates that vary around a mean value for a
particular disturbance associated with each ecological system. The default variability is relatively minor
in magnitude and constant over the duration of a simulation. For example, fire is a major disturbance
factor for most BpSs, including replacement fire, mixed severity fire, and surface fire. These fire regimes
have different rates or probabilities of occurrence in a given year (i.e., inverse of the mean fire return
interval) that are incorporated into the models for each BpS where they are relevant. However, in real-
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world conditions the disturbance rates are likely to vary appreciably over time. To simulate strong
yearly variability for fire activity, drought-induced mortality, non-native species invasion rates, tree
encroachment rate, loss of herbaceous understory, flooding, and so on, we incorporated temporal
multipliers in the model run replicates.

A temporal multiplier is a number in a yearly time series that multiplies a base disturbance rate in the
VDDT models: e.g., for a given year, a temporal multiplier of one implies no change in a disturbance
rate, whereas a multiplier of zero is a complete suppression of the disturbance rate, and a multiplier of
three triples the disturbance rate. A temporal multiplier can be obtained from time series data or
theoretically derived. Each temporal multiplier has a without and with climate change version.

We generated temporal multipliers for two different purposes: 1) to represent a period of approximated
current land management (i.e., generally fire suppression and livestock grazing) continuing 50 years into
the future without climate change effects and 2) to represent the same management assuming climate
change effects 50 years into the future.

Temporal multipliers without climate change

We created a group of temporal multipliers for each of 13 regions. Temporal multipliers were for 7-
year, 20-year, and 100-year flooding, exotic forb-invasion, exotic-tree invasion (in the Mojave Desert
and southern Great Basin regions), flash-flooding (in the Mojave Desert and southern Great Basin
regions), replacement fire, mixed severity fire, surface fire, drought, insect/disease outbreaks, annual-
grass invasion, tree (natives) invasion, tree competition, very wet years, temperature (subalpine trees),
and freezing in the Mojave Desert.

Temporal multipliers for Montane and Subalpine Riparian, and Washes BpSs were strongly
dependent on discharge variations (Rood et al. 2003; McBride and Strahan 1984). Variability of the 7-
year, 20-year, and 100-year flood events used in the models were all based on filtering the full time
series for increasingly higher values of annual peak discharge that corresponded to these flood events.
We obtained one peak discharge time series per region from one USGS gage that contained a long and
generally continuous record, preferably from a major creek or river (Table 6). The three levels of
flooding corresponded to 7-year events that killed or removed only herbaceous vegetation; 20-year
events that killed or removed shrubs and young trees; and 100-year events that top-killed larger trees
(i.e., these are three distinct disturbances in the riparian VDDT models).

Time series of peak discharge from different regions were of different lengths. We created five
replicates of 75 years each by resampling the original time series using random numbers and MS
Excel®’s vlookup function. Each resampled peak discharge values was divided by the temporal average
discharge of that gage, thus generating a dimensionless time series of peak flow with an average of one
(i.e., the temporal multiplier). Based on known flood events for the Truckee River, the 7-year, 20-year
and 100-year flood events, respectively, corresponded to ~0.8, ~1 and ~3.69 of the flood temporal
multiplier series. All values less, respectively, than the thresholds of 1 and 3.69 for the 20-year and 100-
year flood events were set to zero because they did not have enough force to destroy class-dependent
vegetation (i.e., had no effect on vegetation in the class), whereas all values above the flood event
thresholds were used directly as a temporal multiplier (Figure 3). The 7-year flood events encompass
the full time series of peak flow because few peak flows were below the 7-year event threshold and
those that were below actually suppressed the model’s disturbance rate, as desired. All values of
temporal multipliers for rivers and creeks of each region are shown in Appendix V.
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Table 6. Source USGS gage data for discharge dependent temporal multipliers.

Gage number & name Region
09418500 MEADOW VALLEY WASH NR CALIENTE, NV Clover Delamar & Tonopah; 56 years
10243700 CLEVE CK NR ELY, NV Calcareous; 49 yrs
10244950 STEPTOE CK NR ELY, NV Eureka; 43 years
10249280 KINGSTON CK BLW COUGAR CYN NR AUSTIN, NV Toiyabe; 43 years
10251300 AMARGOSA RV AT TECOPA, CA Mojave; 34 years
10293000 E WALKER RV NR BRIDGEPORT, CA Eastern Sierra Nevada Range; 87 years
10301500 WALKER RV NR WABUSKA, NV Walker; 88 years
10308200 E FK CARSON RV BLW MARKLEEVILLE CK NR MARKLEEVILLE Carson Range; 49 years
10312000 CARSON RV NR FORT CHURCHILL, NV Lahontan Basin; 99 years
10316500 LAMOILLE CK NR LAMOILLE, NV Elko; 72 years
10321000 HUMBOLDT RV NR CARLIN, NV Humboldt; 66 years
10352500 MCDERMITT CK NR MCDERMITT, NV Black Rock Plateau; 61 years
13174500 OWYHEE RV NR GOLD CK, NV Owyhee Desert; 82 years
7-yr Flooding 20-yr Flooding
Humboldt Region Humboldt Region
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Figure 3. Riparian temporal multipliers for 7-year, 20-year, and 100-year flood events without climate change
effects for the Humboldt River at the Carlin gage. For the 20-year and 100-year flood events, respectively, all
values below their threshold were zero. Five replicates (Repl) are shown each per 75-year period. Flood events
are based on annual peak flow. The gray line for temporal multiplier = 1 represented the “no-change” or neutral
parameter line.
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Figure 4. Flash-flooding temporal multipliers without climate change effects for Kyle Canyon. Only flood events
>19-year occurrence were retained; all other values were made zero. Five replicates (Repl) are shown each per 75-
year period. The gray line for temporal multiplier = 1 represented the “no-change” or neutral parameter line.

Two other discharge-dependent temporal multipliers applied to the Calcareous, Clover-Delamar, Mojave
Desert, and Tonopah regions: flash-flooding in washes and exotic-species invasion in Warm Desert
Riparian. We used the 39-year peak discharge time series from Kyle Canyon in the Spring Mountains
near Las Vegas as the archetype for flash-flooding. Each value was divided by the temporal average
discharge (dimensionless temporal multiplier series) and the time series was resampled to create five
replicates of 75 years that was used in all four regions. Flash-flooding events were uncommon for the
Mojave Desert as indicated by temporal multipliers (Figure 4).

For simplicity, exotic-species invasion was identical for three related temporal multipliers: exotic
invasion in the Montane Riparian BpSs, and exotic-forb invasion and exotic-tree invasion in the Warm
Desert Riparian BpS. The exotic-invasion disturbance generally encompasses forbs and trees, whereas
the disturbance was split by forb and tree species in southern Nevada. We assumed that the variability
of exotic species invasion was entirely dependent on average annual discharge of the same creeks and
rivers used for peak flow (annual discharge is the average discharge among months, whereas peak
discharge is the maximum discharge recorded). Years of greater than average annual discharge would
favor the invasion of exotic forbs and trees. The rate of exotic forb invasion in VDDT models was,
therefore, multiplied by the annual flow temporal multiplier. The temporal multipliers were obtained
exactly as done for peak discharge, except annual discharge was used. Two examples representing the
Humboldt and the Mojave Desert regions are shown in Figure 5. Appendix VI contains temporal
multipliers for exotic invasion and exotic-species invasion in all regions.
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Figure 5. Exotic invasion and exotic-species invasion temporal multipliers without climate change effects for the
Humboldt region at the Carlin gage of the Humboldt River and the Mojave Desert region at the Amargosa River
Tecopa (CA) gage. Five replicates (Repl) are shown each per 75-year period. Flood events are based on average
annual discharge. The gray line for temporal multiplier = 1 represented the “no-change” or neutral parameter line.

Fire temporal multipliers were obtained from data downloaded from the Federal Fire Occurrence
Website for the whole western U.S.A. These data reflect fire activity under current management, which
is generally intended to be full fire suppression. Time series of fire size (in acres) from 1980 to 2008 were
extracted for the whole region with ARC GIS 9.3. As done above, each year’s value was divided by the
temporal average of the time series to create dimensionless temporal multipliers. Five replicate time
series of fire activity each 75 years long were created by resampling the original time series; the first 28
years of the original series started the first replicate. One fire temporal multiplier series is illustrated for
the Humboldt region in Figure 6. For some years, fire activity was multiplied by 8.25 compared to
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baseline average fire activity; however suppressed fire activity (temporal multiplier < 1) was the norm
for most years. All temporal multipliers are tabulated in Appendix VII.
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Figure 6. Fire temporal multipliers for replacement fire, mixed severity fire, and surface fire without climate
change effects for the Humboldt region. Five replicates (Repl) are shown each per 75-year period. Data are total
area burned per region. The gray line for temporal multiplier = 1 represented the “no-change” or neutral
parameter line.

All other temporal multipliers were climate related: drought-induced mortality, insect/disease
outbreaks, tree competition, annual grass invasion rate, tree invasion rate, very-wet-year, temperature,
and freezing. The Palmer Drought Severity Index (PDSI; Heddinghaus and Sabol 1991) was used for all
multipliers except temperature and freezing. PDSI is a long-term drought measure because it
incorporates the cumulative influence of past monthly observations (Heddinghaus and Sabol 1991).
PDSI values are available from 1895 to current for the four climatic regions of Nevada, in which we
placed the 14 regions (using the majority rule for division boundaries dividing some regions) (Table 7).
For each climatic region, we extracted PDSI values starting in 1935 to 2009 (75 years for the first
replicate) and resampled this original 75-year time series four more times to obtain a total of five
replicates. Negative PDSI values indicate drought, whereas positive ones represent wetter than average
years. Severe droughts and very wet periods, respectively, have PDSI values <-3 and >3. Taylor and
Beaty (2005) showed that the PDSI is highly negatively correlated to fire frequency and total area
burned for forest types during pre-settlement in the northern Sierra Nevada: more fire was observed
during increasingly drier years. The same relationship holds for average temperature (Westerling et al.
2006). This, however, does not apply to shrublands that must first experience consecutive wetter than
average years to accumulate fine fuels that will more likely burn in a dry year immediately following the
wet year sequence (Westerling and Bryant 2008; Westerling, in press).
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Table 7. Climatic divisions of Nevada and nested regions.

Region Climate Division

Black Rock Plateau
Sierra Nevada
Eastern Sierra Nevada Range
Humboldt
Lahontan Basin
Calcareous

Elko

Eureka

Owyhee Desert
Clover Delamar
Toiyabe

Tonopah

Walker Corridor
Mojave

P WWWWNNNNRRRRPR

Temporal multipliers for drought-induced mortality, insect/disease outbreaks, and tree competition
were all identically calculated from PDSI because we assumed that more severe droughts cause
increased mortality and tree competition, whereas wetter conditions suppressed these disturbances.
Because PDSI can be negative, therefore incompatible with VDDT, we chose a negative exponential
function to create positive values that increased exponentially with smaller (more negative) PDSI values:

Temporal multiplier for drought mortality, insect/disease outbreaks, and tree competition
- 06*e -0.6*PDSI

The parameters of this function were chosen such that PDSI values close to -3 were slightly greater than
3 (actually, 3.63) and that very severe droughts with PDSI as high as -5.2 translated into slightly more
than doubling of the temporal multipliers (13.8). Another consideration was that a mild drought
characterized by a PDSI of -1 would about equal to a neutral temporal multiplier value of 1. Figure 7
demonstrates the relationship between PDSI and its temporal multiplier for all climatic divisions.

29



Palmer drought Severity Index
Climatic Division 1

Repl #1  Repl #2 Repl#3 Repl#4 Repl #5

| ]ﬂ ,MW m
o

375
Year
Palmer drought Severity Index
Climatic Division 2

T

2-I

PDSI
‘?

'
N
h

10 Repl #1 . Repl #2 Repl #3 Repl #4 . Repl #5

%J M. Wl | i
g W W

Palmer drought Severity Index
Climatic Division 3

Z;Repl#l Repl#2 Repl#3 .Repl#4 . Repl#5

g %lrMMM}“" 4.1 .l "Iﬂl “WM’" WJ

Palmer droug:ata;everity Index
Climatic Division 4

Z Repl#1 Repl#2 Repl#3 . Repl#4. Repl#5

L | IM ‘\ A ’ Am ‘nl .m .nn‘l 1

vw w bl

Drought, Insect/Disease Outbreaks, & Tree Competition
Climatic Division 1

169 Repl #1. Repl#2. Repl #3 . Repl #4. Repl #5
L 144
2
3 121
S 104
— % 8+ h
< 1
g o h’h :
S I
il JM‘M J hM
[} 1
| ”n A 1“ |
(JRLLELEL [0 P OIS
0 75 15 225 300 375
Year
Drought, Insect/Disease Outbreaks, & Tree Competition
Climatic Division 2
451Repl#1 Repl #2 Repl #3 Rep|sj4 Repl #5
53
Q.
= 10 |
>
S s
- T s
(=]
g 4
[}
s h h Il
OWWM

Year

Drought, Insect/Disease Outbreaks, & Tree Competition
Climatic Division 3

99 Repl#1. Repl#2. Repl#3 . Repl#4. Repl#5

E .u}l‘ﬁn’hML »"Jml
T A 1 U
; 150 255 300 375
Year

Drought, Insect/Disease Outbreaks, & Tree Competition
Climatic Division 4

7] Repl #1 . Repl #2 Repl #3 . Repl #4 . Repl #5

9

. 84

= 61

2 54

g 31

£ oJ

Al M |
O.L(”"H!W Jl‘l’”l" ﬂl VWHW“ Y'”’WWW

75 150 225 300 375
Year

Figure 7. Palmer drought severity index (PDSI) time series and calculated drought-related temporal multipliers
without climate change effects for the four climatic divisions of Nevada. Five replicates (Repl) are shown each per

75-year period. The gray line for PDSI =

0 represented average drought conditions, whereas the gray line for the

drought temporal multiplier = 1 represented the “no-change” or neutral parameter line.
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Temporal variability for annual grass invasion and tree (mostly pinyon and juniper) invasion rates were
dependent on drought levels: greater drought severity, therefore lower soil moisture, was detrimental
to recruitment and growth and, conversely, greater soil moisture favored the spread of annual grasses
and trees (Bradley 2009b; Brown et al. 2004; Smith et al. 2000). We assumed that tree invasion was a
much slower process than annual grass invasion. This implies that PDSI was directly related to the
variability of these invasion rates:

Annual grass invasion
PDSI > 0, temporal multiplier = (0.75 x %7232
PDSI < 0, temporal multiplier = 0.75 x e%7>* "

Tree invasion
PDSI > 0, temporal multiplier = (0.2 x e
PDSI < 0, temporal multiplier = 0.2 x ¢8>

0.8 x PDSI)O.S

Similarly, the PDSI time series were used to calculate the variability in very wet years, which is a source
of mortality for some sub-xeric BpSs. Very wet years were assumed to occur for PDSI > 2, but
considered null for PDSI < 2. Furthermore, we assumed that the effect of very wet years increased by
the square of the PDSI after correction to indicate an accelerating effects of water spread on water-
logged soils that cannot absorb any more water. Water-logged soils kill roots of subxeric shrubs:

Very-wet-year
PDSI > 2, temporal multiplier = (PDSI - 2)°
PDSI < 2, temporal multiplier =0

We illustrated the temporal multipliers for annual grass invasion, tree invasion, and very-wet-year using
climatic region #1 (Figure 8; respectively, values in Appendices VIII-X).
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Figure 8. Temporal multipliers of annual grass invasion, tree invasion, and very wet years without climate change
effects for the first climatic divisions of Nevada. Five replicates (Repl) are shown each per 75-year period. The
gray line for the drought temporal multiplier = 1 represented the “no-change” or neutral parameter line.

The temporal multiplier for temperature only applied to subalpine conifers. Increasing temperature
favors tree ring growth (Salzer et al. 2009) and speed of succession for subalpine conifers. Dr. Matt
Salzer at the University of Arizona’s Laboratory of Tree Ring Research kindly shared a 2002-year tree ring
width time series of ancient bristlecone pine from Mount Washington from the southern Snake Range
(The Long Now Foundation’s Keyhole property) (Figure 9). We divided each entry of the time series by
the temporal average to obtain the dimensionless temporal multipliers. We extracted five 75-year time
series from 1628 AD to 2002 for the non-climate change period, which included a variety of cooling and
warming periods (Figure 10).

32



Bristlecone Pine
Mt Washington

=

o

o
[]

o

~

gl
[]

o

N

(€3]
1

Tree Ring Width (mm)
o
al
o

0.00 T T T T T T T 1
0 250 500 750 1000 1250 1500 1750 2000

Year AD

Figure 9. Tree ring width of ancient bristlecone pine from Mt. Washington in the southern Snake Range, Nevada.
Data provided by Dr. Matt Salzer from the University of Arizona’s Laboratory of Tree Ring Research.
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Figure 10. Temporal multiplier for subalpine temperature obtained from tree ring widths (1628 to 2002 AD) of
ancient bristlecone pine from Mt. Washington in the southern Snake Range, Nevada. Data provided by Dr. Matt
Salzer from the University of Arizona’s Laboratory of Tree Ring Research. Five replicates (Repl) are shown each per
75-year period. The gray line for temporal multiplier = 1 represented the “no-change” or neutral parameter line.
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The last temporal multiplier series was for prolonged (several consecutive days) freezing causing
mortality in the Paloverde-Mixed Cacti BpS at the very southern tip of Nevada. We obtained a time
series of minimum monthly temperature from the Searchlight, Nevada, weather station. We selected
the minimum of any month as the time series to resample. The original temporal multiplier was
calculated as a deviation from the 32°C:

Temperature temporal multiplier =
If temperature < 32°C then (33- temperature)
else 0.

The resulting time series was resampled to create five 75-year replicates (the original series was not
used; Figure 11).
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Figure 11. Temporal multiplier freeze obtained based on minimum temperature from the weather station in
Searchlight, Nevada. Five replicates (Repl) are shown each per 75-year period. The gray line for temporal
multiplier = 1 represented the “no-change” or neutral parameter line.

Temporal multipliers with climate change

Modification of temporal multipliers depends on the predicted changes in greenhouse gases,
temperature, and precipitation for a period at least matching the duration of our simulations: we
simulated 50 years from the 75 years we could accommodate. In turn, these predicted climatic changes
determined hypothesized ecological effects of climate change on temporal multipliers.

Most of Nevada is under the strong influence of the Pacific Ocean; therefore we used predictions made
for the Northern Sierra Nevada to find trends applicable to all of Nevada. Predictions for temperature
and precipitation were obtained from the Parallel Climate Model (PCM; Dettinger et al. 2004) with the
A1Fi business-as-usual emissions scenario (similar to the A2 scenario [IPCC 2007]). These modifications
to the ecological models require a full time series of future climate projections (i.e., every year from
2000-2050). While data from the other GCMs were available for this area, a downscaled time-series of
data for this area was not readily available. Thus, we focused only on the results of the PCM GCM for
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this portion of the analysis. We obtained a greenhouse gas concentration prediction from IPPC (2007:
Figure 3.1). The overall scenario is for a hotter climate by about 3°C with greater greenhouse gas
concentration (Figure 12), but with the same total amount of average precipitation (Figure 13).

The greatest uncertainty for future climate forecasting (high divergence among Global Circulation
Models) will be for a western shift of the western boundary for the monsoonal effect (i.e., summer
precipitation), which currently penetrates into eastern Nevada by no more than 60 miles (97 km; Egan
Range may be the limit) and into the Mojave Desert as west as the Sheep Range. We assumed that the
Calcareous, Clover-Delamar, and Mojave Desert regions of Nevada would experience a greater amount
of summer precipitation; therefore less drought. Presumably, increased summer precipitation would
change fire regimes and erosion patterns.

We developed predicted ecological impacts resulting from climate change (hypotheses of change) for
each type of BpS based upon the consequences of Figure 12 and Figure 13. Some hypotheses were
directly supported by recent publications, albeit few, whereas the remaining hypotheses were inferred:

> Directly supported hypotheses:

0 Increased dispersal of non-native species (annual grasses, forbs, and trees) caused by CO,
fertilization of plant growth during wetter than average years (Bradley 2009b; Brown et al.
2004; Smith et al. 2000)

o0 Decreased dispersal of non-native species (annual grasses, forbs, and trees) during drier
than average years regardless of CO, concentrations (Bradley 2009b; Brown et al. 2004;
Smith et al. 2000)

0 Higher tree mortality during longer growing season droughts (Pennisi 2009)

0 Longer period of low flows caused by earlier snowmelt (Dettinger et al. 2004; Maurer 2007;
Stronestrom and Harrill 2006)

o0 Greater severe flood variability due to greater frequency of rain-on-snow events (Dettinger
et al. 2004; Maurer 2007), which would favor cottonwood and willow recruitment on
currently regulated rivers and creeks

0 Longer period of groundwater recharge during colder months with low evapotranspiration
and greater percentage of rain versus snow (more effective recharge) (Stronestrom and
Harrill 2006; personal communication, Dr. Rick Niswonger, USGS Carson City, 2008)

0 More stable discharge (buffered from precipitation) for springs, seeps, wet meadows,
creeks, and rivers on carbonate geology and, conversely, less stable discharge on non-
carbonate geology (personal communications, Drs. David Prudik [retired] and Rick
Niswonger, USGS Carson City, 2008)

0 More frequent, larger fires in forested systems (Brown et al. 2004; Westerling and Bryant
2008; Westerling, in press)

0 Increased growth and recruitment of subalpine trees due to increased tree line temperature
regardless of CO, fertilization (Salzer et al. 2009; personal communication, Dr. Hugh Safford,
US Forest Service, University of California at Davis 2008)
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Inferred hypotheses:

(0]

Longer fire return intervals in shrubland systems due to increased drought frequency
preventing fine fuel build up (Westerling and Bryant 2008; Westerling, in press)

Increased dispersal of pinyon and juniper in shrublands caused by CO, fertilization during
wetter than average years (Tausch and Nowak 1999)

Greater conifer and deciduous tree species recruitment and growth in wetlands/riparian
due to drought and CO, fertilization (Brown et al. 2004)

Impaired recruitment of willow and cottonwood due to descending peak flows occurring
one month earlier and limited ability of these species to flower one month earlier in cold
drainages (Maurer 2007)

Faster growth of fast-growing native tree species (Brown et al. 2004; personal
communication, Dr. Hugh Safford, US Forest Service, University of California at Davis 2008)
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Predicted Green House Gases
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Predicted Temperature (°C)
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Figure 12. Temporal multiplier for global green house gases (based on IPCC 2007) and temperature for the
Northern Sierra Nevada (based on Dettinger et al. 2004) under the “business-as-usual” (A1Fi for PCM; A2 for IPCC)
climate change scenario. Temperature raw data obtained from Dr. M. Dettinger, USGS, 2009 based on the PCM
simulations. The green house gases and temperature temporal multipliers were each calculated by dividing each
yearly value by the value of the first year of the time series.
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Figure 13. Temporal multiplier of precipitation (mm) for the Northern Sierra Nevada (based on Dettinger et al.
2004) under the “business-as-usual” (A1Fi) climate change scenario. Precipitation raw data obtained from Dr. M.
Dettinger, USGS, 2009 based on the PCM simulations.

The peak discharge temporal multipliers without climate change were modified for climate change (+CC)
under the simple assumptions that peak flows and their variability increase with time due to more
frequent rain-on-snow events and early snow melt. A heuristic relationship was built in the absence of a
more mechanistic discharge modification equation:

Peak Flow,cc temporal multiplier
If Modifier(time-step) 2 0,
= Peak Flow.cc temporal multiplier x (1 + Modifier[time-step] x logo[time-step])
If Modifier[time-step)] < 0,
=0
and

Modifier(time-step) = (U; - logyo[time-step] x Uj) x (1 - g 03> [tmestep=1])

where U; is the i random number draw (0<U<1) from a uniform distribution. Without the Modifier
equation, peak flow would deterministically increase by three times (i.e., 3 = 1+log(100)) over 100 years;
however, the Modifier equation prevents this by introducing variability and damping. The first damping
factor is the negative exponential that is zero or near zero for the first years, but rapidly become equal
to one with time, thus having no damping effect after 20 years. The second damping factor is also the
source of strong variability. As both random numbers are drawn in the Modifier equation, the outcome
will favor negative values over time because of the logarithmic function’s contribution that increases
with time, which will cause either zero flow (dry creeks and rivers as expected on especially non-
carbonate rocks) or reduced flow for positive outcomes. As a result, peak flow becomes highly variable

38



(Figure 14 right side; Appendix XI). The new time series by regions were used to obtain 7-year, 20-year,
and 100-year flood events using the same rules as described above.

Temporal Multiplier Temporal Multiplier

Temporal Multiplier

Figure 14. Peak flow temporal multipliers without climate change (left) versus with climate change effects (right)
used to illustrate heuristic transformation using the Humboldt region. Difference between without and with
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climate change are due to random number draws. Five replicates (Repl) are shown each per 75-year period. Flood

events are based on average annual discharge. The gray line for temporal multiplier = 1 represented the “no-

change” or neutral parameter line.

The same previous equations for modifying peak discharge were used to generate temporal multipliers
for flash flooding and exotic-species invasion. For flash flooding, peak discharge from Kyle Canyon, and
not the temporal multiplier, was the input data for the equation and peak discharge with climate change
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was the output. The original temporal multiplier was obtained by dividing each year’s values by the new
temporal average. Five replicates of 75 years each for the four flash-flooding regions (Calcareous,
Cover-Delamar, Mojave, and Tonopah) where obtained by complete resampling. The temporal
multipliers for the Mojave Region are shown in Figure 15 with the remaining data presented in Appendix
Xll.
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Figure 15. Flash-flooding temporal multipliers without (top) and with climate change (bottom) effects for the
Mojave Region. Only flood events >19-year occurrence were retained; all other values were made zero. Five
replicates (Repl) are shown each per 75-year period. Different flood events are due to random number draws. The
gray line for temporal multiplier = 1 represented the “no-change” or neutral parameter line.

We hypothesized that carbon from enhanced atmospheric greenhouse gases would fertilize exotic forb
species growth, seed or root production, and invasion of uninfested areas if the floodplain was
sufficiently wetted by annual (not peak) flows (Bradley 2009b; Smith et al. 2000). The temporal
multiplier for exotic forb invasion was obtained from the same equations as used for peak discharge
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(but with annual discharge) with the exception one inserting the temporal multiplier for greenhouse gas
in the equation:

Exotic Forb Invasion,cc temporal multiplier
= Exotic Forb Invasion.cc temporal multiplier x (1 + Modifier[time-step] x TMgyg % logg[time-step]),

where TMgc is the temporal multiplier for GreenHouse Gases, which is predicted to increase smoothly
over time. Using the Humboldt and Mojave regions for illustration, Figure 16 (right side) clearly shows a
strong influence of climate change on this parameter. The full data for all regions is presented in
Appendix XIlI.
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Figure 16. Exotic invasion and exotic-species invasion temporal multipliers without (left) and without climate
change effects (right) for the Humboldt River at the Carlin gage and the Mojave Desert region at the Amargosa
River Tecopa (CA) gage. Five replicates (Repl) are shown each per 75-year period. Flood events are based on
average annual discharge. The gray line for temporal multiplier = 1 represented the “no-change” or neutral
parameter line.

With the exception of subalpine temperature and freezing in the Mojave Desert, all other temporal
multipliers involved modifications to drought, including fire. Climate change modifications to drought
were differently obtained than with previous temporal multipliers; therefore, side by side comparisons
of no climate change and climate change effects were no longer possible. We assumed that the new
PDSI under climate change would show drier (higher temperature with same total precipitation would
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create more evapotranspiration) conditions, which means that positive PDSI values would become
smaller and that negative values would become even more negative. Although this assumption was
conceptually true, the mathematical implementation of the modification is not straightforward, in part
because several variables enter into the computation of PDSI (not just temperature) and its time step is
monthly, not yearly (yearly PDSI is obtained through averaging) (Heddinghaus and Sabol 1991):

PDSI; = 0.897 x PDSl,.; + calibrated change in soil moisture;

where t is the month and the calibrated change in moisture can be > or < zero (Heddinghaus and Sabol
1991).

We alternatively chose to mine a 2,300-year old time series of western juniper ring width from the
Walker River basin of western Nevada and eastern California (Biondi et al. 2007) to find drought
conditions from the past. The narrower the tree ring, the less soil moisture available during the year of
growth. Biondi et al. (2007) expressed the time series as departure from the mean (normalized to zero)
and used novel statistics to detect severe drought periods (usually, 27 years of consecutive below
average tree ring width — negative values). About 13 severe droughts were detected during the last
2,300 years, including the Dust Bowl period. Conveniently, the distribution of the normalized values
around the mean of zero behaved like the PDSI.

We applied western juniper data to all climatic regions of Nevada because Biondi et al. (2007) showed
very high correlation (r > 0.7) of this time series to other tree ring time series of Nevada deposited in the
a national databank. The procedure by which we obtained replicate temporal multipliers was involved:

1. The 2,300-year time series was segmented in group of five consecutive years. The purpose for
segmentation was to preserve periods of climate that may retain periods of drought, average,
and wet years;

The average of each 5-year was calculated and averages were sorted from driest to wettest;

3. About half of the time series was retained from the driest to the slightly wettest groups, thus
deleting the wettest averages, because our goal was to simulate drier future conditions;

4. We randomly selected about 20 groups and recreated time series by stringing together groups
as if they had always been consecutive years. This procedure was repeated 65 times (five 75-
year replicates x 13 regions), which was extremely tedious;

5. Each new time series was flipped (not sorted) to create conditions of increasing drought over
time.

6. Because tree ring width was expressed as a deviation from zero, the narrowest rings were
negative, which is incompatible with temporal multipliers. Therefore, we used a negative
exponential function as done for PDSI and with trial-and-error parameter fitting imitating values
found for drought temporal multipliers without climate change:

Drought or insect/disease outbreak temporal multipliers +CC =

if tree-ring deviation < 0, then -(tree-ring deviation x g 2656  treering deviation)

else then 0.
7. Ten replicate temporal multipliers among the 65 were identified because they showed less

drying over time; these least “droughty” replicates became temporal multipliers for the
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Calcareous region that was predicted to receive more monsoonal precipitation, whereas the
next five of the least droughty became the temporal multipliers for the Clover-Delamar region
also expected to receive more monsoonal precipitation. The 55 other replicates were randomly
assigned to the remaining regions.

The drought temporal multipliers for the Humboldt region is shown in Figure 17 (all values in Appendix
XIV). Notice the obvious upswing of drought values with increasing years by replicate.

Drought & Insect-Disease Outbreak +CC
Humboldt Region

79 Repl #1. Repl #2 .Repl #3 .Repl #4 . Repl #5
o 61
g5
£ :
ST
IVAANVT AN OUT 4l AT
O0 75 1%0 225 300 37;5

Year

Figure 17. Drought and insect-disease outbreak temporal multipliers with climate change effects for the
Humboldt region. Five replicates (Repl) are shown each per 75-year period. Values are based on a 2,300-years
time series of western juniper tree rings. The gray line for temporal multiplier = 1 represented the “no-change”
or neutral parameter line.

The same pattern was created from tree ring deviations for the tree competition and tree encroachment
temporal multipliers but using a different negative exponential function with a less variable outcome
(we assumed that tree competition and loss of understory species due to tree encroachment in late
succession was a more buffered process):

-(tree-ring deviation + 4)

Tree competition or tree encroachment temporal multiplier =20 x e

Again, we show the result for the Humboldt region in Figure 18 (Appendix XV).
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Figure 18. Tree competition and tree encroachment temporal multipliers with climate change effects for the
Humboldt region. Five replicates (Repl) are shown each per 75-year period. Values are based on a 2,300-years
time series of western juniper tree rings. The gray line for temporal multiplier = 1 represented the “no-change” or
neutral parameter line.

Previously without climate change, we calculated the very-wet-year temporal multipliers in the absence
of climate change effects, we elevated the PDSI by the square. The PDSI reached higher values than tree
ring deviations; therefore, we used a more “aggressive” exponential function for climate change effects
and tree ring deviations that started with a tree ring deviation value of 1 (2 for PDSI) to make this
temporal multiplier more comparable between tree rings and PDSI (Figure 19; Appendix XVI):

Very-wet-year temporal multiplier =

If tree ring deviation > 1, then gtee ring deviation-1)
else then 0.
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Figure 19. Very-wet-year temporal multipliers with climate change effects for the Humboldt region.
Five replicates (Repl) are shown each per 75-year period. Values are based on a 2,300-years time series
of western juniper tree rings. The gray line for temporal multiplier = 1 represented the “no-change” or
neutral parameter line.

The tree ring deviations were used to calculate temporal multipliers for future replacement fire, mixed
severity fire, and surface fire because of the tight relationship between drought and fire activity. The
temporal multipliers for replacement fire were calculated differently than for mixed severity and surface
fire. Forested BpSs, with the exception of pinyon-juniper and mountain mahogany woodlands,
experience greater fire activity with greater drought because their standing biomass only requires
ignition (Taylor and Beaty 2005; Westerling et al. 2006; Westerling and Bryant 2008; Westerling in
press). Forests are usually not water limited. Conversely, shrublands being water limited normally have
no to little fine fuels to carry fire; therefore fire activity increases when fine fuels first build up during
two or more years of consecutive of above average soil moisture followed by a dry year (Westerling and
Bryant 2008; Westerling, in press). These assumptions were imbedded in the equations for fire
temporal multipliers based on tree ring deviations. For simplification, the temporal multiplier for
replacement fire, which is the only fire regime in shrublands and is less common in forests, was
calculated following the shrubland assumptions. The temporal multipliers for mixed severity fire and
surface fire (we used the same temporal multipliers), which are dominant regimes in forests, were
calculated following the forest assumptions.

We chose two consecutive years of above average soil moisture (positive tree ring deviations) followed
by a dry year (negative tree ring deviation) using the Gompertz equation (y = [1/a]/[1+e™]) , which has a
convenient shape compatible with positive and negative x values, to calculate the replacement fire
multipliers:

Replacement fire temporal multiplier{t} =
e(tree-ring deviation{t-2} + tree-ring deviation {t-1}) x (1/08808)/( 1+e2 x tree-ring deviation {t))’
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where t is time (t-2 is two years ago) and a = 0.8808 and b = 2 are fitting constants. The Gompertz part
of the equation has less weight than the first exponential because more importance was given to fine
fuel build up in the first exponential function. Greater droughts on the third year were not assumed to
equate with greater storm activity.

For mixed severity fire and surface fire, less importance was given to fuel build up in the previous year
(the Gompertz equation) and more weight to drought during the current year:

Replacement fire temporal multiplier{t} =
(1/0 33)/(1+e—1.75 x tree-ring deviation {t-1 } -1.4) x e-(tree—ring deviation {t} + 1)

Figure 20 shows temporal multipliers for replacement fire (Appendix XVII for all regions) and mixed
severity/surface fire from the Humboldt region (Appendix XVIII for all regions).

Tree ring deviations were used to calculate two other temporal multipliers: annual grass invasion and
tree invasion. We assumed that both increased CO, and soil moisture fertilized annual grasses and tree
invasion into shrublands; however, soil moisture was the most limiting factor. For annual grasses, the
temporal multiplier for greenhouse gases (Figure 12) had a linear influence on annual grass dispersal,
whereas tree ring deviations were given an exponential role:

Annual grass invasion temporal multiplier; =

temporal multiplier of greenhouse gases, x ! "né deviation:
Because our hypotheses assume a greater frequency of future droughts, annual grass invasion often
decreases with time (see variation among replicates in Figure 21; other regions in Appendix IXX).

Tree invasion is a slower process of mostly pinyon and juniper, sometimes higher elevation conifers,
colonizing shrublands because trees grow slowly in the arid west. We simply dampened the rate of
invasion used for annual grass invasion with power functions:

Tree invasion temporal multiplier; =
If (temporal multiplier of greenhouse gases, x e Medeviation: ¢ 1) ‘then
(temporal multiplier of greenhouse gases, x ! "né deviation:2
else (temporal multiplier of greenhouse gases, x " "¢ deviation0.5

The role of dampening is easily seen by comparing the upper graph (annual grass invasion) and lower
graph (tree invasion) of Figure 21 (Appendix XX for the tree invasion multipliers in other regions).
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Figure 20. Replacement, mixed severity, and surface fire temporal multipliers with climate change effects for the
Humboldt region. Five replicates (Repl) are shown each per 75-year period. Values are based on a 2,300-years
time series of western juniper tree rings. The gray line for temporal multiplier = 1 represented the “no-change” or
neutral parameter line.
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Figure 21. Annual grass invasion and tree invasion temporal multipliers with climate change effects for the
Humboldt region. Five replicates (Repl) are shown each per 75-year period. Values are based on a 2,300-years

time series of western juniper tree rings. The gray line for temporal multiplier = 1 represented the “no-change” or

neutral parameter line.
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Under the scenario of no climate change, we previously used minimum monthly temperatures that were
below freezing (suggesting several consecutive days of hard freezing) to determine the frequency and
strength of freezing events. For climate change, we selected the next highest temperature from the
monthly values per year. If the temperature was <32°F, then it was retained in the time series,
otherwise it was set to zero. Each year’s value was divided by the temporal average and this original
series was resampled to create five replicates of 75 years each for the Mojave region (Figure 22). Itis
noteworthy that these temporal multipliers are substantially less and fewer than those in Figure 11
without climate change effects.
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Figure 22. Freeze temporal multiplier with climate change effects for the Mojave region. Data from the
Searchlight’s weather station minimum temperature series. Five replicates (Repl) are shown each per 75-year
period. The gray line for temporal multiplier = 1 represented the “no-change” or neutral parameter line.

The last temporal multiplier with climate change was for subalpine temperature. Previously we used
the University of Arizona’s tree ring width time series from 1628 to 2002. For climate change, we
restricted our tree ring data from 1902 to 2002 as this phase of the record shows the strongest
consistent increase in tree ring width (thus temperature by correlation) of the full 2,000+ years (Figure
10). This time series’ temporal multipliers were sampled 20 times (five replicates for each of the four
climatic regions of Nevada) while preserving the order of the series to maintain the pattern of tree ring
growth (Figure 23; Appendix XXI for the four climatic regions).
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Figure 23. Temporal multiplier for subalpine temperature with climate change obtained from tree ring widths
(1902 to 2002 AD) of ancient bristlecone pine from Mt. Washington in the southern Snake Range, Nevada. Data
provided by Dr. Matt Salzer from the University of Arizona’s Laboratory of Tree Ring Research. Five replicates
(Repl) are shown each per 75-year period. The gray line for temporal multiplier = 1 represented the “no-change”
or neutral parameter line.

Active Management Scenario

TNC and NDOW staff held workshops in Carson City twice, Ely, and Las Vegas to seek expert knowledge
on BpS management for the Calcareous, Eastern Sierra Nevada, Elko, Lahontan, Mojave, and Walker
regions. These regions represent a broad spectrum of contrasting regions in Nevada. The goal was to
develop coarse and representative management strategies to abate detrimental climate change effects
and order of magnitude costs for regions belonging to different ecoregions. BpSs chosen for
management simulations would need to be significantly affected by climate change scenarios and either
widespread in many regions or threatened in all the limited regions where it occurs. Not all regions
contained all these BpSs and not all focal BpSs were simulated for active management in one region
where experts were not available (for example, montane riparian in the Eastern Sierra Nevada).

RESULTS & DISCUSSION
Minimum Management

Comparisons of scenario results after 50 years revealed consistent effects by BpSs and differences
among regions compared to the scenario without climate change. Climate change caused detrimental
results (increased ED, HR, or loss of aspen; Table 8), no change, beneficial results (decreased ED, HR, or
loss of aspen), and creation of BpSs previously not found in a region (Table 9). Differences between the
full and half rates of range shifts were often minor (Appendices XXIl and XXIII).
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Detrimental effects of climate change compared to no-climate change were more widespread among
regions for about 12 BpSs relative to the number of regions where they occur (Table 8): aspen-mixed
conifer, aspen woodland, blackbrush mesic and thermic, curl-leaf mountain mahogany (half of regions),
creosotebush-bursage, Jeffrey pine, mixed conifer, low-black sagebrush (only for HR, not ED), montane
riparian (non-carbonate), montane sagebrush steppe-mountain site (=14 inch precipitation zone), and
Wyoming big sagebrush semi-desert (<12 inch precipitation zone; for HR). These BpSs were targeted for
management simulations. Many other BpSs that were predicted to be in poor ecological condition in 50
years did not suffer from added detrimental climate change effects (Appendices XXIl and XXIIl). The
primary causes of either increased ED or HR were increased area invaded by annual grasses, exotic
riparian forbs and trees, and loss of aspen.

Among detrimental results, some BpSs suffered relatively large net losses. Net losses occur when more
of a BpS’s “pixels” are converted to other BpSs than pixels from other BpSs being converted to the focal
BpS. The Alpine BpS, which was too small to estimate meaningful ED and HR values, was only detected
in the Elko region by LANDFIRE (although this BpS is truly found in other regions but classified as barren
by LANDFIRE). Both climate change scenarios caused the disappearance of the Alpine BpS (Appendix
XXIl, Table XXII-10). The Mountain Shrub and Montane Riparian (non-carbonate) BpSs similarly
vanished from the Mojave Desert region with climate change scenarios, although they persisted
elsewhere (Table 8; Appendix XXII, Tables XXII-6 and XXII-7). Significant aspen loss was found for the
Aspen-Mixed Conifer BpS in the Calcareous, Clover-Delamar, and Eastern Sierra Nevada regions, and in
the Aspen Woodland BpS in the Toiyabe region (Table 8).

Loss of a BpS in a region has two main causes: 1) the BPS was too small such that a few decades of
incremental range shifts will extirpate it (for example, Alpine BpS) and 2) the region experienced more
stand replacing events than other regions due to predicted local drought and wet year sequences
(temporal multipliers), both of which determine future replacement fire regimes and mortality-related
disturbances. Greater stand replacing activity accelerates rates of range shifts.

The counterpart to the loss of acres from range shifts is the conversion of acres to another recipient

BpS, and even the creation of BpSs not previously found in a region. Three BpSs were especially prone
to being created in regions where previously absent: Big Sagebrush Steppe, Creosotebush-White
Bursage, and Washes. The second and third BpSs are the most indicative, respectively, of the Mojave
Desert vegetation moving north into the southern Great Basin ecoregion and disappearance of perennial
water in montane streams found on non-carbonate geology.

Counter-intuitive results were encountered. It was not unusual for a BpS to show decreased ED (Table 9

) but increased HR (Table 8). ED might decrease because simulations introduce, for examples, larger
amounts of fire activity in fire-suppressed BpSs and flood events in traditionally regulated rivers. Such
activity would cause ED to decrease because reference vegetation classes are “rebalanced;” however,
annual grass invasion and exotic riparian forb and tree invasion, often exacerbated by fire and CO,
enrichment, and tree invasions into shrublands, also exacerbated by CO, enrichment, would
simultaneously cause the remaining uncharacteristic classes with non-native species or encroaching
trees to become dominant relative to the total amount of uncharacteristic classes and HR to increase
(Low et al. 2010). Examples of this type are found for the Low-Black Sagebrush BpS in the Clover-
Delamar and Owyhee regions, and Mountain Shrub BpS in the Clover-Delamar region, and Wyoming Big
Sagebrush BpS in the Tonopah region (Table 8 and Table 9).
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Another counter-intuitive result would be the disproportional reduction of uncharacteristic classes
caused by range shifts in classes of vegetation that “cycle” faster, such as annual grasslands and early
shrubs. These uncharacteristic classes “escape” to other BpSs and remain uncharacteristic (i.e., “passing
on the problem to another BpS), while incoming classes to the focal BpS usually enter by the early-
succession class (A class) (cooler BpSs often have less uncharacteristic classes that warmer ones).

Climate change had no significant effects or decreased ED or HR for a large number of BpSs: big sagebrush upland
sites (12 to 14 inch precipitation zone); chaparral, curl-leaf mountain mahogany (half the regions), greasewood,
limber-bristlecone pine, mixed salt desert, pinyon-juniper woodland, washes, Wyoming big sagebrush semi-desert
(for ED) (Table 9)

Regions were not equal in the distribution of results. The Mojave Desert, Elko, and Calcareous regions
showed the greatest number of BpS (respectively, 15, 13, and 10 BpS of 32) with increased ED, HR, or
loss of aspen clones (Table 8). The least affected regions with only three BpSs impacted were the
Lahontan and Walker—these regions also contained less BpSs than others. It is noteworthy that the
warmest and coldest regions were the most susceptible to climate change influences. The Calcareous
region is somewhat unusual because it essentially ranges between limits of the Mojave Desert and
Columbia Plateau ecoregions and harbors some of the highest elevations in Nevada; therefore a high
gradient of BpSs are positioned to experience climate change.

The regions containing the greatest number of BpSs with non-significant or beneficial effects were the Clover-
Delamar (17), Tonopah (15), Calcareous (13) and Lahontan (13) regions, whereas the regions with the smallest
numbers of BpSs with non-significant or beneficial results were the Elko (8) and Owyhee (8) regions (Table 9

). The significance of these results was less clear than for detrimental changes because confounded causes can
explain results. For example, the absence of response to climate change could indicate that the BpS was already
very degraded (high ED) or the BpS was very large and can buffer negative effects.
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Table 8. Overview of significant increases in ecological departure (ED), high-risk classes (HR), or aspen clone loss (AL) for all BpSs and regions due to climate
change effects. All colored entries indicate an effect of climate change among the scenarios “no climate-change”, “half climate change”, and “full climate

change.” Legend: P ED= significant increase in ecological departure compared to natural range of variability ; AL = significant loss of aspen; THR = significant
increase in high risk classes; ~ED= borderline significant effect on ED.

Regions
Eastern
Black Clover- Sierra
Rock Calcareous  Delamar Nevada Elko Eureka Humboldt Lahontan Mojave Owyhee  Toiyabe Tonopah  Walker
AL/~ ED AL AL
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Table 9. Overview of significant decreases in ecological departure (ED), high-risk classes (HR), or aspen clone loss (AL) for all BpSs and regions due to climate
change effects. All colored entries indicate an effect of climate change among the scenarios “no climate-change”, “half climate change”, and “full climate
change.” Legend: no = no effect of climate change; | ED = significant ecological departure decrease (i.e., more like reference condition); created = system not
present in NO CC scenario, but present with CC due to range shifts.

Regions

Climate
change Black
effects Rock

Calcareous

Clover-
Delamar

Eastern
Sierra
Nevada

Elko

Eureka

Humboldt

Lahontan

Mojave

Owyhee

Toiyabe

Tonopah

Walker

Aspen-Mixed
Conifer
Aspen
Woodland
Big
Sagebrush
Steppe JED
Big
Sagebrush
upland
Blackbrush-
mesic
Blackbrush-
thermic
Chaparral
Creosotebus
h-Bursage
Curl-leaf
Mountain
Mahogany
Greasewood
High
Elevation
Meadow No
Jeffrey Pine
Juniper
Savanna
Limber-
Bristlecone
Pine No
Low-Black
Sagebrush No

JVED

JED

created

JED

created

no
no

no

no

no
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JED
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JVED

no

no

JED

JED
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no

no

no

no

no
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no

no
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no
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Active Management Scenario

BpSs chosen for management simulations were: aspen-mixed conifer, aspen woodland, blackbrush
mesic and thermic, creosotebush-bursage, Jeffrey pine, mixed conifer, low-black sagebrush, montane
riparian (non-carbonate), montane sagebrush steppe-mountain site, and Wyoming big sagebrush semi-
desert. Not all regions contained all these BpSs and not all focal BpSs were simulated for active
management in one region where experts were not available (for example, montane riparian in the
Eastern Sierra Nevada). Results are shown by habitat types.

Mojave Mid-Elevation Mixed Desert Scrub Habitat

A first step requested by partners prior to simulating management was to update the initial conditions
of both Blackbrush BpSs. LANDFIRE and NNHP’s geodata reflect primarily levels of exotic species
interpreted from imagery captured before 2005. Since the abundant precipitation of 2005, most
communities of the Mojave Desert have shown to be dominated by exotic grasses and forbs. We used
initial conditions that reflect recent high-resolution remote sensing from the Spring Mountains
completed in 2008 (Provencher et al. 2008). Essentially, >90% of the BpSs are in the Shrub-Annual-
Grass-Perennial-Grass class.

Both Blackbrush BpSs received the same three treatments that shared the use of an herbicide
suppressing the germination of annual species (Plateau®). The herbicide is 40-60% successful, but
success changes from the first to the second year after application (Dr. Leslie DeFalco, USGS Henderson,
NV, personal communication); therefore, we chose 50%. Herbicide alone was applied to the Shrub-
Annual-Grass-Perennial-Grass class to recover late-succession blackbrush. Recovery of the Annual Grass
class is the greatest challenge because the success rate of native seedings is currently very low (1%).
Because of active research on developing new plant material and species combinations (Abella et al.
2011), we proposed “hypothetical” restoration treatments that assumed continuation of the current
level of success (1%) for the first 20 years, then, following a 20-year period of research, a 10% success
rate for the remaining 30 years of the simulation. The newer success rate was dependent on one
important assumption that made a great difference: livestock grazing had to be retired from the new
seeded areas, otherwise the seeding failed because of herbivory on young plants.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)

Spray herbicide to control exotic annuals in blackbrush with an understory 15,000 50 25

of exotic annuals

Spray herbicide to control exotic annuals and seed native species (current 10,000 1* 20 100

seed mix) in annual grassland

Spray herbicide to control exotic annuals and seed native species (new 15,000 last 30 150

seed mix) in annual grassland

Retire livestock grazing in areas seeded with native seed 50

The average annual cost of these treatments was, respectively, $1,530,943 and $1,228,790 for a total of
$76,547,162 in mesic blackbrush and $61,439,475 in thermic blackbrush over 50 years.
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50-YEAR OUTCOME

Management actions reduced ED by 40% in mesic blackbrush (Figure 24) and by 11% in thermic

blackbrush (Figure 25). There was no overlap in confidence intervals between means. Reduction of ED
in thermic blackbrush was more difficult than in mesic blackbrush because succession is much slower at
the lower elevations in the former BpS.
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Figure 24. ED for mesic blackbrush simulated with climate change, and with and without management actions in

the Mojave region. For this BpS, ED and HR are mathematically equal. Box plot: mean, 1 + Ste, 1 + 95% Cl,

extreme outlier (star). N =5 replicates.
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Mojave Mid-Elevation Mixed Desert Scrub Habitat
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Figure 25. ED for thermic blackbrush simulated with climate change, and with and without management actions in
the Mojave region. For this BpS, ED and HR are mathematically equal. Box plot: mean, 1 + Ste, 1 + 95% Cl,
extreme outlier (star). N =5 replicates.

Mojave/Sonoran Scrub Habitat

The challenge described for restoration of blackbrush is equally true for the Creosotebush-White
Bursage BpS. Restoration solutions are also similar, although the BpS is more productive because it
occupies deeper and loamier soils than blackbrush. However, this latter BpS is more extensive;
therefore, implementation rates were also more extensive.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)

Spray herbicide to control exotic annuals in blackbrush with an understory 37,000 50 25

of exotic annuals

Spray herbicide to control exotic annuals and seed native species (current 5,500 1% 20 100

seed mix) in annual grassland

Spray herbicide to control exotic annuals and seed native species (new 37,000 last 30 150

seed mix) in annual grassland

Retire livestock grazing in areas seeded with native seed 50

The average annual cost of these treatments was $1,535,558 for a total of $76,777,892 in creosotebush-
white bursage over 50 years.

50-YEAR OUTCOME

Management actions reduced ED by 32% for creosotebush-white bursage (Figure 26). There was no
overlap in confidence intervals.
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Mojave/Sonoran Scrub Habitat

Creosotebush-White Bursage-Mojave Region
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Figure 26. ED for creosotebush-white bursage simulated with climate change, and with and without management
actions in the Mojave region. For this BpS, ED and HR are mathematically equal. Box plot: mean, 1 + Ste, 1 £ 95%
Cl, extreme outlier (star). N =5 replicates.

Lower Montane Woodland Habitat

Mountain shrub was the only BpS receiving managed simulations in this habitat. Management was
required in the Mojave, Calcareous, and Elko regions. Fire was involved in all because mountain shrubs
typically resprout after fire and the productivity of the BpS favors herbaceous growth. Differences
among regions reflect the need to reduce older class of vegetation (Calcareous and Elko) or tree
encroachment (Mojave), and cheatgrass (Calcareous).

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)
Mojave
Prescribed burning and native seeding in tree-encroached shrubland 11,789 1%5 150
(TE)
Calcareous
Prescribed burning in third oldest reference class (C) 150 50 50
Herbicide to control annuals in Shrub-Annual-Grass-Perennial-Grass 40 50 100
class (SAP)
Elko
Prescribed burning in two older reference classes (C and D) 500 1°' 10 50
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The average annual costs of these treatments in mountain shrub were for:
e Mojave region; $1,747,877 for 5 years for a total of $8,739,386 over 50 years
e Calcareous region; $11,686 for a total of $584,298 over 50 years
e Elko region; $25,276 for 10 years for a total of $252,759 over 50 years.

50-YEAR OUTCOME

Management actions led to dramatic results. In the Mojave region, the Mountain Shrub BpS vanished
due to climate change conversions, whereas the BpS “survived”, but shrunk, with management
achieving ED of 40% and HR of 16%.

Lower Montane Woodland Habitat
Mountain Shrub - Mojave Region
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Figure 27. ED and HR for mountain shrub simulated with climate change, and with and without management
actions in the Mojave region. Box plot: mean, 1 + Ste, 1 £ 95% Cl, extreme outlier (star). N =5 replicates. The
absence of values for NO management represents the loss of the BpS to climate change.

Climate change did not cause mountain shrub to vanish from the Calcareous (Figure 28) or Elko (Figure
29) regions, but shrinkage did occur. In the Calcareous region, management actions targeting two
different sources of departure reduced ED and HR, respectively, by 32% and 34%, which is substantial
given the low investment described above.
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Figure 28. ED and HR for mountain shrub simulated with climate change, and with and without management
actions in the Calcareous region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.
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In the Elko region, a different outcome emerged from using only prescribed fire. ED decreased by 15%,
however HR increased by 3%, a non-significant difference as shown by overlapping confidence intervals

(Figure 29). Management in Elko only focused on rebalancing reference classes, while neglecting on-
going cheatgrass invasion and tree encroachment into shrublands. In retrospect, the choice of
management level was the least expensive of the three regions. However, the Mountain Shrub BpS

remained moderately departed not reaching ED values less than 50+%. In other words, the BpS was not

restored.

62



Lower Montane Woodland Habitat
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Figure 29. ED and HR for mountain shrub simulated with climate change, and with and without management
actions in the Elko region. Box plot: mean, 1 + Ste, 1 + 95% ClI, extreme outlier (star). N =5 replicates.

Intermountain Rivers & Streams Habitat

The Montane Riparian BpS is widespread in Nevada. The two dominant problems with this BpS are
invasion of exotic forbs (for examples, tall whitetop and thistles) and entrenchment of rivers and
streams. Depending on the width of waterways, solutions can be simple in streams and fairly complex
in larger rivers. Due to the coarse resolution of this assessment, we strived for simple management
actions: weed inventories and weed control, and, for the calcareous region, an attempt to abate
entrenchment with low technology rock riffles placed in streams. For the Lahontan and Walker regions
the infestation of exotic forbs is already so widespread as to render inventories unhelpful; therefore, the
solution was to proceed directly with exotic species control.

63



50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr)  Application (S/acre)

Calcareous

Weed inventory all classes 500 50 50

Exotic species control 125 50 260

Fill entrenched reaches with rock riffles 250 1*5 100
Elko

Weed inventory all classes 3,000 50 50

Exotic species control 1,000 50 350
Lahontan

Exotic species control (respectively) 3,400/100 1°20/30 40/50
Mojave

Weed inventory all classes 1,000 50 50

Exotic species control 80 50 250
Walker

Exotic species control (respectively) 400/100 1% 20/30 40

The average annual costs of these treatments in montane riparian were for:
e Calcareous region; $48,929 for a total of $2,446,431 over 50 years

e Elko region; $482,166 for a total of $24,108,335 over 50 years

e Lahontan region; $52,815 for a total of $2,640,761 over 50 years
e Mojave region; $48,581 for a total of $2,429,056 over 50 years

e Walker region; $4,175 for a total of $208,731 over 50 years.

50-YEAR OUTCOME

Benefits of management actions were similar in all regions; reductions of ED and HR were between 27%
and 8% and nowhere did restoration accomplish low ED or HR (Figures 30-34). In the best case, final ED
> 60%, which is moderately departed (Figure 34). Without management, the riparian habitat was

completely converted to other BPSs in the Mojave region; however, implementation of management

actions slowed down the loss of riparian habitat in the Mojave region while achieving ED of about 65%.

All riparian habitat on non-carbonate geology shrank in every region, although more so in the warmer

regions. Conversely, riparian habitat on carbonate geology was not allowed to shrink as an assumption

of the models described in the Methods section.
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Intermountain Streams & Rivers Habitat
Montane Riparian - Calcareous Region
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Figure 30. ED and HR for mountain riparian simulated with climate change, and with and without
management actions in the Calcareous region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier
(star). N =5 replicates.



Intermountain Rivers & Streams Habitat
Montane Riparian - EIko Region
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Figure 31. ED and HR for mountain riparian simulated with climate change, and with and without management
actions in the Elko region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.



Intermountain Rivers & Streams Habitat
Montane Riparian - Lahontan Region
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Figure 32. ED and HR for mountain riparian simulated with climate change, and with and without management
actions in the Lahontan region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.
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Figure 33. ED and HR for mountain riparian simulated with climate change, and with and without management
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actions in the Mojave region. The absence of data for “No” management represents complete conversion of the

BpS due to climate change. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.
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Intermountain Rivers & Streams Habitat
Montane Riparian - Walker Region

100 100

= =
—~ 80} : 80 |
S ~
o 70f S 10¢
s ;
g 60 | i 60 |
Q | O |
s 50 = 50
S 40t nsi 40 |
(o))
o =2
S 30 | £ 30}
w20 ] 20 ¢

10 t : 10 |

0 0

Yes No Yes No
Management Management

Figure 34. ED and HR for mountain riparian simulated with climate change, and with and without management
actions in the Walker region. Box plot: mean, 1 + Ste, 1 £ 95% Cl, extreme outlier (star). N =5 replicates.

Sagebrush Habitat

Four BpSs were included in the sagebrush habitat: Wyoming Big Sagebrush, Big Sagebrush-upland, Low-
Black Sagebrush, and Montane Sagebrush Steppe-mountain. All BpS are used by Greater Sage-grouse.
Results are presented by BpS.

WYOMING BIG SAGEBRUSH

The Wyoming Big Sagebrush BpS is difficult to restore because the success of any seeding is low at semi-
desert elevations (about 50% successful without livestock grazing), unless introduced crop species such
as crested wheatgrass are used. During simulations with partners, it became clear that large areas of
this BpS are very expensive to restore and restoration would accomplish meager ecological returns. The
two regions where management simulations were conducted reflect very different approaches to
restoration. The Calcareous region is mostly dominated by black sagebrush communities with Wyoming
big sagebrush communities found in shallow valleys or at the toe of non-carbonate mountain ranges;
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therefore, management in semi-desert Wyoming big sagebrush is often conducted for small wildlife
projects where the primary goal is to remove trees. In contrast, the Wyoming Big Sagebrush BpS is the
dominant matrix community in the Elko region; therefore, restoration is at large scale.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)
Calcareous
Chainsaw lopping of pinyon and juniper in the tree-encroached 450 50 50
and cheatgrass invaded class (TA) for wildlife value
Elko
Mechanically thin dense sagebrush cover, spray herbicide to 3,000 1% 20 130
control cheatgrass, and seed native species in the Shrub-Annual-
Grass class

The average annual costs of these treatments in Wyoming big sagebrush were for:
e Calcareous region; $22,038 for a total of $1,101,910 over 50 years

e Elko region; $154,104 for a total of $7,705,206 over 50 years.

50-YEAR OUTCOME

Results of managing the Wyoming Big Sagebrush BpS were modest. The small wildlife projects
simulated in the Calcareous region were not designed to change ED or HR; indeed, no change in ED and
HR were observed (Figure 35). Management actions actually increased the area of Annual Grass and
Shrub-Annual-Grass classes because of the built-in failure rates. In the Elko region, management actions
had no effect on ED (Figure 36), however HR was reduced by 15% because uncharacteristic classes were
partly converted to the Seeded class, which is not considered in HR. Management actions targeted
uncharacteristic classes, not reference classes.
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Sagebrush Habitat
Wyoming Big Sagebrush semi-desert - Calcareous Region
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Figure 35. ED and HR for Wyoming big sagebrush simulated with climate change, and with and without
management actions in the Calcareous region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N=5
replicates.



Sagebrush Habitat
Wyoming Big Sagebrush-semi-desert - EIko Region
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Figure 36. ED and HR for Wyoming big sagebrush simulated with climate change, and with and without
management actions in the Elko region. Box plot: mean, 1 * Ste, 1 + 95% Cl, extreme outlier (star). N=5
replicates.

BIG SAGEBRUSH-UPLAND

The Big Sagebrush-upland BpS represents most people’s idea of the traditional mountain big sagebrush
communities; however, this BpS also includes the upland soils of Wyoming big sagebrush communities
and their hybrid zone. The BpS is fairly productive, but experiences high levels of invasion of cheatgrass
and encroachment of pinyon and juniper into open shrublands. Moreover, decades of management
have homogenized the BpS towards late-succession class dominance and past livestock practices have
often depleted the understory of its herbaceous layer. Although the BpS probably deserves restoration
in all regions of Nevada, the added effect of climate change was only detected in the Walker region
where late-succession classes with pinyon-juniper were over-represented. Mechanical methods of tree
removal were simulated as partners expressed local agency resistance to the use of prescribed fire.
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50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr)  Application (S/acre)
Walker
Mastication of late-succession class (E) 275 50 700

The average annual cost of this treatment in big sagebrush-upland was for:
e Walker region; $9,838,182 for a total of $196,763 over 50 years.

50-YEAR OUTCOME

Mastication of trees reduced ecological departure by 16% and high risk classes by 14% (Figure 37).
Mastication caused the early and mid-succession classes to increase and prevented the late-succession
class from converting to the Tree-Encroached class.
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Figure 37. ED and HR for big sagebrush-upland simulated with climate change, and with and without management
actions in the Elko region. Box plot: mean, 1 £ Ste, 1 £ 95% Cl, extreme outlier (star). N =5 replicates.
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LOow/BLACK SAGEBRUSH

Low and black sagebrush are found on harsh soils with shallow root restricting layers. Cheatgrass
invasion is usually low to moderate. Pinyon and juniper invasion also occurs slowly, although more
rapidly and completely in black sagebrush communities. Given the importance of both low and black
sagebrush to Greater Sage-grouse diet and the intolerance of grouse for trees, restoration was focused
on tree removal in the Tree-Encroached class.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application ($/acre)
Calcareous
Chaining and native seeding in Tree-Encroached class 9,300 50 130
Mastication and native seeding in Tree-Encroached class 1,000 50 350
Walker
Chainsaw-lop and seed in Tree-Annual-Grass and Tree-Encroached 1,000 50 350
classes

The average annual costs of these treatments in low/black sagebrush were for:
e Calcareous region; $1,208,024 for a total of $60,403,726 over 50 years

e Walker region; $55,314 for a total of $2,769,684 over 50 years.

50-YEAR OUTCOME

Removal of trees and seeding reduced, respectively, ED and HR by 10 and 15% in the Calcareous region
(Figure 38). Increases in the Early-Succession and Early-Shrub classes (A and ES) were the primary
recipient of the treated areas. The BpS remained highly departed, however. These improvements were
slight to moderate given the $60 million cost of implementation over 50 years.
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Figure 38. ED and HR for low/black sagebrush simulated with climate change, and with and without management

actions in the Calcareous region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.

The pattern of improvement was similar in the Walker region; a 21% reduction of ED and 11% for HR

(Figure 39). In contrast to the Calcareous region, the resulting average ED placed the BpS just below in
the low departure habitat. The same two vegetation classes also received the majority of the treatment

acres.
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Figure 39. ED and HR for low/black sagebrush simulated with climate change, and with and without management
actions in the Walker region. Box plot: mean, 1 + Ste, 1 £ 95% Cl, extreme outlier (star). N =5 replicates.

MONTANE SAGEBRUSH STEPPE-MOUNTAIN

This subalpine form of big sagebrush is considered by range managers to be very resilient to
disturbances because cumulative precipitation is >14 inches. Seed banks and seed sources are rarely a
problem and cheatgrass is usually absent. The traditional management action in areas dominated by
older vegetation classes is prescribed fire.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)
Calcareous
Prescribed burning in the three oldest succession classes (C, D, 8,800 50 25
and E)
Lahontan
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Prescribed burning in the three oldest succession classes (C, D, 3,000 50 110
and E)

The average annual cost of this treatment in montane sagebrush steppe-mountain was for:
e Calcareous region; $222,271 for a total of $11,113,271 over 50 years

e Lahontan region; $330,071 for a total of $16,503,595 over 50 years.

50-YEAR OUTCOME

Prescribed burning reduced ED and HR, respectively, by 16% and 8% in the Calcareous region (Figure
40). The BpS remained moderately departed above the 33% cutoff separating low and moderate
departure for ED. Simulation result indicated that prescribed fire implementation rates could be
increased; however, a significant of amount of depleted sagebrush was not treated in simulation and
should be addressed, perhaps with a combination of prescribed burning and aerial seeding at subalpine
elevations.

In the Lahontan region, ED was reduced by 11% and HR by 5% (Figure 41). However, the BpS remained
at the highest limit of moderate departure with ED at 66%. The BpS in this region has a greater amount
of cheatgrass stored in the understory of shrubs in the Shrub-Annual-Grass-Perennial-Grass class (SAP).
Prescribed burning did not address this source of departure from reference conditions. As a result,
wildfires in this uncharacteristic vegetation class caused transitions to the Annual-Grass class (AG).
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without management actions in the Calcareous region. Box plot: mean, 1 * Ste, 1 £ 95% Cl, extreme outlier (star).

N = 5 replicates.
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Sagebrush Habitat
Montane Sagebrush Steppe-mountain sites - Lahontan Region
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Figure 41. ED and HR for montane sagebrush steppe-mountain simulated with climate change, and with and
without management actions in the Lahontan region. Box plot: mean, 1  Ste, 1 + 95% Cl, extreme outlier (star). N
=5 replicates.

Aspen Woodland Habitat

The Aspen-Mixed Conifer and Aspen-Woodland BpSs form the aspen-woodland habitat. Results are
presented by BpS.

ASPEN-MIXED CONIFER

Also more commonly named seral aspen, the Aspen-Mixed Conifer BpS often suffers from two problem:
loss of clones to mixed conifers (primarily white fir and also Engelmann spruce in some ranges) and
herbivory on resprouting aspen. The Calcareous region was exemplary of the first problem and, as a
result, prescribed burning was simulated to rapidly reduce late-succession classes. In Elko, protection of
aspen from herbivory through active livestock herding away from aspen (cowboying) represented a
strategy for the second problem.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs
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Strategy Rate Years of Cost
(acres/yr) Application (S/acre)

Calcareous
Prescribed burning in the three oldest succession classes (C, D, 3,000 1* 20 50
and E)

Elko
Cowboying (periodic livestock herding away from aspen) 670 50 3

The average annual costs of these treatments in aspen-mixed conifer were for:
e Calcareous region; $147,503 for 20 years for a total of $2,950,071 over 50 years

e Elko region; $1,594 for a total of $79,703 over 50 years.

50-YEAR OUTCOME

For this BpS, there is no High Risk Class. The difference between the two strategies is apparent in Figure
42. In the Calcareous region, ED was reduced by 23% using prescribed burning. ED increased by a non-
significant 2.4% in the Elko region. In the Calcareous region, the loss of aspen clones to the Mixed
Conifer BpS was slowed and recruitment to younger classes increased. In the Elko region, aspen became
older and substantial loss of aspen shrunk the BpS and, as a result, the Mixed Conifer BpS increased.
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Aspen Woodland Habitat
Aspen-Mixed Conifer - Calcareous & Elko Region
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Figure 42. ED for aspen-mixed conifer simulated with climate change, and with and without management actions
in the Calcareous and Elko regions. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.

ASPEN WOODLAND

The Aspen Woodland BpS, commonly termed “stable” aspen, can experienced excessive herbivory from
livestock and wild ungulates, and loss of clones due to lack of stand replacing disturbances and
sustained heavy herbivory. The Depleted vegetation class is the only uncharacteristic and high risk class
in the BpS that represents an intermediate step before the loss of the clone. This class can be partially
recovered, although more fully with fencing that excludes herbivores and less so with prescribed

burning and mechanical methods. The late-succession and depleted classes were targeted for
management.
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50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)
Calcareous
Prescribed burning by helicopter dropping “ping-pong” balls in 2,000 1* 10 50
late-succession and Depleted classes (C, D, and DP)
Elko
Prescribed fire in the Depleted class 6,000 1% 20 50
Fence depleted aspen 50 1% 20 2000
Cowboying in all classes 5,000 50 3

The average annual costs of these treatments in aspen woodland were for:
e Calcareous region; $50,333 for 10 years for a total of $503,332 over 50 years

e Elko region; $135,663 for a total of $6,783,169 over 50 years.

50-YEAR OUTCOME

In the Calcareous region, prescribed burning had no effect on ED, which was already low, but decreased
HR (Depleted class) by 11% (Figure 43). Reduction of the Depleted class would slow down the

permanent lost of aspen. In the Elko region, the three management actions, including cowboying
sustained for 50 years, reduced, respectively, ED and HR by 8% and 6% (Figure 44). Both metrics were in

the low departure zone. The difference in aspen management between the two regions was primarily
cost; >10 times more money was spent in the Elko than Calcareous region, which would explain the

better results in the former region.
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Figure 43. ED and HR for aspen woodland simulated with climate change, and with and without management
actions in the Calcareous region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.



Aspen Woodland Habitat
Aspen Woodland - Elko Region
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Figure 44. ED and HR for aspen woodland simulated with climate change, and with and without management
actions in the Elko region. Box plot: mean, 1 £ Ste, 1 £ 95% ClI, extreme outlier (star). N =5 replicates.

Intermountain Conifer Forest & Woodlands Habitat

Management of Mixed Conifer and Ponderosa Pine BpSs was limited to the Mojave Desert region. The Mixed
Conifer BpS is usually limited in range in the Great Basin and rarely receives management attention because it is
found on very steep rocky slopes. Prescribed burning was the only action used. Moreover, only closed canopy
classes were targeted. Although present, cheatgrass invaded classes were typically uncommon to rare.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
(acres/yr) Application (S/acre)

Mixed Conifer

Prescribed burning of closed classes (B and E) 150 50 50
Ponderosa Pine

Prescribed burning of closed classes (B and E) 2,000 1*' 10 50

Prescribed burning of mid-succession closed class (B) 500 last 40 50
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The average annual cost of this treatment in mixed conifer was for:
e Mixed Conifer; $7,972 for a total of $398,852 over 50 years

e Ponderosa Pine: $29,868 for a total of $1,493,327 over 50 years.

50-YEAR OUTCOME

ED was reduced by 20% and 6%, respectively, in Mixed Conifer and Ponderosa Pine BpSs. No detectable
change in HR (Figures 45 and 46). Although ED in the Mixed Conifer BpS reached low departure, only
moderate departure (close to low departure) was achieved in the Ponderosa Pine BpS; however,
variability was high with some replicates achieving low departure.
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Figure 45. ED and HR for mixed conifer simulated with climate change, and with and without management actions
in the Mojave region. Box plot: mean, 1 £ Ste, 1 £ 95% Cl, extreme outlier (star). N =5 replicates.
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Intermountain Conifer Forests & Woodland
Ponderosa Pine - Mojave Region
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Figure 46. ED and HR for ponderosa pine simulated with climate change, and with and without management
actions in the Mojave region. Box plot: mean, 1 £ Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.

Sierra Conifer Forest & Woodlands Habitat

Only two BpSs were simulated for management in the Eastern Sierra Nevada region: Jeffrey Pine and
Mixed Conifer. The former BpS did not have the same species composition as in the rest of the state;
although white fir can be abundant, it can co-occur with California red fir, western white pine, and
lodgepole pine. In this part of the state, extensive urban areas, heavy tourism, and smoke management
highly constrain forest management. The greater management challenge in this habitat was the
reduction of over-abundant young closed-canopied forests balanced by the requirement to maintain
older closed-canopied vegetation classes for threatened and endangered species management. In
future years, cheatgrass invasion into more open forests became enough of a problem to received
prescriptive grazing management.

50-YEAR PREFERRED MANAGEMENT Strategies and Costs

Strategy Rate Years of Cost
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(acres/yr) Application (S/acre)

Jeffrey Pine

» Prescribed burning in mid-succession closed class (B) 30 50 650
> Masticate young conifers in early succession class (A) 50 50 300
> Prescriptive livestock (mostly sheep) grazing in Annual 1,000 50 10
Grassland and Tree-Annual-Grass classes (AG and TA)
» Pre-commercial thinning of young conifers in early 250 50 750
succession class (A)
» Commercial thinning of mid-succession closed class (B) 55 50 750
Mixed Conifer
Thinning, pile burning, and prescribed burning in closed classes (B 10 50 2,000
and E)

The average annual costs of these treatments were for:
e Jeffrey pine; $271,576 for a total of $13,578,822 over 50 years.

e Mixed Conifer; $16,729 for a total of $836,435 over 50 years.

50-YEAR OUTCOME

Despite the amount of money spent of reducing closed-canopied classes, average ED only decreased by
4% in both BpSs (Figures 47 and 48). The primary reason for these modest changes was a large increase
of the early succession class in the Jeffrey Pine and Mixed Conifer BpSs and a large increase in the mid-
succession closed class of the Mixed Conifer BpS. HR decreased by 13% in the Jeffrey Pine BpS, but was
unchanged in the Mixed Conifer BpS. Not surprisingly sustained prescriptive grazing to decrease
cheatgrass cover in the Jeffery Pine BpS was the source of this decease.
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Figure 47. ED and HR for Jeffrey pine simulated with climate change, and with and without management actions in

the Eastern Sierra Nevada region. Box plot: mean, 1 * Ste, 1 £ 95% Cl, extreme outlier (star). N =5 replicates.
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Sierra Conifer Habitat
Mixed Conifer - Eastern Sierra Nevada Region
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Figure 48. ED and HR for mixed conifer simulated with climate change, and with and without management actions
in the Eastern Sierra Nevada region. Box plot: mean, 1 + Ste, 1 + 95% Cl, extreme outlier (star). N =5 replicates.

Lessons Learned
We retained seven lessons learned from our complex analysis of climate change in Nevada.

>

>

Large differences in ED and HR were found in regions sharing the same models and climatic
data. Differences in initial conditions, sometimes modest, fire activity, and flood regimes
accounted for these differences.

Comparable results were found between the full range shift and half range shifts scenarios;
however, the rates and paths of range shifts were entirely hypothetical because no data exist on
these topics. There is a dire need for basic conservation research on local range shifts caused by
climate change that goes beyond the bioclimatic envelope modeling approach, which appears to
greatly overestimate change.

The regional cost of restoration was staggering for even a few BpS in a few regions. Our
simulations easily spent $200 million using scenarios with higher Return-On-Investment. One
BpS alone consumed >$75 million. Given the current success rates of restoration technology,
the concept of wisely picking battles in a few promising large landscapes appears necessary.
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>

>

The staggering cost of restoration was primarily caused by the high failure rates of annual grass
control and native plant material at middle and lower elevations. Greater sage-grouse, pygmy
rabbit, mule deer, pronghorn, desert tortoise, and Ferruginous Hawk, to name a few wildlife
species, prefer the middle and lower elevations. Technological and commercial breakthroughs
in annual grass diseases and drought adapted native plant material are badly needed. Also
needed until restoration success improves, conservationists need to reconsider the role of
mixed species plant material at lower elevations incorporating introduced species (crested
wheatgrass and forage koshia) to achieve long-term success by displacement of annual grasses
and reconditioning of soils to facilitate recolonization of native species. Conservation
organizations either refuse or resist use of introduced species, therefore leaving managers with
a choice between annual grasslands and failed seeding returning to annual grasslands at the
lower elevations.

Restoration of the dominant creosotebush-white bursage and blackbrush matrix in the Mojave
Desert appears hopeless because the effect of herbicides on annual grasses only persists for two
years and the success rate of native plant material establishment is at best 1%. Promising
research on plant material currently being conducted might become commercially viable in the
next 10-20 years (Abella et al. 2011); however, preservation of the classic Mojave Desert
lowlands might depend on accelerating that schedule while managers find temporary and
mostly wishful actions to conserve Mojave lowlands.

The restoration of burned blackbrush communities does not appear possible. Blackbrush
communities have been described as fire-sensitive relicts of past climatic periods that do not
have the ability to regenerate in the current climate (but see Pendleton et al. 1996). Although
blackbrush produces and disperses seeds, small mammals, ants, and plant competition,
including for parent plants, reduces establishment success to about 0% (Pendleton et al. 1996).
“Young” blackbrush are rare and mostly found on bulldozer-exposed rights-of-ways adjacent to
unburned communities (Pendleton et al. 1996). Burned blackbrush communities have two
fates: exotic species grassland and forbland or the early-succession snakeweed-yucca-big
sagebrush phase that can last a minimum of 200 years (2,000 years at the lowest elevations).
Because it is safe to assume that blackbrush will not return to its former potential, the
conservation, academic, and management community should think about creation of a BpS
without blackbrush on former blackbrush soils. Considering climate change, this new
community might include a mixed community of creosotebush, fire-adapted or neutral Mojave
shrubs, succulents, white bursage, snakeweed, and many species of the mixed salt desert
usually found at lower elevation (Abella et al. 2011).
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APPENDICES

Appendix I. GIS Codes and queries used to create initial conditions of biophysical settings.

A. Biophysical setting codes.

BPS ID

BPS Name

11

12

31
1001
1011
1019
1020
1023
1030
1031
1032
1033
1034
1050
1052
1054
1055
1060
1061
1062
1071
1079
1080
1081
1082
1086
1087
1093
1103
1109
1114
1115
1124
1125
1126

Water

Perrennial lce/Snow

Barren

Sparsely Vegetated

Aspen Woodland
Pinyon-Juniper
Limber-Bristlecone Pine Woodland
Oak-Juniper-Pine Woodland
Pacific Oak-Pine Woodland
Jeffrey Pine

Red Fir

Subalpine Woodland
Ultramafic Woodland Chaparral
Lodgepole Pine

Mixed Conifer

Ponderosa Pine

Spruce-Fir

Pacific Oak-Pine Woodland
Aspen-Mixed Conifer
Curlleaf Mountain Mahogany
Alpine

Low-Black Sagebrush

Big Sagebrush-upland

Mixed Salt Desert

Blackbrush

Mountain Shrub
Creosotebush-Bursage

Sand Shrubland

Chaparral

Paloverde-Mixed Cacti

Blue Oak-Pine Woodland
Juniper Savanna

Low Sagebrush Steppe

Big Sagebrush Steppe
Montane Sagebrush-mountain
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1135 Semi-Desert Grassland
1137 High Elevation Meadow
1138 Montane Grassland
1139 Lower Elevation Grassland
1153 Greasewood
1154 Montane Riparian
1160 Subalpine Riparian
1161 Conifer Swamp
10800 Wyoming Sagebrush Semidesert
10801 Big Sagebrush-upland
10820 Blackbrush-thermic
10821 Blackbrush-mesic
11550 Warm Desert Riparian
11551 Washes

B.Structure and cover codes

Sclass ID S Class name Model Abbreviation

1 A A

2 B B

3 C C

4 D D

5 E E

6 UN not used
7 UE not used
8 DPL DP

9 TRAG TA

10 AG AG
11 OVST not used
12 OVSsS not used
13 TRENC TEor TA
13 TRENC TE or TA
13 TRENC TE or TA
14 SHAP SAP or SA
15 CWG SD

16 EXF EF

17 PAS PA
18 ENT DE

C. Queries



BpS Model Original
ID System Name S-Class New S-Class Rule
if existing veg tree cover (EVC) is <
1011 Aspen Woodland UN DPL 40%, then DPL
if SW ReGAP** maps landcover as
1011 Aspen Woodland UN DPL S032, S033, or S034, then DPL
1011 Aspen Woodland E D If E then class D
1011 Aspen Woodland UN DPL If UN then DPL
1011 Aspen Woodland UE DPL If UE then DPL
if annual grass index (angrin)*** is
> 0, AND existing veg tree cover
1019 Pinyon-Juniper UE TRAG (EVC) > or equal to 10%, then TRAG
1019 Pinyon-Juniper A AG if index is > 10, then AG
1019 Pinyon-Juniper UE AG if index is > 10, then AG
1019 Pinyon-Juniper UN E If UN then class E
1019 Pinyon-Juniper UE TRAG If UE then TRAG
Limber-Bristlecone Pine
1020 Woodland UN C If UN then Class C
Limber-Bristlecone Pine
1020 Woodland UE A If UE then class A
if annual grass index is >0, then
1031 Jeffrey Pine UE TRAG TRAG
1031 Jeffrey Pine A AG if index is > 10%, then AG
1031 Jeffrey Pine UN E If UN then Class E
remaining pixels after other
1031 Jeffrey Pine UE TRAG updates
1032 Red Fir UN E If UN then Class E
1032 Red Fir UE TRAG If UE then TRAG
1033 Subalpine Woodland UN C If UN then Class C
1052 Mixed Conifer UNorUE E UN and UE to class E
if existing veg tree cover (EVC) is >
1054 Ponderosa Pine UN OVST 60%, then OVST
1054 Ponderosa Pine UN oVSsS if not OVST, then UN is OVSS
1054 Ponderosa Pine A AG if index is > 10%, then AG
1054 Ponderosa Pine UE TRAG If UE then TRAG
1061 Aspen-Mixed Conifer UN TRENC if UN, then TRENC
1061 Aspen-Mixed Conifer UN E If UN then Class E
1061 Aspen-Mixed Conifer UE A If UE then Class A
if annual grass index is > 0, AND
Curlleaf Mountain existing veg tree cover (EVC) > or
1062 Mahogany UE TRAG equal to 10%, then TRAG
Curlleaf Mountain if index is > 10, then AG OR index 1-
1062 Mahogany UE AG 10
Curlleaf Mountain
1062 Mahogany A AG if index is > 10%, then AG
Curlleaf Mountain
1062 Mahogany UE TRAG If UE then TRAG
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1062

1071

1079

1079

1079
1079
1079
1079
1079

10800

10800

10800

10800

10800

10800

10800

10801

10801

10801

10801

10801

10801

Curlleaf Mountain
Mahogany
Alpine

Low-Black Sagebrush

Low-Black Sagebrush

Low-Black Sagebrush

Low-Black Sagebrush
Low-Black Sagebrush
Low-Black Sagebrush

Low-Black Sagebrush
Wyoming Sagebrush
Semidesert
Wyoming Sagebrush
Semidesert

Wyoming Sagebrush
Semidesert
Wyoming Sagebrush
Semidesert
Wyoming Sagebrush
Semidesert
Wyoming Sagebrush
Semidesert
Wyoming Sagebrush
Semidesert

Montane Sagebrush-
upland
Montane Sagebrush-
upland
Montane Sagebrush-
upland

Montane Sagebrush-
upland
Montane Sagebrush-
upland

Montane Sagebrush-
upland

UN

UN

UE

UE

UE

UN

UN

UE

UN

UE

UE

D&E

UE

UE

UN

UN

UE

UE

UE

UE

SHAP

AG

TRAG
TRENC
DPL
AG
SHAP
DPL

AG

SHAP

AG

TRENC

PAS

SHAP

TRENC

DPL

AG

SHAP

CWG

TRAG

If UN then Class E

If UN then Class B

if index > 0, AND if existing veg
shrub cover (EVC) is > 10%, then
SHAP

if index is > 10, then AG OR index 1-
10
if annual grass index is > 0 AND a) if
UE is S040, then TRAG OR; b) if
existing veg tree cover (LF) is >
30%, then TRAG

if existing veg tree cover (LF) is >
30%, then TRENC

if UN is not TRENC, then DPL

if index is > 10%, then AG
remaining UE pixels after other
updates

If then then DPL

if index is > 10, then AG

if index > 0, AND if existing veg
shrub cover (LF) is > 10%, then
SHAP

if index is > 10%, then AG

If D or E then TRENC

if existing veg type is agriculture-
pasture/hay (LF EVT), then PAS.
remaining UE pixels after other
updates

if UN is S040, then TRENC OR if
existing veg tree cover (LF) is >
50%, then TRENC

if not TRENC, then rename all UN
to DPL

if index is > 10, then AG

if index > 0, AND if existing veg
shrub cover (LF) is > 10%, then
SHAP

if SW ReGAP = 'invasive perennial
grassland' (D06), then CWG

if annual grass index is >0 AND; 1)
if UE is S040, then TRAG OR 2) if
existing veg tree cover (LF) is >
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10801

10801

1081

1081

1081

1081

1081

1081

10820

10820

10820

10820

10821

10821

10821

10821

10821
10821

10821
1086

1086
1086

1087

Montane Sagebrush-
upland

Montane Sagebrush-
upland

Mixed Salt Desert

Mixed Salt Desert
Mixed Salt Desert
Mixed Salt Desert
Mixed Salt Desert
Mixed Salt Desert
Blackbrush-thermic
Blackbrush-thermic
Blackbrush-thermic
Blackbrush-thermic

Blackbrush-mesic

Blackbrush-mesic

Blackbrush-mesic

Blackbrush-mesic

Blackbrush-mesic
Blackbrush-mesic

Blackbrush-mesic
Mountain Shrub

Mountain Shrub
Mountain Shrub

Creosotebush-Bursage

UE
UN

UE

UE

UE

UE

UE

UE

UN

UE

UE

UE

UE, B

UE

UN

UE
UN

UN
UE

AG

SHAP

AG

SHAP

AG

PAS

SHAP

AG

SHAP

SHAP

AG

TRENC

TRAG

SHAP

TRENC

SHAP

DPL

TRENC
SHAP

AG

50%, then TRAG

if index is > 10%, then AG
remaining pixels after other
updates

IF UN then Class B

if index is > 10, then AG OR index 1-
10 AND existing veg shrub cover
(LF) is < 10%

if index > 0, AND if existing veg
shrub cover (EVC) is > 10%, then
SHAP

if index is > 10%, then AG

if existing veg type is agriculture-
pasture/hay (LF EVT), then PAS.
after other updates, remaining UE
to SHAP

if index is > 10, then AG OR index 1-
10

if index > 0, AND if existing veg
shrub cover (EVC) is > 10%, then
SHAP

If UN then Class B

remaining UE pixels after other
updates

if index is > 10, then AG OR index 1-
10

if existing veg tree cover (LF) is >
30%, then TRENC

if annual grass index is >0 AND; 1)
if UE is S040, then TRAG OR 2) if
existing veg tree cover (LF) is >
50%, then TRAG

if index > 0, AND if existing veg
shrub cover (LF) is > 10%, then
SHAP

if existing veg tree cover (LF) is >
30%, then TRENC

If UN then Class C

after other updates, remaining UE
to SHAP

if UN and not TRENC, then DPL

if existing veg tree cover (LF) is >
20%, then TRENC

If UE then SHAP

if index is > 10, then AG OR index 1-
10 AND existing veg shrub cover

99



1087
1087
1087
1087

1103
1103
1103
1115
1115
1115
1124
1124
1125

1125

1125

1125

1125

1125

1125

1125

1125

1126

1126

1126

1126

Creosotebush-Bursage
Creosotebush-Bursage
Creosotebush-Bursage
Creosotebush-Bursage

Chaparral
Chaparral
Chaparral
Juniper Savanna

Juniper Savanna
Juniper Savanna

Low Sagebrush Steppe
Low Sagebrush Steppe
Big Sagebrush Steppe

Big Sagebrush Steppe

Big Sagebrush Steppe

Big Sagebrush Steppe

Big Sagebrush Steppe

Big Sagebrush Steppe
Big Sagebrush Steppe
Big Sagebrush Steppe

Big Sagebrush Steppe
Montane Sagebrush-
mountain
Montane Sagebrush-
mountain
Montane Sagebrush-
mountain
Montane Sagebrush-
mountain

UE
UN
UE

UE
C,D
UE or UN
UN
UE

UE

UE

UE

UE

UE

>

UE

UE

UE

UN

UN

SHAP

SHAP

SHAP

TRAG
AG
TRENC
DPL
DPL

TRENC

AG

SHAP

CWG

TRAG

AG

SHAP

AG

SHAP

DPL

TRENC

(LF) is < 10%

if index > 0, AND if existing veg
shrub cover (LF) is > 10%, then
SHAP

If Class C then Class B

If UN then Class B

any remaining UE pixels to SHAP
if index > 0, AND if existing veg
shrub cover (LF) is > 10%, then
SHAP

If Class c or D then Class B

If UE then Class B

if annual grass index is >0, then
TRAG

remaining pixels after other
updates

if existing veg tree cover (LF) is >
5%, then TRENC

if UN not TRENC, then DPL

if UN not TRENC, then DPL

if existing veg tree cover (LF) is >
0%, then TRENC

if index is > 10, then AG OR index 1-
10 AND existing veg shrub cover
(LF) is < 10%

if index > 0, AND if existing veg
shrub cover (LF) is > 10%, then
SHAP

if SW ReGAP = 'invasive perennial
grassland', then CWG

if annual grass index is >0 AND; 1)
if UE is S040, then TRAG OR 2) if
existing veg tree cover (LF) is >
50%, then TRAG

if index is > 10%, then AG

If class D then Class C

remaining pixels after other
updates

If angrass index >10 then ag.

if not ag then SHAG.

if not TRENC, then DPL

if existing veg tree cover (LF) is >

60%, then TRENC
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Montane Sagebrush-

1126 mountain A AG if index is > 10%, then AG
1135 Semi-Desert Grassland UN DPL if UN, then DPL
1135 Semi-Desert Grassland UE SHAP if UE, then SHAP
1135 Semi-Desert Grassland A AG if index is > 10%, then AG
1137 High Elevation Meadow UEorUN C If UN or UE then Class C
Lower Elevation if existing veg tree cover (LF) is >
1139 Grassland UN TRENC 5%, then TRENC
Lower Elevation
1139 Grassland UN C remaining UN pixels to C
1153 Greasewood UN B If UN then Class B

if index is > 10, then AG OR index 1-

10 AND existing veg shrub cover
1153 Greasewood UE AG (LF) is < 10%

if index > 0, AND if existing veg

shrub cover (LF) is > 10%, then

1153 Greasewood UE SHAP SHAP
1153 Greasewood D B If Class D then Class B
1153 Greasewood C B If Class C then Class B
1153 Greasewood UE SHAP remaining UE to SHAP

if existing veg exotic type (LF) is >
1154 Montane Riparian UE EXF 0%, then EXF

if existing veg type is agriculture-
1154 Montane Riparian UE PAS pasture/hay (LF EVT), then PAS.
1154 Montane Riparian UN ENT if 'upland' shrubs > 30%, then ENT

remaining pixels after other
1154 Montane Riparian UN ENT updates

if existing veg exotic type (LF) is >
11550 Warm Desert Riparian UE EXF 0%, then EXF

remaining pixels after other
11550 Warm Desert Riparian UE EXF updates
11551 Washes UE EXF If UE then EXF
11551 Washes UN C IF UN then class C

if existing veg type is agriculture-
1160 Subalpine Riparian UE PAS pasture/hay (LF EVT), then PAS.
1160 Subalpine Riparian UN ENT If UN then ENT

remaining pixels after other
1160 Subalpine Riparian UE EXF updates

A,B,C, D,

1154 Montane Riparian E, UN, UE EXF If weeds then EXF
1109 Paloverde-Mixed Cacti UNorUE C If UN or UE then Class C
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Appendix II: Descriptions of biophysical settings’ vegetation classes for the Wildlife Action Plan.

Class Code Class abbreviation and brief description
Alpine
1071

A Early: 0-10% cover of graminoids; <90% soil cover; 0-2 yrs

B Late-closed: >11% cover of graminoids and forbs; <10% cover of low shrubs; >2
yrs

Aspen-Mixed Conifer
1061

A Early; 0-100% cover aspen <5m; mountain snowberry and ribes common; 0-19
yrs

B Mid1-closed: 40-99% cover aspen <5-10m; mountain snowberry and ribes
common; 11-39 yrs

C Mid2-closed: 40-99% cover aspen 10-24m; conifer saplings visible in mid-story;
mountain snowberry and ribes common; 40-79 yrs

D Late-open: 0-39% cover aspen 10-25 m; 0-25% montane and subalpine conifer
cover 5-10 m; mountain snowberry and ribes common; >80 yrs

E Late-closed: 40-80% cover of mixed conifer 10-50m; <40% cover of aspen 10-
25m; mountain snowberry and ribes present; >100 yrs

Aspen Woodland
1011

A Early: 0-100% cover of aspen <5m tall; 0-9 yrs

B Mid-closed: 40-99% cover of aspen <5-10m; 10-39 yrs

C Late-closed: 40-99% cover of aspen 10-25m; few conifers in mid-story; >39 yrs

D Late-open: 0-39% cover of aspen 10-25 m; 0-25% conifer cover 10-25 m; >99 yrs

U-DP Depleted: 10-50% cover of older aspen 10-25m; no or little aspen regeneration;
few conifers in mid-story
Big Sagebrush Steppe
1125

A Early: 20-80% grass (ldaho fescue, Thurber’s needlegrass, bluebunch
wheatgrass) and forb cover; 0-10% canopy of big sagebrush (mountain and
Wyoming)/mountain brush; 0-12 yrs;

B Mid-open: 11-30% cover of big sagebrush (mountain and Wyoming)/mountain
shrub; >50% grass (ldaho fescue, Thurber’s needlegrass, bluebunch wheatgrass)
and forb cover; 13-38 yrs

C Late-closed: 31-50% cover of big sagebrush (mountain and Wyoming)/mountain
brush; 25-50% herbaceous cover, <10% conifer sapling cover; 38+ yrs

U-AG Annual-Grass: 10-30% cover of cheatgrass; <10% shrub cover

U-ES Early-Shrub:20-50% cover rabbitbrush species

U-SAP Shrub-Annual-Grass-Perennial-Grass: 21-50% cover of big sagebrush (mountain
and Wyoming)/mountain brush; if native grass >5% cover, then >5% cover of
cheatgrass or if native grass <5% cover, then 0-20% cheatgrass cover; <10%
conifer sapling cover; >50 yrs

U-sD Seeded: >10% cover of seeded herbaceous and/or shrub species, either native,

introduced, and mixed native and introduced;<5% cheatgrass cover
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Class Code

Class abbreviation and brief description

U-TA

U-AG
uU-bDP

U-ES
U-SAP

U-SA

U-SD

U-TA

U-TE

Tree-Annual-Grass: 20-80% conifer (pinyon, juniper, or montane conifer) cover;
<5% shrub cover; if native grass >5% cover, then >5% cover of cheatgrass or if
native grass <5% cover, then 0-20% cheatgrass cover; >140 yrs

Big Sagebrush upland (10-14 inch precipitation zone)
10801

Early: 10-80% grass/forb cover; 0-10% cover of big sagebrush (mountain and
Wyoming)/mountain brush; 0-12 yrs
Mid-open: 11-30% cover of big sagebrush (mountain and Wyoming)/mountain
shrub; >50% herbaceous cover; 13-38 yrs
Mid-closed: 31-50% cover of big sagebrush (mountain and Wyoming)/mountain
brush; 25-50% herbaceous cover, <10% conifer sapling cover; 38+ yrs
Late-open: 10-30% cover conifer <5m for PJ and <10m for mixed conifers; 25-
40% cover of big sagebrush (mountain and Wyoming)/mountain brush; <30%
herbaceous cover; 80-129 yrs
Late-closed: 31-80% conifer cover (lower for PJ, greater for mixed conifers) 10-
25m; 6-20% shrub cover; <20% herbaceous cover; 130+ yrs
Annual-Grass: 10-30% cover of cheatgrass; <10% shrub cover

Depleted: 20-50% cover of big sagebrush (mountain and Wyoming)/mountain
brush; <5% herbaceous cover; <5% cheatgrass cover; <10% conifer sapling cover;
>50 yrs
Early-Shrub: 20-50% cover rabbitbrush species
Shrub-Annual-Grass-Perennial-Grass: 21-50% cover of big sagebrush (mountain
and Wyoming)/mountain brush; 25% cover of native grass; 5-10% cheatgrass
cover; <10% conifer sapling cover; >50 yrs
Shrub-Annual-Grass: 21-50% cover of big sagebrush (mountain and
Wyoming)/mountain brush; <5% cover of native grass; 5-10% cheatgrass cover;
<10% conifer sapling cover; >50 yrs
Seeded: >10% cover of seeded herbaceous and/or shrub species, either native,
introduced, and mixed native and introduced; <5% cheatgrass cover
Tree-Annual-Grass: 31-80% conifer cover 10-25m; <5% shrub cover; <5%
herbaceous cover, 25% cheatgrass cover; >140 yrs
Tree-Encroached: 31-80% conifer cover 10-25m; <5% shrub cover; <5%
herbaceous cover, <5% cheatgrass cover; >140 yrs

Blackbrush - mesic (>9 inch precipitation zone; BM)

10821
Early: 0-40% cover of snakeweed, big sagebrush, turpentine bush, yucca, and
desert bitterbrush; young blackbrush may be present; 0-199 yrs
Mid-closed: 10-50% cover blackbrush <1.0m; >5% cover of young Joshua trees;
<10% cover of grasses (desert needlegrass, Indian ricegrass, galleta grass, fluff
grass, and threeawn); other shrubs present; Joshua trees may be present; pinyon
or juniper saplings present; 200+ yrs
Late-open: 10-40% of pinyon or juniper; 5-40% blackbrush cover; >5% cover of
Joshua trees; <10% cover of grasses (desert needlegrass, Indian ricegrass, galleta
grass, fluff grass, and threeawn); other shrubs present; Joshua trees may be
present; 400+ yrs
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Class Code Class abbreviation and brief description
U-TA Tree-Annual-Grass: 10-40% of pinyon or juniper; >5% cover of non-native
grasses; <20% blackbrush cover; Joshua trees may be present
U-SAP Shrub-Annual-Grass-Perennial-Grass: 10-50% cover of blackbrush or other
shrubs <1.0m tall; Joshua trees may be present; 5-20% non-native grass or forb
cover; native grass cover may be spotty to common
U-AG Annual-Grass: >10% cover of exotic forbs or annual grasses; <10% cover of
blackbrush or other shrubs
U-SD Seeded: >10% seeded native or non-native grasses, forbs, and shrubs
U-BG Bare ground: mineral soil exposed by human disturbances
Blackbrush - thermic (<9 inch precipitation zone; BT)
10820
A Early: 0-50% cover of snakeweed, turpentine bush, yucca; <10% cover
blackbrush; 0-499 yrs
B Late-closed: 500+ yrs; 10-40% cover blackbrush <1.0m; white bursage or
creosotebush present; >5% cover of Joshua trees; 0-10% cover of grasses (desert
needlegrass, Indian ricegrass, galleta grass, fluff grass, and threeawn); other
shrubs present
U-SAP Shrub- Annual-Grass-Perennial-Grass: 10-40% cover of blackbrush or other
shrubs <1.0m tall, 5-20% non-native grass or forb cover; Joshua trees may be
present; >5% native grass cover
U-AG Annual-Grass: >10% cover of exotic forbs or annual grasses; <10% cover of
blackbrush or other shrubs
U-BG Bare ground: mineral soil exposed by human disturbances
Chaparral
1104
A Early: 10-100% cover of Quercus turbinella, Quercus toumeyi, Cercocarpus
montanus, Canotia holacantha, Ceanothus greggii <3m tall; forbs abundant; 0-10
yrs
B Late-closed: 50-100% cover of Quercus turbinella, Quercus toumeyi, Cercocarpus
montanus, Canotia holacantha, Ceanothus greggii >3m tall; 10+ yrs
U-SAP Shrub-Annual-Perennial-Grass: >5% cheatgrass cover in spaces between shrubs;
10-100% cover of Quercus turbinella, Quercus toumeyi, Cercocarpus montanus,
Canotia holacantha, Ceanothus greggii <3m tall; forbs abundant
Creosotebush-White Bursage Scrub
1087
A Early: 5-9% cover of creosote and white bursage builds up over time; 5-20%
grass cover depending on winter precipitation and season; 0-19 yrs
B Late-closed: 10-40% creosote and white bursage cover; 5-20% grass and forb
cover (depending on winter precipitation, soil productivity, and season); Joshua
trees may be present; 20+ yrs
U-AG Annual-Grass: >10% cover of annual exotic forbs or grasses; <10% cover of
creosotebush, white bursage, or other shrubs
U-BG Bare ground: mineral soil exposed by human disturbances
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U-SAP Shrub-Annual-Grass-Perennial-Grass: 10-40% cover of creosote and white
bursage; >5% non-native grass or forb cover; native grass and forb may be
present to common(depending on winter precipitation, soil productivity, and
season); Joshua trees may be present

Curl-leaf Mountain Mahogany

1062
A Early: 10-55% cover mountain mahogany seedlings and saplings, 0-2m; mineral
soil abundant; grasses and shrubs present but not abundant; 0-19 yrs
B Mid-Open: 0-30% cover mountain mahogany 2-5m; mineral soil abundant;
grasses and mountain sagebrush, snowberry, and mountain snowberry common;
20-59 yrs
C Mid-Closed: 30-45% cover of mountain mahogany, mountain sagebrush,
snowberry, and mountain snowberry 2-5m high; 60-59 yrs
D Late-Open: 0-30% cover of large diameter mountain mahogany 5-25m; grasses
and mountain sagebrush, snowberry, and mountain snowberry common; >60 yrs
E Late-Closed: 30-55% cover of mature mountain mahogany, 5-25m; >49 yrs;
U-AG Annual-Grass: 5-30% cheatgrass cover; <10% shrub cover
U-TA Tree-Annual-Grass: 10-55% cover of mountain mahogany; 5-20% cheatgrass
cover
Greasewood
1153
A Early: 0-20% herbaceous (inland saltgrass, bottlebrush squirreltail, and alkali
sacaton) cover; <5% cover rabbitbrush and resprouting greasewood; 0-5 yrs
B Late-closed: 15-25% greasewood cover; <10% cover other shrubs (rabbitbrush,

saltbushes, and budsage); <10% cover of grass (inland saltgrass, bottlebrush
squirreltail, and alkali sacaton); >5 yrs

U-AG Annual-Grass: 5-30% non-native annual grass cover; <10% shrub cover
U-SA Shrub-Annual-Grass: 5-25% cover of greasewood; 5-20% non-native grass cover
U-SD Seeded: 5-20% seeded native or introduced species cover

High Elevation Meadow
1145

A Early: 20-60% cover of diverse tall forbs with a minor graminoid component (Agastache
spp., Chamerion spp., Erigeron spp., Senecio spp., Helianthella spp., Mertensia spp.,
Penstemon spp., Campanula spp., Hackelia spp., Lupinus spp., Solidago spp., Ligusticum
spp., Osmorhiza spp., Thalictrum spp., Valeriana spp.,Balsamorhiza spp., Wyethia spp.,
Bromus spp, Danthonia spp., Deschampsia spp., Koeleria spp., Elymus spp., Phleum spp.,
and Dasiphora spp.); 40-80% fine textured soil; 0-4 years

B Mid-closed: 60-100% cover of diverse tall forbs with a minor graminoid component; <5%
shrub cover; 5-9 years
C Late-closed: 5-10% shrub cover of Populus tremuloides, Arrtemisia cana, Artemisia

tridentata, Rosa woodsii, Ribes spp., Amelanchier spp.; 90-95% cover of diverse tall forbs
with a minor graminoid component; 10-300 years
U-UF Unpalatable Forb: >60% cover of uncharacteristic forbs usually dominated by Wyethia spp.
U-us Unpalatable Shrub: >60% cover of uncharacteristic shrubs dominated by Artemisia cana
and Rosa woodsii.
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U-AG

U-TA

U-AG

U-TA

Jeffrey Pine
1031
Early: 0-60% cover of shrub/grass; conifer seedlings can be abundant <5m; 0-39yrs;
Mid-closed: 40-60% cover of Jeffrey pine, white fir and 5-10m; dense shrub cover
possible; 40-159yrs
Mid-open: 10-39% cover of Jeffrey pine; abundant shrub and grass cover; 40-159yrs

Late-open: 10-39% cover of Jeffrey pine 11--50m; abundant shrub and grass cover;
>160 yrs

Late-closed: 40-80% cover of Jeffrey pine,11-50m; mountain snowberry common; ;
>160 yrs

Annual-Grass: >10% cheatgrass cover; trees largely absent; charred logs or standing
dead trees often present; native grasses and forbs present to abundant
Tree-Annual-Grass:10-80% cover of young and older Jeffrey pine and white fir; >5%
cheatgrass cover; native grass and shrubs present to abundant

Juniper savanna

1115
Early: 10-30% herbaceous cover ; 0-19 yrs
Mid-Open: 10-30% cover big sage <0.5m tall; 10-40% herbaceous cover; 20-39
yrs
Mid-Closed: 10-40% shrub cover 0.5-1.0m tall; 11-30% cover of juniper <2m;
<20% herbaceous cover; 40-99 yrs
Late-Open:10-20% cover of juniper <5m tall; 10-20% shrub cover; <20%
herbaceous cover; 100-399 yrs
Late-Closed:21-40% cover of juniper <10m tall; 10-20% shrub cover; <20%
herbaceous cover; >400 yrs
Annual-Grass: 10-30% non-native annual grass; <10% rabbitbrush or snakeweed
cover; charred stumped of juniper evident
Tree-Annual-Grass: 10-40% cover of juniper; 10-20% shrub cover; <10%
herbaceous cover; 5-20% cover of annual grass

Limber-Bristlecone Pine Woodland

1020
Early: 0-10% limber and bristlecone pine cover 0-5m high; abundant mineral soil
or talus cover; sparse ground cover; 0-99 yrs
Mid-Open: 11-30% limber and bristlecone pine cover 5-10m high; abundant
mineral soil or talus cover; sparse ground cover; 100-249 yrs
Late-Open: very old trees; 11-30% limber and bristlecone pine cover 5-25m high;
abundant mineral soil or talus cover; sparse ground cover; >250 yrs

Low-Black Sagebrush

1079
Early: <10% cover rabbitbrush; 10-40% cover of grass; 50-80% cover mineral soil;
0-25yrs
Mid-open: 10-20% cover of black sagebrush or low sagebrush and rabbitbrush;
10-30% grass cover; <40% cover of mineral soil; 25-119 yrs
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C

D

U-AG

U-DP

U-ES

U-SAP

U-SA

uU-Sb

U-TA

U-TE

U-AG
U-ES
U-SAP

U-TA

Late-Closed: 20-30% cover of black sagebrush or 10-30% cover of low sagebrush;
10-30% cover of grasses; 1-10% pinyon-juniper sapling cover; 120-194 yrs
Late-Open: 10-30% cover of mature pinyon or juniper on black sagebrush sites
or 5-20% cover of mature pinyon or juniper on low sagebrush sites; <10% black
sagebrush or 5-20% cover of low sagebrush; <10% grass cover; >195 yrs
Annual-Grass: 10-30% cover of cheatgrass

Depleted: 20-50% cover of black sagebrush or 10-30% cover of low sagebrush;
<5% herbaceous cover; <10% pinyon or juniper sapling cover

Early-Shrub: 10-40% cover rabbitbrush species
Shrub-Annual-Grass-Perennial-Grass: 20-50% cover of black sagebrush or 10-
30% cover of low sagebrush; >5% cover of native grass; 5-20% cheatgrass cover;
<10% pinyon or juniper sapling cover

Shrub-Annual-Grass: 20-50% cover of black sagebrush or 10-30% cover of low
sagebrush; <5% cover of native grass; 5-20% cheatgrass cover; <10% pinyon or
juniper sapling cover

Seeded: 5-20% cover of native or non-native (crested wheatgrass, forage koshia)
seed mix; <5% cover of annual grass

Tree-Annual-Grass: >20% pinyon or juniper cover on black sagebrush sites or
>10% pinyon or juniper cover on low sagebrush sites 10m; >5% cover of annual
grass; <5% shrub cover; <5% herbaceous cover

Tree-Encroached: >20% pinyon or juniper cover on black sagebrush sites or
>10% pinyon or juniper cover on low sagebrush sites; <5% shrub cover; <5%
native herbaceous cover; <5% cover of annual grass

Low Elevation Grassland
1139

Early: 10-30% grass cover (Festuca idahoensis, F. compestris, Pseudoroegneria
spicata, Koeleria macratha); 0-10% cover of forbs (Colinsia spp., Lupinus spp.,
Epilobium spp., Balsamorhiza spp., Geum spp., Potentilla spp.); 0-4 yrs
Mid-Closed: 41-80% cover of grass; 10-20% forb cover; shrubs present but low
stature; 5-64 yrs
Late-Open: 11-20% shrub cover (Symphoricarpus alba and Rosa spp.); 41-80%
grass cover; <10% forb cover; >65 yrs
Annual-Grass; 5-30% cheatgrass cover; <5% shrub cover; native tree cover <5%

Early-Shrub: 10-40% cover rabbitbrush species
Shrub-Annual-Grass-Perennial-Grass: >20% shrub cover; >5% annual grass;
<40% herbaceous cover; mineral soil common

Tree-Annual-Grass: >5% pinyon, juniper cover, or montane conifer; shrub
herbaceous cover variable but usually >20%; <41% native grass cover; annual
grass may be present, especially under the canopy of trees

Low Sagebrush Steppe (>14 inch precipitation zone)
1124
Early: 15-25% herbaceous cover (bluebunch wheatgrass, Thurber’s needlegrass);
0-10% cover of rabbitbrush; 0-25 yrs
Mid-open: 11-20% cover of low sagebrush and mountain snowberry; 15-25%
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herbaceous cover (bluebunch wheatgrass, Thurber’s needlegrass); 25-99 yrs

C Late-Closed: 21-30% cover of low sagebrush and Utah serviceberry; 10-15%
herbaceous cover (bluebunch wheatgrass); >100 yrs
uU-DP Depleted: 10-30% cover of low sagebrush; <5% herbaceous cover; <10% pinyon
or juniper sapling cover
U-ES Early-Shrub: 10-40% cover rabbitbrush species
U-TE Tree-Encroached: >10% pinyon, juniper cover, or montane-subalpine conifer;

<5% shrub cover; <5% native herbaceous cover; annual grass usually absent

Mixed Conifer
1052

A Early: 0-15% cover of tree/shrub/grass; <5m; 0-29 yrs

B Mid-closed: 35-100% cover of white fir and other conifers <24m; 30-99 yrs

C Mid-open: 0-35% cover of white fir and other conifers <24m; 30-99 yrs

D Late-open: 0-35% cover of white fir and other conifers 25-49m; >100 yrs

E Late-closed: 35-100% cover of white fir and other conifers 25-49m; >100 yrs
U-AG Annual-Grass: >10% cheatgrass cover; <10% shrub cover; trees largely absent;

charred logs or standing dead trees often present; native grasses and forbs present
to abundant
U-TA Tree-Annual-Grass: 10-80% cover of young and older white fir and other conifers;
>5% cheatgrass cover; native grass and shrubs present to abundant
Mixed Salt Desert Scrub

1081
A Early: 0-5% cover of young Atriplex spp. or other shrubs, Indian ricegrass and
squirreltail common; 0-5 yrs
B Latel-open: 5-20% cover Atriplex spp. or other shrubs; >6 yrs
C Late2-open: 5-20% cover budsage <0.25m; >7 years
U-AG Annual-Grass: 5-30% cheatgrass cover; <10% shrub cover
U-SA Shrub-Annual-Grass: 5-20% cover of Atriplex spp. or other shrubs; 5-20%
cheatgrass cover
U-SD Seeded: native or non-native (crested wheatgrass, forage koshia) seed mix cover
5-20%
Montane Riparian (carbonate or non-carbonate geology)
1154
A Early: 0-50% cover of cottonwood, willow, Wood’s rose <3m; carex present; 0-5
yrs
B Mid-open: 31-100% cover of cottonwood, aspen, willow, Wood’s rose <10m; 5-
20 yrs;
C Late-closed: 31-100% cover of cottonwood, alder, aspen, willow 10-24m; >20 yrs
U-EF Exotic-Forb: 5-100% cover of exotic forbs (knapweed, tall whitetop, purple
loosestrife, thistle), salt cedar, or Russian olive
U-DE Desertification: Entrenched river/creek with 10-50% cover of upland shrubs
(e.g., big sage); cheatgrass absent to common
U-PA Pasture: agricultural pasture
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U-SFE

U-AG
uU-bDP

U-ES
U-SAP

U-TE

uU-bDP

U-ES
U-SAP

U-TE

Shrub-Forb-Encroached: 10-50% cover of unpalatable shrub and forb species
(Rosa woodsii and Rhus trilobata) in open areas or under tree canopy

Montane Sagebrush Steppe mountain (214 inch precipitation zone)

1126m
Early: 0-10% canopy of mountain sagebrush/ mountain brush; >50% grass/forb
cover; 0-12 yrs
Mid-open: 11-30% cover of mountain sagebrush / mountain shrub; >50%
herbaceous cover; 13-37 yrs
Mid-closed: 31-50% cover of mountain sagebrush / mountain brush; 25-50%
herbaceous cover; <10% conifer sapling cover; >38 yrs
Late-open: 10-30% cover conifer <10m; 25-40% cover of mountain sagebrush /
mountain brush; <30% herbaceous cover; 80-129 yrs
Late-closed: 31-80% conifer cover 10-25m; 6-20% shrub cover, <20% herbaceous
cover; >129 yrs
Annual-Grass: 10-30% cover of cheatgrass; <10% shrub cover

Depleted: 20-50% cover of mountain big sagebrush/mountain brush; <10%
herbaceous cover; <5% cheatgrass cover; <10% conifer sapling cover; >50 yrs
Early-Shrub: 10-50% cover rabbitbrush species
Shrub-Annual-Grass-Perennial-Grass: 21-50% cover of mountain big
sagebrush/mountain brush; 210% cover of native grass; 5-10% cheatgrass cover;
<10% conifer sapling cover; >50 yrs
Tree-Encroached: 31-80% conifer (usually montane conifer and pinyon) cover
10-25m; <5% shrub cover; <5% herbaceous cover; >130 yrs

Mountain Shrub

1086

Early: 0-10% canopy of Utah snowberry/antelope bitterbrush; 10-80% grass/forb
cover; 0-4 yrs
Mid-open: 11-30% cover of Utah snowberry/antelope bitterbrush; >50%
herbaceous cover; 5-19 yrs
Mid-closed: 31-50% cover of Utah snowberry/antelope bitterbrush/mountain
big sagebrush; 25-50% herbaceous cover, <10% conifer sapling cover;20-79 yrs
Late-open: 10-20% pinyon pine-white fir cover <5m; 25-40% cover of Utah
snowberry/antelope bitterbrush/mountain big sagebrush; <30% herbaceous
cover; >80 yrs
Depleted: 20-50% cover of Utah snowberry/antelope bitterbrush/mountain big
sagebrush; <5% herbaceous cover; <10% pinyon sapling cover
Early-Shrub: 20-50% cover rabbitbrush species
Shrub-Annual-Grass-Perennial-Grass: 20-50% cover of Utah
snowberry/antelope bitterbrush/mountain big sagebrush; >5% cover of native
grass; 5-10% cheatgrass cover; <10% pinyon sapling cover
Tree-Encroached: >21% pinyon pine-white fir cover 10-25m; <5% shrub cover;
<5% herbaceous cover

Paloverde Mixed Cacti
1109
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A Early-open: 5-30% herbaceous cover dominated by brittlebrush (Encelia
farinosa); 0-19 yrs

B Mid-open: 5-30% cover of brittlebrush with woody succulents and woody early-
succession plants growing beneath the brittlebrush canopy; 20-94 yrs

B Late-closed: 5-30% cover of white bursage (Ambrosia dumosa); 10-30% cover of

succulents and small tree-dominated communities (Carnegiea gigantea,
Parkinsonia spp., Ferocactus spp., Fouqueria splendens, Acacia greggii, and
Olneya tesota); >95 yrs

Pinyon-Juniper

1019
A Early: 5-20% herbaceous cover; 0-9 yrs
B Mid1-open: 11-20% cover big sage or black sage <1.0m; 10-40% herbaceous
cover; 10-29 yrs
C Mid2-open: 11-30% cover of pinyon and/or juniper <5m; 10-40% shrub cover;
<20% herbaceous cover; 30-99 yrs
D Late-open: old growth, 31-50% cover of pinyon and/or juniper <5m-9m; 10-40%
shrub cover; <20% herbaceous cover; >99 yrs
U-AG Annual-Grass: 5-30% cheatgrass cover; <10% shrub cover
U-TA Tree-Annual-Grass: 31-50% cover of pinyon and/or juniper <5m-9m; 10-40%

shrub cover; <20% cheatgrass cover

Ponderosa Pine

1054
A Early: 0-60% cover of shrub/grass; conifer seedlings can be abundant <5m; 0-39yrs;
B Mid-closed: 31-60% cover of ponderosa pine, Douglass-Fir, and white fir 5-10m;
dense shrub cover possible; 40-159yrs
C Mid-open: 10-30% cover of ponderosa pine (dominant), Douglass-Fir, and limber
pine 5-10m; abundant shrub and grass cover; 40-159yrs
D Late-open: 10-30% cover of ponderosa pine (dominant), Douglass-Fir, and limber
pine 11--50m; abundant shrub and grass cover; >160 yrs
E Late-closed: 31-80% cover of ponderosa pine, Douglass-Fir, and limber pine 11-50m;
mountain snowberry common; >160 yrs
U-AG Annual-Grass: >10% cheatgrass cover; trees largely absent; charred logs or standing
dead trees often present; native grasses and forbs present to abundant
U-TA Tree-Annual-Grass: 10-80% cover of young and older ponderosa pine and other

conifer; >5% cheatgrass cover; native grass and shrubs present to abundant

Semi-Desert Grassland
1135

A Early: 10-40% cover of grasses (Indian ricegrass and desert needlegrass, and in
the Mojave Desert big galleta and bush muhly); <5% shrub cover (spiny
menadora); 0-20 yrs

B Mid-closed: >25% cover of grasses (Indian ricegrass and desert needlegrass, and
in the Mojave Desert big galleta and bush muhly); 5-25% shrub cover (spiny
menadora); 20+ yrs

U-DP Depleted: 5-30% shrub cover; <10% cover of grasses; 10-30% bare ground cover
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U-ES

U-SAP

0O w >

U-EF

U-DE

U-EF

U-ET

U-DEF

U-DET

Early-Shrub: 10-30% cover of rabbitbrush; 10-30% bare ground cover; <10%
native grass cover
Shrub-Annual-Grass-Perennial-Grass: 5-30% shrub cover; 5-15% cover of annual
grasses; native grasses may be present to common
Spruce-Fir

1056
Early: 0-100% cover of Engelman spruce seedling/shrub/grass <5m; 0-39 yrs
Mid-closed: 40-100% cover of Engelman spruce and aspen 5-24m; 40-129yrs
Mid-open: 0-40% cover of Engelman spruce 5-24m pole size; ; 40-129yrs
Late-closed: 40-100% cover of Engelman spruce 25-49m; >129 yrs

Subalpine Riparian

1160
Early: 0-50% cover of willow, <3m; large patches of basin wildrye, sedges, and
tufted grasses; 0-2 yrs
Mid-open: 10-30% cover of mixed conifers 0-5m; aspen and willow abundant;
large patches of basin wildrye, sedges, and tufted grasses; 3-22 yrs
Late-closed: 31-50% cover of mixed conifers 5-10m; aspen and willow abundant;
>22 yrs
Exotic-Forbs: >5% of thistle or other exotic forbs (tall whitetop, Russian
knapweed, purple loosestrife); native woody shrubs and trees present to
abundant; graminoids dominated patches may be presernt

Warm Desert Riparian (WDR)

11550
Early: 10-50% cover of Gooding willow and Fremont Cottonwood seedlings and
shrubs; riparian and wetland graminoids may co-dominate; 0-4 yrs post-flooding
Mid-closed: 51-100% cover of willow and small trees (willow and cottonwood)
<3 m; patches of graminoids and halophytic shrubs common; 5-19 yrs after
flooding
Mid-open: 11-50% cover of fire resprouts of mesquite and Gooding willow;
patches of graminoids frequent after fire; mesquite mature to larger trees
several years after fire; 1-89 yrs after fire
Latel-closed: 51%-90% of mature Gooding willow and Fremont cottonwood;
patches of graminoids in saturated soils and of halophytic shrubs on drier
sediment deposits or more saline surfaces; 10-89 yrs
Late2-closed: 51-90% mesquite cover; Gooding willow and Fremont cottonwood
minor component; understory often dominated by graminoids and forbs; >90 yrs
Desertified: incised river bank caused by human disturbance; 10-90% native
halophytic shrub or riparian tree cover; graminoid patches may be present
Exotic Forb: >5% exotic forb species regardless of native cover; river bank not
incised
Exotic-Tree: >5% exotic tree species (tamarisk or Russian olive) regardless of
native cover; river bank not incised
Desertified-Exotic-Forb: >5% exotic forb species regardless of native cover; river
bank incised
Desertified-Exotic-Tree: >5% exotic tree species (tamarisk or Russian olive)
regardless of native cover; river bank incised
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U-ET

U-AG
U-ES
U-SAP

U-TA

Washes
11551

Early: 20-50% cover may be gravel, sands, and/or flood debris; 10-19% cover of
shrubs (species varies between southern and northern Nevada: desert almond,
burrobrush, rabbitbrush, creosotebush, desert willows present); 5-15% cover of
grasses (species varies between southern and northern Nevada); 0-5 yrs
Mid-closed: 20-50% cover of shrubs (species varies between southern and
northern Nevada: desert almond, bursage, burrobrush, creosotebush,
Anderson's wolfberry, rabbitbrush); 5-10% cover of grasses (species varies
between southern and northern Nevada); <30% of gravel and rocks; 5-19 yrs
Late-closed: 30-50% cover of shrubs (species varies between southern and
northern Nevada: bursage, burrobrush, creosotebush, Anderson's wolfberry,
rabbitbrush, mesquite); Joshua tree may be present in southern Nevada; 5-10%
cover of grasses (species varies between southern and northern Nevada), <10%
of gravel and rocks; >20 yrs
Exotic-Tree: >5% cover of salt cedar; 0-50% cover of shrubs

Wyoming Big Sagebrush (8-10 inch precipitation zone)
10800

Early: 20-40% herbaceous cover; <10% cover of rabbitbrush species and
Wyoming big sagebrush; 0-19 yrs
Mid-open: 11-20% cover Wyoming big sagebrush; 10-40% herbaceous cover; 20-
59 yrs
Late-closed: 20-40% cover of Wyoming big sagebrush; <20% native herbaceous
cover; 60-99 yrs
Annual-Grass: 10-40% cover of cheatgrass; <10% shrub cover
Early-Shrub: 20-50% cover rabbitbrush species
Shrub-Annual-Grass-Perennial-Grass: 10-30% Wyoming big sagebrush <0.5m, if
>5% native grass cover, then >5% cover cheatgrass or if <5% native grass cover,
then 0-20% cheatgrass cover; >10 yrs
Tree-Annual-Grass: 11-60% cover of trees 5-9m; <20% cheatgrass cover; >125
yrs
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Appendix Ill: Description of ecological model dynamics for the Wildlife Action Plan.

Introduction

Non-spatial state-and-transition models of ecological systems are created with the software PATH
and Vegetation Dynamics Development Tool (VDDT from ESSA Technologies, Ltd.; Barrett 2001;
Beukema et al. 2003). Although PATH is the general architecture of the simulation, VDDT is “called in”
by PATH to perform runs. (The latest version, PATH 4.0.11, does not anymore require VDDT.) In VDDT,
succession and disturbance are simulated in a semi-Markovian framework. Each vegetation state has
one possible deterministic transition based on time in the state (usually succession) and several possible
probabilistic transitions (natural and management). Each of these transitions has a new destination
state and probability associated with it. Based on the timing of the deterministic transition and the
probabilities of the stochastic transitions, at each time step a polygon may remain the same, undergo a
deterministic transition based on elapsed time in the current state or undergo a probabilistic transition
based on a random draw (for example, replacement fire).

Thirty-four state-and-transition models were created for each of the ecological systems in Table 3.
Appendix Il presents the different states, phases, and their abbreviations for each ecological system.
Although each model represents a distinct ecological system, some models are grouped on the same
VDDT project page (i.e., Uber model) to allow for seamless system conversions for climate change
analysis (this is not necessary in the latest PATH platform; see Tables 4 & 5):

All models have at their core the LANDFIRE reference condition represented by some variation
around the A-B-C-D-E classes (Appendix Il). Essentially, this means that models have an early
development class and mid-development and/or late-development classes. Mid- and late-development
classes may be expressed as open or closed canopy. Several models contained <5 boxes that do not
follow the classic nomenclature. The A-E class models simply represent succession from usually
herbaceous vegetation to increasing woody species dominance where the dominant woody vegetation
might be shrubs or trees. For the models to also reflect the effects of management, we add
uncharacteristic vegetation classes that represent different states that only exist because of direct or
indirect human activity (Appendix Il).

In all models, any disturbance is quantified by a rate expressed as a probability per year. This rate
is the inverse of the return interval of a disturbance or a frequency of spatial events. For example, a
mean fire return interval of 100 years is equal to a rate of 0.01/year (0.01 = 1/100). The probability/year
rate is used in VDDT because it has the very convenient property of being additive, whereas return
intervals are not additive. This rate is further multiplied by a proportion that partitions the main rate in
terms of success and failure outcomes, allocation of resources to realize different management
objectives, or extent of application (for example, 5% of the biophysical setting was grazed at a rate of
1.0/year — (livestock grazed every year, thus the return interval is 1 year). The rate that is ultimately
used is the probability/year multiplied by proportions of allocation. Any rate, which is generally based
on return intervals, is converted to a spatial draw per year as a necessary time for space substitution.
Although VDDT is non-spatial simulation software, the underlying process imitates temporal rates with
virtual pixel draws. To pursue the fire return interval example, a probability/year of 0.01 means that 1
out of every 100 pixels on average receives fire within a year. Temporal multipliers described in the
main text can be used to modify how many pixels are selected per year while maintaining a temporal
average rate of 0.01/year (see main text).

Models contain more management activities than are actually employed in final simulations to
explore possibilities with workshop participants. The rate of application of each management action
was set by Treatment Details in PATH or area limit function of VDDT that is reflective of management
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budgets and minimum treatments required to achieve objectives. Because area limits overrule rates,
we generally use a default rate of 0.01 for all actions —another arbitrary rate could have been chosen;
however, the proportional allocation of the area limit to different outcomes of the same management
action is controlled by PATH entries. Some outcomes represent failure rates for an action, such as when
a plant seeding fails and is replaced by a non-native annual species.

The format of model descriptions that follow will consist of a standard template of entries by ecological

system (alphabetical order). Some entries will be repetitive among ecological systems and with
Appendix Il. Each ecological system’s model is intended to be self-contained.
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Alpine (ALP) 1144

Area of Application and Context:

¢ Wildlife Action Plan.

® No livestock grazing or limited by season of use.
e Naturally full fire suppression.

e Date created: 2011

Vegetation classes:

e A-Early: 0-10% cover of graminoids; <90% soil cover; 0-2 yrs
e B-Late-closed: >11% cover of graminoids and forbs; <10% cover of low shrubs; >2 yrs
e U-None

Reference Condition:

e Natural Range of Variability
> A-Early: 2%
» B-Late-closed: 98%
> U:0%

Succession:

Succession is simple in this two-box model:
e Early-succession to late-succession closed: 2 years

Natural Disturbances:
Four natural disturbances and one climate change conversion apply to the alpine biophysical setting:

e Snow-deposition slows succession only in the early-succession class (ALP-A) under the
assumption that a thicker than normal and slowly melting snow banks kill or severely thin
vegetation. A rate of 0.01/year is arbitrarily assumed.

e Drought thins the late-succession class (ALP-B) back to age 3 under the assumption than alpine
vegetation is not normally water limited. A drought return interval rate of every 178 years (a
rate of 0.0056/year) is used based on the frequency of severe drought intervals estimated by
Biondi et al. (2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring data
from the Walker River drainage of eastern California and western Nevada. Although we
recognize that droughts may be more common than every 178 years, severe droughts, which
are >7-year drought events with consecutive far-below average soil moisture (narrow tree
rings), kill naturally drought resistant species.

e Replacement fire is caused by and limited to the area of lightning strikes. Because fire is very
rare in the alpine, a small arbitrary rate of 0.0001/year or 1 pixel hit out of 10,000 is chosen.
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e The avalanches disturbance is a stand-replacing event that occurs in both vegetation classes and
is most prevalent during the wettest El Nino years (every 7+ years or 0.013/year). We assume
that only 5% of the area where snow accumulates will experience avalanches due to
topography.

e Climate change conversion (CC-Conversion) occurs at a rate of 0.0012/year and is achieved by
both vegetation classes being colonized by limber or bristlecone pines (thus becoming the
Limber-Bristlecone Pine BpS).

Literature from LANDFIRE Model Tracker:

Baker, W. L. 1980. Alpine vegetation of the Sangre De Cristo Mountains, New Mexico: Gradient analysis
and classification. Unpublished thesis, University of North Carolina, Chapel Hill. 55 pp.

Bamberg, S. A. 1961. Plant ecology of alpine tundra area in Montana and adjacent Wyoming.
Unpublished dissertation, University of Colorado, Boulder. 163 pp.

Bamberg, S. A., and J. Major. 1968. Ecology of the vegetation and soils associated with calcareous parent
materials in three alpine regions of Montana. Ecological Monographs 38(2):127-167.

Biondi, F., Kozubowski. T.J., Panorska, A.K., and L. Saito. 2007. A new stochastic model of episode peak
and duration for eco-hydro-climatic applications. Ecological Modelling 211:383-395.

Cooper, S. V., P. Lesica, and D. Page-Dumroese. 1997. Plant community classification for alpine
vegetation on Beaverhead National Forest, Montana. USDA Forest Service, Intermountain Research
Station, Report INT-GTR-362. Ogden, UT. 61 pp.

Komarkova, V. 1976. Alpine vegetation of the Indian Peaks Area, Front Range, Colorado Rocky
Mountains. Unpublished dissertation, University of Colorado, Boulder. 655 pp.

Komarkova, V. 1980. Classification and ordination in the Indian Peaks area, Colorado Rocky Mountains.
Vegetation 42:149-163.

Schwan, H. E., and D. F. Costello. 1951. The Rocky Mountain alpine type: Range conditions, trends and
land use (a preliminary report). Unpublished report prepared for USDA Forest Service, Rocky
Mountain Region (R2), Denver, CO. 18 pp.

Thilenius, J. F. 1975. Alpine range management in the western United States--principles, practices, and
problems: The status of our knowledge. USDA Forest Service Research Paper RM-157. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, CO. 32 pp.

Willard, B. E. 1963. Phytosociology of the alpine tundra of Trail Ridge, Rocky Mountain National Park,
Colorado. Unpublished dissertation, University of Colorado, Boulder.

State-and-Transition Model (cropped):

ALP-A ALP-B

AL L

0-2 3-999
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Aspen-Mixed Conifer (ASM) 1061
Area of Application and Context:

¢ Nevada Wildlife Action Plan.

e Livestock grazing varies among regions.

e Generally full fire suppression management.
o Date created: 2011

Vegetation classes:

A- Early: 5-100% cover aspen <5m; mountain snowberry and ribes common; 0-19 yrs

B-Mid1-closed: 40-99% cover aspen <5-10m; mountain snowberry and ribes common; 11-39 yrs
C-Mid2-closed: 40-99% cover aspen 10-24m; conifer saplings visible in mid-story; mountain snowberry
and ribes common; 40-79 yrs

D-Latel-open: 10-39% cover aspen 10-25 m; 0-25% mixed conifer cover 5-10 m; mountain snowberry
and ribes common; >80 yrs

E-Latel-closed: 40-80% cover of mixed conifer 10-50m; <40% cover of aspen 10-25m; mountain
snowberry and ribes present; >100 yrs

MC-E- Conversion to Mixed Conifer, Limber-Bristlecone Pine, or Spruce-Fir; 35-90% cover of mixed
conifers 10-49m; mountain snowberry and ribes present; conifer litter abundant

Reference Condition:

e Natural Range of Variability

Mojave Calc., Lah., Walk. Elko Eastern Sierra Nevada
A-Early 12% 17% 19% 10%
B-Mid1-closed 34% 44% 45% 48%
C-Mid2-closed 26% 25% 26% 26%
D-Late-open 15% 5% 5% 6%
E-Late-closed 13% 9% 6% 10%
U 0% 0% 0% 0%

Succession:

Succession follows the 5-box pathway with vegetation starting as dense resprouting aspen and ending
with dominance of white fir, Douglas-fir, Engelmann spruce, or subalpine fir (conifer species
composition regionally varies) and co-dominance of aspen. Throughout succession, the shrub and
herbaceous understory is very diverse. The succession pathway is not entirely deterministic as we use
the probabilistic alternate-succession disturbance to cause a transition from the late-succession open
(ASM-D) to the late-succession closed (ASM-E) class. This rate of transition is 1/year and starts at age 80
years conditional of the Time-Since-Disturbance function that allows transition between these classes
only if a pixel has not experienced any fire for 100 years. Deterministic succession transitions occur at

the following ages:
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e  Early-succession to mid1-succession closed: 9 years

e Mid1-succession closed to mid2-succession closed: 39 years

e Mid2-succession closed to late-succession open: 79 years

e [Late-succession open to late-succession closed: 280 years conditional on Time-Since-Disturbance
=100 years (probabilistic)

Natural Disturbances:

Fire is the primary stochastic disturbance. Replacement fire is set at a mean return interval of 50
years (0.02/year; the mean fire return interval of montane sagebrush steppe surrounding most
aspen patches) and restarts the succession clock to age zero within the reference condition, which is
labeled the early development or BPS-A class (a phase of the reference condition).

» Replacement fire affects the following classes: mid1-succession closed (ASM-B) and 90% of
times the late-succession closed (ASM-D).

» Mixed severity fire is a combination of stand-replacing fire 75% of times and thinning fire
25% of times in the mid2-succession closed class (ASM-C).

> Low severity thinning fire is assumed to kill young conifers, several aspen trees, but not
change the age of the majority of the trees.

» Mixed severity fire is also present in the late-succession closed class (ASM-D) as the
remaining 10% of the replacement fire. This fire is fueled by more conifer fuel and thinsthe
pixel to the previous succession phase.

The most widespread natural disturbance is avalanches, which obliterates every vegetation classes
back to the beginning of succession. The rate for avalanches is not data supported but inferred from
a 7-year El Nino cycle for heavier snow deposition (0.013 = 1/7+) multiplied by a proportion of 5% to
represent the proportion of this biophysical setting at risk of avalanches. In reality, we recognize
that the proportion of area prone to avalanches will substantially vary among landscapes and
regions. The total rate, therefore, is 0.13/year x 0.05 = 0.0065/year.

Another widespread natural disturbance is insect/disease outbreaks that cause stand replacing
events (generally 20% of times) or stand thinning (80% of times). In the case of aspen and mixed
conifer, insect/disease outbreak is used because it plays a distinctive role that is more prominent
than drought for natural resource managers. The insect/disease outbreak return interval rate varies
between the two classes where it appears. Older aspen trees are first affected by the insect/disease
disturbance in the mid2-succession closed class (ASM-C) at a rate of 0.005/year (1/200 years) using
the proportions above with thinning to the previous succession classes. The nature of the
insect/disease outbreak disturbance changes for conifers when they age in the late-succession
closed class (ASM-E), i.e., it makes no difference what happens to aspen trees. The rate in this older
class is therefore that of the mixed conifer biophysical setting at 0.003/year (1/333 years), a rate
obtained from U.S. Forest Service forestry experts at the Dixie National Forest in western Utah.

Wild ungulate grazing includes deer foraging (primarily) and elk impacts to aspen systems. This
herbivory’s effects vary with succession phases. For the early-succession class (ASM-A), during
which aspen resprouts are sensitive to intense browse, we assume a generic rate of 0.01/year of
which 5% causessuccession to start over (age = 0), because of intense herbivory, and 95% is
relatively unaffected by wild ungulate grazing. Wild ungulate grazing is deemed unimportant in the
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mid1-succession class (ASM-B) because of full aspen vigor, but becoming significant enough in the
mid2-succession class (ASM-C) to cause a reversal succession to the previous class at a very low rate
of 0.001/year. Wild ungulate grazing persists in the late-succession classes (ASM-D and ASM-E) by
accelerating conifer dominance by 10 years when pixels are selected (in VDDT jargon: RelAge = +10).

Aspen-mixed conifer (all aspen biophysical settings) has unique dynamics that lead to the loss of
clones (Losing Clone). With lack of fire or other disturbances that removes conifers, or persistent
excessive herbivory that kills resprouts, aspen becomes dominated by mixed conifers. Continued
dominance by conifers eventually results in death of the clone and a permanent establishment of
mixed conifer, limber-bristlecone, or spruce-fir. The losing clone disturbance, therefore, is a
permanent vegetation conversion disturbance to the mixed conifer, limber-bristlecone pine, or
spruce-fir biophysical setting set at a rate of 0.02/year activate from succession age 250 to 300
years. The important assumption is that clones can persist in a suppressed condition for at least 100
years past the normal age of tree senescence (~125 years); therefore clones are assumed to persist
until 250 years, an arbitrary deadline that allows for ample variation in aspen persistence. After 250
years, clones are lost at a uniform rate of 0.02/year (1 pixel per every 50 pixels per year). This rate
insures that all clones are converted to the mixed conifer, limber-bristlecone, or spruce-fir
biophysical setting during the last 50 years (from ages 250 to 300).

Literature Cited in LANDFIRE Model Tracker:

Baker, F. S., 1925. Aspen in the Central Rocky Mountain Region. USDA Department Bulletin 1291 pp. 1-
47.

Bartos, D. L. 2001. Landscape Dynamics of Aspen and Conifer Forests. Pages 5-14 in: Shepperd, W. D.;
Binkley, D.; Bartos, D. L.; Stohlgren, T. J.; and Eskew, L. G., compilers. 2001. Sustaining aspen in
western landscapes: symposium proceedings; 13-15 June 2000; Grand Junction, CO. Proceedings
RMRS-P-18. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 460 p.

Bartos, D. L. and R. B. Campbell, Jr. 1998. Decline of Quaking Aspen in the Interior West — Examples
from Utah. Rangelands, 20(1):17-24.

Biondi, F., Kozubowski. T.J., Panorska, A.K., and L. Saito. 2007. A new stochastic model of episode peak
and duration for eco-hydro-climatic applications. Ecological Modelling 211:383-395.

Campbell, R. B. and Bartos, D. L. 2001. Objectives for Sustaining Biodiversity. In: Shepperd, W. D., D.
Binkley, D. L. Bartos, T. J. Stohlgren, and L. G. Eskew, compilers. 2001. Sustaining aspen in western
landscapes: symposium proceedings; 13-15 June 2000; Grand Junction, CO. Proceedings RMRS-P-
18. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station. 460 p.

Bradley, A. E., Noste, N. V., and W. C. Fischer. 1992. Fire Ecology of Forests and Woodlands in Utah.
GTR-INT-287. Ogden, UT. U.S. Department of Agriculture, Forest Service, Intermountain Research
Station. 128 p.

Bradley, A. E., W. C. Fischer, and N. V. Noste. 1992. Fire Ecology of the Forest Habitat Types of Eastern
Idaho and Western Wyoming. GTR- INT-290. Ogden, UT. U.S. Department of Agriculture, Forest
Service, Intermountain Research Station. 92.

Brown, J. K. and D. G. Simmerman. 1986. Appraisal of fuels and flammability in western aspen: a
prescribed fire guide. General technical report INT-205. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station.

Brown, J. K., K. Smith, J. Kapler, eds. 2000. Wildland fire in ecosystems: effects of fire on flora. Gen. Tech.
Rep. RMRS-GTR-42-vol. 2. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 257 p.
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Campbell, R. B. and, D. L. Bartos. 2001. Objectives for Sustaining Biodiversity. In: Shepperd, W. D., D.
Binkley, D. L. Bartos, T. J. Stohlgren, and L. G. Eskew, compilers. 2001. Sustaining aspen in western
landscapes: symposium proceedings; 13-15 June 2000; Grand Junction, CO. Proceedings RMRS-P-
18. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station. 460 p.

Brown, J. K. and D. G. Simmerman. 1986. Appraisal of fuels and flammability in western aspen: a
prescribed fire guide. General technical report INT-205. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station.

Debyle, N. V., C. D. Bevins, and W. C. Fisher. 1987. Wildfire occurrence in aspen in the interior western
United States. Western Journal of Applied Forestry. 2:73-76.

Kay, C. E. 1997. Is aspen doomed? Journal of Forestry 95: 4-11.

Kay, C. E. 2001a. Evaluation of burned aspen communities in Jackson Hole, Wyoming. Proceedings
RMRS-P-18. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 8 p.

Kay, C. E. 2001b. Long-term aspen exclosures in the Yellowstone ecosystem. Proceedings RMRS-P-18..
Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.
15 p.

Kay, C. E. 2001c. Native burning in western North America: Implications for hardwood forest
management. General Technical Report NE-274. U.S. Department of Agriculture, Forest Service,
Northeast Research Station. 8 p.

Mueggler, W. F. 1988. Aspen Community Types of the Intermountain Region. USDA Forest Service,
General Technical Report INT-250. 135 p.

Mueggler, W. F. 1989. Age Distribution and Reproduction of Intermountain Aspen Stands. Western
Journal of Applied Forestry, 4(2):41-45.

Romme, W. H, L. Floyd-Hanna, D. D. Hanna ,and E. Bartlett. 2001. Aspen's ecological role in the west.
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, RMRS
Proceedings-P-18. Pages 243-259.

Shepperd, W. D. and E. W. Smith. 1993. The role of near-surface lateral roots in the life cycle of aspen in
the central Rocky Mountains. Forest Ecology and Management 61: 157-160.

Shepperd, W. D. 2001. Manipulations to Regenerate Aspen Ecosystems. Pages 355-365 in: Shepperd,
W. D., D. Binkley, D. L. Bartos, T. J. Stohlgren, and L. G. Eskew, compilers. 2001. Sustaining aspen in
western landscapes: symposium proceedings; 13-15 June 2000; Grand Junction, CO. Proceedings
RMRS-P-18. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 460 p.

Shepperd, W. D., D. L. Bartos, and A. M. Stepen. 2001. Above- and below-ground effects of aspen clonal
regeneration and succession to conifers. Canadian Journal of Forest Resources; 31: 739-745.

USDA Forest Service. 2000. Properly Functioning Condition: Rapid Assessment Process (January 7, 2000
version). Intermountain Region, Ogden, UT. Unnumbered.

Welsh, S. L, N. D. Atwood, S. I. Goodrich, and L. C. Higgins. 2003. A Utah Flora, Third edition, revised.
Print Services, Brigham Young University, Provo, UT. 912 p.

State-and-Transition Model (cropped):
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Aspen Woodland (ASP) 1011

Area of Application and Context:

¢ Nevada Wildlife Action Plan

e Livestock grazing varies by region
e Generally full fire suppression

e Date created: 2011

Vegetation classes:

e A-Early: 5-100% cover of aspen <5m tall; 0-9 yrs

e A-FD: Early-Fenced: 5-100% cover of aspen <5 m tall; 0-9 years; fenced (therefore, non-
mappable)

e B-Mid1-closed: 40-99% cover of aspen <5-10m; dense herbaceous and non-sagebrush shrub
understory and midstory; 10-39 yrs

e (-Latel-closed: 40-99% cover of aspen 10-25m; few conifers in mid-story; dense herbaceous
and non-sagebrush shrub understory and mid-story; >39 yrs

e D-Latel-open: 10-39% cover of aspen 10-25 m; 0-25% conifer cover 10-25 m; moderately dense
herbaceous and non-sagebrush shrub understory and mid-story; >99 yrs

e U-DP-open: Depleted: 10-39% cover of older aspen 10-25m; no or little aspen regeneration; few
conifers in mid-story; sparse understory and sagebrush often present

o U-FD: Depleted-Fenced (therefore non-mappable): 10-39% cover of older aspen 10-25m; no or
little aspen regeneration; few conifers in mid-story; sparse understory and sagebrush often
present

Reference Condition:

e Natural Range of Variability

All regions except E. Sierra E. Sierra NV
NV
A-Early 20% 12%
B-Mid-closed 46% 51%
C-Late-closed 25% 28%
D-Late-open 9% 9%
u 0% 0%

Succession:

Succession follows the 4-box pathway with vegetation starting as dense resprouting aspen and ending as
a woodland of older aspen and an opening canopy. Throughout succession the shrub and herbaceous
understory is very diverse. The succession pathway is not entirely deterministic as we use the
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probabilistic alternate-succession disturbance to cause a transition from the late-succession closed class
(ASM-C) to the late-succession open class (ASM-D). This rate of transition is 0.33/year and starts at age
40 years conditional of the Time-Since-Disturbance function that allows transition between these classes
only if a pixel has not experience any fire for 100 years. Deterministic succession transitions occur at the
following ages:

e Early to midl-succession closed: 9 years

e Midl-succession closed to mid2-succession closed: 39 years

e Mid2-succession closed to late-succession open: >40 years conditional on Time-Since-
Disturbance = 100 years (probabilistic).

Natural Disturbances:

Fire is the primary stochastic disturbance and restarts the succession clock to age zero within the
reference condition, which is labeled the early-succession class or BPS-A. It is assumed that fire is all
from importation from surrounding montane sagebrush steppe (a mean fire return interval of ~50
years) because most aspen woodlands are patchy and adjacent to sagebrush. Replacement fire is set
at a mean return interval of 50 years (0.02/year) in all vegetation classes, except for the late-
succession open class (ASP-D), where it is 55 years (0.018/year). Replacement fire that occurs in
uncharacteristic-depleted (ASP-U:DP) or uncharacteristic-fenced (ASP-U:FD) classes causes these
classes to convert to big sagebrush upland (BSu-A) or montane sagebrush mountain (MSm-A) for
15% of the burned area because the clones are considered brittle. The pathways to both sagebrush
biophysical settings exist because aspen woodlands are found at subalpine and montane elevations.
Mixed fire sends the late-succession open class (ASP-D) back to the late-succession closed class (ASP-
C) at a low rate of 0.002/year that assumes partial resprouting of aspen and the release of
suppressed vegetation.

The most widespread natural disturbance is avalanches, which obliterates every vegetation classes
back to the beginning of succession. The rate for avalanches is not data supported but inferred from
a 7-year El Nino cycle for heavier snow deposition (0.013 = 1/7+ years) multiplied by a proportion of
5% to represent the proportion of this biophysical setting at risk of avalanches. The total rate,
therefore, is 0.13/year x 0.05 = 0.0065/year. In reality, we recognize that the proportion of area
prone to avalanches will substantially vary among landscapes and regions. Avalanches convert the
depleted (ASP-U:DP) and depleted-fenced (ASP-U:FD) classes, both of which contain brittle clones, to
the aspen early-succession class (ASP-A; 3% of area), the big sagebrush upland early-succession class
(BSu-A; 1% of area), and the montane sagebrush mountain early-succession class (MSm-A; 1% of
area) at a mean return interval of 7 years.

The disturbance insect/disease is limited to the two older succession classes, the depleted class (DP),
and the depleted fenced class (FD). The insect/disease rate varies from 0.003/year (333 years return
interval) to 0.005/year (200 years):

e The depleted class (U-DP) and the fenced class (U-FD) convert to the montane sagebrush-
mountain mid-succession open (MSm-B) and mid-succession closed (MSm-C) classes, and to the
big sagebrush upland mid-succession open (BSu-B) and mid-succession closed (BSu-C) classes at a
mean return interval of 250 years 5% of the time.

e Inthe late-succession closed class (ASP-C), the insect/disease rate is 0.0055/year (182 years) and
is partitioned between stand replacing events (20% of times) and stand thinning (80% of times),
respectively, to the aspen early-succession class (ASP-A) and aspen mid-succession closed class
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(ASP-B).

e Inthe late-succession open class (ASP-D), insect/disease is a pure stand thinning event to the
previous succession class.

e The fate of aspen is more complicated in the depleted (DP) and depleted-fenced (FD ) classes
where trees and clones are more sensitive to disturbance:

> 80% of times the disturbance causes a transition to the early-succession class (ASP-A);

> 5% of times to the montane sagebrush steppe-mountain mid-succession open class
(MSm-B) and 5% of the times to the montane sagebrush steppe-mountain biophysical
setting mid-succession closed class (MSm-C), and

» 5% of times to the big sagebrush-upland mid-succession open class (BSu-B); and

> 5% of the time to the big sagebrush-upland biophysical setting mid-succession closed
class (BSu-C). The transitions to uncharacteristic classes are permanent biophysical
setting conversions.

Drought creates tree and shrub mortality under the assumption that prolonged and decreased soil
moisture weakens plants that might ultimately be killed by insects or disease. Therefore, we do not
double-count mortality. A drought return interval rate of every 178 years (a rate of 0.0056/year) is
used based on the frequency of severe drought intervals estimated by Biondi et al. (2007) from
2,300 years of western juniper (Juniperus occidentalis) tree ring data from the Walker River drainage
of eastern California and western Nevada. Although we recognize that droughts may be more
common than every 178 years, severe droughts, which are >7-year drought events with consecutive
far-below average soil moisture (narrow tree rings), kill naturally drought resistant shrubs and trees.
Drought only seems to affect the uncharacteristic depleted (DP) and fenced (FD) classes. Drought
effects are somewhat complicated in these classes:

e Twelve percent returns to the early-closed succession class (ASP-A),

e Pixels convert equally (22%) to the montane sagebrush steppe-mountain mid-succession
open class (MSm-B), montane sagebrush steppe-mountain biophysical setting mid-
succession closed class (MSm-C), big sagebrush-upland mid-succession open class (BSu-B),
and big sagebrush-upland biophysical setting mid-succession closed class (BSu-C).

Wild ungulate grazing includes deer foraging (primarily) and elk impacts to aspen systems. The
effects of this herbivory vary with succession phases. Wild ungulate grazing was judged more
important in the early-succession (ASP-A) than the other classes and absent in the mid-succession
closed class (ASP-B) due to full aspen vigor. Heavy browse will reset succession to age zero in the
early-succession class (ASP-A) for 90% of the pixels (spatial rates are more important than return
intervals for herbivory as wildlife browsing occurs every year), whereas the same browse will cause
a rare and equal loss of the clone to the montane sagebrush steppe-mountain early-succession class
(MSu-A) and big sagebrush-upland early-succession class (BSu-A).

Aspen (all aspen biophysical settings) has unique dynamics that lead to the loss of clones (Losing
Clone). With lack of fire or other disturbances that cause resprouting, aspen clones in the late-
succession open class (ASP-D) substantially open up and 100% of the class transitions to the depleted
class (DP), becomes encroached by mountain big sagebrush, and is highly vulnerable to permanent
loss of the clone. The losing clone disturbance, therefore, is the beginning of permanent vegetation
conversion set at a rate of 0.02/year activated from age 250 to 300 years. The important
assumption is that clones can persist in a suppressed condition for a hundred of years past the
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normal age of tree senescence (~125 years), but then clones are loss at a uniform rate of 1/50 or 50
years. When a clone is lost, the vegetation converts equally to the montane sagebrush steppe-
mountain mid-succession open class (MSm-B), montane sagebrush steppe-mountain mid-succession
closed class (MSm-C), big sagebrush-upland mid-succession open class (BSu-B), and big sagebrush-
upland mid-succession closed class (BSu-C).

Climate change conversion (CC-Conversion) occurs at a rate that varies across Nevada from
0.13/year on the Columbia Plateau to 0.03/year on the Great Basin. The early-succession class (ASP-
A) transitions to both the big sagebrush steppe early open succession class (BSS-A) and big
sagebrush-upland early open class (BSu-A).
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Big Sagebrush Steppe (BSS)

Area of Application and Context:

o Nevada Wildlife Action Plan revision (absent from the Mojave Desert phytoregion)
e Livestock grazing

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A- Early: 20-80% grass (ldaho fescue, Thurber’s needlegrass, bluebunch wheatgrass) and forb
cover; 0-10% canopy of big sagebrush (mountain and Wyoming)/mountain brush; 0-12 yrs;

e B-Mid-open: 11-30% cover of big sagebrush (mountain and Wyoming)/mountain shrub; >50%
grass (ldaho fescue, Thurber’s needlegrass, bluebunch wheatgrass) and forb cover; 13-38 yrs;

e C-Late-closed: 31-50% cover of big sagebrush (mountain and Wyoming)/mountain brush; 25-
50% herbaceous cover; <10% conifer sapling cover; 38+ yrs;

e U-SAP: Shrub-Annual-Perennial-Grass: 21-50% cover of big sagebrush (mountain and
Wyoming)/mountain brush; if native grass >5% cover, then >5% cover of cheatgrass or if native
grass <5% cover, then 0-20% cheatgrass cover; <10% conifer sapling cover; >50 yrs

e U-AG: Annual Grass: 10-30% cover of cheatgrass; <10% shrub cover

e U-TA: Tree-Annual-Grass: 20-80% conifer (pinyon, juniper, or montane conifer) cover; <5%
shrub cover; if native grass >5% cover, then >5% cover of cheatgrass or if native grass <5%
cover, then 0-20% cheatgrass cover; >140 yrs

e U-SD: Seeded (native): >10% cover of seeded herbaceous and/or shrub species, either native,
introduced, and mixed native and introduced;<5% cheatgrass cover

e U-ES: Early shrub: 20-50% cover rabbitbrush species

Reference Condition:

e Natural Range of Variability

East Sierra, Calcareous, Lahontan, Walker Elko
A-Early 34% 31%
B-Mid-open 49% 51%
C-Mid-closed 17% 18%
U 0 0%

Succession:

Succession follows the 3-box pathway with vegetation starting as predominantly herbaceous and ending
with sagebrush dominance.

e Early-succession to mid-succession open: 19 years
e Mid-succession open to late-succession closed: 59 years
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Natural Disturbances:

Replacement fire restarts the succession clock at age zero within the reference condition, which is
labeled the early-succession or BSS-A class. The mean return interval of replacement fire changes with
vegetation classes:

e 120 years (0.0083/year) in the early-succession class (BSS-A);

e 75years (0.013/year) in the mid-succession open class (BSS-A) and late-succession closed class
(BSS-C); and

e Replacement fire in vegetation classes that already experienced a threshold transition also
caused a threshold transition to other uncharacteristic classes:

> Fire in the tree with annual grass class (TA) has a mean fire return interval of 100 years
(0.01/year) and causes a transition to the annual grass class (AG).

> A 10-year fire cycle (0.1/year) applies to the annual grass class (AG) and behaves as a self-
loop.

» The shrubland with mixed annual and native perennial grasses class (SAP) will become the
annual grass class (AG) with a replacement fire return interval of 50 years (0.02/year) in the
Columbia Plateau phytoregion, and 100 years (0.01/years) in the Great Basin and in the
Eastern Sierra Nevada phytoregions.

» Replacement fire in the seeded class (SD) has a 200-year fire return interval (0.005/year) and
acts as a self-loop.

Drought is found in most classes and in most cases drought creates tree and shrub mortality under the
assumption that prolonged and decreased soil moisture weakens plants that might ultimately be killed
by insects or disease. Therefore, we do not double-count mortality. A drought return interval rate of
every 179 years (a rate of 0.0056/year) is used based on the frequency of severe drought intervals
estimated by Biondi et al. (2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring
data from the Walker River drainage of eastern California and western Nevada. Although we recognize
that droughts may be more common than every 179 years, severe droughts, which are >7-year drought
events with consecutive far-below average soil moisture (narrow tree rings), kill naturally drought
resistant shrubs and trees. For vegetation classes in the reference condition, drought affects the mid-
succession closed (BSS-C).

e The mid-succession closed class (BSS-C) converts to the mid-succession class (BSS-B).
e Drought in the trees with annual grass class (TA) causes a transition to:

» The early-succession shrub class (ES) 5% of times;

» The annual grass class (AG) 5% of times; and

> Selectively thins older shrubs to 114 years within the trees with annual grass class (TA)
90% of times.

Insect/disease affects the mid-succession open (BSS-B) and closed (BSS-C) classes at a rate of 0.013/year
(77 years). The closed-succession class (BSS-C) is thinned to the open-succession (BSS-B), usually by
Arago moth outbreaks, while the mid-succession open class (BSS-B) stays the same.

The very wet year disturbance only affects the mid-succession open (BSS-B) and mid-succession closed
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(BSS-C) classes at a rate of 0.01/year (100 years) through root rot and root boring insect attacks when
soils become water-logged during years of very high precipitation. Both the mid-succession open and
closed classes (BSS-B, C) convert to the early-succession open class (BSS-A).

Annual grass invasion (AG-invasion) is set at a moderate rate of 0.01/year (100 years) and causes
conversions to several cheatgrass-invaded classes, with the exception of the seeded class (SD), which
converts at a much slower rate to cheatgrass-invaded classes (0.001/year).

e All reference classes (BSS-A, BSS-B, BSS-C) convert to the shrubs with mixed annual and
perennial grass class (SAP) via AG-Invasion at a rate of 0.01/year (100 years); however the age of
an invaded pixel is maintained at conversion.

e The seeded class (SD) converts to the shrubs with mixed annual and perennial grass class (SAP)
via AG-Invasion at a rate of 0.001/year (1,000 years) to show that seedings, some with crested
wheatgrass and/or forage kochia, might resist cheatgrass invasion.

Managed herbivory has a return interval of one year (livestock is present every year) but different
impact areas based on the distance livestock is willing to travel away from water. The impact of grazing
is modeled with area limits, because grazing permits have fixed stocking rates, season of use, and
distribution. It is assumed that managed herbivory utilizes 5% of all grazable areas; therefore, only 5%
of the area is selected for managed herbivory and vegetation classes in Wyoming sagebrush “compete”
for selection. Managed herbivory allows all reference and uncharacteristic classes to remain in their
respective classes as a self-loop, but relative age is advanced by an extra year for selected pixels in all
reference classes, the seeded class, and the shrubs with mixed annual and perennial grass class (SAP).

Excessive-herbivory affects reference classes and the seeded class (SD) at a rate of 0.001/year). The rate
of 0.001/year, however, is replaced by an implementation rate equal to 0.1% of the grazable are in the
phytoregion shared among all vegetation classes (i.e., all grazable classes compete for livestock). The
rate of excessive herbivory is low because its effects are localized to water sources and pathways close
to water sources; therefore, a very small proportion of the landscape is affected.

e The early-succession class (BSS-A) converts 100% to the early shrub | (ES).

e The mid-succession open class (BSS-B) and the mid-succession closed class (BSS-C) convert to
shrubs with mixed annual and perennial grass class (SAP). (In the big sagebrush steppe
biophysical setting, depleted and cheatgrass-invaded shrublands are merged under the
assumption that a cheatgrass seedbank is always present in these two states.)

e The seeded class (SD) remains as such, but the age of succession is advanced by 5 years for
selected pixels, thereby indicating accelerated woody succession due to preferential removal
of herbaceous species.

Tree invasion is about the natural establishment of pinyon or juniper under the canopy of shrubs during
succession. However, tree invasion is an uncharacteristic process in big sagebrush steppe. Tree invasion
converts the shrubs with mixed annual and perennial grass class (SAP) to the trees with annual grass
class (TA) at the rate of 0.01/year (100 years). This rate approximately allows tree invasion to follow the
three phases of invasion of pinyon and juniper in sagebrush shrublands (Miller and Tausch 2001).

Tree encroachment only affects the mid-succession closed class (BSS-C), where it converts to trees with
annual grass (TA) class at a rate of 0.01/year (100 years). In this model, a shrubland invaded by trees
with or without annual grass are merged into one vegetation class to indicate that ecological and
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management differences are minor.

Natural recovery occurs only in the seeded class, however the rate at which the transition occurs
changes over time because maturing seedings are predicted to increasingly resemble native vegetation.

e The seeded class (SD) converts to the early-succession (BSS-A), mid-succession open (BSS-B),
and mid-succession closed (BSS-C) classes, respectively, via natural-recovery at rates of
0.001/year (1,000 years), 0.01/year (100 years), and 0.05/year (20 years).

The climate change conversion disturbance (CC-Conversion) effect on the different classes is
complicated because all classes, not just the early-succession classes, can change potential (productivity)
without significantly changing dominant species (this is an exception to the general approach of climate
change conversion). When climate change conversions occur, the age of selected pixel is maintained in
the recipient biophysical setting. The rate of conversion is 0.009/year.

e The early-succession open class (BSS-A) converts to the Wyoming sagebrush early-succession
open class (WS-A) between ages 0 and 1;

e The mid-succession open class (BSS-B) converts to the Wyoming sagebrush early-succession
open class(WS-A) between ages 20 and 24 and to the Wyoming sagebrush mid-succession
open class (WS-B) between ages 25 and 59;

e The mid-succession closed class (BSS-C) converts to the Wyoming sagebrush mid-succession
open class (WS-B) between ages 60 and 74 and to the Wyoming sagebrush mid-succession
closed class (WS-C) between ages 75 to 300;

e The annual grass class (AG) converts to the Wyoming sagebrush annual grass class (WS-AG );

e The early shrub class (ES) converts to the Wyoming sagebrush early shrub class (WS-ES),

e The shrubs with mixed annual and perennial grass class (SAP) converts to the Wyoming
sagebrush shrubs with mixed annual and perennial grass class (WS-SAP);

e The seeded class (SD) converts to Wyoming sagebrush seeded class (WS-SD); and

e The trees with annual grass class (TA) converts to the Wyoming sagebrush tree with annual
grass class (WS-TA).
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State-and-Transition Model:
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Big Sagebrush Steppe-upland (BSu) 1126u

Area of Application and Context:

Nevada Wildlife Action Plan revision
Livestock grazing

Full fire suppression management
Date created: 2011

Vegetation classes:

A-Early: 0-10% canopy of mountain sage, mountain brush; 10-80% grass/forb cover; 0-12 yrs
B-Mid-open: 11-30% cover of mountain sage, mountain shrub; >50% herbaceous cover; 13-38
yrs

C-Mid-closed: 31-50% cover of mountain sage, mountain brush, occasional blackbrush; 25-50%
herbaceous cover; <10% conifer sapling cover; 38+ yrs

D-Late-open: 10-30% cover pinyon-juniper <3m; 25-40% cover of mountain sage, mountain
brush, occasional blackbrush; <30% herbaceous cover; 80-129 yrs

E-Late-closed: 31-40% pinyon-juniper cover <8m; 6-20% shrub cover; <20% herbaceous cover;
130+ yrs

U-ES: Early-Shrub: 20-50% cover snakeweed or rabbitbrush species

U-TE: Tree-Encroached: 31-40% pinyon-juniper cover 10-25m; <5% shrub cover; <5%
herbaceous cover

U-DP: Depleted: 20-50% cover of mountain sage, mountain brush, occasional blackbrush; <5%
herbaceous cover; <10% conifer sapling cover

U-SAP: Shrub-Annual-Perennial-Grass: 11-50% cover of mountain sage, mountain brush,
occasional blackbrush; >5% cover of native grass; >5% cheatgrass cover; <10% conifer sapling
cover

U-SA: Shrub-Annual Grass: 11-50% cover of mountain sage, mountain brush, occasional
blackbrush; 25% cheatgrass cover; <5% cover of native gass; <10% conifer saplings cover;
U-AG: Annual Grass: 10-30% cover of cheatgrass; snakeweed or rabbitbrush may be present;

U-TA: Tree-Annual Grass: 31-40% pinyon-juniper cover <8m; 25% cover of cheatgrass; <20%
shrub cover; <20% herbaceous cover;
U-SD: Seeded (native): >10% seeded native grasses, forbs, and shrubs.

Reference Condition:

Natural Range of Variability

East Sierra, Calcareous, Lahontan, Walker Elko Mojave
A-Early 21% 19% 22%
B-Mid-open 44% 42% 39%
C-Mid-closed 21% 23% 32%
D-Late-open 7% 8% 1%
E-Late-closed 7% 7% 6%
U 0% 0% 0%
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Note that the big sagebrush-upland biophysical setting is very different in the Mojave Desert
phytoregions than in other phytoregions because the system behaves like desert wash vegetation
and includes flash flooding.

Succession:

Succession follows the 5-box pathway with vegetation starting as predominantly herbaceous and ending
with pinyon and juniper dominance and a viable shrub and herbaceous understory. The succession
pathway is not entirely deterministic as the tree-invasion probabilistic disturbance is used to cause a
transition from the mid-succession closed (BSu-C) to the late-succession open (BSu-D) classes starting in
year 100. The rate of transition is 0.01/year. This rate is consistent with the transition from Phase 1 to
Phase 2 by Miller and Tausch (2001): this rate approximately replicated encroachment levels proceeding
in three phases of about 50 years each. Deterministic succession transitions occur at the following ages:

e Early-succession to mid-succession open: 11 years

e Mid-succession open to mid-succession closed: 49 years

e  Mid-succession closed to late-succession open: >100 years (probabilistic)
e [ate-succession open to late-succession closed: 300 years

Natural Disturbances:

Replacement fire was the primary stochastic disturbance. Replacement fire restarts the succession clock
at age zero within the reference condition, which was labeled the early-succession class or BSu-A. The
mean return interval of replacement fire changes with vegetation classes:

e 75years (0.0133/year) in the early-succession class (BSu-A);

e 50 vyears (0.02/year) in the mid-succession classes (BSu-B and BSu-C) and late-succession open
classes (BSu-D); and

e 75years (0.013/year) in the wooded late-succession closed class (BSu-E).

Replacement fire in vegetation classes that already experienced a threshold transition also caused a
threshold transition to other uncharacteristic classes:

e Fire in the tree-encroached class (TE) has a mean fire return interval of 111-120 years (0.0084-
0.009/year) and causes the following transitions:

» 45% of times to the annual grass class (AG);
» 45% of times to the early shrub class (ES); and
» 10% of times to the shrub annual grass class (SA).

e Firein the tree-encroached shrub with annual grass class (TA) has a mean fire return interval of
77 years (0.013/year) and causes a transition to the annual grass class (AG).

e The depleted class (DP) burns with a 77-year return interval (0.013/year) and converts to the
early shrub class (ES). After 75 years, this class burns at a lower rate of 0.005/year (200 years).

e A 10-year fire cycle applies to the annual grass class (AG) and fire behaves as a self-loop.

e Due to the presence of non-native annual species, the fire return interval is shorter (35 years or
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0.0287/year) in the shrub with annual grass class (SA) than in the depleted shrub class (DP). Fire
in this class causes a conversion to the annual grass class (AG).

e With a replacement fire of 35 years (0.0288/year), the shrub with annual and native perennial
grass class (SAP) becomes two classes:

» The annual grass class (AG) 50% of times; and
» The early-succession class (BSu-A) the other 50% of occurrences.

e Replacement fire in the seeded class (SD) has a 100-year fire return interval (0.005/year) and
acts as a self-loop.

Drought is found in most classes and in most cases drought creates tree and shrub mortality under the
assumption that prolonged and decreased soil moisture weakens plants that might ultimately be killed
by insects or disease. Therefore, we do not double-count mortality. A drought return interval rate of
every 178 years (a rate of 0.0056/year) is used based on the frequency of severe drought intervals
estimated by Biondi et al. (2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring
data from the Walker River drainage of eastern California and western Nevada. Although we recognize
that droughts may be more common than every 178 years, severe droughts, which are >7-year drought
events with consecutive far-below average soil moisture (narrow tree rings), kill naturally drought
resistant shrubs and trees. For vegetation classes in the reference condition, drought affects the mid-
succession closed (BSu-C) to late-succession closed (BSu-E) classes (i.e., not the first two classes of
succession) in different ways.

e The mid-succession closed class (BSu-C) follows the more traditional outcome of 90% thinning
within the class (to its beginning) and 10% to the mid-succession open class (BSu-B).

e Drought partitions the late-succession open class (BSu-D) into three pathways that results from
thinning young pinyon, juniper, or old shrubs:

» 10% thinning within the class to its beginning age;
» 60% thinning to the previous class (mid-succession closed or BSu-C); and
» 30% to the mid-succession open class (BSu-B).

e The late-succession closed class (BSu-E), which is wooded, behaves differently than others to
drought. Because trees have already suppressed the understory,

» 10% of the thinning effect kills trees but releases shrubs and grass at a low cover value
more typical of the mid-succession open class (BSu-B); and

» The remaining 90% of drought effects accelerates woody succession by 5 years when a
pixel is chosen because increased resource competition is to the detriment of shrubs
and the herbaceous understory.

Drought affects four uncharacteristic classes:
e Drought in the depleted class (DP) causes a transition to:

» The early-succession shrub class (ES) 10% of times; and
> Selectively thins older shrubs to age 50 years within the depleted class (DP) 90% of
times.
e The fate of the shrub-annual-grass class (SA) is similar to the depleted class (DP) except the
annual grass class (AG) replaces the early shrub class (ES).
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e The tree-encroached class (TE) is thinned by drought:

» 50% of times to the early-shrub class (ES); and
» 50% to the shrub annual grass class (SA);

e The shrub with mixed annual and perennial grasses class (SAP) responds to drought by thinning
to the following classes:

» 1% to the early-succession class (BSu-A);
> 9% to the annual grass class (AG); and
> 90% as a self-loop with age reset to 50 years at the beginning of the class.

e Drought also affects the shrub annual grass class (SA) by either:

» Converting to annual grass class (AG) 10% of the time; and
> 90% as a self-loop with age reset to 50 years at the beginning of the class.

Annual grass invasion (AG-invasion) is set at a moderate rate of 0.005/year (1 out of 200 pixels)
converted to a cheatgrass-invaded class per year with the exception of the seeded class (SD), which
converts at a much slower rate (0.001/year). A base rate of 0.001/year was estimated from data of
northwest Utah collected by the Utah Division of Wildlife Resources in black sagebrush semi-desert.
Black sagebrush semi-desert is usually considered more resistant to cheatgrass invasion than big
sagebrush dominated ecological systems. The higher rates indicate greater susceptibility to non-native
annual species because soils are more productive. Invasion starts in the older mid-succession closed
class (BSu-C) under the assumption that strong competition from grass species prevents invasion in
younger classes:

e The mid-succession closed and late-succession open classes convert to the shrub with mixed
annual and perennial species class (SAP).

e The depleted class (DP) converts to the shrub annual grass class (SA).

e The tree encroached class (TE) converts to tree with annual grass class (TA).

e The rate of invasion in the seeded class is lower at 0.001/year and starts at the age of 50 years,
because the class is considered more resistant to exotic annual species invasion because of the
frequent use of introduced species for seeding. Annual grass invasion causes a transition to the
shrubs with mixed annual and perennial species class (SAP).

Managed herbivory has a return interval of one year (livestock is present every year) but different
impact areas based on the distance livestock is willing to travel away from water. The impact of grazing
is modeled with area limits, because grazing permits have fixed stocking rates, season of use, and
distribution. It is assumed that managed herbivory utilizes 5% of all grazable areas; therefore, only 5%
of the area is selected for managed herbivory and vegetation classes in Wyoming sagebrush “compete”
for selection. Managed herbivory allows all reference and uncharacteristic classes to remain in their
respective classes as a self-loop, but relative age is advanced by an extra year for selected pixels in all
reference classes, the seeded class (SD; the seeded class is absent from the Mojave phytoregions), and
the shrubs with mixed annual and perennial grass class (SAP) from years 50 to 74 years. After year 74,
managed herbivory causes a transition to the the shrub with annual grass class (SA) to represent the loss
of remnant perennial grasses due to chronic grazing synergistically acting with competition from
cheatgrass.
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Excessive herbivory affects the same classes as managed herbivory at a rate of 0.001/year (1,000 years).
The rate of 0.001/year, however, is replaced by an implementation rate equal to 0.1% of the grazable
are in the phytoregion shared among all vegetation classes (i.e., all grazable classes compete for
livestock). The rate of excessive herbivory is low because its effects are localized to water sources and
pathways close to water sources; therefore, a very small proportion of the landscape is affected. The
seeded (SD) class isn’t affected in the Mojave phytoregions.

e The early-succession and mid-succession open classes (BSu-A and B) convert to the early shrub
class (ES).

e The mid-succession closed class (BSu-C) converts to the depleted class (DP).

e Seventy-five percent of the late-succession open class (BSU-D) is retained in the class with
succession age advancing by 3 years for selected pixels, whereas 25% converts to the depleted
class (DP).

Flash flooding only applies to the Mojave phytoregion. A flash flood event resets all reference classes to
the early-succession open class (BSu-A) at a rate of 0.0075/year (134 years). Our return interval is based
on analysis of gage data from Kyle Canyon in the Spring Mountains. Flash flooding affects four
uncharacteristic classes:

e The depleted class (DP) is converted to the early shrub class (ES) at a rate of 0.05/year (20
years);

e The shrubs with annual grass class (SA), shrubs with mixed annual and perennial grass class
(SAP), and tree with annual grass (TA) converts equally between the annual grass class (AG)
and the early shrub class (ES) classes;

e The tree encroached class (TE) converts to the early shrub class (ES).

Tree invasion is the natural process of new trees (mostly pinyon and juniper) establishing during
succession, usually underneath shrubs such as sagebrush and bitterbrush. Tree invasion transitions at a
uniform rate of 0.01/year throughout all of the specified classes with the exception of the Mojave
phytoregion, where the rate drops by half to 0.005/year. The rate of 0.01/year approximately allows
tree invasion to follow the three phases of invasion of pinyon and juniper in sagebrush shrublands
(Miller and Tausch 2001).

e After 40 years of succession, the mid-succession open class (BSu-B) converts to the late-
succession open class (BSu-D);

e The mid-succession closed class (BSu-C) converts to the late-succession open class (BSu-D);

e The depleted class (DP) converts to the tree encroached class (TE);

e The shrubs with annual grass class (SA) converts to the trees mixed with annual grass class
(TA);

e The shrubs with mixed annual and perennial grass class (SAP) converts to the trees mixed with
annual grass class (TA).

Besides the decreased rate of transition for the Mojave, the other difference is that tree invasion does
not affect the mid-succession open class because we assume that droughty conditions in the Mojave
Desert slowdowns tree establishment.

Tree encroachment is the slow process by which long-established trees finally eliminate the understory
shrubs and herbaceous species, mostly by competition for soil moisture. Tree encroachment only
affects the late-succession closed (BSu-E) after 250 years of succession, where it converts to the tree
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encroached class (TE) at an arbitrary rate of 0.02/year (50 years).

Natural recovery has a complicated effect on big sagebrush upland. It assumes that sufficient moisture is
present to allow recovery from some uncharacteristic classes to reference classes. The majority of the
transitions occur at a low rate of 0.001/year (1,000 year). The exception occurs in the seeded (SD) class,
where natural recovery increases as the system ages.

e The early shrub class (ES) transitions to the mid-succession open class (BSu-B) from 12-49 years
of age;

e The early shrub class (ES) transitions to the mid-succession closed class (BSu-C) from 50-300
years of age;

e The shrubs with mixed annual and perennial species class (SAP) transitions to the mid-succession
closed class (BSu-C);

e The seeded class (SD; absent in the Mojave phytoregion) converts:

> Atarate of 0.001/year to the early-succession open class (BSu-A) from ages 5 to 11
years of age;

> At arate of 0.01/year to the mid-succession open class (BSu-B) from ages 12 to 49 years;

> At arate of 0.05/year to the mid-succession closed class (BSu-C) from ages 50 to 300
years.

The climate change conversion (CC-Conversion) effects vary across regions, but only classes with early
succession dynamics participate:

e Inall phytoregions except the Mojave Desert, the conversion splits pixels 10% towards
the low-black sagebrush biophysical setting and 90% to the Wyoming big sagebrush
biophysical setting. Rates of conversion vary among the Columbia Plateau, Great Basin,
and Easter Sierra Nevada phytoregions:

» The rate for the Columbia Plateau and Eastern Sierra Nevada ecoregions is
0.15/year;
» The rate for the Great Basin ecoregion is 0.0560/year.

e Inthe Mojave phytoregion, where this biophysical setting often behaves like a desert
wash, climate change conversion causes a transition to the desert wash biophysical
setting:

» The early-succession open class (BSu-A) and the early shrub class (ES) convert,
respectively, to the washes early-succession class (WAS-A) at rates of 0.25/year
and 0.95/year;

» The annual grass class (AG) converts to the washes exotic tree class (ET) at a
rate of 0.03.
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Blackbrush-mesic (BM) 1082m

Area of Application and Context:

¢ Nevada Wildlife Action Plan.

e Livestock grazing

e  Full fire suppression management
e Date created: 2011

Vegetation classes:

Vegetation classes can include Joshua Tree Woodlands, but additional classes were not created just
for Joshua trees. USDA’s Natural Resource Conservation Service (NRCS) does not recognize Joshua
tree woodlands as a distinct ecological site because the soils on which it grows are the same the
soils as creosotebush-white bursage, thermic and mesic blackbrush, and Great Basin mixed salt
desert ecological sites.

e A-Early: 5-40% cover of snakeweed, big sagebrush, turpentine bush, yucca, and desert
bitterbrush; young blackbrush may be present; 0-199 yrs

e B-Mid-closed: 10-50% cover blackbrush <1.0m; >5% cover of young Joshua trees; <10% cover of
grasses (desert needlegrass, Indian ricegrass, galleta grass, fluff grass, and threeawn); other
shrubs present; Joshua trees may be present; pinyon or juniper saplings present; 200+ yrs

o (C-Late-open: 10-40% of pinyon or juniper; 5-40% blackbrush cover; >5% cover of Joshua trees;
<10% cover of grasses (desert needlegrass, Indian ricegrass, galleta grass, fluff grass, and
threeawn); other shrubs present; Joshua trees may be present; 400+ yrs

e U-SAP: Shrub-Annual-Perennial-Grass: 10-50% cover of blackbrush or other shrubs <1.0m tall;
Joshua trees may be present; 5-20% non-native grass or forb cover; native grass cover may be
spotty to common

e U-TA: Tree-Annual Grass: 10-40% of pinyon or juniper; >5% cover of non-native grasses; <20%
blackbrush cover; Joshua trees may be present

e U-AG: Annual Grass: >10% cover of exotic forbs or annual grasses; <10% cover of blackbrush or
other shrubs

e U-SD: Seeded (native): >10% seeded native or non-native grasses, forbs, and shrubs

e U-BG: Bare ground: mineral soil exposed by human disturbances

Reference Condition:

Natural Range of Variability

Walker/Lahontan/Calcareous Eastern Sierra Nevada
A-Early 29% 25%
B-Mid-Closed 38% 45%
C-Late-Open 33% 30%
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Uncharacteristic 0% 0%

Succession:

Succession follows the 3-box pathway with vegetation starting as predominantly dominated by
snakeweed and herbaceous species and ending with pinyon or juniper dominance and a viable shrub
understory. Deterministic succession transitions occur in the first two boxes, whereas the last step of
succession is probabilistic:

e  Early-succession to mid-succession closed: 200 years
e  Mid-succession closed to late-succession open: 2400 years (probabilistic)

Natural Disturbances:

Very few natural disturbances affect blackbrush: replacement fire, drought, and tree invasion, tree
encroachment and natural recovery. Blackbrush is an ancient vegetation type whose individual plants
resisted disturbances for hundreds of years (Pendleton et al. 1986). Moreover, blackbrush is not fire
adapted and has not evolved with fire (Callison et al. 1985).

Replacement fire is present at very low rates in most classes. The fire return interval of replacement fire
changes with vegetation classes:

e From 10,000 years (0.0001/year) in the early-succession class (BM-A); and
e To 500 and 666 years (0.002/year and 0.0015/year respectively ) in the mid-succession
closed and late-succession open classes (BM-B and BM-C).

Replacement fire in vegetation classes that already experienced a threshold transition also causes a
threshold transition to other uncharacteristic classes.

e Fire experienced every 500 years (0.002/year) on average in the tree annual grass (TA)
causes a transition to the annual grass class (AG).

e The shrubs with annual and native perennial species class (SAP) burns every 500 years
(0.002/year) on average, causing a transition to the annual grass class (AG).

e The annual grass species class (AG) burns every 10 years (0.1/year). Age is reset to zero.

Blackbrush is assumed adapted to drought. Older reference classes with juniper and pinyon and some
uncharacteristic classes are affected. Drought causes stand replacing events (generally 1% to 10% of
events) and stand thinning (99% to 90%, respectively, of events) in classes with trees. A drought return
interval of 178 years (a rate of 0.0056/year) is used based on the frequency of severe drought intervals
estimated by Biondi et al. (2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring
data from the Walker River drainage of eastern California and western Nevada. These rates highly
correlate with other tree species throughout Nevada (Biondi et al. 2007). Although we recognize that
droughts may be more common than every 178 years, severe droughts, which are >7-year drought
events with consecutive far-below average soil moisture (narrow tree rings), kill naturally drought
resistant shrubs and trees.
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e For the late-succession open class (BM-C), drought-induced mortality either:

» Causes a transition to the previous succession class (BM-B) 7% of times by thinning
juniper and pinyon; or

> Kills shrubs and trees as a rare stand replacing event (3% of events), causing a transition
to the early-succession class (BM-A).

e The tree-encroached with exotic annual species class (TA) experiences drought with:

» Thinning back to age 400 years within the class for about 90% of times. We chose 90%
thinning, as opposed to 99%, because trees are at the elevational lower limit of their
tolerance to warmer climate and competition for soil moisture is assumed more intense
among denser tree stands.

» The remaining 10% of drought mortality is partitioned as a transition to the exotic
annual species class (AG).

Managed herbivory has a return interval of one year (livestock is present every year) but different
impact areas based on the distance livestock is willing to travel away from water. The impact of grazing
is modeled with area limits, because grazing permits have fixed stocking rates, season of use, and
distribution. It is assumed that managed herbivory utilizes 5% of all grazable areas; therefore, only 5%
of the area is selected for managed herbivory and vegetation classes “compete” for selection. Managed
herbivory allows all reference classes to remain in their respective classes as a self-loop, but relative age
is advanced by one extra year for selected pixels in the early-succession class (BM-A) and by three years
in the mid-succession and late-succession classes (BM-B and BM-C).

Tree (pinyon and juniper) invasion is responsible for the last step between the mid-successionand late-
succession classes (BM-B and BM-C). This disturbance also determines succession from the shrubs with
annual and native perennial species class (SAP) to the tree-encroached with exotic annual species class
(TA). Pinyon and juniper invade shrublands at a rate 0.005/year after 400 years of age. Tree
encroachment, which causes competitive elimination of midstory and understory vegetation, is
responsible for the transition from late-succession open class (BM-C) to tree annual grass class (TA). For
simplicity, we assume no realistic difference between tree-encroached blackbrush and the late-
succession blackbrush with trees invaded by non-native annual species.

Annual grass invasion has a rate of 0.005/year (200 years) operating in the following classes:

> The early-succession open class (BM-A) transitions to the annual grass class (AG) before
5 years of age, and transitions to shrubs mixed with annual and perennial species (SAP)
after age 4;

» The mid-succession closed class (BM-B) transitions to shrubs with mixed annual and
perennial species (SAP);

» The late-succession class (BM-C) transitions to the tree annual grass class (TA);

» The uncharacteristic bare ground (BG) and seeded (SD) classes transition to annual grass
(AG), however the seeded class (SD) will only transition until it reaches 4 years of age;
and

> After 4 years, the seeded class (SD) transitions to the shrubs mixed with annual and
perennial species class (SAP).

Natural recovery occurs only in the seeded class (SD) at a rate that varies with the age of the system.
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From 0-199 years, the seeded class (SD) would transition at a slow rate of 0.001/year to the early-
succession open class (BM-A) and after 199 years it transitions at a rate of 0.005/year to the mid-
succession class (BM-B). In either case, the rates are slow, therefore simulating thedifficult of recovery
for blackbrush communities.

The OHV disturbance creates the bare ground class (BG) from illegal recreational use of off-highway
vehicles. All classes are source classes. The rate is 0.0005/year (2000 years) to reflect that users
predominantly reuse existing disturbed areas and only incrementally add new areas of illegal driving.

Climate change conversion has complicated effects. The early-succession open class (BM-A) transfers at
a rate of 0.0085/year (118 years) to the blackbrush thermic early-succession open class (BT-A). The mid-
succession class (BM-B) transitions to the early-succession open class (BT-A) at 200 years, and then at
500 years transitions to the blackbrush thermic mid-succession closed class (BT-B). The uncharacteristic
classes annual grass (AG) and shrubs with annual and perennial grass (SAP) transition into blackbrush-
thermic as the same uncharacteristic classes. This rate is increased to a rate of 0.0155/year (65 years) in
the Mojave ecoregion.
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Blackbrush — thermic (BM) 1082t

Area of Application and Context:

Nevada Wildlife Action Plan
Livestock grazing

Full fire suppression management
Date created: 2011

Vegetation classes:

Vegetation classes can include Joshua Tree Woodlands, but additional classes are not created just
for Joshua trees. USDA’s Natural Resource Conservation Service (NRCS) does not recognize Joshua
tree woodlands as a distinct ecological site because the soils on which it grows are the same the
soils as creosotebush-white bursage, thermic and mesic blackbrush, and Great Basin mixed salt
desert ecological sites.

A: Early: 5-50% cover of snakeweed, turpentine bush, yucca; <10% cover blackbrush; 0-499 yrs
B: Late-closed: 10-40% cover blackbrush <1.0m; creosotebush present; >1% cover of Joshua
trees; 0-10% cover of grasses (desert needlegrass, Indian ricegrass, galleta grass, fluff grass, and
threeawn), other shrubs present; 500+ yrs

U-SAP: Shrub- Annual-Perennial-Grass: 10-40% cover of blackbrush or other shrubs <1.0m tall,
5-20% exotic species (Bromus rubens, Bromus tectorum, Erodium cicutarium) cover; Joshua
trees; 25% native grass cover

U-AG: Annual Grass: >10% exotic species (Bromus rubens, Bromus tectorum, Erodium
cicutarium) cover; <10% cover of blackbrush or other shrubs; unburned and charred Joshua tree
may be present

U-BG: Bare ground: mineral soil exposed by human disturbances

Reference Condition:

Natural Range of Variability

A-Early: 7%
B-Late-Closed: 93%
U:0%

Succession:

Succession follows the 2-box pathway with vegetation starting as predominantly dominated by
snakeweed and herbaceous species and ending with blackbrush dominance.

Early-succession to late-succession closed: 500 years

Natural Disturbances:
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Very few natural disturbances affect thermic blackbrush: replacement fire and drought. Blackbrush is an
ancient vegetation type whose individual plants resisted disturbances for hundreds of years (Pendleton
et al. 1986). Moreover, blackbrush is not fire adapted and has not evolved with fire (Callison et al. 1985).

Replacement fire is present at very low rates in most classes. The fire return interval of replacement fire
is 10,000 years (0.0001/year) in all reference classes. Replacement fire in vegetation classes that already
experienced a threshold transition also cause a threshold transition to other uncharacteristic classes:

e The shrub with mixed exotic annual and native perennial species class (SAP) burns every 500
years (0.002/year) on average, causing a transition to the annual grass species class (AG). The
annual grass class (AG) remains in that state without restoration.

A few anthropogenic disturbances cause accelerated woody succession in reference classes and
some transitions to uncharacteristic classes of vegetation.

Managed herbivory has a return interval of one year (livestock is present every year) but different
impact areas based on the distance livestock is willing to travel away from water. The impact of grazing
is modeled with area limits, because grazing permits have fixed stocking rates, season of use, and
distribution. It is assumed that managed herbivory utilizes 5% of all grazable areas; therefore, only 5%
of the area is selected for managed herbivory and vegetation classes “compete” for selection. Managed
herbivory allows all reference classes to remain in their respective classes as a self-loop, but relative age
is advanced by one extra year for selected pixels in the early-succession class (BT-A) and by three years
in the late-succession closed class (BT-B).

Annual grass invasion occurs across all classes at a rate of 0.005/year (1 out of 200 pixels per year). The
early-succession open class (BT-A) transitions to the annual grass class (AG) before age 4 years and to
shrub with mixed annual and perennial class (SAP) after 4 years. The late-succession closed class (BT-B)
transitions to the shrub with mixed annual and perennial class (SAP).The bare ground class (BG)
transitions to the annual grass class (AG).

The OHV disturbance creates the bare ground class (BG) from illegal recreational use of off-highway
vehicle. All classes are source classes. The rate is 0.001/year to reflect that users predominantly reuse
existing disturbed areas and only incrementally add new areas of illegal driving.

Climate change conversion converted all classes to the creosote-white bursage biophysical setting
system while remaining in the same class whether characteristic or uncharacteristic. In the Great Basin
ecoregion, classes transition at a rate of 0.0053/year (188 years) to creosote-white bursage. This rate is
increased to a rate of 0.005/year (200 years) in the Mojave ecoregion.
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State-and-Transition Model:

148




BT-A ET-B

AL a
0-499 500 - 999
ET-U BT-U BT-U
SAP aG BG
0-993 0-993 0-99

149




Chaparral (CHp) 1104

Area of Application and Context:

e State Wildlife Action Plan

e No livestock grazing

e  Full fire suppression management
e Date created: 2011

Vegetation classes:

e A: Early: 10-100% cover of Quercus turbinella, Quercus toumeyi, Cercocarpus montanus, Canotia
holacantha, Ceanothus greggii <3m tall; forbs abundant; 0-10 years

e B:Llate-closed: 50-100% cover of Quercus turbinella, Quercus toumeyi, Cercocarpus montanus,
Canotia holacantha, Ceanothus greggii >3m tall; 10+ years

o U-SAP: Shrub-Annual-Perennial Grass: >5% cheatgrass cover in spaces between shrubs; 10-
100% cover of Quercus turbinella, Quercus toumeyi, Cercocarpus montanus, Canotia holacantha,
Ceanothus greggii <3m tall; forbs abundant

Reference Condition:

e Natural Range of Variability
> A-Early: 16%
» B-Late-closed: 84%
> U:0%

Succession:

Succession follows the 2-box pathway with vegetation starting as predominantly dominated by
resprouting (mostly from vegetative recolonization) and herbaceous species and ending with a
sometimes diverse community of creosotebush (loamier soil) and/or white bursage (harsher, warmer
soils). Succession is deterministic occur between the two reference classes:

e Early-succession to late-succession closed: 9 years

Natural Disturbances:

Replacement fire is the only natural disturbance that affects chaparral. Replacement fire in the reference
classes has a mean return interval of 50 years (rate of 0.02/year) and returns all classes to the early-
succession class (CHp-A). With the presence of cheatgrass, the fire return interval shortens to 40 years
(0.025/year) in the shrub with mixed annual and perennial grasses class (SAP) and behaves as a selp-loop
with age reset to zero.

The invasion by annual grasses (annual-grass invasion) in both reference classes causes a transition to
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the shrub with mixed annual and perennial grasses class (SAP) with the pixels age maintained during
transition. The rate is invasion is 0.005/year (1 out of 200 pixels per year).

Because chaparral species resprout or restablish from seed very rapidly and densely, they can displace
cheatgrass from pixels and allow a natural recovery to the late-succession closed class (CHp-B) after 10
years. The rate of natural recovery is very slow: 0.0001/year (1 out of 10,000 pixels per year).
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Creosotebush-White Bursage (CB) 1087

Area of Application and Context:

e State Wildlife Action Plan

e Livestock grazing present in very few allotments, therefore livestock grazing was not an
important part of this model (grazing leases retired in Desert Tortoise Management areas)

e Full fire suppression management

e Date created: 2011

Vegetation classes:

Vegetation classes can include Joshua Tree Woodlands, but additional classes are not created just for
Joshua trees. USDA’s Natural Resource Conservation Service (NRCS) does not recognize Joshua tree
woodlands as a distinct ecological site because the soils on which it grows are the same the soils as
creosotebush-white bursage, thermic and mesic blackbrush, and Great Basin mixed salt desert
ecological sites.

e A: Early: 5-20% cover of creosote and white bursage builds up over time;5-20% grass cover
depending on winter precipitation and season; 0-19 yrs

e B:Llate-closed: 21-40% creosote and white bursage cover; 5-20% grass and forb cover
(depending on winter precipitation, soil productivity, and season); Joshua trees may be absent
or common; 20+ yrs

e U-SAP: Shrub-Annual-Perennial Grass: 21-40% cover of creosote and white bursage; 5-20%
exotic species (Bromus rubens, Bromus tectorum, Erodium cicutarium) cover; 0% grass and forb
cover (depending on winter precipitation, soil productivity, and season); Joshua trees may be
present

e U-AG: Annual Grass: >10% exotic annual species (Bromus rubens, Bromus tectorum, Erodium
cicutarium) cover; <10% cover of creosotebush or other shrubs; unburned and charred Joshua
tree may be present

e U-BG: Bare ground: mineral soil exposed by human disturbances

Reference Condition:

e Natural Range of Variability
> A-Early: 10%
» B-Late-closed: 90%
> U:0%

Succession:

Succession follows the 2-box pathway with vegetation starting as predominantly dominated by
resprouting (mostly from vegetative recolonization) and herbaceous species and ending with a
sometimes diverse community of creosotebush (loamier soil) and/or white bursage (harsher, warmer
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soils). Succession is deterministic occur between the two reference classes:

e  Early-succession to late-succession closed: 20 years

Natural Disturbances:

Very few natural disturbances affect creosotebush-white bursage: drought and replacement fire.
Creosotebush-white bursage has not evolved with fire.

Replacement fire is absent from reference classes, but present in classes invaded by exotic annual
species

e Replacement fire in vegetation classes, which already experienced a threshold transition, causes
a threshold transition to other uncharacteristic classes.
» The shrub with mixed exotic annual and native perennial species classes (SAP) burns
every 500 years (0.002/year) on average, causing a transition to the annual grass class
(AG).
» The annual grass class (AG), which contains recovering shrubs, self-burns every 20 years
(0.05/year) on average.

Creosotebush is not as drought adapted as blackbrush is assumed to be. Drought is the strongest natural
disturbance in this ecological system. A drought return interval rate of every 178 years (a rate of
0.0056/year) is used based on the frequency of severe drought intervals estimated by Biondi et al.
(2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring data from the Walker River
drainage of eastern California and western Nevada. Although we recognize that droughts may be more
common than every 178 years, severe droughts, which are >7-year drought events with consecutive
far-below average soil moisture (narrow tree rings), kill naturally drought resistant shrubs and trees:

e The late-succession closed class (CB-B) transitions to the early-succession class (CB-A).

A few anthropogenic disturbances cause accelerate woody succession in reference classes and
transitions to uncharacteristic classes of vegetation.

Exotic annual species invasion (AG-Invasion) affects the reference (CB-A, CB-B) and bare ground (BG)
classes at a rate of 0.005/year. For the early-succession class (CB-A), exotic invasion causes:

e Before age 19, a transition to the exotic annual grassland class (AG); and
e After and including age 19, the transition proceeds from the late-succession closed class (CB-B)
to the shrubs with mixed annual species and perennial grasses class (CB-SAP).

The OHV disturbance creates the bare ground (BG) class from illegal recreational use of off-highway
vehicles. All classes are source classes. The rate is 0.001/year to reflect that users predominantly reuse
existing disturbed areas and only incrementally add new areas of illegal driving.

Climate change conversions (CC-Conversion) transforms the early-succession (CB-A), annual grass (AG),
and the bare ground (BG) classes to warmer systems at a rate of 0.019/year;
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e The CB-A class converts to Mixed Salt Desert (90% of times) and Paloverde-Mixed Cacti (10% of
times);

e Both the bare ground (BG) and annual grass (AG) classes transform entirely into Mixed Salt
Desert because the shrub structure is too destroyed to convert to paloverde-mixed cacti.
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Curl-leaf Mountain Mahogany (MM) 1062

Area of Application and Context:

¢ Nevada Wildlife Action Plan Revision
e Livestock grazing

e Fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 10-55% cover mountain mahogany seedlings and saplings, 0-2m; mineral soil abundant;
grasses and shrubs present but not abundant; 0-19 yrs

e B-Mid-Open: 30-45% cover of mountain mahogany, mountain sagebrush, snowberry, and
mountain snowberry 2-5m high; 60-59 yrs

e (C-Mid-Closed: 0-30% cover mountain mahogany 2-5m; mineral soil abundant; grasses and
mountain sagebrush, snowberry, and mountain snowberry common; 20-59 yrs

e D-Late-Open: 0-30% cover of mountain mahogany 5-25m; grasses and mountain sagebrush,
snowberry, and mountain snowberry common; >60 yrs

e E- Late-Closed: 30-55% cover of mountain mahogany, 5-25m; >49 yrs;

e  U-TA: Tree-Annual-Grass: 10-55% cover of mountain mahogany; 5-20% cheatgrass cover

e U-AG: Annual-Grasses: 5-30% cheatgrass cover; <10% shrub cover

Reference Condition:

e Natural Range of Variability

> A-Early: 7%
B-Mid-closed: 11%
C-Mid-closed: 14%
D-Late-open: 10%
E-Late-closed: 58%
U: 0%

VV VYV YV

Succession:

Succession is the standard five-box model with a dominant closed canopy succession and a probabilistic
alternate succession to represent the savanna pathway:

e Deterministic succession
> Early-succession to mid-succession open: 19 years
» Mid-succession open to mid-succession closed: 59 years
» Mid-succession closed to late-succession closed: 149 years
e Alternate succession
» Mid-succession closed to late-succession open: an alternate succession rate of
0.005/year is used to create the savanna class of curl-leaf mountain mahogany that
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represents different site potential caused by sub-surface and above-surface bouldering
in the soil.

Natural Disturbances:
Replacement fire is present in all classes. The mean fire return interval varies with succession:

e Inreference classes, fire results in conversion to the early-succession class (MM-A). The mean
fire return interval is:

> 500 years (0.002/year) for the early-succession class (MM-A) and late-succession closed
class (MM-E);

» 143 years (0.007/year) for the mid-succession open class (MM-B) and mid-succession
closed class (MM-C);

» 333 years (0.003/year) for the late-succession open class (MM-D);

» 500 years (0.002/year) for the late-succession closed class (MM-E).

e Inthe uncharacteristic classes, fire results in the annual grass class (AG):
» The tree with annual grass class (TA) burns with a mean return interval of 150 years
(rate of 0.0067/year);
» The annual grass class (AG) burns about every 10 years (rate of 0.1/year).

Surface fire had a return interval of 75 years (0.0133/year) that maintains the open savanna-like
character of the late-succession open class (MM-D). The assumption is that fire from the surrounding
mountain big sagebrush communities would be the source of this surface fire creeping among old curl-
leaf mountain mahogany trees. Again, more research is needed to confirm the presence of surface fire
given the great sensitivity of curl-leaf mountain mahogany to fire.

Native herbivory is an important disturbance earlier in succession because the seedlings and saplings of
curl-leaf mountain mahogany are high in nitrogen and very palatable to small mammals and ungulates
(Arno and Wilson, 1986; Schultz et al., 1996; Ross, 1999). The effect of native herbivory is to slow down
succession through the full consumption of seedlings for selected pixels (thus resetting age to zero). In
the early-succession class (MM-A), the rate of native herbivory assumes that herbivory is present every
year with only 2% of the area experiencing removal of the seedlings and saplings (0.02/year).

Wild ungulate grazing affects the mid-succession classes, but effects are very small.

e The mid-succession open class (MM-B) is browsed at a rate of 0.01/year (100 years) but with
no succession effects;

e The mid-succession closed class (MM-C) is browsed at a rate of 0.001/year (1,000 years),
which shifts the age of the system back by one year to indicate a very small decease in cover.

Managed herbivory applies to the early-succession class (MM-A) and two open reference classes at a
rate representing 5% of the grazable area in a phytoregion (this implementation rate represents an
average stocking rate that overrides the 5%/year rate in the models). Except from years 2 to 4 of
succession, managed herbivory is a self-loop that simply moves forward woody succession by one year
when a pixel is selected to indicate that livestock preferentially selects herbaceous vegetation over
woody vegetation. During the establishment of curl-leaf mountain mahogany and after a 2-year period
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of rest from livestock, they can consume the highly palatable seedlings of curl-leaf mountain mahogany
for an additional 2 years, and reset succession back to age zero.

Excessive herbivory only applies to the early-succession open class (MM-A) and after year 5 (when
seedlings have grown), but at a decreased rate of 0.001/year (1,000 years). The difference is that it ages
the class by 5 years within the same class. The rate of 0.001/year, however, is replaced by an
implementation rate equal to 0.1% of the grazable are in the phytoregion shared among all vegetation
classes (i.e., all grazable classes compete for livestock). The rate of excessive herbivory is low because its
effects are localized to water sources and pathways close to water sources; therefore, a very small
proportion of the landscape is affected.

Annual grass invasion (AG-invasion) is present in both late-succession classes at a rate of 0.001/year and
causes a transition to the tree with annual grass class (TA). Annual invasion is tied to a base rate of
0.001/year estimated from data of northwest Utah collected by the Utah Division of Wildlife Resources
in black sagebrush semi-desert. Black sagebrush semi-desert is usually considered resistant to
cheatgrass invasion. We retained this rate because curl-leaf mountain mahogany is at higher elevations
where native perennial grasses can out-compete cheatgrass and grows on harsh, shallow soils.

Alternate succession is present in the late-succession open class (MM-D): The late-succession open class
(MM-D) converts to the late-succession closed class (MM-E) at a rate of 0.33/year to 1.0 /year after 150
consecutive years without fire. The variation in the rate reflects slight model inconsistencies among
phytoregions that have little effect on results.

Climate change conversions (CC-Conversion) occur in the early-succession class (MM-A) and the annual
grass class (AG). The recipient biophysical settings for each of those classes, each at 50%, are low-black
sagebrush (LBS-A and LBS-AG) and Wyoming big sagebrush (WS-A and WS-AG).
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Great Basin. In: Proc. Ecology and management of annual rangelands. USDA USFS GTR-INT-313.

Brown, J. K. and J. K. Smith, eds. 2000. Wildland fire in ecosystems: effects of fire on flora. Gen. Tech.
Rep. RMRS-GTR-42-vol. 2. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 257 p.
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the Intermountain West. Proc. Symposium on fire's effects on wildlife habitat. Missoula, Montana.

Marshall, K.A. 1995. Cercocarpus ledifolius. In: Fire Effects Information System, [Online]. U.S.
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(curlleaf mountain mahogany). Great Basin Naturalist 56: 261-266.

Tausch, R. J., P. E. Wigand, and J. W. Burkhardt. 1993. Viewpoint: Plant community thresholds, multiple
steady states, and multiple successional pathways: legacy of the Quaternary? Journal of Range
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Greasewood (GR)

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
e Marginal livestock grazing

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 0-20% herbaceous (inland saltgrass, bottlebrush squirreltail, and alkali sacaton) cover;
<5% cover rabbitbrush and resprouting greasewood; 0-5 yrs

e B-Late-closed: 15-25% greasewood cover; <10% cover other shrubs (rabbitbrush, saltbushes,
and budsage); <10% cover of grass (inland saltgrass, bottlebrush squirreltail, and alkali
sacaton); >5 yrs

e U-SA: Shrub-Annual-Grass: 5-25% cover of greasewood; 5-20% non-native grass cover

e U-AG: Annual-Grass: 5-30% non-native annual grass cover; <10% shrub cover

e U-SD: Seeded: 5-20% seeded native or introduced species cover

Reference Condition:

e Natural Range of Variability
A- Early: 3%
B- Late-closed: 97%

Succession:

Succession follows the 2-box pathway with vegetation starting as predominantly herbaceous and ending
with greasewood, salt bushes and rabbitbrush dominance and a viable herbaceous understory.

e  Early-succession to late-succession open: 5 years

Natural Disturbances:

Replacement fire restarts the succession clock at age zero within the reference condition, which was
labeled the early-succession class or GR-A. The mean return interval of replacement fire from the late-
succession closed class (GR-B) is 10,000 years (0.0001/year). Fire is naturally rare to absent in
greasewood.

Replacement fire in vegetation classes that already experienced a threshold transition also causes a
threshold transition to other uncharacteristic classes:

e With a fire return interval of 40 years (0.025/year), the shrubland with mixed annual and
perennial grasses class (SAP) will become the annual grass class (AG).

e Replacement fire in the annual grass class (AG) has a 10-year fire return interval (0.1/year)
and acts as a self-loop.
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Annual grass invasion (AG-invasion) is set at a moderate rate of 0.005/year (1 out of 200 pixels per year)
resulting in the conversion to a cheatgrass-invaded class.

e The early-succession open class (GR-A) converts to the annual grass class (AG); and
e The late-succession closed class (GR-B) and the seeded class (SD) convert to the shrubs with
mixed annual and perennial grass class (SAP).

Natural recovery occurs only in the seeded class at a rate of 0.001/year (1,000 years), where it converts
to the late-succession closed class (GR-B). It is assumed that introduced species (for example Russian
wheatgrass) are used in seedings

A very wet year only affects the late-succession closed (GR-B) class at a rate of 0.007/year (143 years)
through root rot and root boring insect attacks when soils become water-logged during years of very
high precipitation. This disturbance requires continuous inundations of greasewood flats for weeks,
which happened is some parts of the Great Basin in 1983.

Literature from LANDFIRE Model Tracker:

Anderson, M. D. 2004. Sarcobatus vermiculatus. In: Fire Effects Information System, [Online]. U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences
Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ [2005, March 17].

Blaisdell, J. P., and R. C. Holmgren. 1984. Managing intermountain rangelands-salt-desert shrub ranges.
General Technical Report INT-163. USDA Forest Service, Intermountain Forest and Range
Experiment Station, Ogden, UT. 52 pp.

Knight, D. H. 1994. Mountains and plains: Ecology of Wyoming landscapes. Yale University Press, New
Haven, MA. 338 pp.

NRCS Ecological Site Description 29A & B, Sodic Dune and Flat.

West, N. E. 1983. Intermountain salt desert shrublands. Pages 375-397 in: N. E. West, editor. Temperate
deserts and semi-deserts. Ecosystems of the world, Volume 5. Elsevier Publishing Company,
Amsterdam.

State-and-Transition Model:

162




GR-U

D
0-99
GA-h GAB
AL a
a-4 5 - 1004
&=l R
AG Shp
a-97 5-93

163




High Elevation Meadow (HEM)

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision

e Livestock grazing limited by season of use
e  Full fire suppression management

o Date created: 2011

Vegetation classes:

e A-Early: 20-60% cover of diverse tall forbs with a minor graminoid component (Agastache spp.,
Chamerion spp., Erigeron spp., Senecio spp., Helianthella spp., Mertensia spp., Penstemon spp.,
Campanula spp., Hackelia spp., Lupinus spp., Solidago spp., Ligusticum spp., Osmorhiza spp.,
Thalictrum spp., Valeriana spp., Balsamorhiza spp., Wyethia spp., Bromus spp, Danthonia spp.,
Deschampsia spp., Koeleria spp., Elymus spp., Phleum spp., and Dasiphora spp.); 40-80% fine
textured soil; 0-4 years

e B-Mid-closed: 60-100% cover of diverse tall forbs with a minor graminoid component; <5%
shrub cover; 5-9 years

e C-Late-closed: 5-10% shrub cover of Populus tremuloides, Artemisia cana, Artemisia tridentata,
Rosa woodsii, Ribes spp., Amelanchier spp.; 90-95% cover of diverse tall forbs with a minor
graminoid component; 10-300 years

e U-UF: Unpalatable Forb: >60% cover of uncharacteristic forbs usually dominated by Wyethia
spp.

e U-US: Unpalatable Shrub: > 60% cover of uncharacteristic shrubs dominated by Artemisia cana
and Rosa woodsii

Reference Condition:

e Natural Range of Variability
A- Early: 5%
B- Mid-closed: 60%
C- Late-closed: 35%
U- 0%

Succession:

Succession follows the 3-box pathway with vegetation starting as predominantly herbaceous and ending
with some shrubs and trees, but primarily herbaceous.

e Early-succession to mid-succession closed: 4 years
e Mid-succession closed to late-succession closed: 10 years

Natural Disturbances:

Replacement fire restarts the succession clock at age zero within the reference condition, which is
labeled the early-succession class or HEM-A. The mean return interval of replacement fire from mid-
succession closed and late-succession closed classes (HEM-B and HEM-C) is 40 years (0.025/year).

164




Mixed fire only affects the late-succession open class (HEM-C), which thins woody vegetation (shrubs
and small trees) back to the mid-succession open class (HEM-B) class at a return interval of 77 years
(0.013/year).

Managed herbivory has a return interval of one year (livestock is present every year) but different
impact areas based on the distance livestock is willing to travel away from water. The impact of grazing
is modeled with area limits, because grazing permits have fixed stocking rates, season of use, and
distribution. It is assumed that managed herbivory utilizes 5% of all grazable areas; therefore, only 5%
of the area is selected for managed herbivory and vegetation classes “compete” for selection. Managed
herbivory allows all reference classes to remain in their respective classes as a self-loop, but relative age
is advanced by one extra year for selected pixels.

Excessive-herbivory affects all reference classes at a rate of 0.001/year (1,000 years). Excessive
herbivory affects the same classes as managed herbivory at a rate of 0.001/year (1,000 years). The rate
of 0.001/year, however, is replaced by an implementation rate equal to 0.1% of the grazable are in the
phytoregion shared among all vegetation classes (i.e., all grazable classes compete for livestock). The
rate of excessive herbivory is low because its effects are localized to water sources and pathways close
to water sources; therefore, a very small proportion of the landscape is affected. Excessive-herbivory
causes the following:

e The early-succession open class (HEM-A) remains as such, however the age of the class is reset
to zero as livestock denude new herbaceous cover; and

e The mid-succession open class (HEM-B) and late-succession open class (HEM-C) convert to the
unpalatable forbs class (UF) about 50% of events and to the unpalatable shrubs class (US) for
the remainder of events.

Heavy snow deposition causes water logging in soils, which drowns woody vegetation in the late-
succession open (HEM-C) class. Snow deposition has a return interval of 20 years (rate is 0.05/year) and
only affects the late-succession open (HEM-C) class, which converts 50% to the mid-succession open
class (HEM-B), while 50% is retained as the late-succession open class (HEM-C), but starting at age 23.

After 200 years of meadow succession, tree encroachment causes a permanent transition from late-
succession open class (HEM-C) to the limber-bristlecone pine early-succession open class (LB-A) 50% of
times and to the spruce-fir early-succession open class (SF-A) the remainder of times at a rate of
0.01/year.

Wild ungulate grazing has a quick transition rate of 1 year because wild ungulates grazed every year,
however only a small percentage (3%) of the biophysical setting is affected per year:

e The early-succession open class (HEM-A) remains the same but succession is advanced by
one additional year for selected pixels because herbivores chose herbaceous over woody
vegetation.

e Similarly, the mid-succession open class (HEM-B) remains same but selected pixels advance
by two additional years because the woody composition of the class increases with time.

e  Wild ungulate grazing converts 3% of the late-succession open class (HEM-C) to the
unpalatable shrub class (US), which is often dominated by Wood's rose and silver sagebrush.

The climate change-conversion causes the conversion of the early-succession open class (HEM-A), the
unpalatable shrub class (US), and the unpalatable forbs class (UF) to the mixed conifer early-succession
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open class (MC-A) at a rate of 0.24 (4.2 years), but only from ages 0 and 1. Moreover, converted pixels
enter the mixed conifer early-succession open class (MC-A) at age 2 (thus avoiding climate change
conversion from mixed conifer between ages 0 to 1).

Literature from LANDFIRE Model Tracker:

Barrett, S. W. 1984. Fire history of the River of No Return Wilderness: River Breaks Zone. Final Report.
Missoula, MT: Systems for Environmental Management. 40 p + appendices.

Fischer, W. C. and A. F. Bradley. 1987. Fire ecology of western Montana forest habitat types. Gen. Tech.
Rep. INT-223. Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research
Station. 95 p.

Lotan, J. E., M. E. Alexander, S. F. Arno, [and others]. 1981. Effects of fire on flora: A state-of-knowledge
review. National fire effects workshop; 1978 April 10-14; Denver, CO. Gen. Tech. Rep. WO-16.
Washington, DC: U.S. Department of Agriculture, Forest Service. 71 p.

Lackschewitz, K. 1991. Vascular plants of west-central Montana--identification guidebook. Gen. Tech.
Rep. INT-227. Ogden, UT:U.S. Department of Agriculture, Forest Service, Intermountain Research
Station. 648 p.

Manning, M. E., and W. G. Padgett. 1995. Riparian Community Type Classification for Humboldt and
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Jeffrey Pine (JP) 1031

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
e Very limited livestock grazing

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A- Early: 0-60% cover of shrub/grass; conifer seedlings can be abundant <5m; 0-39 yrs

e B- Mid-closed: 40-60% cover of Jeffrey pine, white fir and 5-10m; dense shrub cover possible;
40-159 yrs

e C- Mid-open: 10-39% cover of Jeffrey pine; abundant shrub and grass cover; 40-159 yrs

o D- Late-open: 10-39% cover of Jeffrey pine 11--50m; abundant shrub and grass cover; >160 yrs

e E- Late-closed: 40-80% cover of Jeffrey pine,11-50m; mountain snowberry common; ; >160 yrs

e U-AG: Annual-Grass: >10% cheatgrass cover; trees largely absent; charred logs or standing
dead trees often present; native grasses and forbs present to abundant

e U-TA: Tree-Annual-Grass: 10-80% cover of young and older Jeffrey pine and white fir; >5%
cheatgrass cover; native grass and shrubs present to abundant

Reference Condition:

e Natural Range of Variability- only occurs in the Eastern Sierra Nevada and Sierra Nevada
phytoregions

A- Early: 18%

B- Mid-closed: 4%
C- Mid-open: 27%
D- Late-open: 50%
E- Late-closed: 1%

Succession:

Succession follows the 3-box pathway with vegetation starting as predominantly herbaceous and ending
with mature trees. There are three parallel succession pathways, although one is uncharacteristic
because the fire ecology of cheatgrass and Jeffrey pine are assumed compatible.
e Open pathway
» Early-succession to mid-succession open: 40 years
» Mid-succession open to late-succession open: 160 years
e (losed pathway
» Mid-succession closed to late-succession closed: 160 years
e Uncharacteristic pathway
» Annual grass (AG) to tree-annual-grass (TA): 40 years

Natural Disturbances:
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Replacement fire occurs in all the classes and restarts the succession clock at age zero. Within the
reference classes, replacement fire returns vegetation to the early-succession open class (JP-A) class. The
mean return interval of replacement fire increases as the system ages and in open versus closed
canopies as standing heavy fuels accumulate.

e The early-succession open class (JP-A) remains as such after burning with a mean fire return
interval of 40 years (rate of 0.025/year), but vegetation restarts at age zero;

e The mid-succession closed class (JP-B) burns at a rate of 0.0136/year (74 years);

e The late-succession open class (JP-C) burns at a rate of 0.0042/year (238 years);

e The late-succession open class (JP-D) burns at a rate of 0.0014/year (714 years);

e The late-succession closed class (JP-E) burns at a rate of 0.0063/year (159 years);
The annual-grass class (AG) remains the same after burning every 10 years on average (rate
of 0.1/year), but vegetation restarts at age zero; and

e The tree-annual-grass class (TA) burns at a rate of 0.0067/year (150 years) and transitions to
the annual grass class (AG).

Mixed fire has a varying effect on the system due to the patchy effects. For Jeffrey pine, we assume that
mixed fire causes tree thinning 75% of times and stand replacement 25% of times (thus, a transition to
the early-succession open class [JP-A)] for reference classes and the annual-grass class (AG) when the
tree-annual-grass class (TA) burns). Only the thinning effects occurring 75% of times are described
below.

e The mid-succession closed class (JP-B ) converts to the late-succession open class (JP-C) at a
rate of 0.0497/year (20 years) and the age of vegetation is maintained during the transition
(i.e., only thinning of the midstory, fire-sensitive trees, and younger trees within the class);

e The late-succession open class (JP-D) burns at a rate of 0.0021/year (469 years) and
vegetation remains in the class, but with a 10-year reversal of woody succession to indicate
some minor thinning of trees in all age classes;

e The late-succession closed class (JP-E) converts to the late-succession open class (JP-D) at a
rate of 0.0371/year (27 years) and the age of vegetation is maintained during the transition
(i.e., only thinning of the midstory, fire-sensitive trees, and younger trees within the class);

e The tree-annual-grass class (TA) burns at a rate of 0.0067/year (150 years) and stays in the
same class with no effect on succession age.

Surface fire only affects the early-succession class (JP-A) and open reference classes, and increases in
frequency as the system ages. Surface fire has no effect on succession age. The closed classes have too
much standing biomass and ladder fuels to allow surface fire without mixed severity effects.

e Surface fire thins young saplings within the early-succession open class (JP-A) at a rate of
0.0066/year (152 years);

e Surface fire thins saplings and young trees, especially fire-sensitive ones, within the mid-
succession open class (JP-C) at a rate of 0.1/year (10 years); and

e Surface fire thins saplings and young trees, especially fire-sensitive ones, within the late-
succession open class (JP-D) at a rate of 0.122/year (8 years).

The effect of insect/disease differs based on the age and canopy closure of vegetation classes. Closed
canopies suffer from more insect and disease outbreaks, and younger trees are slightly more
susceptible:
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e The mid-succession closed class (JP-B) remains in this class (JP-B) 50% of times and converts to
the late-succession open class (JP-C) the remainder of times, while maintaining vegetation
age, at a rate of 0.005/year (200 years);

e The late-succession open class (JP-C) experiences minor single tree attacks at a rate of
0.002/year (500 years);

e The late-succession open class (JP-D) experiences minor single tree attacks at a low rate of
0.001/year (1,000 years); and

e The late-succession closed class (JP-E) converts to the late-succession open class (JP-D) 50% of
times, while maintaining vegetation age, whereas the other 50% ofpixels stay in the /ate-
succession closed class (JP-E) for a rate of 0.004/year (250 years).

Managed herbivory has a return interval of one year (livestock is present every year) but different
impact areas based on the distance livestock is willing to travel away from water. The impact of grazing
is modeled with area limits, because grazing permits have fixed stocking rates, season of use, and
distribution. It is assumed that managed herbivory utilizes 5% of all grazable areas; therefore, only 5%
of the area is selected for managed herbivory and vegetation classes “compete” for selection. Managed
herbivory allows all reference classes and the tree with annual grass class (TA) to remain in their
respective classes as a self-loop, but relative age is advanced by one extra year for selected pixels.

Excessive herbivory affects the same classes as managed herbivory at a rate of 0.001/year (1 out of
1,000 pixles per year). The rate of 0.001/year, however, is replaced by an implementation rate equal to
0.1% of the grazable are in the phytoregion shared among all vegetation classes (i.e., all grazable classes
compete for livestock). The rate of excessive herbivory is low because its effects are localized to water
sources and pathways close to water sources; therefore, a very small proportion of the landscape is
affected. Excessive herbivory affects all reference classes and the tree with annual grass class (TA) by
moving forward succession age by 5 years without class transitions.

The disturbance competition/maintenance reflects the effect of intra-specific competition by reversing
the age of succession for the early-succession open class (JP-A) and mid-succession closed class (JP-B),
respectively, by 5 and 10 years at a rate of 0.01/year or (100 years).

Senescence only affects the late-succession open class (JP-D) and late-succession closed class (JP-E) by
slowly killing off trees older than 400 years, thus resetting the system back to the late-succession open
class (JP-C) and the mid-succession closed class (JP-B), respectively, at a rate of 0.01/year (100 years).
Without senescence, trees will persist to ages beyong the species’ natural longevity.

Annual grass invasion affects all reference classes with the exception of the early-succession class,
where all classes are converted to the trees with annual grass class (TA).

e The mid-succession closed class (JP-B ) and late-succession closed class (JP-E) convert at a
rate of 0.0010/year (1,000 years); and

e The late-succession open class (JP-C) and late-succession open class (JP-D ) convert at a rate
of 0.0050/year (200 years).

Alternate-succession is a time-since-transition function and affects the early-succession and open classes
at the same rate of 0.33 per year (3 years). Essentially, if a pixel has not experienced any fire for a fixed
number of years, it transitions to the closed vegetation class of the same age.
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e The early-succession open class (JP-A) converts to the mid-succession closed class (JP-B) if
fire has not occurred for 38 years;

e The late-succession open class (JP-C) converts to the mid-succession closed class (JP-B) if fire
has not occurred for 35 years;

e The late-succession open class (JP-D) converts to late-succession closed class (JP-E) if fire has
not occurred for 100 years.

The climate change-conversion causes the conversion of the early-succession open class (JP-A) and the
annual grass class (AG) between ages 0 and 1.

e The early-succession open class (JP-A) converts evenly between the chaparral early-succession
open class (Chp-A), the mountain mahogany early-succession open class (MM-A), and the
pinyon-juniper early-succession open class (PJ-A) at a total rate of 0.15/year (7 years).

e The annual grass class (AG) converts evenly between the chaparral annual grass class (Chp-AG),
the mountain mahogany annual grass class (MM-AG), and the pinyon-juniper annual grass class
(PJ-AG) at a total rate of 0.15/year (7 years).
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Juniper Savanna (JUN) 1115

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
® No livestock grazing

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 10-30% cover of shrub/grass; 0-19yrs;

e B-Mid-Open: 10-30% cover big sage <0.5m tall; 10-40% herbaceous cover; 20-39 yrs;

e C-Mid-Closed: 10-40% shrub cover 0.5-1.0m tall; 11-30% cover of juniper <2m high; <20%
herbaceous cover; 40-99 yrs;

e D-Late-open: 10-20% cover of juniper <5m tall; 10-20% shrub cover; <20% herbaceous cover;
100-399 yrs;

e E-Late-Closed: 21-40% cover of juniper <10m tall; 10-20% shrub cover; <20% herbaceous
cover; >400 yrs;

e U-AG: Annual-Grass: 10-30% non-native annual grass; <10% rabbitbrush or snakeweed cover;
charred stumped of juniper evident;

e U-TA: Tree-Annual-Grass: 10-40% cover of juniper; 10-20% shrub cover; <10% herbaceous
cover; 5-20% cover of annual grass.

Reference Condition:

e Natural Range of Variability
A- Early: 3%
B- Mid-open: 4%
C- Mid-closed: 11%
D- Late-open: 50%
E- Late-closed: 33%
U- 0%

Succession:

Succession follows the 5-box pathway with vegetation starting as predominantly herbaceous and ending
with old trees with drought adapted some shrubs and grasses.
e  Early-succession to mid-succession open: 20 years

e Mid-succession open to mid-succession closed: 40 years
e Mid-succession closed to late-succession open: 100 years
e [Late-succession open to late-succession closed: >400 years

Natural Disturbances:

Replacement fire occurs in all the reference classes and restarts the succession clock at age zero within
the reference condition, which was labeled the early-succession open class (JUN-A) class. The frequency
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of replacement fire decreases in the late-succession classes. Replacement fire also burns the trees with
annual grass class (TA).

e The replacement fire return interval, causing a transition (or self-loop) to the early-succession
open class (JUN-A), is 303 years (or a rate of 0.0033/year) in the early-succession open class
(JUN-A), mid-succession open class (JUN-B), and mid-succession closed class (JUN-C);

e The replacement fire return interval is 1,000 years (or a rate of 0.001/year) in the late-
succession open class (JUN-D) and late-succession closed class (JUN-E).

e The fire return interval is 200 years (or 0.005/year) in the trees with annual grass class (TA),
which becomes the annual grass class (AG). Sufficient build-up of cheatgrass fuels
replacement fire.

Surface fire is only present in the trees with annual grass class (TA), where fire is carried by cheatgrass
cover. The fire return interval is long, 500 years (rate of 0.002/year), and does not affect the age of the
selected pixels.

Drought only affects the mid-succession (JUN-B, C) and late-succession classes (JUN-D, E) at the same
rate of 0.0056/year or 179 years. A drought return interval rate of every 179 years (a rate of
0.0056/year) is used based on the frequency of severe drought intervals estimated by Biondi et al.
(2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring data from the Walker River
drainage of eastern California and western Nevada. Although we recognize that droughts may be more
common than every 179 years, severe droughts, which are >7-year drought events with consecutive far-
below average soil moisture (narrow tree rings), kill naturally drought resistant shrubs and trees. As a
rule of thumb applied to many ecological systems, we assumed 90% of self-thinning within the
originating class (back to the beginning age of the class) and 10% thinning to the mid-succession open
class (JUN-B), which assumes the death of trees, but not of the understory shrubs and grasses:

e The mid-succession closed class (JUN-C), late-succession open class (JUN-D), and late-
succession open class (JUN-E) convert 10% to the mid-succession open class (JUN-B);

e The trees with annual grass class (TA) converts 10% to the annual grass class (AG) and
90% stays in the late-succession closed class (TA), but at the beginning age of the class.

Annual grass invasion affects all reference classes at the same rate of 0.001/year or 1,000 years.
Invasion causes the following:

e Early-succession open class (JUN-A) converts to the annual grass class (AG);

e All other classes convert to the trees with annual grass class (TA).
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Limber Bristlecone (LB) 1020

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
® No livestock grazing

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 0-10% limber and bristlecone pine cover 0-5m high; abundant mineral soil or talus
cover; sparse ground cover; 0-99 yrs;

e B-Mid-Open: 11-30% limber and bristlecone pine cover 5-10m high; abundant mineral soil or
talus cover; sparse ground cover; 100-249 yrs;

e C-Late-open: very old trees; 11-30% limber and bristlecone pine cover 5-25m high; abundant
mineral soil or talus cover; sparse ground cover; >250 yrs

Reference Condition:

e Natural Range of Variability
A. Early: 10%
B. Mid-open: 13%
C. Late-open:77%

Succession:
Succession follows the 3-box pathway with vegetation starting as predominantly herbaceous and ending
with ancient trees.

e Early-succession to mid-succession open: 99 years

e Mid-succession open to late-succession open: 250 years

Natural Disturbances:

Replacement fire occurs in all the reference classes and restarts the succession clock in the early-
succession open class (LB-A) at age zero within the reference condition at a rate of 0.001 (1,000 years).

Surface fire affects all reference classes.
e The early-succession open class (LB-A) converts to the early-succession class (LB-A) at a rate of
0.001 (1,000 years);
e The mid-succession open class (LB-B) converts to the mid-succession open class (LB-B) at a rate
of 0.002 (500 years).

The effect of drought is only felt in the early-succession class, where the system shifts back in age by 5
years at a frequency of 179 years (0.0056/year). This minor reversal of succession is a simple and
arbitrary process to stunt growth.

Temperature affects the system similarly as drought with the same frequency of 179 years
(0.0056/year), however it affects all the reference classes, and shifts the age of the classes forward by
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one extra year to show that subalpine conifers are cold-limited (Salzer et al. 2009).

The climate change-conversion only causes the conversion of the early-succession open class (LB-A)
where it converts evenly between mixed conifer early-succession open class (MC-A) and mountain
mahogany early-succession open class (MM-A) at a rate of 0.97 (1 year).

Literature cited:

Biondi, F., Kozubowski. T.J., Panorska, A.K., and L. Saito. 2007. A new stochastic model of episode peak
and duration for eco-hydro-climatic applications. Ecological Modelling 211:383-395.

Howard, J. L. 2004. Pinus longaeva. In: Fire Effects Information Systems [Online]. USDA, Forest Service,
Rocky Mountain Research Station, Forest Sciences Lab (Producer). Available:
http://www.fs.fed.us/database/feis [2005, February 23].

Johnson, K. A. 2001. Pinus flexilis. In: Fire Effects Information System [Online]. USDA, Forest Service, Fire
Sciences Lab (Producer). Available: http://www.fs.fed.us/database/feis [2005, February 23].

Little, E. L. 1971. Atlas of United States Trees:Volume 1, Conifers and Important Hardwoods. USDA
Forest Service, Misc. Pub. 1146, Washington, DC.

Salzer M.W., M.K. Hughes, A.G. Bunn, and K.F. Kipfmueller. 2009. Recent unprecedented tree-ring
growth in bristlecone pine at the highest elevations and possible causes. Proceedings of the National
Academy of Sciences U S A. 106:20348-20353.

Steele, R. in: Burns, R. M., and B. H. Honkala, tech coords. 1990. Silvics of North America: 1. Conifers.
Agriculture Handbook 654. U.S. Department of Agriculture, Forest Service, Washington, DC. Vol 2,
877 p.

State-and-Transition Model:

LB-&, LB-8 LB-C
oL ap 0P
0-9 100 - 249 250 - 993

179




Low-Black Sagebrush (LBS) 1079

Area of Application and Context:

Nevada Wildlife Action Plan Revision
Livestock grazing

Fire suppression management

Date created: 2011

Vegetation classes:

A-Early: 10% cover rabbitbrush; 10-40% cover of grass; 50-80% cover mineral soil; 0-25 yrs;
B-Mid-Open: 10-20% cover of black sagebrush or low sagebrush and rabbitbrush; 10-30% grass
cover; <40% cover of mineral soil; 25-119 yrs;

C-Late-Closed: 20-30% cover of black sagebrush or 10-30% cover of low sagebrush; 10-30%
cover of grasses; 1-10% pinyon-juniper sapling cover; 120-194 yrs;

D-Late-Open: 10-30% cover of mature pinyon or juniper on black sagebrush sites or 5-20% cover
of mature pinyon or juniper on low sagebrush sites; <10% black sagebrush or 5-20% cover of low
sagebrush; <10% grass cover; >195 yrs

U-TE: Tree encroached: >20% pinyon or juniper cover on black sagebrush sites or >10% pinyon
or juniper cover on low sagebrush sites 10m; >5% cover of annual grass; <5% shrub cover; <5%
herbaceous cover;

U-DP: Depleted: 20-50% cover of black sagebrush or 10-30% cover of low sagebrush; <5% native
herbaceous cover; <10% pinyon or juniper sapling cover;

U-SAP: Shrub-Annual-Grass-Perennial-Grass: 20-50% cover of black sagebrush or 10-30% cover
of low sagebrush; >5% cover of native grass; 5-20% cheatgrass cover; <10% pinyon or juniper
sapling cover

U-SA: Shrub-Annual-Grass: 20-50% cover of black sagebrush or 10-30% cover of low sagebrush;
<5% cover of native grass; 5-20% cheatgrass cover; <10% pinyon or juniper sapling cover

U-ES: Early-Shrub; 10-40% cover rabbitbrush species;

U-TA: Tree-Annual-Grass: >20% pinyon or juniper cover on black sagebrush sites or >10%
pinyon or juniper cover on low sagebrush sites 10m; >5% cover of annual grass; <5% shrub
cover; <5% herbaceous cover

U-SD: Seeded: 5-20% cover of native or non-native (crested wheatgrass, forage kochia) seed
mix; <5% cover of annual grass;

U-AG: Annual Grass: 10-30% cover of cheatgrass.

Reference Condition:

Natural Range of Variability
Early: 17%

Mid-open: 46%

Late-closed: 25%
Late-open: 12%
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U- 0%

Succession:

Succession has a primary deterministic path followed by a probabilistic succession in the last step in this
four-box model:

e Deterministic
» Early-succession to mid-succession open: 25 years
» Mid-succession open to late-succession open: 119 years
e Probabilistic
> Late-succession open to late-succession closed: starts at age 120 years controlled by an
increasing rate of pinyon-juniper invasion: 0.001/year from 120 to 149 years and
0.005/year after 150 years. It is assumed that grass cover slows down establishment of
tree seedlings from ages 120- 149 years at a rate of 0.001/year to late-succession open
class (LBS-D). At ages 150-300 years, the loss of grass cover accelerates tree seedling
establishment up to 0.005/year to late-succession open class (LBS-D). At transition, the
age of the vegetation is 121 years in the late-succession open class regardless of the age
of shrubs. These staged rates intend to approximately replicate encroachment levels
proceeding in three phases of about 50 years (Miller and Tausch 2001).

Natural Disturbances:

Replacement fire is found in nearly all classes. In the reference pathway, the fire return interval ranges
from 250 years (0.004/year) in the early-succession class (LBS-A) to 150 years (0.0067/year) in the mid
and late-succession classes, where they return to the early-succession open class (LBS-A). Fire in the
early-succession class (LBS-A) is a self-loop that returns to age zero. In the uncharacteristic classes, the
mean fire return interval ranges from 10 years (rate of 0.1/year) in the annual grass class (AG), 100
years (0.01/year) in the shrub with annual grass class (SA), to 150 years (0.0067/year) in all other
classes.

e Fire in the annual grass class (AG) behaves as a self-loop with age being reset at zero;

e The shrub with annual grass (SA) and the tree with annual grass (TA) classes convert to the
annual grass class (AG);

e The depleted (DP) and tree encroached (TE) classes convert to the early shrub class (ES);

e Thirty percent of the shrubs with mixed annual and perennial grass class (SAP) converts to the
early-succession class (LBS-A) and the remaining 70% converts to the annual grass class (AG).

Drought affects all classes except the annual grass (AG) and early shrub (ES) classes. A drought return
interval rate of every 179 years (a rate of 0.0056/year) is used based on the frequency of severe drought
intervals estimated by Biondi et al. (2007) from 2,300 years of western juniper (Juniperus occidentalis)
tree ring data from the Walker River drainage of eastern California and western Nevada. Although we
recognize that droughts may be more common than every 179 years, severe droughts, which are >7-
year drought events with consecutive far-below average soil moisture (narrow tree rings), kill naturally
drought resistant species. Drought has the following effects:
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e The early-succession class (LBS-A) remains as such and it is assumed that drought causes a
very small (-1 year) reversal in woody succession by killing young sagebrush;

e Fifty percent of the mid-succession open class (LBS-B) converts to the early-succession open
class (LBS-A), whereas the rest is thinning within the class back to its beginning age;

e In all other classes, drought thins 10% of pixels to a younger vegetation classes (killing older
vegetation) and 90% of pixels stay within the originating class (self-loop), but older
individuals are killed and the age of the class returns to its beginning age. Next we only
describe the fate of the 10%:

» The late-succession closed class (LBS-C) converts to the mid-succession open class
(LBS-B);

» The late-succession open class (LBS-D) converts to the late-succession closed class
(LBS-C).

» The shrub with annual grass (SA) and tree with annual grass (TA) classes convert to
the annual grass class (AG);

» The tree-encroached (TE) and depleted (DP) classes convert to the early shrub class
(ES);

» The shrub with mixed perennial and annual grass class (SAP) converts 5% to the
annual grass class (AG) and the early-succession class (LBS-A);

Managed herbivory applies to the early-succession (LBS-A), mid-succession open (LBS-B), late-succession
closed (LBS-C) classes, and shrub with mixed annual and perennial grass class (SAP) at a rate
representing 5% of the grazable area in a phytoregion (this implementation rate represents an average
stocking rate that overrides the 5%/year rate in the models). In all cases, managed herbivory is a self-
loop that simply moves forward woody succession by one year when a pixel is selected.

Excessive herbivory applies to the same classes as for managed herbivory where it affects the system at
a rate of 0.001/year (1,000 years). The rate of 0.001/year, however, is replaced by an implementation
rate equal to 0.1% of the grazable are in the phytoregion shared among all vegetation classes (i.e., all
grazable classes compete for livestock). The rate of excessive-herbivory is low because its effects are
localized to water sources and pathways close to water sources; therefore, a very small proportion of
the landscape is affected.

e The early-succession (LBS-A) and mid-succession open (LBS-B) classes converts to the early
shrub class (ES);

e Inthe late-succession closed class (LBS-C), it is retained in the same class in a self-loop, due to
a forward age shift of 5 years; and

e The shrub with annual and perennial grass class (SAP) converts to the shrub with annual and
grass class (SA).

Annual grass invasion affects all reference classes converting them each to an uncharacteristic class and
also causes a transition in one uncharacteristic class without cheatgrass. The vegetation’s age of an un-
invaded class is preserved during transition. A base rate of 0.001/year (1 out of 1,000 pixels per year)
was estimated from data of northwest Utah collected by the Utah Division of Wildlife Resources in black
sagebrush semi-desert. Black sagebrush semi-desert is usually considered more resistant to cheatgrass
invasion than Wyoming big sagebrush semi-desert or other big sagebrush dominated biophysical
settings.
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e The early-succession class (LBS-A) converts to the annual grass class (AG) at a rate of
0.0001/year over the age of 0 to 9 years. This very low rate indicates that invasion is possible,
but very rare because the abundance of native grasses after a stand replacing event presents
invasion due to interspecific competition;

e The early-succession class (LBS-A) converts to the shrubs with mixed annual and perennial
grass class (SAP) at a rate of 0.001/year over the age of 10 to 24 years. It is assumed here that
interspecific grass competition decreases as shrub cover and bare ground increase;

e The mid-succession open class (LBS-B) and late-succession closed class (LBS-C) convert to the
shrubs with mixed annual and perennial grass class (SAP), and the late-succession open class
(LBS-D) converts to the tree annual grass class (TA) at a rate of 0.005/year. Cheatgrass most
readily invades these classes because native grass cover is lower, bare ground is abundant,
and the litter below the canopy of shrubs and trees provides nutrients for cheatgrass
germination and growth; and

e The tree-encroached class (TE) converts to the tree annual grass class (TA) at a rate of
0.005/year.

Tree invasion is described above under probabilistic succession. This disturbance also applies to the
depleted (DP), shrubs with mixed annual and perennial grass (SAP), and shrubs with annual grass (SAP)
classes after 120 years of age. The depleted class (DP) converts to the tree encroached class (TE),
whereas the shrubs with mixed annual and perennial grass (SAP) and shrubs with annual grass (SAP)
classes convert to the tree annual grass class (TA) at a rate of 0.005/year (200 years).

Tree encroachment only affects the late-succession open class (LBS-D) where it converts to the
uncharacteristic tree encroached class (TE) at a rate of 0.02/year (50 years) after 250 years of succession.
This assumes that pinyon and juniper have effectively suppressed the understory grasses, forbs, and
shrubs.

Climate change-conversion varies based on the phytoregion. In the Columbia Plateau and Great Basin
phytoregion the early-succession open class (LBS-A) converts to mixed salt desert early-succession class
(MSD-A) at a rate of 0.13 during the first year of succession only. In the Mojave phytoregion, the early-
succession open class (LBS-A) converts to mixed salt desert early-succession class (MSD-A) at the same
rate. In the Eastern Sierra Nevada phytoregion, 99% of LBS-A converts to mixed salt desert early-
succession class (MSD-A) and remainder converts to blackbrush mesic early-succession class (BM-A) at
the same rate.
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Lower Elevation Grassland (LEG) 1139

Area of Application and Context:

¢ Nevada Wildlife Action Plan Revision
e Livestock grazing

e Fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 10-30% grass cover (Festuca idahoensis, F. compestris, Pseudoroegneria spicata,
Koeleria macratha); 0-10% cover of forbs (Colinsia spp., Lupinus spp., Epilobium spp.,
Balsamorhiza spp., Geum spp., Potentilla spp.); 0-4 yrs;

e B-Mid-Closed: 41-80% cover of grass; 10-20% forb cover; shrubs present but low stature; 5-64
yrs;

e (C-Late-Open: 11-20% shrub cover (Symphoricarpus alba and Rosa spp.); 41-80% grass cover;
<10% forb cover; >65 yrs;

e U-AG: Annual Grass: 5-30% cheatgrass cover; <5% shrub cover; native tree cover <5%

o U-ES: Early-Shrub:10-40% cover rabbitbrush species;

o U-SAP: Shrub-Annual-Grass-Perennial-Grass: >20% shrub cover; >5% annual grass; <40%
herbaceous cover; mineral soil common;

e U-TA: Tree-Annual-Grass: >5% pinyon, juniper cover, or montane conifer; shrub herbaceous
cover variable but usually >20%; <41% native grass cover; annual grass may be present,
especially under the canopy of trees.

Reference Condition:

e Natural Range of Variability
> A-Early: 7%
» B-Mid-closed: 61%
» C-Late-open: 32%
> U:0%

Succession:
Succession is simple in this three-box model:

e  Early-succession to mid-succession closed: 4 years
e  Mid-succession closed to late-succession open: 64 years

Natural Disturbances:
Replacement fire is found in all classes.

e All reference classes burn back to age 0 of the early-succession open class (LEG-A):
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» The early-succession open class (LEG-A) burns with a mean fire return interval of 100
years (rate of 0.01/year);

» The mid-succession closed class (LEG-B) burns with a mean fire return interval of 40 years
(rate of 0.025/year);

» The late-succession open class (LEG-C) burns with a mean fire return interval of 77 years
(rate of 0.0130/year).

e The fates of uncharacteristic classes are more complicated:

» Replacement fire acts as a self-loop in the annual grass class (AG) and the early shrub
class (ES) burning, respectively, with mean fire return intervals of 10 years (rate of
0.1/year) and 75 years (rate of 0.013/year);

» The shrubs with annual grass class (SA) and 50% of the tree-encroached class (TE) convert
to the annual-grass class (AG) following, respectively, mean fire return intervals of 75
years (rate of 0.013/year) and 120 years (rate of 0.0084/year).

> Fifty percent of the tree-encroached class (TE) converts to the early shrub class (ES) at a
mean fire return interval of 120 years (0.0084/year).

Drought affects the late-succession open class (LEG-C), shrubs with annual grass class (SA), and tree-
encroached class (TE). A drought return interval rate of every 179 years (a rate of 0.0056/year) was used
based on the frequency of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of
western juniper (Juniperus occidentalis) tree ring data from the Walker River drainage of eastern
California and western Nevada. Although we recognize that droughts may be more common than every
179 years, severe droughts, which are >7-year drought events with consecutive far-below average soil
moisture (narrow tree rings), will kill naturally drought resistant species. Drought thins 10% of pixels to a
younger vegetation classes (killing older vegetation) and 90% of pixels stay within the originating class
(self-loop), but older individuals are killed and the age of the class returns to its beginning age. Next we
only describe the fate of the 10%:

e The late-succession open class (LEG-C) converts to the early-succession open class (LEG-A);

e The shrubs with annual grass class (SA) converts to the annual grass class (AG); and

e Fifty percent of the tree-encroached class (TE) converts to the annual grass class (AG) and
50% to the early shrub class (ES).

Managed herbivory applies to the early-succession (LEG-A), mid-succession closed (LEG-B), late-
succession open (LEG-C) classes at a rate representing 5% of the grazable area in a phytoregion (this
implementation rate represents an average stocking rate that overrides the 5%/year rate in the models).
In all cases, managed herbivory is a self-loop that simply moves forward woody succession by one and
three years, respectively, when a pixel is selected in the early-succession (LEG-A) and mid-succession
closed (LEG-B) classes (one year), and the late-succession open class (LEG-C).

Excessive herbivory applies to same classes as managed herbivory where it causes a transition to the
early shrub class (ES), with the age of vegetation preserved, at a rate of 0.001/year. The rate of
0.001/year, however, is replaced by an implementation rate equal to 0.1% of the grazable are in the
phytoregion shared among all vegetation classes (i.e., all grazable classes compete for livestock). The
rate of excessive herbivory is low because its effects are localized to water sources and pathways close
to water sources; therefore, a very small proportion of the landscape is affected.

Annual grass invasion affects all reference classes by converting them to uncharacteristic classes at a
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rate of 0.005/year (200 years). A base rate of 0.001/year was estimated from data of northwest Utah
collected by the Utah Division of Wildlife Resources in black sagebrush semi-desert. Black sagebrush
semi-desert is usually considered more resistant to cheatgrass invasion than Wyoming big sagebrush
semi-desert or other big sagebrush dominated biophysical settings. We assume that the low-elevation
grassland are as productive as the big sabrush communities.

e The early-succession open (LEG-A) and mid-succession closed (LEG-B) classes convert to the
annual grass class (AG) with the age of vegetation preserved;

e The late-succession open class (LEG-C) converts to shrubs mixed with annual grass class
(SA).

Tree encroachment only affects the late-succession open class (LEG-C) where it converts to the
uncharacteristic class tree encroached (TE) at a rate of 0.01/year (100 years) after 150 years of
succession.
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Low Sagebrush Steppe (LSS) 1126

Area of Application and Context:

¢ Nevada Wildlife Action Plan.

e Livestock grazing limited to seasonal subalpine use.
e Full fire suppression management.

o Date created: July 2011

Vegetation classes:

e A-Early: 15-25% herbaceous cover (bluebunch wheatgrass, Thurber’s needlegrass); 0-10% cover
of rabbitbrush; 0-25 yrs

e B-Mid-open: 11-20% cover of low sagebrush and mountain snowberry; 15-25% herbaceous
cover (bluebunch wheatgrass, Thurber’s needlegrass); 25-99 yrs

o (-lLate-Closed: 21-30% cover of low sagebrush and Utah serviceberry; 10-15% herbaceous cover
(bluebunch wheatgrass); >100 yrs

e U-DP: Depleted: 10-30% cover of low sagebrush; <5% herbaceous cover; <10% pinyon or juniper
sapling cover

e U-ES: Early-Shrub: 10-40% cover rabbitbrush species

e U-TE: Tree Encroached: >10% pinyon, juniper cover, or montane-subalpine conifer; <5% shrub
cover; <5% native herbaceous cover; annual grass usually absent

Reference Condition:

e Natural Range of Variability
> A-Early: 24%
> B-Mid-open: 56%
» C-Late-closed: 20%
> U: 0%

Succession:
Succession is simple in this three-box model:

e  Early-succession to mid-succession open: 24 years
e Mid-succession open to late-succession closed: 99 years

Natural Disturbances:

Replacement fire was found in all classes, except the depleted class (DP). In the reference pathway
where fire causes a conversion to the early-succession class (LS-A) at age zero, the fire return interval
ranges from 250 years (0.004/year) in the early-succession class (LS-A), to 91 years (0.011/year) and 67
years (0.015/year), respectively, in the mid-succession open (LS-B) and late-succession closed class (LS-C).
Replacement fire occurs in the uncharacteristic early-shrub (ES) and tree-encroached (TE) classes. Fine
fuel is insuffcient in the depleted class (DP) to carry fire. Fire in uncharacteristic classes converts
vegetation to the early shrub class (ES): the rate is 0.004/year (250-year mean fire return interval) in the
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tree-encroached class (TE) and 0.005/year (200-year mean fire return interval) in the early-shrub class
(ES).

Drought affects all reference classes and the uncharacteristic depleted (DP) and tree-encroached (TE)
classes. A drought return interval rate of every 179 years (a rate of 0.0056/year) is used based on the
frequency of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of western
juniper (Juniperus occidentalis) tree ring data from the Walker River drainage of eastern California and
western Nevada. Although we recognize that droughts may be more common than every 179 years,
severe droughts, which are >7-year drought events with consecutive far-below average soil moisture
(narrow tree rings), kills naturally drought resistant species.

Drought slows succession by weakly reversing it by one year increments for all chosen pixels in the early-
succession class (LS-A) and for 80% of pixels in the mid-succession open (LS-B) and late-succession closed
(LS-C) classes. This weak effect is arbitrary and simply translates to a slowdown in an otherwise very
drought tolerant sagebrush species. Drought in the remaining 20% of these last two classes causes
stand-replacement. Drought kills already drought-stressed trees in the tree-encroached class (TE):
vegetation transitions to the mid-succession open class (LS-B) if drought hits between ages 200 and 249
years, but converts to the depleted class (DP) after 250 years of age to indicate that trees have
suppressed the understory after 50 years of occupation. In the depleted class (DP), drought thins within
the class to its beginning age for 90% of pixels selected, whereas the remaining 10% converts to the
early-shrub class (ES).

Managed herbivory applies to the early-succession (LS-A), mid-succession open (LS-B), late-succession
closed (LS-C) classes at a rate representing 5% of the grazable area in a phytoregion (this
implementation rate represents an average stocking rate that overrides the 5%/year rate in the models).
In all cases, managed herbivory is a self-loop that simply moves forward woody succession by one year
when a pixel is selected to indicate that livestock preferentially selects herbaceous vegetation over
woody vegetation.

Excessive herbivory affects the same classes as managed herbivory at a rate of 0.001/year (1,000 years).
The rate of 0.001/year, however, is replaced by an implementation rate equal to 0.1% of the grazable
are in the phytoregion shared among all vegetation classes (i.e., all grazable classes compete for
livestock). The rate of excessive herbivory is low because its effects are localized to water sources and
pathways close to water sources; therefore, a very small proportion of the landscape is affected. In the
early-succession class, excessive herbivory shifts the age of the class forward by 5 years to represent
accelerated woody succession. The mid-succession and late-succession classes (LS-B and C) are
converted to the depleted class (DP) as livestock nearly completely remove perennial grasses and their
seed bank becomes depleted.

Tree encroachment only affects the late-succession closed class (LS-C), which converts to the tree
encroached class (TE) at a small rate of 0.001 (1,000 years). This process is special in low sagebrush
steppe because the clay soils of this biophysical setting are very resistant to conifer establishment;
therefore, even a small cover of trees is considered encroachment and tree canopy is always open.
Historically, it is assumed that tree cover was low and seed sources infrequent at landscape scale;
therefore, the likelihood that one seed would establish in low sagebrush was remote. Therefore, tree
encroachment in low sagebrush steppe has a different meaning than in other sagebrush systems
because the very open tree canopy allows the understory grasses and shrubs to persist, albeit at
reduced levels. The drought tolerant low sagebrush is assumed to outlast grasses with competition
from trees.
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Tree-invasion only applies to the depleted class (DP): after 100 years of succession, trees establish at the
small rate of 0.001/year and vegetation becomes the tree-encroached class (TE). In this case, grass
cover is largely absent, whereas shrubs are present.

Climate change conversion affects all classes at the same rate of 0.0075/year (135 years) by transitioning
them to low-black sagebrush within the same class. In the early-succession open class the system ages
by two years and enters the low-black sagebrush early-succession class (LBS-A) at age 2 to prevent an
immediate second conversion to mixed salt desert. This type of climate change conversion in all classes
is an exception to the rule that reflects the fact that low sagebrush is the indicator species in low
sagebrush steppe and low-black sagebrush and that only the precipitation zone (the site potential)
changes.
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State-and-Transition Model:
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Mixed Conifer (MC) 1052

Area of Application and Context:

¢ Nevada Wildlife Action Plan

e No livestock grazing

e  Full fire suppression management
e Date created: 2011

Vegetation classes:

e A-Early: 0-15% cover of tree/shrub/grass; <5m; 0-29 yrs

e B-Mid-closed: 35-100% cover of conifers <24m; 30-99 yrs

e (C-Mid-open: 0-35% cover of white fir and other conifers <24m; 30-99 yrs

e D-Late-open: 0-35% cover of white fir and other conifers 25-49m; >100 yrs

e [E-Late-closed: 35-100% cover of white fir and other conifers 25-49m; >100 yrs

e U-TA: Tree-Annual-Grass: 10-80% cover of young and older white fir and other conifers; >5%
cheatgrass cover; native grass and shrubs present to abundant
U-AG: Annual Grass: >10% cheatgrass cover; <10% shrub cover; trees largely absent; charred
logs or standing dead trees often present; native grasses and forbs present to abundant

Reference Condition:

e Natural Range of Variability

A-Early: 23%
B-Mid-closed: 21%
C-Mid-open: 14%
D-Late-open: 28%
E-Late-closed: 14%
U: 0%

Succession:

Succession is the standard five-box model with a dominant closed canopy succession and a probabilistic
alternate succession conditional on the time since the last fire (in VDDT jargon, Time-Since-Disturbance
or TSD):
o Closed canopy pathway
» Early-succession to mid-succession closed: 29 years
» Mid-succession closed to late-succession closed: 99 years
e Open canopy pathway
» Mid-succession open to late-succession closed: 99 years
e Alternate succession
» Mid-succession open to mid-succession closed: 31-99 years conditional upon lack of any
fire for 35 consecutive years
> Late-succession open to late-succession closed: 2100 years conditional upon lack of any
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fire for 35 consecutive years.

Natural Disturbances:

Fire is the dominant process in the mixed conifer biophysical setting. Replacement fire is present in all
classes and causes a transition to the beginning of the early-succession class (MC-A) for reference
classes. A mean fire return interval of 125 years (0.008/year) applies to the early-succession (MC-A),
mid-succession closed (MC-B), and late-succession closed (MC-E) classes. The mean fire return interval
lengthens to 400 years (0.0025/year) in the mid-succession open (MC-C) and late-succession open (MC-
D) classes that supports less heavy fuels than the closed classes. The trees with annual grasses class (TA)
experiences replacement fire every 190 years on average (rate of 0.0053/year) causing a transition to
the annual grass class (AG). This latter class burns every 10 years (rate of 0.1/year) with age reset at
zero.

Mixed severity fire occurs in the mid and late-succession closed classes (MC-B and E) reference classes
where they transition at a rate of 0.02/year (50 years) to the mid-succession open and late-succession
open classes respectively. Mixed severity fire also occurs in the trees with annual grasses class (TA) with
80% of the pixels converting to the annual grass class (AG) at a rate of 0.015/year (65 years return
interval) and the remaining pixels with trees unaffected.

Surface fire has a return interval equal to that of mixed severity fire (0.02/year), but only occurrs in the
mid-succession and late-succession classes and causes no transition.

A drought return interval rate of every 179 years (a rate of 0.0056/year) is used based on the frequency
of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of western juniper
(Juniperus occidentalis) tree ring data from the Walker River drainage of eastern California and western
Nevada. Although we recognize that droughts may be more common than every 179 years, severe
droughts, which are >7-year drought events with consecutive far-below average soil moisture (narrow
tree rings), kill naturally drought resistant species. Drought affects the early-succession class (MC-A) and
both late-succession reference classes because older trees are more vulnerable to stress. The mid-
succession classes are considered more resistant than other classes to drought because trees are in full
vigor. Drought thins the early-succession class (MC-A) under the assumption that conifer seedlings
would be killed. Intraspecific competition among trees is assumed less in the late-succession open class
(MC-D) where drought thins the older trees to the beginning of the succession classes. Intraspecific
competition is increased by greater tree cover (and presumably density) in the late-succession closed
class (MC-E); therefore, drought thinning causes a transition to the late-succession open class (MC-D)
while maintaining succession age.

Insect/disease outbreaks are more frequent than the return interval of severe drought and found in all
classes except early-succession (MC-A). A 100-year return interval (0.01/year) of insect/disease applies
to the mid-succession closed and open class (MC-B and C) and retains vegetation in the same classes
without resetting their age to zero. The return interval of insect/disease outbreaks increases to 50 years
(0.02/year) with 60% resulting in stand replacement and 40% thinning to the late-succession open class
(MC-D). The late-succession open class (MC-E) is also affected by the insect/disease disturbance with
thinning occurring within the class but without affecting the succession age at a rate of 0.001/year
(1,000 years). Insect/disease outbreaks also thin by 10 years (reversal of succession) the tree with
annual grass class (TA) to indicate that a fraction of the older trees are killed.

Annual grass invasion was weakly present in all mid-succession and late-succession classes at an
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arbitrary rate of 0.0001/year (10,000 years) and caused a transition to the tree with annual grass class
(TA).

Alternate succession applies to the mid-succession and late-succession open classes (MC-C, D). If no fire,
occurs for more than 35 years then the classes will transition in 3 years to the mid-succession and late-
success closed classes (MC-B, E), respectively, maintaining the age of the class. This disturbance
corresponds to infilling of fire-sensitive conifers among the older trees.

Climate change conversion affects only the early-succession open class at a rate of 0.12/year (8 years),
but in different ways depending on the phytoregion. The only consistency is that in each phytoregion
80% of the conversion occurs to pinyon-juniper early-succession open class.

e Inthe Columbia Plateau phytoregions :

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 80% to the pinyon-juniper early- succession open class (PJ-A) and to the
pinyon-juniper annual grass class (PJ-AG) ; and

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 20% to the ponderosa pine early- succession open class (PP-A) and to the
ponderosa pine annual grass class (PJ-AG).

e Inthe Eastern Sierra Nevada phytoregions:

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
converts10% to the chaparral early-succession open class (Chp-A) and to the chaparral
annual grass class (Chp-AG);

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 10% to the Jeffrey pine early-succession open class (JP-A) and to the Jeffrey
pine annual grass class (JP-A); and

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 80% to the pinyon-juniper early-succession open class (PJ-A) and to the
pinyon-juniper annual grass class (PJ-AG).

e Inthe Great Basin phytoregions:

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 10% to the chaparral early-succession open class (Chp-A) and to the chaparral
annual grass class (Chp-AG);

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 80% to the pinyon-juniper early-succession open class (PJ-A) and to the
pinyon-juniper annual grass class (PJ-AG); and

» The early-succession open class (MC-A) converts 10% to the ponderosa pine early-
succession open class (PP-A ) and to the ponderosa pine annual grass class (PJ-AG).

e Inthe Mojave phytoregions:

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
converts10% to the chaparral early-succession open class (Chp-A) and to the chaparral
annual grass class (Chp-AG);

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 80% to the pinyon-juniper early-succession open class (PJ-A) and to the
ponderosa pine annual grass class (PJ-AG);

» The early-succession open class (MC-A) and the annual grass class (AG), respectively,
convert 10% to the ponderosa pine early-succession open class (PP-A) and to the
ponderosa pine annual grass class (PJ-AG).
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State-and-Transition Model (cropped):
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Mixed Salt Desert (MSD)

Area of Application and Context:

¢ Wildlife Action Plan Revision
e Livestock grazing

e Fire suppression management
e Date created: 2011

Vegetation:

e A-Early: 0-5% cover of young Atriplex spp. or other shrubs; Indian ricegrass and squirreltail
common; 0-5 yrs

e B-latel-open: 5-20% cover Atriplex spp. or other shrubs; >6 yrs

o (- lLate2-open: 5-20% cover budsage <0.25m; >7 years

e U-AG: Annual-Grass: 5-30% cheatgrass cover; <10% shrub cover

e U-SA: Shrub-Annual-Grass: 5-20% cover of Atriplex spp. or other shrubs; 5-20% cheatgrass cover

e U-SD: Seeded: native or non-native (crested wheatgrass, Russian wheatgrass, forage kochia)
seed mix cover 5-20%

Reference Condition:

e Natural Range of Variability

Mojave Elko, Calcareous, Lahontan, Walker, E. Sierra Nevada
A-Early 7% 7%
B-Late1-Open 83% 71%
C-Late2-Open 10% 22%
U 0% 0%

Succession:

Two deterministic succession pathways occur in mixed salt desert. The primary succession follows the 2-
box pathway with heterogeneous vegetation starting with less than 5% Atriplex species and native grass,
and ending with up to 20% cover of Atriplex species. The second succession pathway occurs between
the late-succession budsage phase and the Atriplex-dominated phase of the primary succession:

e Early-succession to latel-succession open: 5 years
e [ate2-succession open to latel-succession open: 59 years

Natural Disturbances:

Mixed salt desert is not fire adapted. Among reference classes, replacement fire is only found in the
latel-succession open class (MSD-B), which will convert to the early-succession class (MSD-A) after fire.
The mean fire return interval in this class varies between 1,000 years (rate of 0.001/year) in the
Columbia Plateau phytoregions to 10,000 years (0.0001/year) in the other phytoregions. These very low
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rates simply admit the rare possibility of fire. In the uncharacteristic classes, all fires cause a transition
to the annual grass class (AG): the annual grass class (AG) and shrubs mixed with annual grass class (SA),
respectively, burn on average every 10 years (rates of 0.1/year) and 40 years (0.025/year) throughout all
phytoregions.

The disturbance very-wet-year causes root rot and root-boring insect attacks, leading to stand-replacing
effects that resets all reference classes to the beginning of age of the early-succession class (MSD-A) at
the same rate of 0.018/year (56 years) except in the Mojave phytoregion, where the early-succession
open class (MSD-A) converts at a rate of 0.01/year (100 years) and the late-succession open class (MSD-
C) converts at a rate of 0.05/year (20 years). These differences are caused by the analysis of different
Palmer Drought Severity Index time series. Uncharacteristic classes convert at rates that varied with
phytoregions:

e Inthe Columbia Plateau phytoregions, the shrubs with mixed annual and perennial grass class
(SAP) converts to the annual grass class (AG) at a rate of 0.018/year (56 years), in all other
phytoregions shrubs with mixed annual and perennial grass class transitions at a rate of
0.05/year (20 years);

e Inall phytoregions, very-wet-year is a self-loop in the seeded class (SD) that resets its age to
zero.

A drought return interval rate of every 179 years (a rate of 0.0056/year) is used based on the frequency
of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of western juniper
(Juniperus occidentalis) tree ring data from the Walker River drainage of eastern California and western
Nevada. Although we recognize that droughts may be more common than every 179 years, severe
droughts, which are >7-year drought events with consecutive far-below average soil moisture (narrow
tree rings), kill naturally drought resistant species. Drought affects the uncharacteristic classes mid-
succession and late-succession open (MSD-B and C) classes at a rate of 0.0056/year (179 years) by
converting both classes to late-succession open class (MSD-C). The uncharacteristic seeded class (SD) is
affected at the same rate, but is retained within the same class.

Managed herbivory applies to the early-succession (MSD-A), late1-succession open (MSD-B), and seeded
(SD) classes at a rate representing 5% of the grazable area in a phytoregion (this implementation rate
represents an average stocking rate that overrides the 5%/year rate in the models). In all cases,
managed herbivory is a self-loop that simply moves forward woody succession by one year when a pixel
is selected to indicate that livestock preferentially selects herbaceous vegetation over woody
vegetation.

Annual grass invasion affects the reference classes and the uncharacteristic seeded class (SD) at the
same rate of 0.005/year (200 years), but with differing results:

e The early-succession open class (MSD-A) converts to the annual grass class (AG)

e The mid-succession open class (MSD-B) and late-succession open class (MSD-C) converts to
the shrubs with mixed annual and perennial grass class (SAP);

e The seeded class (SD) converts to annual grass (AG) from ages 0-4 years, but to the shrubs
with mixed annual and perennial grass (SAP) after 5 years.

Natural recovery affects the seeded class (SD) only, where the uncharacteristic class transitions to the
early-succession open class (MSD-A) at a rate of 0.001/year (1,000 years) from ages 0-4 and to the mid-
succession open class (MSD-B) at a rate of 0.005/year (200 years) from ages 5-300. It is assumed that
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the seeded class (SD) will increasingly look like reference classes with time since seeding.

Climate change-conversion affects the early-succession open (MSD-A) class and the uncharacteristic
annual grass class (AG) by transitioning them to the creosote-bursage system only in the Great Basin
ecoregion (central and southern Nevada phytoregions) while retaining them in the same class at a rate
of 0.21/year (5 years). There is no climate change-conversion for the phytoregions in the Mojave
Desert, Columbia Plateau, or Sierra Nevada ecoregion.

Literature cited in LANDFIRE’s Model Tracker:

Blaisdell, J. P., and R. C. Holmgren. 1984. Managing intermountain rangelands-salt-desert shrub ranges.
General Technical Report INT-163. USDA Forest Service, Intermountain Forest and Range
Experiment Station, Ogden, UT. 52 pp.

NRCS. 2003. Major Land Resource Area 28A Great Salt Lake Area. Nevada Ecological Site Descriptions.
Reno, NV.

NRCS. 2003. Major Land Resource Area 28B Central Nevada Basin and Range. Nevada Ecological Site
Descriptions. Reno, NV.

NRCS. 2003. Major Land Resource Area 29 Southern Nevada Basin and Range. Nevada Ecological Site
Descriptions. Reno, NV.

Tiedemann, A. R,, E. D. McArthur, H. C. Stutz. R. Stevens, and K. L. Johnson, compilers. 1984.
Proceedings--symposium on the biology of Atriplex and related chenopods; 1983 May 2-6; Provo,
UT. Gen. Tech. Rep. INT-172. Ogden, UT. U.S. Department of Agriculture, Forest Service,
Intermountain Forest and Range Experiment. 309 pp.

State-and-Transition Model (cropped):
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Montane Riparian (MR) 1154 (carbonate or non-carbonate)

Area of Application and Context:

e Wildlife Action Plan Revision
e Livestock grazing

e Fire suppression management
e Date created: 2011

Vegetation:

e A-Early: 0-50% cover of cottonwood, willow, Wood's rose <3m; carex present; 0-5 yrs

e B-Mid-open: 31-100% cover of cottonwood, aspen, willow, young conifers, Wood’s rose <10m;
5-20yrs

e (-Late-closed: 31-100% cover of cottonwood, alder, aspen, conifer, willow 10-24m; >20 yrs

e U-SFE: Shrub-Forb-Encroached: 10-50% cover of unpalatable shrub and forb species (Rosa
woodsii and Rhus trilobata) in open areas or under tree canopy

e U-EF: Exotic-Forbs: 10-100% cover of exotic forbs (knapweed, tall whitetop, purple loosestrife,
thistle), salt cedar, or Russian olive

e U-DE: Desertification: Entrenched river/creek with 10-50% cover of upland shrubs (e.g., big
sage); cheatgrass absent to common

e U-PA: Pasture: agricultural pasture

Reference Condition:

e Natural Range of Variability

E. Sierra Nevada Elko, Calcareous, Lahontan, Walker
A-Early 13% 33%
B-Mid-closed 31% 39%
C-Late-closed 56% 28%
U 0% 0%

Succession:

Succession follows the 3-box pathway with heterogeneous vegetation starting with willow and Fremont
or narrow-leaf cottonwood, and wet meadows and ending with a forested mix of willow, cottonwood,
montane and subalpine conifer, aspen, and wet meadow. The succession pathway is entirely
deterministic with transitions occurring at the following ages:
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e Early-succession to mid-succession closed: 4 years
e Mid-succession closed to late-succession closed: 19 years

Natural Disturbances:

The montane riparian biophysical setting is deceptively simple but contains some of the most complex
dynamics of all biophysical settings due to the interaction of hydrological and floodplain vegetation
processes.

Flooding dominates the dynamics of this biophysical setting. Three levels of flooding are 7-year events
(0.13+/year) that kill or remove only herbaceous vegetation in the early-succession class (MR-A), 20-year
events (0.05/year) that kill or remove shrubs and young trees in the mid-succession closed class (MR-B),
and 100-year events (0.01/year) that top-kill larger trees and everything else in the late-succession
closed class (MR-C).

The beaver population is assumed low in Nevada; therefore, the rates of beaver-herbivory are low in this
model. Beaver-herbivory functions as a rotating disturbance where beavers fell woody vegetation, leave
the creek’s reach, and only return after substantial regrowth of aspen and willow has occurred, usually
after 20-25 years. The effect of beaver herbivory is assumed to decrease from early-succession to later-
succession vegetation classes. A rate of 0.05 (20-year return interval) is used in the early-succession
class (MR-A) with a reversal of woody succession by one year for chosen pixels. This rate is decreased to
0.04 (25 years) in the mid-succession closed class (MR-B); however, 50% of the herbivory is a stand-
replacing event, whereas the rest of the disturbance thins within the mid-succession closed class (MR-B)
to the beginning of the class. The rate of beaver herbivory drops in the late-succession class (MR-C) to
0.001/year partitioned equally between thinning within this class by reversal of woody succession by 5
years for chosen pixels and thinning to the mid-succession closed class (MR-B).

Replacement fire originates from the surrounding landscape and restarts the succession clock to age
zero in the early-succession class (MR-A) after sweeping through the riparian corridor. A common 50-
year fire return interval (0.02/year) applies to the mid-succession open (MR-B) and late-succession
closed (MR-C). Replacement fire acts as a self-loop in the exotic forb class (EF), shrub-forb-encroached
class (SFE), and desertified class (DE).

Another important disturbance is exotic invasion represented mainly by tall whitetop, knapweeds
(Centaurea spp.), and thistles. Exotic trees such as saltcedar and Russian olive are included in this class.
Exotic invasion causes a transition to the exotic forb class (EF) at a rate of 0.01/year. Roadways, off-
highway vehicles, and animals are usually the greatest vectors of exotic forbs. Exotic invasion occurs in
three classes: mid-succession open (MR-B), late-succession closed (MR-C), and shrub-forb-encroached
(SFE).

Managed herbivory applies to the reference and shrub-forb-encroached (SFE) classes at a rate
representing 5% of the grazable area in a phytoregion (this implementation rate represents an average
stocking rate that overrides the 5%/year rate in the models). Managed herbivory is a self-loop that
simply moves backward or forward woody succession depending on plant susceptibility to grazing. In
the early-succession class (MR-A), vegetation is considered very palatable and, as a result, livestock
grazing and trampling in the riparian floodplain reverses woody succession back to the beginning age
with removal of willow and cottonwood. As vegetation ages and starts exceeding the height of animals
in the mid-succession closed class (MR-B), livestock grazing and trampling cause a minor reversal of
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woody succession by one year for selected pixels. Under the more developed canopy of the late-
succession closed class (MR-C), livestock grazing moves woody succession forward by one year for
selected pixels by favoring woody understory and midstory species through the selective consumption
of herbaceous species. Livestock grazing in the shrub-forb-encroached (SFE) class cause a transition to
the desertified class (DE) because of bank slumping in a class of vegetation already the result of intensive
grazing.

Excessive herbivory is the cause of a class reflecting historic grazing that establishes the dominance of
riparian corridors by native forbs and shrub species unpalatable to domestic sheep and cattle (shrub and
forb encroached or U-SFE) at rates of 0.001/year (1,000 years). The rate of 0.001/year, however, is
replaced by an implementation rate equal to 0.1% of the grazable are in the phytoregion shared among
all vegetation classes (i.e., all grazable classes compete for livestock). The rate of excessive herbivory is
low because its effects are localized to water sources and pathways close to water sources; therefore, a
very small proportion of the landscape is affected. Only reference classes experience this disturbance.

Wild ungulate grazing is only associated with the carbonate version of riparian systems because of the
presence of elk in mostly eastern Nevada (we realize that elk has been introduced to central Nevada on
the volcanic geology of the Monitor Range). Wild ungulate grazing causes a transition in all reference
classes of 0.01/year (100 years) where 80% of the class remains in the class as a self-loop and the other
20% converts to the shrub-forb-encroached class (SFE). The rate of 0.01/year represents heavier use of
1 out of 100 pixels per year. Elk favor grass, thus favoring unpalatable vegetation, and can wallow in
riparian corridors.

Entrenchment is only present in the shrub-forb-encroached class (SFE) if livestock have not been
excluded from riparian systems for three consecutive years. Entrenchment causes a drop of the water
table and formation of a desertified (DE) floodplain. The rate of entrenchment is higher at 0.05/year
(caused by 20-year flood events in an unstable channel used by livestock) early after the creation of
shrub-forb-encroached class (SFE) from ages 0 to 4, whereas the rate drops to 0.01/year (corresponding
to a more energetic 100-year flood event) with aging of the vegetation after 5 years.

In the Columbia Plateau and Eastern Sierra Nevada phytoregions, the early-succession (MR-A) class
converts evenly between big sagebrush steppe early-succession open class (BSS-A) and big sagebrush
upland early-succession open class (BSu-A). In the Great Basin phytoregions, the early-succession class
(MR-A) converts to washes early-succession open class (WAS-A), and in the Mojave phytoregion, it
converts to the big sagebrush upland early-succession open class (BSu-A). There is no conversion in the
carbonate systems because we assume that the source of surface water is from a stable aquifer with
older water.

Literature cited in LANDFIRE’s Model Tracker:

Barbour, M. G., and W. D. Billings, editors. 1988. North American terrestrial vegetation. Cambridge
University Press, New York. 434 pp.

Barbour, M. G., and J. Major, editors. 1977. Terrestrial vegetation of California. John Wiley and Sons,
New York. 1002 pp.

Hall, E. R. 1946. Mammals of Nevada. University of Nevada Press. Reno, NV.

Johnson, C. G., and S. A. Simon. 1985. Plant associations of the Wallowa Valley Ranger District, Part Il
Steppe. USDA Forest Service, Pacific Northwest Region, Wallowa-Whitman National Forest. 258 pp.

Manning, M. E., and W. G. Padgett. 1995. Riparian community type classification for Humboldt and
Toiyabe national forests, Nevada and eastern California. USDA Forest Service, Intermountain Region.
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Nachlinger, J. and G. A. Reese. 1996. Plant community classification of the Spring Mountains National

Recreation Area, Clark and Nye Counties, Nevada. Report submitted to USDA Forest Service,

Humboldt-Toiyabe National Forest.
Sawyer, J. 0., and T. Keeler-Wolf. 1995. A manual of California vegetation. California Native Plant

Society, Sacramento. 471 pp.

State-and-Transition Model (cropped):

MR-U MR-U MR-U
EF SFE DE
a-99 0-9%. 0-97.

0-99
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Montane Sagebrush Steppe-mountain (MSm) 1126m

Area of Application and Context:

o Wildlife Action Plan Revision

e Livestock grazing

e Full fire suppression management
e Date created: 2011

Vegetation classes:

The mountain site of the big sagebrush biophysical setting represents subalpine elevations of mountain
big sagebrush with a greater importance of montane and subalpine mixed conifers replacing pinyon and
juniper and the near absence of cheatgrass, except as spotty and temporary occurrences after fires.
Mountain sites are also very resilient to disturbances.

e A-Early: 0-10% canopy of mountain sagebrush/mountain brush; >50% grass/forb cover; 0-12 yrs

e B-Mid-open: 11-30% cover of mountain sagebrush/mountain shrub; >50% herbaceous cover; 13-
37 yrs

e (-Mid-closed: 31-50% cover of mountain sagebrush/mountain brush; 25-50% herbaceous cover;
<10% conifer sapling cover; >38 yrs

e D-Late-open: 10-30% cover conifer <10m; 25-40% cover of mountain sagebrush/mountain brush;
<30% herbaceous cover; 80-129 yrs

e [-Late-closed: 31-80% conifer cover 10-25m; 6-20% shrub cover; <20% herbaceous cover; >129
yrs

e U-ES: Early-Shrub: 10-50% cover rabbitbrush species

e U-TE: Tree-Encroached: 31-80% conifer cover 10-25m; <5% shrub cover; <5% herbaceous cover;
>130yrs

e U-DP: Depleted: 20-50% cover of mountain big sagebrush/mountain brush; <10% herbaceous
cover; <5% cheatgrass cover; <10% conifer sapling cover; >50 yrs

e  U-SAP: Shrub-Annual-Grass-Perennial-Grass: 21-50% cover of mountain big sagebrush/mountain
brush; 210% cover of native grass; 5-10% cheatgrass cover; <10% conifer sapling cover; >50 yrs

o U-AG: Annual-Grass: 10-30% cover of cheatgrass; <10% shrub cover

Reference Condition:

e Natural Range of Variability

Lahontan, Elko, E. Sierra Nevad, Walke, Calcareous Mojave
A-Early 21% 21%
B-Mid-open 44% 43%
C-Mid-closed 22% 28%
D-Late-open 10% 3%
E-Late-closed 4% 5%
U 0% 0%
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Succession:

Succession follows the 5-box pathway with vegetation starting as predominantly herbaceous and ending
with conifer dominance and a viable shrub and herbaceous understory. The succession pathway is not
entirely deterministic as we used the tree-invasion probabilistic disturbance to cause a transition from
the mid-succession open (MSm-B) and mid-succession closed (MSm-C) classes to the late-succession
open (MSm-D) class. This rate of transition is 0.01/year. Pixels start transitionning at age 40 in the mid-
succession open class (MSm-B). This rate is consistent with the transition from Phase 1 to Phase 2 by
Miller and Tausch (2001): this rate approximately replicates encroachment levels proceeding in three
phases of about 50 years each. Deterministic succession transitions occur at the following ages:

e  Early-succession to mid-succession open: 12 years

e Mid-succession open to mid-succession closed: >38 years

e Mid-succession closed to late-succession open: 129 years (probabilistic)

e Late-succession open to late-succession closed: 2129 years (deterministic)

Natural Disturbances:

Replacement fire is the primary stochastic disturbance. Replacement fire restarts the succession clock to
age zero within the reference condition, which is labeled the early-succession class or MSm-A. The mean
return interval of replacement fire changes with vegetation classes: from 80 years (0.0125/year) in the
early-succession class (MSm-A), 40 years (0.025/year) in the mid-succession open class (MSm-C), 50 years
(0.02/year) in the mid-succession closed and late-succession open classes (MSm-C and MSm-D), to 77
years (0.013/year) in the wooded late-succession closed class (MSm-E).

Replacement fire in vegetation classes that already experienced a threshold transition will also cause a
threshold transition to other uncharacteristic classes. Fire in the tree-encroached class (TE) with a mean
fire return interval of 119 years (0.0084/year) causes a transition to the early shrub class (ES). The
depleted class (DP) burns with a 50-year return interval (0.02/year) and converts to the early shrub class
(ES). Fire in this latter class (50-year fire return interval) simply promotes rabbitbrush as a self-loop for
95% of outcomes, whereas for a small 5% of outcomes the vegetation reverts to the early-succession
class (MSm-A). A 50-year fire cycle applies to the ephemeral annual grass class (AG) and behaves as a
self-loop. A longer 50-year return interval compared to a 10-year return interval more typical of annual
grassland (Young et al. 1987; Young and Sparks 2002) is chosen because it is assumed that cheatgrass
patches are small and, therefore, fire is imported from the larger sagebrush communities. The patchy
shrub with mixed annual and perennial grasses class (SAP) will become the annual grass class (AG) 20% of
times and early-succession class (MSm-A) for the other 80% of occurrences after experiencing
replacement fire occurring every 25 years (rate of 0.04/year) mean of average. Fire in this originating
class is imported from the surrounding sagebrush community.

Drought affects older shrub classes and classes with trees. It is assumed that water is not limiting in this
subalpine sagebrush community at >14 inches of precipitation; however, montane and subalpine trees
will suffer from drought because they will be found in the warmer spectrum of their ecological niche. In
most cases, drought creates tree and older shrub mortality under the assumption that prolonged and
decreased soil moisture weakens plants that might ultimately be killed by insects or disease. Therefore,
we do not double-count mortality. A drought return interval rate of every 179 years (a rate of
0.0056/year) is used based on the frequency of severe drought intervals estimated by Biondi et al. (2007)
from 2,300 years of western juniper (Juniperus occidentalis) tree ring data from the Walker River
drainage of eastern California and western Nevada. Although we recognize that droughts may be more
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common than every 179 years, severe droughts, which are >7-year drought events with consecutive far-
below average soil moisture (narrow tree rings), kill naturally drought resistant shrubs and trees. For
vegetation classes in the reference condition, drought affects the mid-succession closed (MSm-C), late-
succession open (MSm-D), and late-succession closed (MSm-E) classes (i.e., not the first three classes of
succession) in different ways.

Drought partitions the classes in the following ways:

e Ten percent of the mid-succession closed class (MSm-C) is thinned to the previous class, whereas
90% remains in the current class.

e The late-succession open class (MSm-D) is affected in three ways because young conifers or old
shrubs are thinned:

» 10% thinning within the originating class (i.e., no change of class but the age returns to
the beginning of the class);

> 60% thinning to the previous class (mid-succession closed or MSm-C);

» 30% thinning to the mid-succession open class (MSm-B), where young trees are dense
enough to have started suppressing shrub cover.

e The late-succession closed class (MSm-E), which is wooded, behaves differently than others to
drought because trees have already somewhat suppressed the understory:

» 10% of the effect of thinning by drought kills trees, but releases the low cover of shrubs
and grass more typical of the mid-succession open class (MSm-B);

» For the remaining 90%, drought increases resource competition to the detriment of
shrubs and the herbaceous understory, therefore accelerating woody succession by 5
years when a pixel is chosen.

e Drought affects two uncharacteristic classes.

> The depleted class (DP) transitions to the early-shrub class (ES) 10% of times, whereas
slight thinning of shrubs within the depleted shrubland class (DP) represents the fate of
the remaining 90%.

e Drought thins the tree-encroached shrubland class (TE) to the early-shrub class (ES).

Tree-invasion (i.e., white fir, Douglas-fir, pinyon, juniper, and limber pine) is a time-dependent process
because tree seedlings required mature shrubs (we use between 40-100 years of succession but 100
years for uncharacteristic classes), such as sagebrush and bitterbrush, for nurse plants. We have
discussed tree-invasion above for reference classes. Uncharacteristic classes also experience tree
establishment. The depleted class (DP) and the shrubs with mixed annual and perennial grass class (SAP)
convert to the tree-encroached class (TE) after 100 years at the rate of 0.01/year, which is the rate used
in the primary succession.

Tree-encroachment of shrublands represents the elimination of shrubs and herbaceous cover by long-
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established trees. Tree encroachment affects the late-succession closed class (MSm-E), which is
converted completely to the tree-encroached class (TE) at arbitrary rates that increase with the age of
the trees in the class:

e 0.005/year from ages 150 to 209 years (250 years in the Mojave phytoregions);
e 0.01/year from ages 210 to 259 years (250 to 300 years in the Mojave phytoregions);
e 0.02/year after 260 years (after 250 years in the Mojave phytoregions).

Annual grass invasion (AG-invasion) occurs in all the reference classes and the depleted class (DP).
Annual grass invasion occurs at a rate of 0.0001/year (1 out of 10,000 pixels per year) in the early-
succession open class (MSm-A), where it converts to the annual grass class (AG). This low rate simply
indicates that invasion is nearly impossible or absent in the biophysical setting. The same low rate is
used for invasion in the late-succession closed class (MSm-E), which converts to the tree encroached class
(TE), a general class that can include annual grass cover. The presence of shade from trees is the main
cause for low annual grass invasion rates. The mid-succession classes (MSm-B and C; not in the Mojave
phytoregion) and the late-succession open class (MSm-D) and the depleted class (DP; not in Mojave
phytoregion) all convert to shrubs with mixed annual and perennial grass (SAP) at a rate of 0.001/year
(1,000 years). In the Mojave phytoregions, all reference classes convert to the shrubs with mixed annual
and perennial grass class (SAP) at a rate of 0.0025/year. In the Eastern Sierra Nevada and Great Basin
phytoregions, the mid-succession closed and late-succession open classes (MSm-C and D) transition to
the shrubs with mixed annual and perennial grass class (SAP) at a rate of 0.005/year (200 years).

Natural recovery is an age-dependent transition that allows the early-shrub class (ES) and the shrub with
mixed annual and perennial grasses class (SAP) to return to reference classes at a very slow rate of
0.001/year. The early-succession shrub class (ES), which is assumed very stable or resistant to change,
starts conversion at a rate to 0.001/year to the mid-succession open class (MSm-B) between ages 12 and
49 and to the mid-succession closed class (MSm-C) for ages 250. The shrub with mixed annual and
perennial grasses class (SAP) makes this same conversion, but only within the Eastern Sierra Nevada and
Great Basin phytoregions.

Managed herbivory applies to all reference classes at a rate representing 5% of the grazable area in a
phytoregion (this implementation rate represents an average stocking rate that overrides the 5%/year
rate in the models). Managed herbivory affects the reference classes from the early-succession to late-
succession open classes (MSm-A to D) and the uncharacteristic shrubs with mixed annual and perennial
grass class (SAP). The effect of managed herbivory is to move woody succession by one year for selected
pixels within the same class (self-loop) to indicate that livestock preferentially selects herbaceous
vegetation over woody vegetation.

Excessive herbivory affects the same classes as in managed herbivory at a low rate of 0.001/year (1/1000
pixels excessively grazed per year) with varying effects:

e The early-succession open class (MSm-A) converts to the early shrub class (ES);

e Seventy-five percent of the mid-succession open class (MSm-B) stays in that class while woody
succession is moved forward by one year, whereas 25% converts to the early shrub class (ES);

e The mid-succession closed class (MSm-C) converts to the depleted class (DP);

e Seventy-five percent of the late-succession open class (MSm-D) stays in that class while woody
succession is moved forward by one extra year, whereas 25% converts to the depleted class
(DP);

e The shrubs with mixed annual and perennial grass class (SAP) stays in the same class, but
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woody succession moves forward by 5 years for selected pixels.

Climate change conversion affects all classes, but with differences among phytoregions. The conversions
between montane sagebrush steppe-mountain and big sagebrush upland are direct as ages match
exactly—only the percentage of conversion varies among phytoregions; therefore we do not describe
these conversions, unless some exceptions require descriptions.

e Inthe Columbia Plateau, climate change conversion affects the classes at a rate of 0.0084/year
(119 years). Classes convert 50% to big sagebrush steppe (BSS) and 50% to big sagebrush-upland
at a rate of 0.0084/year. Big sagebrush steppe is most prevalent in the phytoregions of the
Columbia Plateau where indicator species such as Idaho fescue are common. The late-succession
closed class (MSm-E) is one exception because it converts entirely to the late-succession closed
class of big sagebrush upland (BSu-E); indeed, there is no equivalent class in big sagebrush
steppe. Because the age range of originating and recipient classes do not always match for big
sagebrush steppe, conversions can be involved:

>

The early-succession open class (MSm-A) and mid-succession open class (MSm-B)
from ages 12 and 19 years convert to the big sagebrush steppe early-succession
open class (BSS-A);

The mid-succession open class (MSm-B) from ages 20 to 49 years, mid-succession
closed class (MSm-C) from ages 50 to 59 years, and late-succession open class
(MSm-D) from ages 40 to 59 years convert to the big sagebrush steppe mid-
succession open class (BSS-B);

The mid-succession closed class (MSm-C) after age 59 years and late-succession
open class (MSm-D) from ages 60 to 114 years convert to the big sagebrush steppe
mid-succession closed class (BSS-C);

Fifty percent of the late-succession open class (MSm-D) converts to big
sagebrush upland late-succession open class (BSu-D).

The shrubs with mixed annual and perennial grass class (SAP), annual grass
class (AG), and early-shrub class (ES) convert equally to the same class in the

big sagebrush steppe and big sagebrush upland biophysical settings.

The depleted class (DP) converts equally to the big sagebrush steppe shrubs
with mixed annual and perennial grass (BSS-SAP) at a rate of 0.009/year

(111 years);

The tree-encroached class (TE) converts equally to the big sagebrush steppe

tree with annual grass class (TA) and to the big sagebrush upland tree-
encroached class (TE).

For the Eastern Sierra Nevada phytoregions and Great Basin phytoregions, climate
change conversion follow the same pathways as in the Columbia Plateau
phytoregions, but with the following differences: (1) the rate of conversion is
0.0089/year, (2) the percentage of conversion is 90% to big sagebrush upland versus
10% to big sagebrush steppe, and (3) the conversion for the late-succession open
and closed classes (MSm-D and E) are entirely (100%) to the same classes in the big
sagebrush upland biophysical setting.

In the Mojave phytoregions, the climate change conversion only affects the first two
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years of the early-succession open class (MSm-A), annual grass class (AG), and early-
shrub class (ES) by equally splitting the transition between chaparral, mountain
mahogany and ponderosa pine early-succession classes at a rate of 0.2/year, which
also shift ages by two years upon entering the recipient class. For the Mojave
phytoregions, the climate change conversion approach is the traditional one used in
most biophysical settings.
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Mountain Shrub (MSb) 1086

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
e Livestock grazing

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 0-10% canopy of Utah snowberry/antelope bitterbrush; 10-80% grass/forb cover; 0-12
yrs

e B-Mid-closed: 11-30% cover of Utah snowberry/antelope bitterbrush; >50% herbaceous cover;
13-38 yrs

e (C-Late-closed: 31-50% cover of Utah snowberry/antelope bitterbrush/mountain big sagebrush;
25-50% herbaceous cover, <10% conifer sapling cover; 38+ yrs

e D-Late-open: 10-20% pinyon pine-white fir cover <5m; 25-40% cover of Utah
snowberry/antelope bitterbrush/mountain big sagebrush; <30% herbaceous cover; 80-129 yrs;

e U-DP: Depleted: 20-50% cover of Utah snowberry/antelope bitterbrush/mountain big
sagebrush; <5% herbaceous cover; <10% pinyon sapling cover

e U-ES: Early-Shrub: 20-50% cover rabbitbrush species

e  U-SAP: Shrub-Annual-Grass-Perennial-Grass: 20-50% cover of Utah snowberry/antelope
bitterbrush/mountain big sagebrush; >5% cover of native

e U-TE: Tree-Encroached: >21% pinyon pine-white fir cover 10-25m; <5% shrub cover; <5%
herbaceous cover

Reference Condition:

e Natural Range of Variability

A-Early: 7%:
B-Mid-closed: 23%
C-Late-closed: 41%
D-Late-open: 29%
U. 0%

Succession:

This biophysical setting is considered a special case of montane sagebrush steppe-upland with mountain
shrubs (serviceberry, Stansbury cliffrose, or bitterbrush) providing a clear community signature.
Succession follows the 4-box pathway with vegetation starting as predominantly herbaceous with
resprouting shrubs and ending with pinyon, juniper, or white fir dominance and a viable shrub and
herbaceous understory. Deterministic succession transitions occur at the following ages:

e Early-succession to mid-succession open: 4 years
e Mid-succession open to mid-succession closed: 19 years
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e Mid-succession closed to late-succession closed: 79 years

Natural Disturbances:

Replacement fire is the primary stochastic disturbance. Because the biophysical setting is generally
small and widespread, the source of fire is importation from the surrounding biophysical settings, which
would be mostly montane sagebrush steppe-upland. Replacement fire restarts the succession clock to
age zero within the reference condition, which was labeled the early-succession or MSh-A class. The
mean return interval of replacement fire changes with vegetation classes: from 80 years (0.0125/year) in
the early-succession class (MSh-A), 50 years (0.02/year) in the mid-succession closed class (MSh-B), 40
years (0.025/year) in the late-succession closed class (MSh-C), to 149 years (0.0067/year) in the more
wooded late-succession open class (MSh-D).

Replacement fire in vegetation classes that already experienced a threshold transition also causes a
threshold transition to other uncharacteristic classes:

¢ In all phytoregions, the early shrub class (ES) burns as a self-loop at a rate of 0.02/year (50
years);

e In all phytoregions, the depleted class (DP) converts to the early shrub class (ES) at a rate of
0.02/year (50 years), except in the Columbia Plateau phytoregions where the rate is
0.025/year (40 years);

e Inthe Columbia Plateau phytoregions where being more north allows for more moisture, 10%
of the shrubs with mixed annual and perennial grass class (SAP) converts to the early-
succession open class (MSh-A) at a rate of 0.025/year (40 years), whereas the remaining 90%
of the vegetation stays in shrubs with mixed annual and perennial grass class (SAP), but with
its age reset at zero;

e Inthe Mojave Desert phytoregions where Stansbury’s cliffrose often replaces serviceberry,
5% of the shrubs with mixed annual and perennial grass class (SAP) converts to the early-
succession open class (MSh-A) at a rate of 0.025/year (40 years), whereas the remaining 95%
of the vegetation stays in shrubs with mixed annual and perennial grass class (SAP), but with
its age reset at zero;

e Inall phytoregions except those in the Columbia Plateau and Mojave Desert, the shrubs with
mixed annual and perennial grass class (SAP) resets the class completely age zero within the
same class at a rate of 0.025/year (40 years); and

e The tree-encroached class (TE) converts to the early shrub class (ES) with a mean fire return
interval of 150 years (rate of 0.0067/year).

Drought generally creates tree and shrub mortality under the assumption that prolonged and decreased
soil moisture weakened plants that might ultimately be killed by insects or disease. Therefore, we do
not double-count mortality. A drought return interval rate of every 179 years (a rate of 0.0056/year)
was used based on the frequency of severe drought intervals estimated by Biondi et al. (2007) from
2,300 years of western juniper (Juniperus occidentalis) tree ring data from the Walker River drainage of
eastern California and western Nevada. Although we recognize that droughts may be more common
than every 179 years, severe droughts, which are >7-year drought events with consecutive far-below
average soil moisture (narrow tree rings), kill naturally drought resistant shrubs and trees. For
vegetation classes in the reference condition, drought induced mortality either causes a transition to the
previous succession class (10%) or a reversal of woody succession within the same vegetation class
(90%). In the early-succession class (MSh-A), woody succession is reversed to age 0. In uncharacteristic
classes, drought causes 10% of selected pixels to transition to the early shrub class (ES) from the
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depleted class (DP) and the tree-encroached class (TE), while the remainder is retained in the depleted
(DP) and tree encroached (TE) classes, respectively. In the Columbia Plateau and Mojave phytoregions,
the shrubs with mixed annual and perennial grass class (SAP) converts 5% to early-succession open class
(MSh-A), and the rest remains within the class. In the Eastern Sierra Nevada and Great Basin
phytoregions, this increases to 10% that converts to early-succession open class (MSh-A).

Tree invasion differs from tree-encroachment by representing the beginning of tree dominance in
shrublands and does not cause the elimination of the understory (the understory might already be
suppressed, however, before tree invasion); however, tree invasion only affects the uncharacteristic
depleted class (DP) and shrubs with mixed annual and perennial grass class (SAP), where they transition
to the tree encroached class (TE) at a rate of 0.01/year (100 years) starting in year 50. This rate
approximately allows tree invasion to follow the three phases of invasion of pinyon and juniper in
sagebrush shrublands (Miller and Tausch 2001).

Tree-encroachment of shrublands by pinyon, juniper, or white fir occurs when trees have been present
long enough to eliminate the shrub and herbaceous understory. We assume that this process starts 250
years within the succession. Tree-encroachment in the late-succession open class (MSh-D) causes a
transition to the tree-encroached class (TE) at a rate of 0.02/year starting in year 250.

Annual grass invasion affects all reference classes and the depleted class (DP) within the Columbia
Plateau and Mojave phytoregions, where they are all converted to the shrubs with mixed annual and
perennial grass class (SAP). This applies to the remaining phytoregion as well, with the exception that
the early-succession open (MSh-A) class is not affected.

e Inthe Mojave phytoregions, the early-succession class (MSh-A) and the late-succession open
class (MSh-D) are affected at a negligible rate of 0.0001/year (1 out of 10,000 pixels per year);

e The mid-succession closed class (MSh-B) and depleted class (DP) transition at a rate of 0.001/
year (1,000) years in all phytoregions. The early-succession, late-succession closed, and late-
succession open classes (MSh-A, C, D) in the Columbia Plateau and in the Mojave phytoregions
transition at a rate of 0.001/year.

e |nthe Eastern Sierra Nevada and Great Basin phytoregions, the late-succession closed and open
classes (MSh-C and D) transition at a rate of 0.005/year.

Managed herbivory applies to all reference classes at a rate representing 5% of the grazable area in a
phytoregion (this implementation rate represents an average stocking rate that overrides the 5%/year
rate in the models). In mid-succession closed class (MSh-B) and late-succession closed class (MSh-C),
managed herbivory is a self-loop that simply moves forward woody succession by one year when a pixel
is selected to indicate that livestock preferentially selects herbaceous vegetation over woody
vegetation. Managed herbivory is present, but has no effect on woody succession in the early-
succession class (MSh-A) and late-succession open class (MSh-D).

Excessive herbivory affects the same classes as managed herbivory at a rate of 0.001/year. The rate of
0.001/year, however, is replaced by an implementation rate equal to 0.1% of the grazable are in the
phytoregion shared among all vegetation classes (i.e., all grazable classes compete for livestock). The
rate of excessive herbivory is low because its effects are localized to water sources and pathways close
to water sources; therefore, a very small proportion of the landscape is affected. Excessive herbivory
causes the following changes:

e The early-succession class (MSh-A) converts to the early-shrub class (ES);
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e The mid-succession closed class (MSh-B) and late-succession closed class (MSh-C) convert to
the depleted class (DP);

e In the Columbia Plateau and Mojave phytoregions, the late-succession open class (MSh-D)
converts to tree encroached class (TE); and

e In the Great Basin and Eastern Sierra Nevada phytoregions The late-succession open class
(MSh-D) converts to the depleted class (DP) from ages 80 to 149 years and to the tree-
encroached class (TE) for ages >149 years.

Natural recovery affects the early shrub (ES) class. From ages 5-19 years, the early shrub class (ES)
converts to mid-succession closed class (MSh-B), to the late-succession closed class (MSh-C) from ages
20-80 years.

Climate change conversion has a very complicated effect on mountain shrub. Conversion is also age
dependent. In the Eastern Sierra Nevada, Great Basin and Columbia Plateau phytoregions, the rate of
conversion is 0.008/year (125 years) and all classes are transformed, whereas the rate increases to
0.18/year (6 years) and is limited to two classes in the Mojave phytoregions. The primary reason for this
difference is that the mountain shrub biophysical setting in the northern phytoregions shares the same
shrub species as the big sagebrush systems they convert to (therefore only the potential needs to
change, not fundamentally the species composition), whereas entirely different species of shrub (e.g.,
Stansbury cliffrose) are involved in the Mojave Desert.

e Inthe Mojave phytoregions:

> The early-succession open class (MSh-A) converts to the chaparral early-succession open
class (Chp-A); and
» The early shrub class (ES) converts to the chaparral early-succession open class (Chp-A).

e Inthe Columbia Plateau phytoregions, all changes cause a 50%-50% split in conversion between
the big sagebrush steppe and big sagebrush upland biophysical settings:

> The early-succession open class (MSh-A) converts to the early-succession open classes
(BSS-A and BSu-A);

» The mid-succession closed class (MSh-B) converts to early-succession classes (BSS-A from
ages 5 to 10 years and BSu-A from ages 5 to 11 years) and to the mid-succession open
class (BSu-A) from ages 12 to 19 years;

> Fifty percent of the late-succession closed class (MSh-C) converts to the big sagebrush
steppe mid-succession open classes (BSS-B) from ages 20 to 59 years and to the late-
succession closed class (BSS-C) from ages 60 to 79 years, whereas the remaining 50%
converts to the big sagebrush upland mid-succession open classes (BSS-B) from ages 20
to 49 years and to the late-succession closed class (BSS-C) from ages 50 to 79 years;

» The late-succession open class (MSh-D) converts to big sagebrush steppe mid-succession
closed class (BSS-C) and to the big sagebrush upland /ate-succession open class (BSu-D)
from ages 80 to 114 years and late-succession closed class (BSu-E) for ages >114 years;

» The early shrub (ES) converts to big sagebrush steppe and big sagebrush upland early
shrub (BSS-ES and BSu-ES);

» The shrubs with mixed annual and perennial grass (SAP) converts to the shrubs with
mixed annual and perennial grass class (BSS-SAP and BSu-SAP); and

» The tree-encroached class (TE) converts to the big sagebrush steppe trees with annual
grass (BSS-TA) and to the big sagebrush upland tree encroached class (BSu-TE).
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e Inthe Eastern Sierra Nevada and Great Basin phytoregions, the pathway of conversion are
similar but the percentages of conversion differ with 10% transforming into big sagebrush
steppe and 90% in big sagebrush upland.
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Paloverde Mixed Cacti(PMC) 1109

Area of Application and Context:

e State Wildlife Action Plan

e Livestock grazing possible: this biophysical setting is so small within the tip of southern
Nevada, that livestock grazing, if even present outside of Desert Tortoise Management areas,
would not be an important part of this model

e  Full fire suppression management

e Date created: 2011

Vegetation classes:

e A: Early-open: 5-30% herbaceous cover dominated by brittlebrush (Encelia farinosa); 0-19 yrs

e B: Mid-open: 5-30% cover of brittlebrush with woody succulents and woody early-succession
plants growing beneath the brittlebrush canopy; 20-94 yrs

e (: Late-closed: 5-30% cover of white bursage (Ambrosia dumosa); 10-30% cover of succulents
and small tree-dominated communities (Carnegiea gigantea, Parkinsonia spp., Ferocactus spp.,
Fouqueria splendens, Acacia greggii, and Olneya tesota); >95 yrs

Reference Condition:

e Natural Range of Variability (Only found in the Mojave phytoregion)

A-Early: 15%
B-Mid-open: 19%
C-Late-closed: 76%
U: 0%

Succession:

Succession follows the 3-box pathway with vegetation starting as predominantly dominated by
brittlebrush and ending with a sometimes diverse community of Ambrosia, succulents, and small desert
trees. Deterministic-succession transitions occur between the three boxes:

e Early-succession to mid-succession open: 19 years
e  Mid-succession open to late-succession closed: 94 years.

Natural Disturbances:

Very few natural disturbances affect paloverde mixed cacti: drought, replacement fire, and freeze. The
biophysical setting is not fire adapted.

With fuels accumulating during succession, replacement fire occurs in the late-succession closed class
(PMC-C), where it converts completely to early-succession class (PMC-A) at a low rate of 0.001/year

(1,000 years). This low rate arbitrarily represents rare events.

A low drought return interval rate of every 1,000 years (a rate of 0.001/year) is used, as opposed to the
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severe drought return interval of 179 years we obtained from Biondi et al. (2010) for other models in
the WAP, because the Nevada occurrence of this highly drought-adapted biophysical would be located
in the moistest part of his distribution. The 1,000-year interval used here is from the original LANDFIRE
model and simply indicates the rarity of this disturbance. The mid-succession open and late-succession
closed classes (PM-B and C) transition to the early-succession class (PMC-A) after drought.

The type of freeze that affects paloverde mixed cacti is hard and would need to last for several
consecutive days. Such hard freezes are believed to be less common than 100-year events in the lower
Colorado River region. Because weather records have not been kept long enough to show longer than
100-year events, the LANDFIRE experts who developed the original model arbitrarily chose 1,000-year
freeze events. Freezes occur only in the mid-succession open and late-succession closed classes (PM-B
and C), where they both completely transition back to the early-succession open class (PMC-A) at the
same low rate of 0.001/year (1,000 years).
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Pinyon-Juniper Woodland (PJ) 1019

Area of Application and Context:

¢ Wildlife Action Plan revision

e Livestock grazing

e Fire suppression management
e Date created: 2011

Vegetation classes:

e A-Early: 5-20% herbaceous cover; 0-9 yrs

e B-Midl-open: 11-20% cover big sage or black sage <1.0m; 10-40% herbaceous cover; 10-29 yrs

e (C-Mid2-open: 11-30% cover of pinyon and/or juniper <5m; 10-40% shrub cover; <20%
herbaceous cover; 30-99 yrs

e D-Late-open: 31-50% cover of pinyon and/or juniper <5m-9m; 10-40% shrub cover; <20%
herbaceous cover; >99 yrs

e U-TA: Tree-Annual-Grass: 31-50% cover of pinyon and/or juniper <5m-9m; 10-40% shrub cover;
<20% cheatgrass cover

e U-AG: Annual-Grass: 5-30% cheatgrass cover; <10% shrub cover

Reference Condition:

e Natural Range of Variability

A-Early: 2%
B-Mid1-open: 6%
C-Mid2-open: 19%
D-Late-open: 73%
U: 0%

Succession:

Succession follows the 4-box pathway with vegetation starting as predominantly herbaceous and ending
with old (>300 years) pinyon and juniper and generally with a viable shrub and herbaceous understory.
The succession pathway is entirely deterministic. Deterministic succession transitions occur at the
following ages:

e  Early-succession to mid-succession open: 9 years
e Mid1-succession open to mid2-succession open: 29 years
e Mid2-succession open to late-succession open: 99 years

Natural Disturbances:

Replacement fire restarts the succession clock to age zero within the reference condition, which was
labeled the early-succession or PJ-A class. The early-succession class represents a native condition of
woodlands with a dominant cover of usually annual early succession and perennial herbaceous species.

220




The mean return interval of replacement fire was 200 years (0.005/year) in the early-succession class (PJ-
A), mid1-succession open class (PJ-A), and mid2-succession open class (PJ-C). A lower rate of 0.003/year
(333 years) is used for these classes in the Mojave phytoregions. A longer return interval of 500 years
(0.002/year) is used in the late-succession open classes (PJ-D), but increases to 1,000 years (0.001/year)
in the Mojave phytoregions. Replacement fire in vegetation classes that already experienced a

threshold transition also causes a threshold transition to other uncharacteristic classes. The fire return
interval is 200 years in the tree with annual grass class (TA), which causes a conversion to the annual
grass class (AG). A 10-year fire cycle applies to the annual grass class (AG) and fire behaves as a self-
loop.

Surface fire is present in older woodlands (late-succession open class or PJ-D) with a 1,000-year fire
return interval (0.001/year) indicating rare events (Bauer and Weisberg 2009).

Drought is found in most classes and causes stand replacing events (generally 10% of times) or stand
thinning (90% of times). In most cases drought creates tree and shrub mortality under the assumption
that prolonged and decreased soil moisture weakens plants that might ultimately be killed by insects or
disease. Therefore, we do not double-count mortality. A drought return interval rate of every 179 years
(a rate of 0.0056/year) is used based on the frequency of severe drought intervals estimated by Biondi
et al. (2007) from 2,300 years of western juniper (Juniperus occidentalis) tree ring data from the Walker
River drainage of eastern California and western Nevada. Although we recognize that droughts may be
more common than every 179 years, severe droughts, which are >7-year drought events with
consecutive far-below average soil moisture (narrow tree rings), kill naturally drought resistant shrubs
and trees. For vegetation classes in the reference condition, drought affects the mid2-succession open
(PJ-C) and late-succession open (PJ-D) classes (i.e., not the first two classes of succession). The mid2-
succession closed class (PJ-C) follows the pattern of 90% thinning within the class (to its beginning) and
10% to the previous succession class, mid1-succession open class (PJ-B), which assumes older trees are
more affected. Drought behaves differently with the late-succession open class (PJ-D) because older
trees become more vulnerable to the baseline 179-year return interval of severe droughts and
additional insect attacks (both sources are assumed in the total 0.0168/year rate [60 years] for drought
in the model). Drought effects to the late-succession open class (PJ-D) are partitioned into three
pathways: 90% thinning within the class to age 100 year, 7% thinning to the previous class (mid2-
succession open or PJ-C), and 3% to the mid1-succession open class (PJ-B) at a faster rate of 0.0067/year
(150 years). The only uncharacteristic class affected is tree with annual grass class (TA), with 90%
thinned within the class and 10% converted to the annual grass class (AG).

Annual grass invasion (AG-invasion) is set at a slow rate of 0.001/year (1 out of 1,000 pixels converted to
a cheatgrass-invaded class per year) was chosen. A base rate of 0.001/year was estimated from data of
northwest Utah collected by the Utah Division of Wildlife Resources in black sagebrush semi-desert.
Black sagebrush semi-desert is usually considered more resistant to cheatgrass invasion than Wyoming
big sagebrush semi-desert or other big sagebrush dominated biophysical settings. The soils of pinyon-
juniper woodlands are either harsher or similar to those of black sagebrush. Annual grass invasion (AG-
invasion) started in the mid2-succession open class (PJ-C) and continued in the late-succession open class
(PJ-D), causing a transition to the tree with annual grass class (TA).

Climate change conversion (CC-Conversion) only affects the early-succession open class (PJ-A) and the
annual grass class (AG) at the same rate of 0.59/year (1.7 years) from years 0 to 1 (pixels enter the

recipient biophysical settings at age 2 to avoid a double conversion in two time steps).

e Ten percent of the early-succession open class (PJ-A) converts to low-black sagebrush early-
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succession open class (LBS-A), whereas the remaining 90% converts to Wyoming big
sagebrush early-succession open class (WS-A);

e Ten percent of the annual grass class (AG) converts to the low-black sagebrush annual grass
class (LBS-AG) with the remaining converting to the Wyoming sagebrush annual grass class
(WS-AG).

In the Mojave region the rate increases to 0.95/year (1 year), but the recipient classes and percentages
of conversions changes to 50% to blackbrush mesic (BM-A and AG) and 50% to low-black sagebrush
(LBS-A and AG).
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Ponderosa Pine (PP) 1054

Area of Application and Context:

Wildlife Action Plan revision
e Livestock grazing, except in Great Basin National Park

e Fire suppression management
o Date created: 2011

Vegetation classes:

e A-Early: 0-60% cover of shrub/grass; conifer seedlings can be abundant <5m; 0-39yrs

e B-Mid-closed: 31-60% cover of ponderosa pine, Douglas-Fir, and white fir 5-10m; dense shrub
cover possible; 40-159yrs

e (C-Mid-open: 10-30% cover of ponderosa pine (dominant), Douglas-Fir, and limber pine 5-10m;
abundant shrub and grass cover; 40-159 yrs

e D-Late-open: 10-30% cover of ponderosa pine (dominant), Douglas-Fir, and limber pine 11-50m;
abundant shrub and grass cover; >160 yrs

e [E-Late-closed: 31-80% cover of ponderosa pine, Douglas-Fir, and limber pine 11-50m; mountain
snowberry common; >160 yrs

e U-TA: Trees with annual grass: 10-80% cover of young and older ponderosa pine and other
conifers; >5% cheatgrass cover; native grass and shrubs present to abundant

o U-AG: Annual grass: >10% cheatgrass cover; trees largely absent; charred logs or standing dead
trees often present; native grasses and forbs present to abundant

Reference Condition:
Natural Range of Variability (Not found in the Eastern Sierra Nevada phytoregion)

A-Early: 11%
B-Mid-closed: 2%
C-Mid-open: 34%
D-Late-open: 52%
E-Late-closed: 1%
U: 0%

Succession:
Succession is a five-box model with two parallel succession pathways: the dominant succession is with
an open canopy, whereas the other is closed. The closed pathway starts with a probabilistic alternative

succession conditional on the time since the last fire:
e Open canopy pathway

» Early-succession to mid-succession open: 39 years
» Mid-succession open to late-succession open: 159 years

e Closed canopy pathway

» Early-succession to mid-succession closed: probabilistic succession conditional upon the
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absence of any fire for 38 consecutive years in a pixel
» Mid-succession closed to late-succession closed: 159 years

e Alternate succession (AltSuccession)

» Mid-succession open to mid-succession closed: from 40 to 159 years conditional upon
lack of any fire for 80 consecutive years

> Late-succession open to late-succession closed: 2160 years conditional upon lack of any
fire for 100 consecutive years

An additional succession pathway occurs between the uncharacteristic annual grass class (AG) and the
tree with annual grass class (TA) at age 39. The fire regimes of ponderosa pine and cheatgrass are
compatible and we assume that cheatgrass will not harm ponderosa pine succession.

Natural Disturbances:
Fire is the dominant process in the ponderosa pine biophysical setting.

Replacement fire was present in all classes, but less frequent in the open classes with less fuel build-up.
A mean fire return interval of 100 years (0.01/year) applies to the early-succession class (PP-A), whereas
a 400-year fire return interval (0.0025/year) in used in the mid-succession open (PP-C) and late-
succession open (PP-D) classes. In the closed pathways (PP-B and E) with more standing woody fuels
and fuel ladders, the fire return interval is shorter at 150 years (0.0067/year) for both classes. In the
uncharacteristic classes, the fire return interval is as short as 10 years (0.1/year) in the annual grassland
class (AG) and longer (149 years or 0.0067/year) in the tree with annual grass class (TA). For both
uncharacteristic classes, replacement fire caused a transition to the beginning of the annual grass class
(AG).

Mixed severity fire was more frequent in closed classes with a fire return interval varying from 25 years
(0.04/year) in the mid-succession closed class (PP-B) to 20 years in the late-succession closed class (PP-E)
due to more fuel build up transitioning in these classes. Mixed severity fire thins younger trees and
results in a transition to the open classes while keeping the same succession age (older trees are
generally preserved). The fire return interval lengthens to 36 years (0.028/year) in the mid-succession
open and late-succession open classes (PP-C and PP-D). Thinning is within the class and woody
succession is reverse by 10 years for burned pixels. Mixed severity fire also occurs in the tree with
annual grass class (TA) at a return interval of 25 years (0.04/year); however, 25% of the burn causes a
transition to the annual grassland class (PP-AG) but leaves 75% unaffected. The fire return interval
increases to 50 years (0.02/year) within the trees with annual grass (TA) class and only 10% transitions
to the annual grass (AG) within the Mojave phytoregion.

Surface fire only occurrs in the open succession classes and causes no transition. The fire return interval
is 25 years (0.04/year) in the mid-succession open class (PP-C) and shorter at 20 years (0.05/year) in the
late-succession open class (PP-D) class.

The Insect/disease disturbance has a 200-year return interval (0.005/year), which thins the mid-
succession closed class (PP-B) towards the mid-succession open class (PP-C) class. The rate increases to
0.02/year (50 years) for the late-succession closed class (PP-E), which causes thinning to the late-
succession open class (PP-D). Insect/disease outbreaks convert 10% of the uncharacteristic tree with
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annual grass class (TA) to the annual grassland class (AG), whereas the remaining 90% suffers single tree
mortality that is not sufficient to cause a change in succession age. The late-succession closed class (PP-
E) is thinned to the late-succession open class (PP-D) by insects and disease with a return interval of 50
years (0.02/year). Insect and disease attacks are assumed greater in younger than older closed classes
because intra-specific competition is stronger in the first decades of succession.

Senescence affects the late-succession class (PP-D and E) at a rate of 0.01/year (100 years) by causing
them to revert to the previous open or closed class, respectively (PP-C and B). Without this disturbance,
trees would grow beyond the known longevity of the species.

Annual grass invasion was weakly present in mid-succession and late-succession closed classes (PP-B and
E). We use a very low and arbitrary rate of 0.0001/year (1,000 years) because the shade from closed
canopies reduces greatly the productivity of the understory. Under more open canopies (PP-C and D),
the rate of annual grass invasion increases by 5 times to 0.005 (200 years), a rate more typical in other
WAP models. All invasions cause a transition to the tree with annual grass class (TA) with succession age
maintained.

Under the influence of tree competition and more moist soil conditions of the ponderosa pine
biophysical setting, natural recovery allows a transition from the tree with annual grass class (TA) to the
mid-succession closed class (PP-B) from ages 40 to 159 years and to the late-succession closed class (PP-
E) from ages 160-500 years if there has been at least 30 years since a disturbance such as fire. The lack
of disturbance guarantees that pixel will enter a closed canopy class.

Managed herbivory applies to all reference classes and the uncharacteristic trees with annual grass class
(TA) at a rate representing 5% of the grazable area in a phytoregion (this implementation rate
represents an average stocking rate that overrides the 5%/year rate in the models). Grazed pixel
experience accelerated succession by one additional year to represent the preference of livestock for
herbaceous species over woody species, thus favoring woody succession.

Excessive herbivory affected all reference classes and uncharacteristic class trees with annual grass class
(TA) at the same rate of 0.001/year (1,000 years). The rate of 0.001/year, however, is replaced by an
implementation rate equal to 0.1% of the grazable are in the phytoregion shared among all vegetation
classes (i.e., all grazable classes compete for livestock). The rate of excessive herbivory is low because its
effects are localized to water sources and pathways close to water sources; therefore, a very small
proportion of the landscape is affected. Grazed pixels remain in their classes, but their age shifts
forward by 5 years to represent the intense use of herbaceous species by livestock in restricted areas,
thus favoring woody succession.

Climate change conversion only affects the early-succession open class (PP-A) and the uncharacteristic
class annual grass (AG) at the same rate of 0.99/year (~1 year), however differently between
phytoregions.

e Inthe Columbia Plateau phytoregions, the early-succession open class (PP-A) converts equally
(50%-50%) to the curl-leaf mountain mahogany early-succession open class (MM-A) and the
to the pinyon-juniper early-succession open class (PJ-A).

¢ Inthe Great Basin phytoregions, the early-succession open class (PP-A) converts equally (1/3,-
1/3-1/3) to the chaparral early-succession open class (CHp-A), to the curl-leaf mountain
mahogany early-succession open class (MM-A), and to the pinyon-juniper early-succession
open class (PJ-A).
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State-and-Transition Model (cropped):
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Semi-Desert Grassland (SDG) 1135

Area of Application and Context:

¢ Nevada Wildlife Action Plan Revision
e Limited livestock grazing

e Fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 10-40% cover of grasses (Indian ricegrass and desert needlegrass, and in the Mojave
Desert big galleta and bush muhly); <5% shrub cover (spiny menadora); 0-20 yrs

e B-Mid-Closed: >25% cover of grasses (Indian ricegrass and desert needlegrass, and in the
Mojave Desert big galleta and bush muhly); 5-25% shrub cover (spiny menadora)

e U-DP: Depleted: 5-30% shrub cover; < 10% cover of grasses; 10-30% bare ground cover

e U-ES: Early-Shrub: 10-30% cover of rabbitbrush; 10-30% bare ground cover; <10% native grass
cover

o U-SAP: Shrub-Annual-Grass-Perennial-Grass: 5-30% shrub cover; 5-15% cover of annual grasses;
native grasses may be present to common

Reference Condition:

e Natural Range of Variability

A-Early: 18%
B-Mid-closed: 82%
U:0%

Succession:

Succession is simple in this two-box model:
e Early-succession to mid-succession closed: 20 years

Natural Disturbances:

Replacement fire reverts reference classes back to age 0 of the early-succession class (SG-A). The fire
return interval is 120 years (rate of 0.0083/year) in the early-succession open class (SG-A) and 94 years
(rate of 0.0106/year) in the mid-succession open class (SG-B). Replacement fire also affects the
uncharacteristic classes at different rates.

e The depleted class (DP) converts to the early shrub class (ES) at a rate of 0.005/year (200
years);

e The early shrub class (ES) burns as a self-loop at a rate of 0.0106/year (94 years), which
resets the age to zero within the class;

e The shrubs with mixed annual perennial grass class (SAP) burns at a rate of 0.1/ year (10
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years) from ages 0-19 years (thus behaving like a non-native annual grassland) and at a rate
of 0.0106/year (94 years) from ages 20-300 years, which resets the age to zero within the
class.

Drought only affects the late-succession open class (SG-B) and the uncharacteristic shrubs with mixed
annual and perennial grass class (SAP), which are each retained in the same class and reset to age zero.
A drought return interval rate of every 179 years (a rate of 0.0056/year) is used based on the frequency
of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of western juniper
(Juniperus occidentalis) tree ring data from the Walker River drainage of eastern California and western
Nevada. Although we recognize that droughts may be more common than every 179 years, severe
droughts, which are >7-year drought events with consecutive far-below average soil moisture (narrow
tree rings), will kill naturally drought resistant species.

Managed herbivory applies to the early-succession and mid-succession closed classes (SG-A and B) at a
rate representing 5% of the grazable area in a phytoregion (this implementation rate represents an
average stocking rate that overrides the 5%/year rate in the models). Grazed pixel experience
accelerated succession by two additional years to represent the preference of livestock for herbaceous
species over woody species, thus favoring woody succession.

Excessive herbivory affects the early-succession and mid-succession closed classes (SG-A and B) at the
same rate of 0.001/year (1,000 years). The rate of 0.001/year, however, is replaced by an
implementation rate equal to 0.1% of the grazable are in the phytoregion shared among all vegetation
classes (i.e., all grazable classes compete for livestock). The rate of excessive herbivory is low because its
effects are localized to water sources and pathways close to water sources; therefore, a very small
proportion of the landscape is affected. Grazed pixels of the early-succession class (SDG-A) are
converted to the early shrub class (ES) by excessive herbivory. With excessive herbivory, the mid-
succession closed class (SDG-B) transitions to the early shrub class (ES) from ages 20-74 and to the
depleted class (DP) >74 years of age.

Annual grass invasion affects all reference classes and the depleted class converting each to the
uncharacteristic class shrubs mixed with annual grass class (SAP) at a rate of 0.001/year (1,000 years).
We assumed that sandy soils are generally resistant to annual grass invasion.

Native herbivory only affects the early-succession open class (SG-A). Native herbivory thins the class,
therefore reverses woody succession by one year at a rate of 0.005/year (200 years).

Literature cited in LANDFIRE’s Model Tracker:
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WA: U.S. Department of Agriculture, Pacific Northwest Research Station; University of Washington,
College of Forest Resources. 28 p. [+ Appendices]. Unpublished report on file with: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory, Missoula,
MT.

Howell, C., R. Hudson, B. Glover, and K. Amy. 2004. Resource Implementation Protocol for Rapid
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Kellogg, E. A. 1985. A biosystematic study of the Poa secunda complex. Journal of the Arnold Arboretum.
66:201-242.
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State-and-Transition Model:
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Spruce (SP) 1056

Area of Application and Context:

¢ Nevada Wildlife Action Revision

e No livestock grazing due to steep terrain and season of use
e Fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 0-100% cover of Engelman spruce seedling/shrub/grass <5m; 0-39 yrs;
e B-Mid-closed: 40-100% cover of Engelman spruce and aspen 5-24m; 40-129yrs;
e (C-Mid-open: 0-40% cover of Engelman spruce 5-24m pole size; 40-129yrs;

e D-Late-closed: 40-100% cover of Engelman spruce 25-49m; >129 yrs

Reference Condition:

e Natural Range of Variability

A-Early: 18%
B-Mid-closed: 38%
C-Mid-open: 2%
D-Late-closed: 42%
U: 0%

Succession:

Succession is a four-box model with a dominant closed canopy succession and a probabilistic alternate
succession to one class conditional on the time since the last fire:

e Closed canopy pathway
» Early-succession to mid-succession closed: 39 years
» Mid-succession closed to late-succession closed: 129 years
e Open canopy pathway
» Mid-succession open to late-succession closed: 129 years
e Alternate succession
» Mid-succession open to mid-succession closed: 40-129 years conditional upon lack of any
fire for 60 consecutive years

Natural Disturbances:
Fire is the dominant process in the spruce biophysical setting.

Replacement fire was present in all classes. In the Columbia Plateau, a mean fire return interval of 100
years (0.01/year) from age 0 to 10 years and then 200 years (0.005/year) from ages 11 to 39 years apply
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to the early-succession class (SF-A). In the remaining phytoregions, the rate is 0.005/year (200 years).
The mid-succession closed class (SF-B) experiences fire about every 200 years (0.005/year) from age 40-
69, and then it decreases to every 400 years (0.0025/year) from ages 70-129. The mean fire return
interval is 125 years (0.008/year) in the mid-succession open class (SF-C). The late-succession closed
class (SF-D) experiences fire about every 250 years (0.004/year) due to accumulation of woody live and
dead biomass.

Surface fire was present in all classes except the early-succession class and causes no transitions (but
influences the time-since-disturbance function). The return interval is 400 years (0.0025/year) in the
mid-succession closed class (SF-B) and as low as 714 years (0.0014/year) in the late-succession closed
class (SF-D). The shortest return interval is 125 years (0.008/year) in the mid-succession open class (SF-
C) where greater sunlight favors fine fuel growth.

A drought return interval rate of every 179 years (a rate of 0.0056/year) is used based on the frequency
of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of western juniper
(Juniperus occidentalis) tree ring data from the Walker River drainage of eastern California and western
Nevada. Although we recognize that droughts may be more common than every 179 years, severe
droughts, which are >7-year drought events with consecutive far-below average soil moisture (narrow
tree rings), kill naturally drought resistant species. Drought only affects the mid-succession closed and
late-succession closed classes (SF-C and D), causing benign internal thinning.

Insect/disease outbreaks are more widespread than drought events. A 143-year return interval
(0.007/year) of insect/disease converts the mid-succession closed class (SF-B) to the mid-succession open
class (SF-C). The return interval of insect/disease outbreaks increases to 500 years (0.002/year) in the
mid-succession open (SP-C) and late-succession closed (SF-D) classes with 100% resulting in stand
replacement.

Competition/maintenance slows down woody succession due to intra-specific crowding among young
trees. A small rate of 0.002/year (500 years) applies to the early-succession class (SF-A); therefore, the
age of a small number of selected pixels is stunted by -10 years (reversal of succession). The same
process applies in the mid-succession closed class (SF-B), except that the rate is even smaller at
0.001/year (1,000 years).

Senescence only affects older trees in the late-succession closed class (SF-D) at a rate of 0.01/year; the
opening of the stand causes a transition to the mid-succession open class (SF-C).

Climate change conversion affects the early-succession open class (SF-A) at a low rate of 0.38-0.4/year
(minor differences among phytoregions). Selected pixels of this class convert to the mixed conifer early
succession open class (MC-A) and the age of pixels are shifted forward by two years.

Literature cited in LANDFIRE’s Model Tracker:
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Bradley, A. F., N. V. Noste, and W. C. Fisher. 1992. Fire ecology of forests and woodlands in Utah. Ge.
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Research Station. 128 p.

DeVelice, Robert L. et al. 1986. A Classification of Forest Habitat Types of Northern New Mexico and
Southern Colorado. USDA, Forest Service. Rocky Mountain Forest and Range Experiment Station.

234




GTR RM-131.

Komarkova, Vera et al. 1988. Forest Vegetation of the Gunnison and Parts of the Uncompahgre National
Forests: A Preliminary Habitat Type Classification. USDA Forest Service, Rocky Mountain Forest and
Range Experiment Station. GTR RM-163.
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State-and-Transition Model (cropped):
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Subalpine Riparian (SR) 1160 (carbonate or non-carbonate; absent in the Mojave Desert)

Area of Application and Context:

o Wildlife Action Plan Revision
e Livestock grazing

e Fire suppression management
e Date created: 2011

Vegetation:

e A-Early: 0-50% cover of willow, <3m; large patches of basin wildrye, sedges, and tufted grasses;
0-2 yrs

e B-Mid-closed: 10-30% cover of mixed conifers 0-5m; aspen and willow abundant; large patches
of basin wildrye, sedges, and tufted grasses; 3-22 yrs

o (-Late-open: 31-50% cover of mixed conifers 5-10m; aspen and willow abundant; >22 yrs;

e U-EF: Exotic-Forbs: >5% of thistle or other exotic forbs (tall whitetop, Russian knapweed, purple

loosestrife); native woody shrubs and trees present to abundant; graminoids dominated patches
may be present

Reference Condition:

e Natural Range of Variability

E. Sierra Nevada Elko, Calcareous, Lahontan, Walker, Mojave
A-Early 4% 13%
B-Mid-open 43% 58%
C-Late-closed 53% 29%
U 0% 0%

Succession:

Succession follows the 3-box pathway with heterogeneous vegetation starting with willow and basin
wildrye, and wet meadows and ending with a forested mix of willow, aspen, montane and subalpine
conifers, and wet meadows. The succession pathway is entirely deterministic with transitions occurring
at the following ages:

e  Early-succession to mid-succession closed: 2 years
e Mid-succession closed to late-succession open: 22 years
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Natural Disturbances:

Flooding dominates the dynamics of this biophysical setting. Three levels of flooding are 7-yr events
(0.13+/year) that kill or remove only herbaceous vegetation in the early-succession class (SR-A), 20-year
events (0.05/year) that kill or remove shrubs and young trees in the mid-succession closed class (SR-B).
The 100-year events (0.01/year) top-kill larger trees and everything else in the late-succession closed
class (SR-C), however 100-year events also affects the uncharacteristic class exotic forbs:

e Inthe Columbia Plateau and Mojave ecoregions, the exotic forb class (EF) is reset to age zero
within its class;

e Inthe Eastern Sierra Nevada and Great Basin ecoregions, 1% of the exotic forb class (EF)
converts to the early-succession open class (SR-A) and the remainder is retained within the
class.

Replacement fire originates from the surrounding landscape and sweeps through the riparian corridor.
A 50-year fire return interval (0.02/year) is used in every class. Replacement fire sends all reference
classes back to the beginning of the early-succession class (SR-A). Replacement fire burns in the
uncharacteristic exotic forbs (EF) class with vegetation staying in the same class, but returning to age
zero.

Mixed fire also originates from the surrounding landscape and occurs at a mean fire return interval of 77
years (0.013/year) only in the late-succession open class (SR-C), which supports tree, shrubs, and
herbaceous species. Mixed severity fire thins this class to the mid-succession closed (SR-B) class. The
77-year fire return interval is a compromise among different biophysical settings: montane sagebrush
steppe, aspen, and mixed-subalpine conifers.

Another important disturbance is exotic invasion represented mainly by tall whitetop, knapweeds
(Centaurea spp.), and thistles. Roadways, off-highway vehicles, and animals are usually the greatest
vectors of exotic forbs. Exotic invasion occurs in the reference classes at a rate that varies:

e Inthe Eastern Sierra Nevada and Great Basin phytoregions, the early-succession open class
(SR-A), mid-succession closed class (SR-B), and late-succession open class (SR-C) convert to the
exotic forb class (EF) at a rate of 0.01/year (1 out of 100 pixels per year);

e Inthe Columbia Plateau phytoregions and montane-subalpine riparian carbonate biophysical
setting, the early-succession open class (SR-A) and mid-succession closed class (SR-B) convert
to the exotic forb class (EF) at a rate of 0.001/year; and

e Inthe Columbia Plateau phytoregions and montane-subalpine riparian biophysical setting, the
late-succession open class (SR-C) converts to the exotic forb class (EF) at a rate of 0.0001/year.

Managed herbivory applies at a rate representing 5% of the grazable area in a phytoregion (this
implementation rate represents an average stocking rate that overrides the 5%/year rate in the models).
Implementation of managed herbivory varies appreciably between phytoregions:

e Inthe carbonate subalpine riparian biophysical setting present in the Calcareous, Clover-
Delamar, and Mojave phytoregions, and the Columbia Plateau phytoregions:

» In the early-succession class (SRc-A) and mid-succession closed class (SRc-B), managed
herbivory causes a reversal of succession age by -1 year (Columbia Plateau, -999 years in
the early-succession class (SR-A), which is nearly the same in this ephemeral class) as
livestock select willows and herbaceous species.
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> Asvegetation height escapes the reach of livestock in the late-succession closed class

(SRc-C), managed herbivory accelerates woody succession by one year for grazed pixels.
e |nthe Great Basin and Eastern Sierra Nevada phytoregions:

» There is no managed herbivory in the early-succession class (SR-A) based on the
assumption that creeks are rested for two years after stand replacing events; indeed,
the class is only two years in duration;

> In the mid-succession closed class (SRc-B), managed herbivory causes a reversal of
succession age as livestock select willows and herbaceous species by -1 year.

> As vegetation height escapes the reach of livestock in the late-succession closed class
(SRc-C), managed herbivory accelerates woody succession by one year for grazed pixels.

Excessive herbivory affects all reference classes at the same rate of 0.001/year. The rate of 0.001/year,
however, is replaced by an implementation rate equal to 0.1% of the grazable are in the phytoregion
shared among all vegetation classes (i.e., all grazable classes compete for livestock). The rate of
excessive herbivory is low because its effects are localized to water sources and pathways close to water
sources; therefore, a very small proportion of the landscape is affected. Moreover, we expect less
severe grazing impacts at high elevations because the season of use is short and plants relatively
resilient. Again, variation exists among phytoregions:

e Inthe carbonate subalpine riparian biophysical setting present in the Calcareous, Clover-
Delamar, and Mojave phytoregions:

> Excessively grazed pixels in early-succession class (SR-A) and mid-succession closed class
(SR-B), respectively, have their succession ages set back to zero and reversed by 5 years
to indicate extensive use of vegetation.

> Asvegetation height escapes the reach of livestock in the late-succession closed class
(SR-C), managed herbivory accelerates woody succession by 5 years for grazed pixels.

e Inthe Great Basin and Eastern Sierra Nevada phytoregions, there is no excessive
herbivory, which is likely an error for the Great Basin ecoregion is. There is very little to
no livestock grazing in the Eastern Sierra Nevada phytoregions at subalpine elevation.

e In Columbia Plateau phytoregion:

» Excessive herbivory starts in the mid-succession closed class (SR-B) and shifts
succession back 25 years in age;

» Excessive herbivory shifts forward by 5 years the age of chosen pixels in the
late-succession open class (SR-C).

Wild ungulate grazing thins the reference classes within the subalpine riparian carbonate biophysical
setting while retaining the classes in a loop at a rate of 0.01/year (100 years). Because wild ungulate
grazing is really elk grazing, its effects are the same as those of managed herbivory in the same
biophysical setting.

Climate change conversion affects the early-succession open class (SR-A) and the exotic forbs (EF) class,
but at different rates.
e Inthe Columbia Plateau and Great Basin ecoregions, the early-succession class (SR-A) and
the exotic forb class (EF), respectively, converts to the montane riparian early-succession
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open class (SR-A) and exotic forb class (EF) at a rate of 0.63/year;

e Inthe Eastern Sierra Nevada phytoregions, early-succession class (SR-A) and the exotic forb
class (EF), respectively, converts to montane riparian early-succession class (SR-A) and exotic
forb class (EF) at a rate of 0.65/year (1.5 years);

e Inthe subalpine riparian carbonate biophysical setting, the early-succession class (SRc-A) and
exotic forb class (EF), respectively, converts to the montane riparian carbonate biophysical
setting early-succession class (SRc-A) and the exotic forb class (SRc-EF) at a rate of 0.06/year.
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Warm Desert Riparian (WDR) 1155

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
e Livestock grazing

e Fire suppression management

e Date created: 2011

Vegetation:

e A: Early: 10-50% cover of Gooding willow and Fremont Cottonwood seedlings and shrubs;
riparian and wetland graminoids may co-dominate; 0-4 yrs post-flooding

e B: Mid-closed: 51-100% cover of willow and small trees (willow and cottonwood) <3 m; patches
of graminoids and halophytic shrubs common; 5-19 yrs after flooding

e C: Mid-open: 11-50% cover of fire resprouts of mesquite and Gooding willow; patches of
graminoids frequent after fire; mesquite mature to larger trees several years after fire; 1-89 yrs
after fire

e D: Latel-closed: 51%-90% of mature Gooding willow and Fremont cottonwood; patches of
graminoids in saturated soils and of halophytic shrubs on drier sediment deposits or more saline
surfaces; 10-89 yrs

e [E: late2-closed: 51-90% mesquite cover; Gooding willow and Fremont cottonwood minor
component; understory often dominated by graminoids and forbs; >90 yrs

o U-DE: Desertified: incised river bank caused by human disturbance; 10-90% native halophytic
shrub or riparian tree cover; graminoid patches may be present

e U-EF: Exotic Forb: >5% exotic forb species regardless of native cover; river bank not incised

e U-DET: Desertified-Exotic-Tree: >5% exotic tree species (tamarisk or Russian olive) regardless of
native cover; river bank incised

e U-DEF: Desertified-Exotic-Forb: >5% exotic forb species regardless of native cover; river bank
incised

e U-TEX: Tree- Exotic-Species: 51%-90% of young or mature Gooding willow and Fremont
cottonwood; >5% cover of exotic annual grass and forb species; patches of graminoids in
saturated soils and of halophytic shrubs on drier sediment deposits or more saline surfaces

e U-ET: Exotic-Tree: >5% exotic tree species (tamarisk or Russian olive) regardless of native cover;
river bank not incised

Reference Condition:

Natural Range of Variability:

Clover, Mojave, Tonopah
A-Early: 9%
B-Mid-closed: 16%
C-Mid-open: 16%
D-Latel-closed: 35%
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E-Late2-closed: 24%
U: 0%

Succession:

Succession follows the 4-box pathway with one lateral pathway. The succession pathway is determined
mostly by flooding. Vegetation is heterogeneous vegetation starting with young Goodding’s willow and
Fremont cottonwood, and graminoids (WDR-A) and finishing with mature mesquite, Goodding’s willow,
and Fremont cottonwood (WDR-E). When any of the late-closed classes (WDR-D and WDR-E) burn, they
transition to the mid-succession open class (WDR-C) class dominated by resprouting mesquite, which
succeeds to the late2-succession closed class (WDR-E) class. Therefore, fire has a key role in this
alternate succession pathway. Succession is entirely deterministic with transitions occurring at the
following ages:

e Early-succession to mid-succession closed: 4 years

e Mid-succession closed to latel-succession closed: 19 years
e [atel-succession closed to late2-succession closed: 89 years
e Mid-succession open to late2-succession closed: 89 years

Natural Disturbances:
Flooding dominates the dynamics of the warm desert riparian system. Four levels of flooding are:

e 7-yr events (0.13/year) that kill or remove only herbaceous vegetation in the early-succession
class (WDR-A);

e 20-year events (0.05/year) that kill or removesshrubs and young trees in the mid-succession
closed and open classes (respectively, WDR-B and WDR-C);

e 100-year events (0.01/year) that top-kill larger trees and everything else in the late-succession
closed classes (WDR-D and WDR-E); however, the 100-year events in the mesquite-dominated
late2-succession closed class (WDR-E) cause a transition to the mid-succession open class (WDR-
C), also dominated by well-rooted mesquite resprouts; and

e 500-year events (0.002/year) that send the late2-succession closed class (WDR-E) back to the
early-succession class (WDR-A). (In the model, we use the 100-year flooding name to represent
the 500-year flood event.)

One-hundredth-year flooding events also transform uncharacteristic classes through the reworking of
sediments:

e Inthe uncharacteristic exotic-forb class (EF), 100-year flooding acts as a self-loop and 100% of
the selected pixels stay in their class but reset to age zero. This assumes that the root system
and seed bank of exotic forb species is so extensive that even flooding does not remove
propagules;

e Inthe desertified (DE), exotic trees (ET), desertified exotic forbs (DEF), desertified exotic trees
(DET) classes, 100-year flooding acts as a self-loop (class stays the same) in 99% of cases with
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the age of the class being reset to the age at the beginning of the class;
e The remaining 1% of the originating classes convert to different classes because of deposition of
flood sediment:

» The desertified class (DE) and exotic tree class (ET) transitions to the early-succession
open (WDR-A) class through reworking of flood sediments and debris; and

> In the desertified exotic forbs class (DEF) and desertified exotic trees class (DET),
respectively, convert to exotic forbs class (EF), and exotic tree class (ET) through
reworking of sediments, but not loss of exotic species, which are simply buried.

Replacement fire generally originates from the surrounding landscape, although large riparian trees can
attract lighting strikes and abundant woody debris allows fire to spread. Fire is rare because the
surrounding blackbrush and creosotebush-white bursage ecological systems do not carry fire, unless
invaded by non-native annual grasses. Fire restarts the succession clock to age zero after sweeping
through the riparian corridor. Fire is possible in both late-succession closed classes (WDR-D and WDR-E)
and two classes with exotic trees (salt cedar: ET and DET). Fire in reference classes causes a stand
replacing event and recruitment into the mid-succession open class (WDR-C). (The mid-succession open
class [WDR-C] starts a mesquite and willow pathway favored by fire response, whereas the early-
succession class (WDR-A) is a flood dependent pathway with willow and cottonwood.) The mean fire
return interval is set at:

e About 769 years (rate of 0.0013/year) in the latel1-succession closed class (WDR-D); and
e 250 years (rate of 0.004/year) in the late2-succession closed class (WDR-E) where more woody
debris has accumulated.

Fire in most uncharacteristic classes often acts as a self-loop, returning all vegetation to age zero:

e The desertified-exotic-tree (DET) and exotic-tree (ET) classes have a 20-year fire return interval
(rate of 0.05/year). In other words, saltcedar, knapweeds, red brome, Erodium cicutarium
either strongly resprout after or thrive with fire.

An important disturbance is the invasion by exotic trees (exotic-tree-invasion) represented mainly by salt
cedar. Exotic-tree-invasion causes a transition to the exotic-tree class (ET) on un-incised river banks and
to the desertified-exotic-tree (DET) class on incised banks. Saltcedar is wind dispersed. Exotic-tree-
invasion occurs in several classes: early-succession (WDR-A), mid-succession closed and open classes
(WDR-B and WDR-C, respectively), latel-succession closed (WDR-D), late2-succession closed class (WDR-
E), and desertified class (DE). Invasion rates vary:

e The highest rate of invasion of 0.01/year (100 years) is found in classes with exposed mineral
soil or substrate: the early-succession class (WDR-A) and the first four years of mid-succession
open class (WDR-C);

e Asvegetation builds up, the invasion rate decreases to 0.0075/year (133 years) in the following
classes: mid-succession closed (WDR-B), the late-succession open (WDR-C) from years 5 to 89,
and desertified (DE) classes; and

e The lowest rate of invasion of 0.005/year (200 years) is observed in the most mature reference
classes or desertified (drier) classes: late1-succession closed (WDR-D), and the late2-succession
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closed (WDR-E).

In the warm desert riparian system, exotic-forb-invasion is decoupled from exotic-tree-invasion (it is not
in other riparian ecological systems). Exotic forbs are represented mainly by knapweed species and tall
whitetop, but other species are possible. Exotic-forb-invasion causes a transition to the exotic-forb class
(EF) on un-incised river banks and to the desertified-exotic-tree (DEF) class. Classes affected and rates of
invasion of the exotic-forb class (EF) are identical to those of the exotic-tree (ET) class.

Managed herbivory has a return interval of one year (livestock is present every year), but the proportion
of the biophysical setting impacted is based on the distance livestock is willing to travel away from
water. Water is in this ecological system. The impact of grazing is modeled with area limits, because
grazing permits have fixed stocking rates, season of use, and distribution. It is assumed that managed
herbivory utilizes 5% of all grazable areas; therefore, only 5% of the area is selected for managed
herbivory and vegetation classes in desert riparian “compete” for selection. Managed herbivory allows
all reference classes to remain in their respective classes as a self-loop. Although the rate of managed
herbivory is fixed, the relative age shift varies among classes:

e Managed herbivory in the early succession class (WDR-A) causes a reset of age to zero as a result
of livestock completely consuming willow and cottonwood, and trampling young floodplains;

e In the mid-succession closed (WDR-B) and late-succession open (WDR-C) classes, managed
herbivory causes a weak one-year reversal of succession to represent some consumption of
riparian woody saplings, but the inability of livestock to fully consume them;

e Asriparian woody species increase in height beyond the reach of livestock, managed herbivory
accelerates woody succession in the midstory by one year;

e Managed herbivory has no effect on the late2-succession closed classes, which is too high to be
affected by livestock.

Excessive herbivory is present in the same classes where managed herbivory is present. Excessive
herbivory is present every year (rate of 1/year), but the proportion of the landscape affected is 0.1%.
The excessive herbivory rate is fixed as a treatment implementation rate to simulate a fixed stocking
rate. Excessive herbivory is caused by the movement of livestock through the same areas near or on the
way to water sources. Therefore, once areas dominated by incised river banks are created, they
become permanent and new areas are generally not created. These conversions will only occur if it has
been more than four years since a disturbance. This disturbance causes a transition to the desertified
class (DE).

Entrenchment affects all the reference classes and the uncharacteristic exotic forbs (DEF) and exotic
trees (DET) classes at the same low rate of 0.0001/year (10,000 years). This disturbance, which causes
bank incision, is only active if floodplain conservation actions in a selected pixel are absent for 5
consecutive years. The reference classes all convert to the desertified (DE) class, while exotic forbs (EF)
and exotic trees (DET) classes, respectively, converts to the desertified exotic forbs (DEF) and the
desertified exotic trees (ET) classes.

Senescence kills old riparian trees in the late-succession closed class (WDR-E), where it converts to the
mid-succession open class (WDR-C) at a rate of 0.02/year (50 years).
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State and Transition Model (cropped):

246




WDR-A WOR-B \WOR-Dr WDR-E
AL L L L
0-4 5-19 20-89 90 - 500
FRFTTT <) <) <) |
WDR-C WOR-U
P DE
1-89 1-999
<) )
WDR-LI WDR-LI WDR-U WDR-U
EF ET DEF DET
0-999 0-999 1-999 1-999

247




Washes (WAS) 11551

Area of Application and Context:

¢ Wildlife Action Plan revision

e No livestock grazing

e Fire suppression management
e Date created: 2011

Vegetation:
e A: Early: 20-50% cover may be gravel, sands, and/or flood debris; 10-19% cover of shrubs

(species varies between southern and northern Nevada: desert almond, burrobrush,
rabbitbrush, creosotebush, desert willows present); 5-15% cover of grasses (species varies
between southern and northern Nevada); 0-5 yrs

e B: Mid-closed: 20-50% cover of shrubs (species varies between southern and northern Nevada:
desert almond, bursage, burrobrush, creosotebush, Anderson's wolfberry, rabbitbrush); 5-10%
cover of grasses (species varies between southern and northern Nevada); <30% of gravel and
rocks; 5-19 yrs

e (: Late-closed: 30-50% cover of shrubs (species varies between southern and northern Nevada:
bursage, burrobrush, creosotebush, Anderson's wolfberry, rabbitbrush, mesquite); Joshua tree
may be present in southern Nevada; 5-10% cover of grasses (species varies between southern
and northern Nevada); <10% of gravel and rocks; >20 yrs

e U-ET: Exotic-Tree (formerly EX): >5% cover of salt cedar; 0-50% cover of shrubs

Reference Condition:

e Natural Range of Variability

A-Early: 3%
B-Mid-closed: 11%
C-Late-closed: 86%
U: 0%

Succession:

Succession follows the 3-box pathway with heterogeneous vegetation starting with abundant flood
material (gravel, sand, and cobble) mixed with snakeweed and herbaceous species ending with a denser
cover of shrubs and small trees. The succession pathway is entirely deterministic with transitions
occurring at the following ages:

e  Early-succession to mid-succession closed: 4 years
e Mid-succession closed to late-succession closed: 19 years
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Natural Disturbances:

Flash flooding dominates the dynamics of desert washes, which do not have perennial water. The
return interval of flash floods is 133 years based on an estimate from Kyle Canyon’s gage data in the
Spring Mountains. All classes are affected:

e All reference classes transition back to the beginning of the early-succession class (WAS-A);
e Ninety-nine percent of the exotic tree class (ET) stays in the class, but the age returns to zero,
whereas the remaining 1% transition to the early-succession class (WAS-A).

Replacement fire generally originates from the surrounding landscape and restarts the succession clock
to age zero after sweeping through the desert wash. Fire is possible in all classes. Fire is rare because
the surrounding blackbrush and creosotebush-white bursage ecological systems do not carry fire, unless
they are invaded by non-native annual grasses. The mean fire return interval is set at 1,000 years (rate
of 0.001/year) in all classes. The reference classes transition to the beginning of the early-succession
class (WAS-A) with fire, whereas burned pixels of the exotic tree class (ET) stays in their class, but age is
reset to zero.

Non-native annual species (EX-invasion) occurs at a rate of 0.001/year (1 of 1,000 pixels per year) in all
un-invaded classes: early-succession class (WAS-A), mid-succession closed class (WAS -B), and late-
succession closed class (WAS-C). We assume that salt cedar is the dominant invader and that invasion of
dry washes is spotty, thus the low rate of 0.001/year. All classes transition to the exotic tree class (WAS-

ET).
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Wyoming Big Sagebrush (8-10 inch precipitation zone) 10800

Area of Application and Context:

¢ Nevada Wildlife Action Plan revision
e Livestock grazing

e Fire suppression management

e Date created: 2011

Vegetation classes:

e A-Early: 20-40% herbaceous cover; <10% cover of rabbitbrush species and Wyoming big
sagebrush; 0-19 yrs

e B-Mid-open: 11-20% cover Wyoming big sagebrush; 10-40% herbaceous cover; 20-59
yrs

e (-Late-closed: 20-40% cover of Wyoming big sagebrush; <20% native herbaceous cover;
60-99 yrs

e U-ES: Early-Shrub: 20-50% cover rabbitbrush species

e U-TA: Tree-Annual-Grass: 11-60% cover of trees 5-9m; <20% cheatgrass cover; >125 yrs

o U-SAP: Shrub-Annual-Grass-Perennial-Grass: 10-30% Wyoming big sagebrush <0.5m, if
>5% native grass cover, then >5% cover cheatgrass or if <5% native grass cover, then 0O-
20% cheatgrass cover; >10 yrs

e U-AG: Annual-Grass: 10-40% cover of cheatgrass; <10% shrub cover

Reference Condition:

e Natural Range of Variability

A-Early: 33%
B-Mid-open: 42%
C-Mid-closed: 25%
U: 0%

Succession:

Succession follows the 3-box pathway with vegetation starting as predominantly herbaceous
and ending with Wyoming sagebrush dominance and a viable shrub and herbaceous understory.
Deterministic succession transitions occur at the following ages:

e Early to mid-succession open: 19 years
e Mid-succession open to Late-succession closed: 59 years

Natural Disturbances:

Replacement fire was the primary stochastic disturbance, albeit infrequent. Replacement fire
restarts the succession clock to age zero within the reference condition, which was labeled the
early-succession or WS-A class. The mean return interval of replacement fire changes with
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vegetation classes: from 200 years (0.005/year) in the early-succession class (WS-A), 125 years
(0.008/year) in the mid-succession open class (WS-B), and 100 years (0.01/year) in the late-
succession open class (WS-C). Replacement fire in vegetation classes that already experienced a
threshold transition also causes a threshold transition to other uncharacteristic classes. Fire in
the tree with annual grass class (TA) (this class lumps tree-encroached shrublands with or
without annual grasses) with a mean fire return interval of 125 years (0.008/year) causes a
transition to the annual grass class (AG) 90% of times and the early shrub class (ES) for the
remainder of outcomes. A 10-year fire cycle applies to the annual grass class (AG) and behaves
as a self-loop. A 100-year fire cycle applies to the early shrub (ES) class and behaves as a self-
loop. The shrub with a mixed understory of annual and perennial grasses class (SAP) becomes
the annual grass class (AG) with a replacement fire of 25 years (0.04/year)—the shorter fire
return interval is caused by the presence of annual grasses, which are fine fuels. In the seeded
class (SD), crested wheatgrass and other introduced species (e.g., forage kochia) do not burn
well; therefore, replacement fire was set at a 500-year fire return interval (0.002/year) that
returns the seeding to age zero.

Drought is found in the reference late-succession class (WS-C) and causes stand replacing events
(generally 10% of times) to mid-succession open (WS-B) or stand thinning (90% of times) where
it is retained in the same class. In most cases, drought creates tree and shrub mortality under
the assumption that prolonged and decreased soil moisture weakens plants that might
ultimately be killed by insects or disease. Therefore, we do not double-count mortality. A
drought return interval rate of every 179 years (a rate of 0.0056/year) is used based on the
frequency of severe drought intervals estimated by Biondi et al. (2007) from 2,300 years of
western juniper (Juniperus occidentalis) tree ring data from the Walker River drainage of eastern
California and western Nevada. Although we recognize that droughts may be more common
than every 179 years, severe droughts, which are >7-year drought events with consecutive far-
below average soil moisture (narrow tree rings), kill naturally drought resistant shrubs and trees.

Drought affects two uncharacteristic classes. Drought thins the trees with annual grass (TA) to
three classes: 9% to the annual grassland class (AG), 1% to early shrub class at a reduced rate of
0.01/year (100 years) (ES), and 90% as a self-loop to the beginning of the class. The shrubland
with mixed annual and perennial grasses class (SAP) follows the same pattern except that 10%
converts to annual grass (AG), and the remaining 90% is retained within the class.

Very wet years cause soils to become water-logged for long periods, roots of sagebrush to rot,
and root-boring insects to attacks weakened roots. During a very-wet-year, all of the reference
classes will be reset to age zero (WS-A) at a rate of 0.01/year (100 years), while the
uncharacteristic shrubs mixed with annual grass class (SAP) transitions to the annual grass class
(AG) at the same rate.

Annual grass invasion (AG-invasion) is set at a moderate rate of 0.005/year (200 years). A base
rate of 0.001/year was estimated from data of northwest Utah collected by the Utah Division of
Wildlife Resources in black sagebrush semi-desert. Black sagebrush semi-desert is usually
considered more resistant to cheatgrass invasion than Wyoming big sagebrush semi-desert or
other big sagebrush dominated biophysical settings. The invasion of the early-succession class
(WS-A) causes a transition to the shrubs with mixed annual and perennial grass class (SAP) from
the ages of 10 to 24 years at a rate of 0.001/year (there is no invasion prior to 10 years of age
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because of the assumption that high perennial grass cover resists cheatgrass invasion). The mid-
succession open and late-succession closed classes (WS-B and C) convert to the shrubs with
mixed annual and perennial grass class (SAP). The seeded class transitions to the annual grass
(AG) class from ages 0-9, and then to the shrubs with mixed annual and perennial grass class
(SAP) from ages 10-300.

Managed herbivory has a return interval of one year (livestock is present every year) but
different impact areas based on the distance livestock is willing to travel away from water. The
impact of grazing is modeled like treatments with fixed area implementation rates, because
grazing permits have fixed stocking rates, season of use, and distribution. It is assumed that
managed herbivory utilizes 5% of all grazable areas; therefore, only 5% of the area is selected
for managed herbivory and vegetation classes in Wyoming sagebrush “compete” for selection.
Managed herbivory allows all reference and uncharacteristic classes to remain in their
respective classes as a self-loop, but relative age is advanced by an extra year for selected pixels
in all reference classes and the shrubs with mixed annual and perennial grass class (SAP).

Excessive herbivory affects the same classes as managed herbivory at a rate of 0.001/year. The
rate of 0.001/year, however, is replaced by an implementation rate equal to 0.1% of the
grazable are in the phytoregion shared among all vegetation classes (i.e., all grazable classes
compete for livestock). The rate of excessive herbivory is low because its effects are localized to
water sources and pathways close to water sources; therefore, a very small proportion of the
landscape is affected. Excessive herbivory causes the early-succession (WS-A) and mid-succession
open (WS-B) classes to transition to the early shrub class (ES). The fate of the late-succession
closed class (WS-C) is different with 10% of the selected pixels transitioning to the shrubs with
mixed annual and perennial grass class (SAP) and the remaining 90% of the pixels being retained
in the same class, but aged by 5 years.

The presence of any pinyon and, mostly, juniper is considered uncharacteristic, especially in the

harsh 8-10 inch precipitation zone. For trees to establish at this inhospitable elevation, fire must
be excluded for a very long period of time. Tree encroachment only occurs in the late-succession
closed class (WS-C) and shrubs with mixed annual and perennial grass class (SAP), where they all
transition to the trees with annual grass class (TA) at a rate of 0.005/year (200 years).

Alternate succession (natural recovery in all other models) only applies to the uncharacteristic
seeded class (SD). At ages 40-59 years, the seeded (SD) class transitions back to the mid-
succession open class (WS-B) at a rate of 0.05/year and to the late-succession closed class (WS-C)
from age 60 to 300 years class at an increased rate of 0.1/year (10 years).

The climate change conversion (CC-conversion) affects all the reference classes and the
uncharacteristic annual grass (AG), early shrub (ES), shrubs with mixed annual and perennial
grass (SAP), and the seeded (SD) classes at a rate of 0.0053/year (189 years).

e The early-succession open class (WS-A) converts to the mixed salt desert early-
succession open class (MSD-A);

e The mid-succession open class (WS-B) converts to the mixed salt desert mid-
succession open class (MSD-B);

e The late-succession closed class (WS-C) converts to the mixed salt desert mid-

253




succession open class (MSD-B);

e The annual grass class (AG) converts to the mixed salt desert annual grass class (MSD-
AG);

e The early shrub class (ES) converts to the mixed salt desert shrubs with mixed annual
and perennial grass class (MSD-SAP);

e The shrubs with mixed annual and perennial grass class (SAP) converts to the mixed
salt desert shrubs with mixed annual and perennial grass class (MSD-SAP);

e The seeded class (SD) converts to the mixed salt desert seeded class (MSD-SD).
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