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Abstract

Multiple research and management partners collaboratively developed a multiscale
approach for assessing the geomorphic sensitivity of streams and ecological resilience
of riparian and meadow ecosystems in upland watersheds of the Great Basin to
disturbances and management actions. The approach builds on long-term work by the
partners on the responses of these systems to disturbances and management actions.
At the core of the assessments is information on past and present watershed and
stream channel characteristics, geomorphic and hydrologic processes, and riparian
and meadow vegetation. In this report, we describe the approach used to delineate
Great Basin mountain ranges and the watersheds within them, and the data that are
available for the individual watersheds. We also describe the resulting database and
the data sources. Furthermore, we summarize information on the characteristics of the
regions and watersheds within the regions and the implications of the assessments for
geomorphic sensitivity and ecological resilience. The target audience for this multiscale
approach is managers and stakeholders interested in assessing and adaptively
managing Great Basin stream systems and riparian and meadow ecosystems. Anyone
interested in delineating the mountain ranges and watersheds within the Great Basin or
quantifying the characteristics of the watersheds will be interested in this report.
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INTRODUCTION

In 2016, a multipartner working group was established to create a multiscale
resilience-based approach for restoring and conserving Great Basin riparian
and meadow ecosystems. Riparian and meadow ecosystems are rare and
valuable resources in the Great Basin. Many of these ecosystems have been
degraded by various anthropogenic activities and are further threatened by
climate change.

Restoration and conservation of these ecosystems require a sound
understanding of their responses not only to natural and anthropogenic
disturbances but also to management actions. Assessments of the geomorphic
sensitivity of streams and ecological resilience of riparian ecosystems can
provide the basis for understanding their past responses to disturbances

and management actions and predicting how they are likely to respond in

the future. These assessments gather information on the capacity of streams
and riparian ecosystems to regain fundamental structures, processes, and
functions, or in other words to recover, when disturbances alter geomorphic
and hydrologic regimes and vegetation structure and composition. They assist
in determining the relative stability of streams and riparian ecosystems,
whether a threshold in a system state has been or is about to be crossed, and
whether a new stable state has been reached after a threshold is crossed. Thus,
assessments of geomorphic sensitivity and ecological resilience can provide
the basis for prioritizing areas for conservation and restoration activities and
determining effective management strategies.

The multiscale approach builds on long-term work by the team and its
research and management partners on the sensitivity and resilience of upland
watersheds of the Great Basin to natural and anthropogenic disturbances
(Chambers and Miller 2004, 2011). The target audience is managers and
stakeholders interested in assessing and adaptively managing Great Basin
stream systems and riparian and meadow ecosystems.

A two-part general technical report, “Geomorphic Sensitivity and Ecological
Resilience of Great Basin Streams and Riparian Ecosystems” (Chambers et al. in
preparation) accompanies this report. Part I provides background information
on sensitivity and resilience concepts and the responses of Great Basin streams
and riparian ecosystems to disturbances and management actions. Part I

also includes a categorization of sensitivity and resilience that can be used

to evaluate past and likely future responses of the watersheds to disturbance
and determine appropriate management strategies. Part II provides a rapid
assessment protocol for evaluating the sensitivity of the stream systems

and resilience of the riparian ecosystems within focal watersheds. In Part

II, watershed-scale data are combined with field-collected data to provide a
multiscale approach for assessing the sensitivity of streams and resilience of
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riparian and meadow ecosystems in upland watersheds of the Great Basin to
disturbances and management actions.

At the core of assessments of geomorphic sensitivity and ecological resilience is
information on past and present watershed and stream channel characteristics,
geomorphic and hydrologic processes, and riparian and meadow vegetation
characteristics. A database of the characteristics of the watersheds was
developed for the project and is available at: https://doi.org/10.2737/RDS-
2020-0059. Data can also be loaded directly in ArcGIS Pro, ArcGIS Desktop,

or open-source QGIS software from: https://www.arcgis.com/home/search.
html?g=greatbasinwatersheds. Key elements of the database include:

1. A delineation of the mountain ranges that support perennial watersheds
in the Great Basin

2. A delineation of the perennial watersheds within Great Basin mountain
ranges

3. A database of characteristics of the individual watersheds: topography,
climate, geology, hydrology, vegetation

4. The type and amount of select disturbances: wildfire, roads, and dams
and diversions

5. Habitat probabilities of animal species at risk within the watersheds

The data provided in the database, the description of the data, and the data
sources are in Appendix A.

In this report, we describe the delineation of the mountain ranges and
watersheds within them, and the data collected for the individual watersheds.
We also describe the variables in the database and the data sources.
Furthermore, we summarize information on the characteristics of the regions
and watersheds within regions and the implications for assessing geomorphic
sensitivity and ecological resilience.
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GREAT BASIN GEOGRAPHIC REGIONS

The focal area encompasses most of the Northern and Central Basin and Range
ecoregions as defined by the U.S. Environmental Protection Agency’s (EPA’s)
level III ecoregions (USEPA 2013). This area is in northern and central Nevada,
western Utah, southern Idaho, and southeastern Oregon. The focal area was
divided into seven geographic regions: the Lava Plains, Lahontan, Humboldt
and Owyhee Uplands, Southeastern Idaho, Central Nevada, Eastern Nevada,
and Western Utah (fig. 1, Appendix B). The regions were delineated on the basis
of their distinctive montane EPA level IV ecoregions. These regions vary in size
from 2.5 million ha to 8.1 million ha (table 1).

Figure 1—Map of the seven geographic regions. Regions were identified by having distinctive montane
level IV ecoregions (USEPA 2013). The code and name of the level IV ecoregions encompassing 90 percent
of the montane area in each region are listed, followed by the percentage of the ecoregion occupying

the region and, in parentheses, the percentage of the ecoregion occurring within the mountains of each
region.
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Table 1—General characterization of the size, montane area, average elevation of the montane area
(digital elevation model reference), and population (U.S. Census Bureau 2017) of the geographic regions.

Humboldt

Lava and Owyhee Southeastern Central Eastern Western
Variable Plains Lahontan Uplands Idaho Nevada Nevada Utah
Area of
region (ha) 4,795,440 4,183,715 2,456,022 3,425,263 4,215,448 6,625,356 8,064,334
Montane
area (ha)
(proportion 2,200,902 1,426,729 1,236,030 1,270,689 1,875,388 2,258,610 1,875,388
of total area) (45.9%) (34.1%) (50.3%) (37.1%) (44.5%) (34.1%) (23.3%)
Average
elevation
of montane
area (m) 1,726 1,600 1,965 1,837 2,084 2,132 1,836
Population 31,827 75,622 55,817 166,481 17,452 71,435 788,742
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METHODS FOR DELINEATING THE MOUNTAIN RANGES
AND WATERSHEDS

We began by defining the boundaries of mountain ranges within each region.
We developed models on the basis of three slope thresholds (4, 6, and 8°)
combined with three neighborhood sizes (10, 20, and 30 km). We compared
model results to existing hand-digitized data on mountain ranges within

the Nevada portion of the area (Biological Resources Research Center 1997).
We tested accuracy of our models against these hand-digitized data with

1,765 random points for each region (table 2). A 10-km-square neighborhood
performed best across all regions and this neighborhood size was used to
delineate mountain ranges. In contrast, we allowed slope to vary across regions
(table 2).

Table 2—Slope parameters used to delineate mountain ranges for each geographic region and accuracy
of mountain selection based on Nevada mountain ranges (Robert Elston, Jr., University of Nevada, Reno,
personal communication, August 18, 2004).

Region Slope (degrees) Accuracy
Central Nevada 6 90.2%
Eastern Nevada 89.7%
Western Utah 82.9%
Lahontan 91.5%

84.1%
81.5%
89.1%

Humboldt and Owyhee Uplands

Lava Plains

D B A~ OO 0 ®

Southeastern Idaho

Within the mountain ranges, we delineated watersheds, defined stream
networks, and calculated watershed morphometrics with a 10-m-resolution
digital elevation model (DEM; USGS 2017b) in ArcGIS 10.4.1 (ESRI 2015). We
removed any streams in the National Hydrography Dataset Plus (NHD; USGS
2013) that originated outside of a given mountain range but that occurred
within the range. We identified pour points at the bottom of each watershed
within every mountain range. We then evaluated these pour points and
manually adjusted the spatial position of the points to meet criteria determined
by project geomorphologists. These criteria were based on topography,
distribution of piedmont deposits, evidence of linear fault structures, shoreline
features associated with pluvial lakes, and degree of channel incision. We

drew watershed boundaries around all DEM (USGS 2017b) cells flowing into a
given pour point. We removed any watershed smaller than 40 ha or that did
not contain a perennial water source, as indicated by NHD (USGS 2013), from
further analysis. We defined stream networks on the basis of flow accumulation
with a threshold of 4,000 cells.
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DATABASE OF THE CHARACTERISTICS OF THE
INDIVIDUAL WATERSHEDS

Information in the Database and Intended Use

The database contains information on watershed topography, climate, geology,
hydrology, vegetation, and common disturbances (Appendix A). Data are also
available on animal species at risk within the Great Basin. The data are intended
to aid in the assessment of geomorphic sensitivity and ecological resilience of
Great Basin streams and riparian ecosystems (Chambers et al. in preparation)
or any other assessment of watersheds and riparian ecosystems within the
region. For example, basin morphometric parameters related to runoff can be
used to assess the likelihood of a watershed generating high discharges and
stream powers (Ritter et al. 2011). Mean annual precipitation and basin area
are both in the database and are particularly useful in evaluating runoff and
sediment mobility because increases in precipitation and basin area generally
lead to an increase in peak flows. In addition, information is available on
natural and human-caused disturbances that can provide insights into the
ecological integrity of a watershed. Also available is information on the species’
distributions or probability of habitat occurrence, which can indicate the
potential of a watershed or particular reach type to support species at risk.

Accessing the Data

The database is available as an ArcGIS shapefile and as a streaming web service.
The shapefile includes an associated layer file that determines the drawing
properties when the file is added into ArcMap or ArcGIS Pro software and an
associated metadata file in .xml format. Additionally, metadata are available in
.docx format and include descriptions of attribute fields and data sources from
which the values were derived. The streaming web service file format can be
obtained in ArcMap, ArcGIS Pro, or open-source QGIS software, and symbols for
attributes have already been delineated. The streaming web services can also be
viewed with ESRI’s built-in web viewer on ArcGIS online, which provides access
to users outside the geographic information systems (GIS) community.

To access the data within ArcMap in the Catalog window click on “GIS servers,”
followed by “add GIS Server,” and type in

https://services3.arcgis.com/QCH1L.eOvwRIyplqB/ArcGIS/rest/services.

Scroll down to the feature services named “GreatBasinWatersheds”; feature
datasets other than “GreatBasinWatersheds” are not related to this project.
Unfortunately, ArcMap does not provide options for filtering feature services
within an institutional ArcGIS Online account.

The streaming web services can also be accessed in open-source QGIS. Open
QGIS, go to “Layers,” click on “Add Layer,” and click on “Add ArcGIS Feature
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Server Layer.” Next, type in a name for your new feature server and copy in
https://services3.arcgis.com/QCH1L.eOvwRIyplgB/ArcGIS/rest/services.

ArcGIS Online provides a number of visualization options for non-GIS

users. To launch the browser, type https://www.arcgis.com/home/search.
html?g=greatbasinwatersheds into your web browser. All of the datasets
tagged with “GreatBasinWatersheds” will be shown. Regions and mountain
ranges have simple attributes. The database has the full suite of attributes and
is probably going to be the most interesting to viewers. Watersheds display
with a default color ramp based on the attribute “area_km” (area in square
kilometers). Users may change colors and symbol size on the basis of attributes
within the table. Click the “visualization” tab. Next, click the “change style”
button (which has a red square, yellow circle, and blue triangle). Select one

or more attributes on which the map will be based. Next, select one of the
symbol types. “Counts and amounts color” allows the watershed polygons to be
colored on the basis of a single quantitative attribute such as average elevation,
watershed relief, or drainage density. “Counts and amounts size” will depict
each watershed with a point symbol in which the size represents the quantity.
Both symbol types provide interactive tools that allow the user to customize
the color ramps and symbol sizes. A third useful symbol encompasses two
quantities. Select the two attributes that you wish to display (e.g., relief and
average elevation). This will render a bivariate map that allows users to explore
relations between two variables (fig. 2). In this example, mountain ranges with
both high relief (difference between maximum and minimum elevations) and
high elevation are present in both Eastern and Central Nevada. Watersheds
with high relief but low elevation are primarily in the northwestern part of the
area in the Lava Plains region. Watersheds with low relief but high elevation
are scattered throughout but are more common in Southeastern Idaho. Users
who have a free ArcGIS Online account can also overlay their own data on the
database.
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Figure 2—Illustration of the type of visualization available in ArcGIS Online for datasets tagged with
“GreatBasinWatersheds.” ArcGIS Online can be launched from the viewer’s browser by typing in
https://www.arcgis.com/home/search.html?q=greatbasinwatersheds. Instructions for using the tool are in
text.
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REGIONAL OVERVIEW OF WATERSHED CHARACTERISTICS

Description and Data

To understand the biophysical setting and ecosystem threats within the
individual regions, we evaluated their geology, vegetation types, extent of
cheatgrass (Bromus tectorum, a nonnative annual grass), fire history, and
human population size. We characterized the geology of the mountain ranges
within each region on the basis of the state geologic map compilation (Horton
2017). We evaluated vegetation types within the mountain ranges, including
nonnative annual grasslands, with the existing vegetation types in LANDFIRE
(USGS 2016). We evaluated the distribution of cheatgrass within the mountain
ranges and regions on the basis of Boyte et al. (2016). We derived the land
areas that burned from 1984 through 2015 from the Monitoring Trends in Burn
Severity (USGS 2017a) dataset. We derived population sizes for each region
from the 2010 census (U.S. Census Bureau 2017). We examined climate with
data from the PRISM Climate Group (2017) and with climatic water deficit, a
measure of aridity (Dobrowski et al. 2013).

To understand the geomorphic, hydrologic, and climatic characteristics of the
watersheds, we used the identified watersheds and their associated stream
networks. We based geomorphic variables on the derived watershed polygons
and 10-m DEMs (USGS 2017b), determined hydrologic variables from NHD
(USGS 2012), and derived stream networks from the DEM. We determined
geologic variables from the state geologic map compilation (Horton 2017) and
derived climatic variables from the PRISM Climate Group (2017) (Appendix A).

General Watershed Characteristics

The regions are fairly mountainous, with as much as 50.3 percent of the region
classified as part of a mountain range in the Humboldt and Owyhee Uplands
and as little as 23.3 percent in Western Utah (table 1) (USGS 2017b). The
mountains in the Central and Eastern Nevada regions are the highest with an
average elevation of 2,084 m and 2,132 m, respectively. In contrast, the Lava
Plains and Lahontan regions have mountain ranges with lower elevations,
averaging 1,726 m and 1,600 m, respectively. Population sizes in the area are
fairly low, although the Western Utah region captures part of the Salt Lake City
metropolitan area, which has a population of 788,742 according to the 2010 U.S.
census (U.S. Census Bureau 2017). This contrasts sharply with Central Nevada,
which has 17,452 people.

Geology

The montane geology of the region is a mixture of extrusive igneous rocks (45.6
percent, composed largely of rhyolite [25.5 percent] and basalt [10.2 percent])
and sedimentary rock (37.5 percent, composed largely of limestone [12.1
percent] and sandstone [8.5 percent]) with small percentages of metamorphic
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(2.6 percent) and other rock (9.7 percent) types (fig. 3, table 3, Appendix C)
(Horton 2017). Extrusive igneous rock dominates the western regions. The
Lava Plains and Lahontan regions are a mixture of basalt and rhyolite (37.6
percent basalt and 30.0 percent rhyolite in the Lava Plains and 18.8 percent
basalt and 17.8 percent rhyolite in the Lahontan), whereas rhyolite dominates
the Humboldt and Owyhee Uplands (44.5 percent) and Central Nevada (50.8
percent). Sedimentary rock types are concentrated in the eastern regions.
Limestone is the most common rock type in Southeastern Idaho (30.3 percent)
and Eastern Nevada (23.9 percent), whereas Western Utah has similar amounts
of limestone (18.9 percent) and sandstone (15.9 percent).

Figure 3—Map of the primary rock types (>5 percent of the montane area) in the mountains of the
geographic regions. Rock types are categorized as igneous (extrusive and intrusive), sedimentary (fine
grained and other), metamorphic, and other (dominant depositional types) (Horton 2017).
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Table 3—The geologic rock types that make up more than 5 percent of the area within the mountains
of the geographic regions, the area occupied in hectares, and the percentage of each region occupied in
parentheses. Data are from the state geologic map compilation (Horton 2017).

Humboldt
and
Lava Owyhee Southeastern Central Eastern Western Total
Plains Lahontan Uplands Idaho Nevada Nevada Utah area
Basalt Basalt Rhyolite Limestone Rhyolite Limestone Limestone Rhyolite
827,298 267,768 550,016 385,624 952,198 538,254 354,383 3,090,885
(37.6%) (18.8%) (44.5%) (30.3%) (50.8%)  (23.9%) (18.9%) (25.5%)
Rhyolite Rhyolite Chert Sandstone Chert Dolostone Sandstone Limestone
659,877 253,628 146,655 212,945 173,757  (dolomite) 298,717 1,467,066
(30.0%) (17.8%) (11.9%) (16.8%) (9.3%) 337,642 (15.9%) (12.1%)
(15.0%)
Andesite Claystone Sandstone Rhyolite Alluvium Rhyolite Alluvium Basalt
229,862 205,413 123,057 182,314 162,010 185,543 208,055 1,036,232
(10.4%) (14.4%) (10.0%) (14.3%) (8.6%) (13.7%) (11.1%) (10.2%)
Granodiorite Andesite  Alluvium Andesite Alluvium  Ash-flow tuff Sandstone
130,864 93,987 95,455 112,290 22,038 187,799 1,036,232
(9-2%) (7.6%) (7.5%) (6.0%) (9.9%) (10.0%) (8.5%)
Alluvium Shale Sandstone Rhyolite Alluvium
124,575 82,774 219,561 185,543 926,683
(8.7%) (6.7%) (9.8%) (9.9%) (7.6%)
Andesite Limestone Shale Dacite Andesite
99,658 71,955 184,333 132,733 665,147
(7.0%) (5.8%) (8.2%) (7.1%) (5.5%)
Shale Dolostone
91,850 (dolomite)
(6.4%) 120,388
(6.4 %)
Climate

The montane climate in the geographic regions is heavily influenced by
elevation. The higher elevation and more mountainous regions are wetter
and cooler (fig. 4a,b; table 4) (PRISM Climate Group 2017). In general, the
northeastern part of the area also tends to be cooler and wetter. The wettest
region is Southeastern Idaho, where the 30-year normal average annual
montane precipitation is 496 mm. The coolest region is the Humboldt and
Owyhee Uplands, where the 30-year normal average annual montane
temperature is 6.4 °C. This region is also the highest, with a mean montane
elevation of 1,965 m (table 1), and the most montane area (50.3 percent).

The warmest and driest region is the Lahontan, with an average annual
temperature of 9.8 °C and annual precipitation of 283 mm. This region also
has the lowest mountains (1,600 m). Precipitation arrives primarily in winter,
although the southeastern montane portion of the area can receive as much
as 33.1 percent of the annual precipitation in summer (fig. 4d). Overall aridity,
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measured as water deficit, is generally higher in the southern portion of the
area and lowest in the northeast (fig. 4c) (Dobrowski et al. 2013). The driest
region is the Lahontan (average water deficit of 1,005 mm), which reflects its
low mountains and higher temperatures.

Figure 4—Maps of climatic conditions in the geographic regions. A) 30-year normal average annual
temperature (PRISM Climate Group 2017); B) 30-year normal annual precipitation (mm) (PRISM Climate
Group 2017); C) water deficit (mm) (Dobrowski et al. 2013); D) percentage of precipitation (mm) that occurs
in June, July, and August (monsoonality) (PRISM Climate Group 2017).
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Table 4—Temperature, precipitation, average water deficit, and percentage summer precipitation
(precipitation arriving in June, July, and August) for the geographic regions derived from 30-year normals
based on PRISM Climate Group (2017). Water deficit was derived from Dobrowski et al. (2013).

Humboldt
and

Lava Owyhee Southeastern Central Eastern Western
Variable Plains Lahontan Uplands Idaho Nevada Nevada  Utah

Average annual

temperature (°C) 8.6 9.8 6.4 6.8 8.0 7.4 9.4
Average annual

precipitation

(mm) 377 283 428 496 320 383 420

Average water
deficit (mm) 809 1,005 610 488 923 796 964

Average summer

precipitation as

a proportion of

yearly total 9.3% 13.4% 10.6% 14.7% 16.7% 18.3% 21.8%

Geomorphic Characteristics

Montane perennial watersheds are more common in the northern regions, with

112 watersheds per million hectares in the Humboldt and Owyhee Uplands
region and 12 watersheds per million hectares in the Western Utah region

(fig. 5). Watersheds tend to be largest in the northwestern portion of the area;
watersheds in the Lava Plains region average 3,882 ha (table 5). The highest
watersheds occur in the southern part of the area. Eastern Nevada has the
highest watersheds, with an average relief of 1,114 m and mean maximum
elevation of 3,088 m. The overall watershed shape tends to be broad and flat in
the northwestern portion of the area, with tablelands in the uplands and large
valleys in the bottoms. Watersheds in the southern portion of the area tend to
be narrow and steep, with narrow valley bottoms and more rugged hillslopes.
These watershed geomorphic patterns coincide with watersheds dominated by
extrusive igneous rock in the northwestern regions and watersheds dominated
by sedimentary rock in the eastern regions (table 6).

USDA Forest Service RMRS-GTR-419. 2020
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Figure 5—Map of the mountain ranges within the geographic regions, the montane watersheds within
the mountain ranges with perennial stream systems, and the percentages of the stream system within the
watersheds that are considered perennial with the number of watersheds in each level in parentheses
(USGS 2013).
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Table 5—A mean count of the perennial montane watersheds by geographic region, and means of the
variables used to characterize the watersheds within the regions.

Humboldt
and

Lava Owyhee Southeastern Central Eastern Western
Variable Plains Lahontan Uplands Idaho Nevada Nevada Utah

Mean number of
watersheds 309 85 274 263 182 265 101

Watershed size
(ha) 3,882 1,686 2,729 2,637 2,839 2,033 2,147

Mean valley
bottom width (m) 68.4 68.0 60.0 58.4 62.7 57.2 58.5

Mean proportion
of tableland 17% 5% 10% 8% 5% 4% 4%

Mean proportion
of stream classified

as perennial 25% 24% 31% 35% 35% 34% 23%
Mean annual

precipitation (mm) 459 473 454 465 478 463 500
Mean minimum

elevation (m) 1,474 1,519 1,795 1,668 1,961 1,974 1,762
Mean relief (m) 847 864 664 738 1,019 1,114 911
Mean maximum

elevation (m) 2,321 2,384 2,459 2,406 2,981 3,088 2,673
Mean relief ratio 0.11 0.18 0.087 0.12 0.14 0.19 0.16
Mean total length

(m) 50,206 21,158 35,352 32,276 36,503 25,317 28,767

Table 6—Mean proportion of rock types within the watersheds by geographic region derived from the
state geologic map compilation (Horton 2017).

Humboldt
and
Lava Owyhee Southeastern Central Eastern Western
Variable Plains Lahontan Uplands IGELT Nevada Nevada Utah
Volcanic rock 74.4% 30.1% 52.7% 12.8% 48.5% 13.0% 14.0%
Sedimentary
rock 3.2% 29.3% 31.6% 64.4% 27.0% 57.6% 63.4%
Alluvial rock 4.6% 3.1% 0.8% 5.9% 4.0% 7.2% 13.8%
Fine-grained
sedimentary
rock 7.6% 23.9% 6.4% 6.4% 11.4% 6.3% 1.6%
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Existing Vegetation

Existing vegetation in the montane areas is a mixture of pifion-juniper
woodlands, sagebrush shrublands, and nonnative annual grasslands (fig. 6,
Appendix D) (USGS 2016). The pifion-juniper woodlands are concentrated in the
southern regions and dominated by Great Basin pifion-juniper woodland (24.2
percent of the Great Basin geomorphic region). Sagebrush shrublands are the
most common native vegetation types in the four northern regions (Lava Plains,
Lahontan, Humboldt and Owyhee Uplands, and Southeastern Idaho). Nonnative
upland vegetation-annual grassland is most common in the northwestern
regions (Lava Plains, Lahontan, and Humboldt and Owyhee Uplands). In fact, it
is the most prevalent vegetation type in the Humboldt and Owyhee Uplands.

Figure 6—Map of the LANDFIRE Existing Vegetation Types (USGS 2016) within the mountain ranges of
the geographic regions that occupy more than 10 percent of the montane area and the percentage of the
montane region that they occupy.
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Fire

Fires in the area have been concentrated in the north, particularly the
Humboldt and Owyhee Uplands, where 39.4 percent of the region burned from
1984 through 2015 (fig. 7, table 7) (USGS 2017a). Seventy-five percent of the fires
burned in July and August in the years 1984 through 2015. These northern fires
tended to be larger than in other regions; in the Humboldt and Owyhee Uplands
they average 8,172 ha compared to 2,849 ha in the Eastern Nevada region. The
fires in the north were also more frequent than in other regions. The Humboldt
and Owyhee Uplands averaged 2.6 fires per year per million hectares compared
to 0.75 fires per year per million hectares in Eastern Nevada. The larger and
more-frequent fires were associated with a decrease in summer precipitation
despite typically higher annual precipitation. They were also associated with an
increase in the area dominated by cheatgrass (table 7, fig. 6) (Boyte et al. 2016;
USGS 2016). In general, the proportion of area burned did not differ between
the montane areas within each region and the Great Basin region overall, so we
present fire statistics for the entire region.

Figure 7—Map of the large fires (>300 ha) from 1984 through 2016 (USGS 2017a) within the geographic
regions by month with the number of fires that occurred during a month in parentheses, and the
percentage of precipitation (mm) that occurs in June, July, and August.
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Table 7—Characterization of fire within the geographic regions based on the perimeters of large fires from
1984 through 2015 derived from Monitoring Trends in Burn Severity data (USGS 2017a).

Humboldt

Lava and Owyhee Southeastern Central Eastern Western
Variable Plains Lahontan Uplands Idaho Nevada Nevada Utah

Fires per year,

scaled 3.8 3.6 6.3 5.3 2.1 1.8 39

Fire size (ha) 7,106 5,533 8,172 3,058 3,667 2,849 3,843
June 20- June 28- July 16— July 8- July4-  July 8- June 19-

Fire season Sept. 4 Aug. 23 Aug. 23 Sept. 2 Aug.12 Aug.14  Sept. 8

Total area

burned per

year (ha)

(proportion of 38,405 29,616 42,846 21,573 17,701 11,188 42,679

total) (0.8%) (0.7%) (1.7%) (0.6%) (0.4%) (0.2%) (0.5%)

Total number
of fires burned 229 167 176 214 79 144 396

Total area

burned within

region (ha)

(proportion of 1,011,087 607,642 967,723 533,237 327,780 295,558 999,784
total) (21.1%) (14.5%) (39.4%) (15.6%) (7.8%) (4.5%) (12.4%)

Total area
burned in
mountains
(ha)(proportion 707,921 304,621 570,682 201,451 165,624 427,242
of total) (32.2%) (21.3%) (46.2%) 258,420 (7.5%) (4.8%) (7.3%) (22.8%)

Introduced

annual grass

existing

vegetation type

in mountains

(ha)(proportion 254,911 178,123 293,889 77,621 87,434 44,349 131,759
of total) (11.6%) (12.5%) (24.2%) (6.1%) (4.7%) (2.0%) (7.1%)

Fires have burned more frequently and covered larger extents in the
northwestern watersheds (table 8). In the Humboldt and Owyhee Uplands,

206 watersheds (75.2 percent) have burned. These watersheds have burned

an average of 1.5 times, and a greater number of the individual watersheds
burned than in any other region except the Lava Plains. In the Lahontan region,
an average of 32.5 percent of each watershed has burned. In contrast, in the
southeastern regions, fewer watersheds have burned. In Eastern Nevada, 85
watersheds (32.1 percent) burned. The watersheds in Eastern Nevada and
Central Nevada have burned less often than in other regions, and except for
Southeastern Idaho, less of each watershed has burned.
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Table 8—The number of burned watersheds, proportion of watersheds burned, number of times a
watershed burned from 1984 through 2015, and average proportion of a watershed that burned from 1984
through 2015, derived from Monitoring Trends in Burn Severity data (USGS 2017a).

Humboldt

Lava and Owyhee Southeastern Central Eastern Western
Variable Plains Lahontan Uplands Idaho Nevada Nevada Utah
Number of
watersheds burned 225 52 206 114 39 85 72
Proportion of
watersheds burned 72.9% 61.2% 75.2% 43.3% 21.4% 32.1% 71.3%
Mean times a
watershed burned 1.41 1.22 1.48 0.70 0.25 0.38 1.18
Mean proportion
of watershed area
burned 30.9% 32.5% 30.3% 20.0% 28.1% 21.1% 31.1%
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CONCLUSIONS

20

A working group of research and management partners built on long-

term research to develop a resilience-based approach to restoration and
conservation of the rare and valuable riparian and meadow ecosystems of the
Great Basin. The mountain ranges and watersheds were delineated and data
on their characteristics were collected and compiled in a readily accessible
database. Managers and other stakeholders can use these data to assess the
current biophysical and ecological conditions of the watersheds and to better
understand the potential responses of riparian and meadow ecosystems

to disturbance and management actions. A sound understanding of the
geomorphic sensitivity and ecological resilience of these ecosystems can assist
managers in prioritizing areas for conservation and restoration actions and
determining the best management approaches.

USDA Forest Service RMRS-GTR-419. 2020



REFERENCES

Biological Resources Research Center. 1997. The Nevada mountain atlas.

http://www.brrc.unr.edu. [Accessed 2020 June 16].

Board, David I.; Dilts, Thomas E.; Weisberg, Peter J.; Knight, Anna C.; Chambers,
Jeanne C.; Lord, Mark L.; Miller, Jerry R. 2020. Great Basin perennial montane
watersheds - geomorphology, hydrology and risk factors. Fort Collins, CO: Forest
Service Research Data Archive. https://doi.org/10.2737/RDS-2020-0059

Boyte, S.P.; Wylie, B.K.; Major, D.J. 2016. Cheatgrass percent cover change:
Comparing recent estimates to climate change-driven predictions in the
northern Great Basin. Rangeland Ecology and Management. 69: 265-279.

Chambers, J.C.; Miller, J.R., eds. 2004. Great Basin riparian ecosystems—Ecology,
management, and restoration. Covello, CA: Island Press. 304 p.

Chambers, J.C.; Miller, J.R. 2011. Geomorphology, hydrology and ecology of
Great Basin meadow complexes: Implications for management and restoration.
Gen. Tech. Rep. RMRS-GTR-258. Fort Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station. 125 p.

Chambers, J.C.; Miller, J.R.; Lord, M.L.; [et al.]. [In preparation]. Geomorphic
sensitivity and ecological resilience of Great Basin streams and riparian
ecosystems. Part I. Sensitivity and resilience concepts, components, and
categories. Part II. Assessment protocol. Gen. Tech. Rep. RMRS-GTR-XXX. Fort
Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station.

Dobrowski, S.Z.; Abatzoglou, J.A.; Swanson, AK.; Greenberg, ]J.A.; Mynsberge,
A.R.; Holden, Z.A.; Schwartz, M.K. 2013. The climate velocity of the contiguous
United States during the 20th century. Global Change Biology. 19: 241-251.

Environmental Systems Research Institute [ESRI]. 2015. ArcGIS Release 10.4.1.
Redlands, CA.

Horton, J.D. 2017. The state geologic map compilation (SGMC) geodatabase of
the conterminous United States (ver. 1.1, August 2017): U.S. Geological Survey
data release. Denver, CO: U.S. Department of the Interior, U.S. Geological Survey.

https://doi.org/10.5066/F7WH2NG65. [Accessed 2020 June 16].

PRISM Climate Group. 2017. 30-year normal. Corvallis, OR: Oregon State
University. http://prism.oregonstate.edu. [Accessed 2020 June 16].

Ritter, D.F.; Kochel, R.C.; Miller, J.R. 2011. Process geomorphology. 5th ed. Long
Grove, IL: Waveland Press. 652 p.

USDA Forest Service RMRS-GTR-419. 2020

21


http://www.brrc.unr.edu
https://doi.org/10.2737/RDS-2020-0059
https://doi.org/10.5066/F7WH2N65
http://prism.oregonstate.edu

22

U.S. Census Bureau. 2017. Census 2010, Summary file 1, table P001; generated
by David Board; using American FactFinder. https://data.census.gov/cedsci/.
[Accessed 2020 June 16].

USDOI U.S. Geological Survey [USGS]. 2012. National Hydrography Dataset Plus
[NHD]. NHDPlus Home. https://nhdplus.com/NHDPIlus/. [Accessed 2020 June 16].

U.S. Environmental Protection Agency [USEPA]. 2013. U.S. level IIT and IV
ecoregions of the continental United States. https://www.epa.gov/eco-research/
level-iii-and-iv-ecoregions-continental-united-states. [Accessed 2020 June 16].

USDOI U.S. Geological Survey [USGS]. 2013. National hydrography geodatabase:

The national map viewer. https://viewer.nationalmap.gov/advanced-viewer/
index.html?p=nhd. [Accessed 2020 June 16].

U.S. Geological Survey [USGS]. 2016. LANDFIRE1.4.0 Existing vegetation type
layer. Updated December 9, 2016. Washington, DC: U.S. Department of the
Interior, Geological Survey. https://www.landfire.gov/evt.php. [Accessed 2020
June 16].

USDOI U.S. Geological Survey [USGS]. 2017a. Monitoring Trends in Burn
Severity. MTBS data access: Fire Level Geospatial Data (2017 July). MTBS Project
(USDA Forest Service/U.S. Geological Survey). https://www.mtbs.gov/direct-
download. [Accessed 2020 June 16].

USDOI U.S. Geological Survey [USGS]. 2017b. National elevation database 1/3
arcsecond digital elevation model.
https://viewer.nationalmap.gov/advanced-viewer/. [Accessed 2020 June 16].

USDA Forest Service RMRS-GTR-419. 2020


https://data.census.gov/cedsci/
https://nhdplus.com/NHDPlus/
https://www.epa.gov/eco-research/level-iii-and-iv-ecoregions-continental-united-states
https://www.epa.gov/eco-research/level-iii-and-iv-ecoregions-continental-united-states
https://viewer.nationalmap.gov/advanced-viewer/index.html?p=nhd
https://viewer.nationalmap.gov/advanced-viewer/index.html?p=nhd
https://www.landfire.gov/evt.php
https://www.mtbs.gov/direct-download
https://www.mtbs.gov/direct-download
https://viewer.nationalmap.gov/advanced-viewer/

Appendix A. Watershed-Scale Data Available for the
Great Basin Geographic Regions

This appendix provides the descriptions and data sources of the watershed
characteristics in the database for the Great Basin geographic regions (table

Al).

Table A.1—The characteristics, units, descriptions, and data sources for the topographic, climatic,
geologic, hydrologic, vegetation, disturbance, and species data in the database for the Great Basin
geographic regions (Dilts et al. 2020). The data are available at: https://doi.org/10.2737/RDS-2020-0059.
The data can also be downloaded directly in ArcGIS Pro, ArcGIS Desktop, or QGIS at: https://
www.arcgis.com/home/search.html?q=greatbasinwatersheds.

Characteristic Units Description Source
Topography
Engelhardt (2009); National
Watershed area m? Total watershed area Elevation Dataset (USGS 2017)
National Elevation Dataset
Mean elevation m Mean elevation of the watershed (USGS 2017)
(Maximum elevation — minimum Engelhardt (2009); National
Ruggedness - elevation) x drainage density Elevation Dataset (USGS 2017)
Length of the watershed along the Engelhardt (2009); National
Watershed length m main channel Elevation Dataset (USGS 2017)
(Maximum elevation — minimum Engelhardt (2009); National
Relief ratio - elevation)/watershed length Elevation Dataset (USGS 2017)
Relative stream Estimate of stream power from Engelhardt (2009); National
power m? watershed area x relief ratio Elevation Dataset (USGS 2017)
Engelhardt (2009); National
Drainage density km/km?  Total stream length/watershed area Elevation Dataset (USGS 2017)
Percentage area under a dimensionless
curve produced as the ratio of h/H
and a/A, where h = elevation, H =
watershed relief, a = planimetric
Hypsometric area above h, and A = planimetric Engelhardt (2009); National
integral % watershed area Elevation Dataset (USGS 2017)
Percentage of the watershed mapped Knight (2019); National
Percent valley as valley bottom based on a 15-m Elevation Dataset (USGS 2017);
bottom % height above nearest drainage Nobre et al. (2011)
Percent Percentage of the watershed with slope National Elevation Dataset
tablelands % of less than 5° outside of valley bottoms (USGS 2017)
Average terrain ruggedness based on
the methodology of Sappington et al.
(2007) with modifications in which National Elevation Dataset
Local vector the underlying smooth topography is (USGS 2017); Sappington et al.
ruggedness radians/m removed (2007)
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Characteristic Units Description Source
Climate
Annual Daly et al. (1994); PRISM
precipitation mm 30-year mean annual precipitation Climate Group (2017)
Proportion of precipitation that falls
during monsoon season: 30-year mean
July to September precipitation/annual PRISM Climate Group (2017);
Monsoonality % precipitation Romme et al. (2009)
Proportion of precipitation that
is snow: 30-year mean snow Dilts et al. (2015); PRISM
Snow fraction % precipitation/annual precipitation Climate Group (2017)
Geology
Proportion of watershed area with
Percent carbonate % carbonate bedrock Horton (2017)
Percent Proportion of watershed area with
sedimentary % sedimentary bedrock Horton (2017)
Percent intrusive Proportion of watershed area with
igneousa % intrusive bedrock Horton (2017)
Proportion of watershed area with
Percent volcanica % volcanic bedrock Horton (2017)
Hydrology
Percent % Perennial stream length/total stream National Hydrography Dataset
perenniala length Plus (USGS 2012)
Perennial stream Number of unique perennial stream National Hydrography Dataset
connectivity count segments within the watershed Plus (USGS 2012)
Average perennial Average length of perennial stream National Hydrography Dataset
length m segments within the watershed Plus (USGS 2012)
Vegetation
Annual Watershed mean of pixel percent cover
herbaceous cover % of provisional herbaceous vegetation Xian et al. (2015)
Watershed mean of pixel percent tree
Tree cover % canopy cover Homer et al. (2015)
Watershed mean of pixel percent
Shrub cover % shrub cover Xian et al. (2015)
Disturbance
Cumulative proportional area of
watershed burned between 1984 and Eidenshink et al. (2007); USGS
Percent burned % 2017 (2000, 2005)
Road density km/km? Density of roads within the watershed  U.S. Census Bureau (2017)
Percent private Percentage of private land within the
land % watershed BLM (2015)
Number of dams/ Count of the number of dams and National Hydrography Dataset
diversions count diversions within the watershed Plus (USGS 2012)

USDA Forest Service RMRS-GTR-419. 2020



Appendix A (cont.)

Characteristic Units Description Source
Species
Average probability of occurrence
Greater (APOQ) of Greater sage-grouse Coates et al. (2016); Doherty et
sage-grouse APOC (Centrocercus urophasianus) al. (2011)

Average probability of occurrence of
Pygmy rabbit APOC pygmy rabbit (Brachylagus idahoensis) Cushman et al. (2016)

Average probability of occurrence of
Mule deer APOC mule deer (Odocoileus hemionus) Cushman et al. (2016)

Average probability of occurrence of
Pronghorn APOC pronghorn (Antilocapra americana) Cushman et al. (2016)

Average probability of occurrence of
Brewer’s sparrow APOC Brewer’s sparrow (Spizella brewert) Cushman et al. (2016)

Average probability of occurrence of
Gray flycatcher APOC gray flycatcher (Empidonax wrightii) Cushman et al. (2016)

Average probability of occurrence of
Juniper titmouse APOC juniper titmouse (Baeolophus ridgwayi) Cushman et al. (2016)

Average probability of occurrence
of sage sparrow (Artemisiospiza
Sage sparrow APOC nevadensis) Cushman et al. (2016)

Average probability of occurrence of
Vesper sparrow APOC vesper sparrow (Poocetes gramineus) Cushman et al. (2016)

Average probability of occurrence
of pinyon jay (Gymnorhinus
Pinyon jay APOC cyanocephalus) Cushman et al. (2016)

Length of stream suitable for native
cutthroat trouts, including Lahontan
Native cutthroat cutthroat trout (Oncorhynchus clarkii
trout m henshawi) in the watershed Isaak et al. (2017)

Average probability of occurrence of
breeding monarch butterflies (Danaus
plexippus) (not including tropical
Monarch butterfly APOC milkweed) Dilts et al. (2019)
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USDOI U.S. Geological Survey [USGS]. 2017. National elevation database 1/3
arcsecond digital elevation model. https://viewer.nationalmap.gov/advanced-
viewer/. [Accessed 2020 June 16].

Xian, G.; Homer, C.; Rigge, M.; [et al.]. 2015. Characterization of shrubland
ecosystem components as continuous fields in the northwest United States.
Remote Sensing of the Environment. 168: 286-300.
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Appendix B. Ecoregion Data for the
Great Basin Geographic Regions

This appendix provides the area and montane extent of level IV ecoregions
within the seven geographic regions of the Great Basin (table B.1).

Table B.1—The area that the level IV ecoregions occupy within the geographic regions of the Great Basin,
the proportion of the mountains within the geographic region that are identified as that ecoregion, and
the proportion of the ecoregion’s area that is contained within the mountains of the specified geographic
region. Data are from USEPA (2013).

Proportion of
Proportion ecoregion within the

of region’s mountains of the
Level IV ecoregion Area (ha) mountains region

Lava Plains

High Lava Plains 1,512,205 68.7% 53.6%
Semiarid Uplands 436,022 19.8% 39.6%
Lahontan Salt Shrub Basin 65,003 3.0% 3.2%
Dissected High Lava Plateau 55,738 2.5% 4.4%
Salt Shrub Valleys 29,633 1.3% 10.6%
Upper Lahontan Basin 28,169 1.3% 2.4%
Partly Forested Mountains 26,689 1.2% 19.2%
Modoc/Lassen Juniper-Shrub Hills

and Mountains 20,272 0.9% 81.3%
Lahontan Sagebrush Slopes 13,092 0.6% 1.1%
Pluvial Lake Basins 10,738 0.5% 3.8%
High Desert Wetlands 1,654 0.1% 2.0%
Lahontan and Tonopah Playas 947 0.0% 0.1%
Sierra Nevada-Influenced

Semiarid Hills and Basins 681 0.0% 4.9%
Fremont Pine/Fir Forest 51 0.0% 5.2%
Lahontan

Lahontan Sagebrush Slopes 828,586 58.1% 67.2%
Lahontan Salt Shrub Basin 335,272 23.5% 16.5%
Lahontan Uplands 221,213 15.5% 99.9%
Upper Lahontan Basin 36,277 2.5% 3.0%
Lahontan and Tonopah Playas 3,635 0.3% 0.6%
High Lava Plains 726 0.1% 0.0%
Humboldt and Owyhee Uplands

Semiarid Uplands 591,222 47.8% 53.7%
Upper Humboldt Plains 468,276 37.9% 34.5%
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Proportion of

Proportion ecoregion within the

of region’s mountains of the
Level IV ecoregion Area (ha) mountains region
Dissected High Lava Plateau 114,046 9.2% 8.9%
High Lava Plains 28,976 2.3% 1.0%
Partly Forested Mountains 27,191 2.2% 19.5%
Lahontan Sagebrush Slopes 3,694 0.3% 0.3%
Central Nevada High Valleys 2,028 0.2% 0.1%
High Desert Wetlands 1,142 0.1% 1.4%
Upper Lahontan Basin 117 0.0% 0.0%
Southeastern Idaho
Semiarid Hills and Low Mountains 830,110 65.3% 63.3%
High Elevation Forests and
Shrublands 241,742 19.0% 91.9%
Dissected High Lava Plateau 72,332 5.7% 5.7%
Sagebrush Steppe Valleys 37,995 3.0% 7.8%
Semiarid Foothills 33,372 2.6% 20.4%
Malad and Cache Valleys 15,036 1.2% 7.9%
Partly Forested Mountains 12,972 1.0% 9.3%
Wasatch Montane Zone 9,780 0.8% 48.1%
Sagebrush Basins and Slopes 6,146 0.5% 0.2%
Dissected Plateaus and Teton
Basin 4,893 0.4% 10.4%
Saltbush-Dominated Valleys 1,771 0.1% 1.4%
Magic Valley 510 0.0% 0.7%
Eastern Snake River Basalt Plains 464 0.0% 0.8%
High Elevation Valleys 435 0.0% 0.8%
Carbonate Sagebrush Valleys 174 0.0% 0.0%
Shadscale-Dominated Saline
Basins 139 0.0% 0.0%
Upper Snake River Plain 73 0.0% 0.1%

Central Nevada

Central Nevada Mid-Slope

Woodland and Brushland 887,699 47.3% 95.7%
Central Nevada High Valleys 617,324 32.9% 31.3%
Central Nevada Bald Mountains 315,890 16.8% 99.9%
Lahontan Salt Shrub Basin 22,544 1.2% 1.1%
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Proportion of

Proportion ecoregion within the
of region’s mountains of the
Level IV ecoregion Area (ha) mountains region
Upper Humboldt Plains 17,504 0.9% 1.3%
Tonopah Basin 10,479 0.6% 1.2%
Lahontan Sagebrush Slopes 2,305 0.1% 0.2%
Carbonate Sagebrush Valleys 1,745 0.1% 0.1%
Upper Lahontan Basin 925 0.0% 0.1%
Tonopah Sagebrush Foothills 81 0.0% 19.3%
Lahontan and Tonopah Playas 17 0.0% 0.0%

Eastern Nevada

Carbonate Woodland Zone 1,340,001 59.3% 79.7%
Carbonate Sagebrush Valleys 360,493 16.0% 14.7%
High Elevation Carbonate

Mountains 248,590 11.0% 92.4%
Mid-Elevation Ruby Mountains 97,116 4.3% 80.3%
Upper Humboldt Plains 62,661 2.8% 4.6%
Woodland- and Shrub-Covered

Low Mountains 42,861 1.9% 2.4%
Sagebrush Basins and Slopes 37,773 1.7% 1.5%
High Elevation Ruby Mountains 31,969 1.4% 100.0%
Shadscale-Dominated Saline

Basins 15,588 0.7% 0.5%
Tonopah Basin 7,637 0.3% 0.9%
Central Nevada High Valleys 6,047 0.3% 0.3%
Wetlands 309 0.0% 0.2%
Dissected High Lava Plateau 128 0.0% 0.0%
Tonopah Sagebrush Foothills 124 0.0% 29.7%
Salt Deserts 13 0.0% 0.0%
Western Utah

Woodland- and Shrub-Covered

Low Mountains 1,172,271 62.4% 65.2%
Sagebrush Basins and Slopes 487,628 25.9% 19.8%
Semiarid Foothills 55,667 3.0% 34.0%
Semiarid Hills and Low Mountains 38,914 2.1% 3.0%

USDA Forest Service RMRS-GTR-419. 2020 31



Appendix B (cont.)

Proportion of
Proportion ecoregion within the

of region’s mountains of the
Level IV ecoregion Area (ha) mountains region

Shadscale-Dominated Saline

Basins 24,803 1.3% 0.8%
Eastern Mojave Low Ranges and
Arid Footslopes 21,117 1.1% 46.5%
High Elevation Carbonate
Mountains 20,224 1.1% 7.5%
High Plateaus 14,630 0.8% 40.2%
Carbonate Sagebrush Valleys 14,328 0.8% 0.6%
High Elevation Forests and
Shrublands 7,521 0.4% 2.9%
Eastern Mojave Basins 5,406 0.3% 10.6%
Escarpments 4,431 0.2% 29.2%
Salt Deserts 3,501 0.2% 0.2%
Malad and Cache Valleys 1,856 0.1% 1.0%
Eastern Mojave Mountain
Woodland and Shrubland 1,700 0.1% 24.9%
Sagebrush Steppe Valleys 1,528 0.1% 0.3%
Moist Wasatch Front Footslopes 560 0.0% 1.2%
Wetlands 22 0.0% 0.0%
REFERENCE

U.S. Environmental Protection Agency [USEPA]. 2013. U.S. Level III and IV

ecoregions of the continental United States. https://www.epa.gov/eco-research/
level-iii-and-iv-ecoregions-continental-united-states. [Accessed 2020 June 16].
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Appendix C. Geology of the Mountains of the
Great Basin Geographic Regions

This appendix presents the area and percentage of the primary rock types in the
mountains of each Great Basin geographic region and all regions combined (table C.1).

Table C.1—Montane geology of the seven geographic regions in the Great Basin and all regions combined, with
percentages of each region or the entire area in parentheses. Data are from the state geologic map compilation

(Horton 2017).
Humboldt
Primary rock Lava and Owyhee Southeastern Central Eastern Western
type Plains Lahontan  Uplands Idaho Nevada Nevada Utah
1,880,031 817,641 1,242,869 500,641 699,093 6,100,592
ha ha 739,577 ha 220,741 ha ha ha ha ha
Igneous (85.4%) (57.4%) (59.8%) (17.4%) (66.3%) (22.2%) (37.2%) (50.3%)
1,794,355 638,734 1,139,726 416,305 640,078 5,533,514
ha ha 701,719 ha 202,597 ha ha ha ha ha
Extrusive (81.5%) (44.8%) (56.8%) (15.9%) (60.8%) (18.5%)  (34.1%) (45.6%)
659,877 253,628 952,198 307,309 185,543 3,090,885
ha ha 550,016 ha 182,314 ha ha ha ha ha
Rhyolite (30.0%)  (17.8%) (44.5%) (14.3%) (50.8%)  (13.7%)  (9.9%)  (25.5%)
827,298 267,768 27,750 1,241,731
ha ha 35,130 ha 3,196 ha 73,390 ha 7,200 ha ha ha
Basalt (37.6%) (18.8%) (2.8%) (0.3%) (3.9%) (0.3%) (1.5%) (10.2%)
229,862 112,290 94,119 35,168 665,147
ha 99,658 ha 93,987 ha 63 ha ha ha ha ha
Andesite (10.4%) (7.0%) (7.6%) (0.0%) (6.0%) (4.2%) (1.9%) (5.5%)
75,775 187,799 298,048
ha 11,363 ha 22,586 ha 525 ha ha ha
Ash-flow tuff (3.4%) (0.8%) (1.8%) — — (0.0%) (10.0%) (2.5%)
132,733 136,414
3,682 ha ha ha
Dacite — — — — — (0.2%) (7.1%) (1.1%)
71,085
Volcanic rock ha 71,085 ha
(aphanitic) — — — — — — (3.8%) (0.6%)
16,455 ha 16,455 ha
Tholeiite — — — (1.3%) — — — (0.1%)
Metavolcanic 6,317 ha 6,317 ha
rock — (0.4%) — — — — — (0.1%)
Volcanic breccia 1,848 ha 3,471 ha 5,319 ha
(agglomerate) — — — — (0.1%) (0.2%) — (0.0%)
1,541 ha 570 ha 2,110 ha
Tuff (0.1%) — — (0.0%) — — — (0.0%)
2 ha 2 ha
Volcanic ash (0.0%) — — — — — — (0.0%)
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Humboldt
Primary rock Lava and Owyhee Southeastern Central Eastern Western
type Plains Lahontan  Uplands Idaho Nevada Nevada Utah
85,677 178,906 103,143 84,336 59,015 567,078
ha ha 37,858 ha 18,144 ha ha ha ha ha
Intrusive (3.9%) (12.6%) (3.1%) (1.4%) (5.5%) (3.7%) (3.1%) (4.7%)
77,827 130,864 41,485 23,091 338,626
ha ha 28,621 ha 2,636 ha 34,103 ha ha ha ha
Granodiorite (3.5%) (9.2%) (2.3%) (0.2%) (1.8%) (1.8%) (1.2%) (2.8%)
38,101 34,121 136,954
Quartz 12,340 ha 4,404 ha 15,508 ha 32,480 ha ha ha ha
monzonite — (0.9%) (0.4%) (1.2%) (1.7%) (1.7%) (1.8%) (1.1%)
3,301 ha 24,296 ha 27,597 ha
Quartz latite — — (0.3%) — (1.3%) — — (0.2%)
20,944 ha 2,095 ha 23,038 ha
Gabbro — (1.5%) — — (0.1%) — — (0.2%)
1,246 ha 1,461 ha 52 ha 8,490ha 4,531 ha 1,612ha 17,392 ha
Granitoid (0.1%) (0.1%) (0.0%) — (0.5%) (0.2%) (0.1%) (0.1%)
5,456 ha 5,182 ha 1,480 ha 1,679 ha 219 ha 190 ha 14,207 ha
Diorite (0.2%) (0.4%) (0.1%) = (0.1%) (0.0%) (0.0%) (0.1%)
165 ha 8,116 ha 8,281 ha
Granite (0.0%) (0.6%) — — — — — (0.1%)
983 ha 983 ha
Quartz diorite (0.0%) — — — — — — (0.0%)
Migmatite — — — — — — — —
136,173 473,067 427,088 1,310,165 953,837 4,551,322
ha ha 431,554 ha 819,437 ha ha ha ha ha
Sedimentary (6.2%) (33.2%) (34.9%) (64.5%) (22.8%) (58.2%)  (50.7%) (37.5%)
65,320 342,002 268,553 188,216 28,407 1,221,211
ha ha 229,429 ha 99,282 ha ha ha ha ha
Fine grained (3.0%) (24.0%) (18.6%) (7.8%) (14.3%) (8.4%) (1.5%) (10.1%)
184,333 488,520
48 ha 91,850 ha 82,774 ha 40,660 ha 78,979 ha ha 9,877 ha ha
Shale (0.0%) (6.4%) (6.7%) (3.2%) (4.2%) (8.2%) (0.5%) (4.0%)
173,757 387,701
44740 ha 146,655 ha 18,675 ha ha 3,874 ha ha
Chert — (3.1%) (11.9%) (1.5%) (9.3%) (0.2%) — (3.2%)
49,378 205,413 271,381
ha ha 15,811 ha 779 ha ha
Claystone (2.2%) (14.4%) — — (0.8%) — (0.0%) (2.2%)
31,400 ha 6 ha 1,002 ha 32,408 ha
Siltstone — — — (2.5%) (0.0%) — (0.1%) (0.3%)
15,895
ha 2,426 ha 9 ha 9,987 ha 28,317 ha
Clay or mud (0.7%) — — (0.2%) — (0.0%) (0.5%) (0.2%)
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Humboldt
Primary rock Lava and Owyhee Southeastern Central Eastern Western
type Plains Lahontan  Uplands Idaho Nevada Nevada Utah
70,853 131,064 158,534 1,121,949 925,431 3,330,111
Other ha ha 202,125 ha 720,155 ha ha ha ha ha
sedimentary (3.2%) (9.2%) (16.4%) (56.7%) (8.5%) (49.8%)  (49.2%) (27.4%)
538,254 354,383 1,467,066
49,078 ha 71,955 ha 385,624 ha 67,773 ha ha ha ha
Limestone — (3.4%) (5.8%) (30.4%) (3.6%) (23.9%) (18.9%) (12.1%)
66,410 219,561 298,717 1,036,232
ha 70,693 ha 123,057 ha 212,945 ha 44,849 ha ha ha ha
Sandstone (3.0%) (5.0%) (10.0%) (16.8%) (2.4%) (9.8%) (15.9%) (8.5%)
337,642 120,388 545,184
Dolostone 3,867 ha 51,408 ha 31,879 ha ha ha ha
(dolomite) — — (0.3%) (4.0%) (1.7%) (15.0%) (6.4%) (4.5%)
51,939 116,189
58,304 ha 5,945 ha ha ha
Arenite — — — (4.6%) — (0.3%) (2.8%) (1.0%)
19,753 32,053
515 ha 11,294 ha 2,913 ha 9,989 ha ha ha 76,517 ha
Conglomerate (0.0%) (0.8%) (0.2%) — (0.5%) (0.9%) (1.7%) (0.6%)
25,980
5,065 ha 63 ha ha 31,108 ha
Carbonate — — — (0.4%) — (0.0%) (1.4%) (0.3%)
21,334
Medium-grained ha 21,334 ha
mixed clastic — — — — — — (1.1%) (0.2%)
16,083
Fine-grained 464 ha ha 17,057 ha
mixed clastic — — — — — (0.0%) (0.9%) (0.1%)
Coarse-grained 6,300 ha 268ha 4,513ha 11,081 ha
mixed clastic — — — (0.5%) — (0.0%) (0.2%) (0.1%)
332 ha 4,044 ha 4,376 ha
Arkose — — (0.0%) — (0.2%) — — (0.0%)
3,893 ha 3,893 ha
Graywacke (0.2%) — — — — — — (0.0%)
40 ha 40 ha
Biogenic
sediment — — — — — — (0.0%) (0.0%)
Mixed clastic/ 35ha 35ha
volcanic (0.0%) — — — — — — (0.0%)
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Humboldt
Primary rock Lava and Owyhee Southeastern Central Eastern Western Total
type Plains Lahontan  Uplands Idaho Nevada Nevada Utah area
198,450 10,664 314,077
13 ha 6,632 ha 15,111 ha 49,688 ha 33,518 ha ha ha ha
Metamorphic (0.0%) (0.5%) (1.2%) (3.9%) (1.8%) (8.8%) (0.6%) (2.6%)
98,295 171,454
6,472 ha 8,858 ha 26,233 ha 25,940 ha ha 5,656 ha ha
Quartzite — (0.5%) (0.7%) (2.1%) (1.4%) (4.4%) (0.3%) (1.4%)
99,613 100,573
ha 959 ha ha
Marble — — — — — (4.4%) (0.1%) (0.8%)
6,253 ha 12,155 ha 18,408 ha
Schist — — (0.5%) (1.0%) — — — (0.2%)
Metamorphic 3,062 ha 542 ha 4,049ha 7,653 ha
rock — — — (0.2%) — (0.0%) (0.2%) (0.1%)
7,438 ha 7,438 ha
Greenstone — — — — (0.4%) — — (0.1%)
5,397 ha 5,397 ha
Orthogneiss — — — (0.4%) — — — (0.0%)
Metasedimentary 2,766 ha 2,766 ha
rock — — — (0.2%) — — — (0.0%)
13 ha 160 141 ha 314 ha
Serpentinite (0.0%) ha(0.0%) — — (0.0%) — — (0.0%)
75 ha 75 ha
Mica schist — — — (0.0%) — — — (0.0%)
184,463 127,784 171,636 241,975 216,171 1,172,545
ha ha 49,820 ha 180,696 ha ha ha ha ha
Other (8.4%) (9.0%) (4.0%) (14.2%) (9.2%) (10.7%)  (11.5%) (9.7%)
84,156 124,575 162,010 222,038 208,055 926,683
ha ha 30,394 ha 95,455 ha ha ha ha ha
Alluvium (3.8%) (8.7%) (2.5%) (7.5%) (8.6%) (9.9%) (11.1%) (7.6%)
31,207
ha 31,207 ha
Flood plain (1.4%) — — — — — — (0.3%)
21,065
ha 21,065 ha
Gravel (1.0%) — — — — — — (0.2%)
11,511
ha 11,511 ha
Sand (0.5%) — — — — — — (0.1%)
4,091 ha 4,091 ha
Alluvial fan (0.2%) — — — — — — (0.0%)
31,317
ha 3,158 ha 12,349 ha 910 469 ha 1,545 ha 49,748 ha
Landslide (1.4%) (0.2%) (1.0%) — ha(0.0%) (0.0%) (0.1%) (0.4%)
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Humboldt
Primary rock Lava and Owyhee Southeastern Central Eastern Western Total
type Plains Lahontan  Uplands IGELT Nevada Nevada Utah area
46,545 ha 46,545 ha
Loess — — — (3.7%) — — — (0.4%)
2,431 ha 2,431 ha
Eolian — — — — — — (0.1%) (0.0%)
14,389
345 ha 7,041 ha 36,955 ha 1,076 ha ha 2,934 ha 62,739 ha
Glacial drift (0.0%) — (0.6%) (2.9%) (0.1%) (0.6%) (0.2%) (0.5%)
21,663 ha 2,172ha 23,835 ha
Glaciolacustrine — — — (1.7%) — — (0.1%) (0.2%)
14,389
345 ha 7,041 ha 1,076 ha ha 762ha 23,612 ha
Glacial drift (0.0%) — (0.6%) — (0.1%)  (0.6%)  (0.0%)  (0.2%)
15,290 ha 15,290 ha
Till — — — (1.2%) — — — (0.1%)
Stratified glacial 1ha 1ha
sediment — — — (0.0%) — — — (0.0%)
Lake or
marine deposit 881 ha 7,551 ha 5,048 ha 13,479 ha
(nonglacial) — — — (0.1%) (0.4%) (0.2%) — (0.1%)
1,125ha 1,125 ha
Mud flat — — — — — — (0.1%) (0.0%)
341 ha 41 ha 89 ha 31 ha 9 ha 511 ha
Playa (0.0%) (0.0%) — — (0.0%) (0.0%) (0.0%) (0.0%)
430 ha 10 ha 36 ha 861 ha 71 ha 1,409 ha
Water (0.0%) (0.0%) (0.0%) (0.1%) — — (0.0%) (0.0%)
REFERENCE

Horton, J.D. 2017. The state geologic map compilation (SGMC) geodatabase of the

conterminous United States (ver. 1.1, August 2017): U.S. Geological Survey data release.
Denver, CO: U.S. Department of the Interior, U.S. Geological Survey.

https://doi.org/10.5066/F7WH2NG65. [Accessed 2020 June 16].
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of the Great Basin Geographic Regions
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This appendix presents the area and relative amounts of the existing vegetation
types in the mountains of each Great Basin geographic region and all
geographic regions combined (table D.1).
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Appendix D (cont.)
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Appendix D (cont.)
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Appendix D (cont.)
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https://www.landfire.gov/evt.php

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights
regulations and policies, the USDA, its Agencies, offices, and employees, and institutions participating

in or administering USDA programs are prohibited from discriminating based on race, color, national
origin, religion, sex, gender identity (including gender expression), sexual orientation, disability, age,
marital status, family/parental status, income derived from a public assistance program, political beliefs,
or reprisal or retaliation for prior civil rights activity, in any program or activity conducted or funded by
USDA (not all bases apply to all programs). Remedies and complaint filing deadlines vary by program or
incident.

Persons with disabilities who require alternative means of communication for program information
(e.g., Braille, large print, audiotape, American Sign Language, etc.) should contact the responsible Agency
or USDA’s TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay
Service at (800) 877-8339. Additionally, program information may be made available in languages other
than English.

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form,
AD-3027, found online at http://www.ascr.usda.gov/complaint_filing_cust.html and at any USDA office or
write a letter addressed to USDA and provide in the letter all of the information requested in the form.

To request a copy of the complaint form, call (866) 632-9992. Submit your completed form or letter to
USDA by: (1) mail: U.S. Department of Agriculture, Office of the Assistant Secretary for Civil Rights, 1400
Independence Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email: program.
intake@usda.gov.

To learn more about RMRS publications or search our online titles:

RMRS web site at: https://www.fs.fed.us/rmrs/rmrs-publishing-services
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