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Executive Summary

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation about
current conditions of important park natural resources through a spatially explicitdmailinary

synthesis of existing scientific data and knowledge. Fgiven NPS unitNRCAs evaluate

conditions for a representative subset of natural resources and resource indicators, reporting where
possible on trends in resource condition. They also identify critical information gaps, and

characterize a general levelanfidence in study findings. The resources and indicators emphasized

in a given NRCA project depend on the parkds re
planning and science in identifying higiniority indicators, and availability of data andpertise to

assess current conditions for a variety of potential study resources and indicators.

Great Basin National Park was established as a national park in 1986 providing a high quality and
characteristic representation of the basin and range rejigh. characteristic features include the
gradient of cold desert shrubland to montane forests and woodlands to alpine environments. Ancient
bristlecone pine woodland occurs up along the alpine fringe of the park. Given its relatively remote
location, highair quality, visibility, and brilliant night skies are also featurBlde park encompassed
theLehman Caves National Monument which was created in i®@@&serve its outstanding cave
resources. The NRCA for Great Basin National Park began in 2012 dodal @atural resources

and ecological stressors were chosen for assessment. These assessments were arranged into four
categories including landscape resources, upland resources and ecological integrity, aquatic resources
and ecological integrity, and futllandscape conditionhis project used a structured ecological
integrity assessment framework to evaluate conditions of ecological resources. The framework
applies most directly to two of the four thematic resources categan@and resources andwagic
resource$ because these are categories of ecological resources. Primary steps to apply this
framework include: identifying the key ecological attributes for each focal resource on which to
further focus assessment and subsequent managementyidgntiflicators for each key attribute

for each resource, identifying an expected or reference range of variation for each indicator for each
resource, and documenting the status and trends of each focal resource based on indicator data,
comparing measurezbnditions to expected or reference conditions.

Landscape Resources

The landscape resources selected for assessment included air quality, viewsheds, night sky, and rock
glaciers.Current conditions for air quality, viewsheds, and night skies at the park are some of the

best in the country. Dark night skies and expansive vistas in and around the park draw many visitors
annually. Their excellent condition results largely from th&kp@ars | ocat i on Tian t he Gr
region with generally little urban and industrial development and few sources of light or air pollution.
Great Basin NP has a waktablished, lonterm monitoring program in place for air quality; and

recent measuremenby the Night Sky Program scientists provide excellent baseline data for future
monitoring of night sky conditions.

However air quality is of some concern due to t
in particular nitrogen and sulfuegdosition and elevated ozone levels. Regional haze affects long
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distance views and has reduced the visual range. Views from thsidestf the park are affected by

the Spring Valley Wind Farm, which contrasts with views of the surrounding rural land&magte

glaciers are another landscape resource in need of monitoring to detect potential effects of climate
change. Increasing ambient temperatures could result in changes to the shape and size of these alpine
glacial features.

Upland Resources and Ecological Integrity

Assessed upland resources and indicatmisded wildfire regime, aspemixed conifer forest,

sagebrush steppe, and bighorn sheep. Introduced animals and plants, including wild turkey and
invasive annual grasses, were also assessed. Uplsmarces vary in their condition and ecological
integrity across the park and surrounding landscape. Current conditions reflect a long history of land
use, where past grazing and fire suppression have had lasting effects on upland vegetation, including
promoting or allowing the colonization of the park by nwattive species. In most native plant
communities, late successional vegetation stages argeu@sented relative to earlier stages as a

result of past suppression of natural wildfire. This conditias many cascading effects, such as

limited tree species regeneration in aspen communities, or encroachment of other tree species into
sagebrush communities. These effects limit the suitability of habitat for species such as bighorn
sheep, likely limitingoopulation viability. Introduced plant species, such as annual cheatgrass, can
severely alter vegetation composition and fire regime, especially given the naturally great extent of
sagebrush vegetation at lower elevations within and surrounding thé\iltkurkeys, introduced

nearby for sport hunting, may be an increasing cause of concern for their effects on park resources.
Reintroduction of historically characteristic fire regimes across most park vegetation represents one
management response, and baradvanced in places through the safe use of prescribed burning.
Challenges to the safe and effective management of fire within the park are many and significant, but
taking actions to address the need for a more natural fire regime in the park wiitl aeni@portant

priority into the future.

Aquatic Resources and Ecological Integrity

Aquatic resourcesgary relatively little in their condition and ecological integrity across the park. The
resources and indicatditsat were assessed included water dgatnontane riparian woodlands,

Bonneville cutthroat trout, cave and karst processes, and springs. These aquatic resources are all parts
of a single hydreecological system shaped by the geology and topography of the South Snake

Range. The dynamics of thiydro-ecological system are naturally driven by inputs of rain and

snow. In turn, these dynamics are shaped by watershed cover and evapotranspiration, surface runoff
and groundwater recharge from rainfall and snowmelt, groundwater flow and dischargé theu
parkés bedrock fracture and karst geol-ogy, and
aquatic, and aquatic species that have found their ways into the South Snake Range over many
millennia. Changes in precipitation and air temperatulegosition of atmospheric pollutants,

chemical contamination from past land uses, alterations to watershed hydrology through surface
development or changes in ground cover, surface water diversions and groundwater pumping,
introductions of nomative aquac species, and visitor traffic through caves all have the potential to
alter the pa-eckldggboth abbve and beloviagradind.o
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The assessment fousdmeevidence of changes in hydrologic inputs or in factors that shape

watershed hydrologic fiction that result in altered hydrology within the park. Diversions take place
from four springs and from one of the parkods st
past a 3nile (4.8km) reach. The peeline interrupts the natural élogic processes of the creek

and impacts aquatic resourcegluding fisheriesriparian vegetation, and karst processes.

Groundwater pumping in the surrounding valleys does not presently affect springs and streams

within the park, but could in the future. RiEn vegetation is in good condition throughoust of

the parkbut encroachments of woody vegetationn i ssue across the parkos
communities asvell i is a matter of concern.

Atmospheric deposition of nitrogen and sulfur compounds, whaahdésrupt aquatic chemistry and
nutrient cycles, has declined for decades and now meets expectations for natural background
deposition. On the other hand, the peoktinuego experience a high rate of atmospheric deposition
of mercury, although there i evidence that the mercury is fslocumulating in the aquatic food

web to harmful levels. The frequency with which water samples exceed water quality standards for
supporting aquatidfe has declined over timand the few remaining occurrences mayewetfthe

unique geochemistry of the park rather than any contamination.

Aguatic macroinvertebrate communities in the pa
showing no evidence of impacts from impaired water quality or physical habitat. And theapark

carried out a highly effective program to restore the native Bonneville cutthroat trout along several
streams, removing nemative trout from the restored stream sections at the same time.

Finally, the processes that shape cave and karst ecologealugjic formations appear to be intact,
except for possible effects from visitors through Lehman Caves. Hovelditional data are needed

to evaluate these possible effects. Cave visitor usage varies over time and can have both direct and
indirect effets on cave resource conditions, from direct damage to cave formations to changes in
cave air humidity and chemistry that in turn affect cave species and geologic processes.

Future Landscape Conditions

Climate change has a number of potential effects on park resources and values that will require
concentrated investment in monitoring over the upcoming decades. Climate projections indicate that
in the region surrounding the park, increasing temperatuagsaiao coincide with increasing
precipitation.As compared with temperature variables, given inherent variability in precipitation
patterns, interpreting past observations and future projections is much less bthhprojections

linking climate to lydrologic models indicate slight decline in annual floaver upcoming decades.
They alsasuggest shift to earlier snowmelt by up to 30 days, and modest chasrmgsvpack and

annual flow by the decade including 2060.

The alpine environment faces higkdiihood of significant exposure to climate change effects.
Monitoring of alpine vegetation sample plots should assist with detecting trends in alpine plant
composition. Phenologydicators such as rattlesnake emergence and cutthroat trout spawning
times should also provide useful indicators for signaling biological responses to a changing climate.
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Results of the NRCAwill assist park &ff with objectives including foritzed managemerictions,
Resource Stewardship Strategies atietrmanagement plansupportto interpretation of park
resources and issyemnd egagenentin landscapescaled partnership efforts
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1. NRCA Background Information

Natural Resource Condition Assessments (NRCASs) evaluate current conditions for a subset of

natural resourcesdn r esour ce indicators in national par k
on trends in resource condition (when possible), identify critical data gaps, and characterize a general
level of confidence for study findings. The resources and indicatophasized in a given project

depend on the parkdés resource setting, status o
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potentiasstudy resources and indicators.

NRCAs represent a relatively new e N
approach to assessing and reporting on

park resource conditions. They are meant NRCAs Strive to P
to complemerd not replacé traditional Credible condition reporting for aubset of
issueand threabased resource important park natural resources and indicators
assessments. As distinguishing

L Useful condition summaries by broader resource
characteristics, all NRCAs: y

categories or topics, and by park areas
 Are multi-disciplinary in scopé; \S )

1 Employ hierarchical indicator
frameworks?

Identify or develop reference conditions/values for comparison against current corditions;
Emphasize spatial evaluation of conditions and GIS (rpeggjucts?

Summarize key findings by park areas; and

= =4 =4 =4

Follow national NRCA guidelines and standards for study design and reporting products.

Although the primary objective of NRCAs is to report on current conditions relative to logical forms
of refererwe conditions and values, NRCAs also report on trends, when appropriate (i.e., when the
underlying data and methods support such reporting), as well as influences on resource conditions.
These influences may include past activities or conditions thatder@vhelpful context for

! The breadth of natural resources and number/type of indicators evaluated will vary by park.

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subseq
] conditions for indicator§ condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased reference conditions, must also consider applicable legal and regulatory standards,
and can consider other managengpecifiedcondition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditioReference values can be expressed in qualitative to quantitative terms, as a single
value or range of values; they represesgidhble resource conditions or, alternatively, condition states that we wish to avoid or
that require a follomupr e sponse (e.g., ecological thresholds or managemen

“ As possible and appropriatéRCAs describe condition gradients or difieces across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

5 In addition to reporting on indicatdevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on doyaaeza basis: 1) by park ecosystem/habitat types or
watersheds, and 2) for other park areas as requested.



understanding current conditions, and/or pres@pgtthreats and stressoratlare best interpreted at

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas
and natural resources beyond park boundaries). Intensive @adiséect analyses of threats and
stressors, and development etailed treatment options, are outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data
and information, NRCAs are not intended to be exhaustive. Their methodology typically iremolves
informal synthesis of scientific data and information from multiple and diverse sources. Level of

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing
data and knowledge bases across the varieg studponents.

The credibility of NRCA results is derived from the data, methods, and reference values used in the
project work, which are designed to be appropriate for the stated purpose of the project, as well as
adequately documented. For each studycitor for which current condition or trend is reported, we
will identify critical data gaps and describe the level of confidence in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjetter experts at criticabmts

during the project timeline is also important. These staff will be asked to assist with the selection of
study indicators; recommend data sets, methods, and reference conditions and values; and help
provide a multidisciplinary review of draft studiindings and products.

NRCAs can yield new insights about current park resource conditions, but, in many cases, their
greatest value may be the development of useful documentation regarding known or suspected
resource conditins within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame data and study needs for important park resources, and
communicate messages about current park resource conditions to various audisncess#ful

NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decision making, planning, and partnership activities.

4 A

Important NRCA Success Factors

Obtaining good input from park staff and other NPS subjeatter experts at
critical points in the project timeline

Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measurds indicators/ broader resource topics and park
areas)

Building credibility by clearly documenting the data and methods used, critical
data gaps, and levelf confidence for indicatelevel condition findings

\ )

However, it is important to note that NRCAs do not establish management targgtsifo
indicators. That process must occur through park planning and management activities. What an
NRCA can do is deliver sciendmmsed information that will assist park managers in their ongoing,
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longt er m ef forts t o des c redreseurcacomditiomuiaachmanageynena par k 6
targets. In the near term, NRCA findings asdisttegic park resource plannfrand help parks to

report on government accountability measurés.addition, although itlepth analysis of the effects

of climate chage on park natural resources is outside the scope of NRCAs, the condition analyses

and data sets developed for NRCAs will be useful forer&l climatechange studies and planning

efforts.

NRCAs also provide a useful complement to rigorous NPS sciepp®r’ programs, such as the

NPS Natural Resources Inventory & Monitoring (1&M) Prografor example, NRCAs can provide
current condition estimates and help establish reference conditions, or baseline values, for some of a
par kés vital datgsnTheycan alsodraw upan g9RS$ data to help evaluate

current conditions for those same vital signs. In some cases, 1&M data sets are incorporated into
NRCA analyses and reporting products.

a A

NRCA Reporting Productseé
Provide a credible, snapsit-in-time evaluation for a subset of important park natural
resources and indicators, to help park managers:
Direct limited staff and funding resources to park areas and natural resources that represent
high need and/or high opportunity situations

(near-term operational planning and management)
| mprove understanding and quantification for

and Aother i mportanto natur al resour

(longer-term strategic planning)

Communicate succinct messages regagdiurrent resource conditions to government program
managers, to Congress, and to the general public
(Aresource condition statuso
’An NRCA can be useful during the devel opment o falloeedtpar k6s Res
as a posRSS project.

"While accountability reporting measures are subject to change, the spatial and réfasenteondition data provided by
NRCAs wi || be useful for most f or ms o fredbytbesNPS, the Repactmentdi t i on s
of the Interior, or the Office of Management and Budget.

8 The | &M program consists of 32 networks nationwide that are
condition of park ecosystems and develofranger scientific basis for stewardship and management of natural resources
across the Nati onal ardPassubket dbphgsicat chemical\vand bmlbgica élegnanss @and processes of park
ecosystems that are selected to represent thalblealth or condition of park resources, known or hypothesifect® of
stressors, or elements that have important human values.



Over the next several years, the NPS plans to fund an NRCA project fioofe¢he approximately
270 parks served by the NPS I&M Program. For more information on the NRCA program, visit
http://www.nature.nps.gov/water/NRCondition_Assessnémgram/Index.cfm
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2. Introduction and Resource Setting

2.1. Introduction

2.1.1. Enabling Legislation
Theenabling legislation for thegok (Publc Law 99-565) states:

In order to preserve fathe benefit and inspiration of the people a representative segment of the
Great Basin of the Western United States possessing outstanding resources and significant
geological and scenic values, there is hereby established the Great Basin National Park.

Great Basin National Park's enabling legislation is based on the Organic Act of 1916, stating that the
mission of the National Park Service is to

... conserve the scenery and the natural and historic objects and the wild life therein and to
provide for theenjoyment of the same in such manner and by such means as will leave them
unimpaired for the enjoyment of future generations.

2.1.2. Geographic Setting

ThehydrologicGreat Basin encopasses nearly all of Nevagagrts of western Utah and small
portions of Califenia, Oregon and Idahaoughly200,000 miZ517,998 km of arid basins and
rugged, isolated mountain ranges. Qctober 27, 1986/7,180 acreé312 km3 of this region was
set aside as Great Basin National P&keg@t Basin NR, enlarging the previousdhman Caves
National Monument 0640 acre¢2.6 km32, which had been established in 1922.

Great Basin National Park is located in east central White Pine County, Nevada near the Utah border,
and encompass&3,180 acre§312 km3 of the southern Snake RagigWheeler Peak, dt3,063

feet(3,982 n) the centerpiece @reat Basin NPoverlooks two expansive basin§Spring Valley to

the west and Snake Valley to the east. Howasezat Basin Nihcludes only80 acreg32 hg of the

basin environment, and thanly as an administrative site. The park is surrounded by Bureau of Land
Management (BLM) and private lands.

The park is 300 miles (480 km) north of Las Vegas, 250 miles (400 km) southwest of Salt Lake City,
and only a few miles south of U.S. Highway $8e nearest town is Baker, Nevada where a visitor
center is located. Some 65 miles (105 km) to the west, the town of Ely provides major services and
Delta, Utah, is 90 miles (145 km) to the east.

Great Basin NRs located within the central Great Basinynze of alternating nortsouth trending
mountains and valleys. Extending from a lofAb,287feet(1,611m) elevation just north of the town

of Baker, to a high 03,063 fee(3,982 n) elevation at the summit of Wheeler Peidle park

contains a wide véety of natural resources characteristic of the Great Basin. The South Snake Range

1 Material describing park natural resources was excerpted from the 1999 GRBA Management Plan and then
updated.



is the most southeastern of the ranges in the Great Basin with large expanses of terrdifl,ab0ve
feet(3,048 n) and a peak ovelr3,000 fee{3,962 n) in elevation. The&outh Snake Range also sits
relatively far from the rain shadow of the Sierra Nevada Range and relatively close to humid
atmospheric circulatin from the Gulf of California.

The topography results from tectomixtensions that created a negbuth faultolock mountain

range and exposed limestones, shalegndivés, and quartzites. ¥yck glacier exists at the base of
Wheeler Peak, the remnant of what was once one of the largest glaciers in the central Great Basin.
There arel3 mountain peakabovel0,000feet(3,048m), including sevembovell,000 fee(3,353

m) andfour peaksover12,000 fee{3,658 n). The South Snake Range slopes gradually toward the
east and steeply toward the west.

Soil types, climate, and vegetation are all vertically zaaredidfected by solar exposur&here is a

wide diversity of soil types from alluvium, aridisols to lithosols and tundra soils, controlled as much
by bedrock geology and exposwag by elevation. Vegetation type varies from middle latitude desert
at5,000 to 6500 feet(1,524 to 1,981In) elevationto alpine tundrat 11,000 to 13,000 fe€B,353 to
3,962m) elevation Summer temperatures range fr8gto 105°F (29 to 41 °Q in the valleys t®5

to 65 °F(13 to 18 °Q on the mountain ridges. The correspondirerjpitation ranges from an

average annual rainfall 6fincheq15 cm in the valleys t80+ incheg76+ cm) on the mountain

ridges. Fothe parkoverall, average annual rainfalli2.9 inche$33 cn). January temperatures at
Lehman Cave%,825 fee(2,080 m) elevation, may vary frorriLO °F to 40+ °K-23 °C to 4 °C).

2.1.3. Historical Setting

Archeological resources identified at Great Basin National Park include prehistoric artifact scatters,
extensive rock art sites, and caves or rockshelters, some withrsigishidden deposits. A number

of historic period sites have archeological deposits worthy of further investigation. Prehistoric
occupation of the park extenfism the Paledndian Period (1200 B.C. to 9000 B.C.) through the

Great Basin Desert Archafé000 B.C. to A.D. 500) and the Fremont (A.D. 500 to 1300) to the

Western Shoshone Period (A.D. 1300, to EAnoerican cultural expansion). The year 1869

witnessed the beginning of European settlement in Snake and Spring valleys and the establishment of
six mining districts in the area of presatay Great Basin National Park. Early ranching and farming

in the valley startedinthemii8 00s. Absal om Lehman founded his
discovery of the caves in 1885. He ranched and farmedidimg much needed food and vegetables

for the area miners. He started an orchard. A few peach and apricot trees that date back to the 1880s
remain and produce fruit to this day. The local communities are still approximately the same size as
they were onéundred years ag&overnment (county, state, and fedgrmurism ranching, and

mining arethe primary economic drivers of the area.

2.1.4. Visitation Statistics

Lehman Caves National Monument was created in 1922, and visitor data go back to 1934. Visitation
until after World War Il was less than 5,000 people per year. Visitation grew steadily in the 1950s
and1960s(Figurel). In 1987, the year after Great Basiatidnal Park was created, visitation

jumped over 23,000 people to 63,532 visitdise highest number of visitors recorded in one year

was 107,526 in 2014 (NPS Public Use Statistics Office 2015).
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Figure 1. Annual number of recreational visitors to Lehman Caves NM/Great Basin NP, 1934-2013 (NPS
Public Use Statistics Office 2014).

Data on visitation by month atabulatedor
197-2013. In every year during this -34ar
period, the number of visitors peaked in June
August. Throughout this time period, 55% of
visitors came tahe parkin summer, just 4% in
winter, and the rest split nearlyenly between
spring and autumri~{gure2). Data for just
2013 reflected this trend, with a slight increass
in winter visitors to 5%.

Winter

2.2. Natural Resources

An overview of the p32g
given inSection2.2.1 A summary of the
natural resources &reat Basin Nis

presented ifbection2.2.2representing the Figure 2. 1979-2013 recreational visitors to Lehman
information known prior to the completion of Caves NM/Great Basin NP by season (NPS Public
this condition assessment. A myriad of data USe Statistics Office 2014).

were gathered and compiled throughout this

assessment process as a result of the meetings, consultations, and literature revieimg pertain
each natural resource topic. Therefore, some of the information prese8tttion2.2 may have
been included in subsequent chapters or edhitiepending upon new findings.




2.2.1. Ecological Units, Watersheds, and Management Zones

With just undei8,000 £et(2,438m) of topographic reliefthe parkis host to a diverse array of plant
communities, wildlife, and aquatic habitaEsdure 3). The vegetation across the lower elevations in
the parkincludes saltbush and sagebrgghss communities. The footlsiland lower montane zones
include extensive pinyejuniper and mountain mahogany woodlands, wet meadows, and woodlands
along riparian zones. Still higher are aspeired conifer forests, montane sagebrush steppe, and
subalpine spruce forests, extendingafimber pinebristiecone woodland and alpine tundra.

Watersheds and
Dominant Vegetation Types

[Jcrea

6th Level Watershed

Dominant Vegetation
Alpine
Barren/Rock
Basin Wildrye-Montane Big Sagebrush '

%7 [ Developed/Roads
: - Limber-Bristlecone Pine Woodland
| I Mixed Conifer

- Montane Riparian-Ponderosa Pine

Montane Sagebrush Steppe

Mountain Mahogany
gy | Pinyon-Juniper

Seral Aspen
s, - Seral Aspen-subalpine
- Subalpine Mesic Spruce-Fir

- Water

Wet meadow

Figure 3. Watersheds and dominant vegetation types of Great Basin National Park (vegetation inventory
source: Cogan et al. 2012).

The park has been divided into watersheds based ogragghy. Thes are twelveés™level
watersheds, and are useful fooking at information on a moudetailed basis.

T h e PGenekabvanagement PlaBNIP) divided the park into seven management zoR&gi(e
4). Each zone has different management actions permaetttailed in the GMP. E€Hargest
manaement zongPrimitive, includes nearly half of the park areand little or no development
would occur in this areé&Bemiprimitive, with more backcountry use and tra{30%) and Protected



Natural Areaareas wittspecial resource needs and concgii&%) encompass the next two largest
proportions Resarch natural areas include 3.4ptimitive dayuse areas include 2.2%nd ruel

subzone, which provides opportunities for fishing, hiking, and dispersed camaikg,up 2% of the

park surfaceThe modern zone, encompassing the Lehman Caves Visitor Center area, along with the
Wheeler Peak Scenic Drive and Baker Creek road and adjacent campgroupitsiarateas,

includes just 1.% of the park.
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Figure 4. Management zones of Great Basin National Park.

2.2.2. Resource Descriptions

The following resource descriptions are presented in the same order as they are in Chapter 4.
Represented below is the basic information known before the natural resource condition assessment
was completed. Chapter 4 includes references for the information found.



Landscape Resources

Air Resources (Air Quality, Viewsheds, Night Skies)

Many national parks established prior to the Clean Air Act of 1977 are afforded the greatest air
quality protection with Class | airshed designati@reat Basin NMas a Class Il airshed
designation, yet still enjoygome ofthe best air quality in the cogtiousUnited States with visibility
often extendind 20+ miles {93+ km) (mean standard visual range). Scenic vistas are an integral
part of interpeting the basin and range landscapaticularly since the enabling legislation allows
for the NPS to assne a coordinating role for interagency interpretation of the Great Basin
physiographic province.

Visitors to the high elevations @reat Basin NRan enjoy vistas of vast expanses of high desert
valleys nterspersed with numerous negbuth oriented mauain ranges.

The night sky is another example of the importance of excellent air quality to the integiniéypafrk
and visitor experience. The park has recently developed numerous night sky programs and is
pursuing the installation of an observatonghwhe Great Basin National Park Foundation.

Glacier Resources

Great Basin NRontains theartialremnants of one ice glacier, above the Wheeler Peak rock glacier
(Osborn and Bevis 2001). This glacier was first identified in 1883 by William Eimbeckwa$o
installing a heliograph station on Wheeler Peak. The park also has at least seven rock glaciers
(Graham 2014). Rock glaciers are-imoasses covered with rock, miggProspect Mountain Quartzite
falling from the surrounding cirque walls. The rock glasimay form distinct lobes. The park also
contains various glacial features such as cirques and moraines. Despite having many glacial
resources, few studies have focused on tteamd it is unlikely that the rock glaciers are a significant
hydrologic resouwe.

Upland Resources

Wildfire

Wildfire is a natural part of the ecosystems in the park. However, fire suppression has occurred since
the late 1800s. The exclusion of fire in areas has allowed for encroachment of pinyon pine trees in
sagebrush areas anditetfirs in aspen areas. Fire suppression has led to a preponderance of late
successional woody plant communities, which are more susceptible to catastrophic fires and insect
outbreaksThe expansion of cheatgrag&¢mus tectoruln i nt o t h e evatians kadtee | ower
potential of draretically changing the fire regime in the sagebrush steppe systems possibly resulting

in these systems transitioning into annual grasslands.

2The 1977 Clean Air Act amendments designated Class | areas based on these criteria: the following areas that
were in existence as of AugustI®77- national parks over 6,000 acr@s428 ha) national wilderness areas and
national memorial parks over 5,000 acf2®23 ha)and international parks
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AspenMixed Conifer Forest

Aspenrrmixed conifer forests are found at mid to upglewvations irthe park The mixed conifer
component consists primarily of white fir and Dougliaswith diverse understories. This habitat
currently has an ecological departure of 66 percent, indicating that much of the aspen has
disappeared as the mtkeonifers have formed a closednopy forest (Provencher et al. 2010).

Wild Turkey

Wild turkeys were introduced by NDOW in the early 2000s outside the park. The turkeys quickly
entered the park, and their numbers continue to increase and they haveaspyssultiple park
drainages and can be foundtopl0,000 fee¢3,048 m)in elevation. Their effects on native species
in the park have not been studied.

Invasive Annual Grasses

Invasive annual grasses have moved into the park, especially alongpraddrs. Of particular
interest is cheatgrasBromus tectorumny an invasive exotic annual, which started moving into the
park in the migl900s. It is now commonly found below 8,000 fg&#38 m) and sometimes as high
as 10,000 feg3,048 m) Cheatgras replaces native grasses, decreases food resources for wildlife,
and increases the fire frequency of an area.

Bighorn Sheep

The last observation @fativebighorn sheep in the South Snake Range was recorded in 1972. The
Nevada Department of Wildlife (NOW) considered bighorn sheep extirpated from the Snake Range
by 1975. Twenty Rocky Mountain bighorn sheep from Colorado were reintroduced to the South
Snake Range in 1979 and 1980. A bighorn sheep telemetry study was initiated in 2009 by the park
and NDOW A total of 16 bighorn (64% of the estimated population) have been collared in the South
Snake Range to determine herd size, disease status, home ranges, survival, lambing range and winter
range. Herd size is estimated betweet230ndividuals, similar tahe number of bighorn that were
originally reintroduced 34 years ago. Disease testing of collared bighorn revealed the South Snake
Range population to be the omMycoplasma ovipneumonideee herd of Rocky Mountain bighorn
sheep in Nevada. GIS modelingggiests that habitat quantity is not a limiting factor in the South
Snake Range. Rather, proximity to domestic sheep, mountain lion predation, and habitat quality are
the limiting factors to a viable bighorn sheep population.

SagebrusiBteppe

Sagebruststeppe includes low sagebrush steppe (420 gdr83 ha), montane sagebrush steppe
upland (12,710 acrg€$§,144 ha), andmontane sagebrustteppemountain (940 acrg880 ha). The
first two havemoderateecological departurevhile the third is only slighyl departed from its
historical range of variatiofProvencher et al. 201(or all three systems, ecological departure is
the result of a paucity of early successional steagesnsequenaaf changes in the fire regime

Ten years of small mammal survensve been completed to determine the effects of sagebrush
restoration (through the removal of encroaching conifers) on small mammal density and diversity.
Mark-recapture surveys in Lehman Flat began in 2004. Surveys targetingahighhabitat types

including sagebrush steppe, riparian, aspen and subalpine grassland habitat were conducted between
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2007 and 2012 in thirteen park watersheds. Trapping has documentedttweatgpecies, including
two small mammal species listed as NPS species of managemeatrco

Aquatic Resources

Water Resources

Ten permanent streams originatehe parkbetweert,200 and 11,000 fe€t,890 and 3,353 Jn
elevation and are fed by numerous springs along their courses. The perennial reaches of these
streams averademiles (8km) in length. Six streams flow eastward into Snake Valley, and four
drain westward into Spring Valley. The largest streé®timwberry, Lehman, Baker, Snake, South
Fork Big Washoriginate from the Baker/Wheeler/Washington Peak areas. Most of the streams
gradually percolate into the alluvium and/ or evaporate before reaching the adjacent valleys. Snake
Creek contains a 3 ietlong (4.8 kmlong) water pipeline diversion systemtime park built to

bypass a losing stream reach over karst terrain and defater to the town of Garrison. The Park
also contains six sullpine lakes awaging3 acreq1.2 hg in size, of which Baker Lake supports
nonnativeintroduced salmonid populations.

Periodic water quality monitoring has taken place since 1999, asf plaet Bonneville cutthroat

trout reintroduction mjectand the NPS Inventory and Monitoring protocol for Streams and Lakes.

Ayearl ong water quality baseline was conducted in
streams, springs, and cave water sesif¢iorner et al. 2009).

Montane Riparian Woodlands

The South Snake Range contains more than 33 watersheds, 25 of which occur mostly within Great
Basin NP. Ten of the latter contain streams with one or more perennial reaches that support corridors
of ripanan vegetation. Headwater elevations for perennial flows range from a [b\»38 feet

(2,316 m) for South Fork Big Wash to a high 09,213 fee{3,113 n) for Baker Creek. Intermittent

stream reaches in other watersheds also support riparian plant coesnincluding Can Young

Canyon and Arch Canyon at the head of the South Fork of Lexington Creek.

The montane riparian plant communities of the manksist of two broad types: the Rocky Mountain
SubalpineMontane Riparian Woodland and Shrubland/Stresmd;the Great Basin Lower Montane
Foothill Riparian Woodland and Shrubland/Stream system types. As is typical throughout the Great
Basin, ripariarcommunities occupy a very small fraction of the area of the park but contribute

greatly to its biological diersity. Coldair drainage, topographic shading, the presence of running
water, and high water tables support distinctive assemblages of plants that tolerate or require moist
soils and cooler, more humid microenvironments. Evapotranspiration and shadhegriparian

vegetation itself helps maintain these microenvironments. Disturbances caused by irregular pulses of
runoff that reshape alluvial soils contribute to the diversity of riparian plant communities.

Bonneville Cutthroat Trout

Among the native aquia fauna ofthe park Bonneville cutthroat trout (BCT) receive the most
attention. BCT are native to the Bonneville Basin of eastern Nevada and western Utah. BCT in the
State of Nevada have experienced major declines caused by natural and human ezlgtesd This
subspecies was once native in the strean@& et Basin NBut was extirpated from most of its
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assumed historic range @reat Basin NRlue to the introduction afon-nativesalmonids. There
were25+ miles 40+ km) of historial but unoccupiedVestern BCT stream habitat wh@&neat

Basin NPwas established’he Parlhas the potential to provide over 24% of the stream corridor (by
length) needed for BCT recovery in Nevada (Baker et al. 2008). In t#9parkprepared a
reintroduction plan anditiated a multyear process that reestablished Bonneville cutthroat trout in
historic habitat withirthe park including South Fork Big Wash, Upper Snake Creek, Strawberry
Creek, and upper South Fork Baker Creek. BCT are also found in Pine andCRié§s, on the west
side of the range, and Mill Creek. Multiple genetic analyses have shown these populations to be pure
BCT, as well as all reintroductions to date. Nsaimonids that most likely existed with BCT in

many of these creeks included mottledlpin, speckled dace, and redside shiner, and some
reintroduction attempts of those species have been made with varied success.

Fishing is authorized in the enabling legislation in cooperation with the Nevada Department of
Wildlife (NDOW). Fish stocking bbrook, brown, rainbow, and Lahontan cutthroat trout have
historically occurred in Lehman, Strawberry, Baker, and Snake Creeks plus two of the aipiseb

lakes, Baker and Johnson. NPS policy prohibits the artificial stocking efiative fishes in naral
management zones, thus no stocking of fish has been allowed since the creation of the park in 1986.

Cave/Karst Resources

Lehman Cave displays a wide variety of beautiful formations and is the-snugtevisited attraction

in the park The cave isdrmed in Middle Cambrian Pole Canyon Limestone. Lehman Cave is
famous throughout the world for its concentration of cave formations, particularly thdaaime of
cave shields; eare calcite formation. It is the longest cave in Nevadapptoximately 1 miles

(2.4 km) long. The cave contains several endemic species, including the Lehman Cave
pseudoscorpionicrocreagris grandi¥, which is only known to the South Snake Range. The cave
is regularly used for paleoclimate research as well as other stiidédselieved to have formed from
both epigenic (surface water) and hypogenic (deep water) processes (Graham 2014).

In addition to Lehman Caves, there are 45 other known cavies park These other caves include

the highest elevation and deepest cawdke state of Nevada. Some are small and dusty, while

others have maziéke passages and include streams. Physical cave inventories have been conducted
in nearly all the caves, while biological cave inventories have been conducted in abotithealf

caves.

Great Basin NRontains oveB0,000 acre$12,100ha) of karst geology with a high potential for

harboring additional cave resources. The karst consists primarily of limestones and dolomites, and is
found primarily in the southern section of the pdrkis area of the park lacks many springs and

streams due to the porous rock. A karst area in the Baker Creek watershed contains some of the most
highly developed known karst drainage networks in the park (NPS 2006).

Springs

Great Basin NPas over 400 pennial springs, many discovered during a 2083urvey. The

largest spring is Rowland Spring in the Lehman Creek watershed, with a mean annual discharge of
approximately8.5 cubic feet per second. Some springs may be susceptible to groundwater
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withdrawaloutside the parkElliot et al. 2006, which could in turn affect the plants and animals that
depend on that spring.

Future Landscape Conditions

Climate Change Effects

Climate change in the Great Basin over the past 100 years includes gradually wammpergteres

and slightly increased overall precipitation, but decreased snow fall (Chambers et al. 2008). More
extreme weather events, such as floods, are expected due to climate Bleamgeand animals that
requirecooler temperatures are expatto dspersaupslopeor to other cooler portions of the park
Projects in the park that have encompassed climate change components include small mammal
surveys, GLORIA mountaintop vegetation and temperature monitoring, and numerous researcher
studies.

Additional Wildlife Resources (not specifically covered in Chapter 4)

The wide elevation gradients @teat Basin NBupport a diversity of vegetative habitats, which in
turn support a wide diversity of wildlife. The Snake Range contains five of the seven Metfigam Li
Zones of North America. Thus, the list of animal species occurring in and ataipdrkis quite

large compared to other mountain ranges in the Great Basin. The species list consists of 72
mammals, 238 birds, 14 reptiles, seven fish, and one amphibian

Remote camera inventories to document carnivores and NPS species of management concern have
been ongoing since 2002. A more intensive sampling protocol was established in 2010 to monitor
mesocarnivores. A total of 29 species and four NPS species ofemeat concern have been
documented. Remote cameras are also used to monitor trespass livestock and the timing-of yellow
bellied marmot emergence.

Rattlesnake telemetry studies were initiated in 2009 when three Great Basin rattlesnakes were
implanted withradio transmitters. A total of 37 snakes have been implanted and their movements
tracked to document hibernacula locations, life history information, home ranges, effects of short
distance translocations, and recidivism rates to capture sites and hilteernacu

The park and Mojave Desert Inventory and Monitoring Network have initiated adomg
macroinvertebrate inventory program and is currently using the information to assess ecosystem
health. To date over 100 taxa have been documented and quantifiedakes, streams, and springs

of the park Surveys for aquatic mollusks were initiated in 1999, with several species identified in the
park including the springsndtyrgulopsis kolobensiSeveral insect groups (Coleoptera, Orthoptera,
Hymenoptera, Digra, and Arachnids) have been surveyed during BioBlitzes, adding nearly 200
families to the parkés | ist.

Sensitive, Threatened, and Endangered Species

No federallylisted species are found in the park. However, the park contains some sptetdsylis
thestate as S1 species. These are spdwadsvithin the sate of Nevadaareconsideredritically
imperiled and especially vulnerable to extinction or extirpation due to extreme rarity, imminent
threats, or other factors. These species are Snake Rarigswess Draba oreibatavar.
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serpenting, Wheeler Peak whitlowcresBiaba pedicellatasar. wheelerensis Holmgren
buckwheat Eriogonum holmgrenjj Mount Moriah beardtongu®énstemon moriahenyid.ehman
Cave pseudoscorpioi(crocreagris grandi¥ and Bonneville cutthroat trout (NNHP 2010he
park also maintains a list of Species of Management Concern (Appendix A).

2.2.3. Resource Issues Overview

Great Basin NPas numerous past activities or conditions that influence current park conditions.

This section provides a brief introduction to resource condition threats or stressors identified as being
Afof concerno in terms of pcesoarces. Thede are exgokediar har m
more detail in Chapter 4. Some have already been mentiosetion2.2

Air pollutants include sulfates, nitrates, ozone, mercury, and particulates. These could come from
vehicles,mines, coafired power plants, oother sources, both near to and far from the park. The
pollutants can affect air quality, water quality, and health of wildlife, vegetation, and humans.

Development both in and out of the park can affect park resources. Primary development issues at
this ime are wind farms, groundwater development projects, additional czmdsercial

overflights,and additional lights. Effects of development inclirdeacts to visual resources,

increased noise and light pollution, more dust and particulates, changgetatian types to allow
greater fire frequency, and disruption of wildlife migratory routes and foraging areas.

Fire suppression over the last 120 years has led to a change in the seral state of many of the habitat
types in the park. Aspen stands in paiac are often invaded with white fir and have low

recruitment rateabsent fire Fire suppression has also allowed a high forest floor fuel load. Little
regeneration of ponderosa pines, which depend on fire to release seeds, has been seen in the park.

Water issues are many, given that the park is located in the Great Basin Desert and water is a scarce
resource. Primary concerns are water rights, diversions, groundwater pumping adjacent to the park
that codd affect park water resources, and road maintexavitich may introduce additional gravel

or sediment into the streamhese stressors can cause loss of riparian habitat, interruption of
groundwater recharge, and increased erositame information is provided i€hapter 4.

Non-native animals that livenithe park include brook, brown, rainbow and Lahontan cutthroat trout,
which were introduced into park streams and displaced native fish speciesati@nturkeys roost

outside the visitor center for part of the year, and in the summer can be foulnithéenpark

campgrounds. Wild horses are a wmative species found in the surrounding mountain ranges. The
Mountain Home Range to the south of the park has a large herd (Sulphur Herd). As the herds expand,
it is likely that they will enlarge their territprand come into the park, potentially displacing native
species.

Non-native cattle and sheep illegally graze in the park. Livestock have grazed on the South Snake
Range since the 1870s. Legal cattle grazing ceased inah@d@gal sheep grazing in 20@8fects

of both wild and domestic ungulate grazing include decreased bank stability along streams, loss of
early seral stages of aspen due to excessive browsing of aspen suckers, and trampling of sensitive
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species, especially in wetland areas. Domesticpsbae also carry diseases and transmit them to
bighorn sheep, as well as decrease forage and water available to native species.

In addition tonon-nativeanimals,nonnativeplants are also found in the park, including the
aforementioned cheatgrass. Sorhéhe other 40+ species of notive plants includeighly
aggressive species like musk thisttafduus nutans spotted knapweedentaurea maculogaand
bull thistle Cirsium arvensg

Human use of the park may stress some park resources. Lintfalsf vi si t ors6é cl ot hi
of Lehman Cave and may stick to and alter speleothem formation. It also provides an unnatural

nutrient source to cave biota. Lights in the cave allow for the growth of lamp flora (algae, mosses,

and bacteria), which alszan impact cave resourcé&isitors may trample invertebrates or cause

intentional or accidental physical damage to speleothems. In addition, humans may transmit diseases

or pathogens to the cave environment, sudhsasidogymnoascus destructaamsungusvhich

causes whit@ose syndrome in bats.

The location of park campgrounds in wetland areas may alter wildlife use of these rare habitats.
Social trails can compact soils. Visitors may intentionally or unintentionally introduceatome
species to thegrk, such as insects or diseases from firewood brought in from other areastinen
fish or bait, and domestic animals. Road mortality, poaching, and intentional killing are additional
threats to park wildlife.

2.3. Resource Stewardship

2.3.1. Management Directives and Planning Guidance
The natural resource management objective&feat Basin NfRdentified in the General
Management Plan (GMP), 1993, are to:

1) Managethe parkto maintain the greatest degree of biological diversity and ecosystem integrity
within the povisions of the authorizing legislation.

a) Eliminate or mitigate any impacts that threaten biological resources.

b) Determine the extent of plant and animal diversity, monitor changes that are occurring and
identify the sources of change; eliminate or mitigatg identified adverse impacts,
recognizing that native populations fluctuate naturally.

c) Monitor and evaluate biological diversity in relation to the influences of major climatic and
environmental change, particularly those caused by man.

d) Protect threaterd, endangered, and endemic species and restore them within their natural
ranges.

e) Manage the grazing program to minimize effects on natural process to adhere to the best
range management practices with an emphasis on protecting sensitive species.

2) Determinethe natural role of wildland fire in the South Snake Range ecosystem, and rfenage
parkto restore and maintain this process.

a) Develop an action plan for fire management.
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3) Maintain the pristine quality of the air, water, geologic and scenic resourttes park

a) Establish a baseline to determine resource conditions, monitor changes, and identify sources
of change; eliminate or mitigate any hur@aused caused impacts that threaten abiotic and
scenic park resources.

b) Restore previously disturbed and abametbareas (sites of mining activity, undesignated
roads and trails, etc.) to natural conditions.

4) Preserve and protect caves and cave systeths jpark

a) lIdentify, inventory, and classify caves and cave systems, and eliminate or mitigate impacts on
caveresources.

b) Avoid potentially harmful development in, above, or adjacent to caves unless it can be
demonstrated that such development would not significantly affect natural cave conditions.

5) Allow only those recreational activities that contribute to undedihg and appreciation tife
parKs resources and only to the extent that natural, cultural, and scenic values are not impaired.

6) Establish and maintain a broad spectrum of management zones and subzones to avoid limiting
visitor use to the extremes of malvand primeval.

7) Develop an interpretive initiative, including facilities, programs, and activities, that rGakes
Basin NPthe primary area for interpreting the theme of the Great Basin physiographic region.

8) Provide a sense of anticipation for visitbefore they reacthe park

9) Locate NPS management facilities outside park boundaries whenever the management functions
can be adequately supported from such locations.

10) Work with local communities and assist them in meeting community goals.
11) Work with adjaent communities to help them maximize economic benefits.

2.3.2. Status of Supporting Science

The Mojave DesenletworkInventory and MonitoringP’rogram(MOJN) includesGreat Basin NP

and curently monitorsstreams and lakes and integrated upland vegetatidsds. Air quality and

climate are also vital signs that are monitored, but funded by separate programs. Additional vital
signs that are planned to be developed and implemented in the next ten years are riparian vegetation,
riparian birds, invasive plantsrd and fuel dynamics, and landscape dynamics (CGiMexgCoubrey

et al. 2008). Protocols have been postponed for the vital signs small mammals, reptile communities,
and atrisk populations.

The park also conducts other inventory and monitoring includingerbiasampling of Lehman

Cave invertebrates, rattlesnake telemetry, small mammal surveys, remote camera surveys, invasive
plant surveys, the GLORIA resurveys on mountain tops, annual BioBlitzes focusing on invertebrates,
bighorn sheep telemetry, and Chmss Bird Counts.

Researchers have contributed to the supporting science for the park in many fields, including climate
change using lake sediment cores, bristlecone tree rings, stalagmites, and climate stations; botany,
including phenology, forest invenies, and characterizir@astillejaspp.,Potentillaspp.,Pinus
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spp., and more; geology, including paleontology and characterizifgse and range formatipn
hydrology, including water quality and quantity, dye tracing, and impacts of dust; entomology
including looking for the presence of whiteflies, scale insects, gypsy moths, Jerusalem crickets, and
characterization of pseudoscorpions and woodboring beetles; cultural resources, including
ethnography and dendographs; fire ecology; wildlife biologgiuiding studying flammulated owls

and pygmy rabbits.

The Landscape Conservation Forecasting done by The Nature Conservancy for the park (Provencher
et al. 2010) provides a baseline and desired future conditions for different park habitats. They
mapped 2biophysical settings and found that nine were slightly departed from natural range of
variability (NRV), and ten were moderately departed. However, two were highly departed, basin
wildrye and antelope bitterbrush. The major cause for ecological depamtass ¢he landscape was

an undeirepresentation of early succession classes. They analyzed 10 biophysical settings in greater
detail, developing management strategies that determined the role of fire in the South Snake Range.

The data and reports availalite each resource topic varied. In addition to the data and reports from
the projects listed above, subject matter experts provided information on several topics. Washington
level programs including night sky, soundscape, and air quality also providealth wf information

for this NRCA.
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3. Study Scoping and Design

This NRCA is a collaborative projebetween Great Basin NationaR staff, NPS staff from the
Pacific West Region, NatureServe, and Sound SciedatureServe is a ngorofit biodiversity
research organization that servesa umbrella institution for the network of Natural Heritage
Progams and Conservation Data Centers locatexlitfhout the USA, Canada, and Latin America.
NatureServe ecologists wowkth federal and state agencessd the academic community on
biodiversity inventory, ecosystem assessment, and ecological moni®oing Science is an
environmental consulting firm focused on ecosystem assessment and monitoring, with extensive
experience across the USA.

Project findings will assist park staff with objectives including:

1 Developing management priorities for neand medim- terms

1 Conduct park planning, including the Resource Stewardship Strategies and management plans
1 Support interpretation of park resources and issues

1 Engage in landscapsealed partnership efforts

The resources selected for this assesgrare limited taatural resourcedut cultural resurces
were also taken into consideration within the exinof the chosen natural resourcBark staff
participated in project development, planning, and writing.

3.1. Preliminary Scoping

A preliminary scoping meeting wasltden October 187, 2012, at the Great Basin NP

headquarters. At this meetif@reat Basin NRnd Pacific West Region (PWR) staff met with the
NatureServe fhcipal Investigator(Pl) to initiate the NRCA proces$he agenda for the meeting
includeddiscussing: a) communications amongst the team, b) the resource values of interest for the
NRCA, and c) the approach to be used for the assesshinengroup agreed that the approach for the
NRCA would build upon the Ecological Integrity Assessment Frame(#&AF) outlined in

Unnasch et al. (2009EIAF is described in greater detail in section 3.2.1.

The initial list of possible resources for the NRCA was outlined in the scope of work for the project,

and drew upon the collective knowledge and concertiseddreat Basin NRtaff and also PWR

staff. This list had been prioritized prior to initiation of the project, and at the workshop it was
determined to focus further prioritizateachn wupon
of the proposefocal resources, the workshop participants worked with the PI to draft a set of
Aimanagement questionso (MQs) to articulate the
resource. Each resource also had listed any known reports or data from nithisidethe park

along with individual Park staff and any other persons known to be expert(s) for that resource.

Sever al stressors were also identified as being
management questiodsafted.

Subsequet to thispreliminary scopingneeting Great Basin NRtaff provided to NatureServe many
geospatial datasets, tabular data, and report documents reletfenptsld s r esour ce manag:
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plans and the values identified during the meetNajureServe atscompiled geospatial datasets
from its own GIS data library, including many resulting from the recently completed Central Basin
and Range Rapid Ecoregional Assessment for BChmer et al. 2013)and the Great Basin Energy
Assessment proje¢Unnasch etlain prep.

NatureServe staff then reviewtte parkprovided data for each resourmestressoand documented
aspects ofits usefulness for a NRCAnswering questions such as:

1 Is it comprehensive fahe park
1 Were metadata or a report availdble

1 Are there multiple datasets aGdeat Basin NRtaff need to clarify which is most
current/relevarit

The management questions were reviewed, and in some cases reframed so as to make them more
addressable within the constraints of this NR@A relevant foreach resource, stressors were listed,
and possible ways to measure current conditions were drbaftstlly, each resource was then ranked
high, melium or low for theGreat Basin NNRCA.

NatureServe heldmo conference calls with the NRCA advisory teametgew the list, and the
information developed by NatureServe for each resamdestressoPriority ranking of high,

medium, or low was applied and was then reviewed during the deadinA high ranking reflected
thatdata are available, the managetnguestion can be answered with reasonable effort, and it is of
high importance t@reat Basin NBtaff.

3.2. Study Design
3.2.1. Indicator Framework, Focal Study Resources, and Indicators

Ecological Integrity Assessment Framework

This assessmehasimplemenedprinciples and methods of the Ecological Integrity Assessment
Framework (EIAE-Unnasch et al. 20097 his framework is a way of organizing, in a hierarchical

fashion, biegeophysical resource topics considered important in park management efforts.
Specifcally, theEIAF guides the identification of focal resour@esd stressorgnd development of
indicators for ecological resource assessmEm. methodology incorporates core principles of

systematic conservation planning, established and tested bynbereation science community over
recent decades (e.g., Margules and Pressey 2000, Parrish et al. 2003, Knight et al. 2006, Sarkar et al.
2006, CMP 2007). This methodology provides a transparent and consistent process to focus resource
assessment based e best availdb sciencelt highlights conditions requiring management

attention; identifies efficient indicators for management and monitoring; and clarifies critical
information gaps, monitoring needs, and hypotheses with implications for adaptisgenant. The
methodology addresses three broad questions:

1) What is importantThat is, what resources need to be included in the management process?

2) How is it doing?That is, what is the current conditionexdch ofthese resources, as evidenced by
indicators for their critical features, drivers, and dynamics?
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3) What do we wantThat is, what are the desired future conditiflrseach othese resources, as
describedy indicators for their critical features, drivers, and dynamics; the desired future
conditions of existing and potential stressors; and the critical information gaps that need filling to
support adaptive management?

This NRCA addresskonly the first two core questions of EIAF methodology (what is important?
and how is it doing?)l'he thid questioris outside the scope afNRCA but output from the NRCA
should directly suppodnswering those questions

Addressing the first of the three EIAF questions involves four steps: (1) identifying the geographic

scope of the analysis effort; (2)eidtifying the suite of biological and ecological resources of

potential concern tthe parkunit; (3) identifying stressors known, suspected, or anticipated to affect

these resources; and (4) selectingasut of Af ocal 06 ecol orglhaseddn r es o u
the findings from the first three st-éle#ine The fo
filter NosmE8Yemsurd that (a) major resources of concern are represented directly or

are representeddirectly as acomponent of a focal resource; and (b) major stressors of concern are
represented through their effects on one or more focal resources. The selection process typically

involves development of a conceptual ecological model for the affected region as a whole

Addressing the second of the three EIAF questions also involves four steps: (1) identifying the key
ecological attributes for each focal resource, on which to further focus management attention; (2)
identifying indicators for each key attribute, for eaebource; (3) identifying aexpectecr

referencaange of variation for each irditorfor each resource; and (4) assessing the status of each
focal resource based on indicator data. Key ecological attributes include defining characteristics of a
resouce, its abundance, and its distribution; and key environmental associations, driders
constraintsaffecting resource characteristics, abundance, and distribtridinators may incorporate

data using different levels of effort, from remote sensingroondlevel rapid assessment, or
groundlevel intensive sampling. Together, the first three steps here result in the development of a
conceptual ecological model for each focal resource.

Addressing the third of the three EIAF questions also involvessteps: (1) identifying desired
conditions for each focal resource at specific locations based on its key ecological attributes and
indicators; (2) identify stressors that affect or threaten to affect these key attributes and indicators in
specific locatims; (3) setting a timeline for action in specific locations to establish or ensure
continuity of desired conditions; and (4) establishing metrics or benchmarks with which to evaluate
these actions. Again, addressing this third question is a phastwitly to be undertaken subsequent

to this NRCA inthe development of Resource Stewardship Strategies.

Each phasef the EIAFalso includes a parallel process, to assess the sufficiency of the data and
knowledge used to build the conceptual ecological modelhé individual focal resources, assess
their condition, and address critical hypotheses concerning the resources and their stressors.
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Great Basin NP Focal Resources for the NRCA

NPS staff identified resources and stressorshiiparkduring theNRCA scoping process described
above. Therioritized listwasleft as tentative; subject to discovery, review, and evaluation of
applicable data set¥he final list of focal resources and stressors is not a comprehensive list of all
the resources or stressanghe park. f includesa crosssection of resources and stressbed are
charateristic of the parkand/or are of greatest concern or highest management pricBtgat

Basin NP(Tablel). Several indicators for measuring current conditions for eesburceas well as
known or potential stressors, were identified in calaltion with NPSstaff. In addition, the

assessment area for each resourcedass c us sed and assigned. The HfAas

complete geography within which a givessassment will take place. This is distinguished from
Areporting unitso such as @adspaial uniasfthatseave gsatial h e d s
units for summarizing conditions for a given resource or stressor.

In many caseghe geospatial dataere most thematically detailed ordhthe highest spatial
resolution withinthe parkooundarieswhile more spatially or thematically coarse datae available
for a larger assessment arEl@nce some resource®re to be addressed two spatial assessments
one withinthe parkboundaries, the other for a larger area of the landscape.

Tablel provides the list of focal resources and focal stressors for this NRCA, with the above
information developed for eacB.c o | o g i c-fdtér OfA croeasrosued sagelsrush shrablandd, e
aspeAmi xed coni fer forests, and montane ¥fiiddreiran
resources incluagkeBonneville cutthroat trout and bighorn sheEpvironmental qualityvas

addressed through fosed assessment of water quality/quantity issues, including springs and
cave/karst processes; air quality; viewsheds; and assessment of night skies. Firevasginge
primary ecological process to be assessed. Finally, rock glaseeassessed as okey type of
physical feature foGreat Basin NPThe focal stressors includ@otential climate change effects
with reference taheinteractions with fire regime, and projections relative to selected species and
vegetation typednvasive nomativespecies wer assessed specifically for annual grasses (e.qg.,
cheatgragsand wild turkey

The assessment used all available reports and datasets, including historic datasets atichived at
park Data from a small number of recent studiepark surface ad groundwater hydrology were
not yet available for use in the assessment.

Geographic Scope and Assessment Areas

While the parkis a single management unit, it is embedded in a larger landscape where many
activities or disturbances may affect resourcakiwthe park Therefore more than one geographic

area may be appropriate to effectively support a natural resource condition assessment. As part of the
scoping process for focal resources and stressors f@rdst Basin NINRCA, an appropriate
assessmérarea was identified for each (Taldle The guiding principle for area delineation was the
distribution of a given resource or stressor with likely direct effectt@park Spatial boundaries

for each of these were created and reviewed bgteat Bain NPstaffand are presented below in

Figure5 through Figure8. These areas depict the geographic extent within which the focal resource

or stressor was mapped and/or otherwise evaluated and documented in the NRCA.
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Table 1. Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified management questions

to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are identified. The geographic
scope of assessment is listed (see figures in following section) along with the possible sources of data or information relevant to the resource.

Resource

Management Questions

Measures

Stressors

Assessment
Area

Biotic Composition

Ecological Communities

Sagebrush-
steppe

What is the relative ecological integrity of the
sagebrush steppe, and are we allocating
restoration actions to the right places?

integrity (high-low), Fire regime
departure; if possible, show trends
over time and by site, restoration sites
mapped on top of integrity measures

fire suppression, invasive annual
grasses, historical grazing
effects, development, climate
change

Park & Valleys

Aspen-mixed
conifer forest

What is the current ecological integrity of the
aspen-mixed conifer stands? Where have
nearby fires been? Where have
nearby/overlapping insect/disease outbreaks
occurred?

integrity (high-low), if possible, map
trends over time in events [insect
outbreak, wind, fire, disease]

fire suppression, disease, climate
change, invasive plants

South Snake
Range

Montane
Riparian
Woodland and
Stream

Could groundwater development affect these
communities?

land use in groundwater recharge
zones (mapped); map areas
susceptible to pumping against
vegetation map; in-stream habitat
conditions addressed via metrics for
BCT habitat

Fewer or more extreme flood
events due to hydrologic
modification, invasive exotic
plants, ground or surface water
use, grazing (trampling, stream
bank erosion), or climate change

South Snake
Range

Native Fish

Bonneville
cutthroat trout

Which stream reaches with BCT have the
highest ecological integrity? Which
watersheds supporting BCT have [altered fire
regimes, most development, recent fires,
sedimentation, or other impacts on water
quality/quantity for BCT]?

land use by watershed; dams (if any)
by watershed,; fire or Fire Regime
Condition Class by watershed; Nevada
Division of Wildlife habitat condition
metrics; macro-invertebrate community
integrity

change in water quality/quantity
(sedimentation, diversions,
ground/surface water diversions,
dams, etc.).

Snake Range
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Table 1 (continued). Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified
management questions to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are
identified. The geographic scope of assessment is listed (see figures in following section) along with the possible sources of data or information
relevant to the resource.

quality of bighorn habitat?

systems that provide habitat;

change; causes of mortality
(mountain lion)

Assessment

Resource Management Questions Measures Stressors Area
Mammals
disease/competition from
) - ' . domestic sheep; loss of
. ? : '
Bighorn Where are recent, nearby fires? Wher_e are landscape condition model; fl_re regime forage/water; stress from human | South Snake
domestic sheep being grazed? What is the departure for relevant ecological L= S

sheep activities (recreation); fire; climate | Range

Environmental

Quality

Water quality/

What are the trends in water
quality/quantity/seasonality in streams, lakes,
springs, and caves? What are potential
development effects on these aquatic

map areas susceptible to pumping
against streams/rivers/springs

ground or surface water use
(diversions, pumping), pollutants,

Park & Valleys

spring productivity for community use?

reports

climate change

guantity communities and park administrative uses? locations climate chanae

What are the potential impacts of the pipeline 9

for Snake Creek on aquatic/riparian

communities?

What is the connection between
Caves/Karst surface/ground water features in/surrounding narrative interpretation of papers and gr_ound_ or surface_water use

park and the caves? Are stressors such as (diversions, pumping), pollutants, | Park & Valleys
processes T . i ; reports :

visitation or water diversions or climate climate change

change affecting invertebrate populations?

. . . o . ground or surface water use

Springs What is the status of water quality/quantity of | narrative interpretation of papers and (diversions, pumping), pollutants, | Park
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Table 1 (continued). Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified
management questions to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are
identified. The geographic scope of assessment is listed (see figures in following section) along with the possible sources of data or information
relevant to the resource.

Resource

Management Questions

Measures

Stressors

Assessment
Area

Environmental

Quality (continued)

What are trends and potential ecological
impacts (esp. thresholds applicable to alpine

NPS atmospheric measures; for

pollutants (SOx, NOx and ozone,

Park, Valleys &

Air quality upland and aquatics) of SOx and NOx and particulates: status of disturbance to : :
i PN p L mercury, particulates) Regional
ozone, Mercury, particulates*, visibility? As of | sensitive soils in Valleys
2012
. What are trends in human development interpretation of mapped development | Non-natural features (potential for | Valleys &
Viewshed - ; . ;
relative to viewsheds? data and viewsheds development) Regional
. . What are trends in light pollution and . . . . . . Valleys &
Night skies particulate effects on night sky quality? interpretation of night sky assessment | light pollution, particulate effects Regional

Ecological Processes

Wildfire

What areas of the park are most impacted by
fire suppression (mid elevations, etc?).
Which areas of the park would most benefit
from prescribed fire? Where have recent fires
been?

Fire Regime Condition Class 1-3, for 2
and 3 each, consider additional
characteristics: veg type, fuel class,
canopy cover

fire suppression or alteration of
regime due to historic grazing
impacts, invasive species
introduction and resultant fine
fuel accumulation.

Snake Range

Physical Features

Rock glaciers

What is their current extent?

map of distribution, including 1&M
network map

climate change; potential thaw

Park
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Table 1 (continued). Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified
management questions to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are
identified. The geographic scope of assessment is listed (see figures in following section) along with the possible sources of data or information

relevant to the resource.

Resource Management Questions

Measures

Stressors

Assessment
Area

Focal Stressors

Climate Change

Which focal species (Bighorn, BCT) and
habitats (alpine, caves) are most vulnerable
during the upcoming 50 years?

Climate
change

Baseline data for future correlations
with park observations of climate and
hydrology. Projected climate trends
and effects on hydrology.
Observations on biotic responses to
change.

Direct climate stressors (change
in temp or precip regimes);
Indirect interactions with other
(fire, hydrologic change,
invasives, phenology)

South Snake
Range & Valleys

Invasive Species

What are their ecological effects on other
birds, lizards, and snakes? Where are their

Narrative review literature re:

Habitat displacement and

development; climate change

wild turkeys winter roost sites? Can they be relocated management of turkeys in the wild population pressure Snake Range
removed?
Invasive model of potential risk; statistics of Interactions with fire regime
Where are the areas most susceptible to p o change; and other disturbance South Snake
Annual N overlap with ecological resources of h . h I
Grasses expansion? interest such as grazing and human Range & Valleys




’,‘,-" }'___-‘_ 3 T5 ' o B P P ey VAR T — St B~ —

\ - |~ GreatBasin National Park
0 =
f/*-:::.a(-’ / ~

7 i
# ; “ /

Willard Creek

Mill Creek |
Strawberry Creek e

N~
i
o o

5
e
7~ ¢Lehman Creek
ey
J

Ea “—'Sﬁﬁ;gle\Creek

—— ’ - =

Feard s
“Horse Pasture Benc!

lub Mine Basin .j-— .
e Ay -4
Williams Creek i

.-/
. Dry Canyon {

\l\__.__. P

— }.\\-“\_q(fi

NS
South Fork\Bi_g?Was h
] o

4

Sy e . [Jorea

o

. 1_10;6]5 Canyon

{ R o

Ly
' / { Lexington Cresk - watersheds

~ s
o

ench C _omﬁex {51 & \

—— Streams

1y P S r-
i“_jﬂlﬁ“ﬂf?_’_‘_!ﬁ“John's\\{Vash

- r

W

. /
1) ey o s o '
Conter 'ﬁﬁy notreflect Natichal Gecgrapg\ics curTEn]t mmcli_o/;_E
- HERE, UNE WCMC, USGS, NASAE

=, 5 me,
NRCAN. GEECIRIpAE Wiement PCorh,. = '\

Figure 5. Finest scale assessment area boundary: Great Basin NP.

29



WNoirss 7 105 14
- — — Miles

Figure 6. South Snake Range assessment area boundary (left); Snake Range area boundary (right).

30



t
c
[}
(8]

8,

©
&
()

c

£
(%]
4]

©
=]
[8]
£

T

<

=

o

pd

£
[}
©

o)

IS
(&)
S

]

©
c
>
o
S
]
>
f -
G

=]
c
>
o

o]
o
(&)
S
]

-
[
()
e
[)]
(%]
[}
$
@
S
@
(@]
S

bS]
[}

<

T

~
o
S
>

=2

T




TR T o) 7

Central Basin and Range Ecbregion

ogd gvanston®

NEVADA

Winnemwca 3 . saltLake Gity A M
Wko* 3 (8

Toose*

SUsanville y y
o - orem s

B UTAH

Reno, !
Falion b Mt
By
# .
Carson City
5 e
e .lluhhld
<
kd
LIFORN A
°
#Warm Springs
>
o Wnopat i
Modest
£ Cadar city
Mercad é o AT : Central Basin and Range
| ‘ N . ) LSAIntG . Valleys
LLEY
-3 ] Iz "\ nake Range
\\Y / E Z.. Pzl 2, i D S g &
JFresno 2 ¥ South Snake Range
. ; e
s S ’ R o - | | GRBA Bounda
o L » . ry
0 15 30 60 90 120 * Hational Geographic, Esri, DeLormel NAVTEQ, UNEPNGMC, UsESYNKSAY REATMETI, NRCAN SEBCO
- — e \liles pamp® ~ NOA fo? e *uba ity
n ik kg ¥

Figure 8. The largest assessment area boundary, the Central Basin and Range ecoregion within which
Great Basin NP is located. The other 4 nestedassessment boundaries are also shown.

3.2.2. Spatial Reporting Units
The NRCA usespatialreportingunits to report on the condition of each focal resowitkin the

broader assessment areEar example, if one were reporting on the relative ecological condition of
stream resources, one might select a set of watershed units of appropriatéatiakate and

document variation in those conditions across the assessmerf@am@particulavegetation
communitytype, one might also use watersheds, or some other spatial unit, such as its distribution by
mountain range or enclosed basindiscrete vegetation polygons,@actical spatial urstfor

reporting.

The NRCAutilizes spatial reportig units suitable teach focatesourceWatersheds, beginning at
the 8" level (HUC 10) were used for recent regioehle asses®nts in this area, and weluded
HUC 10 and smaller HUC 12 units"(vel watershedspdditionally, the parkhas drawrocal
watersheds boundarigacluded inFigure5, bas&l upon their management needs. Thesesdbee
as repoiing units for soméocal resources.
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3.2.3. General Approach and Methods

After identification of both the geographic scope and the focal resourcé® fNRCA, this study
involved further gathering and reviewing of existing literature and data relevant to each of the focal
resources. No new field samplinggconductedor this study. Howevewhere appropriate, existing
datawerefurther processed andagzed to provide summaries of resource condition or to create
new spatial representations.

Data Discovery

The data discovery procelssgan at the initial scoping meeting, at which t@reat Basin NRtaff

provided data and literature in multiple forms, including: NPS reports and monitoring plans, reports
from various state and federal agencies, published and unpublished research documents, databases,
tabular data, and charts. GIS data were provigedRS staff. Additional data and literaturasv

acquired through online bibliographic literature searches and inquiries on various state and federal
government websites. Data and literature acquired througim®ptocessverereviewed and

evaluatedor thoroughness, relevancy, and quality regarding the resources identified during the
preliminary scoping.

Data Development and Analysis

Data development and analysisrespecific to each resource atineir extentdepeneédlargely on
the amount of information and data available for it. Specific approaches to data develojataent
quality review,and analysisrefound within the respecte/resource assessment sectitotated in
Chapter 4 of tis report

The NRCA team dealopeda conceptual moddbr the Great Basin NRissessment area from the

perspective of upland vs. aquatic resources, and then elaborated on these generalized models as
needed foeach focal resouraar stressarTheseconceptuamodels aimed toharacteize current

knowledge of characteristic environmental setting and important ecological dynkoriexample,

aspenmixed conifer forestarecharacterized in terms of their biophysical setting, characteristic fire

regime (e.g.,ife return interval), vedation structure, and plaspecies composition. This generally
describes a Areference condi t ilothi®case,direretaro mpar i s o
interval for aspemmixed conifer forests in the Great Basin is expected to fall withinengange,

and when it falls outside of that range, we can infer that conditiongsé florests will have

changedWhile direct measurement of fire return interval can be challentfieg,elative proportion

of vegetation structural stagésesulting fran recurring wildfirei might serve as a practical,
measureable Aindicatoro of fire r elThatis, when nt er v a
wildfire has been suppressed, or occurs more frequenthettp@tted, vegetation structural stages

shift from expected proportionkikewise, environmental quality assessments may characterize an
apparently wunaltered fireference conditiono for
reflect natural characteristics (e.g., water quality/quantitifin some expected range) or target
specific Astressor so s uc hnative spéciesor concentsadonscoka or  a b
given pollutantThe NRCA addressestr aquatic focal resourcéghe montane riparian

community; Bonneville cutthiat trout; water quality/quantity; and sprifigby a single conceptual
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ecological model, with sulmodels, because the fourrefer to different parts of a single hydro
ecological system.

Subject Matter Experts

Additional experts were sought to provisigedfic information was needed. Experts provided advice
on data and analysis, and provided review of draft report materials. Assessment of each focal
resource fronTablel proceeded with NatureServe team members assigned according to their
specialty. Specifiexpertise for this assessment was available from among the projecatefidirS
staff. Sources of NPS staff expertise included individuals fBseat Basin NPthe MOJN, and the
PWR NPS specialists served as resources and reviewers for each focaleesowell. Each
specialist subteam made key decisions and drafted the assessment materials. Draft assessment
products were made available for broader reviewslsat Basin NRtaff, and formed the focus of
workshops via a webinar series.

Scoring Methodsrad Assessing Condition

Following conceptual modeling and indicator identification, specific ranges of indicator
measurement that have beenledtai shed to indicate fAiGoodo AModer a
Concerm status, r el at i wereidentfied&dnerallye wheresuficemly i t i ons
understood for ecol ogical resources, fAGoodo mea
expected natural range of variaticthMo der at @€ €pbatesnresults from ind
falling outside otthat expectedramg, whi |l e ASignsfatcasntr €vomices nfron
measures well outside the expected raRge.a c t i ¢ arhté Gonced Moandi t i ons may |
feasibly addressed throng act i ve manage mentc,0 nwh itdgeenfsS imgaryi f i c a

substantial investment and restoration or recovery.

Some indicators were sufficient for reporting in more than three categories (e.gnomtlfale of
0.0-1.0), rowever for otherstherewasnot sufficient knowledge or data to generate categbri
assessment resulta.these casegualitativeand descriptiveeporting of indicatomeasures was
sufficient for parkneeds Once conceptual modelgere completed and indicatadentified, the
assessment teaworkedwith Great Basin NRtaff to detemine appropriate scoring methods for
each focal resourcnd stressor

Summary Indicator Symbols

Il ndi cators and measures provi deasucciict siatermdntroa i | 0 ¢
color-coded icon to indicate current condition (and trehelyaluaed). Table2 includes a visual

summary of these indicator symbalsd accompanying brief definitions
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Table 2a. Symbols used to indicate condition and trend in this assessment, and their definitions.

Confidence in

Condition Status Trend in Condition Assessment
Resoggﬁ(;iiglnGood ﬁ Condition is Improving High
Mod:I\'/aigzg]ésrlcern <:> Condition is Unchanging Medium
Signif\i/X::taCn:;Sncern @ Condition is Deteriorating l::/ B \::) Low

Table 2b. Indicator symbols used to indicate condition, trend, and confidence in the assessment.

Confidence in

Condition Status Trend in Condition Assessment
Resoggﬁc;iirnGood ﬁ Condition is Improving High
Mod::/z;gag;sncern <:> Condition is Unchanging Medium
Signi;i/zZ:tagtc;sncern @ Condition is Deteriorating l::/ B \::) Low

Format ofResource Condition Assessments

With a few modifications,his NRCA report followed the NPS Natural Resource Report outline. All
assessments for each resource are presented in a standard format in Chapter 4. The following
overviewbriefly explains the formgincluding heading format, e.g. 4.X.X.&hd contentor each

text field and feature for the resource assessments.
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4.X.X Resource Name

~ Conditio_n - Trend A
&)
7
- Indicators / Measures A Saov )
1 Proportional vegetation Good .|
structural stages Unchangingi
Abundance of tree regeneratiol Low
- 2 NS )

Backgroum and Importance

This section provides information regarding the relevance of the resource to the park. This section

also explains the characteristics of the resource that help the reader understand subsequent sections of
the document.

Data and Methods
p

Indicators / Measures
1 Proportional vegetation
structural stages
1 Abundance of tree regeneratiol

This section describes the existing datasets used for evaluating the indicators/measures. Methods
used for processing or evaluating the data are also disonbsee applicable. The indicators/

measures are listed in this section as well, describing how we measured or qualitatively assessed the
natural resource topic.

Reference Conditions

This section explains the reference conditions used to evaluate the canéitibn, as measured by
each indicatarAdditionally, explanations of available data and literature that describe the reference
conditions are located in this section. Summary boxes referencing indicators are repeated in this
section.

Condition and Tred

This section provides a summary of the condition and trend of the indicator/measure at the park
based on available literature, data, and expert opinions. This section highlights the key elements used
in defining the condition and trend designation, repréed by the condition/trend graphic, located at

the beginning of each resource topic.

The level of confidence and key uncertainties are also included in the condition and trend section.
This provides a summary of the unknown information and uncertathig$o lack of data, literature,
and expert opinion, as well as our level of confidence about the presented information.
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Sources of Expertise
Individuals who were consulted for the focal study resources are listed in this section. A short
paragraph desdying their background can be included.

Literature Cited

This section lists all of the referenced sources. A DVD is included in the final report with copies of
all literature cited unless the citation was from a book. When possible, links to website® are al
included.
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4. Natural Resource Conditions

This chapter presents the background, analysis, and condition summaries for the 12 focal resources
and 3 focal stressors in the project framework. The following sections are orgarteedsrof
landscapeesources, upland resources aodlogical integrity, aquatic resources and ecological
integrity, and futuréandscape&onditions.Each section discusses the key resources and their
measures, stressors, and refeeecmnditions. Sectioran landscapand aquatic resources begin with

a conceptual model to describe pattern, process, and interactions relevant to the following resource
summaries. Each summary is formatted consistently to ease understanding and conipaaisibn.
findings arediscussed ilChapter 5The following table indicates the repsection number and
namewhere each assessment is fouthe section numbers or names may be clicked to navigate
directly to that sectiaon
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4.1. Landscape Resources

4.1.1. Conceptual Model of Landscape and Upland Resources

Drawing upon a wealth of existing descriptive information, including conceptual models developed
for the NationaParkService Inventory and Monitoring programs (Miller 2005, ChiiezCoubrey

et al. 2008); ecoregion descriptions of the NRCS (NRCS 2006) and US Forest Service (McNab et al.
2007); and the Great Basin Ecoregional Blueprint of The Nature Conservancyitiijyecht al.

2001), the following conceptual model articulates key assumptions about upland landscape pattern
and process to inform thissourceassessment.

The pervasive influences of climatic regimes interacting with the basin and range physiography
edablish overarching biophysical controls that shape the individual ecosyst@nsadfBasin NP

and its surrounding8etween the Sierra Nevada to the west and Wasatch ranges to the east, more
than three hundreldng, narrow, roughly parallel mountain raware separated by broadngjated
valleys (Grayson 1993T.he structures of mountain ranges are roughly similar, but their
compositions are diverse. This pattern is the result of high angle block faAkitige entire Great

Basin was uplifted ansitretched,lie mountainranges are uplifted horstshile grabendell in to

form the basinswhile granitepasalt, and rhyolite bedrodccussthroughout the west, south, and
central Great Basin, respectively, limestgiod mountains are concentratedtie eastand included
portions of the Snake Range

Due to its location in the rain shadow of major mountain ranges, the climate of the Great Basin is
semiarid. The Sierra Nevada range effectively captures most moisture fremoz@sg Pacific

fronts whle the Rocky Mountains intercept most moisture coming from the Gulf of Mekwm.
climate regime igontinental; with relatively high annual temperature fluctuations due to distance
from moderating oceanic climatedify and Klieforth 1990pand high eleation Temperatures have
both daily and seasonal extreme variation while spatial distinctions occur from valley floors to
mountaintops. The mountains tend to be cooler and windier than the valleys. Surface air heating
during the day yields very high vallégmperatures, often accompanied by strong local turbulence
that creates dust devils. At night, valleys lose heat rapidly by radiation and cool air pools below
warmer air aboveTherefore, cold extremes can occur at both high and low elevations, and some
plant specis least tolerant of coldest tperatures can bedad at intermediate elevationsol@
continental cyclones result in spring maximum precipitation in the central and eastern Great Basin.
Summer thunderstorms in subtropical air masses from tHef3dexico cause a secondary summer
maximum in the southeastern Great Basin, which is often heaviest in the YAtleyss et al. 1997,
Friedman et al. 2002, Sheppard et al. 2002)

Figure9illustrates the conceptual model for upland resourc&edtBasin NR acknowledging the

driving roles of climate and geophysical setting. Seasonal weather pageup recurrent landscape
dynamics from snowpack andas&nche, to storm events, liginig strikes, persistent wind shear.

The upland systems includataral geophysical dynamics of landslide, soil moisture infiltration, soil

and organic matter accumulation, drought, and natural disturbance dynamics such as windthrow, and
wildfire. These vary considerably between higher, cooler montane settings and Wwasme

settings. All of these natural abiotic drivers interact with biotic responses, such as predator/prey
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dynamics, herbivory, and insect outbreaksese are key landscape attributes that support upland
focal resources for this NRCA. At highest elewas, glacial and landslide procespesducerock

glaciers. Rugedhigh-elevationslopes providsummer and lambinigabitat for Rocky Mountain

bighorn sheepDomestic sheep grazingearby carcau® competition for forage andtroduce

disease risk to these populations. Wind, insect outbreak and wildfire in montane elevations support
aspen mixegtonifer forest. Wildfire suppression atdestock grazingan alter structure and
composition of these forests. Wildfire at these lamger elevations with deeper soil development,

and at lowest elevation, cryptobiotic soil crust development, is characteristic of big sagebrush
shrublands. Grazing of these sites can cause soil compaction and introduce invasive speaigs, suc
cheatgrass these areas.

Just as climate and geophysical setting drives many landscape processes, the relative isolation of
Great Basin NFrom human population densities and intensive land uses supports key resource
values, such as air quality, night skapdscenic views. Human density is included in the conceptual
model as a source of stress on these resources. While there are many positive interactions between
human and natural components (e.g., economic development, outdoor recreation, etc.), both dense
and dspersed human land usédfeat air quality, scenic resources, and night iyey also affect
naturalsystem drivers such as wildfire, and biotic soil crust processes, through grazing yegiches
altered fire regimes in upland systems. Predator/prey dgsare influenced by human/wildlife
conflicts, hunting, domestic sheep, and plant/animal collecting. Land conversion and introduction of
invasive plant species closely follow human land use patterns for settlements, energy development
(e.g., mining, oil/gs, solar, wind farms, geothermal), irrigated agriculture, or transportation/
communication infrastructure.
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4.1.2. Air Quality

4 Indicators / Measures N Condition - Trend R
1 Atmospheric Nitrogen and Sulfur
deposition
1 Ozone Moderate Concerni
1 Visibility Unchangingi
W 1 Mercury J L High Confidence J

Background and Importance

This section describes the air quality and air pollution effects aquality related valug of Great
Basin NP Air quality related values (AQRVSs) are those resources sensitive to air pollution and
include streams, lakes, soils, vegetation, fish, wildlife and visibility. The primary pollatfetsing
AQRVs in Great BasilNP are nitrogen (N) ahsulfur (S) compounds (nitra@mmonium and
sulfate [SQ?]); groundlevel ozone (@; hazecausing particles; artoxic airbornecompounds
including mercuryHg).

Great Basin NP is a Class Il area, as defined by the Clean AiJAder the Organic Act, the NPS
manages Great Basin NP to protect air quality and related values from air poRidime.10 shows
a map of the NPS Inventory & Monitoring (I&M) Program Mojave Network (MOJN) park
boundaries and locations of populatiomtezs with more than 10,000 people. There are no
population centers larger than 10,000 people near Great Bas(®iW its locatiorin east central
Nevada near the Utah bordére park ofteenjoys some of the cleanest air in the United States
However,Great Basin NP isccasionallyaffected by air pollutiotransportednlandfrom California
with the prevailing westerly winds (Edinger et al. 1972, Fenn et al. 2003, Allen et al. 200Bese
days, the park may experiences ozone levels tbogeexceeding the primary ozone national
ambient air quality standard.

Air Pollution Sources

The main source of S pollution is coal combustion at power plants and industrial facilities. Oxidized
N compounds (i.e., nitrogen oxides) result from fuel costibn by vehicles, power plants, and
industry. Reduced N compounds (e.g., ammonia and ammonium) are the result of agricultural
activities, fires, and other sources. Ozone is formed when nitrogen oxides and volatile organic
compounds from vehicles, solvenindustry and vegetation react in the atmosphere in the presence
of sunlight, usually during the warm summer months. Persistefatdaiomulative substances include
metals and organic compounds, such as pesticides. Coal combustion, incinerators, OGesgepf

and other industries emit Hg.
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Mojave Network and population centers with more than 10,000 people around the network.

Air Pollution Effects

Acidification

Atmospheric S and N pollutantsach thée a r t h 6 ghroagheitHeranetalepositiorvia rain,
snow, clouds, and fog) or dry depositiata(adsorption or impactignThese pollutants change
water and soil chemistry, which in turn, affects algaguatic invertebrates, soil microorganisarsg
rootfunctiort and can lead to impacts higher in thedachain (Sullivan edl. 2011bh Greaver et al.
2012).Dry deposition predominates in arid ecosystems, such as are prev&eaatrBasin NPt is
difficult to quantify, however, in large part because the deposition change over time is influenced by
many factors, including the mix of air pollutants present, surface characteristics of soil and
vegetation, and meteorologiaganditions Weathers et aR006. Fenn et al.Z009 developed a soill
plate sampler for estimating dry deposition fluxes of N to exposed soil in arid ecosystems. This
approach could be used to better quantify dry and total N depositiéneait Basin NP.

Nitrogen NutrientEnrichment
Plant productivity on arid land typically increases with both increasing precipitation (Romney et al.
1978, Bowers 2005) and increasing N availability (Salo et al. 2005, Allen et al. 2009, Rao et al.
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2010). In desert ecosystems, the availabdftyater constrains the abundance of life more than does
the availability of N. Brooks (2003) found that plant responses were influenced by specific rainfall
events rather than by average annual rainfall, with the annual plants thriving in a year Washen hig
rainfall events triggered germination. In the Moj&#esert, the shrub creosote bukhr(ea

tridentatg showed no increased growth response to experimental N additions (at 10 and 40
kilograms N per hectare per ye&g(N/haly) as calcium nitratebut dd respond to increased water
(Barker et al. 2006). Conversely, invasive annual grasses showed a greater response to elevated N
than did native species. Additionally, elevated levels of N in water bodies, where the availability of
water is not a concernan directly promote the growth of photosynthetic organisms, including algae
and aquatic plants, thereby altering the quantity of biomass produced and the structure of the aquatic
food web. However, the effects of elevated levels of N in water may be aaestiby the

availability of other limiting inorganic nutrients, such as phosphdiugh of the text in this section

was obtained fronthe air quality related values risk assessment rethaitis being prepared for

MOJN parks by Dr. Timothy Sullivain press 2015).

Fire risk in desert vegetation communities is largely controlled by interactions among water and N
availability, soil texture, and the presence of invasive grasses. Exotic grass litter breaks down slowly,
creating a highly flammable continuofire fuel load during the dry seasgBrooks and Minnich

2006) Because of the historical rarity of fire in arid ecosystems, arid land shrubs are typically not

fire adapted and experience high mortality and sleestablishment in response to f{E&rownand

Minnich 1986) Slow recovery of shrubs after fire, and fast recovery of grasses contribute to
increased fire frequency and a shift from shdaiminated to exotic grastominated vegetation

(D'Antonio and Vitousek 1992, Brooks et al. 2004, Steers 2088 .et al. 2010)Soil texture also

affects fire frequency by modifying soil water holding capacity, infiltration, and hydraulic
conductivity(Austin et al. 2004, Schwinning et al. 2004, Rao et al. 2010)

Such changeis terrestrial vegetation and fireskiscan have serious management implications. For
example, in the agriculturally intensive Snake River Plain and in the Great Basin, extensive
cheatgrassBromus tectorufninvasions contribute to increased fire frequency, that in turn favors
even greateraver of cheatgragsee Sectiod.2.1Wildfire Regimé. Loss of native plants adapted

to longer fire intervals and the poorer nutritional quality of cheatgrass in turn reduces the carrying
capacity of lands (Whisenant 1990).

Ozone

In humans, ozone israspiratory irritant which can trigger a variety of health problems. Ozone also
affects vegetation, causing significant harm to sensitive plant species (USEPA 2013). Ozone enters
plants through leaf openings called stomata and oxidizes plant tissuegoasile injury (e.g.,

stipple and chlorosis) and growth effects (e.g., premature leaf loss, reduced photosynthesis, and
reduced leaf, root, and total size).

Visibility

Fine particles of ammonium sulfate, ammonium nitrate, elemental carbon, and othiemg®ih the
atmosphere, absorb or scatter light, causing haze and reducing visibility (Hand et al. 2011). Visibility
is monitored by the Interagency Monitoring of Protected Visual Environments Network (IMPROVE)
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and typically reported using the haze indése deciview (dv). Deciview is a measurement scale
representing perceptible changes in visibility calculated from light extinction measurements.

Mercury (HQ)

After Hg is deposited, it can be transformed by ecosystem processes into a biologicallyaative,
form, methylmercury, which biomagnifies in the food chain and can reach harmful levels in fish and
other wildlife. The potential biological effects of methylmercury, when it accumulates to high levels
in animals, include impacts on reproductive ®8s; growth, behavior, disease susceptibility, and
survival (Landers, et al. 2008). Section 4.3.2 (Water Quality/Quantity) discusses the effects of
methylmercury further. Not all landscapes equally support the conversion of Hg to methylmercury.
Section 4.2 below, also discusses the special circumstances required to promote Hg methylation
circumstances that may be relatively uncommon within Great Basin NP.

Data and Methods

- Indicators / Measures A
1 Atmospheric Nitrogen and Sulfur depositic
M OzoneConcentration
1 Visibilit
Y J

Air Quality Monitoringwithin GreatBasin National Park
The approach used for assessing the condition of air qugtity
at Great Basin Nbllows the guidanceeveloped by the
NPSAIr Resources DivisionARD) for use in Natural
Resaurce Condition Assessments (NP&LOD, c). -
Interpolated values generated by NRBD, averaged over [l
5 yearswere used to assess condition. N&SD used all
available data from NPS, EPA, state, tribal, and local
monitors to generate the interpolated valioewisibility,
ozone and wet N and S deposition for NPS aaeasss the
contiguous U.S

£ i et o) I |4

Figure 11. Weather and air quality
monitoring station in Great Basin NP.

Great Basin NRlocumented visibiliticonditions from19821995 witha 35nm cameraFrom 1992

to presentthe park has been monitoring visibility as part of the IMPROVE netvdcipitation
chemistryhas been monitored at the park since 1&8part of the National Atmospheric Deposition
Program (NADPNational Trends NetworlNTN). Since 1993the park has been monitoring

ambient ozone concentrations as part of the CleaStaius and Trends Network (CASTNET). See
Appendix B for links to Great Basin NP air quality data and Appendix C for a complete history of air
quality montoring at Great Basin NP.

Table3 below summarizes the air quality indicators reported here and their definitions.

a7



Table 3. Indicators used for resource assessment of air quality in the park, adjacent valleys and region.

Indicator Indicator Definition

N and S deposition

Measure of atmospheric wet deposition. The values for wet deposition condition
are expressed as the average amount of nitrogen (N) or sulfur (S) in kilograms
deposited over a one-hectare area in one year (kg/ha/yr).

Visibility: Deciview

This measure assesses visibility based on the deviation of the current visibility
conditions from estimated natural visibility conditions; (i.e., those estimated for a
given area in the absence of human-caused visibility impairment).

Ozone

The primary ozone standard is set to protect human health. The standard is 75
parts per billion (ppb) averaged over an eight-hour period. Vegetation response is
more directly tied to seasonal, rather than eight-hour, ozone concentrations, so
ozone injury can occur even if the primary standard is not exceeded.

National Atmospheric Deposition Program/National Trends Net{ldADP/NTN)
The NADP/NTNwebsite fittp://nadp.sws.uiuc.eduysrovides a longerm monitoring record of
precipitation chemistry &breat Basin NPThevalues for wet deposition condition are expressed as

the average amount of N or (S in kg/ha/yP@I203B).

Weekly samples are collected and processed following a standard operating procedure established by
Dossett and Bowersox (1999). Theresultsofth@d yses ar e

merged with descriptive information and posted at:

t hen

http://nadp.sws.uiuc.edu/sites/siteinfo.asp?id=NV05&net=NTN (NADP 2013).

Interagency Monitoring of Protected Visual Environmerntd PROVE

oaded

Visibility is monitored by the IMPROVE Program (NPS 2010a). The MR® assesses visibility

based on the deviation of the current Group 50 visibility conditions from estimated Group 50 natural

visibility conditions; (i.e., those estimated for a given angthe absence of humaaused visibility
impairment (EPA454/B003005)). Group 50 is defined as the mean of the visibility observations

falling within the range of the 40th through the 60th percentiles as dv. The dv scale scores pristine

conditions as aero and increases as visibility decreases (NPS 20IAb)IMPROVE site provides
a long term monitoring record for existing visibility conditionszaieat Basin NPOther methods
have also been used to monitor visibility in the park including a camanantissometer and

nephelometer.
Clean Air Status and Trends NetwariCASTNET

The CASTNET site provides a longerm monitoring record of atmospheNg S, and ozone

concentrations dbreat Basin NFrom 1993 to present.

Mercury

For this assessment, there are two sources of information on mérounyestigate the transport
distances of i, Wright etal. (2014) used surrogate surfaces and passive samplers for the
measurement of gaseous oxidized mercury (GOM) deposition andht@ticen. Samplers were
deployed from the coast of California to the eastern edge of Ne@adat(Basin NP
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Meteorological data, back trajectory modeling, and ozone concentrations were applied to better
understand potential sources of Hg.

Data onmercuy in fish muscle tissue sampl#em Brook trout Salvelinus fontinalisin Great

Basin NPwere reported by &lesSmith et al. (2014), from samples collected in 2011 from Baker
Lake, Lehman Creek, and Snake Crelhe assessment of Water Quality and Qtya(ection

4.3.2 below reports on the results of the Eagbesith et al. (2014) study.

Mercury may enter Great Basin NP through both wet and dry deposition. Since significant areas of
the western USA are arid, it is hypothesized that dry depositionimg@ortant source of Hg in the

park. A primary question is whether sources of Hg are local and thus, relatively easy to address,
regional (from within the United States), or global (long range transport), and much more difficult to
address. Wright et a12014) found dry deposition of mercury to be an important pathway by which it
enters ecosystems, and that much of the mercury in Great Basin NP is from regional and global
sources. There are currently no reference conditions for ecosystem health retatecuy

deposition.

Reference Conditions
The reference conditions against which current air quality indicators are assessed are identified by
NPS ARD (2010b) for NRCAs and listed Table4.

Table 4. Reference conditions for air quality indicators (Source: NPS 2010b).

Air Quality Indicator Good Moderate Concern Significant Concern
Wet deposition, either

sulfur or nitrogen < 1 kg/halyr 1-3 kg/halyr >3 kg/halyr
Ozone O 60 ppb 61-75 ppb O 76 ppb
Visibility <2dv 2-8 dv >8 dv

N and SDeposition

The NPSARD considers parks with less than 1 kg/ha/yr of atmospheric wet depositibar@
compounds to be in Agdolde/ kta/nydr tt comcgr® t i 8 i@ mdvd e i
and parks with wet deposition greater than 3 kg/ha/yrtobesof gni fi cant concern. o

Ozone

The ozone standard set by the EPA at a level to protect human health, 75 parts per billion (ppb)
averaged over an eighbur period, is used as a benchmark for rating current ozone conblititan.

that sensitive vegetation cae impacted below those levelie threeyear average of the fourth

highest daily maximum eighitour average ozone concentrations measured at each monitor in an area
must not exceed 75 ppb in order to be in compliance with the EPA standard.

49



The NPSARDr at es ozone condition as figoodo if the o0z
ppb, fnondeedr aitfe t he concentration i s between 61 ¢
if the concentration is greater than or equal to 76 ppb.

Visibility

A visibility condition of | ess than 2 dv above
condition, estimates rangingfrom& dv above natur al cooncdribt i ons i nc
condition, and estimates greater thamn&edw.adbov

Although the dv ranges of these categories were selected somewhat subjectively,-tkiRINPS
chose them to reflect the variation in visibility conditionsoasrthe monitoring network as closely as
possible.

Condition and Trend

Atmospheric Deposition of Sulfur and Nitrogen

Acidification

An assessment for all NPS I&M networks and Indicators/Measures N\
parks was conducted for acid pollutant Atmospheric Deposition of Sulfur and
exposure, ecosystem sensitivity to Nitrogen

& —4

acidification, and park protectidn determine
the relative risk fronacidification Ecosystem sensitivity tacalification at Great Basin NRas

ranked in the highest quintitelative to other 1&M parkgSullivan et al. 2011b). Howevegreat

Basin NPranked n the lowest quintile for estimated acid pollution expostiadle5 provides

ecosystem sensitivity to acidification comparisons betweeWl@lIN parks.Great BasinNB's v er y
high sensitivity is due largely to the presence of steep slopes and maayde@vand highelevation
streams. Ecosystem sensitivity to acidification rankings take into account land slope, which often
influences the degree of acid neutralization provided by soils and bedrock within the watdistted.
watersheds in Great Basin MBveaverage slopegreaterthan 40°, with one watershed having

average slope greater than 50°.

Indicators and Criteria for Acidification Risk

Great Basin NMas several lakes that are fairly low in acid neutralizing capacity (ANC). These lakes
were surveyed in 1986 as part of EPAsamspledhat i onal
the park were considered addnsitive (ANC less than 2@0icroequivdents per liter [peq/L]),
according to EPAGs classification criteria at t
was Baker Lake dt0,620 fee{3,238 n), with an ANC of 73 peqg/L. Recent conductivity

measurements suggest that the ANC of Bale&e is, at times, less than 50 peqBullivan et al.

2011a, 2011h)a level considered to be very asensitive Depletion of ANC increases the risk to

lakes and streams in the park from episodic or chronic acidification. Baker Lake has a popllation o
Threatened Lahontan cutthroat tro@ngchorhynchus clarki henshawas well as other fish and

invertebrates that could be negatively affected by acidification
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Table 5. Estimated park ranking* for all NPS I&M Mojave Network parks according to risk of acidification
impacts on sensitive receptors. (Source: Sullivan et al. 2011a, 2011b)

Estimated Acid Estimated Ecosystem

Park Name Park Code Pollutant Exposure Sensitivity to Acidification
Death Valley DEVA Very Low Very High

Great Basin GRBA Very Low Very High

Joshua Tree JOTR

Lake Mead LAKE

Manzanar MANZ Very Low Very Low

Mojave MOJA

*Relative park rankings are designated according to quintile ranking, among all I&M Parks, from the
lowest quintile (Very Low) to the highest quintile (Very High) risk.

Nitrogen Nutrient Enrichment

Great Basin NB s r aetative to gther I&M park$or nutrient N pollutant exposure is very low

and ecosystem sensitivity to nutrient N enrichment was judged by Sullivan et ady20hé low

Table6 shows allMOJN parks, with the exception @reat Basin NPranked very high to ecosystem
sensitivity to N deposition; this is due to the preponderance of desert vegetation at those parks, which
is presumed to be highly sensitive to nutridrenrichment (Sullivan et al. 204,120114. It should
bementiored herehat the rankings are for the park as a whole. Since most of the park is high
elevation and contagmative species (and norative species) that are not N sensitive, $eisms
appopriate.However, the lowest elevations of the park are dominated by desert species and the non
native invasive cheatgra®8rOmus tectorum These low elevation areas are very sensitive to N
enrichment with large potentials for complete monocultures fifés, changing the entire ecosystem
with fire impacts perpetuating upslope into N insensitive areas.

Table 6. Estimated park rankings* for all NPS 1&M Mojave Network parks according to risk of nutrient
enrichment impacts on sensitive receptors. (Source: Sullivan et al. 2011d)

Estimated Ecosystem
Estimated Nutrient N Sensitivity to Nutrient N

Park Name Park Code Pollutant Exposure Enrichment
Death Valley DEVA Very High

Great Basin GRBA Very Low

Joshua Tree JOTR Very High

Lake Mead LAKE Very High
Manzanar MANZ Very High
Mojave MOJA Very High

*Relative park rankings are designated according to quintile ranking, among all I&M Parks, from the
lowest quintile (Very Low) to the highest quintile (Very High) risk.
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Indicators and Criteria for Nitrogen Deposition Condition

Pardo et al(2011)compiled data on empirical critical loads (CL) for protecting sensitive resources

in ecoregions across the conterminous United States against nutrient enrichment effects caused by

atmospheric N deposition. The critical load represents a thredHb&det al. 2013)below which
significant harmful effects to sensitive ecosystems components are not likely to occur. Data on

empirical CL for nutrient N deposition @reat Basin NRre limited. Pardo et a2011)only

reported empirical N CL values in the NlorAmerican Deserts ecoregion for the protection of

lichens and herbaceous planialjle7). No t e
dry) N deposition and potential exceedances are based on total N deposition estimates derived from

t hat

Par do

et al

0s

anatmospheric modeThe lower end of the reported range was 3 kg N/ha/yr forlmbtbns and

herbaceous plant$otal modeled N deposition was less than 2 kg N/ha/great Basin NP

(Sullivan et al. 2014). This suggests N critical loadg#ended to prtect lichen and herbaceous
plantsare not exceeded @reat Basin NP.

Table 7. Empirical critical loads for nitrogen in NPS Mojave 1&M Network parks, by ecoregion and

receptor from Pardo et al. (2011). Ambient N deposition reported by Pardo et al. (2011) is compared to

the lowest critical load for a receptor to identify potential exceedance, indicated by shading. A critical load

exceedance suggests that the receptor is at increased risk for harmful effects.

Critical Load (kg N/halyr)
N Deposition Herbaceous

NPS Unit Ecoregion (kg N/halyr) Lichen Plant

Death Valley Np | NOrth American 3.8 3 3-84
Deserts

. North American

Great Basin NP Deserts 1.8 3 3-84

Joshua Tree Np | NOTth American 7.0 3 3-84
Deserts

Lake Mead NRA | NOrth American 4.8 3 3-84
Deserts

Manzanar NHS North American 1.7 3 3-84
Deserts

Mojave NPres gorth American 4.0 3 3-84
eserts
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Ozone

The G-sensitive plant species that are known or thought‘to Indicators/Measures

occur withinGreat Basin NRre listed inTable8. Those Ozone
considered to be bioindicators, because they exhibit very- 4
distinctive symptomsvhen injured byO; (e.g., dark stipple), are designated by an aste@sat
Basin NPcontains at least four{®ioindicator species.

Table 8. Ozone sensitive and bioindicator plant species known or thought to occur in the Great Basin NP.
(Data Source: E. Porter, National Park Service, pers. comm., August 30, 2012); lists are periodically
updated at https://irma.nps.gov/App/Species/Welcome).

Species Common Name
Apocynum androsaemifolium* Spreading dogbane
Apocynum cannabinum Dogbane, Indian hemp
Artemisia ludoviciana* Silver wormwood
Pinus ponderosa* Ponderosa pine
Populus tremuloides* Quaking aspen
Prunus virginiana Choke cherry

Two ranking systems/ereusedto determine risk of ozone injury impacts, the NPS ranking system
(NPS2010pnd Kohut 6s TFhg NRSeapprogdfadgQick assessmenhich considers
5-year averages of{£@onditions K 0 h uQs rarking approachonstitutes anorerigorous
assessment of potential risk to plabpysincluding soil moisture, an important environmental
condition. Dryconditions induce stomatal closure in plants, which has the effect of limiting O
uptake and injury

The NPS Qrisk assessmesystemusesnjury thresholds from the literature (Heck and Cowling
1997)and compares them against five year averages of the W126 or SMHhB6 isa measure of
cumulative Q exposure that preferentially weights higher concentratinsSUMOG6is a measure
of cumulative &posure that includes only hourly concentratiabheve60 ppb over a-8nonth
period The W126 was classified asoderateconcernmat values between 7 and 13 pbm (as
defined by NPS (201p)Values higher than 13 pphr were classified adigh Concern and values
lower than 7 pprhr were classified dsow Concern The SUMO06 was classified as Moderate
Concerrat values between 8 and 15 piim Higher and lower values were classified as High
Concernand LowConcern respectively, as defined by NPS (2010)

Kohut 004,2007h examined five individual years of;@xposureand soil moisture data in the
Mojave Network parks,dweverexposures have likely changed since the timasdssessment
(199519W). The exposure levels diree parks (Path ValleyGreat BasinandJoshua TreeTable
9) werebased on ipark monitoring data and the othgarkswerebased on kriging of data from
surrounding monitoringites.
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In addition, data for 206@004 were analyzed f@reat Basin NENPS 2013) The SUMO06 index
generallyexceeded the threshold for foliar injury@reat Basin NFluring the initial monitoring
period (19951999) and more definitively exceeded the threshold for the monitoring period 2000
2004.

In recent years (200R009), no significant trends (D3 conceltrations have been detecteddreat
Basin NP (NP2013) AlthoughGreat Basin NFs designated attainment by EPA because it meets
the G standard, iexceeds the-Bour standard one or two times during the summer ozone season.

EPA has recognizeddhthe 8hour form for the standard is not appropriate to pratensitive

plants, which respond to longerm O; exposures. In 2010, EPA proposed a new secondary O
standard to protect plant health (Federal Register Vol. 75, No. 11, 40 CFR Parts580 ldatonal

Ambient Air Quality Standards for Ozone, Proposed Rules, January 19, 2010, p. 2938). It was based
on an index of the total plant;@xposure, the W126. For the W126 index, hourly values are

weighted according to magnitude and then summedagight hours over three months,

approximately a growing season. EPA proposed to set the level of the new standard in the range of 7
15 ppmhr.

Table 9. Ozone assessment risk results* for NPS 1&M Mojave Network parks, based on estimated
average 3-month W126 and SUMO6 ozone exposure indices for the period 2005-2 009 and Kohut 6s
(2007a) ozone risk ranking for the period 1995-1999.

SUMO06
W126 8-15 ppm/hr =
7-13 ppm/hr = Moderate Injury Moderate Injury
Kohut
Park Value Value O3 Risk
Name Park Code (ppm-hr) Ranking (ppm-hr) Ranking Ranking
Death DEVA 28.96 High 40.96 High Low
Valley
Great GRBA 15.55 High 21.20 High Low
Basin
Joshua . . .
Tree JOTR 29.53 High 39.95 High High
Lake LAKE 19.58 High 28.46 High Low
Mead ' g ' 9
Manzanar MANZ 40.46 High 52.46 High High
Mojave MOJA 25.92 High 36.49 High High

"Parks are classified into one of three ranks (Low, Moderate, High), based on comparison with other
&M parks.

54



Visibility

Natural Background and Existing Visibili§onditions

Natural background visibility, the goal of the . - ~
Clean Air Act, assumes no humaaused Indlca\t/?srisé:\l/ilteasures
pollution, but varies with natural processes such y J

as windblown dust, fire, volcanic activity and biogenic emissions. Estimated rzdckaround
fhaz® c¢ donwdas relativelygoodin the parks in this networlNPS2010b) compared with other
I&M parks (Table10a and Table 10b

Table 10a. Estimated natural background visibility in Great Basin NP compared to all NPS I&M Mojave
Network parks averaged over the period 2004 through 2008. Reported in deciviews (dv), a measurement
scale representing perceptible changes in visibility calculated from light extinction measurements. The
deciview scale scores pristine conditions as a zero and increases as visibility decreases (NPS 2010b).

Estimated Natural Background Visibility
Park 20% Clearest Days | 20% Haziest Days Average Days
Park Name Code Site ID dv dv dv
Death Valley DEVA DEVA 2.22 7.90 4.68
Great Basin GRBA | GRBA 0.85 6.24 3.18
Joshua Tree JOTR JOSH 1.68 7.19 4.17
Mojave2 MOJA JOSH 1.68 7.19 4.17

Table 10b. Estimated existing visibility in Great Basin NP compared to all NPS I1&M Mojave Network
parks averaged over the period 2004 through 2008. Reported in deciviews (dv), a measurement scale
representing perceptible changes in visibility calculated from light extinction measurements. The deciview
scale scores pristine conditions as a zero and increases as visibility decreases (NPS 2010b).

Existing Visibility 2004 through 2008
Park 20% Clearest Days | 20% Haziest Days Average Days
Park Name Code Site ID dv dv dv
Death Valley DEVA DEVA 4.69 1541 9.63
Great Basin GRBA GRBA 2.06 10.71 5.94
Joshua Tree JOTR JOSH 551 18.29 11.87
Mojave MOJA JOSH 5.51 18.29 11.87

Representative photos of a selected vista under three different visibility conditreaaBasin NP
areshown inFigure12. Photos were selected to correspond withclearest 20% of visibility
conditions, haziest 20% of visibility conditions, and average visibility conditions at that location.
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This series of photos provides a graphic illustration of the visual effect of these differences in haze
level on a represgative vista in the park.

IMPROVE data allow estimation of visual range (VR the best dayat theGreat Basin NP
monitoring site onecan sed 99 miles(320 kn). Based on the estimated natural conditions compared
to existing visibility from 20042008, air pollution has reduced average VR frdmOmilesto 120

miles (274 km t0193 km). On the haziest days, VR has been reduced #f@dmilesto 85 miles

(209 km to 137 ki These numbers represent the best in the country, matched onfgwptthe
nsion6s most remote wilderness areas.
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Visibility at Great Basin NP

Best Days

Taken: 9:00 am

Haze = 2 dv

VR =199 mi (320 km)

Worst Days

Taken: 9:00 am
Haze = 10 dv

VR =93 mi (150 km)

Average Days
Taken: 9:00 am

Haze = 6 dv

VR =137 mi (220 km)

Figure 12. Three representative photos of the same view in Great Basin NP illustrate the 20% clearest,
20% haziest, and the annual average visibility y. DV is deciview. VR is visual range.
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Composition of Visibility Reducing Particulate

Figurel3shows estimated natural (predustrial), baseline (2068004), and current (2068010)

visibility condition andparticulatecomposition foiGreat Basin NPThe figure illustrates that S®

is the primary component of current haz&agat Basin NN the 20% clearest days, when human

caused emissions sources are relatively low. On the 20% haziest days, organics contribute the most to
hazein Great Basin NPFor the average days organic mass is the largest contradfwisibility

impairmentin Great Bas NP.

20% Clearest Days Annual Average 20% Haziest Days
Aerosol Extinction: 1.9 Mm-1 Aerosol Extinction: 5.07 Mm-1 Aerosol Extinction: 10.01 Mm-1

5.79 Natural
0 l 0.99 :

M Ammonium Nitrate
Ammonium Sulfate

B Carbon, Elemental
Coarse Mass

B Organic Mass
Sea Salt

B Soil

324

0.85dv
Haze

3.18dv
Haze

6.24 dv
Haze

20% Clearest Days Annual Average 20% Haziest Days
Aerosol Extinction: 4.38 Mm-1 Aerosol Extinction: 10.73 Mm-1 Aerosol Extinction: 20.15 Mm-1
g Baseline

411 5.59

B Ammonium Nitrate
Ammonium Sulfate

B Carbon, Elemental
Coarse Mass

B Organic Mass
Sea Salt

B Soil

2.86dv
Haze

6.36dv
Haze

1042dv
Haze

20% Clearest Days Annual Average 20% Haziest Days
Aerosol Extinction: 3.07 Mm-1 Aerosol Extinction: 9.97 Mm-1 Aerosol Extinction: 22.15 Mm-1

4.89 ; 8.02\ Current

B Ammonium Nitrate
Ammonium Sulfate

B Carbon, Elemental
Coarse Mass

B Organic Mass
Sea Salt
B Soil

10.4dv
Haze

6.92

1.85dv
Haze

5.64dv
Haze

Figure 13. Estimated natural (pre-industrial), baseline (2000-2004), and current (2006-2010) visibility
(blue columns) and the particulate composition (pie charts) on the 20% clearest, annual average, and
20% worst visibility days for Great Basin NP. Data Source:
http://views.cira.colostate.edu/fed/Tools/RegionalHaze Summary.aspx

Trends in Visibility

NPS(2010)reported longerm trends in visibility on the clearest and haziest 20% of days at
monitoring sites in 29 national parks. The average difference between measured visibility and
estimated naturalisibility condition was 8.3 dv, but several western padd tneasured dv on the
haziest days well above estimated natural conditions. Such large differences between ambient and

58



estimated naturalisibility are reflected in the 2062008 monitoringresults shown ifable10.
Between 1993 and 201&reat Basin NRlata shows evidence of improvement in visibility in recent
years on the 20% clearest and 20% average Haygever the 20% haziestays have remained
about the samd={gure14).

Great Basin National Park
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Figure 14. Trends in ambient visibility at Great Basin NP based on IMPROVE measurements on the 20%
clearest, 20% haziest, and annual average visibility days over the monitoring period of record. Data
Source: http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm

According to thel999RegionalHazeRule, states aah tribes must establish and meet reasonable
progress goals for each federal Class | area to improve visibility on the 20% haziest days and to
prevent visibility degradation on the 20% clearest days. The national goal is to return visibility in
Class | aresto natural background levels in 2064. States must evaluate progress by 2018 (and every
10 years thereafter) based on a baseline period of 2000 tdRO®esource Specialists 2007)

Even though Great Basin NP is a Class Il area it should also saktyisitprovements as a result of
pollution reductions required by tiiRegional Haze Rule

The dideslope analysdsetween current and background visibiliBiqure15) indicate that at the
current rate of progress, the haziest days at Great Basin witlewt natural visibility conditions by
the 2064 Regional Haze Rule deadline, however, the cleanest days will
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Great Basin National Park
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Figure 15. Glideslopes to achieving natural visibility conditions in 2064 for the 20% haziest (red line) and
the 20% clearest (blue line) days in Great Basin NP. The regional haze rule requires the clearest days do
not get worse than the baseline period. Also shown are measured values during the period 2000 to 2010.
Data Source: http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm

Mercury

Wright et al. (2014) found the@Wwest seasonal mean Hg deposition was observed at low elevation
(<328 feet € 100 n)) Pacific Coast sites. Highest values were recorded at Lick Observatory, a high
elevation coastal sitel (196 feet 1,279 n)), andGreat Basin NF6,765 feet 2,062 n)). Intermediate
values were recorded in Yosemite and Sequoia National FRekalts indicate that local, regional

and global sources of air pollution, specifically oxidants, are contributing to observed depdditio
Great Basin NPair chemistry was influenced by regional urban and agricultural emissions and free
troposphere inputs. Dry deposition contributed ~ 2 times less Hg than wet deposition at the coastal
locations, but 3 to 4 times more at the higheratien sitesFigure16 provides location of the

Environment al Prot ect i oMetwbrisitas ang éoacentfationgradiepts d e p o s
across the United States.

The Section on Water Qualit$.3.2 discusseshe effects of mercury depositiom agiatic
resources.
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Sites not pictured:

Alaska 00 2.5ng/L
Alaska 05 1.5 ng/L
Alaska 06 5.5 ng/L
Alaska 98 2.6 ng/L

National Atmespheric Deposition Program/Mercury Deposition Network
http//nadp.isws.illinois.edu

Figure 16. Mercury Deposition Network (MDN) sampling sites in the USA and concentration gradients .
From EPA 2011 Toxic Release Inventory.

Summary of Condition and Trend for Air Quality

All of the indicators for air quality fall withithe moderate concern ratings of the NPS Air Resources
Division (Table11). Deposition of N and S could be of significant concern because of the high
sensitivity of Great Basin NP ecosystems, especially water resources, to acidification. However, the
current deposition rat@oesnot warrant significant concern. Mercury depasitis higher than in

many other areas of the country and appears to be of regional or even global source; however,
bioaccumulation in fish is apparently low (see Seclich2Water Quality/Quantityor discussion of

this).
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Table 11. Summary of indicators of condition for air quality at Great Basin NP.

Air Quality
Indicators of Condition
Condition Specific Measures Status/Trend | Rationale
. Wet nitrogen deposition warrants
Measure of atmospheric wet - e
- moderate concern. This condition is
deposition. The values for wet " :
. S o based on the 20081 2012 estimated wet
Atmospheric deposition condition are expressed : e ;
. . nitrogen deposition of 2.9 kilograms per
Nitrogen as the average amount of nitrogen
" o . hectare per year (kg/halyr). The
Deposition (N) in kilograms deposited over a . . : -
: confidence in the nitrogen condition at
one-hectare area in one year ; < hiah b here i
(kg/halyr) Great B.asm NP is igh because there is
) an on-site wet deposition monitor.
Measure of atmospheric wet Measured value of 1.1 kg/halyr is of
. deposition. The values for wet moderate concern. The confidence in
Atmospheric o e h If - : .
Sulfur deposition condition are expressed the sulfur condition at Great B_asm NP is
Deposition as the average amount of sulfur (S) high because there is an on-site wet
P in kilograms deposited over a one- deposition monitor.
hectare area in one year (kg/halyr).
The monitored ozone concentration
The National Ambient Air Quality from 2. 0.0 812012 is at
Standard (NAAQS) for ozone is set falls within the moqerate concern
Ozone by the EPA. and is based on category. The confidence in the ozone
hﬁman heaith effects condition at Great Basin NP is high
) because there is an on-site ozone
monitor.
This measure assesses visibility Average visibility at Great Basin NP was
based on the deviation of the 2.4 dv above estimated natural
current visibility conditions from conditions, and is a moderate concern.
Visibilit estimated natural visibility The degree of confidence in the
y conditions; (i.e., those estimated for condition at Great Basin NP is high
a given area in the absence of because there is an on-site visibility
human-caused visibility monitor.
impairment).
Atmospheric dry deposition is relatively
high, in part due to
Measure of atmospheric dry high elevation. Mercury is rated as a
M deposition of mercury, not the moderate concern at the park. The
ercury ; . ) R o
bioaccumulation of mercury or confidence level in this condition is
other toxic pollutants. medium because Great Basin NP has
studies from a limited subset of surface
waters.

Sources of Expertise

The Nat

i onal Par k

Ser vi

ceods

Air

program for the NPS. Togetheith parks and NPS regional offices, they mong@oquality in park
units; provide air quality analysis and expertise related to all air quality topics.
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4.1.3. Viewshed

r Condition - Trend A

4 Indicators / Measures h @

Viewshed Condition Index Voderate o )
Visibility of Spring Valley Wind Farm oderate Loncerni

_ _ Unchangingi
I\ 7\ /
Background and Importance
The conservation of scenery is established in t
the wildlife thereinéo) and reaffirmed by the G

Policies (Section 1.4.6, and 4.0) (Johnson et al. 200&) enaling legislation forthe park(Public
Law 99565)also establishes scenic values as one of the important resoutice pafk

For many parks, scenic views that extend beyond park boundaries are an important component of the
visitor experience. The expanse of these views is often inspirational and iconic of the American spirit

and often a main reason why people visit parks. fsit@ve multiple opportunities to view the

surrounding landscape scenery, within and adjacent to theljeglother isolated ranges in the

Basin and Range Provind8reat Basin NBs surrounded by basins with the Snake Valley to the east,

the Hamlin Valey to the soutkastand the Spring Valley to the west. Traveling west from central

Utah across the arid flat plains of the Great Basin Desert, the long ridgeline of the South Snake

Range stretches across the horizon, with a charactetgtied landscapéjghlighted by snow

covered peaks, steep mountain slopes, rolling foothills, low desert basins and valleyfioors.

excerpt from the parkds Gener al Management Pl an
i mportance of its evdevedcross Bnake Valley angl Sprigtvalléeyas : A Th
visitors approach the park and from various locations within the park greatly enhance experiences

and are a significant park resource. Although these valleys are not within the park boundary, they are
critica | in conveying the theme of the O6Great Basin
contrasting valley basins, the mountainous lands inside the park can illustrate only a portion of that
theme. The loss or visual impairment as a result of majlustnial, commercial, or military activity

would alter the pastoral scene that adds a crit

McGlothlin et al. (2012a) further summarize the value of the scenic characteristics of the park and its
environsT h ey 8dcauseof its gxtensive high relief centered on the Southern Snake Range, it

is difficult to avoid substanti al i mpacts to th
adjacent valleys. The adjacent valley approaches themselves are cortsitieredmponents of the

visitor experience. Additionally, large areas of the surrounding valleys are visible from the peak of

Mt. Wheeler, the prime viewing point within the park. A hiking trail to the peak accommodates
approximately 1,200 visitors peraethat manage to make the strenuous hike to the top to experience

the relatively unspoiled beauty of the surrounding Great Basin.
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Viewing these themes within the context and vast scale in which they exist helps to foster the
understanding and significare o f t h e phasrasséssmern primarily sddresses views
from within the park boundary of areas outside the park boundary.

Data and Methods

: Indicators / Measures A
Viewshed Condition Index
Visibility of Spring Valley Wind Farm
Regional Viewsof SEZs

G J

This assessment dfie parld siewshedconditionusedtwo categoriesf indicators and measures
(Table12): one that included GIS-based indicatordevelopment features combined with an NPS
composite viewshgdandtwo that qualitatively assesssibility of manmade features on the
landscapelocally theSpring Valley Wind Farm and regionally two designated Solar Energy Zones
(WahWahSEZ and the Dry Lake North SEZ).

Table 12. Indicators used for resource assessment of viewshed in Great Basin NP.

Indicator Indicator Definition

GIS-based indicator; using NPS 25-mile & 10-mile (40-km & 16-km) radius
Viewshed Condition Index composite viewshed combined with a Landscape Condition Index
(development based) adjusted for visual impacts

A narrative interpretation of the report by SWCA consultants to evaluate
how accurate the assessment for the Spring Valley Wind Farm was;
specifically how visible it really is from Wheeler Peak

Visibility of Spring Valley wind farm
from Wheeler Peak

A narrative interpretation of a Google Earth assessment of what can be
Regional Viewshed seen from higher elevations of Great Basin NP; specifically looking at two
PEIS Solar Energy Zones (Wah Wah SEZ and Dry Lake Valley North SEZ).

GlSbasedndicator. Viewshed Condition Index

For the first indica.tor}/iewshed Conditi.on Ipdexhere s Indicators/Measures N

were two geospatial inputs: a composite viewshed Viewshed Conditiorindex

developed by the NP@1cGlothlin et al. 2012bjor \ 7

Great Basin NRind a landscape condition index wiisualimpact and distance weights adjusted to
rank features within a view relativeEkEathof a pr esu
these inputs is described in more detail below, followed by the methodsnidining the two into

the Viewshed Condition Index. The Valleys assessment area was initially identified for the viewshed
analysis, along with Regional; however due to the data constraints of using the below described NPS
composite viewshed, the reabassment area for viewshed condition index is-en2& (40-km)

radius circle around the park, and an inneril@ (16-km) radius used to discuss differences

bet ween Afurthero views and ficlosero views.
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Input 1: Composite Viewshed

In response to developmearf the BLM Solar Energy Programmatic Environmental Impact
Statemen{BLM and DOE 2012)PEIS;http://solareis.anl.gov/documents/fpeis/index.;fthe NPS
developed maps afhere utility-scale solaenergydevelopment poses a high potential for conflict
with natural, cultural, and/or visual resources administered by thedBS national parks in the
western U.S. includin@reat Basin NPOne of the resources evaluated was viewsheds; the methods
are documented in McGlothlin et al. 2012a and 2012b, asnddad below and on
http://solareis.anl.gov/maps/alternatives/index.cfm

In order to identify specific scenic views that extéegond park boundaries, the NE&hducted a

geographic information system (GiBased viewshed analysis that generated mapg ulividual

parki denti fi ed Key Observation Points (KOPs). The
an individualpark to 25miles(40km)b ey ond par k boundaries. The int ¢
analysis was to determine 1) which lands oetgidrks could be seen from these KOPs, and 2) the

extentof the acreage of these lands.

The GIS effort used traditional and composite viewshed analyses. Traditional viewshed analyses
evaluate the visibility of locations in a binary manner (i.e., VisibléMsible) across an area of

interest (AOI) from a single, defined observation point (e.g., the KOP). The AOI is the area for
which the viewshed analysis is being performed. In order to correspond to the Draft Solar PEIS, the
AOI for the NPS analysis corssed of a 28mile (40-km) area surroundinthe park. A sample point

is a location within the AOI that could potentially be visible from the KOP. For the purposes of th
NPSanalysis, the sample point was a potential iocadf a solar energy facility.

Conposite viewshed analyses combine the fAseen ar
from more than one KOP. A visible value in a composite viewshed implies that at least one of the

sample points is visible from, at minimum, one of the KOPshilwrhanner, the number of visible

KOPs is recorded on a cddl/-cell basis across the AOIl. Composite viewsheds are a quick way to
synthesize multiple viewsheds into a single map, thus giving a cursory overview of the land areas

visible from a park lookingut beyond its boundary. In the case of this analysis, identified areas

outsidethe park were visible from at least one of the KOPs

For Great Basin NP, 23 KOPs within the park were identisedhe werelefined by local park

personnel, thers arenamed ammits from the Geographic Names Information System (GNIS)

database that occur withihe park boundariesThe KOPs were chosen based on significant points of

interest includinghevisitor center, scenic pullouts on the Wheeler Peak Scenic Drive, peak

elevations at or near hiking trails or bristlecone pine groves, within bristlecone pine groves, park
campgrounds, and points along the Osceola Ditbk.composite viewshed from the above analysis

was selected for use in tl&eat Basin NRiewshed assessment and is shown belagufe 17,

l eft). The resultant dataset has a value for th
individual cell or pixel; in other words each pixel within the-gile (40-km) radius has a count of

KOPsthat can see the pixel, ranging from 0 to 16 (out of a total of 23).
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Figure 17. Composite viewshed for Great Basin NP (left) and viewability index (right). Composite
viewshed is based on KOPs (small green triangles) entirely within Great Basin NP (n=23); 4 categories of
viewshed are displayed, consistent with original source data from NPS; however every pixel does have a
value for the number of KOPS. Yellow (7-10 KOPs) and green (10-16 KOPs) are the most visible areas
from the KOPs within the park. The viewability index is the result of scoring pixels from 0 to 1 in 10
intervals of 0.1, where 0 = not visible from any KOPs, and 1 = visible from the maximum of 16 KOPs.

For this NRCA analysis, the composite viewshed was further processed to convernthe &DIPs

per pixel to a score from 0 tg the purpose being to combine this scored composite viewshed with

the second input of a landscape conditratex (described below)The assumption for the scoring is

that the more visible a pixel is (higher nuentof KOPS) the better it scores, with a score of 1
representing the be JablelEBnGbncamitantly, afscolie sfi0 tvds assSignedi x e | s
to all pixels with no KOPghese are the newisible locations. In other words, the more places from

which one can see that pixel, thdétbe having a vievirom the park tats environsis of greater

value This scored composite viewshed is calledvileevability index (Figurel7, right) in the

remainder of this section.

Table 13. Count of key observation points (KOPs) and the viewability scores assigned to pixels with that
number of KOPs.

# of KOPs 1 2 3 4 5 6 7 8

Score 0.063 0.125 0.188 0.290 0.313 0.375 0.438 0.500
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Table 13 (continued). Count of key observation points (KOPs) and the viewability scores assigned to
pixels with that number of KOPs.

# of KOPs 9 10 11 12 13 14 15 16

Score 0.563 0.625 0.688 0.790 0.813 0.875 0.938 1.000

Input 2: Landscape Condition Index

The second input to the Viewshed Condition Index is a model called the Landscape Condition Index
(used in other assessments here, see Bighorn Sheep for exdniaeiilscape Condition Index is a
30-meterresolution map surface that incorporates a landargktover intensity rating and a

distance decay function, reflecting decreasing ecological impact with distance from the source
(Comer and Hak 200€omer and Fabetangendoen 2013).

Visitor perceptions of mamade features vary from perstpersoncan be highly subjectivend
there is no way to be completely objective in hbey are defined or measuredcedearch has shown
that there are certain landscape types and characteristics thk {@ewl to prefer over othersost
relevant for this asssmenis a preference faratural over mamodified landscapes (Zube et al.
1982,Kaplan and Kaplan 1989, Sheppard 2001, Kearney et al. 22082010)However,
indications are thananmade features seamg to fit with a perceived rural environment (cm
houses, winding dirt roads, etc.), do not evokestraenegative response as commatar

industrial developmentsind may even add positively to the perceptions of the landscape (Kearney et
al. 2008) Hence the visual impact weighfBable14) assigred for the index ifrigure18 are ranked
from less visually impacting (e.g. pasture) to more so, or even unpleasing (e.g. mipasethd
highways).

For purposes of théreat Basin NRiewshed assessment, the intensity and distance decay ratings
were setTablel14) under the following assumptions:

1) Pastoral (agriculture, pastures), rural development (ranch houses), wells and small dirt roads have
relatively low impact to scenic views

2) Mines, paved highways, the wind farm, small or large towns have a stiorggEct on views
and are presumed to be more displeasing to most people.

3) T her e distancerftect i other words, the feature itself has the impact and increasing
distance from it has no effect on the view.

This model incorporates number oflistinct inputs, including roads of varying size and expected
traffic volume, land uses from agriculture to urban and indug&igl wind farm) uses'he index
scores range fromtd 1 (in intervals of 0.1)where a score of 1 indicates no development fesiture
and scores ranging from 0.6 to 0 suggesting visually noticeable fedtigese(8) that may be
unpleasing to a viewer in the pafor example, the Spring Valley wind farm, to the northwest of the
park was ranked a 0.6 in visual impatalle14), andin the map shows clear{fplue, rectangular
polygon to the northwest of the parlds can be seen figurel8, the valleys assessment boundary
was used for the landscape condition index.
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Figure 18. Landscape Condition Index tailored for viewshed analysis.
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Table 14. Development features included in the viewshed landscape condition index, with scores for
relative visual impact and distance from the feature. A score for impact of 1 suggests little to no visual
impact; while those closer to 0 suggest visually unpleasing features. Features are sorted from presumed
low visual impact (e.g. pastures at 0.9) to extreme visual impact (mines, 0.05).

Relative

Development Theme Visual | Distance

Impact (m)
Pasture 0.9 50
Agriculture 0.7 50
Minor and dirt roads, including 4WD roads 0.7 50
Wells, primarily for stock ponds 0.7 50
Low intensity development 0.6 50
Wind farm 0.6 50
Local, neighborhood and connecting roads 0.5 50
Medium intensity development 0.5 50
Secondary and connecting roads, highways 0.2 50
Mines 0.05 50

Output: Viewshed Condition Index

The above two geospatial inputs, thewability index (scored composite viewshed) and the

landscape condition indexdevelopment features weigtfor impact to views) were combined into

one modelEach pixelwas assigned s c orewabilityh f{vi e. can be seen frol
within the parkfrom the viewabilityindex combi ned with a relative ran
mantmade features ranked as visually of low to high imgacmh the landsape condition index

The model was created by multiplying the score for each pixel from each of the two inputs
(viewabilityand landscape condition indices). The resultant output is calladetwshed Condition

Index (Figurel9). In the figure, the boutary of the landscape condition index (valleys) combined

with the 25mile (40-km) radius vewabilityindex resulted in portions of theewability index not

being scored or included in the final viewshed condition indiée. 18mile (16-km) radius boundary

is also shown.

For visualization and interpretation of the results, the viewshed condition index was owéHaad

mask that corresponds to a number of key observation points (KOPSs). In the first mask, all locations
with no or only 1 KOP able to see thacation were masked out; hence the result shows the

viewshed condition index for all pixels visible from 2 or more KOPs. For comparison, a second mask
was done, with the number of KOPs masked being 3 or less; thus the viewshed condition index is
seen fo all pixels visible by 4 or more KOPs. These maps are presentedQottktion and Trend

section below.
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Figure 19. Viewshed condition index for GRBA.This is a combination of the landscape condition index
modified for views and the viewability index, a scoring of the NPS composite viewshed.
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Qualitativelndicators: Local and Regional Views of Mamde Features
For the two narrative indicators (views of / indi ry S
Spring Valley WindFarm, and regional views ooon |catprs easures

. Visibility of Spring Valley Wind Farm
of SEZs),the purpose is to assdssw local Redional Views of SEZs
views into Spring Valley to the west, from the g y
peak of Mt. Wheeler, have been affected by development of a wind farm with 66 turbine towers
Secondly, from a regional perspective, tcegsshow visible two Solar Energy Zones (SEZs) will be

from the ak, should they be developed.

The methods employed for theme relatively simple: Google Earth (GE) was utilized to simulate
the view of the Spring Valley Wind Farm from two peaks withim plark: Wheeler Peak and Bald
Mountain. GE has good resolution satellite imagery and allows a simulation of looking across a
landscape horizontally from a point towards something of interest (in this case the wind farm) and
then saving it as an image fildnfortunately, since GE imagery is from a vertical perspective, the
towers and turbines are not visible when the simulation is of standing on Wheeler Peak. This
simulation from GE was then compared to the assessment completed in 2009 by SWCA
EnvironmentalConsultants (SWCA 2009) prior to the buddt of the Spring Valley Wind Farm. In
that assessment, SWCA simulated what the wind farm would look like from Wheeler Peak and
compared that to the view without the farm. They also completed a Visual Contiagt Ra
Worksheet for the Wheeler Peak simulation, which employed standard methods developed by the
Bureau of Land Management (BLM 1980, 1986).

For the more regional view, a KMZ file with the locations of the Solar Energy Zones (SEZs) was
downloaded from th&8olar PEIS website. Two SEZs, as yet undeveloped, were selected for a visual
assessment with Google Earth: the Wah Wah SEZ in Utah (southeast of the park), and Dry Lake
Valley North (south southwest of the park), in Nevddiatance, as measured in GE nfréWheeler

Peak to the Wah Wah SKEEigure20) is 61.4 miles 989 km), and 76.3 milesl228 km) to the Dry

Lake Valley North SEZKigure21); in both cases the measure was to the approximate center of the
SEZ. GE was utilized to generate screenshots framous angles, looking from Wheeler Peakhia
parkto each SEZ. An elevation profile was also generated by GE showing the tetaeen the

peak and the SEZ.
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Figure 20. Google Earth screenshot of Wheeler Peak (left center) and a line to the southeast to the Wah
Wah SEZ (lower right). Below the image is an elevation profile generated by Google Earth from Wheeler
Peak on the left to the SEZ on the right.
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