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Executive Summary

In collaboration with the National Park Service, the UniveiSityVyoming Ruckelshaus Institute

Of Environment and Natural Resources and the Wyoming Natural Diversity Database completed the
Natural Resource Condition Assessment (NRCA) for Badlands National Park. The purpose of the
NRCA is to provide park leaders and resource managers with informati@saurce conditions to
support neaterm planning and management, leiegm strategic planning, and effective science
communication to decisiemakers and the public.

Badlands National Monument was established in 1939 and designated as a NationaPpPark (N

1978. The purposes of the park include protecting the landforms of the White River Badlands;
preserving, interpreting, and promoting scientific research of the geology and paleontological
resources in the park; preserving the mixed grass prairigsteos preserving the wilderness area

and associated values in the park; and interpreting the history of use in the park, with an emphasis on
use by the Sioux Nation and Lakota people.

The assessment for Badlands NP began in 2015 with a facilitated aiecaiseng park leadership

and natural resource managers to identify fpghbrity natural resources and existing data with

which to assess condition of those resources. Data were synthesized to evaluate each resource
according to condition, trend in theratition, and confidence in the assessment. Natural resource
conditions were the basis for a discussion with park leadership and natural resource managers, who
then identified critical data gaps and management issues specific to Badlands NP. Resousce expert
park staff, and network personnel reviewed this assessment.

Priority natural resources were grouped into three categories: Landscape Condition Context,
Supporting Environment, and Biological Integrity.

The resources categorized as Landscape Conditinteg&tancluded viewshed, night sky, and
soundscape. At the time of this assessment, viewshed and night sky were in good condition, though
soundscape warranted moderate concern due to high noise levels during the summer months.

Supporting Environme#t or physical environmegt resources included air quality, surface water
guality, geology, and paleontological resources. Air quality, surface water quality, and geology were
of moderate concern; paleontological resources warranted significant concern besfaasel th
vandalism of fossils were major concerns.

The natural resources that composed the Biological Integrity category included vegetation, birds,
blacktailed prairie dogs, blaefooted ferrets, bison, swift fox, bats, bighorn sheep, bobcat, mule
deer, lerpetofauna, and pollinators. Mule deer, bighorn sheep, and bobcat were in good condition;
vegetation, bison, bats, herpetofauna, and pollinators were of moderate concern; and prairie dogs,
blackfoot ferrets, and swift fox warranted significant conceres®urce condition was not available

for birds in the absence of specific management goals.

This assessment includes a general background on the NRCA process (Chapter 1), an introduction to
Badlands NP and the natural resources included in the assessimgnte(@), a description of
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methods (Chapter 3), condition assessments for 19 natural resources (Chapter 4), and a summary of
findings accompanied by management considerations (Chapter 5).
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Chapter 1. NRCA Background Information

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

natur al resources and resource indicators in na
on trends imesource condition (when possible), identify critical data gaps, and characterize a general

level of confidence for study findings. The resources and indicators emphasized in a given project
depend on the par koés r es oushipganing éand sciergein st at us o
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potential study

resources and indicators NRCAsS Strive to Pr

NRCAs represent a relatively new  Credible condition reporting for a subset of
approach to assessing and important park natural resources and indicators
reporting on park resource
conditions. They are meant to
complement, not replace,
traditional issueand threabased
resource assessments. As distinguishing characteristics, all NRCAs

Useful condition summaries by broader resource
categories or topics, and by park areas

Are multi-disciplinary in scopé;
Employ hierarchical indicator frameworks;

Identify or develop reference conditions/values for comparison against current contlitions;

1
1
1
f  Emphasize spatiabaluation of conditions and Geographic Information System (@i&jucts’
f  Summarize key findings by park ar€and

)l

Follow national NRCA guidlines 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 reference conditions and values, NRCAs also report on trends, when appropriate (i.thewhen
underlying data and methods support such reporting), as well as influences on resource conditions.
These influences may include past activities or conditions that provide a helpful context for

1The breadth of natural resources and number/tyredafators evaluated will vary by park.

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subseq
] conditions for indicatory condition summariesybbroader topics and park areas.

3 NRCAs must consider ecologicalbased reference conditions, must also consider applicable legal and regulatory standards,
and can consider other managersgpecified condition objectives or targets; each study indicator can be evaluated against one
or moretypes of logical reference conditiorReference values can be expressed in qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that weidish to av
that require a follomupr e sponse (e.g., ecological thresholds or managemen

4 As possible and appropriatdRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a set d6@&overages and map products.

5n 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 dy-area basis: 1)ybpark ecosystem/habitat types or
watersheds, and 2) for other park areas as requested.



understanding current conditions, and/or presiytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do noteepmhdition status for land areas

and natural resources beyond park boundaries). Intensive aadiséfect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest fundingglatively quick timeframe for completion, and reliance on existing data
and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an
informal synthesis of scientific data and information from multiple and diverseesourevel of

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

The credibility of NRCA results is derived from the data, methods, anerefe 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 study indicator for which current condition or trend is reported, we
will identify critical data gps and describe the level of confidence in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. These staff will be asked to agkisth@selection of

study indicators; recommend data sets, methods, and reference conditions and values; and help
provide a multidisciplinary review of draft study findings and products.

NRCAs can yield new insights about current park resource condibatijsn many cases, their

greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame datad study needs for important park resources, and
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decsion making, planning, and partnership activities.

Important NRCA Success Factors

1 Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

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

1 Building credibility by clearly documenting the data and methods used, critical
data gaps, and level of confidence for indicator-level condition findings

However, it is important to note that NRCAs do not establish management targets for study
indicators. That process must occur through park planning and management activities. What an
NRCA can do is deliver sciendmmsed information that will assist parlanagers in their ongoing,

longt er m efforts to describe and quantify a park=ad
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targets. In the near term, NRCA findings asdisttegic park resource plannfrand help parks to

report on government accountabilityeasure$.In addition, although ktlepth analysis of the effects

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses
and data sets developed for NRCAs will be useful for &l climatechange studies amganning
efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (1&M) Prograior example, NRCAs can provide

current condition estimates and help establish reéereonditions, or baseline values, for some of a
parkdés vital signs monitori ne\NP$datdiobelptevaluiate. They
current conditions for those same vital signs. In some cases, 1&M data sets are incorporated into
NRCA analyse and reporting products.

NRCA Reporting Productseé

Provide a credible, snapshot-in-time evaluation for a subset of important park
natural resources and indicators, to help park managers:

9 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)

1 Improve understanding and quantification for desired conditionsfort he par k o s
Afundamental 06 and fAother i mportanto njatur al r
(longer-term strategic planning)

1 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public
(Arerscoeu condition statuso reporting)

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS 1&M Program. For nioi@mation visit theNRCA Program website

5An NRCA can be useful during the devel opment of a parkédés Res
as a posRSS project.

7 While accountability reporting measures are subject to change, the spatial and rdfassuceondition data provided by
NRCAs will be wuseful for most forms of fAresource condition s
of the Intrior, or the Office of Management and Budget.

8The | &M program consists of 32 networks nationwide that are
condition of park ecosystems and develop a stronger scientific basis for stewandsimareagement of natural resources
across the Nati onal ardassubket dbphysicat anemicdlVandbmlbgica eélegnanss @and processes of park
ecosystems that are selected to represent the overall health or condition of park rdswseesy hypothesizedfects of
stressors, or elements that have important human values.
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Chapter 2. Introduction and Resource Setting

2.1. Introduction

2.1.1. Enabling Legislation

Badlands National Pai(NP) was authorized on March 4, 1929, established as a National Monument

on January 25, 1939, and designated a National Park on November 10, 1978. The purpose of the Park
is to:

1 Protect the unique landforms and scenery of the White River Badlands bmrtéfit, education,
and inspiration of the public.

1 Preserve, interpret, and provide for scientific research the paleontological and geological
resources of the White River Badlands.

Preserve the flora, fauna, and natural processes of the mixed gragsqysiem.

Preserve the Badlands wilderness area and associated wilderness values.

Interpret the archaeological and contemporary history of use and settlement of lands within the
park, withspecialemphasis on the history of the Sioux Nation and the Lgiebale (NPS
2012).

Badlands National Park, South Dakota. Photo by Stefan Fussan, Wikipedia (1995).

2.1.2. Geographic Setting

Badlands NP is located in the mixed prairie grasslands of southwestern South Dakota. The park is
composed of 242,756 acres, 64, Btres of which have been designated Wilderness. Located
approximately 70 miles from Rapid City, South Dakota, the park is bordered by Buffalo Gap

National Grassland, the Pine Ridge Indian Reservation, as well as several private farms and ranches.
The pak is characterized by spectacular scenery, including highly eroded landforms that comprise a
dense collection of rutted ravines, serrated towers, pinnacles, and gulches, and contains places of
spiritual and historical significance to the Lakota people (RPR).



2.1.3. Visitation Statistics

Annual visitation data for Badlands NP are available for 18®B6. The total number of visitors

ranged from 10,149 in 1943 to 1,518,396 in 1991, with an average of 889,444 visitors, annually. The
number of recreationaisitors in 2015 was 989,354. Visitation data by month are available for 1979
2015. Although there has been monthly variation by year, the months receiving the greatest number
of average visitors over the recording period were June through September 2RI9A

2.2. Natural Resources

A summary of the natural resources at Badlands NP is presented in this section and includes
information known prior to the completion of this condition assessment. Resource sections include:
Viewshed, Night Sky, Soundscapdr Quality, Surface Water Quality, Geology, Paleontological
Resources, Vegetation, Birds, Prairie Dogs, Blfxked Ferrets, Bison, Swift Fox, Bats, Mule Deer,
Bighorn Sheep, Bobcat, Herpetofauna, and Pollinators.

2.2.1. Ecological Units and Watersheds

Badlands NP is located in the Northwestern Mixed Grasslands ecoregion of the Northern Great
Plains, distinguished from other grassland types by the harsh winter climate; short growing seasons;
periodic, severe droughts; and vegetation (Ricketts 1999). Tdestagrassland ecoregion in North
America, this biologically important area is under threat from habitat alteration for wheat production,
invasive and exotic species, and increased industrial activity (Ricketts 1999).

2.2.2. Resource Descriptions

In thissection we have summarized background information about key natural resources at Badlands
NP. The assessment does not include all important resources present in the park, but focuses instead
on particularly high priority resources as identified by park.sta

The descriptions included here are direct excerpts from the resource assessment sections in Chapter 4
of this NRCA. We have included these introductions to each resource verbatim, but have removed

the literature citations for readability. Please rédethe full resource sections for appropriate

literature citations and acknowledgment of intellectual property.

Viewshed

The Badlands of South Dakota were first recognized for national significance in 1929 when congress
authorized the creation of Badlandational Monument. This initial authorization stated the purpose

of the monument to Apreserve the scenic and sci
Badl ands and to make them accessible for public
and importance of the White River Badlands were further supported in the 1938 establishment of
Badlands National Monument and the subsequedésgnation of the monument as a National Park

in 1978. Today a main purpose of the park continues to be maeag#rat protects and preserves

the landforms and scenery of the White River Badlands. Rich fossil deposits, a long human history of
Native Americans and homesteaders, the largest undisturbed mixed grass prairie in the U.S., and
striking visual displays ofleposition and erosion in iconic formations are important aspects of the

visitor experience to Badlands NP.



The long history of conservation in the Badlands of South Dakota and the largely undisturbed and
undeveloped landscape surrounding the park haseshthe area continues to offer visitors an
outstanding visual experience. Indeed, Native Americans and early settlers would have been likely to
encounter a similar environment to that existing in the Badlands today.

Night Sky
Spectacular starry skies addrk nights are highlights of national parks for anyone who camps out or

visits after dusk. The patterns among constellations are essentially the same ones that have been
visible to humans for thousands of years.

More than a visual resource, dark skidesy an important role in healthy ecosystems. The absence of
light is important to nocturnal wildlife, ligkgensitive amphibians, reptiles, insects, plants, and
migrating birds requiring starry skies for navigation.

Clear, dark night skies are a valuab#&ural resource at Badlands NP, and an astronomy program
has been conducted during the summer months at the park since 2006. In July 2016, the Badlands NP
successfully completed its 5th annual Astronomy Festival.

Natural nocturnal nightscapes are crutiaihe integrity of park settings. Dark skies and natural
nightscapes are necessary for both human and natural resource values in the parks. Limiting light
pollution, caused by the introduction of artificial light into the environment, helps to ensutieishat
timeless resource will continue to be shared by future generations.

Soundscape
Visitors to national parks indicate that an important reason for visiting the parks is to enjoy the

relative quiet that parks can offer. Sound also plays a criticalrrahdra: and interspecies
communication, including courtship and mating, predation and predator avoidance, and effective use
of habitat.

Badlands NP is surrounded by vast areas of prairie and badlands formation, with some agricultural
development bordergnthe park unit. Primary sources of roatural sounds within the park include
automobile traffic, visitor conversations and associated acoustics, maintenance operations, and air
traffic passing overhead. Industrial activities and noise from businessawidtpopulated

residential areas are unlikely to affect the acoustic environment in Badlands NP. The closest town
with population >10,000 is Rapid City, SD (population ~70,900), about 60 kilometers (37 miles) to
the northwest.

Air Quality

Most visitorsexpect clean air and clear views in parks. However, air pollution

can sometimes affect Badlands NP. Clean, clear air is critical to human health, the health of
ecosystems, and the appreciation of scenic views. Pollution can damage animal health (including
human health), plants, water quality, and alter soil chemistry. Our ability to clearly see color and
detail in distant views can also be impacted by air pollution.



The NPS is dedicated to preserving natural resources, including clear air. The Natio&sriZak
Organic Act and the Clean Air Act codify this commitment, specifying that NPS protect air quality
within park units for the integrity of other natural and cultural resources.

Surface Water Quality

Surface waters form complex ecosystems that stppaast number of uses. They provide critical
wildlife and plant habitat, sources and sinks in water and nutrient cycles, and numerous recreational
opportunities. Surface waters are also aesthetic resources and, often, public health resource when
they comect to a drinking water supply.

Badlands NP is part of the Northern Great Plains Network (NGPN) and is located in the Bad, Middle
CheyenneElk, Middle Cheyenne&pring, Upper White, and Middle White River drainage basins.

Each of these rivers flow eastanthe Missouri River, though only the White River runs through the
park. Other water resources within the park are limited, consisting primarily of intermittent

stream® Battle, Cedar, Palmer, and Sage Creeks, ephemeral water bodies, and constructed
impoundnents. The top water quality priority at Badlands NP is the Civilian Conservation Corps
Springs, an artificial stock pond, and Sage Creek has also received monitoring attention.

Geology
Geological resources underlie and affect many other resources witiondl Park System units. In

Northern Great Plains area where Badlands NP is located, most of the bedrock is composed of soft
Upper Cretaceous and Tertiary sediment strata.

The rugged geology of Badlands National Park is a primary draw to the park pbe freon around
the world. Surface and subsurface strata of the Great Plains physiographic province represent many
different paleoenvironments spanning millions of years.

It should be noted that the huminfluenced weathering and erosion that is occuraingreas of high
visitor traffic and as well as near the Badlands Loop Road is degrading the quality of the geological
resources in those areas.

Paleontological Bsources

The principal mission of the National Park Service is the preservation, protegttbatewardship of
natural and historic resources. Fossils, and the natural geologic processes that form, preserve, and
expose them, are included in this mission. Paleontological resources asnawamble, and they

hold the keys to understanding the céemphistory of life on Earth. Fossils are known to occur in

260 NPS units and are the main resource showcased in 13 of those parks, including Badlands NP.
The fossil resources of Badlands NP include the richest accumulations of terrestrial verteblsite fossi
of late Eocene and early Oligocene age in North America, if not the world.

In the northern Great Plains area, most of the fossiliferous bedrock deposits represent two general
time periods and environments: the Late Cretaceous Western Interior Seatvagéins of

invertebrates such as ammonites and vertebrates such as bony fish, sharks, and marine reptiles; and
the Tertiary terrestrial deposits of Oligocene and Miocene age that record the spread of grasslands
across the region and the rise of larggzgrg mammals.

8



Badlands National Park was established in large part to protect fossil resources. Abundant and
diverse flora and fauna are well known from the White River Badlands, and these fossils have played
a large role in our understanding of the etioluand adaptation of plants and animals to climate

change. Numerous vertebrate taxa as well as scarce plant fossils, petrified wood, and invertebrates
have been described from these strata. While the mammalian fossils are the most well studied, fossils
of bony fish, amphibians, turtles, squamates, crocodiles and alligators, and birds are also known from
the Badlands.

Vegetation
During the last century, much of the prairie within the Northern Great Plains has been plowed for

cropland, planted with nenatives to maximize livestock production, or otherwise developed,
making one of the most threatened ecosystems in the United States.

Badlands NP was established with a mission to protect and preserve 242,756 acres of rugged
badlands, mixedjrass prairie, andah fossil deposits. The vegetation is a mosaic of sparsely
vegetated badlands, native mixgss prairie, woody draws, and exotic grasslands.

Birds

Birds are a critical natural resource that provide an array of ecological, aesthetic, and recreational
values. As a speciaich group, they encompass a broad range of habitat requirements, and thus may
serve as indicators of landscape health. Bird communities can reflect changes in habitat, climate,
ecological interactions, and other factors of concern itogaal systems.

I n the NGPN group of parks to which Badlands NP
of park ecosystems. Monitoring of landbirds began in 2013 with help from the Bird Conservancy of
the Rockies.

Black-tailed Prairie Dog

Black-tailed prairie dogs@ynomys ludoviciangigre grounetwelling rodents of the Sciuridae

family and are one of five prairie dog species native to North America. Bidek prairie dogs
(hereafter Aprairie dogso0) ar prairie Hog speces fangingu me r o u
from southern Canada to northern Mexico.

Maintaining healthy blackailed prairie dog populations is fundamental to the character and
ecological integrity of Badlands NP. Prior to being affected by plague, Badlands NP accounted for
about 59% of the acreage occupied by biadled prairie dogs oall NPS lands. Some prairie dog
colonies, such as Roberts Prairie Dog Town in the northern part of the park, are important tourist
attractions. Badlands NP is dedicated to protecting the species and participates in state and federal
management protocol§he largest management issue facing prairie dogs in the park is sylvatic
plague caused byersinia pestisa lethal, generalist, nemative bacterium. Plague has greatly

reduced the number of active prairie dog colonies within the park since 2008. BadiRahds

engaged in mukagency efforts to curb plague within tharfp and surrounding grasslands.

Badlands NP has also served as a reintroduction site for endangered and threatened species, efforts
that would not have been possible without an extensigalption of prairie dogs. Badlands NP was
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the second reintroduction site for blafdoted ferrets owing to the high quality of prairie dog habitat,
and swift foxes were translocated to Badlands NP beginning in 2003.

Black-footed Ferret

Black-footed ferretgMustela nigripeyare charismatic, globally endangered carnivores endemic to
North America. They are nocturnal, solitary, territorial animals that are closely tied to prairie dog
(Cynomysspp.) colonies. Prairie dogs are a primary prey source for famdttheir burrows provide
shelter for this unique member of the weasel faniygtelidag.

The blackfooted ferret was listed as a federally endangered species in 1967 and as a South Dakota
endangered species in 1978. Later thought to be extinct iniftheawemnant population was
rediscovered in Wyoming in 1981 and the remaining 18 individuals were removed for captive
breeding. Reintroductions began in 1991 and extended to Badlands NP in 1994 and Conata Basin
(Buffalo Gap National Grassland) in 199@€Fe are 26 total reintroduction locations to date. Black
footed ferret populations in Conata Basin/Badlands are now considered one biological population so
we refer to them jointly throughout our assessment. The {tetkd ferret remains one of the rstre
free-ranging mammals in North America, with an estimatedsadtaining population of 167 mature
individuals rangewide.

The Conata Basin/Badlands population of ferrets remains one of the most successful reintroduction
efforts to date, largely due tbe quantity and quality of blaeiiled prairie dog colonies at these

sites. Since the time of reintroductions, the bleaked ferret population has been monitored

annually.

Bison

The American bisonBison bisoiis an iconic species in North America.ddands NP hosts one of

two subspecies of American bison, the plains big&soh bison bison Historically, an estimated

30i 70 million plains bison ranged from central Canada to Mexico in herds of up to 10,000 animals.
These herds played a key role in gnassland ecosystems of North America, shaping both the
landscape and the way of life for native cultures in the region.

Badlands NP is one of nine NPS units that currently supports bison and is also one of the most recent
to participate in bison restoran. Substantial numbers of bison historically inhabited the grasslands
within the parkFrom 19631964, 50 bison from Theodore Roosevelt National Park and three from

Fort Niobrara National Wildlife Refuge were introduced into the Badlands WildernessArea.

additional 20 bison from Colorado National Monument were added to the Badlands NP herd in 1983.
Badlands NP currently has a management goal of maintainirid 80®ison in the 23,45Bectare
(57,96%acre) Badlands Wilderness Area. The herd is cullgmadpnistically, and surplus bison are

given to the neighboring Oglala Sioux Tribe and distributed to other native tribes through the
InterTribal Bison Cooperative.
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Swift Fox

The swift fox {/ulpes velokis a smallsized member of the dog family, typicallyeighing about two
kilograms. Historically, they were thought to be common or locally abundant throughout much of the
shortgrass and mixegtass prairies of the Great Plains.

The NPS reintroduced a swift fox family to Badlands NP in 1987 from the neard®RRIge

Reservation, but failed to establish a population. Additional reintroductions were accomplished from
2003 2006 with 114 individual foxes brought from Colorado and Wyoming.The swift fox is one of
four native species that has been reintroducecatbadds NP in an effort to restore the native prairie
ecosystem, the others being the btémited ferret fustela nigripey bighorn sheepQvis

canadensis and American bisorBf{son bisoi

Bats

Bats have many important ecological roles and are orfeeaghbst diverse groups of mammals,
accounting for about 20% of all mammal species globally (1,200). These winged mammals consume
thousands of pounds of insects annually, including some damaging agricultural pests, thereby saving
billions of dollars in agkultural costs. In some regions, bats are critical for the propagation of many
plants. Even bat guano (droppings) provides unique habitat to some specialist organisms. Some bats
are considered by researchers to be keystone species, a species that hagreateseffect on its
ecosystem than would be expected given its biomass, and can be bioindicators of the health of a
broad range of organisms.

National Park Service lands are important reference and monitoring sites for bat populations. The
NPS is dediated to protecting bats and their habitat; at the time of this assessment, over 40 parks
were host to at least 43 projects to protect bats and gain insight into white nose syndrome. Among
NPS units that have caves, mines, and old buildings for roostiogt 40 of the 47 resident of US

bat species occur on NPS land.

Eleven bat species are found in Badlands NP and three of these species are of particular concern to
the state, receiving a listing as high priority Species of Greatest Conservation NeeSantthe

Dakota State Wildlife Action Plan. Additional bat species have a Special Species Status for the state,
Sensitive Species designation for the region, and/or a federal listing under the Endangered Species
Act.

Bighorn Sheep
Bighorn sheep@vis canadens) are native to western North America and exhibit a patchy

distribution over what was once a more continuous range. There are several subspecies of bighorn
sheep; the badl an dGvisa auduBadidas hisioniaally folnd ig theobadandé
region, but went extinct by 1925. The NPS introduced the Rocky Mountain bighorn €hep.(
canadensisto Badlands NP in 1964.

Bighorn sheep populations have a tenuous hold in many areas, largely owing to disease
susceptibility. Studies show that bain populations inhabiting larger areas, kept at greater distances
from domestic sheep, exhibiting longer migratory movements, and in larger herds are more likely to
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persist. It is generally accepted that disease is the main threat to wild sheep papu@atdhat
management efforts aimed at mitigating the frequency and severity of diseaseksidbeca
conservation priority.

National Park Service lands are important reference and monitoring sites for animal populations, and
the NPS is dedicated to peating bghorn sheep and their habitat.

Bobcat

Bobcat Lynx rufug are the most widely distributed native cats in North America. Bobcat are
adaptable to a wide variety of habitat types, from deserts to forests, consuming prey as diverse as
birds, hares, & the occasional scavenged moose. Because of their value as a furbearer species,
bobcat nearly went extinct in the eastern US byntice 1900s Federal legislation and statevel
management restored the species tesetaining populations by the eatl990s.

In the 1960s, some data indicated that bobcat populations were declining in the western United
States, but more recent evidence suggests that bobcat have been increasing throughout their native
range. Bobcat are susceptible to plaguerginia pess) both directly and through the decline of
plagueinfected prairie dogs. National Park Service lands are important reference and monitoring
sites for animal populations, and the NPS is dedicated to protecting bobcatiahdlitat.

Mule Deer

Mule deer(Odocoileus hemionyisnamed for their large ears, are native to western North America

and are concentrated in the Rocky Mountain region, ranging from Alaska through the Rockies to
northern Mexico and southern Baja. This ungulate has experienced popfilatioations

throughout its range over at least a century, and has drawn the attention of conservation and hunting
groups. Variably harsh winters, changes in resource availability, and land use alteration may be
contributing factors to these vacillatigiiough proximate causes are likelywary with region and

herd size.

National Park Service lands are important reference and monitoring sites for animal populations, and
the NPS is dedicated to protecting mule deer and their habitat. Three mule daeritseoverlap

portions of Badlands NP. The herd units surrounding BADL are managed for hunting and for non
consumptive wildlifeviewing. Deer are managed by NPS within BADL boundaries, and hunting is

not allowed within the park.

Herpetofauna
Herpetofaunaa taxonomic grouping of amphibians and reptiles, are important organisms in a wide

variety of ecosystems. Reptiles and amphibians are important prey for other organisms and are often
considered to be imchtors of ecosystem health.

National Park Servickands are important reference and monitoring sites for reptile and amphibian
populations, especially considering the susceptibility of these groups to land use change. Many
herpetofauna have minimum habitat area requirements that can guide managenrmeninadRs

units in and around those habitats.
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Thirty reptile species and 15 amphibian species are known to occur throughout South Dakota, of
which eight amphibians and 12 reptiles were suspected or confirmed to occur in Badlands NP. At the
time of this assssment, two of these species were of particular concern to the state, receiving a
listing as high priority Species of Greatest Conservation Need in the South Dakota State Wildlife
Action Plan. Additional species had special conservation status from USB&®of Land

Management, at the state level, and within the Rocky Mountain Region of the USDA Forest Service.

Pollinators

Most South Dakota pollinators are native insects and honey bees, all of which require fairly
undisturbed habitat and a variety of dfosources. Badlands NP is home to a total of 69 confirmed
species. Monarch butterflieB&naus plexippysfeed on milkweed in the park where the endangered
species spends summer, traed swallowtails Rapilio multicaudata lay eggs on choke cherry and
wild plum trees, and melissa blue butterfliBsepejus melisggpersist throughout the park. While
bumble beesBombussp.) and other invertebrate pollinators are likely present in Badlands NP, local
census data are lacking for the park.

2.2.3. Resource Issues Overview

The natural resources found in Badlands National Park are central to the founding goals of the park
and provide opportunity for education, outreach, and research. Maintaining the health of the natural
resources is critical to attracting visis.

The resources within the park and in the surrounding area have been altered by changes in land use,
climate, invasive species, natural disturbances, and natural succession and many of these forces are
unlikely to change in the future. Collecting upsthinventory data for a variety of natural resources

and maintaining a consistent monitoring program for natural resources are park priorities (see
Chapter 5 for further discussion) and will contribute to the founding goals of Badlands NP.

2.3. Resource Stewardship

2.3.1. Management Directives and Planning Guidance
From the NGPN website of the NPS Inventory & Monitoring program (NPS 2016):

AThe NGPN | &M Program i s one of 32 National
country established to facilitate caboration, information sharing, and economies of scale

in natural resource monitoring. It is comprised of 13 national park units, each of which

contain a rich and varied array of natural and cultural resources.

The parks support unique natural resourcesluding large areas of northern mixeuass

prairie communities, critical river and riparian habitats, large herds of bison, and two of the

four longest caves in the world. These parks and their partners are dedicated to
understanding and preservingthegi onds uni que resources throu
education. o
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2.3.2. Status of Supporting Science

Availability of data, background information, and assessment protocols varied among natural
resources. We describe our approach to identifying appropriate mathodapter 3 (Study Bxgn
and Methods) of this NRCA.

2.4. Literature Cited
Integrated Resource Management Applications (IRMA). 28itfs://irma.nps.govlUnited States
Department of the Interior, National Park SeeviWashington, D.C., USA.

National Park Service (NPS). 2012. South Unit Badlands National Park: final general management
plan and environmental impact statement. United States Department of the Interior, National
Park Service, Washington, D.C., USA.

National Park Service (NPS). 2016. Northern Great Plains Network, Inventory and Monitoring
Programhttps://science.nature.nps.gov/im/units/ngpn/index (@nessed 11 November 2016

Rickets, T. H., editor. 1999. Terrestrial ecoregions of North America: a conservation assessment.
Island Press, Washington, D.C.
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Chapter 3. Study Methods

3.1. Preliminary Scoping

This NRCA was produced by the University Wyoming Ruckelshaus Institute @hvironment and
Natural Resources and the Wyoming Natural Diversity Database in collaboration with the National
Park Service.

The purpose of the NRCA is to provide natural reseun@nagers and leadership at Badlands NP
with information to support management decisions, strategic planning, and effective science
communication to decisiemakers and the public on resource conditions. To deliver this
information, we:

1 Used a collaborate approach to tailor analyses to pagecific needs and opportunities;
1 Identified the unique biophysical and cultural resources of management interest;

1 Identified existing data (and critical data gaps) and available expert knowledge for understanding
andassessing park resources;

1 Used a spatially explicit analytic approach to evaluate the current conditions of resources, trends
in their status, and drivers of change.

Badlands National Park, South Dakota. Photo by Chris Light, Wikipedia (2011).

3.2. Study Design

3.2.1. Indicator Framework, Focal Study Resources and Indicators

We used a twqgphase process for completing the assessment for Badlands NP. Phase 1 was
conducted in close cooperation with the park and involved selecting a framework for the assessm
During this phase we identified key natural resources, data needs and sources, indicators, and
measures to use in the assessment. Phase 2 focused on reviewing scientific literature, gathering and
analyzing data, summarizing findings, and corresponditigBadlands NP leadership and natural
resource managers to incorporate feedback.
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To provide a forum for crossnit idea exchanges and the establishment of a common analytical
process at the beginning of the project, we convened an initial planningngeéh representatives
from Badlands NP and NGPN to start the project.

Phase I Assessment andd&hning

During Phase 1 we established communication and identified shared expectations among NPS
representatives, UW staff, and key resource experts. Thamrgarence calls, electronic
communication, and ultimately a facilitated scoping workshop, we tailored the NRCA structure to the
specific needs, resource types, and data availability for Badlands NP.

Specific goals for Phase 1 included:

1 Review of existingNRCAs for best practices (UW team)

1 Establishing the NPS/UW NRCA teams that guided the process

1 Project Scoping Meeting and iterative discussions to:

Review the NRCA process and goals generally with UW/NPS team
Select the appropriate study framework to guideNRCA

Identify critical, parkspecific biophysical resources for assessment
Identify the key indicators of resource condition

o O O o o

Identify measures to quantify and/or qualify indicators

9 Assess data needs, major data sources, and obvious data gaps

1 Refine tke timeline and specific deliverables

1 Assign team member rolesgatheringdata and reviewing deliverables/products

We agreed that an appropriate framework (Table 3.1) for our purpose was one adapted from the H.
John Heinz Il Center for Sciendé¢onomicsand the Environment (2008). This framework gave us

a hierarchical structure to assess natural resource conditions using indicators and their quantitative
and qualitative measures, and terntlfy data gaps and stressors.
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Table 3.1. Natural Resource Condition Assessment Framework for Badlands NP.

Context Resource Indicator Measure
Viewshed Scenic quality Landscape character integrity
Viewshed Scenic quality Vividness
Viewshed Scenic quality Visual harmony
Viewshed Land cover content Mid-ground % natural cover
Viewshed Land cover content Mid-ground % developed cover
Viewshed Land cover content Mid-ground % agricultural cover
. Landscape condition | Night sky Night sky quality Bortle Dark Sky class
context . .
. . . Synthetic Sky Quality Meter
Night sk Night sky qualit
g y g y quality (SQM)
Night sky Night sky quality Sky Quiality Index (SQI)
. Natural light - .
Night sk . Anthropogenic Light Ratio (ALR
'gnt Sky environment ropogenic Light Ratio ( )
Soundscape Anthropogenic impact | Mean Lso impact
Soundscape Anthropogenic impact | Qualitative assessment
Air quality Visibility Haze index
Air quality Ozone Human heglth (ozone
concentration)
. . V ion health (W12
Air quality Ozone egetation health (W126
measure)
Air quality Particulate matter PMzs
Air quality Particulate matter PMao
Air quality Nitrogen Wet deposition of nitrogen
Air quality Sulfur Wet deposition of sulfur
Air quality Mercury Wet deposition of mercury
Air quality Mercury Methylmercury rating
II. Supporting Water quality Acidity pH
environment Water quality Dissolved oxygen mg/L
Water quality Specific conductivity s/m
Water quality Temperature °C
Water quality Invertebrate HBI
assemblage
Water quality Invertebrate EPT Index
assemblage
Water quality Invertebrate % EPT
assemblage
Water quality Invertebrate Evenness
assemblage

Water quality

Fecal indicator
bacteria

E. coli concentration
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Table 3.1 (continued). Natural Resource Condition Assessment Framework for Badlands NP.

lI. Bilogical Integrity

management

Context Resource Indicator Measure
Weathering and .
Geology . 9 Amount of erosion (mm/year)
erosion
Il. Supportin .
. PP 9 Paleontological . . .
environment Fossil loss Amount of weathering and erosion
. resources
(continued)
Paleontological . . . .
9 Fossil loss Fossil poaching and vandalism
resources
Upland plant
Vegetation community structure Native species richness
and composition
Upland plant
Vegetation community structure Evenness
and composition
Exotic plant early
Vegetation detection and Relative cover of exotic species
management
Exotic plant early
Vegetation detection and Annual brome cover

Breeding birds

Species diversity

Species richness

Breeding birds

Species abundance

Mean density

Breeding birds

Conservation value

Mean priority ranking

Black-tailed prairie dog

Colony area

Percentage of suitable habitat
occupied

Black-footed ferret

Conservation concern

Federal protection status

Black-footed ferret

Population size

Count of adult ferrets

Black-footed ferret

Habitat quality

Black-tailed prairie dog colony
acreage

American bison

Herd size and
composition

Herd size

American bison

Herd size and
composition

Population structure

American bison

Landscape size and
use

Landscape available to bison

American bison

Landscape size and
use

Human footprint

American bison

Landscape size and
use

Management of movements

American bison

Ecological interactions

Natural selection

American bison

Ecological interactions

Interaction with suite of native
vertebrates

American bison

Ecological interactions

Interaction with ecosystem
processes
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Table 3.1 (continued). Natural Resource Condition Assessment Framework for Badlands NP.

Context Resource Indicator Measure
American bison Geography Representation
. . . Presence and management of
American bison Health and genetics . 9
disease
American bison Health and genetics Genetic diversity
American bison Health and genetics Genetic integrity
Swift fox Population viability Population growth rate
Bat species status (11
Bats species assessed Population growth rate
individually)
Bat species status (11
Bats species assessed Level of conservation concern
individually)
Exposure to White- .
Bats P Presence, absence, or proximity
nose Syndrome
. BllOglcal Integrlty Rocky mountain bighorn POpuIation Vlablllty Population grOWth rate
(continued) sheep Population size Minimum population count
Bobcat Population viability Population growth rate
Mule deer Population viability Population growth rate

Reptile and amphibian
Herpetofauna status (17 species Population growth rate
assessed individually)

Reptile and amphibian
Herpetofauna status (17 species Level of conservation concern
assessed individually)

Exposure to chytrid

Herpetofauna fungus Presence, absence, or proximity
Invertebrate pollinators Diversity Shannon index

Invertebrate pollinators | Abundance Observed visitation rate
Invertebrate pollinators Abundance Mean density in traps
Invertebrate pollinators | Vulnerable species Level of conservation concern

Phase 2 Analysis and Reporting

During Phase 2 we gathered data, conducted quantitativguafithtive analyses, corresponded with
subject matter experts, and summarized our findings. We solicited feedback from leadership and
mangers at Badlands NP and incorporated their edits and comments. In Chapter 5 we summarize
management goals and data gjagand to write these summaries we relied heavily on input from park
managers and leaders.
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Specific goals for Phase 2 were to:
1 Gather existing data for analysis

1 Review scientific literature and available data for key natural resources identifiedscofbiag
process

Use selected measures to evaluate the condition of each of the components
Identify threats and stressors for each component

Organize natural resource components, reference conditions, and threats/stressors in the study
framework

Summarize &y findings for each park unit

Correspond with park leadership, resource managers, and subject matter experts and incorporate
feedback on resource sections

3.2.2. Assessment Methods

To identify the most relevant indicators of resource condition, and theures of those indicators
(Table 3.1), we relied upon to NPS protocol, pestiewed scientific literature, state and federal
regulations, technical reports, and resource experts. We described key indicators and appropriate
measures, even if data were awoailable for that resource at the time of our assessment, so that our
assessment methods could be repeated in the future and improved should data become available.
Specific methods for evaluating the conditions of natural resources are described in thetai

relevant sections of Chapter 4.

Data

In this assessment we searched for data that were collected within the boundaries of Badlands NP or
as near the park to the park as possible. If these data were unavailable, we considered data in the
broader rgion, as acceptable to natural resource managers and leadership at Badlands NP. We used
the NPS database, Integrated Resource Management Applications (NPS 2016); other state and
federal databases; online databases of scientific literature and techrictd;r@pd consultation with
experts to identify the most recent and relevant data for each resource.

Analyses

Condition
We used guantitative methods when possible and relied upon to the most rigorous assessment
methods available, whether quantitative oalgative. Measures determined the condition category
of each indicator, which could bBesource in Good ConditipiWarrants Moderate Concern
Warrants Significant Concermor Not Available(Table 3.2). To select analytical approaches for each
measure, ahto identify appropriate category value ranges for those measures, we again deferred to
NPS protocol, peereviewed scientific literature, state and federal regulations, technical reports, and
resource experts.
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Table 3.2. Indicator symbols used to indicate condition, confidence, and trend.

Condition Status Trend in Condition Confidence in Assessment
Resource is in good L . .
- 9 Condition is improving High
condition
Resource warrants o . .
Condition is unchanging Medium
moderate concern
LTS \
Resource warrants o L ,' \
o Condition is deteriorating 1 Low
significant concern N !
Current Condition is Trend in Condition is
No Color Unknown or No Arrow Unknown or Not T T
Indeterminate Applicable

Several resources had only one indicator or a dominant indicator that had the potential to overshadow
the other indicators (e.g., an indicator out of federal compliance). For these natural resources, the
single or dominant indicator determined the overaiidition of the resource. More frequently,

multiple indicators determined resource condition. In these cases, we used a quantitative approach to
calculate overall resource condition from indicator conditions. We modified an approach developed
by the NPS A Resources Division (NRBRD) to assess air quality; this approach uses a point

system to assign the indicator to a category @R® 2015). Measures that placed the indicator in
theWarrants Significant Concerrategory were assigned zero poiltgrrans Moderate Concern
measures were given 50 points, &abource in Good Conditianeasures were given 100 points.

We used the average of these points to assign the indicator to an overall categawerall

condition wasResource in Good Conditiohthe average of these values was between 67 and 100,
Warrants Moderate Concetmetween 34 and 66, aidarrants Significant Concerpetween 0 and

33 (Table 3.3).
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Table 3.3. Points determining overall indicator condition.

Points for overall
Resource condition condition
Warrants significant concern ‘ 0i 33
Warrants moderate concern 341 66
Resource in good condition 671100
Confidence

Confidence ratings were based on the quality of available data. We gave a rétigh odnfidence
(Table 3.2) when data were collected on site or nearby, data were collected recently, and the data
were collected methodically. We assignedediumconfidence rating when data were not collected
on site or in close enough proximity to satisfigh rating according to protocol, data were not
collected recently, or data collection was not repeatable or methodical. We assigrehfidence
when there wereagood data sources to support the condition.

We calculated overall confidenteHigh, Medium or Lowd using a points system similar to overall
condition confidence; categories witigh confidence received 100 poinMediumconfidence
received 50 points, @rl_ow confidence received zero points. The overall confidenceHigtsif the
average of these values was between 67 andM@fiumbetween 34 and 66, ahdw between 0
and 33.

Trend
Trend categories wetenproving,Unchanging Deteriorating or Not Available(Table 3.2). To
calculate a trend estimate, data requirements varied among resources according to NPS protocol,
peerreviewed scientific literature, state and federal regulations, technical reports, and resource
experts. If there were no data dable that met these resourspecific requirements for a particular
indicator, we indicated that trend widst Availablefor that indicator.

If trend data were available for all key indicators, we calculated overall trend using a points system
(NPSARD 2015) to assign an overall trend categorynoproving,Unchanging or Deteriorating
Specifically, we subtracted the number of deteriorating trends from improving trends. If the result of
this calculation was three or greater, the overall trendnvpsoving. If the result was negative three

or lower, the overall trend wd3eteriorating.If the result was between negative two and positive

two, the overall trend wadsnchanginglf any measure did not have a trend, then there was no trend
for overall conditia.

22



3.3. Literature Cited

Heinz Center (The H. John Heinz Ill Center for Science, Economics, and the Environment). 2008.
Measuring the Lands, Waters, and Living Resources of the United States. Washington, D.C.
Island Press.

National Park Service (NPS). 2Qli6tegrated Resource Management Applications.
https://irma.nps.gofaccessed 30 September 2D16

National Park Service, Air Resources Division (NRSD). 2015. DRAFT National Park Service
Air Quality Analysis Methods.

Chapter 4. Natural Resource Conditions

In this chapter we present the natural resource condition assessments. Each of these assessments
includes background information about tiesource, a discussion of regional context and trends,
specific methods, and results of the assessment. We used quantitative measures whenever possible
and applied qualitative methods when relevant. We describe the indicators and measure of condition
for each resource and, at the end of each section, present an overall condition for the resource.

4.1. Viewshed

4.1.1. Background and Importance

In the mid to late 19th century, artists who accompanied surveys and expeditions were inspired in
their travels tgroduce paintings that contributed to a romantic vision of western landscapes. The
beauty portrayed in their paintings, as well as in photographs captured during surveys and
expeditions, promoted national interest in scenic western landscapes and belgrioecthe U.S.
Congress to create the first national park at Yellowstone in 1872 (Haines 1974, 1996). The aesthetic
value associated with this park became a founding princifleedf916 Organic Adtl6 USCS 1i 4)

that established the National Park $e2(NPS) and other park units, such as Badidwational

Park (Figure 4.1.1).
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Figure 4.1.1. Big Badlands Overlook at sunset at Badlands National Park. This view is likely similar to
those that native tribes and settlers experienced in the 1800s. Photo by Rick Flohr, Artist in Residence
(2008); image courtesy of Badlands NP.

The NPS prioritizes conserving scenery for the enjoyment of visitors and curdefutare

generations (16 USE€ 1i 4). Scenic park resources are protected from impairment, whicly is a

change that harms the integrity of the park unit (NPS 2006a). The NPS encourages park units to
protect the iconic and spectacular scenery of the national parks by preserving visual resources (NPS
2015a). Protecting park viewsheds, the geographic asddevfrom a given location, is key to this

goal. The viewshed resources within a park unit encompass the visible areas from all locations within
the park. While park units can manage visual resources within their boundaries, protecting the
viewshed beyonthose boundaries can be more challenging. If planned development in surrounding
communities threatens the integrity of viewshed within a park unit, NPS can work to preserve
viewsheds by participating in local planning processes. Although no managementpokently

exists exclusively for scenic resources, the NPS has shown a elmgrgommitment to the

i nventory, assessment, andcuapesauxesr vati on of the

Regional Context

At Badlands NP, rich fossil deposits, a long humatohysof Native Americans and homesteaders,

the largest undisturbed mixed grass prairie in the U.S., and striking visual displays of deposition and
erosion in the Badlands formations, are important aspects of the visitor experience (NPS 2016a).
These parkdatures combine to create a unique visual setting in a remote, natural environment
(Figure 4.1.2).
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Figure 4.1.2. Viewshed of all areas visible from one or more vantage points at Badlands NP used in the
digital viewshed assessment. Map created by WyGISC (2016) from Landsat Imagery.

The long history of conservation in the Badlands of South Dakota and the largely undisturbed and
undeveloped landscape surrounding the park has ensured that the area continues to offer visitors an
outstanding visual experiendgative Americans and early settlers would have been likely to

encounter a similar environment to that existing in the Badlands today.

4.1.2. Viewshed Standards

National standards for visual resources within NPS units do not currently exist. The diversehat

the lands within the park system and the attractions they provide require that each park is considered
individually for visual resource goals.

The Badlands of South Dakota were first recognized for national significance in 1929 when congress
authorzed the creation of Badlands National Monument. This initial authorization stated the purpose

of the monument to fAipreserve the scenic and sci
Badlands and to make them accessible for public enjoyment andiitspron 6 ( NPS 2006 b)) .
scenic qualities and importance of the White River Badlands were further supported in the 1938
establishment of Badlands National Monument and the subseqtaggignation of the monument

as a National Park in 1978. Today a mairnppse of the park continues to be management that

protects and preserves the landforms and scenery of the White River Badlands (NPS 2006b).
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4.1.3. Methods

We assessed viewshed condition within Badlands NP using a combination of quantitative GIS
analyses athan approach used for assessing visual resource indicators developed by the NPS Air
Resources Division (NRBRD) for Visual Resource Inventories (VRI) (M. Meyers, personal
communication, 3 March 2016).

To select key representative vigwsantage poing for viewshed analyses, we adapted criteria

from intensive viewshed studies of other NPS units (The Walker Collaborative et al. 2008). We
tailored vantage point selection to match the interpretive direction of the park. Vantage points
included locations defirteby one or more of the following characteristics: high elevation overlook,
popular visitor attraction, iconic park resoudceither natural or historic, park entrance, and/or major
infrastructure developments such as visitor or interpretive centers. faimithe specific locations

of potential vantage points, we used enabling legislation, interpretive material for Badlands NP (NPS
2016a) planning documents (NPS 2006b), topographic maps, and geotagged photogGayutgeon

Earth.

From these candidatentage points, we then identified 15 points that were most likely to be of high
importance to the park. We used all of these vantage points for the digital viewshed analysis (see
below). To complete the VRI analyses in a timely manner, we further lithigedantage point
selection for that process to five points representative of thevisiteld areas in Badlands NP
(vantage points 1 [Big Badlands Overlook], 2 [CIiff Shelf Trail], 7 [Ancient Hunters Overlook], 8
[Pinnacles Overlook], and 12 [Burns BaSlwerlook]; Figure 4.1.3; Appendix A). We adapted the
VRI process developed by NPERD (Sullivan and Meyer 2015) to use in this NRCA. This
adaptation was necessary because full viewshed assessments have not yet been completed for
Badlands National Park. ThéRI process is a systematic description of the scenic quality and the
importance to NPS visitor experience and interpretive goals for important views inside and outside
NPS units.
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Figure 4.1.3. Vantage points used in the digital viewshed analysis for Badlands NP. For the Visual
Resource Inventory, only vantage points vantage points: 1 (Big Badlands Overlook), 2 (CliffShelf Trail), 7
Ancient Hunters Overlook), 8 (Pinnacles Overlook), and 12 (BurnsBasin Overlook) were used. Map
created by WyGISC (2016) from Landsat imagery.

An important difference between our approach and a full VRI assessment is that we used the
importance criteria to select vantage points that we included in the assessment, instead of
incorporating view importance into the overall viewslendition. This approach allowed us to

focus on the condition of particularly icorpco i wantége points, wellisited points, and points

that are currently developed or are being developed to draw visitor attention. In future viewshed
condition assesnents, the importance criteria may be applied to all points at the park to identify
management priorities and development potential. While the fullAIRS VRI evaluation also
includes an evaluation of historical importance and threats or opportungtesdly negatively or
positively affect scenic values of a park unit, we limited our assessment to the present condition of
important views. We applied the scenic quality evaluation to important points only to avoid biasing
viewshed condition by evaluatimgportance of unimportant viewpoints.

We quantified view importance by following the VRI rating process, combining scores for viewpoint
importance, viewed landscape importance, and the level of viewer concern. The importance values
capture the unseen, nsoenic qualities of a vantage point such as cultural and historic context, and
NPS and visitor values (Sullivan and Meyer 2015). We used descriptive information of the view
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importance elements from academic literature, local knowledge, and park interpmaterials to
assign an importance rating to each potential vantage point. We then selected points with importance
ratings of 4 (high) or 5 (very high) to use for the viewshed resource condition assessment.

Indicators and Measures

We assessed viewshed ddion using two indicators: scenic quality of view and land cover content
within viewshed. To assign a condition to each indicator, we conducted both qualitative and
guantitative analyses of viewshed from each vantage point. We then considered therindicat
conditions together to asss overall viewshed condition.

Indicator: Scenic Quality
Scenic quality is, in short, the visual attractiveness of a landscape. Spectacular scenery draws visitors
who appreciate attractive landscapes, so conserving s@duoes is important for promoting park
visitation. Several primary factors affect landscape attractiveness: landscape character relates to how
well the view matches the idealized expectation of the visitor, such as the inclusion of iconic park
resources othe exclusion of elements that are inconsistent with the ideal view. Aesthetic
composition of visual elements describes the extent to which the viewed landscape corresponds with
pleasing artistic principles such as vivid focal points or harmonious redhijs between the scales
and colors within the view. When possible, we compared the results of our scenic quality analyses to
rating data from full VRI evaluations.

Measure of Scenic Quality: Landscape Character Integrity
Landscape character integritytie extent to which a view resembles the idealized version of the
viewed landscape. This measure is subjective and individual visitors may have different
interpretations of what landscape characteristics constitute ideal landscapes. If many people
participate in viewshed assessments, however, an average score is likely to reflect overall visitor
perception of any given view. Landscape character integrity accounts for three view components: the
presence of important landscape elements, the quality andioarafithe elements within the view,
and the presence of inconsistencies in an otherwise natural landscape (e.g., power lines, cell towers,
roads). A high landscape character integrity value would include a view containing iconic or
important elements inogpd condition, with few elements inconsistent with the ideal character of the
landsape (Sullivan and Meyer 2015).

To assign a score to landscape character, we used digital imagery indresitesurveys. We used
the NPS Scenery Conservation Program3NP15b) methods for this assessmeigyre 4.1.4 and
assigned an overall rating based on equally weighted scores of the three landscape character
components.
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LANDSCAPE CHARACTER INTEGRITY

elements are plainly visible and
may be dominant features in the

Inconsistent
Elements

elements are plainly visible.

landscape character elements
such as agricultural fields in an

view. urban landscape or industrial
facilities in a natural landscape
are plainly visible.
(1) (3) (5)
Rationale:

Few important character elements | Some important landscape character Most or all important elements of | RATING
2 & w| are plainly visible and/or many elements are present, but some important the designated landscape
g E s important elements are missing. elements are missing. character are plainly visible (e.g.,
o E E natural features, land use types,
Sow structures, etc.).
(1) (3) (5)
Rationale:
Most elements are of poor quality Most elements are of fair quality and/or in Most elements are of high quality | RATING
‘s and/or in poor condition. Many or | fair condition. Some natural appearing and in good condition, such as a
5 most natural appearing elements elements such as vegetation may not all robust, healthy-looking forest, or
:,";‘ . | arepoor examples of the idealized | appear to be healthy or vigorous; lakes and a lake with clean water and a
5 © | features. Built elements that are rivers may appear polluted, or littered with well-kept shoreline free of debris.
g E not recognized for their historicor | debris. Some built elements that are not Built elements use appropriate
& 5 cultural value appear to be of poor | recognized for their historic or cultural value | materials, designs, and finishes,
Z quality, or are not well cared for. may be of lower quality, are of unfinished and appear to be well cared for.
§ construction, or not well cared for.
o
(1) (3) (5)
Do not downgrade quality and condition rating because of the condition of historic structures.
Rationale:
Many or major inconsistent Some inconsistent landscape character Only a few, minor inconsistent RATING

LANDSCAPE CHARACTER INTEGRITY TOTAL RATING |

Figure 4.1.4. Methods to assign a score to landscape character integrity (NPS 2015b).

We asgjned ratings to the three components onfastale, for a total possible landscape character
integrity score of 15 (Table 4.1.10ur condition ratings correspond to the contribution each
component has to overall scenic quality ratings < ,Avhich areused to identify the conservation
value of a view when applied to the Scenic Inventory Value Matrix (NPS 2015b). Our condition
ratings correspond to the contribution each component hagtalloscenic quality ratings of
Landscape character integrity ragivalues of 15 (E) put this measure in the categaiarrants
Significant ConcernValues of 610 (CD) put this measure in the categdwarrants Moderate

Concern A value higher than 10 (&) put this measure in the categdResource in Good

Condition

29




Table 4.1.1. Viewshed condition categories for the landscape character integrity of the view.

Character
Resource condition integrity rating
Warrants significant concern ‘ 1i5
Warrants moderate concern 61 10
Resource in good condition >10

Measure of Scenic Quality: Vividness
Vividness is the memorable distinctiveness of the landscape within a viewshed. Distinctive or
visually strikinglandscapes contain dominant visual features that are easily identifiable and
distinguished from other visual resources. El Capitan in Yosemite NP, the Grand Teton in Grand
Teton NP, or Old Faithful in Yellowstone NP are park resources that exemplifye¢hsune and are
easily identified due to high levels of vividness.

Three components (focal points, forms/lines, and colors) constitute the vividness of a viewshed (NPS
201%0). High scores for vividness would likely include multiple focal points, vibrardrspktriking
features, and rich textures (Sullivan and Meyer 2015). To assign a score to landscape character, we
used digital imagery in lieu amnsitesurveys. We used the NPS Scenery Conservation Program (NPS
2015b) methods for this assessméigire4.15) and assigned an overall rating based on equally
weighted scores of the three vividness components.
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VIVIDNESS
o The view has weak focal points or | The view has a moderately strong focal The view has one very strong focal RATING
'—g ‘é does not have any features that point, or has multiple focal points and point that attracts and holds visual
2 2| attract and hold visual attention. attention is focused on each one roughly attention.
(1) | equally. (3) (5)
Rationale:
> The view has landforms, lines, and | The view has one or more moderately The view has one or more very bold RATING
2 | built structures of little interest bold landforms or water elements or well- | landforms and/or water elements or
= | and variety. Water is absentora defined straight or curved lines. Built well defined lines that provide strong
“w s o 2 A A o
g€ | minimal element in the view. The | structures have forms or lines that add visual interest. Built structures feature
S | forms and lines of built structures | moderate interest to the view. distinctive forms and lines that create
add little interest to the view. (1) (3) | visual interest. (5)
Rationale:
The view contains colors that are The view contains moderately bold colors, | The view contains very bold or striking | RATING
;2 generally muted and there are and/or contains textures or moving colors and/or bold textures or moving
S | minimal textures or moving elements that are visually prominent. elements that provide positive visual
elements. (1) (3) | contrasts. (5)
Texture and movement are secondary considerations for this component.
Rationale:
Are seasonal/ephemeral effects (e.g., wildflower displays, snow, dramatic clouds) important to the vividness rating? Oves [Ono
If yes, please describe:
VIVIDNESS TOTAL RATING

Figure 4.1.5. Methods to assign a score to vividness (NPS 2015b).

We assigned ratings to the three components 4/ adale, for a total possiblévidness score of 15
(Table 4.12). The condition categories were based on Scenic Inventory Matrix ratings (NPS 2015b).
Vividness values ofil put this measure in the categdyarrants Significant ConcerNalues of

61 10 put this measure in the categdiarrants Moderate Concerand a value higher than 10 put

this measure in the categoBgsource in Good Condition.

Table 4.1.2. Viewshed condition categories for the vividness of the view.

Resource condition Vividness rating
Warrants significant concern 1i5
Warrants moderate concern 61 10
Resource in good condition > 10

Measure of Scenic Quality: Visual Harmony
We used visual harmony to measure the relationship between visual elements in a viewed landscape.

Visual harmony has three components: spatial relationship, scale, and color. Landscapes with high
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visual harmony scores have elements that fit well togefiegiadly and complement each other in
scale and color leaving the viewer with a sense of completeness or unity, whereas low visual
harmony scores indicate views that do not achieve a complex and appealing unity of subjects, or
seem monotonous.

To assign &core to visual harmony, we used digital imagery in lieongitesurveys. We used the
NPS Scenery Conservation Program (NPS 2015b) methods for this asseb#yneed (16) and
assigned an overall rating based on equally weighted scores of the thedd&snony components.

VISUAL HARMONY
There is no evident spatial The elements of the view appear to The view seems balanced and RATING
_ | relationship between elements mostly fit together but the patterns or elements fit well together.
2 § in the view and their spatial relationships among elements
:i, ,_"; arrangement seems random or make elements stand out or not fit in, or
2| chaotic or the view seems the view seems somewhat unbalanced.
unbalanced. (1) (3) (5)
Rationale:
One or more landscape elements | The relative sizes of landscape elements The landscape elements seem to be in RATING
% appear substantially larger or have little or no effect on the quality of good size proportion to one another,
a smaller than desirable, such that | the view. helping to make the view seem
the view seems unbalanced. (1) (3) | balanced. (5)
Rationale:
One or more major color The combination of landscape colors and The visual elements of the landscape RATING
elements clash with the overall color contrasts are weakly compatible or display compatible colors or
§ color combination in the view, or | complimentary. complimentary color contrasts.
8 there are multiple
uncoordinated color elements.
(1) (3) (5)
Rationale
VISUAL HARMONY TOTAL RATING

Figure 4.1.6. Methods to assign a score to visual harmony (NPS 2015b).

We assigned ratings to the three components of visual harmonyi &nsadle, for a total possible

rating of 15 (Table 4.8). The condition categories are based on the Scenic Inventory Matrix ratings
(Sullivan and Meyer 2015). Visual harmony valuesid put this measure in the categdyarrants
Significant Concernvalues of 10 put this measure in the categdfarrants Mbderate Concern

and values higher than 10 put this measure in the catdgespurce in Good Condition
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Table 4.1.3. Viewshed condition categories for the visual harmony of the view.

Visual harmony
Resource condition rating
Warrants significant concern ‘ 1i5
Warrants moderate concern 61 10
Resource in good condition >10

Indicator. Land Cover Content
Land cover is all physical materiebvering the surface of the earth, from trees and water to roads
and buildings. The type of land cover within the range of vision largely defines the viewed
landscape. Generally, the visual appeal of a landscape increases with increased degree ogwildernes
amount and type of vegetation, bodies of water and horizon features (Arriaza et al. 2004).

We sought to use an objective quantitative metric to evaluate viewshed condition, such that managers
could gain some sense of viewshed condition even when ritemus/ey data exist for a park unit

(see Appendix A for maps, Appendix B for methods). We worked with the Wyoming Geographic
Information Science Center (WyGISC) to calculate land cover percentage estimates within the
viewshed from all vantage points ugithe most recent National Land Cover Dataset (USGS 2011).

We grouped all cover types into three cladseatural, developed, and agricultdrand calculated

the percentage of each class in the foregroun@d.f0miles from vantage point), middle ground (0.5

3 miles), and backgroundi(@0 miles).

In our effort to identify a good, basic quantitative of measure of viewshed condition, we tested for
correlations between land cover percentages and scenic quality values. We pooled data from 18
vantage points at SaetBluff NM, Agate Fossil Beds NM, Fort Laramie National Historic Site, and
Badlands National Park for this analysis. Our efforts to include an objective, quantitative assessment
of scenic quality to complement the measurements provided by théARPSesuted in significant
correlations (p < 0.01) between land cover and scenic quality for all three cover classes (natural,
developed, and agriculture) within the migelground distance (Figure 4.).7
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Figure 4.1.7. Relationships between scenic quality score and land cover. Rho is the correlation between
scenic quality score and the percentage of each ground cover type.

Measure of Land Cover Content: Percentage of Natural Cover in Mid-Ground
Natural land cover correlated positively with scenic quality scotke middle ground distan¢e.5i
3.0 miles)from vantage points (rhe 0.62, P < 0.01; Figuré.1.7A). We used a quartile approach to
assign condition categories to land cover percentages, with higher natural land cover percentages
corresponding to higlmescenic value scores (Table 4)1 W the percentage of natural land cover in
t he mi ddl e 5@, thewonditionwead/arrénts Significant Concernf the percentage of
natural land cover in the middle groundwas® % and O 75 %, Warlaets condi t i on
Moderate Concernlf the percentage of natural land cover in the middle ground wa8sthe
condition wasResource in Good Condition

Table 4.1.4. Viewshed condition categories for the percentage of natural land cover in the mid-ground.

Percentage
Resource condition natural cover
Warrants significant concern O 50
Warrants moderate concern 50 < and
Resource in good condition 761100

Measure of Land Cover Content: Percentage of Developed Cover in Mid-Ground
Developed land cover was negatively correlated with scenic quality score in the middle ground
distancg0.5 3.0 miles)from vantage points (rhe-0.66, P < 0.01). Onlyantage points with 40%
developed land in the middle ground received the highest scenic quality score, and highest scenic
guality scores had < 20% developed lanthenmiddle ground (Figure 4.BY. We used a quartile
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approach to assign categories tad&@over percentages, within the observed range of values for

developed land percentagestihhe middle ground (Table 4.).5f developed land cover percentage

of viewshed was 20%, we assigned the conditidvarrants Significant Conceriif the percentage

of developed | and cover i nl0%,hhe contitichdvidarragts ound wa
Moderate Concern | f t he percentage of devel olpkthe | and cc
condition wasResource in Good Condition.

Table 4.1.5. Viewshed condition categories for the percentage of developed land cover in the mid-
ground.

Percentage
Resource condition developed cover
Warrants significant concern ' > 20
Warrants moderate concern >10 and O
Resource in good condition 010

Measure of Land Cover Content: Percentage of agricultural cover in mid-ground
Agricultural land cover was negatively correlated with scenic quality score in the middle ground
distancg0.5 3.0 miles)from vantage points (rhe-0.60, P < 0.01). Only vantage points witi3%
agricultural land in the middle ground received lirghest senic quality score (Figure 4.1C]. We
used a quartile approach to assign categories to land cover percentages, within the observed range of
values for agricultural land percentageshe middle ground (Table 4.).6f agricultural land cover
percentage of viewshed wa25%, we assigned the conditisvarrants Significant Concerrf the
percentage of agricultural | a n d13%,dhe eonditiontwast h e mi
Warrants Moderate Concerif the percentage of developedlamedb ver i n t he middl e ¢
13% the condition waResource in Good Condition
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Table 4.1.6. Viewshed condition categories for the percentage of agricultural land cover in the mid-
ground.

Percentage
Resource condition agricultural cover
Warrants significant concern ‘ > 25
Warrants moderate concern >13and <25
Resource in good condition <13

Data Sources

To evaluate viewpoints for scergaality, we used scenic photos available online from Badlands NP,
photographs taken by visitors and linked to vantage locations in Google Earth, and, when available,
digitally Astitchedo panoramic phot osatébnsom Goog
(Google Earth 2013a, 2013b, 2013c, 2013d, 2013e
surrogateso (Shuttleworth 1890) to complete vie
ARD viewshed assessment guidance. When available, we receivedraditienic quality data

from a previous visual resource inventory conducted by-NRB (NPS 2015b). Land cover data

was based on the most recent National Land Cover Dataset (USGS 2011).

Quantifying Viewshed Condition, Confidence, and Trend

Indicator Condiion
We created condition categories based on expert opinion and the scientific literature. We used a point
system to assign each indicator to a category. This point system is based on the NPS methods that
were developed to calculate overall air qualitpadition (NPSARD 2015), a methodical and
rigorous assessment approach that can be applied to other resources as well (see Chapter 3,
Methods). In this approach, we assigned zero points to the condiimants Significant Concern
50 points toNarrants Malerate Concernpand 100 points tResource in Good Conditiofhe
average of all measures determined the condition category of the indicator; scoreis3Bdielon
theWarrants Significant Concercategory, scores from B86 were in th&Varrants Modera
Concerncategory, and scores fromi@00 indicatedResource in Good Condition

Indicator Trend
Potential trend categories wdmproving Unchanging or Deteriorating To calculate a trend
estimate for indicators, we sought viewshed data that were teallatleast twice over a fiwear
period and met the conditions foHigh confidence rating. If there were no data available that met
these monitoring requirements for a particular indicator, we indicated that tremdbivasailable
for that indicator.
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Indicator Confidence
Confidence ratings were based on availability of data collected about the indicator. For Scenic
Quality, we gave a rating éfigh confidence when data from full VRI assessments conducted within
the park from selected views were avilidgain conjunction with remote assessments using geo
tagged photographs and digitally stitched panoramas. We assidfeiianconfidence rating when
data was remotely assessed using only geotagged photographs and digitally stitched panoramas and
the viewel landscape was presented in 360° natural perspective imagergonfidence ratings
were assigned when data was | imited to only sin
Google Earth images.

We gave a rating dfligh confidence when data for landves were collected recently and
methodically. We assigned\dediumconfidence rating when data were methodically collected, but
recent land cover data were not availabwy confidence ratings were assigned if data were either
missing or unavailableithin a recent time period.

Overall Viewshed Condition, Confidence, and Trend
We used the general approach for combining indicator conditions, trends, and confidence described
in Chapter 3 (Methods 3.2.2.) to calculate overall resource condition, trehdoafidence.

4.1.4. Viewshed Conditions, Confidence, and Trends

Scenic Quality
Condition: Resource in Good Condition
Confidence: Medium
Trend: Not Available
Condition

The average scores for landscape character integrity, vividness, and visual hafrthemew were
all >10 (Table 4.1.). The combined scores placed scenic quality for Badlands NP Retfwurce in
Good Conditiorcategory.
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Table 4.1.7. Ratings for each measure and indicator at each vantage point, plus park average for
indicator and measures at all vantage points.

Vantage point ratings
Big| CIiff Shelf Ancient Burns
Badlands Trail Hunters| Pinnacles Basin
(vantage (vantage| (vantage (vantage| (vantage Park

Measure Components point 1) point 2) point 7) point 8)] point 12)| average

Landscape character 4 5 5 5 5 48

elements
Landscape |Quality and condition of
character elements 4 5 5 5 5 4.8
integrity

Inconsistent elements 3 5 5 5 5 4.6

Total 11 15 15 15 15 14.2

Focal points 4 3 3 4 4 3.6

Forms/lines 5 5 5 5 5 5
Vividness

Colors 5 4 5 5 5 4.8

Total 14 12 13 14 14 13.4

Spatial relationship 4 5 5 5 5 4.8
Visual Scale 5 5 5 5 5 5
harmony |color 4 5 5 5 5 438

Total 13 15 15 15 15 14.6

Confidence

Scenic quality data were not available from full VRI assessments conducted within the park. We
conducted remote assessments usingtggged photographs, digitally stitched panoramas, and
gigapans available from Badlands NP (NPS 2016b). The confidenog watsMedium.

Trend
Scenic quality data were insufficient to assign a trend to the resource, so trdddtwasilable.

Land Cover Content

Condition: Resource in Good Condition
Confidence: High
Trend: Not Available
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Condition
Land cover contergercentages for natural cover, developed cover and agricultural cover at mid
ground distances were 98.51, 1.41, ar@B respectively (Figure 4.).8&ach of these measurements
placed land cover content in tResource in Good Conditiarategory.

Figure 4.1.8. Mid-ground land cover content. Natural cover includes barren land, deciduous forest,
evergreen forest, mixed forest, shrub/scrub, grassland/herbaceous, woody wetlands, and emergent
herbaceous wetlands. Agricultural cover includes cultivated crops. Developed land includes developed
with open/low intensity, medium intensity, and high intensity. Map created by WyGISC (2016) from
Landsat Imagery.

Confidence
Land cover content calculations were calculated using the most recent available data from the
National Land Cover Database (NLCD) (USGS 2011), so the confidenddiglas

Trend
Land cover data were insufficient to assign a trend to the resource, so tredtwasilable.
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Viewshed Overall Condition

Table 4.1.8. Viewshed overall condition.

Indicators Measures Condition

1 Landscape character integrity
Vividness
Visual harmony

Scenic quality

Land cover content Mid-ground % developed cover

Mid-ground % agricultural cover

1
1
1  Mid-ground % natural cover
1
1

Overall condition for all indicators and measures

The overall viewshed condition was determined by the average of the indicator conditions. We
summarized the condition, confidence, amohd for each indicator, and assigned condition points
(Table 4.1.9. Scenic quality at Badlands NP was placed irRasource in Good Conditiarategory
and scored 100 points. Land cover content was placed Retb@urce in Good Conditiarategory

and sored 100 pointsThe total score for overall viewshed condition was 100 points, which placed
Badlands NP in thResource in Good Conditiarategory.

Table 4.1.9. Summary of viewshed indicators and measures.

Indicator Measure Condition Confidence |Trend Condition Rationale

The average landscape character
integrity score from five different
viewpoints in Badlands NP was 14.2;
Landscape . ) . .
Resource in . Not this placed landscape character integrity
character ... |Medium . . . -
inteqrit good condition available |in the Resource in Good Condition
oy category. Panoramic images were
available for most sites, so confidence

Scenic was Medium. Trend was Not Available.

quality The average vividness score from five
different viewpoints in Badlands NP was
13.4; this placed landscape character

- Resource in . Not integrity in the Resource in Good
Vividness ... |Medium . . o
good condition available |Condition category. Panoramic images
were available for most sites, so
confidence was Medium. Trend was Not

Available.
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Table 4.1.9 (continued). Summary of viewshed indicators and measures.

Indicator

Measure

Condition

Confidence

Trend

Condition Rationale

Scenic
quality
(continued)

Visual harmony

Resource in
good condition

Medium

Not
available

The visual harmony score from five
different viewpoints in Badlands NP was
14.6; this placed landscape character
integrity in the Resource in Good
Condition category. Panoramic images
were available for most sites, so
confidence was Medium. Trend was Not
Available.

Land cover
content

Mid-ground
percent natural
cover

Resource in
good condition

High

Not
available

Average 2011 mid-ground natural land
cover visible from the five different
Badlands NP viewpoints comprised
98.51% of the viewed landscape; this
placed mid-ground natural land cover in
the Resource in Good Condition
category. The GIS analysis of land cover
used the most recent NLCD data so
confidence was High. Trend was Not
Available.

Mid-ground
percent
developed
cover

Resource in
good condition

High

Not
available

Average 2011 mid-ground developed
land cover visible from the five different
Badlands NP viewpoints comprised
1.41% of the viewed landscape; this
placed mid-ground developed land
cover in the Resource in Good Condition
category. The GIS analysis of land cover
used the most recent NLCD data so
confidence was High. Trend was Not
Available.

Mid-ground
percent
agricultural
cover

Resource in
good condition

High

Not
available

Average 2011 mid-ground agricultural
land cover visible from the five different
Badlands NP viewpoints comprised
0.08% of the viewed landscape; this
placed mid-ground agricultural land
cover in the Resource in Good Condition
category. The GIS analysis of land cover
used the most recent NLCD data so
confidence was High. Trend was Not
Available.

Confidence
Confidence wadlediumfor Scenic Quality an#ligh for Land Cover Content, so the score for
overall confidence was 75, which met the requirementsliigin confidence in overall viewshed

condition.
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Trend
Trend data werdlot Availablefor any indicators, sowerall trend for viewshed condition wiiot
Available.

4.1.5. Stressors

Viewshed Vulnerability

A viewshed is composed of the geographic area visible from a particular point or area at a particular
time. Visible environments are subject to dynamic processes as development of laodnatural

events such as fitkat can change the characteristics of a given viewshed. Assessing the
vulnerability of a particular viewshed to change can help to identify potential stressors and their
effects to the overallsource condition. Three aspects contribute to the potential effects of stressors
on the viewshed condition; likelihood of visual change, magnitude of visual change and mitigation
constraints (Meyer 2016).

We collected data to identify stressors relatedewshed vulnerability from the U.S. Forest
Servicebds resource management plan (USDA 2009a)
The U.S. Forest Service has a recent revision of the management plan for the Buffalo Gap National
Grassland adjacent taaBlands NP (USDA 2009b). Pennington County dictates zoning regulations

for the lands surrounding Badlands NP (Pennington County South Dakota 2003, 2014). Zoning
regulations dictate the pattern and type of development occurring within the viewshed otiBadlan

NP.

Based on the unpublished developmental guidance of theARES(Meyer 2016), we evaluated the
level of viewshed vulnerability at Badlands NP, using likelihood of visual change, magnitude of
visual change and mitigation constraints as basis forsa@gsament of stressors to this resource.

The likelihood of visual change to the Badlands NP viewshed is low to medium. The majority of land
within the Badlands NP viewshed is protected through zoning restrictions or forest service
management decisions. Pary considerations are forest service areas designated as rangeland with
broad resource emphasis. These areas have few limitations for potential resource development
(USDA 2009c).

The potential magnitude of visual change is low to medium. Changes tiewshed are unlikely,
but the potential for increased surface developments would be highly noticeable and counter to the
primary purpose of protecting the scenic resource value of Badlands NP.

Constraints to mitigation are very low. Both the county andscgurrounding Badlands NP value the
presence of the park, but decisions that may affect the views can come from the management plan of
the surrounding Buffalo Gap National Grassland.

4.1.6. Data Gaps

The views of and from Badlands NP are primary to t@ase of the park unit. The lack of

available viewshed data limits the ability to identify trends and maintain accurate resource condition
data for viewshed within the park. A collection of high quality panoramic photographs with 360°
natural perspectivenagery for selected viewpoints is available, but an expanded and continued
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collection would provide accurate and efficient monitoring of viewsheds within the park. Continued
assessments of important park views will be important to understand poteatiabsircould impact

visual resources of Badlands NP. In such assessments, NPS has opportunities to engage visitors in
the monitoring process through the use of interactive viewshed signs. For example, visitors are likely
to take photographs at importantnt@age points; signs that 1) show specific reference points to align

in photographs of the landscape, and 2) present links via social media to upload those images may
garner all the imagery required for rigorous viewshed assessments and long term monitoring

Our attempt to add a quantitative indicator of assessment to the qualitative approach presented by the
NPSARD brings an objective measurement to the assessment of visual park resource. Continued
monitoring of vantage points and the corresponding viewisa park offers the opportunity to

increase the effectiveness of this effort totpct viewsheds in park unitadditionally, knowing the

average number of visitors at each viewpoint would allow managers and analysts to assign
importance level with moreonfidence. Long term monitoring that tracks disturbances within

viewsheds would facilitate any assessment of trend. Further quantitative assessments could include
analyses of how spatial distributionsland covertypes and developments affect park gdar

viewsheds.
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4.2. Night Sky

4.2.1. Background and Importance

Spectacular starry skies and dark nights are highlights of national parks for anyone who camps out or
visits after dusk. The patterns among constellations are essentiadgntigeones that have been

visible to humans for thousands of years (NPS 2012a), though the moon phase and position of
celestial objects constantly change. The night
Sovick 2001, NPS 2012b), because ofithpressions it has made on humanity through time. More

than a visual resource, dark skies play an important role in healthy ecosystems (Rich and Longcore
2006). The absence of light is important to nocturnal wildlife, {ggnsitive amphibians, reptiles,

insects, plants (NPS 2012c), and migrating birds requiring starry skies for navigation.

The NPS is dedicated to the protection and preservation of the natural nightscapes, those areas
existing in the absence of humeaused light at night, within the parkNPS 2012d). The parks

managed by the NPS are some of the last remaining dark sky areas in the United States, providing a
unique but endangered opportunity to visitors (NPS 2012c) to experience dark nights-gadistar
activities. Fewer than orthird of the population in the United States has the ability to view the

Milky Way with the naked eye from their homes (Cinzano et al. 2001, Falchi et al. 2016), due to light
pollution, which highlights the importance of dark sky preservation within the p2idet, dark

skies are increasingly rare; 99% of the United States population lives in areas where light pollution is
above threshold levels (Cinzano et al. 2001, Falchi. @046) for viewing many astronomical

objects. Stargazing in parks is a populdivaty (NPS 2012d). Managing nightscapes for dark skies

and minimal light pollution not only provides enhanced visitor enjoyment of the parks, but also
preserves an important cultural, natural, and scientific resource (NPS 2012e).

Natural nocturnal nightspes are crucial to the integrity of park settings. Dark skies and natural
nightscapes are necessary for both human and natural resource values in the parks. Limiting light
pollution, caused by the introduction of artificial light into the environmenpshiel ensure that this
timeless resource will continue to be shared by future generations.

Regional Context

Increases in light pollution in North America (Bennie et al. 2015) over the past century have placed
the US as the country with the sixth greatesbunt of light pollution, as of 2016 (Falchi et al.

2016). For now, however, some of the darkest skies in the lower 48 statemdBexllands NP

(Figure 4.2.1).
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Figure 4.2.1. Satellite image of Badlands NP and the lower 48 states at night in 2012. Map generated at
https://worldview.earthdata.nasa.gov using Earth at Night 2012 base layer from NASA Earth Observatory.

Clear, dak night skies are a valuable natural resource at Badlands NP. An astronomy program has
been conducted during the summer months at Badlands NP since 2006. These programs begin
nightly after the evening ranger programs, weather permitting, and offer vigiopportunity to

view night sky objects through telescopes. Rangers leading the program help to locate constellations,
stars, planets, and other objects (Figure 4.2.2). In early July, 2016, the park successfully completed
its 5th Annual Astronomy Fesal. The 2016 threglay festival included telescope viewing of the sky
each night, planetarium shows, model rocket building and launching workshops, and guest speakers.
The annual festival and the nigh#ligy events have been very successful (C. Schretkgnal
communication, 31 July 2016).
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Figure 4.2.2. Big Dipper asterism in the constellation Ursa Major above badlands formation in Badlands
NP. Photo by Larry McAfee, NPS.

4.2.2. Night Sky Standards

National standards for night sky resources within NRi& do not currently exist. The rapid global

decline of natural nocturnal nightscapes and the resulting environmental degradation has led the NPS
to identify night sky quality as a fAvital signo
is in a leadership position to pioneer protecting natural darkness as a valuable park resource (NPS

2014). Ongoing research and the development of models to enhance night sky protections are leading
towards the development of standards and thresholds for ablepbnditions (NPS 2012e,

Manning et al. 2015, International DaBky Association 2016a).

4.2.3. Methods

Indicators and Measures

Overall night sky condition depends on the individual conditions of multiple indicators. The NPS
Natural Sounds and Night @& Division (NSNSD) efforts to protect naturally dark environments

has led to a concerted effort in the collection of reliable data about existing nightscapes in many NPS
units (NPS 2012c). Primary goals of the NSNSD night skies program are to protast aggit sky
degradation for both visitor enjoyment and healthy ecological processes.

The NSNSD identifies two main distinctions within the management considerations of the nighttime
environment. Nightscapes are the human perception of both the nigirigkysible terrain, and the
photic environment consists of all wavelengths and patterns of light in an area (Moore et al. 2013).
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The overall quality of the night sky as a park resource is directly related to both the perceived
aesthetic quality of the niifj sky to park visitors, and the effect of the photic environment on species
within the park and natural physical processes (Moore et al)2013

Indicator: Night Sky Quality
The aesthetic qualities of the night sky within many units of the NPS are, inaasey, the best
examples of dark skies in the United States. As light pollution increases nationally, these dark sky
areas become more valuable to the visitor experience. The night sky quality within a park can be
understood as the ability to view the Inigky free from the intrusion of light pollution. It is
estimated that twahirds of the United States population cannot see the Milky Way on a given night
(Cinzano et al. 2001); the NPS strives to provide an excellent night sky experience by preiserving t
night sky quality within the various park units. The NSNSD created a dataset of attributes and
indicators for night sky quality. We used methods and data provided by the NSNSD to assess the
night sky quality at Badlands NP.

Measure of Night Sky Quality: Bortle Dark Sky Scale
The Bortle Dark Sky Scale, developed by John Bortle in 2001, is intended to give astronomers a
standardized method of assessing the darkness of the night sky. The darkness of sky is rated on a
nine-level qualitative scale intended étiminate observer subjectivity and account for the relative
absence of truly dark skies (Bortle 2001, Table 4.2.1, Figure 4.2.3). The Bortle scale was developed
from over 50 years of night sky observations, and has become the accepted descriptosky night
guality for amateurs and professionals alike (International S&gkAssociation 2016b)

The 1 9 class ratings of the Bortle Scale correspond to the quality of available night sky viewing
opportunities with a class rating of 1 indicating an excellent dark sky and 9 being a severely degraded
night sky (Figure 4.2.3.). The NPS NSNSD uses a oaitegy designation of quality that defines

Bortle Scale classes of 3 as within the range of natural skies, we use this designation to correspond
to theResource in Good Conditiarategory; classes of 8 are considered significantly degraded

skies and wassigned these to thgarrants Moderate Concerategory; and Bortle classes97are
considered severely degraded by the NSNSD, so we assigned these clas3sstmtits

Significant Concerrcategory (Table 4.2.2).

Table 4.2.1. The Bortle Dark Sky Scale (Bortle 2001).

Bortle Astronomical Zodiacal Light/ Airglow and
Scale Milky Way Objects Constellations Clouds Night Time Scene

MW shows great

. = - . Bluish airglow is . .
Class 1 detail .and light; M33 (the Pinwheel Visible zodiacal visible near the Light from Jupiter and
Excellent, |Scorpio/

light and can horizon and clouds Venus degrade night
dark-sky Sagittarius region stretch across the vision. Ground objects
site casts shadows

entire sky. ap_pear as dark are invisible
voids
on the ground

Galaxy) is obvious
to the naked eye
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Table 4.2.1 (continued). The Bortle Dark Sky Scale (Bortle 2001).

Bortle Astronomical Zodiacal Light/ Airglow and
Scale Milky Way Objects Constellations Clouds Night Time Scene
Class 2 . M33 is visible with Zodiacal light bright |Airglow may be Ground is mostly dark,
. MW highly . - enough to cast weakly apparent ) 7
Typical, direct vision, as ) but objects projecting
structured to the weak shadows after|and clouds still .
truly dark . are many globular into the sky are
. unaided eye. dusk and has an appear as dark . .
site clusters. . discernible
apparent color. voids
Brightest Globular Zodical light is Alrglow is not Sqme light pollution
. Clusters are S . visible and clouds [evident along the
Class 3 MW still appears | . . striking in Spring . !
distinct, M33 are faintly horizon. Ground
Rural sky |complex, o . and Autumn, color |. . .
visible with . - illuminated, except |objects are vaguely
. is weakly indicated .
averted vision. at the zenith. apparent.
- Zodiacal light is . L
Class 4 MW VISIbI? well M33 is a difficult |clearly evident, but |Clouds are faintly nght poI!utlon 1S
Rural/sub- |above horizon, . ; . . obvious in several
object, even with |extends less than [illuminated except | .~ .
urban lacks all but most .. . directions. Ground
o . averted vision. 45 degrees after at the zenith. . .
transition  |obvious structure dusk objects are visible
Class 5 MW is washed [The oval of M3.1 is Only hints of Clouds are nght po!lutlon is
out overhead, detectable, as is ; . . . . evident in most
Suburban S . zodiacal light in noticeably brighter |~ "
ok weak or invisible [the glow in the Soring and Autumn. lthan the sk directions. Ground
Y at horizon. Orion Nebula. pring ' Y- objects are partly lit.
I . . ky f hori
c ?SS 6 L M33 impossible to . Clouds anywhere Sky from orlzon. 035
Bright, Indication of MW . No trace of zodiacal |. degrees glows with
. see without . in the sky appear .
suburban |at zenith . light . ) grayish color. Ground
binoculars fairly bright ; .
sky is well lit.
Class 7 . . .
MW is totally M31 and the The brighter Entire sky background
Suburban/ .. . . . Clouds are .
invisible or nearly [Beehive Cluster |constellations are . ) has vague, grayish
urban o i brilliantly lit. .
. So. are indistinct recognizable. white hue
transition
M31 and M44 may Sky glows whitish gray
Class 8 .. be barely Constellations lack |Clouds are or orangish,
. Not visible at all. . . . .
City sky glimpsed on good |key stars. brilliantly lit. newspaper headlines
nights are readable
Class 9 P.Ielades Only t.he brightest
. - discernable to stars in Clouds are . o .
Inner-city  |Not visible at all. . . . ) Entire sky is brightly lit
K experienced constellations brilliantly lit.
y viewer visible
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9 7 5 3 .
Inner City sky Suburban/urban Suburban sky . Rural sky * . Excellent dark
transition i sky site

Figure 4.2.3. Bortle Dark Sky composite image. Image from Struthers et al. (2014), generated from
Stellarium (https://www.stellarium.org).

Table 4.2.2. Night sky condition categories for the Bortle Dark-Sky scale.

Resource condition Bortle class
Warrants significant concern ‘ 719
Warrants moderate concern 471 6
Resource in good condition 17 3

Measure of Night Sky Quality: Synthetic Sky Quality Meter
The Synthetic Sky Quality Meter (SQM) measurement provides a quantitative assessmesityof all
light measurement. The synthetic SQM uses an algorithm to mimic the measurements of a common
sky darkness measurement tool, the Unihedron Sky Quality MeterZBF5. The NPS uses
synthetic SQM over actual Unihedron SQM data because synthetic SQM is generally thought to be
more accurate in measurement alignment to zenith and accurately calibrated light sensing camera
data (NPS 2015). Synthetic SQM measures tlghtness of sky 30 degrees above the horizon and
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higher, discounting bright sources of artificial light along the horizon. The reported units are reported
in magnitudes per square aecond, a standard astronomical measurement that defines the
brightnesf an object spread over an area of the sky.

We assigned categorical ratings using guidance from the NPS NSNSD. As a quantitative assessment
of sky quality, NSNSD has related the synthetic SQM measurements to the corresponding Bortle
classes (NPS 2015).alues >21.3 were assigned to tResource in Good Conditiarategory; we

assigned values of 19.81.3 to theWVarrants Moderate Concerategory; and we assigned values <

19.5 to théwarrants Significant Concercategory (Table 4.2.3).

Table 4.2.3. Night sky condition categories for synthetic Sky Quality Meter (SQM)

Resource condition SQM values
Warrants significant concern ‘ <195
Warrants moderate concern 19.57 21.3
Resource in good condition >21.3

Measure of Night Sky Quality: Sky Quality Index (SQI)
The Sky Quality Index (SQI) is a synthetic scale that identifies the amount of synthetic or artificial
glow in the night sky. The SQI range 5100, where 100 is a dark sky free from artificial glow.
Values of 80100 are considered to be representativekas that retain natural conditions
throughout most of the sky (NPS 2015) and we assigned these values to the Resource in Good
Condition category. Index value$ 60i 79 retain most of the visible natural sky features in areas
above 40 degrees from therfzon, and we assigned these values to the Warrants Moderate Concern
Category. Ratings of 480 are areas where the Milky Way is not visible, or only slightly visible at
zenith, 2040 are skies in which only stars and planets are visible, and vaR@s@ skies where
only the brightest stars are visible and a persistent twilight exists; we assigned ratings < 60 to the
Warrants Significant Concern category (Table 4.2.4).
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Table 4.2.4. Night sky condition categories for Sky Quality Index (SQI).

Resource condition SQIl values
Warrants significant concern ‘ 801 100
Warrants moderate concern 60 O and
Resource in good condition <60

Indicator: Natural Light Environment
Night skies are a unique resource that unify a human experience; throughout time, people have
shared a similar experience when looking into a natural, dark sky. It is important to preserve this
experience for current drfuture generations so that the opportunity to share a timeless experience is
not lost. The natural nightscape, those resources that exist free from human caused light are critical
for scenery, star viewing, and essential plant and wildlife functions @QOBRZ2c). For these reasons,
an important indicator to the Night Sky resource is the presence of natural nightscapes and areas free
from human caused light pollution.

Measure of Natural Light Environment: Anthropogenic Light Ratio (ALR)
Anthropogenic LighRatio (ALR) is a measurement that compares the total night sky brightness to
the value that would exist under completely natural conditions. This ratio can be measured directly,
or modeled when data do not exist or are unavailable. A low ALR value irgleaight sky with
low levels of anthropogenic light impacts. A ratio of 0.0 indicates completely natural conditions,
while a ratio of 1.0 indicates that anthropogenic light is 100% brighter than that of a naturally dark
(0.0) sky and a ratio of 5.0 indies anthropogenic light 500% brighter than a sky in a naturally dark
sky, for example.

Condition thresholds have been developed by the NSNSD and other researchers (Duriscoe et al.
2007, Moore et al. 2013, Manning et al. 2015), and are considered depemdegnatural resources

of the park. Parks with significant natural resources, like Badlands NP, are Level 1 parks with
relatively low ALR condition thresholds compared to Level 2 parks with few natural resources,
generally those situated in suburban arthn areas (Moore et al. 2013). Anthropogenic Light Ratios
with a value < 0.33 are representative of a generally natural state and were assigned to the category,
Resource in Good ConditioRatios of values 0.32.0 were assigned the conditidarrants

Moderate Concermand any ALR values > 2.0 were considered severely degraded and assigned to
theWarrants Significan€Concerncategory (Table 4.2.5).
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Table 4.2.5. Night sky condition categories for the Anthropogenic Light Ratio (ALR).

Resource condition ALR values
Warrants significant concern ‘ >20
Warrants moderate concern 0.337 2.0
Resource in good condition <0.33

Data Sources

To assesthe condition of night sky, we used data collected by NPS Natural Sounds and Night Skies
Division. Data collection took place ahuly 19, 2006, June 3, 2011, and June 5, 2011; we used the

most recent data, those collected on June 5, 2011. Where multipiéesavere taken, we used the

average in this assessment. Data were collected on site at Badlands NP and included values for Bortle
Class, Synthetic Sky Quality Meter (SQM), Sky Quality Index, and Anthropogenic Light Ratio

(ALR).

Quantifying Night Sky Conition, Confidence, and Trend

Indicator Condition
We created condition categories based on NPS guidelines, expert opinion and the scientific literature.
We used a point system to assign each indicator to a category. This point system is based on the NPS
metods that were developed to calculate overall air quality condition-@A>»2015), a
methodical and rigorous assessment approach that can be applied to other resources as well (see
Chapter 3, Methods 3.2.2).

Indicator Confidence
Confidence ratings were $&ad on availability of data collected about the indicator. We gave a rating
of High confidence when data were collected by the Natural Sounds and Night Skies Division on site
at the park unit. We assigned/eediumconfidence rating when results were getertdor a park unit
using interpolated remote sensing data. When only less robust or no data were available, we assigned
aLow confidence rating.

Indicator Trend
Potential trend categories wdmsproving Unchanging or Deteriorating To calculate a trend
estimate for indicators, we sought night sky data that were collected at least once in at least three
different years and met the conditions fdfigh confidence rating. If there were no data available
that met these monitoring reigements for a particular indicator, we indicated that trendNwas
Availablefor that indicator.
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Overall Night Sky Condition, Confidence, and Trend
We used the general approach for combining indicator conditions, trends, and confidence described
in Chaper 3 (Methods 3.2.2) to calculate overall resource condition, trend, and confidence
(Table4.2.6).

Table 4.2.6. Summary of night sky indicators and measures.

Indicator

Measure

Condition

Confidence

Trend

Condition Rationale

Night sky quality

Bortle Dark Sky
class

Resource in
good condition

High

Not
available

Bortle Dark Sky Class was 3,
which placed the condition of
this measure in the category,
Resource in Good Condition.
Monitoring was conducted on
site but not frequently enough
to identify a trend, so
confidence was High and trend
was Not Available.

Synthetic Sky
Quality Meter
(SQM)

Resource in
good condition

High

Not
available

Average synthetic SQM was
21.49, which placed the
condition of this measure in the
category, Resource in Good
Condition. Monitoring was
conducted on site but not
frequently enough to identify a
trend, so confidence was High
and trend was Not Available.

Sky Quality
Index (SQI)

Resource in
good condition

High

Not
available

Sky Quality Index was 94.55,
which placed the condition of
this measure in the category,
Resource in Good Condition.
Monitoring was conducted on
site but not frequently enough
to identify a trend, so
confidence was High and trend
was Not Available.

Natural light
environment

Anthropogenic
Light Ratio
(ALR)

Resource in
good condition

High

Not
available

Anthropogenic Light Ratio was
0.125, which placed the
condition of this measure in the
category Resource in Good
Condition. Monitoring was
conducted on site but not
frequently enough to identify a
trend, so confidence was High
and trend was Not Available.
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4.2.4. Night Sky Conditions, Confidence, and Trends

Night Sky Quality

Condition: Resource in Good Condition
Confidence: High
Trend: Not Available

Condition
The Bortle Dark Sky Class of 3, average Sky Quality Index of 94.55, and average Synthetic SQM or

21.49 all placed the condition of Night Sky Quality at Badlands NP in the cat®gsgurce in
Good Condition

Confidence
Night Sky Quality data were collected by the NPS Natural Sounds and Night Skies Division
conducted on site at Badlands NP, so confidenceHigis

Trend
Data were not available for the minimum three years, so trenflota&vailable

O

Condition: Resource in Good Condition
Confidence: High
Trend: Not Available

Natural Light Environment

Condition
The average ALR rating of 0.125 at Badlands NP was in the catRgspurce in Good Condition
Anthropogenic Light Ratio was the only measure of the indicator, Natural Light Environment, so this
indicator was in the categorigesource in Good Condition

Confidence
Natural Light Environment data were collected by the NPS Natural Sounds and NaghD8ksion
conducted on site at Badlands NP, so confidenceHigis

Trend
Data were not available for the minimum three years, so trentNata&vailable
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Night Sky Overall Condition

Table 4.2.7. Night sky overall condition.

Indicators Measures Condition

1 Bortle Dark Sky class
Night sky quality 1 Synthetic Sky Quality Meter (SQM)
1 Sky Quality Index (SQI)

1 Sky Quality Index (SQI)

Natural light environment o .
1 Anthropogenic Light Ratio (ALR)

Overall condition for all indicators and measures

OO0 O

Condition
The average score for all measures was 100, which placed the condition of night skies at Badlands

NP in the categoryResource in Good Condition

Confidence
All data were collected by the NPS Natural Sounds and Night Skies Division conducted on site at

Badlands NP, so confidence wdggh.

Trend
Data were not available for the minimum three years, so trenflota&vailable

4.2.5. Stressors
Badlands NP nightky experts identified that light from the small nearby town of Interior SD, two

miles away, could be a source of light pollution in the park (C. Schroll, pérsamanunication, 31
July 2016).

4.2.6. Data Gaps
The most recent data were collected in 20bd, @0 subsequent sampling has been conducted since.

The only previous data available were collected in 2006. We were consequently unable to identify a
trend in night sky condition. Annual or biennial (every two years) sampling of night sky conditions at
Badlands NP would improve the ability of managers to maind@timal night sky conditions.
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4.3. Soundscape/Acoustic Environment

The majority of the text in this section was written by the NPS Natural Sonddsight Skies
Division (NSNSD) to guide the NRCA process. We added details specific to Badlands NP and
reorganized several subsections herein to follow the structure that we used for the other NRCA
natural resource sections.

Lightning strikes over Badlands National Park. Photo by Larry McAfee, NPS.

4.3.1. Background and Importance

Our ability to see is a powerful tool for experiencing our world, but sound adds a richness that sight
alone cannot provide. In many cases, hearing is the only option foienqieg certain aspects of

our environment. An unimpaired acoustic environment is an important part of overall visitor
experience and enjoyment as well as vitally important to overall ecosystem health.

Visitors to national parks often indicate that an imgot reason for visiting the parks is to enjoy the

relative quiet that parks can offer. In a 1998 survey of the American public, 72% of respondents

identified opportunities to experience natural quiet and the sounds of nature as an important reason
forhaw i ng national parks (Haas and Wakefield 1998)
enjoyment of natwural quiet and the sounds of na
(McDonald et al. 1995).

Sound plays a critical role in intrand interspecies communication, including courtship and mating,
predation and predator avoidance, and effective use of habitat. Studies have shown that wildlife can
be adversely affected by sounds that intrude on their habitats. While the severityrgddbts varies
depending on the species being studied and other conditions, research strongly supports the fact that
wildlife can suffer adverse behavioral and physiological changes from intrusive sounds (noise) and
other human disturbances. Documentegaases of wildlife to noise include increased heart rate,
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startle responses, flight, disruption of behavior, and separdtimothers and young (Selye 1956;
Clough 1982; USDA 1992; Anderssen et al. 199BS 1994).

The natural soundscape is an inherent component
and the wildlifed protected by the Organic Act
NPS to preserve t he parr&tbesdegradet soundscapestothematisat ape a
condition wherever possible. Additionally, NPS is required to prevent or minimize degradation of the
natural soundscape from noise (i.e., inappropriate/undesirable feanaed sound). Although the
management polies currently refer to the tersoundscapas the aggregate of all natural sounds

that occur in a park, differences exist between the physical sound sources and human perceptions of
those sound sources. The physical sound resources (e.g., wildlife, isterfad, rain, and cultural

or historical sounds), regardless of their audibility, at a particular location are referred to as the

acoustic environmentvhile the human perception of that acoustic environment is defined as the
soundscapeClarifying thisdistinction will allow managers to create objectives for safeguarding both

the acoustic environment and the visitor experience.

Regional Context

Badlands NP is surrounded by vast areas of prairie and badlands formation, with some agricultural
developmenbordering the park unit. Primary sources ofmatural sounds within the park include
automobile traffic, visitor conversations and associated acoustics, maintenance operations, and air
traffic passing overhead. Industrial activities and noise from bssized heavily populated

residential areas are unlikely to affect the acoustic environment in Badlands NP. The closest town
with population >10,000 is Rapid City, SD (population ~70,900), about 60 kilometers (37 miles) to
the northwest.

4.3.2. Soundscape/Acoustic Environment Standards

Sound Science 101

Humans and wildlife perceive sound as an auditory sensation created by pressure variations that
move through a medium such as water or air. Sound is measured in terms of frequency and amplitude
(Saunders @dl. 1997, Harris 1998). Noise, essentially the negative evaluation of sound, is defined as
extraneous or undesired sound (Morfey 2001).

Frequency, measured in Hertz (Hz), describes the cycles per second of a sound wave, and is
perceived by the ear as pitdtHumans with normal hearing can hear sounds between 20 Hz and
20,000 Hz, and are most sensitive to frequencies between 1,000 Hz and 6,000 Hz. High frequency
sounds are more readily absorbed by the atmosphere or scattered by obstructions than low frequenc
sounds. Low frequency sounds diffract more effectively around obstructions. Therefore, low
frequency sounds travel farther.

Besides the pitch of a sound, we also perceive the amplitude (or level) of a sound. This metric is
described in decibels (dB). Tllecibel scale is logarithmic, meaning that every 10 dB increase in

sound pressure level (SPL) represents a tenfold increase in sound energy. This also means that small
variations in sound pressure level can have significant effects on the acousticraawirdfor

instance, a 6dB increase in a noise source will double the distance at which it can be heard,

59



increasing the affected area by a factor of four. Sound pressure level is commonly summarized in
terms of dBA (Aweighted sound pressure level). Thistneesignificantly discounts sounds below
1,000 Hz and above 6,000 Hz to approximate human hearing sensitivity.

The natural acoustic environment is vital to the function and character of a national park. Natural
sounds (Table 4.3.1.) include those sourmsnuvhich ecological processes and interactions depend.
Examples of natural sounds in parks include:

1 Sounds produced by birds, frogs or insects to define territories or attract mates
1 Sounds produced by bats to navigate or locate prey

1 Sounds produced by p$igal processes such as wind in trees, flowing water, or thunder

Table 4.3.1. Examples of sound levels measured in national parks (Ambrose and Burson 2004).

Decibel level (dBA) | Sound source Park unit
10 Volcano crater Haleakala NP
20 Leaves rustling Canyonlands NP
40 Crickets at 5 m Zion NP
60 Conversational speech at 5 m Whitman Mission NHS
80 Snowcoach at 30 m Yellowstone NP
100 Thunder Arches NP
120 Military jet, 100m above ground level | Yukon-Charley Rivers NP
126 Cannon fire at 150m Vicksburg NMP

Although natural sounds often dominate the acoustic environment of a park,-baosaa noise

(Table 4.3.1) has the potential to mask these sounds. Noise impacts the acoustic environment much
like smog impacts the visual environmeoibscuring the listening horizon for both wildlife and

visitors. Examples of humataused sounds heard in parks include:

Aircraft (e.g., highaltitude and military jets, fixeaving, helicopters)
Vehicles

Generators

Watercraft

Grounds care (lawn mowers, ldabwers)

=4 =4 =4 4 -4 -

Human voices

Characterizing thécoustic Environment

Oftentimes, managers characterize ambient conditions over the full extent of the park by dividing

tot al area into Aacoustic zoneso on the basis o
use zones, elevations, or climate conditions. Thenntbasity, duration, and distribution of sound

sources in each zone can be assessed by collecting sound pressure level (SPL) measurements, digital
audio recordings, and meteorological data. Indicators typically summarized in resource assessments
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include ratural and existing ambient sound levels and types of sound sddatesal ambiensound
level refers to the acoustical conditions that exist in the absence of foaused noise and
represents the level from which the NPS measures impacts to the @aeousbnmentExisting
ambientsound level refers to the current sound intensity of an area, including both natural and
humancaused sounds.

The influence of anthropogenic noise on the acoustic environment is generally reported in terms of
SPL across thaull range of human hearing (1220,000 Hz), but it is also useful to report results in

a much narrower band (20250 Hz) because most hurreeiused sound is confined to these lower
frequencies.

Reference conditions

Reference criteria should addresséffects of noise on human health and physiology, the effects of
noise on wildlife, the effects of noise on the quality of the visitor experience, and finally, how noise
impacts the acoustic environment itself.

Various characteristics of sound can contebiat how noise may affect the acoustic environment.

These characteristics may include rate of occurrence, duration, amplitude, pitch, and whether the

sound occurs consistently or sporadically. In order to capture these aspects, the quality of the acoustic
environment is assessed using a number of different metrics including existing ambient and natural
ambient sound level (measured in decibels), percent time hoawused noise is audible, and neise

free interval. In summary, if we are to developacompleted er st andi ng of a par k@
environment, we must consider a variety of sound metrics. This can make selectiefgmree

condition difficult. For example, if we chose to use just the natural ambient sound level for our

reference condition, we wtiifocus only on sound pressure level and overlook the other aspects of

sound mentioned above.

Ideally, reference conditions would be based on measurements collected in the park, but this is not
always logistically feasible. In cases wheresite measureents have not been gathered, one can
reference metanalyses of national park monitoring efforts. Aggregated data from 189 sites in 43
national parks (Lynch et al. 2011) had a median L90 across all sites and hours of the day of 21.8 dBA
(between 20 and 808z). L90 is the sound level that is heard 90% of the time; an estimate of the
background against which individual sounds are heard. A similarly comprehensive geospatial
modeling effort (Mennitt et al. 2013) assimilated data from 291 park monitoringsitess the

nation, revealing that the median daytime existing sound level in national parks rested around 31
dBA. In addition, among 89 acoustic monitoring deployments analyzed for audibility, the median
percent time audible of anthropogenic noise duriangiche hours was found to be 35%.

4.3.3. Methods

Using acoustic data collected at 244 sites and 109 spatial explanatory layers (such asléouwhtion,
cover, hydrology, wind speed, and proximity to noise sources such as roads, railroads, and airports),
NSNSD developed a geospatial sound model that predicts natural and existing sound levels with 270
meter resolution (Figure 4.3.1, Mennitt et al. 2013).
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Figure 4.3.1. Modeled L,,dBA impact levels in Badlands National Park (NPS 2013).

Indicators and Measures

Indicator: Anthropogenic Impact
The soundscape of a park is the totality of the perceived acoustical environment. Soundscape usually
refers to human perception, but the term could also apply to other species. For example, bat
soundscapes include a weatttultrasonic information that is not represented in human soundscapes.
Park soundscapes, and park acoustical environments, will often include noise from sources inside and
outside the park boundaries. Noisaeinwanted sound, whereas extraneous soundssao/function.
Much noise comes from anthropogenic sources, so identifying the extent of these sources on the
acoustic environment can reveal potential impacts to wildlife and to visitor experience.

Measure of Anthropogenic Impact; Lso dBA impact (existing ambient sound i natural ambient sound)
In addition to predicting existing and natural ambient sound levels, the geospatial model developed
by the NPS Natural Sounds and Night Skies Division also calculates the difference between the two
metrics. This difierence is a measure of impact to the natural acoustic environment from
anthropogenic sources. The resulting metrig BA impact) indicates how much anthropogenic
noise raises the existing sound pressure levels in a given location. Specifigatyhke median
sound | evel attributable to anthropogenic sourc

Because the National Park System comprises a wide variety of park units, two threshold categories
(Table 4.3.2) are generally considered (urbanreameurban), based on proximity to urban areas
(U.S. Census Bureau 2010). The urban criteria are applied to park units that have at least 90% of the
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park property within an urban area. The nuwhan criteria are applied to units that have at least 90%
of the park property outside an urban A& used noturban threshold to identify condition of
anthiopogenic impact in Badlands NParks that are distant from urban areas possess lower sound
levels, and they exhibit less divergence between existing soweld End predicted natural sound
levels. These quiet areas are more susceptible to subtle noise intrusions than urban areas. Visitors to
parks have expectations for nefsee environments within their listening area, the area in which
they can perceive sad (NPS 2015). Accordingly, the thresholds\Warrants Moderate Concern
andWarrants Significant Concerare lower for these park units than for units near urban areas.
Urban areas tend to have higher ambient sound levels thaurlpan areas (U.S. EPA 1971,
Schomer et al. 2011). Higher thresholds are used for parks in urban areas. However, acoustic
environments are important in all park; units in urban areas may seek to preserve or restore low
ambient sound levets offer respite for visitors.

Table 4.3.2. Soundscape/acoustic environment condition categories for anthropogenic impact. Badlands
NP is a non-urban park, so condition was evaluated using the non-urban criteria.

Resource condition Mean Lso impact (dBA) non-urban

N dBA > 3.0
Warrants significant concern . .
Listening area reduced by > 50%

1.5< dBA O 3
Listening area reduced by 307 50%

Warrants moderate concern

dBA O 1.5

Resource in good condition . .
Listening area r

Measure of Anthropogenic Impact: Qualitative assessment
While quantitative modeled sound data provide a general picture of noise issues within a park,
models may miss sounds that are seasonal and/or not directly connected to standard sources of noise
(e.g., airports, highways, industriakilities). We relied on expert opinion among park management
to validate the modeled soundscape and to identify additionates of noise, when relevant.

Data Sources

We used predicted sound level data collected by NPS Natural Sounds and Night @kies
identify mean impact levels in Badlands NP, and discussed sound condition with Badlands NP
managers to identify any additional concerns about soundscape.
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Quantifying Soundscap&coustic Environmen€ondition, Confidence, and Trend

Indicator Condiion
To quantify soundscape condition and trend, we used assessment criteria developed by the NPS
Natural Sounds and Night Skies Division (Turina et al. 2013) and the experiencetiofiéull
management within the park.

Indicator Trend
Potential trend categies werdmproving Unchanging or Deteriorating To calculate a trend
estimate for indicators, we required data that were collecteit®or interpolated using geospatial
modeling for multiple years. If there were no data available that met thes®rimanrequirements,
we indicated that trend wa$ot Availablefor that indicator.

Evaluating trends in condition is straightforward for parks where repeated measurements have been
conducted because measurements can be compared. But inferences camatsofbe parks where
fewer data points exist. Nationwide trends indicate that prominent sources of noise in parks (namely
vehicular traffic and aircraft) are increasing. However, it is possible that conditions in specific parks
differ from national trendslThe following events might contribute to a declining trend in the quality

of the acoustic environment: expansion of traffic corridors nearby, increases in traffic due to
industry, changes in zoning or leases on adjacent lands, changes in land use cplastnaction in

or near the park, increases in population, and changes to airspace (particularly those which bring
more aircraft closer to the park). Most states post data on traffic counts on department of
transportation websites, and these can be a gsaairce for assessing trends in vehicular traffic.
Changes to airport operations, air space, and land use will generally be publicized and evaluated
through the National Environmental Policy Act (NEPA) process.

Conversely, the following events may sigmaprovements in trend: installation of quiet pavement in

or near parks, use of quiet technology for recreation in parks, decrease in vehicle traffic, use of quiet
shuttle system instead of passenger cars, building utility retrefdsreplacing a gemator with

solar array), or installation of Aquiet zonebo

Indicator Confidence
Confidence ratings were based on availability of data collected about the indicator. We gave a rating
of High confidence when data were collected using methods approved by the NPS Natural Sounds
and Night Skies Division. We assigneadiumconfidence rating when data were collected for
short periods of time or do not differentiate between ambient natural dndrdraxisting sounds, or
when expert opinion did not agree with modeled soundscape data. We atsigroedhfidence
ratings when acoustic data were unavailable.

Overall SoundscapAcoustic Environmer€ondition, Confidence, and Trend
We used only one indator, so the condition, confidence and trend of the indicator were also the
overall condition, confidence, and trend.
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4.3.4. Soundscape/Acoustic Environment Conditions, Confidence, and Trends

Soundscap@coustic Environmen®verall Condition

Table 4.3.3. Soundscape/acoustic environment overall condition.

Indicators Measures Condition
. Lso dBA impact
Anthropogenic impact T > o P
1 Qualitative assessment
Condition

The Lso dBA impact level at Badlands NP was 0.6, which indicated a good condition, but park
managers expressed concern that the modeled data did not capture the high noise levels present in the
park during parts of the summer, particularly associated with maiercgllies and helicopter tours.

We placed overall condition for Badlands NP in the categtarrants Moderate Concern

Confidence
We used methods developed by NPS NSNSD to assess soundscape condition, and used data supplied
by the division to completéné assessment. Data were not collected during an onsite inventory, and
expert opinion disagreed with the condition given by the modeled soundscape. The confidence was
Medium

Trend
Acoustic data for Badlands NP were insufficient to calculate a trend. Wasldot Available

4.3.5. Stressors

In the summer, motorcycle traffic to and from rallies create serious noise issues in the park.
Additionally, helicopter tours create noise pollution. A common source of noise in national parks is
transportation (e.g.jlanes, vehicles). Growth in the number of vehicles on the road is increasing
faster than is the humaopulation in the US (Barber et 2010). Between 1970 and 2007, traffic on
US roads nearly tripled amost 5 trillion vehicle km/yr
(http://www.fthwa.dot.gov/ohim/tvtw/tvtpage.chrAircraft traffic grew by a factor of threm more
between 1981 and 2007
(http://www.bts.gov/programs/airline_information/air_carrier_traffic_statistics/airtraffic/annual/1981
_present.html Asthese pise sources increase throughout the United States, the ability to protect
pristine and quiet natural areas becomesenddficult (Mace et al. 2004).

4.3.6. Data Gaps

Baseline acoustic ambient data collection will clarify existing conditions and prongdéeg

confidence in resource condition trends. Wherever possible, baseline ambient data collection should
be conducted. In addition to providing site specific information, this information can also strengthen
the national noise model.
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With respect to theffects of noise, there is compelling evidence that wildlife can suffer adverse
behavioral and physiological changes from noise and other human disturbances, but the ability to
translate that evidence into quantitative estimates of impacts is preseitéyliBeveral

recommendations have been made for human exposure to noise, but no guidelines exist for wildlife
and the habitats we share. The majority of research on wildlife has focused on acute noise events, so
further research needs to be dedicatedtorac noise exposure (Barber et al. 2011). In addition to
wildlife, standards have not been developed yet for assessing the quality of physical sound resources
(the acoustic environment), separate from human or wildlife perception. Scientists are kisg wor

to differentiate between impacts to wildlife that result from the noise itselequrtsence of the

noise source.
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4.4. Air Quality

4.4.1. Background and Importance

Most visitors expect clean air and clear views in parks. However, air pollution can sometimes affect
Badlands NP. Clean, clear air is critical to human health, the health of ecosystems, and the
appreciation bscenic views. Pollution can damage animal health (including human health), plants,
water quality, and alter soil chemistry (e.g., Heagle et al. 1973, Schulze 1989, Brunekreef and
Holgate 2002). Our ability to clearly see color and detail in distant (egiility) can al® be

impacted by air pollution.

The National Park Service (NPS) is dedicated to preserving natural resources, including clear air.
The NPS Organic Act (16 USC 81916 and the Clean Air Act (CAA; 42 USC § 7401 et seq. 1970)
codify this commitment, specifying that NPS protect air quality within park units for the integrity of
other ratural and cultural resources.
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The Great Plains province is plateau-like, with some isolated mountains and lowlands throughout. Photo
by Sara Feldt, NPS (2011).

The Clean Air Act designates three classes (Class I, II, and Ill) of air quality protection, and the U.S.
Environmental Protection Agency (EPA) sets National Ambient Air Quality Standards (NAAQS) for
acceptable pollutant levels within these clas€#ass | airsheds have the strictest regulations, but all
three classes are regulated to specific levels to protect and improve national air quality (42 USC §
7401 et seq. 1970). Park units greater than 6,000 acres in area, including Badlanisd Rakiocare

Class I airsheds.

These protective classifications mean that NPS units receive federal assistance to protect and
improve their air quality, but regulation within park boundaries may not be enough. Many of the
threats to clean air in NPS units comenfi pollution sources outside of park boundaries (Ross 1990).
As a result, protection and improvement of air quality within parks require active NPS participation
and cooperative conservation partnerships with air regulatory agencies, stakeholdersgrand oth
federal land managers. The CAA makes a provision for federal land managers to participate in
regulatory decisiormaking when protected federal lands, such as NPS units, may be affected (Ross
1990). Participation may include consultations, written comgeacommendations, and review.

Regional Context

Most emissions that contribute to air pollution have declined substantially in the U.S. since 1970
despite population and economic growth (Figure 4.4.1), but current air quality conditions are mixed
acrossstates and regions (ALA 2015).
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Air emissions have dropped steadily since 1970 thanks to the Clean Air Act. As the economy
continues to grow after the recession, emissions that contributeto the most widespread
oollutants continueto drop. (Source: U.S. EPA. Air Qualitv Trends. 2015.)

Figure 4.4.1. Air quality trends for the United States from 1970 to 2013. Emissions that contribute to poor
air quality in the United States have declined substantially since 1970, in spite of economic and
population growth (Figure courtesy of EPA https://www.epa.gov/air-trends).

The American Lung Association compiles a State of the Air report for eachastdtassigns grades

for air quality by county. Badlands NP spans three counties in South Dakota: Jackson, Pennington,
and Oglala Lakota. Jackson County received the best grade (A) for overall air quality, ozone, and
particle pollution. The other countieemprising Badlands NP did not have enough monitoring data
from 2013 2015 to assign a grade for ozone pollution or particle pollution (ALA 2015). While few
South Dakota counties had sufficient data for the ALA to assign an overall air quality grade, the
existing data indicated generally high quality air.

Coal fired power plants, vehicle exhaust, oil and gas development, agriculture, and fires are
contributors to regional air quality. Since 2000, emissions from regionaficipower plants have
decreasedith further reductions anticipated over the next few years. Emissions from regional oil
and gas are likely to increase.

4.4.2. Air Quality Standards

A variety of pollution sources can degrade air quality. Primary pollutants, such as gasses from fossil
fuel combustion, wildfires, dust storms, and volcanic eruptions, are emitted directly from a source.
Secondary pollutants are indirect, forming when primary pollutants react with natural compounds in
the atmosphere. Examples of secondary pollutants incitrdgen dioxide (NG@) and other nitrogen

oxide compounds (N£, ozone (@), and sulfuric acid (kF5Qs). Some polluting sources may
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contribute both primary and secondary pollutants. For examplepowadred plants produce S0
NOy, particulate matter, andercury.

The EPA sets standards at levels specific to protecting human and environmental health (40 CFR part
50). Primary standards are set to protect public health, and slightly less stringent secondary standards
are set to safeguard animals, plants, stines, and visibility (EPA 2016a). The NPS Air Resources

Di vision uses the EPAG6s standards, natural visi
to assess current conditions of visibility, ozone, and atmoisptieposition throughout parks.

4.4.3. Methods

Indicators and Measures

The approach used for assessing the condition of air quality parameters at the park was developed by
the NPS Air Resources Division (NFARD) for use in Natural Resource Condition Assessments
(NPSARD 2015b). Overall aiquality condition was assessed with gigin indicators

(Figure4.4.2):

1 Visibility
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Figure 4.4.2. Schematic of the factors considered in air quality condition assessment.
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Each of these indicators contributes to different aspects of air quality and can affect human and
environnental health in different ways.

To assign a condition to each indicator, we used measurements specified-BRRRHid EPA

(NPSARD 2013,EPA 2014 NPS-ARD 2015a). Measurements were compared to benchmarks
recommended by NRARD and EPA to assign one of three condition categdresource in Good
Condition Warrants Moderate ConcerandWarrants Significant ConcerWe used additional
measurements tapport the indicator condition, and then considered all indicator conditions
together in an overall air quality condition assessment.

Some lichensSee section on Lichens and Air Quglignd plants that are sensitive to air quality

conditions may providan additional qualitative measure of overall air quality. However, because the
effects of air quality are not easily teased apart from other environmental conditions that affect flora,
lichen presence is best used in conjunction with quantitative medSIR8ARD 2015a).

Lichens and Air Quality

Lichens have long been promoted as good indicators of air pollution because 1) lichens concentrate a
variety of pollutants in their tissues, 2) pollutants can cause adverse physiological changes in some
lichen speas, and 3) biomonitoring is less expensive than traditional air quality monitoring with
specialized equipmeKiPohlman and Maniero 2005)

Unlike air quality monitors that collect data on individual pollutants, the presence and condition of
specific lichensan indicate a cumulative biological response to air quality. Some lichens are
sensitive to pollutané particularly N and 8 and others are tolerant of poor air quality conditions
(e.g.,Brodo et al. 2001). The presence of sensitive lichens can be & gigodoair quality in the

area, but their absence is not necessarily due to poor air quality. Lichens can be affected by many
stressors besides air pollution (e.g., climate change, grazing, habitat alterations, and fire), so it is
difficult to establish aauseand-effect relationship between air quality and lichen health. Therefore,
studies to document current or potential future impacts on lichens are most effective when used in

conjunction with other data.

There are a number of lichens at Badlands NatiBrark that have been rated in their sensitivity to
air pollution (Table 4.4.1). Monitoring these species over time could be a valuable addition to the

parkés understanding of the cumulative effects
Table 4.4.1. Lichen species at Badlands NP with known level of sensitivity. S = sensitive, | = intermediate
sensitivity T = tolerant.

Species Sensitivity Species Sensitivity

Ochrolechia androgyna S Physcia aipolia |

Caloplaca flavorubescens S Physconia detersa |

Candelaria concolor S-l Caloplaca holocarpa |

Cladonia fimbriata S-l Xanthoria candelaria |
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Table 4.4.1 (continued). Lichen species at Badlands NP with known level of sensitivity. S = sensitive, | =
intermediate sensitivity T = tolerant.

Species Sensitivity Species Sensitivity
Usnea hirta S-l Xanthoria polycarpa |
Caloplaca cerina S-l Parmelia sulcata I-T
Candelariella vitellina | Phaeophyscia nigricans I-T
Lecanora chlarotera | Lecanora dispersa T
Hyperphyscia adglutinata | Lecanora hagenii T
Phaeophyscia orbicularis | Lecanora muralis T
Physcia adscendens | T T

Indicator: Visibility
Visibility 8 how well and how far a person can&ezan affect visitor experience. Both particulate
matter (e.g., soot and dust) and certain gases and particlesaimtbephere, such as sulfate and
nitrate particles, can create haze and reduce visibility (Figure 4.4.3). At night, air pollution scatters
artificial light, increasing the effect of light pollution. Visitors expecting to see particular vistas may
be disappimted by reduced visibility. Haze can degrade visibility by up to 60% relative to baseline
conditions in western parks (EPA 2015a). On the clearest days at Badlands NP, the visibility is about
140 miles, which approaches the 480e visual range seen undeatural conditions (IMPROVE
2016). However, sometimes hazy days occur when tigliysis only about 55 miles.

Badlands National Park : ' Badlands National Park
Good Air Day X ; Bad Air Day

Figure 4.4.3. Photo representation of air quality in Badlands NP for a good air and bad air day. Haze can
reduce visibility at Badlands National Park and may be accompanied by an increased risk to human and
environmental health. Fires and dust storms can contribute to poor air quality days, such as this one at
Badlands NP. Photo courtesy of NPS-ARD (https://www.nature.nps.gov/air/).

Measure of Visibility: Haze index
The CAA established a national goal to return
the NPSARD recommends a visibility benchmark condition for all NPS units, regardless of Class
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designation, consistent with the Clean Air Act goal. Natussbility conditions are those estimated
to exist in a given area in the absence of hugsrsed visibility impairment. The Regional Haze
Rule (40 CFR § 5152 1999) calls for improving the worst air quality days and preventing
degradation on good air glity days. The haze index (measured in deciviews [dv]) is used to track
regional haze. The deciview scale scores pristine conditions as a zero and increases as visibility
decreases.

The NPSARD assesses visibility condition based on the deviation ofstated current visibility
on midrange days from natural visibility conditions (i.e., those estimated for a given area in the
absence of humaraused visibility impairment). Midange days are defined as the mean of the
visibility observations falling vthin the range of the 40th through the 60th percentiles and are
expressed in terms of a haze index. The visibility condition is calculated as follows:

Visibility Condition= estimated current haze index on mahge days$ estimated haze
index under natwal conditions on migtange days

For visibility condition assessments, annual haze index measurements-taangedvisibility days

are averaged over aygar period at each visibility monitoring site with at least three years of
complete annual data and irgelated across all monitoring locations for the contiguous U.S. The
maximum value within the Badlands NP boundary is reported as the visibility condition from this
national analysis and compared to NRSD benchmarks (Table 42).

Table 4.4.2. Air quality condition categories for visibility condition (NPS-ARD 2015a).

Resource condition Visibility* (dv)
Warrants significant concern . >8
Warrants moderate concern 271 8
Resource in good condition <2

* Estimated 5-year average of visibility on mid-range days minus natural condition of mid-range days.

Visibility is monitored through the Interagency Monitoring of Protected ViEm&ironments
(IMPROVE) Program. In this assessment, we relied primarily on-AIRB air quality trends (2004
2013) and conditions (2002013; NPSARD 2015b), with reference to additionalidies and data
where relevant.

A visibility condition estimate of ks than two deciviews above estimated natural conditions
indicates that air quality is iBood Conditionestimates ranging from two to eight deciviews above
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natural condition$Varrant Moderate Concerrand estimates greater than 8 dv above natural
conditonsWarrant Significant ConcerrReference condition ranges reflect the variation in visibility
conditions across the monitoring network.

Visibility trends were computed from haze index values on the 20% haziest days and the 20%
clearest days, consistenitlwvisibility goals in the Clean Air Act and Regional Haze Rule, which
include improving visibility on the haziest days and allowing no deterioration on the clearest days. If
the haze index trend on the 20% clearest days is deteriorating, the overdityisend is reported

as deteriorating. Otherwise, the haze index trend on the 20% haziest days is reported as the overall
visibility trend. Visibility trends were calculated from the-site Badlands NP IMPROVE

monitoringsite (IMPROVE site ID: BADL1).

Indicator. Ozone
Ozone(@ i s a colorless gas that natwurally occurs
surface from harmful ultraviolet rays. However, ozone that occurs close to the ground can be harmful
to animal and plant health (McKee ¥%okhi 2011). Grountkvel ozone is a secondary pollutant
that is formed when oxygen reacts with nitrogen oxidesJN@latile organic compounds (VOCSs),
or carbon monoxide (CO) in the presence of sunlight. On hot, sunny days, the right combination of
these compounds can combine to form ozone (Figure 4.4.4).

A

V<
0 + Nitrogen oxides 4 Volatile organic 4 <! =
(NO,) compounds (VOCs) ;\)-\..\ Q

Figure 4.4.4. Graphic illustrating ozone (Os) production (Dibner 2017). Ozone is formed when oxygen
(O2) combines with nitrogen oxides (NOx) and volatile organic compounds (VOCS) in the presence of
sunlight (EPA 2014, Dibner 2017). Fuel combustion from vehicles, power plants, and industrial operations
produces NOx and VOCs. Additional VOCs are produced by anthropogenic sources, such as paints and
other solvents, and natural sources, like plants. Ground level ozone can be hazardous to human and
environmental health.
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While VOCs are produced naturally by some plants and soil microbes (Insam and Seewald 2010),
additional VOCs are emitted from chemical solvents and during fuel combustion (EPA 2015b).
Nitrogen oxides are produced by burning fossil fuels, and the largest sources of NOx are industrial
and vehicle emissions. Ozone pollution has generally decreased in the United States since 1980 and,
to a lesser extent, in the Northern Rockies Rlaihs regia as well (EPA 2014 In South Dakota,

vehicle emissions produce the majority of N@llowed by biogenics, newehicle fuel combustion,

and industrial fires (EPA 2015c). At monitoring sites close to South Dakota, there was little change

in ozone concerdtion from 20012007 (Figure 4.4.5).

Change in Concentration (ppm)
© Increase of 0.006 to 0.020 (30 Sites)
O Little Change +- 0.005 (474 Sites)

O Decrease of 0.006 to 0.020 (423 Sites)
Decrease of more than 0.020 (4 Sites)

o

Puerto Rico

Figure 4.4.5. Change in ozone concentrations from 2001 to 2007 (EPA 2008).

Measure of Ozone: Human Health i Ozoe Concentration
Ozone Concentration (4tghest daily maximum-8our ozone concentration in parts pdlidn
(ppb) The primary standard for growtelvel ozone is based on human health effects. The status for
human health risk from ozone is assessed using tHeigtlest daily maximum-8our ozone
concentration in parts per billion (ppb).

Ozone is monitoredcross the U.S. through air quality monitoring networks operated by the NPS,
EPA, states, and others. Annual ozone concentrations were averaged-gear @é&riod at all
monitoring sites and interpolated for the contiguous U.S. The ozone conditiamiantealth risk

at Badlands NP was based upon the maximum estimated value within the monument boundary
derived from this national analysis.
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To assign a condition to the human health measure of ozone, we used the results fromARDNPS
report on conditio and trends for ozone (NPERD 2015b) from 20002013. The NPARD rates
ozone condition aResource in Good Conditiohthe ozone concentrations are less than 54 ppb
Warrants Moderate Concelifithe ozone concentration is between 55 and 70 ppb, avwhodnts
Significant Conceriif the concentration is greater thanequal to 71 ppb (Table 4.4.3

Table 4.4.3. Air quality condition categories for human health ozone concentration (NPS-ARD 2015a).

Ozone concentration*
Resource condition (ppb)
Warrants significant concern ‘ o 71
Warrants moderate concern 5571 70
Resource in good condition O 54

* Estimated or measured five-year average of annual 4th-highest daily maximum 8-hour.

Condition Adjustment: Ozone
I f the NPS wunit is |l ocated in an area that the
groundlevel ozone standard, then the ozone condition automatically besaresnts Signitant
Concern(NPSARD 2015a). We referred to the EPA Air Trends (EPA 2014) reports to identify
locations designated as nonattainment for gredewdl ozone.

Measure of Ozone: Vegetation Health T W126 Index
Ozone can damage plants (Figure 4.4.6), and speees are particularly sensitive to ozone
damage. Ozonseensitive plant species can be used as bioindicators (Kohut 2007) to assess ozone
levels at a park unit. Ozone penetrates leaves through stomata (openings) and oxidizes plant tissue,
which alterspi si ol ogi cal and biochemical processes. On
system, chemical reactions can cause cell injury or even death, but more often reduce resistance to
insects and diseases, groydimd reproductive capability.
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Figure 4.4.6. Foliar plant damage as a result of high ambient levels of ozone (Photo: USDA ARS).

The extent of foliar damage is influenced by several factors, including the sensitivity of the plant to
ozone, the level of ozone exposure, and the exposure envimoferge, soil moisture). The highest
ozone risk exists when the species of plants are highly sensitive to ozone, the exposure levels of
ozone significantly exceed the thresholds for foliar injury, and environmental conditions, particularly
soil moisturefoster gas exchange and the uptake of ozone by plants (Kohut 2004).

Exposure indices are biologically relevant measures used to quantify plant response to ozone
exposure. These measures are better predictors of vegetation response than the metrihe@sed for
human health standard. The NRBD assesses vegetation health risk from ozone condition with the
W126 index, which preferentially weights the higher ozone concentrations most likely to affect
plants and sums all of the weighted concentrations durigiggtiahours. The highest®onth period
that occurs during the ozone season is reported in parts per fhitlios (pprehrs).

Ozone is monitored across the U.S. through air quality monitoring networks operated by the NPS,
EPA, states, and others. Annuaximum W126 values were averaged overyaar period at all
monitoring sites with at least 3 years of complete annual data and interpolated for the contiguous
U.S. The ozone condition for vegetation health risk at Badlands NP was based upon the maximum
value within the monument boundary derived from this national analysis.

To assign a condition for the vegetation health measure of ozone, we used results fromARINPS
report on condition and trends for ozone (N&SD 2015b) from 20002013.

TheWl126condii on t hreshol ds are based on informat.i
Review of the Ozone National Ambient Air Quality Standards (EPA 2014). Research has found that
for a W126 v-htse bDfe® FeppPgming bi oitiesmecies.oss i
For WI12ppmhe, tree seedling biomass lossiid@ % per year in sensitive species. NPS

ARD recommends a W126 of < 7 pgms to protect most sensitive trees and vegetation. A W126
index in this range was assign@dsource in Good Coiibn, a W126 index of -13 Warrants
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Moderate Concerondition, and an index 3 Warrants Significant Cazern(NPSARD 2015a;
Table 4.4.4.

Table 4.4.4. Air quality condition categories for vegetation health ozone condition (NPS-ARD 2015a).

wW126*
Resource condition (ppm-hrs)
Warrants significant concern ‘ >13
Warrants moderate concern 71 13
Resource in good condition <7

* Estimated or measured 5-year average of the maximum 3-month 12-hour W126.

Indicator: ParticulateMatter
Particulate matter can be detrimental to visibility and human health. There are two particle size
classes of concern: B fine particles found in smoke and haadjch are 2.5 micrometers in
diameter or less; and AWM coarse particles found in widglown dust, which have diameters
between 2.5 and 10 micrometers. Both sizes can cause inflammation and irritation of the respiratory
system in humans. People can berensusceptible to health effects from air pollution when they are
engaged in strenuous recreation. Particulate matter of different sizes can have different consequences
for public and ecosystem health (&&l et al. 2007, EPA 2009). The standard foripaldte matter
is set by the EPA, and is based on human health effects.

Measure of Particulate Matter: PM,.s Concentration
The PMs primary standard is 12 micrograms per cubic meter (figamnually (3year average of
weighted annual mean) and 35 pgfior 24-hours (3year average of the 98th percentile oftyur
concentrations).

Fine particulate matter (PN\j) data were collected from 198815 at the Badlands NP Visitor

Center. We evaluated these data over the most recent three years of the gaamiplindgdPS units

that are in EPA designated nonattainment areas for particulate matter are aAkigraeds

Significant Concermrcondition for particulate matter. For NPS units that are outside particulate matter
nonattainment areas, EPA AQI breakpoinesevused to assign a particulate matter condition based
on 3year average of the 98th percentile off3ur PM s concentrations (dble 4.4.5.
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Table 4.4.5. Air quality condition categories for particulate matter.

98th percentile 24-Hour
PM:zs concentration*

2nd maximum 24-hour
PMz10 concentration*

Resource condition (ug/m3) (ug/m3)
Warrants significant concern ‘ O 35.5 O 155
Warrants moderate concern 12.17 354 5571 154
Resource in good condition O 12.0 O 514

* Measured three-year average.

Measure of Particulate Matter: PMio Concentration
The standard for PMis 150 g/nd for 24-hours (not to be exceeded more than once per year over 3
years).

Coarse particulate matter (Rfyldata were collected from 1988015 at the Badlands NP Visitor
Center. We evaluated these data over the most recent three years of the samplinggoeyies.

units that are outside particulate matter nonattainment areas, EPA AQI breakpoints were used to
assign a particulate matter condition based-gad&8 average of 2nd maximum-RBéur PMio
concentrations (Table 4.4.9NPS units that are in EPdesignated nonattainment areas for
particulate matter are assigned Warrants Significant Concern condition for particulate matter.

Indicator: NitrogenDeposition
Airborne pollutants can be atmospherically deposited to ecosystems through rain and snow (wet
deposition) or dust and gases (dry deposition). Nitrogen pollution can harm ecosystems by acidifying
or enriching soils and surface waters.

The term fiacid raind includes all precipitation
sulfuricand niticai ds) out of the atmosphere to the eart|
processes, and volcanic eruptions producan Ncompounds (EPA 2011) that can alter terrestrial

and aquatic ecosystems through both dry and wet deposition (Driscoll @43). Pry deposition

occurs when dust or smoke incorporateusd Nparticles that then settle on the ground, whereas wet
deposition occurs when particles combine with water droplets and fall as rain, snow, or other forms

of precipitation (EPA 2011). Theegosition of Sand Ncompounds can acidify water and soill

(Likens et al. 1996), potentially reducing biodiversity and increasing ecosystem susceptibility to
eutrophication and invasive species (Bouwman et al. 2002). Wet deposition of nitrates hag/generall
decreased in the U.S. during the last 20 years (Du et al. 2014), but total nitrogen deposition has
increased in places (Figure 4.4.7; Kim et al. 2011).
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Figure 4.4.7. Total nitrogen deposition for the United States for 2000 and 2013. Total nitrogen deposition
has decreased in some parts of the United States and increased in others.

Nitrogen, a fertilizer, can disrupt the soil nutrient cycle and change plant communities where it is
deposited. Plants in grassland ecosystems are particularly vulnerabéages caused by nitrogen
deposition, as they are oftenlifited. In these grasslands, an influx of nitrogen enables exotic
invasive grasses to displace native species that are adapted to a low nitrogen environment. For
example, increased deposition dfragen has allowed cheatgraBsdmus tectorui a highly

invasive grass that has spread vigorotistgughouthe northern Great Plains (Ogle and Reiners

2002) the southern Colorado Plateau, Great Basin, and Mojave Desert, weedy annual grasses (e.g.,
chedgrass), to outpace and replace native species (Brooks 2003; Schwinning et al. 2005; Chambers
et al. 2007; Mazzola et al. 2008; Vasquez et al. 2008; Allen et al. 2009). Water use can change with
nitrogen increases, such that plants like big sagebrushrédneed water use efficiency (Inouye

2006).

Measure of Nitrogen Deposition: Wet Deposition of N (ka/ha/yr)
Wet deposition is the most common and simplest way to measure deposition of nitrogen. Dry
deposition data for nitrogen is difficult to obtain becadisedeposition is not measured directly
(Mickler et al. 2000, Freedman 2013). Wet deposition of nitrogen is measured in kilograms per
hectare per year (kg/halyear).

Nitrogen wet deposition is monitored across the United States as part of the NationspiAdnto
Deposition Program/National Trends Network (NADP/NTN). Annual wet deposition is averaged
over a bByear period at monitoring sites with at least 3 years of annual data and interpolated for the
contiguous U.S. For individual parks, minimum and maxmualues within park boundaries are
reported from this national analysis. To maintain the highest level of protection in the park, the
maximum value is assigned a condition status.

To assign a condition for nitrogen, we used the wet deposition resultshfieodPSARD report on
condition and trends (NPARD 2015b) from 20082013. Total wet deposition of nitrogen levels
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were calculated from interpolated data (NRSD 2015b), using monitoring sites that were not on
site at Badlands NP.

While ecosystems respamo total (wet and dry) deposition, NPARD selected a wet deposition
threshold of 1.0 kg/ha/yr as the level below which natural ecosystems are likely protected from harm.
A resulting condition greater than 3 kg/halyr is assignétherants Significant Qacernstatus

(Table 4.4.%. A current nitrogen condition fromi B kg/ha/yr is assigned/arrants Moderate
ConcernstatusResource in Good Conditiamas assigned if the current nitrogen condition is less

than less than 1 kg/halyr.

Table 4.4.6. Air quality condition categories for wet deposition condition (NPS-ARD 2015a).

Wet deposition*
Resource condition (kg/halyr)
Warrants significant concern ‘ >3
Warrants moderate concern 113
Resource in good condition <1

* Estimated or measured 5-year average of nitrogen or sulfur wet deposition.

Condition Adjustments
If Badlands NP was at Very High risk for nutrient enrichment effects from atmosplegasition
relative to all Inventory & Monitoring parks, the condition for nitrogen deposition was adjusted to
the next worse category.

To assess park risk of eutrophication we used a risk assessment conducted by Sullivan et al. (2011a)
that combined meases of pollutant exposure, ecosystem sensitivity and park protection to calculate

a summary risk. If the park was assigned an ecosystem sensitivity ¥gkyoHighfor nutrient

enrichment, we moved the condition for nitrogen deposition to the next watesgory.

Indicator: SulfurDeposition
Like nitrogen, sulfur (S) is an acidifying compound that can be transported out of the atmosphere as
acid rain. The deposition of&mpounds can acidify water and soil (Likens et al. 1996).

Measure of Sulfur Deposition: Wet Deposition of S (kg/ha/yr)
Wet deposition is the most common and simplest way to measure deposition of sulfur. Dry
deposition data of sulfur is difficult to obtai
2000, Freedman 2013). Wet dspimn of sulfur is measured in kilograms per hectaeyear
(kg/halyear; Table 4.4)6
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Sulfur wet deposition is monitored across the United States as part of the NADP/NTN. Wet
deposition was calculated by multiplying sulfur (from sulfate) concentraitiomecipitation by a
normalized precipitation. Annual wet deposition is averaged ovareabperiod at monitoring sites
with at least 3 years of annual data. Fyear averages are then interpolated across the contiguous
U.S. For individual parks, mimum and maximum values within park boundaries are reported from
this national analysis. To maintain the highest level of protection in the park, the maximum value is
assigned a condition status.

To assign a condition for sulfur, we used the wet depogiisults from the NPARD report on
condition and trends (NPSRD 2015b) from 20002013. Total wet deposition of sulfur levels were
calculated from interpolated data (NARD 2015b), using monitoring sites that were not on site at
Badlands NP.

NPSARD selected a wet sulfur deposition threshold of 1.0 kg/ha/yr (see rationale in the section on
nitrogen). A value greater than 3 kg/ha/yr is assigndtherants Significant Concerstatus. A value

from 1i 3 kg/halyr is assigned/arrants Moderate ConceistatusResource in Good Conditiohthe
current sulfur condition is less thassk than 1 kg/ha/yr (Table 4.5.6

Condition Adjustments
If Badlands NP was at\éery Highrisk for acidification, the condition for sulfur deposition was
adjusted to the next worse category.

To assess park risk of acidification we used a risk assessment conducted by Sullivan et al. (2011b)
that combined measures of pollutant exposure, ecosysteitivdgnand park protection to calculate

a summary risk. If the park was assigisty Highrisk, we adjusted the condition to the next worse
category.

Indicator: Mercury Deposition
Mercury and other toxic pollutants (e.g., pesticides, dioxins, PCBsjratate in the food chain and
can affect both wildlife and human health. These pollutants enter the atmosphere from contaminated
soils, industrial practices, and air pollution (Selin 2009). High levels of mercury and other airborne
toxins can accumulate fat and muscle tissues in animals, increasing in concentration and they
move up the food chain. As neurotoxins, these pollutants can cause serious damage to ecosystems
and their inhabitants and reduce survivatliwersespecies from fish to mammals. Whdeme
sources of atmospheric mercury are natural, such as geothermal ventécandesmost sources
are anthropogenic; these sources include commercial incineration, mining activities, and coal
combustion. These humaraused sources include-pyoductsof coalfire combustion, municipal
and medical incineration, mining operations, volcanoes, and geothermal ventaRIIPE)15b).

A major contributor of mercury to inland areas is atmospheric deposition. Wet and dry deposition
can lead to mercury loadings surface waters, where mercury may be converted to a bioavailable
toxic form of mercury, methylmercury, and bioaccumulate through the food chain.
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Measure of Mercury Deposition: Wet Deposition o f  H g 2/yr)samd/Methylmercury Risk (ng/L)
Mercury depositin condition was assessed using estimatgela average mercury wet deposition
(micrograms per meter squared per year [|#yr}) and predicted surface water methylmercury
concentrations (nanograms per liter [ng/L]). It is important to consider both mpeleposition
inputs and ecosystem susceptibility to mercury methylation when assessing mercury condition
because atmospheric inputs of elemental or inorganic mercury must be methylated before they
become biologically available and able to accumulateod feebs (NPSARD 2015a). Thus,
mercury condition cannot be assessed according to mercury wet deposition alone. Other factors like
environmental conditions conducive to mercury methylation (e.g., dissolved organic carbon, pH)
must also be considered (NRRD 2015a).

Annual mercury wet deposition measurements are averaged oweraa Beriod at all NADRMDN
monitoring sites with at least 3 years of annual data. Tygae averages are then interpolated across
all monitoring locations using an inverse disameeighting method for the contiguous U.S. For
individual parks, minimum and maximum values within park boundaries are reported from this
national analysis. The maximum value is assigned a rating (Tablg. 4.4.

Table 4.4.7. Ratings for mercury deposition (NPS-ARD 2015a).

Rating Mercury Deposition (ug/m?/yr)
Very high 0 12

High O 9 and <
Moderate O 6 and <
Low O 3 and <
Very low <3

Conditions of predicted methylmercury concentration in surface water are obtained from a model that
predictssurface water methylmercury concentrations for hydrologic units throughout the U.S. based
on relevant water quality characteristics (i.e., pH, sulfate, and total organic carbon) and wetland
abundance (USGS 2015). The predicted methylmercury concentratigpaek is the highest value

derived from the hydrologic units that intersect the park. This highest value is then assigned a rating
from Very Low to Very High (Table 4.8).

Table 4.4.8. Ratings for predicted methylmercury concentration (NPS-ARD 2015a).

Rating Predicted methylmercury concentration (ng/L)
Very high O 0.12

High O 0.075 and < 0.
Moderate O 0.053 and < 0.
Low O 0.038 and < 0.
Very low <0.038
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Ratings for mercury wet deposition and predicted methylmercury concentration are then considered
concurrently in the mercury status assessment m@iable 4.4.9to identify one of three park

specific mercury/toxics status categori@esource in Goo@ondition Warrants Significant

Concern or Warrants Significant Concern

Table 4.4.9. Mercury condition assessment matrix (NPS-ARD 2015a).

Predicted methylmercury Mercury wet deposition rating

concentration rating Very low Low Moderate High Very high

Very low

Low

Moderate

High

Very high

Note: Condition is represented in the following manner; green = good, yellow = moderate, red = significant
concern.

Condition Adjustments
The presence of {park data on either mercury or toxinsfood webs may influence the overall
rating for mercury condition. An assessment of previous and current studies and availability of fish
consumption guidelines serve as the basis for adjusting mercury status. There werespeqfck
studies examinigp contaminant levels that were appropriate for condition adjustment.

Quantifying Air Quality Condition, Confidence, and Trend

Indicator Condition
To quantify air quality condition and trend, we deferred to the-NR® methods for air quality
assessment angsed a point system to assign the indicator to a category-fiRPE2015a). This
points system is based on the NRBD methods for calculating overall air quality condition:
measures that placed the indicator in\t¥@rants Significant Concercategory wee assigned zero
points,Warrants Moderate Concemeasures were given 50 points, &wbsource in Good
Conditionmeasures were given 100 points. If different measures each placed the indicator in a
different condition category, as could be the case fon@zihven the measure with the worst category
determined the condition for the indicator (NRRD 2013). We then used the average of these
points to assign the indicator to an overall category.

Indicator Confidence
Confidence ratings were based on the typpollutant, distance to monitor used for interpolated
data, time since data collection, and data robustness. We gave a r&tigg obnfidence when
monitors were on site or nearby, data were collected recently, and the data were collected
methodically. We assigned Bediumconfidence rating when monitors were not nearby, data were
not collected recently, or data collection was not repeatable or methodical. We aksigned
confidence ratings when there were no good data sources.
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Indicator Trend
Potentialtrend categories wettenproving Unchanging or Deteriorating To calculate a trend, we
required data t hat-yeavperic atoité dr mearbyendnitdisqwiteim10a 10
kilometers of the park for ozone, 16 kilometers of thé fiar wet deposition, and 100 kilometeos
t he par k f or-ARDI261B,INPSARDt201ba). If théePv®re no data available that met
these distance and monitoring durations for a particular indicator, we indicated that tréhot was
Availablefor that indic#or.

Overall Air Quality Condition, Trend, and Confidence
To assess overall air quality condition, we used the-ARB method to assign points to each
indicator based on condition (NFPSRD 2015a). We assigned zero points to indicatol/amrants
Significant Concermrcategory, 50 points to indicators in ttA&arrants Moderate Conceicategory,
and 100 points to indicators in tResource in Good Conditiarategory. The average of the points
for each measure was the total score fogaality conditon (Table 4.4.1) high scores (671.00)
indicated that air quality was fBood Conditionmedium scores (346) indicated that ¥Varrants
Moderate Concermand low scores {(B3) indicated that air quality conditidWarrants Significant
Concern We appliedhe EPA norattainment status adjustments to the overall condition, such that if

the NPS unit fell i n an area that was i n fAinonat

condition would béVarrants Significant ConcefNPSARD 2015a).

Table 4.4.10. Air quality overall condition categories.

Resource condition Score
Warrants significant concern ‘ 0-33
Warrants moderate concern 34 - 66
Resource in good condition 67 - 100

If trend data were available, we calculated overall air quality trends using a points system to assign
an overall trend category bhproving Unchanging or Deteriorating Specifically, we subtracted

the number ofleteriorating trends from improving trends. If the result of this calculation \Ba#he
overall trend wagmproving.If the result was 8, the overall trend waleteriorating.If the result

was between >2 and < 2, the overall trend wasichanginglf any indicator did not have a trend,

then there was no trend for overall condition (N&SD 2015a).

Overall confidence categories wedlegh, Medium or Low (NPSARD 2013). We calculated
confidence using a points system similar to overall condition cardelecategories withligh
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confidence received 100 poinMediumconfidence received 50 points, analv confidence received
zero points. The overall confidence wdigh if the average of these values was between 67 and 100,
Mediumbetween 34 and 66, ahdw between 0 and 33.

4.4.4. Air Quality Conditions, Confidence, and Trends

Visibility
Condition: Warrants Moderate Concern
Confidence: High
Trend: Unchanging
Condition

The Haze Index for 2002013 was 5.4 dv, which placed visibility in Badlands NP inWrerants
Moderate Concergategory.

To improve visibility, it is important to understand which pollutants have the greatest contributions to
haze. Light extinction is &gl to calculate the contributions of individual pollutants to haze. Visibility
impairment primarily results from small particles in the atmosphere that include natural particles

from dust and wildfires and anthropogenic sources from organic compoundanNSQ. The
contributions made by different classes of particles to haze on the clearest days and haziest days are
shown in Figures 4.4.8 and 4.4.9 from data collected at the Badlands NP IMPROV&rimgnit

location (NPSARD 2015b).
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Components of Haze on Clearest Days

Badlands NP

Coarse Mass

2009-2013 | Fine Sea Salt

Fine Soil

Elemental Carbon
Organic Carbon

e Ammonium Nitrate
Natural Conditions™ |

TS EEEEBE

Ammonium Sulfate

0 1 2 3 4 5 6 7
Light Extinction®, 1/Mm
Note: Clearest days are the 20% of sampled days where visibility is most clear.

* Lightextinction: theloss inlightintensity due to scattering and absorption
measured in inverse megameters (1/Mm).

**Natural visibility conditions are those estimated to existin a given area inthe
absence of human-caused visibility impairment.

IMPROVE Monitor ID: BADL1, SD

Figure 4.4.8. Components of haze on haziest days at Badlands NP for 2009 to 2013.
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Figure 4.4.9. Components of haze on clearest days at Badlands NP for 2009 to 2013.
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The primary visibility impairing pollutants on both the clearest and haziest days from22039

(Figure 4.4.0) were ammonium sulfate, ammonium nitrate, coarse mass, and organic carbon (NPS
ARD 2015b). Ammonium sulfate originates mainly from efigdd power plants and industrial

facilities; coarse mass consists of wipldwn dust; ammonium nitrate originatesrfremissions

from vehicles and codired power plants; while organic carbon originates primarily from

combustion of fossil fuels and vegetation. Note that ammonia from sources such as fertilizer and
animal feed operations contributes to the formation b&®s and nitrates that exist in the

atmosphere as ammonium sulfate and ammonium nitrate.
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Note: Of sampled days, haziest days arethe 20% where visibility is most limited
and clearest days are the 20% where visibility is most clear

* Haze Index is expressed in deciviews (dv). The deciview scaleis nearzero for
apristineclean atmosphereand increases as visibility degrades

**Natural visibility conditions are those estimated to existin a given area inthe
absence of human-caused visibility impairment

IMPROVE Monitor ID: BADL1, SD

Figure 4.4.10. Visibility measured in haze index on haziest and clearest days for 2004 to 2013.

Confidence
Visibility was calculated from monitors on site in Baul#ia NP, so the confidence wdggh.

Trend
Visibility data were collected for at least 10 years on site at Badlands NP, which meant that a trend
calculation could be completed. For 202813, the trend in visibility at Badlands NP remained
relatively unchaged (no statistically significant trend) on the 20% clearest days and 20% haziest

days (IMPROVE Monitor ID: BADL1, SD). The overall visibility trend widachangingat
Badlands NENPSARD 2015b).
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Condition: Resource in Good Condition
ConfidenceMedium
Trend: Not Available

Human health condition: The calculated grodenel ozone from 20022013 was 58.9 ppb, which
placed the human health measure of ozone pollution at Badlands NRRiestrce in Good
Conditioncategory.

Vegetation health condition: The W126 value for Badlands NP was 5.¢hppmhich placed the
vegetation health risk in th&arrants Moderate Concercategory. A study of ozone risk to plants
concluded that risk of damage wasw at Badlands (Kohut 2004Qzonesensitive plants were
present Table 4.4.1}), but observed levels of ozone were unlikely to damage plants.

Table 4.4.11. Ozone-sensitive plants at Badlands National Park.

Family Common Name Scientific Name
Yarrow Achillea millefolium

Asteraceae - -
Goldenrod Solidago canadensis

Apocynaceae Dogbane Apocynum

Oleaceae Green ash Fraxinus pennsylvanica

Salicacaceae

Coyote willow

Salix exigua

Pinaceae

Ponderosa pine

Pinus ponderosa

Rosaceae

American plum

Prunus americana

Chokecherry

Prunus virginiana

Anacardiaceae

Fragrant sumac

Rhus aromatic

Sapindaceae

Boxelder

Acer negundo

Confidence

Ozone levels were calculated from interpolated data collected at distant a monitoring stations, so the

confidence watMedium(NPSARD 2015b).

Trend

There were insufficient data nearby orgite at Badlands NP, so a trend for ozone Miais

Available
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Particulate Matter

O

Condition: Warrants Moderate Concern
Confidence: High
Trend: Unchanging

Condition
Badlands NP is located in Jacks®ennington, and Oglala Lakota counties, South Dakota, that meet
the 2012 and 2006 PMstandards and 1987 Rdstandard. For this reason, the counties are-EPA
designated fAattainmento areas for particulate m

The measured-gear average (2012015) ofthe 98th percentile 2hour PM s concentration was 16

e g £, which falls in thewarrants Moderate Concerategory. The measureey@ar average

(2013 2015) of 2nd maximum 24our PMoc o nc ent r at i ‘band fasanto thBRésowrcg / m
in Good Conditon category. The overall particular matter condition falls intowrarants Moderate
Concerncategory.

Confidence
The particulate matter condition was calculated frorsitey monitors in Badlands National Park, so
the confidence wadigh.

Trend
Particulate matter data were collected for at least 10 years on site at Badlands NP (AQS Site ID:
46071001), which meant that a trend calculation could be completed. FG2PA34the trend of the
98th percentile 24hour PM s concentration wasinchangingand was alstnchangingfor the 2nd
maximum 24hour PMg concentration. The overall particulate matter trend Mashangingat
Badlands NP (K. Taylor, personal communication, 26 May 2016).

Condition: Warrants Significant Concern
Confidence: Medium
Trend: Not Available

Nitrogen Deposition

Condition
The total nitrogen deposition from 20@D13 was 3.1likogramghectre, placing total nitrogen wet
deposition pollution at Badlands NP in arrants Significant Concercategory (NPSARD
2015b).

Ecosystems ithe park were rated as having high sensitivity to nuteemichment effects relative to
all Inventory & Monitoring parks (Sullivan et al. 2011a; Sullivan et al. 2011b). In addition to
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assessing wet deposition levels, critical loads can also be a tos¢ful determining the extent of
deposition impacts (i.e., nutrient enrichment) to monument resources. A critical load is defined as a
level of deposition below which harmful effects to the ecosystem are not expected. For the Badlands
NP, Pardo et al. (2) suggested following critical load ranges for total nitrogen deposition in the
Northwestern Forested Mountains ecoregion:

1 5.0025.0 kg/halyr to protect herbaceous vegetation
1 12.0 kg/halyr to protect mycorrhizal fungi

To maintain the highest level pfotection in the park, the minimum of the critical load ranges (5.0
kg/halyr) is an appropriate management goal.

The estimated maximum 2012012 average for total nitrogen deposition was 4.5 kg/halyr in the
Great Plains ecoregion (NPARD 2014) of Badlansl NP. Therefore, the total nitrogen deposition

level in the park is below but approaching the minimum ecosystem critical loads for some park
vegetation communities, suggesting that herbaceous vegetation is at risk for harmful effects if

nitrogen depositiofevels increase in the future.

Confidence
None of the monitoring stations for wet deposition were anisiBadlands NP or within 16
kilometersqtNPSARD 2013, NPSARD 2015a), so the confidence wdgedium

Trend
The closest monitoring site for wet depmsitwas approximately 50lkmeterseast in Jackson
County, South Dakota. The maximum distance allowed for calculating a trend in wet N deposition is
16 klommetersaway from a park unit, so trend wWdst Available(NPSARD 2013).

O)

Condtion: Resource in Good Condition
Confidence: Medium
Trend: Not Available

Sulfur Deposition

Condition
The total sulfur deposition from 2002013 was 0.&ilogramsghectre, which placed total sulfur wet
deposition pollution at Badlands NP in tResource in Good Conditiarategory (NPSARD 2015b).
Furthermore, ecosystems in the park were rated as having moderate sensitivity to acidification effects
relative to all Inventory & Monitoring parks (Sullivan et al. 2011c; Sullivan et al. 2011d)

Confidence
None of the monitoringtations for wet deposition were on site or within l6érketersqtNPSARD
2013, NPSARD 2015b), so the confidence wsledium
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Trend
The closest monitoring site for sulfur wet deposition was approximateljdiidtersaway in
Jackson County, SD (NADP 2014)he maximum distance allowed for calculating a trend in wet
sulfur deposition is 16ikometersaway from a park unit so trend wislst Available(NPSARD

2013).

Condition: Warrants Significant Concern
Confidence: Low
Trend: Not Availdle

Mercury Deposition

Condition
Given that landscape factors influence the uptake of mercury in the ecosystem, the condition is based
on estimated wet mercury deposition and predicted levels of methylmercury in surface waters. The
20171 2013 estimated wet mercury depositismmedium at the park, ranging from 5.8 to 6.5
ug/mélyr (NPSARD 2016). The predicted methylmercury concentration in park surface waters is
very high, ranging from 0.05 to 0.51 ng/L (USGS 2015). Wet deposition and predicted
methylmercury ratings were conmgid to determine thé/arrants Significant Concercondition.

Confidence
The degree of confidence in the mercury/toxics deposition conditiohevabecause there were no
park-specific studies examining contaminant levels.

Trend
The closest monitoring site for mercury wet deposition was over 160 kilometers away in Eagle Butte,
South Dakota (NADP 2014). The maximum distance allowed for calculating a trend in wet mercury
deposition is 16 kilometers away from a park unit so trendNea#\vailable(NPSARD 2013).
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Air Quality Overall Condition

Table 4.4.12. Air quality overall condition.

Indicators Measures Condition

Visibility 1 Haze index (dv)

1 Human health (ppm)
1  Vegetation health (W126 index)

Ozone

1 PMzs (ppm)

Particulate matter
1 PMuo (ppm)

Nitrogen 1  Wet deposition (kg/halyear)

Sulfur 1  Wet deposition (kg/halyear)
Wetd iti /m?2/

Mercury i et deposition (ug/m2/year)

1 Methylmercury risk

Overall condition for all indicators and measures

0900000

The overall air quality condition was determined by the average of the indicator conditions. We
summarized the condition, confidence, and trend for each indicator, and assigned cpaufit®oas
specified by NPSARD (Table 4.4.13NPSARD 2015a). The total score for overall air quality
condition was 57 points, which placed Badlands National Park W#dreants Moderate Concern
category.
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Table 4.4.13. Summary of air quality indicators and measures.

Indicator

Measure

Condition

Confidence

Trend

Condition Rationale

Visibility

Haze index
(dv)

Warrants
moderate
concern

High

Unchanging

Visibility from 20097 2013 was 5.4 dv; this
value placed visibility in the Warrants
Moderate Concern category. Particulate
matter (PM2.s and PMz1o) concentrations
were within the range for compliance with
NAAQS, so the condition held. Data
came from a monitoring location on site
at BADL,; confidence was High and trend
was Unchanging.

Ozone

Human health
(ozone
concentration)

Resource
in good
condition

Medium

Not
available

Ozone from 2009i 2013 was 58.9 ppb;
this value placed ozone pollution in the
Resource in Good Condition category.
Data were interpolated from monitors not
within the necessary radius to calculate a
trend; confidence was Medium and trend
was Not Available.

Vegetation
health (W126
measure)

Resource
in good
condition

Medium

Not
available

The biologically relevant W126 value was
5.0 ppm-hrs, which placed vegetation
health condition in the Resource in Good
Condition category. Risk of foliar damage
was Low.

Particulate
matter

PMzs

Warrants
moderate
concern

High

Not
available

PMg s for 2013-2015 was 16 ug/m3; this
valued placed PMzs in the Warrants
Moderate Concern category. Data were
collected on-site for High confidence, and
trend was Not Available.

PMzio

Resource
in good
condition

High

Not
available

PMzo for 2013-2015 was 36 ug/m?; this
valued placed PMio in the Good
Condition category. Data were collected
on-site for High confidence, and trend
was Not Available.

Nitrogen
deposition

Wet deposition
N (kg/halyr)

Warrants
significant
concern

Medium

Not
available

Total wet deposition of N from 200971
2013 was 3.1 kg/halyr; this value placed
total N wet deposition pollution in the
Warrants Significant Concern category.
Risk of acidification was Moderate and
risk of nutrient enrichment was High, but
N was already in the category warranting
the most concern. There were no
monitoring data available from on site or
nearby; confidence was Medium and
trend was Not Available.
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Table 4.4.13 (continued). Summary of air quality indicators and measures.

Indicator Measure Condition | Confidence | Trend Condition Rationale

Total average wet deposition level from
20091 2013 was 0.9 kg/ha S; total S wet
deposition was in the Resource in Good

. Resource Condition category. Risk of acidification
Sulfur Wet deposition | . . Not .
deposition | S (kg/haiyr) in good Medium available was Moderate, so the category did not
P ghaly condition need to be adjusted. There were no

monitoring data available from on site or
nearby; confidence was Medium and
trend was Not Available.

Combined wet deposition and

Wet deposition methylmercury ratings placed mercury
5 Warrants N S
Mercury (ug/m?/yryand | . Not deposition in the Warrants Significant
L significant | Low . .
deposition | Methylmercury concern available Concern category. There was no on-site
rating monitoring, so confidence was Low and

trend was Not Available.

Confidence
Confidence wasligh for visibility and particulate matteL,ow for mercury, andMediumfor all other
indicators. The score for overall confidence was 57 points, which met the critdviadarm
confidence in overall air quality.

Trend
Trend data werdlot Availablefor all but two indicators, so overall trend for air quality i
Available

4.4.5. Stressors

Potential air quality stressors include industrial operations in RapidStitithDakota,

approximately 70 kilometers to the northwest, automotitity on local roads and Interstate 90 to

the north, smoke from fires during the summer months, aneficedlpower plants approximately

220 kilometers away ne@illette, Wyoming (EIA 2015). Agricultural activity in the area could also
contribute to por air quality in Badlands NP, increasing particulate matter and deposition of nitrogen
and sulfur (EPA 2018).

Badlands NP is located just outside of three major oil and gas basins. The Powder River Basin (PBR)
is the closest, located just to the west aadhwest of the Badlands NP in eastern Wyoming,
southwestern South Dakota and southeastern Montana. The Bele&urg is located to the south

of Badlands NP in north eastern Colorado, and the Williston Basin is located to the north of Badlands
NP in western North Dakota. Each of these basins contains extensive existing oil and gas
development. The PRB, the closest basin to the park, has seen extensive oil, gas, and coalbed
methane development, as well as extensive surface coal mining. According fromettze

Wyoming oil and gas conservation commission, the Powder River Basin contained approximately
40,775 well sites as of 2015, with just over half of these sites in some type of active status
(http://wogcc.state.wy.us). Equipment associated withmallgas development and production, such
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as drill rigs, fracturing engines, valves, seals, and compressors, emit air pollutants (nitrogen oxides,
greenhouse gases, particulate matter, and hydrogen sulfide), and in regions of extensive
development, can caua& quality concerns. Air quality modeling indicates that currently oil and gas
development to the west may be affecting park air quality to some extent, including potential ozone
effects to vegetation (K. Taylor, personal communication, 26 May 206l 4.4.13shows a

summary of air quality conditions.

4.4.6. Data Gaps

Most of the available air quality data for Badlands National Park were interpolated from monitors not
within the park boundaries, with the exception of the visibility data. The laglonftoring data at

the park unit or nearby limited the level of confidence at which we could assign indicator conditions
and overall air quality condition. Additionally, it is preferable not to calculate air quality trends from
interpolated data (NR8SRD 2015a), so it is unclear how conditions other than visibility may have
changed at Badlands NP over time.

Acknowledgments
1 Ksienya Taylor (NPS)

4.4.7. Literature Cited

Allen, E. B., L. E. Rao, R. J. Steers, A. Bytnerowicz, and M. E. Fenn. 2009. Impactspharic
nitrogen deposition on vegetation and soils in Joshua Tree National Park. Ralf#sindR. H.
Webb, L. F. Fenstermaker, J. S. Heaton, D. L. Hughson, E. V. McDonald, and D. M. Miller,
editors. The Mojave Desert: ecosystem processes and sudiiyindhiversity of Nevada Press,
Las Vegas, Nevada, USA.

American Lung Associatio(ALA) . 2015. State of the Air.

Bouwman, A. F., D. P. Van Vuuren, R. G. Derwent, and M. Posch. 2002. A global analysis of
acidification and eutrophication of terrestrial sgstems. Water, Air, and Soil Pollution
141:349 382.

Brodo, I.M., Sharnoff, S.D., Sharnoff, S. 2001. Lichens of North America. Yale University Press,
New Haven, CT.

Brooks, M.L. 2003. Effects of increased soil nitrogen on the dominance of alien anntsirplie
Mojave Desert. Journal of Applied Ecology. 40:B383.

Brunekreef, B., and S. T. Holgate. 2002. Air pollution and health. The Lancet 3601P223

Chambers, J. C., B. A. Roundy, R. R. Blank, S. E. Meyer, A. Whittaker. 2007. What Makes Great
Bash Sagebrush Ecosystems Invasible by Bromus Tectorum? Ecological Monographs 77(1):
117 145.

Code of Federal Regulatio(GFR). 1999. Regional Haze Rule. Pages 3388543 40, parts 51 and
52.

96



Driscoll, C. T., G. B. Lawrence, A. J. Bulger, T. J. Butler, CC®nan, C. Eagar, K. Lambert, G.
Likens, J. L. Stoddard, and K. C. Weathers. 2001. Acidic deposition in the northeastern United
States: sources and inputs, ecosystem effects, and management strategie$%n.:180

Du, E., W. de Vries, J. N. Galloway, XuHand J. Fang. 2014. Changes in wet nitrogen deposition in
the United States between 1985 and 2012. Environmental Research Letters 9:095004.

Environmental Protection Agen@p08. National Air Quality: Status and Trends through 2007. Page
48.

EnvironmentaProtection Agency (EPA3009. Integrated Science Assessment for Particulate
Matter.

Environmental Protection Agen¢PA). 2011. Our Nationds Air: Statu
Page 27.

Environmental Protection Agen¢izPA). 2014. Air Trends, Ozone.
http://www.epa.gov/airtrends/ozone.html

Environmental Protection Agen¢izPA). 2015a. Visibility: Basic Information.
http://www.epa.gov/visibilitjwhat.html

Environmental Protection Agen¢iPA). 2015b. Air Emission Sources: Volatile Organic
Compounds. http://www.epa.gov/egin/broker?_service data& debug 0& program
=dataprog.state_1.sas&poNOC&stfips = 56

Environmental Protection Agen¢iPA). 2015c. Air Emission Sources: Nitrogen Oxides.
http://www.epa.gov/cgi
bin/broker?polchoice=NOX&_debug=0&_service=data&_ progranegutag.national_1.sas

Environmental Protection Agency (EPA). 2016a. National ambient air quality standards (NAAQS).
Available athttps://www.epa.gov/criterair-pollutants/naagsable (accessed April 28, 2016).

Environmental Protection Agen¢izPA). 2016b. Coarse particulate matter (Btandards and
agricultural fact sheehttps://www3.epa.gov/airqlity/particlepollution/agriculture.html

Freedman, B. 2013. Environmental Ecology: The Impacts of Pollution and Other Stresses on
Ecosystem Structure and Function. Elsevier Science.

Heagle, A. S., D. E. Body, and W. W. Heck. 1973. An Gpep Field Chambeto Assess the
Impact of Air Pollution on Plants1. Journal of Environment Quality 2:365.

Insam, H., and M. S. A. Seewald. 2010. Volatile organic compounds (VOCS) in soils. Biology and
Fertility of Soils 46:199213.

Interagency Monitoring of Protect&tisual Environments (IMPROVE). 2013. Improve Summary
Data. Available ahttp://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.ht

97


http://www.epa.gov/airtrends/ozone.html
http://www.epa.gov/visibility/what.html
http://www.epa.gov/cgi-bin/broker?polchoice=NOX&_debug=0&_service=data&_program=dataprog.national_1.sas
http://www.epa.gov/cgi-bin/broker?polchoice=NOX&_debug=0&_service=data&_program=dataprog.national_1.sas
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www3.epa.gov/airquality/particlepollution/agriculture.html
http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm

Interagency Monitoring of ®tected Visual Environments (IMPROVE). 2016. Visibility data.
http://vista.cira.colostate.edu/improve/Data/IMPROVE/improve_ _date(&tcessed 12 July
2016).

Inouye, R.S2006. Effects of shrub removal and nitrogen addition on soil moisture in sagebrush
steppe. Journal of Arid Environments. 65: 6648.

Kim, T.-W., K. Lee, R. Najjar, and FD. Jeong. 2011. Increasing N Abundance in the Northwestern
Pacific Ocean Due to Ataspheric Nitrogen Deposition. Science 33415D.

Kohut, R. 2004. Assessing the risk of foliar injury from ozone on vegetation in parks in the Northern
Great Plains Network. Page 58.

Kohut, R. 2007. Assessing the risk of foliar injury from ozone on végeta parks in the U.S.
Nati onal Park Servicebds Vital SiigBh’ls Net wor k.

Likens, G. E., C. T. Driscoll, and D. Buso. 1996. Ldaagn effects of acid rain: response and
recovery of a forest ecosystem. Science 272:244.

Mazzola, M. B., K. G. Allcock, J. C. Chambers, R. R. Blank, E. W. Schupp, P. S. Doescher, and R.
S. Nowak. 2008. Effects of Nitrogen Availability and Cheatgrass Competition on the
Establishment of Vavilov Siberian Wheatgrass. Rangeland Hewlage 61: 451 484.

McKee, D. J., editor. 1994. Tropospheric ozone: human health and agricultural impacts. Lewis
Publishers, Boca Raton.

Mickler, R. A., R. A. Birdsey, and J. L. Hom, editors. 2000. Responses of northern U.S. forests to
environmental change. Springere\M York.

National Atmospheric Deposition ProgrdADP). 2014. National Trends Network.
http://nadp.sws.uiuc.edu/ntn/

National Park Service, Air Resources DivisiNPSARD). 2013. Methods for Determining Air
Quiality Conditions and Trends for Park Planning and Assessments. Page 23.

National Park Service, Air Resources DivisiNPSARD). 2014. Air Atlas.
http://www?2.nature.nps.gov/air/maps/airatlas/

National Park Service, Air Resources DivisiNPSARD). 2015a. DRAFT National Park Service
Air Quality Analaysis Methodshttp://www.nature.nps.gov/air/data/products/docs/DRAFT_NPS
AirQualityAnalysis_Methods_091-2015.pdf

National Park Service, Air Resources DivisiNPSARD). 2015b. National Park Service Report on
Air Quality Conditions & Trends.

National Park Service, AResources Divisiof(NPSARD). 2015c. Air Quality Web Cameras.
http://www.nature.nps.gov/air/WebCams/index.cfm

98


http://vista.cira.colostate.edu/improve/Data/IMPROVE/improve_data.htm
http://vista.cira.colostate.edu/improve/Data/IMPROVE/improve_data.htm
http://nadp.sws.uiuc.edu/ntn/
http://www2.nature.nps.gov/air/maps/airatlas/
http://www.nature.nps.gov/air/data/products/docs/DRAFT_NPS-AirQualityAnalysis_Methods_09-11-2015.pdf
http://www.nature.nps.gov/air/data/products/docs/DRAFT_NPS-AirQualityAnalysis_Methods_09-11-2015.pdf
http://www.nature.nps.gov/air/WebCams/index.cfm

Ogle, S. M. and W. A. Reiners. 2002. A phytosociological study of exotic abhrarak grasses in a
mixed grass prairie/ponderosa pine forest ecotone. The American Midland Naturalist. 147(1):
251 31.

Pardo, L.H., M. J. RobiAbbott, C. T. Driscoll, eds. 2011. Assessment of Nitrogen deposition
effects and empirical critical loads Wftrogen for ecoregions of the United States. Gen. Tech.
Rep. NR$80. Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern
Research Station. 291 p. Availabletatp://nrs.fs.fed.us/puli331(®.

Pohlman, D. and T. Maniero. 2005. Air Quality Monitoring Considerations for the Northern Great
Plains Network Parks. 88 pp. Availablehdtps://irma.nps.gov/App/Reference/Profile&D5%.

Ross, M. 1990. Managing National Park system resources: a handbook on legal duties, opportunities
and tools. (M. A. Mantell, Ed.). Conservation Foundation, Washington, D.C.

Schulze, ED. 1989. Air Pollution and Forest Decline in a Spruee€a alies) Forest. Science
244:776 783.

Schwinning, S., B. . Starr, N. J. Wojcik, M. E. Miller, J. E. Ehleringer, R. L. Sanford. 2005. Effects
of nitrogen deposition on an arid grassland in the Colorado plateau cold desert. Rangeland
Ecology and Management. 565 574.

Selin, N.E. 2009. Global biogeochemical cycling of mercury: a review. Annual Review of
Environment and Resources 34:43.

Sokhi, R. S. 2011. World atlas of atmospheric p

Stdlzel, M., Breitner, S., CysyJ,, Pitz M., Wolke, G., Kreyling, W., Heinrich, J., Wichmann, H.E.,
Peters, A2007. Daily mortality and particulate matter in different size classes in Erfurt,
Germany. J Expo. Sci. Environ. Epidemiol. 174587 .

Sullivan, T. J., McDonnell, T. C., McPhers, G. T., Mackey, S. D., Moore, D. 2011a. Evaluation of
the sensitivity of inventory and monitoring national parks to nutrient enrichment effects from
atmospheric nitrogen deposition: main report. Natural Resource Report
NPS/NRPC/ARD/NRRB 2011/313. NatioriaPark Service, Denver, Colorado. Available
atwww.nature.nps.gov/air/permits/aris/networksamsitivity.cm.

Sullivan, T. J., McDonnell, T. C., McPherson, G. T., MagkeyD., Moore, D. 2011b. Evaluation of
the sensitivity of inventory and monitoring national parks to nutrient enrichment effects from
atmospheric nitrogen deposition: Northern Great Plains Network (NGPN). Natural Resource
Report NPS/NRPC/ARD/NR®& 2011/330National Park Service, Denver, Colorado. Available
at http://www.nature.nps.gov/air/Pubs/pdBensitivity/ngpn_n_sensitivity 20402.pd (pdf, 7.4
MB).

Sdlivan, T. J., McPherson, G. T., McDonnell, T. C., Mackey, S. D., Moore, D. 2011c. Evaluation of
the sensitivity of inventory and monitoring national parks to acidification effects from

99


http://nrs.fs.fed.us/pubs/38109
https://irma.nps.gov/App/Reference/Profile/2180596
http://www.nature.nps.gov/air/permits/aris/networks/n-sensitivity.cfm
http://www.nature.nps.gov/air/Pubs/pdf/n-sensitivity/ngpn_n_sensitivity_2011-02.pdf

atmospheric sulfur and nitrogen deposition: main report. Natural ResBeport
NPS/NRPC/ARD/NRRB 2011/349. National Park Service, Denver, Colorado. Available
at http://nature.nps.gov/air/permits/aris/networks/acidificatgeal.cin.

Sullivan, T. J., McPherson, G. T., McDonnell, T. C., Mackey, S. D., Moore, D. 2011d. Evaluation of
the sensitivity of inventory and monitoring national parks to acidification effects from
atmospheric sulfur and nitrogen deposition: Northern Great Plaitvgohle(NGPN). Natural
Resource Report NPS/NRPC/ARD/NBR011/369. National Park Service, Denver, Colorado.
Available athttp://www.nature.nps.gov/air/Ba/pdf/acidification/ngpn_acidificatieaval_2011
05.pd (pdf, 2.32 MB).

United States Code (1 SC). 1916. AThe National P
United States Cod@SC) 1970. Clean Air Act. Pages 56ED9965 42 $ 7401 et seq.

US.Geol ogical Survey (USGS). Last modified Febru
methylmercury concentrations in National Park Service Inventory and Monitoring Program
Parkso. U.S. Geological Survey. Wi schblamati n Wat e
http://wi.water.usgs.gov/mercury/NPSHgMap.htm

4.5. Water Quality

4.5.1. Background and Importance

Surface waters form complex ecosystems that support a vast number of uses. Thieycpitmal

wildlife and plant habitat, sources and sinks in water and nutrient cycles, and numerous recreational
opportunities. Surface waters are also aesthetic resources and, often, public health resources when
they connect to a drinking water supplyhelwater quality of streams, rivers, wetlands, ponds, lakes,
and other water bodies determines their suitability for these various uses (Boyd 2015). Indicative of
the importance of water in park units, the National Park Service (NPS) identified watgr asiali

core natural resource (NPS 2009) to include in its nationwide ecosystem monitoring program (Fancy
and Bennetts 2012).

Badlands National Park, South Dakota. Photo by Cathy Bell, NPS (2012).
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The Clean Water Act (33 USC § 1251 et seq 1972) proadgsneral structure for surface water

quality regulation in the U.S., and NPS places a high priority on improving and protecting water
quality in park units (NPS 1999). The NPS is dedicated to protecting water quality as a top resource
within the NortherrGreat Plains Network (NGPN) (Wilson et al. 2014). Surface waters are affected
by environmental conditions within and beyond their banks, so effective water quality management
strategies have an equally broad focus. Public lands and waters under thetipmisdiNPS are in

the unique position of receiving regulatory and managerial priority for water quality protection,
which facilitates the protection of surface waters as well as groundwater (NPS 2006).

Regional Context

Most rivers and tributaries in ti¢GPN feed the Missouri River, which flows into the Mississippi

River (Figure 4.5.1). The Missouri River is the longest river in the U.S. (Kammerer 1990) and drains
1.3 million square kilometers of upstream land (Seaber et al. 1987). This drainage b@asiuesao

be affected by the construction of dams, levees, reservoirs, and canals for agricultural, industrial, and
infrastructural activities since the 19th cent(Byie 1980, Brown et al. 2011).
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Figure 4.5.1. Tributaries and rivers in NGPN park units with Badlands NP location (Wilson et al. 2014).
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Badlands National Park is located in the Bad, Middle Cheyé&itkeMiddle Cheyenn&pring,

Upper White, and Middle White River drainage basins. Each of these rivers flow east into the
Missouri River, thoughmy White River runs through the park. Other water resources within the
park are limited, consisting primarily of intermittent streédniattle, Cedar, Palmer, and Sage
Creeks, ephemeral water bodies, and constructed impoundments (Wilson et al. 2014) vildterto
quality priority at the Badlands NP is the Civilian Conservation Corps (CCC) Springs, an artificial
stock pond (Wilson et al. 2014), and Sage Creek has also received monitoring attention (L.
Trondstad, personal communication, 20 January 2016).

4.5.2. Water Quality Standards

States and tribes must protect or enhance water quality in accordance with the Clean Water Act. State
law and tribal codes therefore specify designated uses for every water body or stream segment; uses
may include water supplygaatic life, recreation, aesthetics, and navigation. These designated uses
are water quality goals, management objectives, and activities that the water body supports. Water
bodies are held to regulatory criteria for these designated uses, regardlesthef whnot those

standards are currently attained (EPA 2014) or if the water bodies are impaired afdreher

subject to 303d listing.

The U.S. Environmental Protection Agency (EPA) publishes water quality criteria to guide standards
set by states artdbes. States adopt or modify the criteria to create more stringent standards, which
must then be approved by EPA (40 CFR 8131.5 1998). States set water quality standards at two
levels: for human use and use by aquatic life. For each of these levedsydtaare calculated for

acute and chronic exposure such that pollutants are not expected to pose argigsKifer the
designated use.

The NGPN has worked with the U.S. Geological Survey (USGS) to identify water resource priorities
and key indicata of water quality within the entire network and within each network park. The
Civilian Conservation Corps (CCC) Springs in Badlands NP is the highest priority for NGPN for
water quality in the park, though it is lower priority than rivers and tributarigee NPS network

(Wilson et al. 2014). This impoundment, as well as the other stock ponds in the park have designated
beneficial use for stock watering. Sage Creek, a stream in the boundary of Badlands NP has a
beneficial use designation for fish anddlifle propagation, recreation, and stock watering, as well as
for irrigation waters (Administrative Rules of South Dakota 2015). The White River, flows along the
periphery of the park. This river has the beneficial use designations assigned to Sage!(Gr#ek,
stricter beneficial use designation of limited contact recreation and warmwater semipermanent fish
life propagation.

Surface waters in South Dakota are regulated to water quality standards consistent with their
designation AdministrativeRules ofSouth Dakota 2015, P. Snyder, personal communication, 15
August 2016). We assessed water quality based on NGPN monitoring protocol and specific indicator
parameters. The standards for these parameters are:

1 pH: 6.59.0 (White River); 6.09.5 (Sage Creek drstock ponds)
f Dissolved oxygen (DO)O5 mg/L (White River); not applicable to Sage Creek and stock ponds.
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Temperature: 032°C (White River); not applicable to Sage Creek and stock ponds.

Specific Conductivity: 7,000 umhos/cm @ 25°C daily maximum (stock ponds); 4,375
umhos/cm @ 25°C daily for Sage Creek to meet the irrigation use designation; not applicable to
White River.

9 Escherichia coli(E. coli): <630 cfu/100mL (average) or 4,178 cfu/100mL (daily maximum)
(White River); not applicable to Sage Creek and stock ponds.

1 Streamflow: Streamflow is the amount of water that flows in a river or stream, eventually
reaching the ocean. Flow changes seasonally with precipitation events, but land use changes can
also dfect streamflow. Diversions for agriculture, flow regulation for reservoir or hydropower
management (Botter et al. 2010), and surface changes that affect runoff (Herb et al. 2008) can
alter the total amount of water flowing in a river and affect watelitgjuadicators. While the
organisms that inhabit rivers have evolved in seasonally variable streamflow conditions,
anthropogenic changes in streamflow can have ecological consequences for aquatic communities
(e.g., Poff and Zimmerman 2010).

The flow regine in every river is different, so each river should be compared to itself over time and
considered in a regional context. If trends in low and high flows in a river are inconsistent with
regional trends, that pattern could indicate a change in land ougee For trends that are consistent
with regional condition, flow rate changes may indicate broader environmental change. There are no
set parameters for evaluating the flow status of an individual stream, but there are flow rate limits at
which certainvater quality values are not valid.

For the rivers and Sage Creek, numerater quality standardshallapplyat all times
exceptduringlow flow. Low flow is defined as either the minimurrddy average low flow that can
be expected to occur once in evéwe years or 1.0 cubic foot per second, whichever is greater
(AdministrativeRules of South Dakota 2015).

4.5.3. Methods

Indicators and Measures

Overall water quality condition depends on the individual conditions of multiple indicators
(Figure4.5.2). The water quality indicators that we considered for this assessment were either
regulated by the South Dakota Department of Environment and Natural Resources (Administrative
Rules of South Dakota 2015) and/or identified as key indicators by NPS (Wilsb2@14). The
National Park Service requires that each network monitor core parameters (DO, pH, specific
conductivity,and watetemperature) for surface waters within park boundaries. Collecting data for
these core parameters is relatively straightforvesnd can give a general description of water

quality, but including biological indicators gives a more robust assessment of overall health of the
aquatic environment. The NGPN protocol for surface water monitoring incorporates a suite of
advanced water qlity indicators, including aquatic microorganisms (primaklycoli bacteria) and
aquatic macroinvertebrates (Wilson et al. 2014). These biological indicators reflect different aspects
of water quality and can affect human and environmental health arehtfways. Therefore, we
considered these biological parameters in our assessment alongside the core parameters. We
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considered all indicators and measurements in the context of streamflow, as flow rates determine the
applicability of water quality standds.

Indicators Measures
(Key components of (Method to quantify
water quality) indicator condition)
(" Acidity <——— pH
Dissolved oxygen <——— magll
Specific conductivity < S/m
Water Temperature <— °C
quality ——
" w ra
COndItan Invertebrate HBI
assemblage < EPT index
% EPI
EL:‘,'-cl-ltl-,.l-'il-.dh ator < E. coli concentration
'\\-_- dClErlnla

Figure 4.5.2. Schematic of the factors considered in water quality condition assessment.

As of 2014 no park units within NGPN had sufficient data for a comprehensive surface water quality
assessment (Wilson et al. 2014). We have, however, usadhdiible existing data to make as
comprehensive an assessment as possible for water quality within Badlands NP and focused on the
most recent data available for each indicator. To assign a condition to each water quality indicator,
we used measurementsspgied by South Dakota DENR (Administrative Rules of South Dakota
2015), EPA, and expert opinion for indicators not regulated federally or by South Dakota DENR. We
assigned to each indicator one of three condition categories based on NPS water quiaitingnon
protocol (Wilson and Wilson 2014).

Potential water quality condition categories wResource in Good ConditipWarrants Moderate
Concern andWarrants Significant Concerrategory was determined by the proportion of samples
that were outside theainge of allowed valueJ éble 4.5.). Ideally, samples would have been

collected consistently over time at set monitoring locations, and would have allowed us to assign a
category based on the proportion of those samples that exceededkhlastaadardfor water

quality.
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Table 4.5.1. Water quality condition categories for core parameters (acidity, dissolved oxygen, specific
conductance, and temperature), which are determined by the percentage of observations that exceeded
state standards (Wilson et al. 2014) when data from multiple sampling events were available.

Resource condition % Exceedance*
Warrants significant concern > 25%
Warrants moderate concern 51 25%
Resource in good condition 01 5%

* Percentage of samples above or below their respective state regulatory threshold.

All water bodies that were identified as impaired for one or more designated uses (South Dakota
DENR 2016, EPA 2016) according to South Dakota water quality standards and/or the Clean Water
Act, were given the worst condition associated with that watey.We assigned all waters with
Impairedstatus the condition)Varrants Significant ConcerJl waters with al'hreatenedtatus as
Warrants Moderate Concerand all Good waters &esource in Good Conditigitable 4.5.2

Table 4.5.2. Example of water quality assessment table with impaired status for the designated beneficial
uses, agricultural and recreation. This water body would receive the overall condition, Warrants
Significant Concern.

Designated use Designated use group Status
\l,:\j;::;?snd wildlife propagation, recreation, and stock watering Aquatic life harvesting Good
Irrigation waters Agricultural Impaired
Limited contact recreation waters Recreation Impaired
Warm water semi-permanent fish life propagation waters Aquatic life harvesting Good

We then considered all indicator conditions together in an overall water quality condition assessment.
For indicators that did not have set standards, we relied on expert opinion and, where possible,
adapted the NPS approach to assign a condition.

Core Indicatorsaind Measures

Indicator: Acidity
Most streams are naturally neutral; they are neither very acidic nor alkaline. The organisms that have
evolved in these ecosystems are, therefore, adapted to relatively neutral water and many cannot
survive n water that is either very acidic or alkaline (Figure 4.5.3). North American streams have
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become more acidic in the past 100 years from atmospheric deposition of sulfur and nitrogen, and
this acidification has had a negative effect on stream ecosystéensk(& al. 1993). Some fish and
macroinvertebrates are particularly sensitive to changes in pH and have declined in or have been
extirpated from low pH streams (e.g., Mulholland et al. 1992, Baldigo and Lawrence 2001).

Battery Lemon Black Pure Baking  Ammonia Drain
acid juice coffee water soda cleaner

PHEVNEESSEEVEE 3 4 5 /A 8 10 12N 13 14

i Optimal range )
for fish
Figure 4.5.3. pH scale. Low and high pH waters are limiting for aquatic life; fish survive best at pH of 57 9.

Measure of Acidity: pH
The pH of a water sample measures the relative amount of free hydrogen‘jpasdlftee hydroxyl
ions (OH) in the sample. Acidic water has moréahd akaline water has more GHThe pH
indicates the acidity of water on a scale of 0 (most acidic) to 14 (most alkaline), where 7.0 is neutral.

Indicator: Dissolved Oxygen (DO)
Dissolved oxygen is a critical resource for aerobic aquatic life (Boyd 2015)pwaruki/gen levels
can damage macroinvertebrates and (fl&ble 4.5.3e.g.,Davis 1975, Caraco and Cole 2002). Most
fish do best when oxygen concentration is within BD% saturation (3.0 milligrams/liter for a
stream at 15°C), and dissolved oxygen tetadbe highest in cold waters that receive low nutrient
inputs (Boyd 2015). Oxygen solubility decreases as temperature increases (USGS 2014, Boyd 2015),
and excessive nutrient inputs allow the explosive growth of algae into algae blooms that can
temporarly increase dissolved oxygen. When algae die, however, microbes use oxygen to
decompose the organic material; at high algal levels the consequent depletion of oxygen during
decay can suffocate other aqudifie (Campbell and Reece 2009).

Table 4.5.3. Dissolved oxygen level ranges and corresponding effects on macroinvertebrate and fish.
Dissolved oxygen concentration affects fish survival and health (Boyd 2015).

Dissolved oxygen (mg/L) | Effects
07 0.3 Small fish survive short exposure
0371 15 Lethal if exposure is prolonged for several hours
157 5.0 Fish survive, but grown will be slow and fish will be more susceptible to disease
5.0 1 saturation Desirable range
Above saturation Possible gas bubble trauma if exposure prolonged
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Measure of DO: Milligrams Oxygen per Liter Water (mg/L)
Dissolved oxygen is measured as a mass concentration (mass per unit &diypreglly as
milligrams per liter (mg/L) water.

Indicator: Temperature
Fish, macroinvertebrates, microorganisms, and aquatic plants #eallbm specific ranges of
temperature. Temperature affects the solubility of salts and dissolved oxygen concentration (Boyd
2015), chemical toxicity in fish (Cairns et al. 1975), and various biochemical processes such as
metabolic rate in fish (Gillooly@)1). Temperature fluctuates seasonally, and varies with the size of
a water body, its physical structure, the clarity of the water (Paaijmans et al. 2008), and flow rates or
circulation rates.

Measure of Temperature: Degrees (°C or °F)
Temperature is meaeed in degrees Celsius (°C) or degrees Fahrenheit (°F). We present
temperatures in °C to stay consistent with regulatory guidelines. The conversion between Celsius and
Fahrenheit is approximately 0 2~17. 8 °C, and the conversion formulaT$:C) = (T (°F)i 32)/1.8.

Biological Indicatorsand Measures

Indicator: Invertebrate Assemblage
Aquatic macroinvertebrates are small organisms that live in the sediment or on rocks at the bottom of
lakes, rivers, and streams. They are visible to the naked eypand at least part of their lives in
water. The composition of aquatic invertebrate communities can indicatéglongvater quality
condition that may not be reflected in periodic or stenin chemical and physical samples. Aquatic
invertebrates expemee and respond to a variety of water conditions in their environment for the
duration of theirlive s panni ng weeks to many year 9thgse. g. , Mz
providing a comprehensive picture of overall water quality. Some invertebrateréaweore
sensitive to changes in water quality than other taxa, so measuring the proportion of those taxa in a
stream is one way to measure water quality, but differences in stream channel shape, depth, and
substrate, and natural water conditions canatsount for differences in invertebrate presence and
abundance. Therefore, comparing several measures indicative of invertebrate community health is
ideal.

Measure of Invertebrate Assemblage: Hilsenhoff Biotic Index (HBI)
Some aquatic invertebrates are msensitive to environmental conditions than others. The
Hilsenhoff Biotic Index (HBI) is an overall tolerance index for a community that combines the
estimated tolerance of individual species with their local abundance (Hilsenhoff 1987, 1988). This
biotic index is calculated from the total number of individuals (N) in a sample wisriae number
of individuals of taxonomic groupanda is the tolerance of that group:

", t14 o, Bé (1')
Oo O G

Tolerance to pollution ranges from 0 for highly sensitive spemel) for highly tolerant species
(Hilsenhoff 1987). We assigned a condition value to the HBI based on the overall community
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tolerance (Hilsenhoff 1988). Values from450 indicatedsood Conditionvalues from 4.516.50
indicted that water qualityvarrarnts Moderate Concerrand values from 6.510.00 indicted that
water qualitWarrants Significant ConcerfTable 4.5.4.

Table 4.5.4. Water quality condition categories for Hilsenhoff Biotic Index (HBI) scores (Hilsenhoff 1988).

Resource condition HBI score
Warrants significant concern ‘ 6.517 10.00
Warrants moderate concern 4517 6.50
Resource in good condition 07 4.50

Measure of Invertebrate Assemblage: EPT Index
Three orders of macroinvertebraleEphemeroptera, Plecoptera, and Trichogteaee particularly
sensitive to pollution and are unlikely to occur in polluted waters when more tolerant groups are
present. The presence of yéew EPT species in a sample can indicate poor water quality, though
EPT indices must be compared to EPT criteria that are specific to the region where data were
collected. An EPT index is simply the total number (richness) of distinct species withiafeéheh
EPT orders. For example, a sample that contained three species belonging to Ephemeroptera, three
species in Plecoptera, and four Trichoptera would have an EPT index of 10. Background data and
EPT criteria have not yet been developed for Badland@PNBnyder, personal communication, 16
August 2016), so we assigned condition to this measure based on background data for EPT numbers
in the nearest assessment to Badlands NP, an assessment of Nebraska streams with numeric criteria
specific to the northamost part of NebrasBathe Northwestern Great Plains (Bazata 2011, 2013).
We assigned the conditidiarrants Significant Conceno values below the 25th percentile (of
samples collected from a variety of streams sampled in the region [Bazata 20dridnts
Moderate Concerto values from the 25th to the 75th percentile of all streamsGand Condition
to values above the 75th percentile of streahable 4.5.%. Because these criteria are not specific to
Badlands National Park or the water bodies #red in this assessment, they are accompanied by a
low confidence rating. When sispecific criteria are available, they may be compared to the data we
present here.
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Table 4.5.5. Water quality condition categories for Ephemeroptera, Plecoptera, and Trichoptera (EPT)
index (Bazata 2011, 2013).

Resource condition EPT index
Warrants significant concern ‘ <3
Warrants moderate concern 375
Resource in good condition >5

Measure of Invertebrate Assemblage: Proportion or Percentage of EPT Taxa
Though EPT index is a good general measurement of water quality, the proportion of EPT to non
EPT taxa can improve on this measure. Taxa thabbeeant to pollution and EPT are all likely to be
present in highguality water bodies, but the proportion of EPT to more tolerant taxa declines as
water quality declines (e.g., Tronstad 2015a). Condition ranges were not available for proportion of
EPT fa South Dakota, so we used the nearest assessment to Badlands NP, an assessment of
Nebraska streams with numeric criteria specific to the northernmost part of Nébtheka
Northwestern Great Plains (Bazata 2011, 2013) and assigned condition based @ntjess€rable
4.5.6). Because these criteria are not specific to Badlands National Park or the water bodies
considered in this assessment, they are accompanied by a low confidence rating. \Mpecifite
criteria are available, they may be comparedhéodata we present here.

Table 4.5.6. Water quality condition categories for proportion of Ephemeroptera, Plecoptera, and
Trichoptera (EPT) taxa (Bazata 2011, 2013).

Proportion EPT
Resource condition taxa
Warrants significant concern ‘ <0.11
Warrants moderate concern 0.117 0.17
Resource in good condition >0.17

109



Indicator: Fecal Indicator Bacteria (Fecal Coliform)
Fecal coliform bacteria live in intestines of walhooded animals and are common biological
contaminants of surface waters. Not all coliform bacteria are harmful, but the presence of some
coliform bacteria can indicate the presence of pathogenic orgaf@atiagher and Spino 1968).
Sampling for these bacteria is useful for assessing safety of drinking water and recreational water use
(Geldreich 1970), as well as wildlands water quality (Bohn and Buckhouse E385richia colis
a welkknown fecal coliform that has been associated with illness following food contamination.

Measure of Fecal Indicator Bacteria (Fecal Coliform): Escherichia coli (E. coli) Concentration
Concentration oE. coli (number of bacteria per unit volums)regulated as 3@ay averages and as
single samples (Administrative Rules of South Dakota 2015). If we did not have the requisite number
of samples to apply a 3flay mean, we used single sample standards to ev&ueatdi condition.
We used a quartilapproach to assign conditions (Table 4.5.7), such that concentrations up to the
first quartile indicatedsood Conditionthe interquartile range indicat®darrants Moderate
Concern and concentrations above the third quartile indics#fedrants SignificahConcern

Table 4.5.7. Water quality condition categories for Escherichia coli (E. coli).

E. coli concentration,
E. coli concentration 30-day average
Resource condition (cfu/100 milliliters) (cfu/100 milliliters)
Warrants significant concern ‘ 884 O «x 473 O «x
Warrants moderate concern 295 <x< 884 158 < x <473
Resource in good condition 0 < x O 0 < x O

Data Sources

Federal, state, and tribal governments monitor water quality using varying measures and monitoring
durations. In this assessment we searched for data that were collected within the boundaries of
Badlands NP. We conferred with experts to identify relevatitaring data and reports for water
quality at Badlands NP (P. Snyder, personal communication, 15 August 2016; L. Tronstad, personal
communication, 20 January 2016). We identified several data sources within park boundaries: the
2016 integrated report f@outh Dakota surface water quality (South Dakota DENR 2016),
unpublished data on water quality chemistry and biological indicators (L. Tronstad, personal
communication, 20 January 2016), EPA waterbody reports (EPA 2016), and a thesis on water quality
(Rug 2006). Core indicator data collected by Tronstad in 2015 were the most recent, therefore
forming the basis of our evaluation of core indicators of water quality. For the biological components
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of the assessment, we used data collected by the State bfCidudta (SDDENR 2016) and Rust
(2006).

Sampling locations that we considered for this assessment included 10 sampling points on Sage
Creek (10 sampled by Rust [2006], one resampled by Tronstad [2016]), six stock ponds (four
sampled by both Rust [2006] afidonstad [2016] plus two additional locations sampled by
Tronstad), and one sampling point on the White River (Figure 4.5.4).
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Figure 4.5.4. Water quality sampling locations in rivers, creeks, and stock ponds at Badlands NP
(modified from Google Earth 2016).

Quantifying Water Quality Condition, Confidence, and Trend

Indicator Condition
To quantify water quality condition and trend, we followed NPS methods for water quality
assessment where applicable (Wilson and Wilson 2014). For measurements beyond the scope of NPS
guidelines, we created condition categories based on expert opinitireasalentific literature. We
deferred to data that were collected most recently and rigorously, where multiple sources existed. We
used a point system to assign each indicator to a category. This point system is based on the NPS
methods that were develap& calculate overall air quality condition (NMARD 2015), a
methodical and rigorous assessment approach that can be applied to other resources as well. In this
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approach, we assigned zero points to the conditiarrants Significant Concey®0 points to
Warrants Moderate Concerand 100 points tResource in Good Conditiofihe average of all
measures determined the condition category of the indicator; scoresifa@nfell in theWarrants
Significant Concermrcategory, scores from B86 were in th&Varrants Moderate Concercategory,
and scores from 6200 indicatedResource in Good Condition

Indicator Confidence
Confidence ratings were based on monitoring location, monitoring frequency, and time since data
collection. We gave a rating bfigh confidence for core indicators and fecal indicator bacteria when
sampling efforts were on site, data were collected continuously over two years with the last year of
sampling falling within two years of this assessment, and the data were collectedjugimgest
and procedures consistent with published methods and South Dakota DENR standards. We gave a
rating ofHigh for invertebrate indicators of water quality when sampling efforts were on site and had
been collected at least twice a year for at leasty®ars, with the second year falling within three
years of this assessment. We assignktidiumconfidence rating when sampling efforts were not
repeated or data were not collected recently. We assignedonfidence ratings when reference
conditions wee unavailable, data were not collected on site, data collection was not repeatable or
methodical, or there were no data sources to support the condition.

Indicator Trend
Potential trend categories wdraproving Unchanging or Deteriorating To calculatea trend
estimate for core indicators and fecal indicator bacteria, we sought water quality data that were
collected at least five times for two years (Wilson and Wilson 2014). Data from ongoing NPS
monitoring efforts will not be available until 2017, bwu¢ endeavored to identify a trend if other
monitoring data were available. If there were no data available that met these monitoring
requirements for a particular indicator, we indicated that trendNwagwailablefor that indicator.
To calculate a trenfbr invertebrate indicators of water quality, we required at least three years of
data in which samples had been collected at least twice at least as recent as three years prior to this
assessment.

Overall Water Quality Condition, Confidence, and Trend
We used the general approach for combining indicator conditions, trends, and confidence described
in Chapter 3 (Methods 3.2.2) to calculate overall resource condition, tred@onfidence (Table
4.5.8).
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Table 4.5.8. Summary of surface water quality indicators and measures.

Indicator Measure Condition |Confidence |Trend Condition rationale
Acidity was within state standards
. during sampling period.
Resource in _g . Ping p .
- . . Monitoring was not continuous for
Acidity pH good Medium Not available )
condition two years, so confidence was
Medium and trend was Not
Available.
DO was within state standards
. - Resource in during sampling period. Condition
Dissolved Milligrams/ . . g piing p
Oxygen (DO) liter good High Not available|was based on state summary data
Yo condition so confidence was High but trend
was Not Available.
Temperature was within state
Resource in standards during sampling period.
Temperature °Celsius good High Not available|Condition was based on state
condition summary data so confidence was
High but trend was Not Available.
Specific conductivity was within
. state standards during sampling
o . Resource in . .
Specific Siemens/ . . period. Monitoring was not
- good Medium Not available .
conductivity meter - continuous for two years, so
condition ) i
confidence was Medium and trend
was Not Available.
The average score of conditions
indicated by all measures was
1 HBI 33.3, which Warrants Significant
. Warrants o
Invertebrate 1 EPTindex | . .. . Concern. Monitoring was
significant  [Low Not available .
assemblage 1 Proportion repeated 200471 2005. No
concern
EPT reference data for EPT measures
were available. Confidence was
Low and trend was Not Available.
Escherichia Fecal coliform count was a cause
coli (E. coli) of impairment in the two large
- count of Warrants rivers considered in this
Fecal indicator L . . o
bacteria colony significant  [High Not available|assessment. Condition was based
forming concern on state summary data so
units/100 confidence was High but trend
milliliters was Not Available.
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4.5.4. Water Quality Conditions, Confidence, and Trends

The most recent core parameter data were collected in 2015 in Sage Creek and the stock ponds by
Tronstad, anéh 2015 by South Dakota DENR. Invertebrate data were most recently collected by
Rust (2006) from Sage Creek and the stock ponds.

Acidity
Condition: Resource in Good Condition
Confidence: Medium
Trend: Not Available
Condition

To assign a condition to dissolved oxygen (DO) we referred to South Dakota DENR (2016) summary
data. Specific values were not available for the White River, but these waters are assessed for water
guality by South Dakota DENR and any water quality pararsetgtside of acceptable limits were
reported; dissolved oxygen was not one of the causes for impairment in either river over the 12 years
prior to this assessment. Dissolved oxygen criteria did not apply to the designated beneficial uses for
the other wadr bodies in this assessment. The available information placed DO for Badlands NP in
theResource iGood Conditiorcategory.

Confidence
We interpreted dissolved oxygen condition based on the South Dakota DENR (2016) report that was
itself based on data bected on site Badlands NP over 12 years. The confidencélighs

Trend
While the cause of impairment did not include dissolved oxygen for at least 12 years prior to this
assessment, we were unable to identify an overall trend in DO concentrationdreumtimary data.

Trend wad\ot Available

Condition: Resource in Good Condition
Confidence: High
Trend: Not Available

Dissolved Oxygen (DO)

Condition
To assign a condition to dissolved oxygen (DO) we referred to South Dakota DENR (2016) summary
data. Specific values were not available for the White River, but these waters are assessed for water
quality by South Dakota DENR and any water quality paramsetgtside of acceptable limits were
reported; dissolved oxygen was not one of the causes for impairment in either river over the 12 years
prior to this assessment. Dissolved oxygen criteria did not apply to the designated beneficial uses for
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the other wadr bodies in this assessment. The available information placed DO for Badlands NP in
theResource in Good Conditiarategory

Confidence
We interpreted dissolved oxygen condition based on the South Dakota DENR (2016) report that was
itself based on data lbected on site Badlands NP over 12 years. The confidencélighs

Trend
While the cause of impairment did not include dissolved oxygen for at least 12 years prior to this
assessment, we were unable to identify an overall trend in DO concentrationdreumtmary data.

Trend wad\ot Available

Condition: Resource in Good Condition
Confidence: High
Trend: Not Available

Temperature

Condition
To assign a condition to temperature we referred to South Dakota DENR (2016) summary data.
Specific values were not available for the White River, but these waters are assessed for water quality
by South Dakota DENR and any water quality parameters owbateptable limits were reported;
temperature was not one of the causes for impairment in either river over 10 years prior to this
assessment. Temperature criteria did not apply to the designated beneficial uses for the other water
bodies in this assasent. The available information placed temperature for Badlands NP in the
Resource irGood Conditiorcategory.

Confidence
We interpreted temperature condition based on the South Dakota DENR (2016) report that was itself
based on data collected on site Badlands NP over 12 years. The confidehtighwas

Trend
While the cause of impairment did not include temperature for stt 1€ayears prior to this
assessment, we were unable to identify an overall trend in temperature from the summary data. Trend
wasNot Available
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Specific Conductivity

O

Condition: Resource in Good Condition
Confidence: High
Trend: Not Available

Condition
To assign a condition to specific conductivity we used data summarized by Tronstad (L. Tronstad,
personal communication, 15 July 2016). Data collected at Sage Creek and the stock ponds were
within the acceptable range for South Dakota water quality stamdaodhductivity criteria did not
apply to the designated beneficial uses for the White River. The condition of specific conductivity at
Badlands National Park wé&esource irGood Condition

Confidence
Specific conductivity data were collected on site atllBands NP recently but the sampling effort
occurred during one sampling visit to each water body and was not repeated. The confidence was
Medium

Trend
Specific conductivity data were not collected continuously, so data were insufficient to identify a

trend. Trend wadlot Available

Condition: Warrants Significant Concern
Confidence: Low
Trend: Not Available

InvertebrateAssemblage

Condition
We used data collected by Rust (2006) to assign a condition to invertebrate assemblage. To calculate
overallindicator condition from the three measures, we used the average condition indicated by each
measure.

1 Hilsenhoff Biotic Index (HBI): The average value of HBI was 6.83. This value indicated an
HBI condition ofResource in Good Conditiat Badlands NP.

1 EPT Index: The average value of EPT index was 0.5. This value indicated an EPT condition of
Warrants Significant Concerat Badlands NP.

1 Proportion EPT: The average value for proportion EPT of total invertebrate samples was 0.015.
This value indicated a progamn EPT condition ofVarrants Significant Concerat Badlands
NP.
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The average of conditions indicated by all measures was 33, which placed the condition of
macroinvertebrate assemblage at Badlands NP in the category, Warrants Significant Concern.

Confiderce
Macroinvertebrate data were collected on site at multiple locations twice iin Z0EL
Macroinvertebrate condition reflects lotgrm environmental conditions, unlike the snapshot nature
of chemical sampling, but to assigiegh confidence rating, we required data that had been
collected at least as recently as three years prior to this assessment. Additionally, reference values for
EPT and EPT proportion were unavailable for this geographic region of South Dakota. Confidence
wasLow.

Trend
Data were insufficient to assign a trend. Trend WasAvailable

Condition: Warrants Significant Concern
Confidence: High
Trend: Not Availabl€ondition

Fecallndicator BacterigFecal coliform)

To assign a condition to temperature, we ref@to South Dakota DENR (2016) summary data.

Specific values were not available for the White River, but these waters are assessed for water quality
by South Dakota DENR and any water quality parameters outside of acceptable limits were reported,;
fecal cdiform was one of the causes of impairment for both rivers for 10 years prior to and including
this assessment. Fecal indicator criteria did not apply to the designated beneficial uses for the other
water bodies in this assessment. The available informptaxced fecal indicator bacteria for

Badlands NP in thevarrants Significant Concercategory.

Confidence
We interpreted fecal indicator bacteria condition based on the South Dakota DENR (2016) report that
was itself based on data collected on site BaiidP over 12 years. The confidence Wagh.

Trend
While fecal coliform was a cause for impairment for at least 12 years prior to this assessment, we
were unable to identify an overall trend in fecal from the summary data. TrendovAsailable
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WaterQuality Overall Condition

Table 4.5.9. Water quality overall condition.

Overall condition for all indicators and measures

Indicators Measures Condition
Acidity T pH Q
Dissolved oxygen T mglL Q
Temperature T °C O
Specific conductivity T S/m Q
 HBI
Invertebrate assemblage T EPTindex
T %EPT
Fecal indicator bacteria  E. coli concentration ‘

Condition
Overall water quality condition was determined by the average of the indicator conditions. We
summarized the condition, confidence, and trend for each indicator, and assigned condition points.
The total score for overall water quality condition was 62i&tppwhich placed water quality at
Badlands NP in the&varrants Moderate Concercategory.

Confidence
Confidence wasligh for dissolved oxygen, temperature, and fecal indicator bactenafor
Invertebrate assemblage aviédiumfor pH and specific conductivity. The score for overall
confidence was 62.5 points, which met the criteridilediumconfidence in overall water quality.
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Trend
Trend data werdlot Availablefor any indicator, so overall trend for water quality Wi Available.

4.5.5. Stressors

Water quality at Badlands National Park was of medium concern. Heavy use of available water
resources by livestock and agriculture upstream and bison within the park are the most likely causes
of water quality impairment. Contanation from chemicals such as atrazine could have serious
negative consequences for the park (Graymore et al. 2001). Agricultural activity upstream could
contribute to chemical contamination, but so could weed control within the park. Atrazine has been
detected in CCC spring within the park in the past, though not recently (USGS 2016).

Additionally, changes to upstream land use or management practices could have unanticipated
consequences. Development of Bakken shale oil (P. Penoyer, personal commuiicatip2016)
could pose a threat to water supply and water quality in the general r&giommary of current
water quality caditions is found in Table 4.5.10

Table 4.5.10. Summary of surface water quality indicators and measures.

Indicator Measure Condition | Confidence | Trend Condition Rationale
Acidity was within state
standards durin mplin
Resource . . .g sampiing
- . . Not period. Monitoring was not
Acidity pH in good Medium . -
. available continuous for two years, so
condition . .
confidence was Medium and
trend was Not Available.
DO was within state standards
. duri li iod.
Dissolved Resource urlng .samp 'ng peno
- . . . Not Condition was based on state
Oxygen Milligramsl/liter |in good High . !
(DO) condition available summary data so confidence
was High but trend was Not
Available.
Temperature was within state
Resource stapdards du.rl.ng sampling
o . . . Not period. Condition was based on
Temperature | °Celsius in good High .
condition available state summary data so
confidence was High but trend
was Not Available.
Specific conductivity was within
state standards during sampling
- Resource . .
Specific . . . Not period. Monitoring was not
i Siemens/m in good Medium . .
conductivity " available continuous for two years, so
condition ) .
confidence was Medium and
trend was Not Available.
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Table 4.5.10 (continued). Summary of surface water quality indicators and measures.

Indicator Measure Condition | Confidence | Trend Condition Rationale
The average score of conditions
indicated by all measures was
{1 HBI 33.3, which Warrants Significant
. Warrants Concern. Monitoring was
:s\{seerrflgl:ti TEPT |nd.ex significant | Low :\(/)ettilable repeated 20041 2005. No
9€ |1 Proportion  f -oncern reference data for EPT
EPT measures were available.
Confidence was Low and trend
was Not Available.
o Fecal coliform count was a
Escherichia . . .
. . cause of impairment in the two
coli (E. coli) . . o
Fecal Warrants large rivers considered in this
- count of L . Not .
indicator . Significant | High . assessment. Condition was
. colony forming Available
bacteria . Concern based on state summary data so
units/100 i .
— confidence was High but trend
milliliters .
was Not Available.

4.5.6. Data Gaps

Water quality data for core indicators at Badlands NP were limited to samples collected once in Sage
Creek and the stock ponds in the last 10 yearsfragdent sampling is required for any more

detailed analysis of trend. Frequent sampling within the park for at least two years would improve
assessment efforts to understand the water quality condition at Badlands NP. A variety of potential
sampling schers would provide NPS with sufficient data to evaluate trends in water quality over

time (Wilson et al. 2014), although the best one for Badlands NP will depend on the specific o
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4.6. Geology

4.6.1. Background and Importance

Geological resources underlie and impact many other resources within National Park System units.
Their characteristics and qualities, such as general rock type, mineral content, grain size, porosity and
permeability, and friability (ability for rock to beduced to smaller pieces) determine the location

and stability of other park resources. Topography, slope stability, sugiadegroundwater flow

patterns, soil types, vegetation, and human use patterns are all affected by underlying geology.

In the norhern Great Plains area, most of the bedrock is composed of soft Upper Cretaceous and
Tertiary sedimentary strata. Many of these rocks are rich in swelling clays, which can make them
highly friable and lead to slope instability. Modern river valleys inaggon hold thick fluvial

gravel deposits that overlie the sedimentary bedrock. In many areas these river gravels have had an
impact on the history of human habitation, as buildings were historically placed aemeth

channels (Graham 2009).
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Toadstool Rock at Norbeck Pass. Photo by Larry McAfee, NPS.

Geological hazards in the northern Great Plains area are mostly related to landslide activity, as the
soft, clayrich bedrock is often prone to slumps, slides, and rockfalls. While events sihesasre
natural, various land uses and human activities can affect the magnitude and rate of mass wasting
activities. For this reason and because of the potential danger to visitors, NPS places a high priority
on managing key locations within park to iniize uncharactestic or dangerous mass wasting.

The Great Plains region has not been seismically active for millions of years, and earthquakes are
uncommon in the area. Small earthquakes have occurred in the northern Laramie Range in Wyoming
approximatey 281 kilometers (175 miles) soutbst of Badlands NP (Case 2002).

Regional Context

The rugged geology of Badlands National Park (NP) is a primary draw to the park for people from
around the world (Figure 4.6.1). Surface and subsurface strata of thd>@iratphysiographic

province represent many different paleoenvironments spanning millions of years. While older rocks
are present in the subsurface, the oldest rocks exposed within Badlands NP are those of the
Cretaceous Pierre Shale and the overlyingHitis Formation. These marine strata were deposited

in the Cretaceous Interior Seaway as it covered much of the center of the continent. Their contained
faunas mostly consist of invertebrate fossils such as bivalves and ammonites, as well as occasional
fishes and marine reptiles. Based on the age of these fossils, the Western Interior Seaway persisted in
the region until about 67 Ma (millions of years ago), just prior to theGrathceous extinction

(Benton et al. 2015).

After the retreat of the seawalgetregion experienced a prolonged period of erosion and non
deposition. This resulted in an unconformity representing a hiatus of approximately 30 million years,
with the formation of thick, distinctivelgolored paleosols (fossil soils) on the exposethsas.
Deposition recommenced in the late Eocene, approximately 37 Ma. The oldest rock units above the
unconformity are (from oldest to youngest) the Chamberlain Pass Formation, the Chadron
Formation, and the Brule Formation, all part of the widespreadeVRRiver Group of Eoceiiie

Oligocene age~36 30 Ma; Benton et al. 2015).
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Figure 4.6.1. Characteristic geology of Badlands NP. Photo by Cathy Bell, NPS.

The White River strata of the northern Great Plains are an important sequence of rocks, as they hold
the besipreserved record of a climactic transition in the terrestrial rock record. This transition,

termed the Eocein®ligocene climate transition (EOT), records gradual changes from generally
warmer and wetter to cooler and drier conditions. Duringtitms the change in environmental

conditions reduced forest cover and correspondingly increased open grasslands, as reftsdiéd i

soils (Prothero 1994).

The strata of the White River Group stretch for hundreds of miles across the region, with eisknes
ranging from a few meters to over 275 meters (~900 feet) (Larson and Evanoff 1998). They are
mainly composed of windeposited and reworked volcaniclastics (volcaniedéyived sediment

such as ash) and are the remnants of a blanketing depositwaeddthe region from at least the
eastern side of the Wind River Range in central Wyoming to western Nebraska and South Dakota
(Prothero and Emry 2004).

Because differential erosion across the region has removed some parts of the White River Group
strataand left others in place, outcrops across the region preserve different segments of the EOT. The
section of the White River Group exposed in Badlands NP, spanning the latest Eocene (37.1 Ma) to
the early Oligocene (27.7 Ma), is one of the Bewiwn partof the sequence and it provides a great

deal of information on this global climactic change (Benton et al. 2015).

The youngest strata that crop out in Badlands NP are the beds of the Sharps Formation, which
overlies the White River Group strata. The Sh&msnation is usually classified as part of the
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Arikaree Group of middle Oligocene age, although recent work may support assignment as an
uppermost part of the White River Group based on lithological similarities (Benton et al. 2015).

4.6.2. Geology Standards

No federal or state regulations exist to protect geological resources. Paleontological resources on
federal lands are protected under several laws and rulings, including the National Environmental
Policy Act of 1969 (R.. 911 190; 31 Stat. 852; 42 54321 4327); the Federal Land Policy and
Management Act of 1976 (P. 94i 579; 90 Stat. 27; 43 US1701 1782); and most recently the
Omnibus Public Land Management Act of 2009 (PL11, Title IV, Subtitle @ Paleontological
Resources Protection). These Fetlgudelines were put in place to protect fossil resources from
destruction by various types of human activities, including theft and grdishdbance during
construction.

4.6.3. Methods

Indicators and Measures

Overall geological resource condition in MEpends on the condition of a single indicator,
weathering/erosion; we considered weathering and erosion together because they work in tandem to
break down and remove geologic material. Preservation of paleontological resources is also an issue
of concermat Badlands NP (Graham 2008), and it is discussed in detail in the section on
Paleontological Resources in this NRCA.

Indicator: Weathering anérosion
Weathering and erosion together have been identified as an important geological resource issue
within Badlands NP (Graham 2008; Benton et al. 2015). Weathering is defined as the breaking down
of minerals within a rock by chemical and/or mechanical means, while erosion is the movement of
that weathered material away from its place of origin @aesl SieveR001). Weatheringftosion
can be both natural and hurimfluenced.

The term fibadlandso refers to regions of highly
vegetation cover (Stoffer 2003). In badlands areas, the surface is dissected by gulliegeand rid

which create a rugged topography that can be di
called the Big Badlands and the White River Badlands, refers to the Badlands of western South

Dakota including those protected within Badlands Netid?ark (Benton et al. 2015).

In Badlands NP, weathering/erosion act together to impact geological resources. Weathering and
erosion are gradually wearing away the surface of the Badlands, and they also cause mass wasting
and resultant rockslides and Iafides along trails and roads that are highly traveled by visitors.

Mass wasting has significant impacts to visitor access to park resources as well as potential impacts
to visitor safety (Stoffer 2003; Graham 2008; NPS 2015).

To assign a condition to thisdicator, we used qualitative and quantitative information from ongoing
and past weathering and erosion of bedrock within Badlands NP. The condition of weathering and
erosion was also the overall geological resource condition.
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Measure of Weathering and Erosion: Amount of Weathering and Erosion (millimeters/year)
Weathering caused by the actions of water is breaking down the rock that forms the Badlands. This
weathered material is then removed from that surface by erosion via wind and water. Within the
Badlands, much research has been done to quantify the amount of weathering and erosion that is
occurring from natural processes.

Weathering and erosion are usually natural occurrences, and the unique topography and lack of
vegetation that give Badlands B name are the direct result of this high rate of erosion (Benton et

al. 2015). The strata are composed of easily eroded, poorly cemented rock, and much of the strata

have high smectitic clay content. This type of clay shrinks and swells with watehisind

shrink/swell behavior often results in a distinctive surface textuteead fpopcor n weat her
Vegetation tends to be sparse or nonexistent on these surfaces as it has a hard time gaining a

foothold. This lack of vegetation in turn is a factornoreased rates of erosion (Benton et al. 2015).

Smectitic clays are often the result of the weathering of volcanic ash, and bentonite (a type of
smectite) is specifically the result of the weathering of the glass shards in volcanic ash (Moore and
Reynolds1997). All of the strata exposed in the Badlands have some smectite, but it is found in
higher concentrations in specific layers of the Cretaceous marine Pierre Shale as well as in parts of
the Tertiary Chamberlain Pass and Chadron formations (Bentar2€tl&l). As a result of its high
smectite content, the Chadron Formation tends to weather into mounds with a popcorn surface
texture as compared with the more cliff and sfiirening Brule Formation rocks whose contained
volcanic ash was not altered to stie to the same degree (Benton et al. 2015).

In many areas, geologists are not able to easily measure background rates of weathering and erosion
over short timespans such as years or decades because rates are often on the order of fractions of a
millimeter per year (Burbank 2002). As a result, we often do not have a good understanding of how
quickly exposed bedrock is weathering and eroding on human timescales. Recent advances in the use

of cosmogenic nuclides (nuclides created by the interaction ofcosmiay s wi t h materi al
surface) for measuring weathering and erosion rates have helped our understanding of these rates
(Granger and Riebe 2014), and these types of studies have been done idBdBI¢beithauser et

al. 2010).

Other lesgechncal methods of measuring weathering and erosion have also been used in the
Badlands. In the 1950s, metal U.S. Geodetic Survey markers were emplaced flush with the ground
surface in several places across the Badlands, and over the past 60+ years weatherogjon

have removed bedrock from around the markers. Thus, we can directly measure the amount of
weathering and erosion that has occurred in this part of the Badlands since the magkptaoed
(Benton et al. 2015).

Recent work has focused on eorsrates that specifically impact fossil resources in Badlands NP.
From 20102013, measurements of weathering and erosion of fosailing strata and fossils at six
sites were collected using a combination of direct measurements of the amount of neatenval,
digital imaging, and measurements of the amount of rainfall received on the strata. These
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measurements allow specific assessments of the current rates of weathering and erosion for strata
within Badlands NP (Stetler 2014).

To determine whether aemt rates of weathering and erosion are consistent with historic natural
conditions, we must have an estimate of what those conditions were. Erosion of the Badlands began
approximately 660,000 years ago, when erosion began to dominate over deposition ¢5td.

2013). A combination of factors such as regional uplift or a reduction in regional base level, coupled
with climate change, were likely triggers for this change to erosional conditions (Benton et al. 2015).
Data are not available, however, fome’y how much weathering and erosion has occurred since

then. Instead, we can use a qualitative measure based on the existence of the Badlands themselves to
support the conclusion that extremely high rates of weathering and erosion are the histotic natura
conditions for this area over the past 660,000 years.

If there was no current weathering or erosion OR any current weathering and erosion was at a low
level, we assigned the conditivMarrants Significant Conceymeaning that the resource is

behaving otside of historic natural conditions. If current weathering and erosion was moderate, we
assigned the conditiotvarrants Moderate Concermeaning that the resource is behaving

somewhat outside of historic natural conditions. If current weathering andrehas been occurring

at a high rate, we assigned the highest level of condResource in Good Conditipmeaning that

the resource is behaving within historic natural conditidradble 4.6.1

Table 4.6.1. Geologic resource condition categories for the amount of erosion.

Resource condition Erosion

Weathering and erosion
Warrants significant concern significantly outside range of

historic natural conditions.

Weathering and erosion
Warrants moderate concern somewhat outside range of
historic natural conditions.

Weathering and erosion within
Resource in good condition range of historic natural
conditions.

Measure of Weathering and Erosion: Qualitative Assessment of Anthropogenic Impact
While weathering and erosion are natural processes, they can also be exacerbated by human
activities. The same properties of the bedrock at Badlands NP that allow it temeatherode
quickly also allow it to be impacted by the actions of humans

In Badlands NP, visitors are causing erosion by hiking off trails and climbing hoodoos and other
features. Several areas of heavy visitor use within the park are showing signsasfdaused
erosion, including the Door and Window Trail complex, the butte behind the Cedar Pass
Amphitheater and the buttes around the Fossil Exhibit Trail.
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These examples of humanfluenced erosion are important to note, and may result in a downgrading
of the indicator condition for these select areas.

Quantitative measurements at established sampling points are critical for monitoring changes in
erosion and weathering rates over time, but major changes may occur away from these points as well.
In particular, abandoned infrastructure in locations susceptible to weathering and erosion could
exacerbate naturally high erosion and weathering rates. We relied on expert opinion among park
management to validate the indicator condition.

Data Sources

Much of theinformation summarized here was presented in a Geologic Resources Inventory Report
prepared for the NPS (Graham 2008). Other sources of information include scientific papers and
books that we identify throughout this assessment.

We used both quantitativand qualitative data on weathering and erosion at Badlands NP from
scientific studies to assess indicator quality.

Quantifying Geological Resource Condition, Confidence, and Trend

Indicator Condition
To quantify geological resource condition and trendus&d quantitative and qualitative data, expert
opinion, and reports of prior impacts to the resource, as described above.

Indicator Trend
Potential trend categories wdmproving Unchanging or Deteriorating Because of the long
timescales that are inwad in many geological processes as well as the complex interactions
between geology and other natural processes such as precipitation, it is often difficult or impossible
to see true trends in the condition of a geological resource. To calculate astievadesfor
indicators, we sought quantitative or qualitative data that were collected at least sporadically for as
long as the park unit has formally existed; in the case of Badlands this time period is 77 years
(Graham 2008). If there were no data avddahat met these monitoring requirements for a
particular indicator, we indicated that trend vixxgt Availablefor that indicator.

Indicator Confidence
Confidence ratings were based on availability and type of data collected about the indicator. We gave
a rating ofHigh confidence when quantitative data were collected on site or nearby under similar
conditions or in similar strata, quantitative data were collected recently, and quantitative data were
collected methodically. We assignedladiumconfidencerating when quantitative data were not
collected nearby, quantitative data were not collected recently, quantitative data collection was not
repeatable or methodical, or data were qualitative duay.confidence ratings were assigned when
there were no@pd data sources to support the condition.

Overall Geological Resource Condition, Confidence, and Trend
We used the general approach for combining indicator conditions, trends, and confidence described
in Chapter 3 (Methods 3.2.2) to calculate ovaesburce condition, trend, and confidentalile
4.6.2.
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Table 4.6.2. Summary of geological resource indicators and measures.

Indicator

Measure

Condition

Confidence

Trend

Condition rationale

Weathering/
erosion

Amount of
weathering
and erosion

Warrants
moderate
concern

Medium

Not
available

Weathering and erosion of the
rocks exposed at the surface of the
Badlands are occurring at a very
high rate of between 7.9 and 40
millimeters/year. This high rate of
weathering and erosion is likely
within historic natural conditions for
the Badlands, but anthropogenic
activity has led to exacerbated

weathering and erosion in some
locations. Condition was of
Moderate Concern. Some on-site
quantitative data were available, so
confidence was Medium. Trend was
Not Available.

4.6.4. Geological Resources Conditions, Confidence, and Trends
Weathering anérosion

Condition: Warrants Moderate Concern
Confidence: Medium
Trend: Not Available

Condition
Because of the type of rock that crops out at Badlands NationaMRzathering and erosion are
major factors in the condition of geological resources. We used one measure of weathering and
erosion to assess its condition: the amount of weathering and erosion occurring at the surface of the
Badlands.

In 1950s, surveyors ptad metal markers into rock outcrops in the Badlands, flush with the surface.
Today, more than 60 years later, weathering and erosion have exposed these markers, and in some
places they have even toppled over. Measurements of the amount of exposuseinfahenarkers
demonstrates a rate of weathering and erosion of approximately 20 millimeters/year (Benton et al.
2015). In addition, 14C analyses done in Badlands NP using paleosols exposed in sod tables (low
sodcovered mesas that are remnants of olaediblain surfaces) have given estimated rates of

erosion of between 1@0 millimeters/year (Stoffer 2003; Leithauser et al. 2010).

In more recent research, six sites within the North Unit of Badlands NP were monitored for rates of
weathering and erosionoim 2010 to 2013. Various slope angles and directions were tested, as were
different rock formations. Sediment movement was noted and measured after significant
precipitation events, or monthly during the summer anadmthly for the rest of the year.
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Pregpitation data was also recorded for months when temperatures stayed above freezing. These
data, collected over 18 months, give an average erosion rate of 9.7 millimeters/yeafadiogh
slopes had higher rates, with an average of 11.9 millimetersyyie, southfacing slopes had

erosion rates of 7.9 ithmeters/year (Stetler 2014).

Based on these data, current weathering and erosion has been occurring at a high rate, and so we
assigned the highest level of conditi®gsource in Good Conditiomeanng that the resource is
behaving within historic natural conditions and awarded the measure 100 points4(6able

While erosion at the monitoring locations was within the natural range of variation, anthropogenic
impact poses a substantial riskgeologic condition in other areas of the park. Buttes are so heavily
trampled by visitor foot traffic that the shapes of the buttes have been significantly changed (R.
Benton, personal communication, 27 June 2016). In June of 2015, several visitor§wedewhen

a butte collapsed under their weight (NPS 2015). The actions of these visitors not only put their
safety at risk, but also resulted in increasing the erosion to that butte.

In addition to direct erosion caused by visitors, human activitiesalsge increased erosion near

roads. One example of this has been occurring around the Badlands Loop Road, which is the main
highway that crosses the park. As the drainage system for the road has been repaired and replaced,
culverts and waterlines have bew® abandoned and forgotten. These have then acted as conduits
that bring water underneath the road and cause instability, accelerating the natural process of mass
wasting (R. Benton, personal communication, 27 June 2016; R. Tupper 2016). Because tlis Badlan
Loop Road is built on shrink/swell clays and active landslides, the NPS has invested over 5 million
dollars just to keep the Cedar Pass portion of the road open for park visitors and farm to market
traffic; future plans are to invest in other portiofshe road for stabilization and safety (R. Benton,
personal communication, 1 December 20Hi)man activities and infrastructure maintenance issues
reduced the condition Warrants Moderate Concern

Confidence
There were quantitative data available om ¢lirrent rates of weathering and erosion of the surface of
the Badlands, although there were no data available to quantitatively assess the historic natural
conditions. We therefore we gave this measure a confidence ratitedaim

Trend
Trend wad\ot Availablefor the measure of the amount of weathering and erosion, so treidoivas
Availablefor the indi@tor of weathering and erosion.
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Geological Resource Overall Condition

Table 4.6.3. Geological resources overall condition.

Indicators Measures Condition
Weathering and erosion Amount of erosion Q
Condition

The overall geological resources condition waterminedy the condition of weathering and

erosion, as well as by anthropogenic impact. Together, the data and expert opinion placed the overall
geological resource condition for Badlands National Park in the catéffaryants Moderate

Concern

Confidence
Confidence waMediumfor geological resources.

Trend
Trend wad\ot Available

4.6.5. Stressors

Potential stressors to geological resources include the timing and amounts of precipitation events. As
demonstrated by Stetler (2014), individual\heprecipitation events can significantly increase the

rate of shodterm weathering and erosion of fodsédaring strata. It has been predicted that climate
change may result in an increase in the numbers of these extreme precipitation events for Badlands
NP, and this would in turn increase the impact of weathering and erosion on geological resources
(Amberg et al. 2012).

A second stressor to geological resources is the possibility for future expansion of park infrastructure
such as trails and roads inteeas with a high potential for weathering and erosion. These types of
expansions can increase the likelihood that visitors may cause weathering and erosion by walking
off-trail in the newly accessible areas. Road and building construction may causesthem@asson

by changing the ways that surface and groundwater moves, or by introducing water into areas where
it was not found naturally.

4.6.6. Data Gaps
One data gap was recognized for geological resources at Badlands NP: the lack of data to determine
thehistorical reference condition for erosion rdi@sthe Badlands.
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4.7. Paleontological Resources

4.7.1. Background and Importance

Fossil at Badlands NP. Photo by NPS.

The principal mission of the National Park Service (NPS) is the preservation, protection, and
stewardship of natural and historic resources. Fossilshenuatural geologic processes that form,
preserve, and expose them, are included in this mission (NPS 2016). Paleontological resources are
nonrenewable, and they hold the keys to understanding the complex history of life on Earth. Fossils
are known to ocur in 260 NPS units and are the main resource showcased in 13 of those parks,
including Badlands NP (NPS 2016). The fossil resources of Badlands NP include the richest
accumulations of terrestrial vertebrate fossils of late Eocene and early Oligocenéagé

America, if not the world (Benton et al. 2014).

Paleontological resources are defined in the Paleontological Resources Preservation Act (2009) as
nany fossilized remains, traces, or i mprrents of
of paleontol ogi cal interest and that provide in
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excluding archaeological and cultural resources. The distribution of paleontological resources is
directly related to the distribution of sedimentary ggaainits exposed on the ground surface, and
this relationship allows prediction of fossil poti@hon a landscapeide scale.

Fossil at Badlands National Park. Photo by Dakota McCoy, NPS (2013).

In the northern Great Plains area, most of the fossilifebedrock deposits represent two general

time periods and environments: the Late Cretaceous Western Interior Seaway, with remains of
invertebrates such as ammonites and vertebrates such as bony fish, sharks, and marine reptiles; and
the Tertiary terresial deposits of Oligocene and Miocene age that record the spread of grasslands
across the region and the rise of large gramagimals.

Regional Context

Surface and subsurface strata of the Great Plains physiographic province represent many different
pale@nvironments spanning millions of years. While older rocks are present in the subsurface, the
oldest rocks exposed within Badlands National Park are those of the Cretaceous Pierre Shale and the
overlying Fox Hills Formation. These marine strata were degabbly the Cretaceous Interior

Seaway when it covered much of the center of the continent. Their contained faunas mostly consist
of invertebrate fossils such as bivalves and ammonites, as well as occasional fishes and marine
reptiles. Based on the age bése fossils, the Cretaceous Interior Seaway persisted in the region until
about 67 Ma (millions of years ago), just prior to the-@metaceous extinction (Benton et al. 2015).

After the retreat of the seaway, the region experienced a period of erosxistioly sediments as

well as nordeposition (Benton et al. 2015). This resulted in an unconformity representing a hiatus of
approximately 30 million years, with the formation of thick, distinctively colored paleosols (fossil
soils) on the exposed surfac®eposition recommenced in the late Eocene, approximately 37 Ma,
with the Chamberlain Pass Formation, the middle Chadron Formation, and the overlying Brule
Formation, all part of the widespread White River Group of Edd@hgocene age~36 30 Ma;

Bentonet al. 2015).
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The White River strata of the northern Great Plains are an important sequence of rocks, as they hold
the besipreserved record of a climactic transition in the terrestrial rock record. This transition,

termed the Eocein®ligocene climate trasition (EOT), records gradual changes from generally
warmer and wetter to cooler and drier conditions. During this time the change in environmental
conditions reduced forest cover and correspondingly increased open grasslands, as reftsdiéd i
soils(Prothero 1994).

The strata of the White River Group stretch for hundreds of miles across the region, with thicknesses
ranging from a few meters to over 275 meters (~900 feet; Larson and Evanoff 1998). They are
mainly composed of windeposited and rewoekl volcaniclastics (volcanically derived sediment

such as ash) and are the remnants of a blanketing deposit that covered the region from at least the
eastern side of the Wind River Range in central Wyoming to western Nebraska and South Dakota
(Prothero andEmry 2004).

Because differential erosion across the region has removed some parts of the White River Group
strata and left others in place, outcrops across the region preserve different segments of the EOT. The
section of the White River Group exposedadlands NP, spanning the latest Eocene (37.1 Ma) to

the early Oligocene (27.7 Ma), is one of the Bewiwn parts of the sequence and it provides a great

deal of information on this global climactic change (Benton et al. 2015).

The youngest strata thaiogrout in Badlands NP are the beds of the Sharps Formation, which

overlies the White River Group strata. The Sharps Formation is usually classified as part of the
Arikaree Group of middle Oligocene age, although recent work may support assignment as an
uppermost part of the White River Group based on lithological similarities (Benton et al. 2015).

The term fibadl andso refers to regions of weathe
cover (Stoffer 2003). In badlands areas, the surface is disssctrdlies and ridges, which create a
rugged topography that can be difficult to cros
Badlands and the White River Badlands, refers to the Badlands of western South Dakota including

those protected whiin Badlands NP (Benton et al. 2015).

Badlands NP was established in large part to protect fossil resources (Graham 2008). Abundant and
diverse flora and fauna are well known from the White River Badlands, and these fossils have played
a large role in ouunderstanding of the evolution and adaptation of plants and animals to climate
change (Benton et al. 2015). Numerous vertebrate taxa as well as scarce plant fossils, petrified wood,
and invertebrates have been described from these strata. While the naanfossiils are the most

well studied, fossils of bony fish, amphibians, turtles, squamates, crocodiles and alligators, and birds
are also known from thBadlands (Benton et al. 2015).

Among the smaller mammalian fossils described from the Badlands angpméssinsectivorous

mammals, lagomorphs, and rodents. The carnivores include creodonts, nimravids (a group similar to

but unrelated to modern f eldodgss)o,) ,a ntpahniicdyso,n ibdesa r(s
mustelids. Ungulates are also well représdnwith both artiodactyls (evened ungulates) and

perissodactyls (odtbed ungulates) known. Artiodactlys include both browsers and grazers, with
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di fferences in diet reflected in thepidgend) thawne
been described in great detail, and several other suid families are known from the Badlands as well.
Anthracotheres, a group of primitive artiodactyls that share similarities in habit and morphology with
modern hippos, are known, as are oreodonts (sn@ildars that are ubiquitous in White River

deposits), camels, and hypertragulids and leptomerycids (two groups of hornless ruminants). The
perissodactyls are represented by tapirs, equids, rhinoceroses, and the giant brontotheres, which
became extinct at hEocenéOligocene boundary (Benton et al. 2015).

4.7.2. Paleontological Resources Standards

Paleontological resources on federal lands are protected under several laws and rulings, including the
National Environmental Policy Act of 1969 [P91i 190; 31 $at. 852; 42 US 4321 4327); the

Federal Land Policy and Management Act of 1976.(BP4.579; 90 Stat. 2743; 43 WUS1701

1782); and most recently, the Omnibus Public Land Management Act of 20091(P1, Title 1V,

Subtitle D Paleontological Resources Rxction). These federal guidelines were put in place to

protect fossil resources from destruction by various types of human activities, including theft and
grounddisturbance during construction.

4.7.3. Methods

Indicators and Measures
Overall paleontologidaesource condition in Badlands NP depends on the conditiosingie
indicator: fossil loss.

Indicator: FossilLoss
As nonrenewable resources, the loss of fossils from NPS units is a very important resource issue.
Fossils can be lost through naturedgesses as well as from human impacts. Weathering, defined as
the breaking down of minerals within a rock (or a fossil) by chemical and/or mechanical means, and
erosior® the movement of weathered material away from its place of érigie natural processes
that can negatively affect fossil resources (Press and Siever 2001; Benton et alW2@ihering
and erosion are important factors in the health of fossil resources at BadlarklthNégh
weathering and erosion are primarily seen in a negative tigtge natural processes are also
important forces in liberating fossils from their enclosing rock. It should be remembered that without
this exposure by weathering and erosion, fossils would not be available for collection and study.
Poaching of fossilsdm park units is a humataused impact that also resutighe loss of fossil
resources.

To assign a condition to this indicator, we used qualitative and quantitative information about fossil
loss, including weathering and erosion of rock and its coedidiossils, as well the amount of
poaching of fossils that hagén documented within the park.

Measure of Fossil Loss: Amount of Weathering and Erosion of Rock (millimeters/year)
In Badlands NP, weathering and erosion act together to irpplezintological resources. Fossils are

continually being exposed as a result of weathering and erosion, and this can result in physical
degradation of the fossils, damage due to accidental or intentional breakage, and theft (Benton et al.
2015; Stetler 204).
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Weathering and erosion are occurring constantly at Badlands NP due to the nature of the rock that

crops out in the area. The strata are composed of easily eroded, poorly cemented sedimentary rock.
Much of the strata have high clay content, and mankyefayers have a specific type of clay called

smectite, which shrinks and swells with water. This shrink/swell behavior often results in a

di stinctive surface texture called fApopcorn wea
nonexistent on theseigaces as it has difficulty establishing. This lack of vegetation, in turn, is a

factor in increased rate$ erosion (Benton et al. 2015).

Smectitic clays are often the result of the weathering of volcanic ash, and bentonite (a type of
smectite) is spefically a product of the weathering of the glass shards in volcanic ash (Moore and
Reynolds 1997). All of the strata exposed in the Badlands have some smectite, but it is found in
higher concentrations in specific layers of the Cretaceous marine PieleeaShiell as in parts of

the Tertiary Chamberlain Pass and Chadron formations (Benton et al. 2015). As a result of its high
smectite content, the Chadron Formation tends to weather into mounds with a popcorn surface
texture as compared with the more diffd spireforming Brule Formation rocks whose contained
volcanic ash was not altered to smectite to timeesdegree (Benton et al. 2015).

Weathering and erosion are natural occurrences, and the unique topography and lack of vegetation
that give Badlands R its name is the direct result of the high rate of erosion of the Badlands (Benton
et al. 2015). Though weathering and erosion are responsible for the existence of the Badlands, they
are also responsible for a great deal of damage to park resources soatisa trails, and cultural

and paleontological sites. Within the Badlands, some research has been done to quantify the amount
of weatheringand erosion that is occurring.

In many areas, geologists are not able to easily measure background ratesaingeatia erosion

over short timespans such as years or decades because rates are often on the order of fractions of a
millimeter per year (Burbank 2002). As a result, we often do not have a good understanding of how
quickly exposed bedrock is weatheringdaeroding on human timescales. Recent advances in the use

of cosmogenic nuclides (nuclides created by the
surface) for measuring weathering and erosion rates have helped our understanding of these rates
(Granger and Riebe 2014), and these types of studies have been done insBdBIébeithauser et

al. 2010).

Other less technical methods of measuring weathering and erosion have also been used in the
Badlands. In the 1950s, metal U.S. Geodetic Survekemamere emplaced flush with the ground
surface in several places across the Badlands, and over the past 60+ years weathering and erosion
have removed bedrock from around the markers. Thus, we can directly measure the amount of
weathering and erosion thads occurred in this part of the Badlands since the markeesplazed
(Benton et al. 2015).

Recent work has focused on erosion rates that specifically impact fossil resources in Badlands NP.
Between 2011 and 2013, measurements of weathering and esb&issilbearing strata were

collected using a combination of direct measurements of the amount of material removed, digital
imaging, and measurements of the amount of rainfall received on the strata. These measurements

138



allow assessments of the actual amtcof impact that weathering and erosion are having on {fossil
bearing strata.

If weathering and erosion has been occurring at a rate that negatively impacts fossil resources, we
assigned the conditiowarrants Significant Concernf weathering and erosion was moderate, and
fossil resources were only moderately impacted, we assigned the coldaicemts Moderate

Concern If there was no weathering or erosion OR any weathering and erosion was at a low level,
we assigned the higkelevel of conditionResource in Good Conditidiiable 4.7.1).

Table 4.7.1. Paleontological resources condition categories for amount of erosion.

Resource condition Impact of weathering/erosion

Weathering and erosion is
occurring at a rate that
negatively impacts fossil
resources

Warrants significant concern

Weathering and erosion is
Warrants moderate concern moderate and somewhat impacts
fossil resources

No weathering or erosion has
Resource in good condition occurred OR any weathering and
erosion is at a low level

Measure of Fossil Loss: Amount of Fossil Poaching and Vandalism
Poaching and vandalism of fossils from Federal lands is an important cause of the loss of
paleontological resources. Fossils are objects of interest and are unique and often coveted. The
increasing economic value of fossils, spurred by the sal@pfanrosaurus rexossil for more than
$8 million in 1997, puts paleontological resources on public lands at risk for permanent losth(Evel
2013; Beat and Hanna 2009).

Fossil poaching can take on many forms. For example, the casual park visitor may pickagocd p
fossilized bone during a hike along a park trail. In an area such as the Badlands, where fossils can
easily be seen along wathveled trails, visitors may believe that taking one fossil will not cause a
problem. Multiplied by a million visitorsgr year, however, this activity can have a major impact on
the resource. Poaching is also done by hobby collectors unaware of the legalities, as well as
commercial collectors who specifically target areas within park units that are known to bedbssil
and rarelypatrolled (Benton et al. 2015).

In addition to the direct loss of fossils, fossil poaching also results in the loss of important contextual
data. Even if a poached fossil is recovered, the geologic, taphonomic (what happens between the
death ofan organism and its discovery as a fossil), and paleoecological data that had been associated
with the fossil before it was illegally removed can never be recovered (Beat and Hanna 2009).
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The Paleontological Resources Preservation Act (2009) providestBevith mandates for

protection of Federal fossil resources, and it clarifies the criminal penalties for fossil poaching
(Benton et al2015). Even with strengthened laws, however, fossil poaching and vandalism are still
major issues for paleontologicakmirces. From 2002014, nearly 900 individual law enforcement
reports of fossil vandalism or poaching were documented in National Park System units (Santucci
2014).

One difficulty in prosecuting f ossitlhepoaaccth,eor si ti
difficult if not impossible to prove that a fossil has been poached. Recent work utilizing rare Earth
element signatures in fossils, however, is showing promise as a method to demonstrate the

provenance of fossils. This information can tipetentially be used to prove the origin of a poached

fossil (Cerruti et al. 2014).

Because fossils and their contextual data areranawable resources, any amount of poaching
impacts the resource in a negative way. We therefore classified signifisaihfpimaching as any
formal or informal reports of poaching.

If fossil poaching occurrences were known, we assigned the condiiorants Significant Concern
Because there is no amount of fossil poaching that is acceptable, we did not include a afndition
Warrants Moderate Concelin our assessment. We gave the highest level of condRiesgurce in
Good Conditionif there was no fesil poaching knownTable 4.72).

Table 4.7.2. Paleontological resources condition categories for fossil poaching.

Resource condition Fossil poaching status

N Fossil poaching occurrences
Warrants significant concern
are known

Warrants moderate concern T

No fossil poaching

Resource in good condition
occurrences are known

Data Sources

Some of the information summarized here was presented in a Geologic Resources Inventory Report
prepared for the NPS (Graham 2008). Other sources of information include scpapéis and

books that we identify throughout this assessment. Especially useful was a recently published book
on the White River Badlands geology andepaitology (Benton et al. 2015).
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Quantifying Paleontological Resource Condition, Confidence, and Trend

Indicator Condition
To quantify paleontological resource condition and trend, we used quantitative and qualitative data,
expert opinion, and reports of prior impacts to the resource, as described above. For measurements
beyond the scope of NPS guidelineg, eveated condition categories based on expert opinion and the
scientific literature. We used a point system to assign each indicator to a category. This point system
is based on the NPS methods that were developed to calculate overall air quality t@N&igo
ARD 2015), a methodical and rigorous assessment approach that can be applied to other resources as
well. In this approach, we assigned zero points to the contimmants Significant Concer®0
points toWarrants Moderate Concerand 100 points Resource in Good Conditiolhe average
of all measures determined the condition category of the indicator; scoresi88rfe0 in the
Warrants Significant Concercategory, scores from B86 were in th&Varrants Moderate Concern
category, and scorém 67 100 indicatedResource in Good Condition

Indicator Trend
Potential trend categories wdmproving Unchanging or Deteriorating Because of the long
timescales that are involved in many geologic processes as well as the complex interacti@ms betwe
geology and other natural processes such as precipitation, it is often difficult or impossible to see true
trends in the condition of a geologic resource. To calculate a trend estimate for indicators, we sought
guantitative or qualitative data that wexalected at least sporadically for as long as the park unit has
formally existed; in the case of Badlands this time period is 77 years (Graham 2009). If there were no
data available that met these monitoring requirements for a particular indicatodieeted that
trend wadNot Availablefor that indicator.

Indicator Confidence
Confidence ratings were based on availability and type of data collected about the indicator. We gave
a rating ofHigh confidence when quantitative data were collected on siteanby under similar
conditions or in similar strata, quantitative data were collected recently, and quantitative data were
collected methodically. We assignedladiumconfidence rating when quantitative data were not
collected nearby, quantitative datare not collected recently, quantitative data collection was not
repeatable or methodical, or data were qualitative duay.confidence ratings were assigned when
there were no good data sources to support the condition.

Overall Paleontological Resouré¢gondition, Confidence, and Trend
We used the general approach for combining indicator conditions, trends, and confidence described
in Chapter 3 (Methods 3.2.2) to calculate overall resource condition, trend, and confickbiee
4.7.3.
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Table 4.7.3. Summary of paleontologic resources indicators and measures.

Indicator Measure Condition Confidence Trend Condition Rationale

Measured rates of weathering and
erosion in Badlands NP were
high, averaging from 7.9 to 40
millimeters/year. These rates
Amount of | Warrants Not have been demonstrated to be
weathering | significant High available high enough to cause serious

and erosion | concern damage in a relatively short
amount of time. This assessment
placed amount of weathering and
erosion in the Warrants

Significant Concern category.

Fossil loss

Reports of fossil poaching and
vandalism in Badlands NP are

FOSS". Warrants somewhat common. This
poaching I . Not .
significant High . assessment places fossil
and available . L
vandalism concern poaching and vandalism in the
Warrants Significant Concern
category.

4.7.4. Paleontological Resource Conditions, Confidence, and Trends

FossilLoss
Condition: Warrants Significant Concern
Confidence: High
Trend: Not Available
Condition

Because fossils are nosanewable resourcesny factors that impact them have importance in the
assessment of the resource condition. We used two measures of fossil loss to assess its condition: the
amount of erosion occurring at the surface of the Badlands and thus potentially impacting fassils, an
the occurrences of fossil poaching and vandalism within the park.

In the 1950s, surveyors placed metal markers into rock outcrops in the Badlands, flush with the
surface. Today, more than 60 years later, weathering and erosion have exposed theseanthikers,
some places they have even toppled over. Measurements of the amount of exposure of the survey
markers demonstrate a rate of weathering and erosion of approximately 20 millimeters/year (Benton
et al. 2015). In addition, 14C analyses done in Badlaiilasing paleosols exposed in sod tables

(low sodcovered mesas that are remnants of older floodplain surfaces) have given estimated rates of
erosion of between 1@0 millimeters/year (Stoffe2003; Leithauser et al. 2010).
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In more recent research, sixes within the North Unit of Badlands NP were monitored for rates of
weathering and erosion from 2010 to 2013. Various slope angles and directions were tested, as were
different rock formations. Sediment movement was noted and measured after significant

precipitation events, or monthly during the summer anchdnthly for the rest of the year.

Precipitation data was also recorded for months when temperatures were above freezing. These data,
collected over 18 months, give an average erosion rate of 9.imetdlis/year. Nortfiacing slopes

had higher rates, with an average of 11.9 millimeters/year, while-faxitly slopes had erosion

rates of 7.9 mlimeters/year (Stetler 2014).

These data give us rates of erosion over at the past 60 years, and shoenthenecurrent amount
of weathering and erosion occurring within Badlands NP. Based on these data, the average rate of
weathering and erosion in Badlands National Park ranges from 7.9 to 40 millimeters/year.

To understand the effects of weathering andieroon fossil resources, we must look at the fossils
themselves as well as the rock they are weathering from. Fossils can have varying levels of
permineralization (a type of fossilization where minerals precipitate into pore spaces within a bone or
pieceof wood), which affects how quickly they degrade once they are exposed at the surface.
Different skeletal elements will also respond to weathering at different rates. As a result, quantifying
the levels at which weathering of fossils beconmgsiicant iscan be difficult.

The recent 18nonthlong study by Stetler (2014) mentioned above measured the current rates of
weathering and erosion of fosbikaring strata within Badlands NP. This study also looked
specifically at the rates that fossil bone degrame it becomes exposed to the elements. The study
looked at fossil localities in two different rock units: four localities in the Scenic Member of the
Brule Formation, and one locality in the Peanut Peak Member of the Chadron Formation. The
localities weee scattered across the North Unit of the park in order to take into account climactic
variation as well as differences ithblogy.

At each of these five localities vertebrate fossils were found on the surface at the beginning of the
study, and their pasons and conditions were noted and photographed. Over the course of the study
the amount of exposure of the fossils was recorded, as were the conditions of the fossils themselves
(Stetler 2014).

This study found that, in some instances, fossils were letetp destroyed within a single season. In
other cases, fossils became more exposed as weathering and erosion proceeded but the fossils
themselves experienced minimal damage. In general, larger fossils with denser bone such as intact
turtle shells were daaged less by the weathering process than were smaller fossils such as limb
bones and skulls of oreodonts and rodents|Estex014).

This study demonstrates that the rates of weathering and erosion measured in Badlands NP are high
enough to cause damaigevertebrate fossils, especially smaller and more fragile fossils (Stetler,
2014).
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Based on our classification of significant weathering and erosion as that which is occurring at a rate
that negatively impacts fossil resources, we assigned a condivaroints Significant Concerfor
the measure of weathering and erosion of the Badland surface and awarded the measure 0 points.

Fossil poaching and vandalism occurrences was the second measure used to assess the condition of
fossil loss. In Badlands NP beten 2011 and 2014, one to three formal cases per year of fossil
poaching were prosecuted (Benton et al. 2015). Many more fossils were undoubtedly removed
illegally, and paleontological inventories of National Grasslands in Nebraska and South Dakota have
shown that more than a quarter of almost 300 fossil localities in those areas showed signs of
poaching (Miller, 2003).

Badlands NP is extremely proactive in managing paleontological resources to lessen the impacts of
fossil poaching and vandalism. A detdili®ssil locality database is used to keep track of all

localities known within the park, and this helps park paleontologists and law enforcement officers
monitor areas that have a high risk of fossil poaching. In addition, Badlands NP utilizes a Misitor S
Report form that encourages visitors to report any fossils they might find within the park. These Site
Reports allow visitors to participate in the preservation of fossil resources by bringing them to the
attention of park paleontologists, with the bdpat they will report a fossil site rather than collect
illegally from the site. Badlands NP receives between 100 and 150 reports from visitors each year
(Benton et al. 2014). Two incidents of fossil poaching have been recorded by law enforcement so far
in 2016 (R. Benton, personal communication, 29 June 2016).

Even with the measures that are being taken to stop or mitigate fossil poaching and vandalism within
Badlands NP, reports of fossil poaching still occur. Based on our classification of sigridasht
poaching or vandalism as any formal or informal reports of poaching or vandalism, we assigned a
condition ofWarrants Significant Concerior the measure of fossil poaching and vandalism
occurrences and awarded the measure 0 points.

The average ofdih measures determined the condition category of the indicator; as the average
score of both measures was 0, this supports a conditfaotints Significant Concerfior the
indicator of fossil loss.

Confidence
There were quantitative data available lo& tates of weathering and erosion of the surface of the
Badlands, and therefore we gave this measure a confidence ratlighof

There was also quantitative data available on fossil poaching and vandalism occurrences. We were
able to evaluate the impaat fossil poaching and vandalism on paleontological resources using this
data, thus achievinghdigh confidence in this measuréhe overall confidence for the indicator of

fossil loss wagligh.

Trend
Trend wad\ot Availablefor either measure, so trend sidot Availablefor the indicator of fossil
loss.
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Paleontological Resource Overall Condition

Table 4.7.4. Paleontological resources overall condition.

Indicators Measures Condition

1  Amount of weathering and erosion
9 Fossil poaching and vandalism

Fossil loss

Condition
The overall paleontological resources condition was determined by the condition of the single
indicator, fossil loss. Fossil loss was given a conditiowafrants Significant Conceynvhich
placed the overall paleontological resource condition for Badl&ladional Park in the category
Warrants Significant Concern

Confidence
Confidence wasligh for the single indicator of fossil loss, so overall confidence Migh for
paleontological resources.

Trend
Trend data werblot Availablefor the single indicator of fossil loss, so overall trend for
paleontologic resources whi®t Available

4.7.5. Stressors

Potential stressors to paleontological resources include the timing and amounts of precipitation
events. As demonstrated by Stet2014), individual heavy precipitation events can significantly
increase the rate of shagrm weathering and erosion of fodséaring strata. Climate change may

result in an increase in the numbers of these extreme precipitation events for BadlanustNiB, a

would in turn increase the impact of weathering and erosion on fossil resources (Amberg et al. 2012).

A second stressor to paleontological resources is the possibility for future expansion of park
infrastructure such as trails, roads, and buildingsareas with a high potential for fossil resources.
These types of expansions can physically impact fossil resources, and they can also increase the
likelihood that vertebrate fossils may be encountered by visitors in areas where there is no oversight
of visitor activities.

A third stressor to paleontological resources in Badlands NP is any potential increases in general
visitorship. An increase in the number of visitors can result in increases of incidents of fossil
poaching and vandalism, as more tass overall will come into contact will fossil resources.

145



4.7.6. Data Gaps
No data gaps were recognized for paleontologic resources at Badlands NP.
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4.8. Vegetation

The majority of the text in this chapter was written by Isabel W. Ashton and Christopher J. Davis for
the 20112015 Summary Repom®lant Community Composition and Structure Monitoring for

Badlands National ParkThe authors of the Badlands NP NRCA have reorganized several
subsections of the Ashton and Davis (2016) report to follow the structure used for the other natural
resource sections in this assessment. For this section, the Vegetaiiiton assessment, the term
Afwed refers to Ashton, Davis, andcisddnaddby t e a m.
italicized text in thdndicators and Measusection in 4.8.2 Methods.
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Wildflower in Badlands National Park. Photo by Ty Karlovetz, NPS (2011).

4.8.1. Background and Importance

During the last century, much of the prairie within the Northern Great Plains has been plowed for
cropland, planted with nenatives to maximize livestock production, or otherwise developed,

making it one bthe most threatened ecosystems in the United States. The National Park Service
(NPS) plays an important role in preserving and restoring some of the last pieces of intact prairies
within its boundaries. The st elogaalidteghtygnd g o a | of
cultural and historical authenticityodo (NPS 2012
reality that there have been fundamental changes in the disturbance regimes, such as climate, fire,
and large ungulate grazing, that hai&drically maintained prairies, and there is the continual

pressure of exotic invasive species. Léagn monitoring in national parks is essential to sound
management of prairie landscapes because it can provide information on environmental quality and
condition, benchmarks of ecological integrity, and early warnirdeclines in ecosystem health.

Badlands National Park (BADL) was established in 1939 as a National Monument and in 1978
became a National Park with a mission to protect and preserve 242yés6of rugged badlands,
mixed-grass prairie, and rich fossil deposits. The vegetation is a mosaic of sparsely vegetated
badlands, native mixegrass prairie, woody draws, and exotic grasslands. Vegetation monitoring
began at BADL in 1998 by the NortheB@reat Plains Fire Ecology Program (NGPFire; Wienk et al.
2011). The Northern Great Plains Inventory & Monitoring Program (NGPN) began vegetation
monitoring at BADL in 2011 (Ashton et al. 2012). Vegetation monitoring protocols and plot
locations were chosdb represent the entire park and to coordinate efforts with the Northern Great
Plains Fire Ecology Program (FireEP). A total of 127 plots were established by NGPFire and NGPN
in BADL and the combined sampling efforts began in 2011(Ashton et al. 201Bjs heport, we

use the data from 2032015 to assess the current condition of park vegetation and the data from
19982015 are usetb look at longeiterm trends.

Using 18 years of plant community monitoring data in BADL, we explore the following questions

1 What is the current status of plant community composition and structure of BADL grasslands
(species richness, cover, and diversity) and hastiia changed from 1998157
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1 How do trends in grassland condition relate to climate, fire history, andakenme of bison?

1 What, if any, rare plants were found i\BL long-term monitoring plots?

4.8.2. Methods

Two different methods and protocols have been used to monitetdomgvegetation plots at BADL
since 1997: the NGPN monitogrprotocol (Symstad et.&2012a b) and the Fire Monitoring

Handbook (NPS 2003). All monitoring plots discussed in this paper are located in the north unit of
BADL. Below, we briefly describe both methods, but focus on the NGPN monitoring protocol which
is the current standarehd was used to collect most of the data in this report. For more detail on any
of the methods, please see the prot@ublications (cited above).

NGPN and NGPFire Monitoring Plots 262015

The NGPN and NGPFire implemented a survey to monitor pamimunity structure and
composition in BADL using a spatially balanced probability design (Generalized Random
Tessellation Stratified [GRTS]; Stevens and Olsen 2003, 2004). Using a GRTS design, NGPN
selected 100 randomly located sites within BADL to bec&aat Community Monitoring plots
(PCM plots; Figure 4.2). The NGPN visits 20 PCM plots every year using a rotating sampling
scheme where 10 sites were visited in the previous year and 10 sitesvaiisits. After 5 years
(2011:-2015), 50 PCM plots wenasited at least twice during midune. With the current sampling
scheme, it will take the NGPN 20 years to monitor all 100 plots. When a PCM plot fell within an
active burn unit, NGPFire added additional visits based on a 1, 2, 5, and 10 year sarhptogesc
NGPFire also established and monitored a number of new sites using the same GRTS sampling
schema focused in active burn units (Fire FPCM plots). From-201%, 32 FPCM plots were
established. A total of 84 plots were established by NGPFire andNNiGm 20112015
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Figure 4.8.1. Map of Badlands National Park plant community monitoring plots, 1998-2015 (Ashton and
Davis 2016). Data has been collected from 127 monitoring plots in the park. PCM plots (red) were
established by the Northern Great Plains Inventory & Monitoring Program (NGPN) and FPCM plots (blue)
were established by the Fire Effects Program (NGPFire) between 2011 and 2015. Additional FMH plots
(green) were monitored from 1997-2011 by NGPFire.

At each of the grassland sites we vidjtere recorded plant species cover and frequency in a
rectangular, 50 eterx 20 neter (0.1 hectajepermanent plot (Figure 43. Data on ground cover,
herbl ay er h eferghdtplar®cor ware collected on two 5€tentransects (the long sides
of the plot) using a poirnhtercept method (Figure 44). At 100 locations along the transects (every
0.5 rete) a pole was dropped to the ground and all species that touched the pole were recorded,
along with ground cover, and the height of the canbising this method, absolute canopy cover can
be greater than 100% (particularly in wet years and productive sites) because we record multiple
layers of plants. Species richness data from the jidtiettcept method were supplemented in the 20
NGPN plots wih species presence data collected in five sets of nested square quadratst@’01 m
0.1 netef, 1 meter, and 10 reter) located systematically along each transect (Figur@)4.8.
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Figure 4.8.2. Long-term monitoring plot layout used for sampling vegetation in Badlands National Park
(Ashton and Davis 2016).

Figure 4.8.3. Images of the Northern Great Plains Inventory & Monitoring vegetation crew using point-
intercept (left and center panel) and quadrats (right panel) to document plant diversity and abundance
(Ashton and Davis 2016).
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When woody species were also present, tree regeneration and tall shrub density data were collected
within a 10 neterradius subplot centered in the larger 568terx 20 nmeterplot (Figure 4.83). Six

PCM plots had trees close enough to the plot to warrant searching for seedlings, but we found
seedlings in only one plot. BADL_PCM_0106 had 11 narrowleaf willBalix exigua seedlings in

2015.

At all PCM pilots, but not the FPCM plots, we also surveyed the area for common disturbances and
target species of interest to the park. Common disturbances included such things as prairie dog
towns, rodent mounds, animal trails, and fiter all plots, the type and severity of the disturbances

were recorded. We also surveyed the area for exotic species that have the potential to spread into the
park and cause significant ecological impdgdtsble 4.8.). For each target species that wesspnt

at a site, an abundance class was given on a scale ffowhé&re 1= one individual, 2= few

individuals, 3= cover of 15%, 4= cover of 525%, and 5 cover > 25% of the plot. The

information gathered from this procedure is critical for earlgct&n andapid response to such

threats.

Table 4.8.1. Exotic species surveyed for at Badlands National Park as part of the early detection and
rapid response program within the Northern Great Plains Network.

Scientific name Common name

Alliaria petiolata Garlic mustard

Polygonum cuspidatum; P. sachalinense; P. x bohemicum | Knotweeds

Pueraria montana var. lobata Kudzu

Iris pseudacorus Yellow iris

Ailanthus altissima Tree of heaven

Lepidium latifolium Perennial pepperweed

Arundo donax Giant reed

Rhamnus cathartica Common buckthorn

Heracleum mantegazzianum Giant hogweed

Centaurea solstitialis Yellow star thistle

Hieracium aurantiacum; H. caespitosum Orange and meadow
hawkweed

Isatis tinctoria Dyerdés woad

Taeniatherum caput-medusae Medusahead

Chondrilla juncea Rush skeletonweed

Gypsophila paniculata Babybés breath

Centaurea virgate; C. diffusa Knapweeds

Linaria dalmatica; L. vulgaris Toadflax

Euphorbia myrsinites; E. cyparissias Myrtle spurge

Dipsacus fullonum; D. laciniatus Common teasel

* Species of management concern to Badlands National Park.
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Table 4.8.1 (continued). Exotic species surveyed for at Badlands National Park as part of the early
detection and rapid response program within the Northern Great Plains Network.

Scientific name Common name
Salvia aethiopis Mediterranean sage
Ventenata dubia African wiregrass
Eleagnus angustifolia* Russian olive
Euphorbia esula* Leafy spurge
Falcaria vulgaris* Sickleweed

Poa bulbosa* Bulbous bluegrass
Potentilla recta* Sulphur cinquefoil
Rhaponticum repens* Russian knapweed
Sideritis montana* Mountain ironwort
Tamarix spp.* Tamarisk
Tanacetum vulgare* Common tansy
Thymelaea passerine* Spurge flax

* Species of management concern to Badlands National Park.

Other MonitoringPlots (19972015)

In 1997, NGPFire began monitoring plots within BADL to evaluate the effectiveness of prescribed
burns. Starting in 1998, data collection followed the NPS National Fire Ecology Program protocols
(NPS 2003): in grassland plots vegetatiomazaand height data weoellected using a point

intercept method, with 100 points evenly distributed along a singleeBértransect. In forested

sites, plots are 0.lelstare(20 x 50 netel) in size and poinintercept data was collected along the

two 50metersides. For each live tree with a DBHL5 centimeters located within the 0.1 hectare

plot, the species and DBH were recorded. Thesities of smaller trees (2.4 DBH O 15
centimete were measured within a subset of the plot area. NGPFire phitdos were located

randomly within major vegetation types within areas planned for prescribed burning (burn units) in
the near future. The plots were then sampled 1, 2, 5, and 10 years after a prescribed burn. A total of
43 plots were monitored using #e&methods. Hereafter, we refer to these plots as Fire Monitoring
Handbook (FMH) plots. These FMH plots are being retired after 10 years of monitoring is completed
(e.g.,the rebar will be removed).

Indicators andMeasures
Summaries of indicators came ditly from Ashton and Davis (2016) unless italicized; text in italics
was added by NRCA authors.

Indicator. Upland Plant Community Structure and Composition
The vegetation structure and composition of the Northern Great Plains have changed since
Badlands NRwvas first established. Much of the prairie has been converted to agriculture or
developed for residential and industrial use. Many of the natural processes that helped shape
the landscape, such as grazing by bison, are now gone (Ricketts et al. 1939 staimting
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the composition and structure of upland species within park will help with efforts to protect
the remnants of native prairie that are present.

Measure of Upland Plant Community Structure and Composition: Native Species Richness
Species richnegs simply a count of the species recorded in an area. Plant richness was calculated
for each plot using the total number of species intersected along the transects.

Measure of Upland Plant Community Structure and Composition: Evenness
Peiloud&vemdessof J6, measures how even abundanc
and 1; values near 0 indicate dominance by a single species and values near 1 indicate nearly equal
abundance of all species present.

Evenness is a diversity index that desesilthe similarity in number of members that belong to

different graups in a community (Figure 4.8.4/alues for evenness may fall between 0 and 1. If all
groups have a similar number of members, the community is very even, with an evenness value close
to 1. Communities that have high evenness can remain more functional in environmentally stressful
conditions than uneven communities (Wittebolle et al. 2009).
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Figure 4.8.4. lllustration for describing taxa evenness. Taxa evenness is high if individuals are A)
distributed similarly among taxa, and low if B) distributed unequally among taxa.

Indicator: Exotic Plant Early Detection and Management
A major threat to native plant communities is the spread of exotier{ative) plants
(McKinney and Lockwood 199 nvironmental conditions can affect how well natives
compete with invasive species (Nernberg and Dale 1997), as can the local and regional
abundance of particular invasive species (Carboni et al. 2016). Additionally, the
characteristics of the existing tige plant community can determine how likely it is to be
invaded (Thuiller et al. 2010). Identifying and managing the exotic species that are present at
Badlands National Park is important for protecting the native prairie within in the park.
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Measure of Exotic Plant Early Detection and Management: Relative Cover of Exotic Species
Relative cover of exotic species is the proportion or percentage of a surveyed area
that is made up of exotic species. Calculating the absolute cover of a plant species
(all of the area covered by a species) is both impractical and unnecessary, but
researchers can calculate the proportion of the park that is covered by a species by
sampling plots and transects that area representative of the ecosystems within the
park.

Measure of Exotic Plant Early Detection and Management: Annual Brome Cover
There is evidence from other regions that annual bromes can affect persistence of native species
(D6Antoni o and Vitousek 2003) . I n the MNorthern
between the cover of annual bromes and native species richness (see Figure 4.8.1G; 86, %%
<0.0001). The presence of annual bromes in mixed grass prairie is associated with decreased
productivity and altered nutrient cycling (Ogle et al. 2003

Data Management and Analysis

We used FFI (FEAT/FIREMONhtegratedhttp://frames.gov/ffiy as the primary softwar&Ve used

FFI (FEAT/FIREMON Integratedhttp://frames.gov/ffif as theprimary software environment for
managing our sampling data. FFI is used by a variety of agencies (e.g., NPS, USDA Forest Service,
U.S. Fish and Wildlife Service), has a naticlealel support system, and generally conformthe

Natural Resource Database Template standards established by the Inventory émahiglon

Program.

Species scientific names, codes, and common names arthEddSDA Plants Database (USBA

NRCS 2015). However, nomenclature follows the Integrated Taxonomic Information System (ITIS)
(http://www.itis.goy). In the few cases where ITIS recognizes a new name that was not in the USDA
PLANTS database, the new namas used, and a unique plant code was assigned. This report uses
common names after the first occurrence in the text, but scientifiesiaan be found in Appendix

A.

After data for the sites were entered, 100% of records were verified to the origmnahdat to

minimize transcription errors. A further 10% of records were reviewed a second time. After all data
were entered and verified, automated queries were used to check for errors in the data. When errors
were caught by the crew or the automatedigggechanges were made to the original datasheets

and/or the FFI database as needed. Summaries were produced using the FFI reporting and query tools
and statistical summaries, and graphics were generated using R software (version 3.2.2). Most often,
linearmixed models were used to test for significant responses wherggdatonsidered a random

factor.

Plant life forms (e.g., shrub, forb) were based on definitions from the USDA Plants Database
(USDA-NRCS 2015). When only a plant genus was confirmed, |t fife form was assigned only

when all species in that genus were the same life form. If any species present in the park within that
genus is exotic, the genus was classified as exotic for analyses. The conservation status ranks of plant
species in Nelaska is determined by the South Dakota Natural Heritage Program (SDNHP). For the
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purpose of this report, a species was considered rare if its conservation status rank was S3, S2, or
(Table 4.8.2 Definitions of state and global species conservatidnstanksFor a detailed
definition ofeach conservation status rank.

Table 4.8.2. Definitions of state and global species conservation status ranks.* Adapted from
NatureServe status assessment table (http://www.natureserve.org/conservatio-tools/conservation-status-

assessment).
Status rank | Category Definition
. . . Due to extreme rarity (5 or fewer occurrences) or other factor(s) making it

S1/G1 Critically imperiled . v ( L ) ) g
especially vulnerable to extirpation
Due to rarity resulting from a very restricted range, very few populations (often

S2/G2 Imperiled 20 or fewer), steep declines, or other factors making it very vulnerable to
extirpation

S3/G3 Vulnerable Dye toa restrictgd range, relatively few po_pulgtions (often 80 or.fewe_r), recent
widespread declines, or other factors making it vulnerable to extirpation
Uncommon, but not rare; some cause for concern due to declines or other

S4/G4 Apparently secure
factors

S5/G5 Secure Common, widespread and abundant

S#HSH/ Range rank Used to indicate uncertainty about the status of the species or community

G#G# (e.g., S2S3) Ranges cannot skip more than one rank

* S = state ranks, G = global ranks.

We measured diversityath e pl ot s i n two ways: species
Species richness is simply a count of th
measures how
indicate dominance by a single species and values near 1 indicate nearly equal abundance of all
species present. Plant richness was calculated for each plot using the total number of species
intersected along the transects. Average height waslated as the average height per plot using all
species intersected on the transects.

Cl i

mate dat a

even abundances ar e aesmeas0Os

from the I nterior 2 NE, SD,

richne
e speci
taxa, a

US wea

database (NOAA 2015). A fire history map was compiled for BADL and eefesenced with plot
locations. For each plot visit, we determined the number of years since it burned and the number of
recorded fires.

Reporting on Natural Resource Condition

Results were summarized in a Natural Resource Condition Table based on fatestefrgm the
State of the Park repaseries Littp://www1.nrintra.nps.gov/im/stateoftheparks/indexfithe goal
of the study is to improve park priority setting and to synthesmmecommunicate complex park
condition information to the public in a clear and simple way. By focusing on specific indicators,
such as exotic species cover, it will also be possible and straightforward to revisit the metric in

subsequent years.
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We chose set of indicators and specific measures that can describe the condition of vegetation in

the Northern Great Plains and the status of exotic plant invaseeségction on Indicators and

Measures of VegetatipnThe measures include: absolute Heser @anopy cover, native species

richness, evenness, relative cover of exotic species, and annual brome cover. Reference values were
based on descriptions of historic condition and variation, past studies, and/or management targets.
Current park condition waompared to a reference value, and status was scored as good condition,
warrants moderate concern, or warrants significant concern based on this comparison. Good
condition was applied to values that fell within the range of the reference value, andasignific

concern was applied to conditions that fell outside the bounds of the reference value. In some cases,
reference conditions can be determined only after we have accumulated more data. When this is the
case, we refer to t heBbandagimaleTanditiorebaseéconeur mi ned o,
professional judgment

Quantifying Overall Vegetation Quality Condition, Confidence, and Trend

The NRCA authors used the general approach for combining indicator conditions, trends, and
confidence described in Chap8(Methods 3.2.2) to calculate overall resource condition, trend, and
confidence based on the results presented by Ashton and Davis (2016). The symbols used here
indicate condition, confidence, and trend are likewise the same described in Chapter 3.

4.8.3. Results and Discussion (In other NRCA sections: Vegetation Quality Conditions,
Confidence, and Trends)

Status & Trends in Community Composition and Structure of BADL Prairies

There are 634 plant species on the BADL species list and we found 357 paes gpenonitoring

plots from 199&015 at BADL (Appendix A). Graminoids, which includes grasses, sedges, and
rushes, accounted for most of the vegetative cover at BADL, but forbs, shrubs, and subshrubs
(defined as a lovgrowing shrub usually under Ometer) were also present (Figure 4.8.5). We found
76 exotic plant species at BADL, all of which were forbs or graminoids. Exotic graminoids were
particularly abundant (Figure 4.8.5). The shrubs and subshrubs were all native species. We did not
find any tageted exotic plantsTable 4.8.2.
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Figure 4.8.5. Average cover of native (green) and exotic (red) plants recorded in monitoring plots in
Badlands National Park (1998-2015) (Ashton and Davis 2016). Absolute cover can be greater than 100%
because the point-intercept methods records layers of overlapping vegetation.

Western wheatgrasPéscopyrum smithiiwas the most abundant native grass and averaged over
40% absolute cover (Figure 4.8.6). Japanese brBnoenus japonicus Kentucky bluegras$Ppa
pratensi3, and yellow sweetlover (Melilotus officinalig were the most pervasive exotics at BADL.
The relative cover of these and other exotic plant species has remained high since 1998, averaging
32.5 £ 1.1 % (mean + one standard error; Figure 4.8.7). In raceatryears, 2012015, cover was

28.8% 1.5 % but this decline is not statistically significant. Exotic species are widespread across the

entire park (Figure 4.8.8). Maps of Kentucky bluegrass, Japanese brome, and yellow sweet clover are
provided in Appenct B.
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Figure 4.8.6. The average absolute cover of the 10 most common native (green) and exotic (red) plants
recorded at Badlands National Park (1998-2015) (Ashton and Davis 2016). Bars represent means * one
standard error.
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Figure 4.8.7. Trends in the relative cover of exotic plants (top) and annual bromes (bottom) in Badlands
National Park from 1998 to 2015 (Ashton and Davis 2016). Points represent mean + one standard error
and sample size is to the right of the point. Years with fewer than 3 monitoring plots were excluded from
the graph. The shaded area highlights the period from 2011-2015 when sampling methods were
consistent and distribution of plots was more even and consistent across years. The dashed line
represents the maximum and minimum cover values for each year.
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Figure 4.8.8. Map of exotic plant cover in Badlands National Park (Ashton and Davis 2016). Colors
indicate the percent cover of exotic plants at a site averaged across all site visits.

Japanese brome, the most abundant exotic pl&8ADL, is an Eurasian annual grass that has been a

part of the Northern Great Plains landscape for more than a century, but its invasion in the region has
accelerated since 1950 (Schachner et al. 2008). The presence of annual bromes in mixed grass prairie
is associated with decreased productivity and altered nutrient cycling (Ogle et al. 2003). While the
cover of Japanese brome has varied over time in BADL (Figure 4.8.7) there is no evidence that it has
been increasing. From 192815, the average relatigever of annual bromes was 14.3 + 0.8 % and

the average for the last 5 years was 11.1 + 1.0 %. Data from parks across the Northern Great Plains
show that increasing annual brome relative cover is associated with reduced native species richness
(Figure 4.89). Reducing the cover of annual bromes presents a major challenge for the park, as it has
for the past 15 years.
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Figure 4.8.9. The relationship between native species richness and the relative cover of annual bromes
in long-term monitoring plots in national park units of the Northern Great Plain (1998-2015) (Ashton and
Davis 2016).

Species Richness, Diversity, and Evenness

One ofthe ways for the NPStomeastwe w e f f ect i v e prgsenting ecolagicak si o n
integrityd is being accomplished is to examine trends in native plant diversity and evenness within
their boundaries. Average species richness has been measured tigtpaiapt since 1998 and in 1
metef and 10 netef quadrats since 201T4ble 4.8.3.

Table 4.8.3. Average plant species richness in monitoring plots at Badlands National Park from 1998 to
2015. Values represent means + one standard error.

Point-Intercept 1m?2 Quadrats 10m? Quadrats
Richness category (1988-2011; N = 127) (2011-2015; N = 93) (2011-2015; N = 93)
Species richness 14.7+0.4 85+04 14.2+0.5
Native species richness 10.6 £ 0.4 6.1+0.3 104+ 0.4
Exotic species richness 43+0.2 2.5+0.2 3.8+0.2
Granimoid species richness 7.0+£0.3 3.1+0.2 45+0.2
Forb species richness 7.2+0.2 52+0.3 9.0+04
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While there was some variation across sites, the plots we visited in BADL tended to have a moderate
diversity of nativeplants compared to other mixggdass prairies. Species richness in the miyess

prairie is determined by numerous factors including fire regime, grazing, prairie dog disturbance, and
weather fluctuations (Symstad and Jonas 2011). In BADL, therenia atéxed history of past land

use practices that have affected current species richness. While it is difficult to define a reference
condition for species richness that can vary so much spatially and temporally, the natural range of
variation over longime periods may be a good starting point (Symstad and Jonas 20143tdrong
records of species diversity in mixgdass prairie from a relatively undisturbed site in Kansas vary
between 3 and 15 species per square meter over the course of 30 years (Synkiadsa2014).
Compared to this, the BADL average of 6 native species per square meter (Table 4.8.3) is within the
natural range. However, native species richness is spatially variable. Some sites, such as PCM_0027,
are on sparsely vegetated badlandsatage only 1.6 native species per square meter

(Figure4.8.10). One of the most diverse plots, PCM_0018, is on a ridge north of the Sage Creek Rim
Road. It has a mix of native shrub and grassland habitat and averages 14 spsdigarpeneter

(Figure 48.10).

Figure 4.8.10. Photographs of long-term monitoring plots PCM_0027 and PCM_0018. PCM_0027 (left)
has low plant diversity because it is in unvegetated badlands. Plot PCM_0018 (right) is a prairie site and
has a large diversity of native plant species.

We did not find any trends over time in species richness or evenness (Figure 4.8.11). Native diversity

in 1 meterf quadrats was fairly similar from 202D15; it ranged from a low in 2012 of 4.7 + 0.54 (a

drought year) to a high of 6.8 + 0.56 in 20&4net year). We have a longer record of native richness

from pointintercept data (Figure 4.8.11; top). From 12985, we recorded an average between 5

and 12 native species. There was no trend in Pe
even alindances are across taxa (Figure 4.8.11). A large variation in richness and evenness across

sites within the park and from yetryear contribute to a large range of values (dashed lines in

Figure 4.8.11) and makes detagtlongterm trends difficult.
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Figure 4.8.11. Trends in native species richness and evenness in Badlands National Park, 1998-2015
(Ashton and Davis 2016). Data are means + one standard error. The dashed line indicates the maximum
and minimum values for each year.

Disturbance from grazg) prairie dogs, fire, and humans affects plant community structure and
composition in mixeeyrass prairie. We estimated the approximate area affected by natural and
human disturbances at each site we visited in 2B by surveying the area for ~ 5 miesiat the

end of the plot visit. The most common disturbance was from rodegtgppcket gophers) and

prairie dogs, but there was also evidence of deer trails and grazing. We found no correlation between
native richness or exotic cover and total disturce or small or large animal disturbance.

Disturbance from grazing, prairie dogs, fire, and humans affects plant community structure and
composition in mixeegyrass prairie. We measured the approximate area affected by natural and
human disturbances atatesite we visited from 2011 to 2015 by surveying the area for ~ 5 minutes
at the end of the plot visit. The most common disturbances were the trails, wallows, and the grazing
impacts of bison. Soil disturbance from small mammealg. (gophers, these exaled prairie dogs)
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and disturbance from erosion and flooding were also common. We found no correlation with total
disturbance, small or large animal disturbance and native richness or exotic cover. Disturbances are
patchy in BADL making it difficult to detct trends because they are not found in all plots. As more
monitoring data are collected in future years, we may be able to better explore the statistical
relationship betweethese metrics and disturbance.

The Influence of Climate and Fire on Plant ComityiStructure and Diversity

Climate
The 30year normal temperatures at a nearby weather station, Interior3 NE, South Dakota and ranged
from average minimum monthly temperatures in January of 15.6° F to maximum monthly July
temperatures of 91.2° F (basad 1¥8062010). The 38/ear normal annual precipitation totals 18.5
inches. Annual precipitation at BADL in 192815 was variable and ranged between 11.0 and 27.1
inches, in 2002 and 1998, respectively. There were dry years in the early2000sland 12012
(Figure 4.8.12). Last year, 2013, and 1998 were much wetter than average. The native vegetation is
adapted to this variation, and productivity responds strongly to decreases in spring and summer
precipitation (Yang et al. 1998, Smart et al. 2007) ci&serichness and diversity in regional
grasslands are also sensitive to temperature and precipitation fluctuation, but the response is complex
and less pedictable (Jonas et al. 2015).

Interior3 NE,SD US (GHCND:USW00394184)

.2- l
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Precipitation Anomaly in Inches
(1981-2010 Baseline)

Figure 4.8.12. The total annual precipitation anomaly from 1998-2015 for Badlands National Park
(Ashton and Davis 2016). Positive values (blue) represent years wetter than and negative values (red)
are drier than the 1981-2010 normal. The anomaly is measured in inches and based on data from a
nearby weather station.
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We found that the relative cover of exotic species declines in response to increasingavauage
maximum temperatures (E32= 35.0, P< 0.001) but it does not respond to changes in precipitation

or minimum temperatures. Native richness and plant height decreased in 2012, an extremely hot and
dry year. However, when 2012 was excluded, there was not a statistically significant relationship
between climate and native richness or height. Continued monitmihg longer time series of
vegetation data and climate will allow us to determine whether the regpahge2012 drought is

typical.

Fire History
Historically, fire was a common disturbance in Northern Great Plains grasslands, with natural fire
returnintervals of 825 years (Wienk et al. 2007). Natural fires have been suppressed for most of the
last century, but the use of prescribed burning to mitigate the effects of the absence of natural fires
has increased over time since its start at Wind CaviemdtPark in 1973 (Wienk et al. 2011). As of
2015, there is a mosaic of recently burned and unbwaress in BADL (Figure 4.8.13).

B 2012 [ 2009 20002005 [_] 1975-1979
I 2011 [ 2007 | 1990-1999 [ Park Boundary
I 2010 0 2005 [ 1980-1989

Figure 4.8.13. Map of recent fire history at Badlands National Park (Ashton and Davis 2016).

The effects of specific presbed burns on vegetation and fuel loads and more details about fires at
BADL can be found in past NGPFire aral reports (sebttps://www.nps.gov/ngpfire/docs.hjm
Here, we were interested in determining the relationship between fire history and vegetation. We
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compared three vegetation metrics, native species richness and relative cover of all exotic plants and
anrual brome, with the length of time between the data collection at a plot and the most recent fire at
that plot (years since fire). For example, a site that burned in the spring and then was visited in the
summer would be 0 years since fire. We excludetsglat had not burned from this analysis,

because we do not have confidence in the histdirealecord (prel975).

We found no relationship between native richness and yw#ace fire (Figure 4.8.14; F192= 2.9,

P =0.089) or the relative cover ekotic species and years since fire (F92=2.4,P =0.12).

Annual bromes, however, did respond to fire. Plots that had not burned in many years had a higher
cover of annual bromes than sites that burned more recentl$9E%,7.6,P = 0.006). This sggests

that prescribed fire can benefit the mixgess prairie in BADL, but the reduction in annual beom
cover may be shetived.
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Figure 4.8.14. Native species richness (left panel) and relative percent cover of annual bromes (right
panel) across plots with different fire histories (Ashton and Davis 2016). Observations vary between plots
that have recently burned (0 years since fire) and plots that had burned 24 years previously (24 years
since fire). Bars represent means + one standard error and sample sizes range from 4 to 45 plots. The
dashed line indicates the average native species richness and relative percent cover of exotic species of
all plots in the park.

The best approach to reducing exotic species abundance in BADL will likely includedyurnin
however there may also be a need for targeted herbicides and seeding of native species. Ongoing
research on this topic and an upcoming adaptive management initiative for annual brome control in
NGPN parks should provide more data and guidance to h#iglvéise management decisions.

Bison
Bison were reintroduced to BADL in 1963 and the park now manages for a population of
approximately 700 animals (Licht in press). Bison can influence the productivity and diversity of
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mixed-grass prairie through grazimgd the creation of bison wallows, both of which limit the cover
of dominant grass species (Collins and Barber 1986). In BADL, there is some evidence that bison
have only a small effect on mixeptass prairie communities, especially when compared tograiri
dog, because they are in relatively low density (Fahnestock and Detling 2002). It is estimated that
bison probably consume about 12% of plant productivity in a normal precipitation year (Licht in
press). We used the monitoring data from 1998 to 2016rtpare species richness and exotic
species cover between areas in BADL of similar ecological site types with and without bison
(Figure4.8.15). We focused on 3 of the most ecological site types found in and out of the bison
pasture; these included clay pamd tvo loamy soilgFigure 4.8.1%

1| | claypan [: BADL Bison Pasture %
S| I: Loamy 13-16 PZ D Park Boundary '
[ ] roamy1720pP2 aiﬂ
0 125 25 S @ / =
Mies

Figure 4.8.15. A map of the common ecological site types in and outside of bison pasture in Badlands
National Park (Ashton and Davis 2016). The ecological site types are from the Web Soil Survey (NRCS
2015) and the bison pasture was estimated by D. Licht (personal communication).

We found that native plant diversity was higher in plots within the bison pasture are28{E1
14.2,P<0.001) and this pattern was consistent across ecological site Tgide 4.8.4. Total

exotic cover and annual brome cover varied across ecological site types, but not with the presence of
bison (F1,107=1.1,P=0.29, F1,107=0.4,P = 0.55). This pattern of increased plant diversity in
mixed-grass prairie grazed by bison is agtent with a past studies on the role of disturbance in
maintaining grasslande.g.,Collins and Barber 1986). Other factors could also influence this pattern
including differences in past lange history, wilderness management (the wilderness and bison
boundary are similar), or slight differences in climate. With future monitoring we will increase our
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sample of plots within the park and our confidence in the assessment of grassland conditlon in an
outside of the bison pasture.

Table 4.8.4. Average native species richness of plots within and outside the bison pasture at Badlands
National Park.

No bison present Bison pasture
Native Native

Soil ecological # of plot richness # of plot richness

site name # of plots visits | (mean % se) # of plots visits | (mean + se)

Claypan 3 6 113x11 4 7 16.3+1.5

Loamy 13-16 2 6 81+1.2 2 6| 132:25

P.Z.

;O;my 17-20 27 88 9.9+0.4 10 16| 11.9+1.0

Al soil types 85 218 9.6+0.3 42 87| 122+05

Rare Plants
While repeating rarplant surveys and locating rare species is not the focus of NGPN plant
community monitoring, we identified one rare pl
milkvetch (Astragalus barrij S3), was observed in a single vegetation monitoring plot &LBA

(Table 4.8.5). Barrdos milkvetch was observed at

all occurrences were within the same plot. This species is a regional endemic, with a range limited to
South Dakota, Wyoming, Nebraska, and Montangu(fé 4.8.85. Barr 60 sAstragdluk vet ch (
barrii, S3), a rare species observed at Badl ands Na
NGPN staff; Upper right: global distribution map; Lower right: in full bloom. Due to this limited

range, it is Bo classified as a gbally vulnerable species (G3).

Table 4.8.5. Rare species occurrence in Badlands National Park from 1998-2015 (Ashton and Davis 2016).
Statusranksarebased on the South Dakota Natur al Her hda¢ age Prog
number of unique plots a species was recorded in across all years. Mean cover is the average cover of that

species across all years in plots where cover measurements were recorded.

Species Common name Status rank Plot count Mean cover (%)

Astragalus barrii Barrés mil k S3 1 <0.01
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Figure4.8.16.Bar r 6 s mAstragalue lariihS3)( a rare species observed at Badlands National
Par k. Left: Barrb6s milkvetch as observed by NGPN staff.
in full bloom.

While several vegetation community mapping projects have been completed for BADL, there are
limited floristic diversity and rare species surveys available fopénk, and we recommend a park
wide survey be done when funds are available. A foll pdant survey will be more likely to

accurately quantify the status of rare plants found in BADL and better document locations of rare
species in areas of BADL with no NGPN monitoring plots. Any future construction efforts that could
disturb native vegeation €.g.,trail building), should avoid damaging species considered rare in
South Dakota.

4.8.4. Conclusion

The Northern Great Plains Inventory & Monitoring Program and Fire Effects Program have been
monitoring vegetation in Badlands National Park feerol8 years. While methods have changed
slightly, this report summarizes data from over 127 locations from-2098. Below, we list the
guestions we asked and provide a summarized answer, for more details see the Results and
Discussion section. We conde with a Natural Resource Condition Tablalfle 4.8.% that
summarizes the current status and trendsfew key vegetation metrics.
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Table 4.8.6. Summary of vegetation indicators and methods. Current values are based on data from
2011-2015 and trends are based on data from 1998-2015.

Indicator

Measures

Current value
(mean % se)

Reference
condition data
and source

Condition/
trend

Condition rationale

Upland plant
community
structure and
composition

Native
species
richness
am?
guadrats)

6.1+0.3
species

3-15 species

BADL plays a vital role in
protecting and managing
one of the largest remnants
of native mixed-grass
prairie in the region. The
park is characterized by
moderate native species
richness that falls within a
natural range of variability
(Symstad and Jonas 2014).

Evenness
(point-
intercept
transects)

0.68 £ 0.01

To be
determined

There has been no trend in
native richness over time.
In general, the sites in
BADL had a high cover of
exotic species. Only one of
the sites visited in 2014
had less than 10% relative
cover of exotic species.
Yellow sweet clover and
annual bromes present a
large challenge to
managers of BADL, and
more research on effective
management strategies in
mixed-grass prairie is
greatly needed.

Exotic plant
early detection
and
management

Relative
cover of
exotic

species

28.8 £ 1.5%

< 10% cover

Many areas of BADL have
a high cover of exotic
species. Annual bromes,
Kentucky bluegrass, and
yellow sweet clover present
the largest challenge to
BADL. Exotic cover has
remained high over the
entire monitoring period.

Annual
brome cover

111+ 1.0%

< 10% cover

More research on effective
management strategies of
annual bromes and other
exotic species in the
mixed-grass prairie is
greatly needed.
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What is the current status of plant community composition and structure of BADL grasslands
(species richness, cover, and diversity) and how has this changed frorAQI%8

BADL plays a vital role in protecting and managing some ofahgest remnants of native mixed

grass prairie in the area. Most sites within the park have a number of native grass and forb species
that is well within the natural range of variability for northern migedss prairie. We found no

significant trends in ative species richness or evenness from 2885, but both are threatened by

the increasing cover of exotic species (Table 4.8.6). Annual bromes, Kentucky bluegrass, and yellow
sweet clover are the most abundant exotic plant species in BADL. Continueal efforts will be
necessary to maintain native prairie within BADL.

How do trends in grassland condition correlate with climate and fire history?

The large variability in the climate of BADL has made it difficult to discern strong patterns linking
temperature, precipitation, and plant community structeuge ,exotic cover, diversity). However, we
did find that the relative cover of exotic species declined in response to increasing average annual
maximum temperatures. Continued monitoring and gdotime series of vegetation data and

climate will allow us to determine if hotter conditions continue to favor native species.

BADL has been using prescribed burning as a management tool since the 1980s. There was no
difference in native diversity omxetic cover among plots that had burned recently and those that had
not burned for over 10 or 25 years. However, those that had not burned in many years had a higher
cover of annual bromes than sites that burned more recently. Ongoing adaptive management
programs and research will provide better guidance to the park on whether prescribed burns should
be used to reduce the cover of annual bromes.

We found that native species richness was higher in plots within areas of the park utilized by bison.
This patern is consistent with a past studies on the role of disturbance in maintaining grassland
diversity.

What, if any, rare plants were found in BADL lete&rm monitoring plots?

We found only one r ar e pAsteagatus barn) was AlsetvedinBar r 6 s mi
single vegetation monitoring plot. Since the rare plants within BADL are found in such low

abundance, we recommend a more targeted effort to monitor their populations.
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4.8.5. Vegetation Overall Condition

Table 4.8.7. Vegetation overall condition.

Indicators Measures Condition

Native species richness

Upland plant community
structure and composition

Evenness

Relative cover of exotic species

Exotic plant early detection and
management

Annual brome cover

Overall condition for all indicators and measures

© 000 |0

Condition

Overall vegetation condition was determined by the average of the indicator conditions. The NRCA
authors summarized the condition, confidence, and trend for edichtor, and assigned condition

points. The score for overall vegetation condition was 63 points, which placed vegetation at Badlands
National Park in the Waants Moderate Concern category.

Confidence
Confidence was Medium for all indicators and measanek therefore, confidence was Medium for
overall vegetation condition.

Trend
Trend was Unchanging for all indicators and measures. The overall trend for vegetation was
Unchanging.

4.8.6. Stressors

Exotic yellow clover has become an increasirgfigllenging issue in recent years and efforts to
control the spread of the species have been ineffective (B. Kenner, persomalréoation, 12
December 2016).
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4.8.7. Data Gaps
The full impact of the spread of yellow clover is not fully known, nor havé&oustto control the
species been studied in full (B. Kenner, personal communication, 12 December 2016).
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4.9. Breeding Birds

4.9.1. Background and Importance
Birds are a critical natural resource that provide an array of ecological, aesthetic, and recreational
values. As a speciggh group, they encompaadroad range of habitat requirements, and thus may
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serve as indicators of |l andscape condition (06C
changes in habitat (Canterbury et al. 2000), climate (Walther et al. 2002), ecological interactions
(e.g.,Gurevitch and Padilla 2004), and other factors of concern in ecological systems.

Parks may serve as reference sites for interpreting regional and national population trends, and the
NPS has made a commitment to monitoring landbirds (Gitzen et al. 20@@ctitrg birds is key to

~

park integrity, and park units may serve as fAis
Goodwin and Shriver 2014).

Western Meadowlark at Badlands National Park. Photo by Sara Feldt, NPS (2011).

In 2013, the NP38lorthern Great Plains Network (NGPN) began regietie landbird monitoring in
collaboration with the Bird Conservancy of the Rockies (formerly the Rocky Mountain Bird
Observatory) and as part of a larger effort, the Integrated Monitoring in Bird CongeriR&tjions
(IMBCR) program. The objectives of these ongoing monitoring efforts are to 1) estimate the
proportion of sites occupied (occupancy estimates) for breeding birds, 2) identify changes in
community dynamics, 3) estimate changes in the densitiezaion breeding landbirds, and 4)
relate changes in environmental parameters to bird population trends.

History of Bird Surveys at Badlands National Park

Badl ands National Park | ists 206 species as Apr
ad 28 speci es Mtgs://ifma.nps.gowNPSpeaeRdrtions(of two Breeding Bird

Survey (BBS) routes are within park boundaries, and monitoring data for these routes are available
dating back to 967 for Cedar Pass and 1982 for Badlands.

As part of developing the current inventory and monitoring program in the NGPN, bird surveys were
conducted in 1999 throughout grassland habitat in Badlands NP (Powell 2000)-eidhitgpecies

were detected ingint counts and transects during peak breeding, and 72 species were seen overall.
Methods and study design were further developed in 2011, when 581 point counts were conducted
(Birek et al. 2014). Eightpne species were seen during these surveys. In&@l 2012, a

176


https://irma.nps.gov/NPSpecies

comparison of point count and acoustic monitoring techniques was conducted, revealing important
differences in detectability among specc(Pavlacky and Beason 2014).

In the NGPN group of parks to which Badlands NP belongs, landbirds areecongidd a fivi t al
of park ecosystems (Gitzen et al. 2010). Monitoring of landbirds began in 2013 with help from the
Bird Conservancy of the Rockies. This conservation group established 187 permanent point count
locations, detecting 54 species in 2013s@8cies in 2014, and 77 species in 2015.

Regional Context

Badlands NP is located within the badlands and prairies bird conservation region (BCR 17;
Figure4.9.1). The badlands and prairies is an arid region with limited vegetation height and diversity.
Same of North Americads highest priority birds
(Figure 4.9.2), a speciesatihcan be found at Badlands NP.

Figure 4.9.1. Bird conservation regions of North America (BCRs; www.nabci-us.org/map.html). Badlands
NP is located within BCR17, the badlands and prairies BCR.
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Figure 4.9.2. Population trends for the grasshopper sparrow from 1963 to 2013. The grasshopper
sparrow is an example of a grassland species that has been declining for a variety of reasons, including
habitat loss and degradation (USGS and BBS, image from Wikipedia).

Most grassland bird species are declining in North America (Peterjohn and Sauer 1995, Sauer et al.
2003). While the overall trend fdiirds in the badlands and prairies BCR is stable (Sauer et al. 2003),
most of the grasslarobligate species there exhibit negative trends (Sauer et al. 2003, Sauer and
Link 2011). The causes of declines in species such as the grasshopper sparrowyanagersiood

but could be related to a reduction in the diversity of native herbivawek,as bison and prairie dogs
that create high quality habitat for many grassland bird species.

4.9.2. Breeding Birds Standards

The Migratory Bid Treaty Act of 191816 USC703-712; Ch. 128; July 13, 1918; 40 Stat. 755)

protects hundreds of bird species by prohibiting the take (i.e., to kill, injure, harm, annoy, etc.) of any
species of migratory bird without a permit. This act provides formal protection to most bird species

that can be found at Badlands NP. Of the 205 species considered to be present or probably present at
Badlands NP, 37 species are considered species of federal concern. Thewueenvarbler is a
species that i s under ipiesaicaadate orrfeddral listing. However,n d S p
none of the birds at Badlands NP are formally protected under the Endangered Species Act. Both

bald and golden eagles are protected under the Bald and Golden Eagle Act. The bald eagle is listed as
threatend and the peregrine falcon as endangered in the state of South Dakota.
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Partners in Flight (PIF) maintains a list of all bird species in North America with population
estimates and fApriority rankingo scoriskhased These
on population trends and species traits. PIF also publishes a Watch List that identifies the species
most in need of conservation action based on priority rankings (Figure 4.9.3). Twelve species at
Badlands NP are identified in the 2014 Yellovatsh List.

Figure 4.9.3. Norther harrier in flight. Based on the Partners in Flight ranking system, the northern harrier
was the highest priority species observed at Badlands NP in 2015. Photo by D. Pancamo, Wikipedia
2010.

Sout h Dakot a @AstionPtamcorgaind list df spediesg of greatest conservation need.

Fifteen of 29 species designated as species of greatest conservation need can be found at Badlands

NP (Figure 4.9.4). The top ranked species (ranks 1 and 2a) include the bald eagtimepfaieon,
chestnutcollared longspur, lark bunting, lofgi | | ed curl ew, and Spraguebs

Figure 4.9.4. Perched lark bunting. The lark bunting is a South Dakota Species of Greatest Conservation
Need frequently observed at Badlands NP in 2015. (Photo: by NPS).
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4.9.3. Methods

Indicators and Measures

We assessed overall bird condition based on three indicators: species diversity, species abundance,
and conservation value. Each of these indicators contributes to different aspects of bird condition.
We used measurements specified by the scientific literature and expert opinion. There was no clear
or accepted standard for assigning indicator conditions, so we instead illustrate a framework that
could be used tosaess bird condition over time.

Indicator: Species Diversity
Species diversity informs us about the composition and number of bird species. There are a variety of
ways to measure species diversity, including the most basic measure: the number of species, or
species richness.

Measure of Species Diversity: Species Richness
Species richness is a basic measure of ecological diversity and integrity. Apart from the inherent
value of species richness, a greater number of species also tends to reflect the quality and diversity of
habitat. Because the studgsign of the current monitoring effort is the same from year to year, we
can use data from these surveys as comparable estimates of the number of species observed over
time.

Sampling effort (humber of poittansects conducted) and the number of spetiesreed may vary

from year to year at Badlands NP. Imperfect detection of species can malenimiat comparisons

of species lists unreliable indicators of species that were actually present in the park unit. Occupancy
estimates take these factors intc@unt, and incorporate imperfect detection in estimates. The
particular type of model used is a mdtiale occupancy model (Nichols et al. 2008, Pavlacky et al.
2012). This type of model assumes that there are no misidentifications of species thiapsrsemd

(i.e., that there are no false positive observations). In the case of Badlands NP, occupancy estimates
(y) can be interpreted as the proportion of the park in which the species is expected to be found.
These values may range from zero to onenkla species was not detected in a given year, it may
have a norzero probability of occupying the park. An occupancy estimate of one would indicate that
a particular species would be expected to occur in all locations.

These occupancy estimates prowvishe measure of species richness (A. Green, personal
communication20 May 201§ By summing the occupancy estimates across all species, we
generated a value that we interpreted as the average species richness across the park unit, or the
number of speciesxpected in a particular survey location. We present this value with its standard
error, which describes the precision of the species richness estimate. We calculated standard error
using the delta method (Powell 2007). We first calculated the variamaelbfspeciespecific

estimate of occupancy (standard error squared), summed the variance estimates across all species,
and calculated the standard error of the richness estimates (square root of the summed variances). For
our calculation of average spexiechness, we assigned birds that were observed but for which
occupancy estimates were lackingi(32 % of species) a value of 0.01 and a standard error estimate
of 0.01. In general, species lacking occupancy estimates were observations of a singigaindia

given year. In the future, the Avian Data Center will likely provide occupancy estimates for all

180



species observed. All data are freely available online
(http://rmbo.org/v3/avian/ExplotieeData.aspx

Indicator: Species Abundance
Bird population abundance can respond to both shod longterm drivers of habitat quality, such
as vegetation structure, prey abundance, and competition or predation pressures.

Measure of Species Abundance: Mean Density
The Bird Conservancy tracks number of individuals per square kilometer over time along with
precision estimates. Density estimates are derived from count data that have been corrected for
imperfect detection (undefetection).

Indicator: Conservation Value
Maximizing species richness and density is generally desirable, but these measures do not tell us
about the identities of the bird species present. For example, we would value a bird community of
native species more highly than one wtk same number of narative species. As another
example, one would not typically manage for increased densities of introduced nest parasitic bird
species. This consideration led us to ask what we know about the conservation value of individual
species, pof Badlands NP as a whole. The PIF database offers a way to assess the value of species
or groups of species through the priority ranking list.

There have been a number of attempts at creating indices to rate bird communities at different spatial
scalesOne example is the bird community index developed for portions of the eastern United States
(O06Connell et al. 2000). This index requires pl
habitat quality condition in those regions. This approach hexs &eplied to National Parks in the

Northeast and National Capital NPS regions to compare bird communities between parks and outside
protected areas (Goodwin and Shriver 2014). This index has not been developed for the region in

which Badlands NP resides) we were unable to use this approach for the Natural Resource

Condition Assessment.

We used an alternative approach to assess the conservation value of bird communities, rooting our
calculations in the Partners in Flight (PIF) priority rankings (Hurttat.e1993). Bird species in the

PIF database are prioritized at both the regional (bird conservation region) and continental scales
(Partners in Flight Science Committee 2012). Each species is independently ranked from one (low
vulnerability) to five (hidn vulnerability) alonghe Pamers in Flight Species Asessméactorsand

these category rankings may be summed to give an opeity score for the specieg@m the

Partners in Flight Handbook opé&cies Assessment Version 20Cbnmittee 200p:

1 BreedingDistribution (BD):indi cates vulnerability due to the
breeding range on a global scale.

1 Population Size(PS). indicates vulnerability due to the total number of adult individuals in the
global population.

1 Population Trend (PT): indicates vulnerability due to the direction and magnitude of changes in
population size within North America since the P@60s.
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1 Threats to Breeding(TB): indicates vulnerability due to the effects of current and probable
future extrinsic conditions that threaten the ability of populations to survive and successfully
reproduce in breeding areas within North America.

1 Relative Density (RD). reflectsthe mean density of a species within a given BCR relative to
density in the single BCR which the species occurs in its highest density.

The criteria are assessed either at the level of the entire species range (global score) or the level of the
region (regional score). These criteria are breeding distribution (global score), poputatifiabal

score), population trend (regional score), threats to breeding (regional score), and breeding relative
density (regional score). The sum of these values is the regional concern score for breeding. The
range of possible scores for each spedi¢isealevel of the bird conservation region thereford is 5

25, with five being the lowest priorityanking and 25 being the highest.

The Partners in Flight species concern scores may be used to set conservation priorities (Carter et al.
2000). PIFbased cnservation value scores may be refined by the use of species abundance to

weight the PIF rankings (Nuttle et al. 2003). A comparison of the bird community index and-the PIF
based conservation value approachesnndlo®nstrat e
the two indices werstrongly correlated, even when using a simple sum of PIF scores. All data are

freely available onlinehttp://rmbo.org/pifdb.

Measure of Conservation Value: Mean Priority Rankings
We averaged the regional ranking for each species, excluding introduced species. Other approaches
to assessing conservation value include summing
abundance or occupancy ( Nsaketandeased interdretabil@dyOwe 3 ) . Fo
present an average ranking with its standard error here.

Data Collection and Sources

Data Management and Availability
For this assessment, we used data from two online database sources. Data on all bird species from
monitoring surveys are stored on the Rocky Mountain Avian Data Center website and managed by
the Bird Conservancy of the Rockies. Data for priority rankings of landbirds are stored on the
Partners in Flight Species Assessment Database website and alsodvigntgeBird Conservancy.

Field Protocol
Monitoring of birds at Badlands NP began in 2013 following a standardized protocol (Beaupré et al.
2013). Up to 187 permanent poinansect locations were surveyed each year (Buckland et al. 2001)
(Figure 4.9.5)Each of these locations was surveyed for birds seen or heard calling during morning
hours (beginning 30 minutes before local sunrise) at the height of the breeding seasoni(May 15
June 14; Beaupre et al. 2013). This approach tends to-sangle certaigroups such as nocturnal
birds, while sampling groups such as passerines well (Buckland 2006). By recording the distance to
each observation, researchers are able to create a detection function that can be used in the
calculation of bird densities (Buckldr2006). Repeat observations at sampling locations allow
researchers to correct for undbatection of the number of sites occupied (MacKenzie et al. 2002).
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Figure 4.9.5. Bird monitoring locations at Badlands NP (Buckland et al. 2001). Each grid cell depicted
includes 16 point-transect locations. Surveys were conducted at 161 locations in 2015.

Quantifying Breeding Bird Condition, Confidence, and Trend

Indicator Condition
To assess indicator condition, we used methods informed by expert opinion andedesgiNuttle
et al. (2003). For species not formally protected by the Endangered Species Act, calculating bird
condition is not straightforward. To calculate a condition score, we would have needed empirically
derived estimates of the levels of specie®diity, species abundance, and conservation values that
revealed the condition of the species within the park unit. Those criteria are absent from the
literature, and assigning a condition score without them would have been unwarranted. In lieu of
condition scores, we present values for indicators based on the best available data; natural resource
managers can reference these values in current and future park planning.

The results for Badlands NP are presented along with a comparison of the same cadatl#tie

level of the bird conservation region. The IMBCR has completed full coverage of BCR17, se region
wide estimates are available. The BCR17 results are a combination &bdaféve states (Table

4.9.1).
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Table 4.9.1. The distribution of sampling points among states in the badlands and prairies bird
conservation region (BCR17).

State 2013 2014 2015
Montana 426 948 315
North Dakota 485 474 371
Nebraska 65 81 80
South Dakota 1799 1037 1197
Wyoming 498 367 690
Total 3273 2907 2653
Occupancydensi ty, and count data were extr-acted fro

BCR17%BN: Badlands National PaikNor t h Uni t 0 as the Aindivi dual 5
theuperstratum: BCR170 for BCR17.

Indicator Trend
Calculating a trend estimatequires sufficient statistical power and surveys were designed with this
in mind. However, detecting a trend based on the IMBCR survey design will likely require at least
five years of continued monitoring. The monitoring program at Badlands NP iseblatew,
having commenced in 2013, so data were not sufficient at the time of this assessmentate calcul
trends in bird populations.

Indicator Confidence
Confidence ratings were based on data availability (number of years) and data quality (e.g., survey
design, estimation techniques). We gave a ratindigi confidence when surveys were conducted
regularly, data were collected recently, and the data were collected methodically. We assigned a
Mediumconfidence rating when surveys were not conducted adgutata were not collected
recently, or data collection was not repeatable or methodlioaiconfidence was assigned when
there were no good data sources to support the condition.

Overall Breeding Bird Condition, Trend, and Confidence
We deferred to th expert scientific community to assign an overall breeding bird condition, trend,
and confidence

4.9.4. Breeding Bird Conditions, Confidence, and Trends
Species Diversity

Condition: Not Available
Confidence: High
Trend: Not Available
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Condition
To calculate species diversity, we used results from goamisect surveys conducted from 2013
2015 (Table 4.9.2, Figure 4.9.6). Across 128 ptiemisect locations, 54 species were observed in
2013. Across 187 poifitansect locations, 75 species were olesain 2014. Across 161 point
transect locations, 77 bird species were observed in Badlands NP in 2015. Of these observations,
three nomnative species were observed from 204RBL5 (European starling, ringecked pheasant,
and rock pigeon). These introdaicgpecies were eluded from richness estimates.

Table 4.9.2. Average species richness of breeding birds at Badlands NP (BADL) and within the badlands
and prairies bird conservation region (BCR17).

Number of
Number of Number of | species with Number of Average species
locations species | occupancy non-native richness
Location Year surveyed observed estimates species + standard error
2013 128 53 38 2 12.02£0.71
BADL 2014 187 75 50 3 13.12£0.82
2015 161 77 50 2 13.41£0.92
2013 3273 190 148 5 17.22 + 0.60
BCR17 2014 2907 197 150 5 19.57 £ 0.61
2015 2653 196 154 5 17.72 £ 0.64
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Figure 4.9.6. Average species richness with 95% confidence intervals of breeding birds within Badlands
NP and the badlands and prairies bird conservation region (BCR17).

185



While species richness at Badlands NP was lower than that of the BCR in which the park is situated,
reference criteria were unavailable to identify what amount of richness constituted good or bad
condition (Table 4.9.2, Figure 4.9.6). Condition for species richnesblotasvailable

Confidence
We calculated species diversity from highality occupancgstimates from three years of
monitoring data from up to 187 locations within the park. The confidencélighs

Trend
There were three years of peininsect data available from Badlands. Species richness estimates
were similar for all years. Thgreatest number of species (77) was observed in 2015. It was too early
to calculate a trend in species richness at the time of this assessment, but the richness estimates were

similar among the three survey years.

Condition: Not Availale
Confidence: High
Trend: Not Available

Species Abundance

Condition
We examined species abundance across three years of monitoring data (Table 4.9.3, Figure 4.9.7).
We used available density estimates for native species to calculate an average density for the study
area (mmber of birds per square kilometer). In general, density estimates should be fairly sensitive to
shortterm changes in habitat quality, such as food availability.

Table 4.9.3. Average density of breeding birds at Badlands NP (BADL) and within the badlands and
prairies bird conservation region (BCR17). The number of species is all native species for which there
were density estimates.

Number of
Number of Number of species Number of

locations species | With density non-native [ Average density +

Location |Year surveyed observed estimates species standard error
2013 128 54 43 2 5.98 + 0.56

BADL 2014 187 75 58 3 4.82 + 0.96
2015 161 77 60 2 4.79+0.76

2013 3273 190 124 5 2.84+0.14

BCR17 2014 2907 197 140 5 2.71+£0.12
2015 2653 196 140 5 2.71+£0.15
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Figure 4.9.7. Average density with 95% confidence intervals of breeding birds within Badlands NP and
the badlands and prairies bird conservation region (BCR17).

While species abundance at Badlands NP was nearly double species abundance of the BCR in which
the park is situated, reference criteria were unavailable to identify what abundance numbers
constituted good or bad condition. Condition for species abundaasidot Available

Confidence
Species abundance was calculated from-ligglity occupancy estimates from three years of
monitoring data from up to 187 locations within the park. The confidencélighs

Trend
There were three years of density estimategabla from Badlands NP. The highest average
densities were observed in 2013 (approximately 6 birds/square kilometer). The most abundant bird
species was the grasshopper sparrow in 2013 (48 birds per square kilometer in 2013), and the cliff
swallow in 2014and 2015 (78 and 70 birds per square kilometer, respectively). It was too early to
calculate a trend in species abundance at the time of this assessment, but the density estimates varied

among the three survey years.

Condition: Not Awilable
Confidence: High
Trend: Not Available

Conservation Value
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