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Executive Summary 

In collaboration with the National Park Service, the University Of Wyoming 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 information on resource conditions to 

support near-term planning and management, long-term strategic planning, and effective science 

communication to decision-makers and the public. 

Badlands National Monument was established in 1939 and designated as a National Park (NP) in 

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 prairie ecosystem; 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 discussion among park leadership 

and natural resource managers to identify high-priority 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 the condition, 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. Resource experts, 

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 Condition Context included 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 Environmentðor physical environmentðresources included air quality, surface water 

quality, geology, and paleontological resources. Air quality, surface water quality, and geology were 

of moderate concern; paleontological resources warranted significant concern because theft and 

vandalism of fossils were major concerns. 

The natural resources that composed the Biological Integrity category included vegetation, birds, 

black-tailed prairie dogs, black-footed ferrets, bison, swift fox, bats, bighorn sheep, bobcat, mule 

deer, herpetofauna, 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, 

black-foot ferrets, and swift fox warranted significant concern. Resource 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 assessment (Chapter 2), 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 (NRCAs) evaluate current conditions for a subset of 

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report 

on trends in resource 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 parkôs resource setting, status of resource stewardship planning and science in 

identifying high-priority indicators, and availability of data and expertise to assess current conditions 

for a variety of potential study 

resources and indicators. 

NRCAs represent a relatively new 

approach to assessing and 

reporting on park resource 

conditions. They are meant to 

complement, not replace, 

traditional issue-and threat-based 

resource assessments. As distinguishing characteristics, all NRCAs 

¶ Are multi-disciplinary in scope;1 

¶ Employ hierarchical indicator frameworks;2 

¶ Identify or develop reference conditions/values for comparison against current conditions;3 

¶ Emphasize spatial evaluation of conditions and Geographic Information System (GIS) products;4 

¶ Summarize key findings by park areas;5 and 

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

Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the 

underlying data and methods support such reporting), as well as influences on resource conditions. 

These influences may include past activities or conditions that provide a helpful context for 

 

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

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 

] conditions for indicators ] condition summaries by broader topics and park areas. 

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference 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 we wish to avoid or 

that require a follow-up response (e.g., ecological thresholds or management ñtriggersò). 

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources 

and study indicators through a set of GIS coverages and map products. 

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

¶ Credible condition reporting for a subset of 

important park natural resources and indicators 

¶ Useful condition summaries by broader resource 

categories or topics, and by park areas 
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understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas 

and natural resources beyond park boundaries). Intensive cause-and-effect analyses of threats and 

stressors, and development of detailed treatment options, are outside the scope of NRCAs. 

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data 

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an 

informal synthesis of scientific data and information from multiple and diverse sources. Level of 

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing 

data and knowledge bases across the varied study components. 

The credibility of NRCA results is derived from the data, methods, and reference values used in the 

project work, which are designed to be appropriate for the stated purpose of the project, as well as 

adequately documented. For each study indicator for which current condition or trend is reported, we 

will identify critical data gaps and describe the level of confidence in at least qualitative terms. 

Involvement of park staff and National Park Service (NPS) subject-matter experts at critical points 

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

study indicators; recommend data sets, methods, and reference conditions and values; and help 

provide a multi-disciplinary review of draft study findings and products. 

NRCAs can yield new insights about current park resource conditions, but, in many cases, their 

greatest value may be the development of useful documentation regarding known or suspected 

resource conditions within parks. Reporting products can help park managers as they think about 

near-term workload priorities, frame data and study needs for important park resources, and 

communicate messages about current park resource conditions to various audiences. A successful 

NRCA delivers science-based information that is both credible and has practical uses for a variety of 

park decision making, planning, and partnership activities. 

 

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 science-based information that will assist park managers in their ongoing, 

long-term efforts to describe and quantify a parkôs desired resource conditions and management 

Important NRCA Success Factors 

¶ Obtaining good input from park staff and other NPS subject-matter experts at 

critical points in the project timeline 

¶ Using study frameworks that accommodate meaningful condition reporting at 

multiple levels (measures ] indicators ] broader resource topics and park 

areas) 

¶ Building credibility by clearly documenting the data and methods used, critical 

data gaps, and level of confidence for indicator-level condition findings 
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targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

report on government accountability measures.7 In addition, although in-depth 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 park-level climate-change studies and planning 

efforts. 

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.8 For example, NRCAs can provide 

current condition estimates and help establish reference conditions, or baseline values, for some of a 

parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate 

current conditions for those same vital signs. In some cases, I&M data sets are incorporated into 

NRCA analyses and reporting products. 

 

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately 

270 parks served by the NPS I&M Program. For more information visit the NRCA Program website. 

 
6An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 

as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department 

of the Interior, or the Office of Management and Budget. 

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources 

across the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values. 

NRCA Reporting Productsé 

Provide a credible, snapshot-in-time evaluation for a subset of important park 

natural resources and indicators, to help park managers: 

¶ Direct limited staff and funding resources to park areas and natural resources 

that represent high need and/or high opportunity situations  

(near-term operational planning and management) 

¶ Improve understanding and quantification for desired conditions for the parkôs 

ñfundamentalò and ñother importantò natural resources and values 

(longer-term strategic planning) 

¶ Communicate succinct messages regarding current resource conditions to 

government program managers, to Congress, and to the general public  

(ñresource condition statusò reporting) 

http://www.nature.nps.gov/water/nrca/index.cfm
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Chapter 2. Introduction and Resource Setting 

2.1. Introduction 

2.1.1. Enabling Legislation 

Badlands National Park (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: 

¶ Protect the unique landforms and scenery of the White River Badlands for the benefit, education, 

and inspiration of the public. 

¶ 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 grass prairie system. 

¶ Preserve the Badlands wilderness area and associated wilderness values. 

¶ Interpret the archaeological and contemporary history of use and settlement of lands within the 

park, with special emphasis on the history of the Sioux Nation and the Lakota people (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, 64,144 acres 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 park 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 (NPS 2012). 
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2.1.3. Visitation Statistics 

Annual visitation data for Badlands NP are available for 1939-2015. 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 recreational visitors 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 (IRMA 2016). 

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, Soundscape, Air Quality, Surface Water Quality, Geology, Paleontological 

Resources, Vegetation, Birds, Prairie Dogs, Black-footed 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). The largest grassland 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 this section 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 staff.  

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 refer to the 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 Badlands National Monument. This initial authorization stated the purpose 

of the monument to ñpreserve the scenic and scientific values of a portion of the White River 

Badlands and to make them accessible for public enjoyment and inspiration.ò The scenic qualities 

and importance of the White River Badlands were further supported in the 1938 establishment of 

Badlands National Monument and the subsequent re-designation of the monument as a National Park 

in 1978. Today a main purpose of the park continues to be management that 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 of deposition and erosion in iconic formations are important aspects of the 

visitor experience to Badlands NP. 
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The long history of conservation in the Badlands of South Dakota and the largely undisturbed and 

undeveloped landscape surrounding the park has ensured the 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 and dark 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 skies play an important role in healthy ecosystems. The absence of 

light is important to nocturnal wildlife, light-sensitive amphibians, reptiles, insects, plants, and 

migrating birds requiring starry skies for navigation. 

Clear, dark night skies are a valuable natural 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 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 environment, helps to ensure that this 

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 critical role in intra- and inter-species 

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 bordering the park unit. Primary sources of non-natural sounds within the park include 

automobile traffic, visitor conversations and associated acoustics, maintenance operations, and air 

traffic passing overhead. Industrial activities and noise from business and 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. 

Air Quality 

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 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. 
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The NPS is dedicated to preserving natural resources, including clear air. The National Park Service 

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 support a vast 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 connect to a drinking water supply. 

Badlands NP is part of the Northern Great Plains Network (NGPN) and is located in the Bad, Middle 

Cheyenne-Elk, Middle Cheyenne-Spring, Upper White, and Middle White River drainage basins. 

Each of these rivers flow east into the Missouri River, though only the White River runs through the 

park. Other water resources within the park are limited, consisting primarily of intermittent 

streamsðBattle, Cedar, Palmer, and Sage Creeks, ephemeral water bodies, and constructed 

impoundments. 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 within National 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 for people from 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 human-influenced weathering and erosion that is occurring at areas 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 Resources 

The principal mission of the National Park Service is the preservation, protection, and stewardship of 

natural and historic resources. Fossils, and the natural geologic processes that form, preserve, and 

expose them, are included in this mission. Paleontological resources are non-renewable, and they 

hold the keys to understanding the complex history 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 vertebrate fossils 

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 Seaway, with remains 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 large grazing mammals. 
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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 evolution and 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 non-natives 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, mixed-grass prairie, and rich fossil deposits. The vegetation is a mosaic of sparsely 

vegetated badlands, native mixed-grass 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 species-rich 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 in ecological systems. 

In the NGPN group of parks to which Badlands NP belongs, landbirds are considered a ñvital signò 

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 (Cynomys ludovicianus) are ground-dwelling rodents of the Sciuridae 

family and are one of five prairie dog species native to North America. Black-tailed prairie dogs 

(hereafter ñprairie dogsò) are the most numerous and widely distributed prairie dog species, ranging 

from southern Canada to northern Mexico. 

Maintaining healthy black-tailed 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 black-tailed prairie dogs on all 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 protocols. The largest management issue facing prairie dogs in the park is sylvatic 

plague caused by Yersinia pestis, a lethal, generalist, non-native bacterium. Plague has greatly 

reduced the number of active prairie dog colonies within the park since 2008. Badlands NP has 

engaged in multi-agency efforts to curb plague within the park 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 extensive population of prairie dogs. Badlands NP was 
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the second reintroduction site for black-footed 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 ferrets (Mustela nigripes) are charismatic, globally endangered carnivores endemic to 

North America. They are nocturnal, solitary, territorial animals that are closely tied to prairie dog 

(Cynomys spp.) colonies. Prairie dogs are a primary prey source for ferrets and their burrows provide 

shelter for this unique member of the weasel family (Mustelidae). 

The black-footed ferret was listed as a federally endangered species in 1967 and as a South Dakota 

endangered species in 1978. Later thought to be extinct in the wild, a remnant 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 1996. There 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 black-footed ferret remains one of the rarest 

free-ranging mammals in North America, with an estimated self-sustaining population of 167 mature 

individuals range-wide. 

The Conata Basin/Badlands population of ferrets remains one of the most successful reintroduction 

efforts to date, largely due to the quantity and quality of black-tailed prairie dog colonies at these 

sites. Since the time of reintroductions, the black-footed ferret population has been monitored 

annually. 

Bison 

The American bison (Bison bison) is an iconic species in North America. Badlands NP hosts one of 

two subspecies of American bison, the plains bison (Bison bison bison). Historically, an estimated 

30ï70 million plains bison ranged from central Canada to Mexico in herds of up to 10,000 animals. 

These herds played a key role in the grassland 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 restoration. Substantial numbers of bison historically inhabited the grasslands 

within the park. From 1963ï1964, 50 bison from Theodore Roosevelt National Park and three from 

Fort Niobrara National Wildlife Refuge were introduced into the Badlands Wilderness Area. An 

additional 20 bison from Colorado National Monument were added to the Badlands NP herd in 1983. 

Badlands NP currently has a management goal of maintaining 500ï700 bison in the 23,458-hectare 

(57,967-acre) Badlands Wilderness Area. The herd is culled opportunistically, 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 (Vulpes velox) is a small-sized member of the dog family, typically weighing about two 

kilograms. Historically, they were thought to be common or locally abundant throughout much of the 

shortgrass and mixed-grass prairies of the Great Plains. 

The NPS reintroduced a swift fox family to Badlands NP in 1987 from the nearby Pine Ridge 

Reservation, but failed to establish a population. Additional reintroductions were accomplished from 

2003ï2006 with 114 individual foxes brought from Colorado and Wyoming.The swift fox is one of 

four native species that has been reintroduced to Badlands NP in an effort to restore the native prairie 

ecosystem, the others being the black-footed ferret (Mustela nigripes), bighorn sheep (Ovis 

canadensis), and American bison (Bison bison). 

Bats 

Bats have many important ecological roles and are one of the most 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 agricultural 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 has a much greater effect 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 dedicated 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 roosting, about 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 Need in the South 

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 (Ovis canadensis) 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 badlands or Audubonôs bighorn (Ovis c. auduboni) was historically found in the badlands 

region, but went extinct by 1925. The NPS introduced the Rocky Mountain bighorn sheep (Ovis c. 

canadensis) to Badlands NP in 1964. 

Bighorn sheep populations have a tenuous hold in many areas, largely owing to disease 

susceptibility. Studies show that bighorn 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 populations, and that 

management efforts aimed at mitigating the frequency and severity of disease outbreaks are a 

conservation priority. 

National Park Service lands are important reference and monitoring sites for animal populations, and 

the NPS is dedicated to protecting bighorn sheep and their habitat. 

Bobcat 

Bobcat (Lynx rufus) 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, and the occasional scavenged moose. Because of their value as a furbearer species, 

bobcat nearly went extinct in the eastern US by the mid-1900s. Federal legislation and state-level 

management restored the species to self-sustaining populations by the early 1990s. 

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 plague (Yersinia pestis) both directly and through the decline of 

plague-infected prairie dogs. National Park Service lands are important reference and monitoring 

sites for animal populations, and the NPS is dedicated to protecting bobcat and their habitat. 

Mule Deer 

Mule deer (Odocoileus hemionus), named 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 population fluctuations 

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 vacillations, though proximate causes are likely to vary 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 deer herd units overlap 

portions of Badlands NP. The herd units surrounding BADL are managed for hunting and for non-

consumptive wildlife-viewing. Deer are managed by NPS within BADL boundaries, and hunting is 

not allowed within the park. 

Herpetofauna 

Herpetofauna, a 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 indicators of ecosystem health. 

National Park Service lands 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 management actions in NPS 

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 assessment, 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 USDI Bureau 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 food sources. Badlands NP is home to a total of 69 confirmed 

species. Monarch butterflies (Danaus plexippus) feed on milkweed in the park where the endangered 

species spends summer, two-tailed swallowtails (Papilio multicaudata) lay eggs on choke cherry and 

wild plum trees, and melissa blue butterflies (Plebejus melissa) persist throughout the park. While 

bumble bees (Bombus sp.) 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 visitors. 

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 updated inventory 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): 

ñThe NGPN I&M Program is one of 32 National Park Service I&M Networks across the 

country established to facilitate collaboration, 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 resources, including large areas of northern mixed-grass 

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 preserving the regionôs unique resources through science and 

education.ò 
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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 methods in Chapter 3 (Study Design 

and Methods) of this NRCA. 
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Chapter 3. Study Methods 

3.1. Preliminary Scoping 

This NRCA was produced by the University Of Wyoming Ruckelshaus Institute Of Environment 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 resource managers and leadership at Badlands NP 

with information to support management decisions, strategic planning, and effective science 

communication to decision-makers and the public on resource conditions. To deliver this 

information, we: 

¶ Used a collaborative approach to tailor analyses to park-specific needs and opportunities; 

¶ Identified the unique biophysical and cultural resources of management interest; 

¶ Identified existing data (and critical data gaps) and available expert knowledge for understanding 

and assessing park resources; 

¶ 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 two-phase 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 assessment. 

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 corresponding with Badlands NP leadership and natural 

resource managers to incorporate feedback. 
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To provide a forum for cross-unit idea exchanges and the establishment of a common analytical 

process at the beginning of the project, we convened an initial planning meeting with representatives 

from Badlands NP and NGPN to start the project. 

Phase 1 ï Assessment and Planning 

During Phase 1 we established communication and identified shared expectations among NPS 

representatives, UW staff, and key resource experts. Through conference 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: 

¶ Review of existing NRCAs for best practices (UW team) 

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

¶ Project Scoping Meeting and iterative discussions to: 

o Review the NRCA process and goals generally with UW/NPS team 

o Select the appropriate study framework to guide the NRCA 

o Identify critical, park-specific biophysical resources for assessment 

o Identify the key indicators of resource condition 

o Identify measures to quantify and/or qualify indicators 

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

¶ Refine the timeline and specific deliverables 

¶ Assign team member roles in gathering data and reviewing deliverables/products 

We agreed that an appropriate framework (Table 3.1) for our purpose was one adapted from the H. 

John Heinz II Center for Science, Economics, and the Environment (2008). This framework gave us 

a hierarchical structure to assess natural resource conditions using indicators and their quantitative 

and qualitative measures, and to identify data gaps and stressors. 
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Table 3.1. Natural Resource Condition Assessment Framework for Badlands NP. 

Context Resource Indicator Measure 

I. Landscape condition 

context 

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 

Night sky  Night sky quality Bortle Dark Sky class 

Night sky  Night sky quality 
Synthetic Sky Quality Meter 

(SQM) 

Night sky  Night sky quality Sky Quality Index (SQI) 

Night sky  
Natural light 

environment 
Anthropogenic Light Ratio (ALR) 

Soundscape Anthropogenic impact Mean L50 impact 

Soundscape Anthropogenic impact Qualitative assessment 

II. Supporting 

environment 

Air quality Visibility Haze index 

Air quality Ozone 
Human health (ozone 

concentration) 

Air quality Ozone 
Vegetation health (W126 

measure) 

Air quality Particulate matter PM2.5 

Air quality Particulate matter PM10 

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 

Water quality Acidity pH 

Water quality Dissolved oxygen  mg/L 

Water quality Specific conductivity s/m 

Water quality Temperature °C 

Water quality 
Invertebrate 

assemblage 
HBI 

Water quality 
Invertebrate 

assemblage 
EPT Index 

Water quality 
Invertebrate 

assemblage 
% EPT 

Water quality 
Invertebrate 

assemblage 
Evenness 

Water quality 
Fecal indicator 

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

Context Resource Indicator Measure 

II. Supporting 

environment 

(continued) 

Geology 
Weathering and 

erosion 
Amount of erosion (mm/year) 

Paleontological 

resources 
Fossil loss Amount of weathering and erosion 

Paleontological 

resources 
Fossil loss Fossil poaching and vandalism 

III. Bilogical Integrity 

Vegetation 

Upland plant 

community structure 

and composition 

Native species richness 

Vegetation 

Upland plant 

community structure 

and composition 

Evenness 

Vegetation 

Exotic plant early 

detection and 

management 

Relative cover of exotic species 

Vegetation 

Exotic plant early 

detection and 

management 

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 

III. Bilogical Integrity 

(continued) 

American bison Geography Representation 

American bison Health and genetics 
Presence and management of 

disease 

American bison Health and genetics Genetic diversity 

American bison Health and genetics Genetic integrity 

Swift fox Population viability Population growth rate 

Bats 

Bat species status (11 

species assessed 

individually) 

Population growth rate 

Bats 

Bat species status (11 

species assessed 

individually) 

Level of conservation concern 

Bats 
Exposure to White-

nose Syndrome 
Presence, absence, or proximity 

Rocky mountain bighorn 

sheep 

Population viability Population growth rate 

Population size Minimum population count 

Bobcat Population viability Population growth rate 

Mule deer Population viability Population growth rate 

Herpetofauna 

Reptile and amphibian 

status (17 species 

assessed individually) 

Population growth rate 

Herpetofauna 

Reptile and amphibian 

status (17 species 

assessed individually) 

Level of conservation concern 

Herpetofauna 
Exposure to chytrid 

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 ï Analysis and Reporting 

During Phase 2 we gathered data, conducted quantitative and qualitative 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 gaps, and 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: 

¶ Gather existing data for analysis 

¶ Review scientific literature and available data for key natural resources identified in the scoping 

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 key 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 the measures of those indicators 

(Table 3.1), we relied upon to NPS protocol, peer-reviewed scientific literature, state and federal 

regulations, technical reports, and resource experts. We described key indicators and appropriate 

measures, even if data were not available 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 detail in the 

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 region, 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 technical reports; and consultation with 

experts to identify the most recent and relevant data for each resource. 

Analyses 

Condition 

We used quantitative methods when possible and relied upon to the most rigorous assessment 

methods available, whether quantitative or qualitative. Measures determined the condition category 

of each indicator, which could be: Resource in Good Condition, Warrants Moderate Concern, 

Warrants Significant Concern, or Not Available (Table 3.2). To select analytical approaches for each 

measure, and to identify appropriate category value ranges for those measures, we again deferred to 

NPS protocol, peer-reviewed 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 C onditi on 

Resource is in good 

condition 
 

Conditi on is Improvi ng 

Condition is improving 

 
High 

High 

 
 Warrants  

Moderate Concern 

Resource warrants 

moderate concern  
Conditi on is U nchanging 

Condition is unchanging 

 
Medi um 

Medium 

 
Warrants  

Significant Concern 

Resource warrants 

significant concern 
 

Conditi on is D eteri orati ng  

Condition is deteriorating 

 
Low 

Low 

No Color 

Current Condition is 

Unknown or 

Indeterminate 

No Arrow 

Trend in Condition is 

Unknown or Not 

Applicable 

ï ï 

 

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 overall condition 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 Air Resources Division (NPS-ARD) to assess air quality; this approach uses a point 

system to assign the indicator to a category (NPS-ARD 2015). Measures that placed the indicator in 

the Warrants Significant Concern category were assigned zero points, Warrants Moderate Concern 

measures were given 50 points, and Resource in Good Condition measures were given 100 points. 

We used the average of these points to assign the indicator to an overall category. The overall 

condition was Resource in Good Condition if the average of these values was between 67 and 100, 

Warrants Moderate Concern between 34 and 66, and Warrants Significant Concern between 0 and 

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

Resource condition 

Points for overall 

condition 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

0ï33 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

34ï66 

Resource in good condition 

 

 

Resource is i n Good Condition 

67ï100 

 

Confidence 

Confidence ratings were based on the quality of available data. We gave a rating of High confidence 

(Table 3.2) when data were collected on site or nearby, data were collected recently, and the data 

were collected methodically. We assigned a Medium confidence rating when data were not collected 

on site or in close enough proximity to satisfy a High rating according to protocol, data were not 

collected recently, or data collection was not repeatable or methodical. We assigned Low confidence 

when there were no good data sources to support the condition. 

We calculated overall confidenceðHigh, Medium, or Lowðusing a points system similar to overall 

condition confidence; categories with High confidence received 100 points, Medium confidence 

received 50 points, and Low confidence received zero points. The overall confidence was High if the 

average of these values was between 67 and 100, Medium between 34 and 66, and Low between 0 

and 33. 

Trend 

Trend categories were Improving, Unchanging, Deteriorating, or Not Available (Table 3.2). To 

calculate a trend estimate, data requirements varied among resources according to NPS protocol, 

peer-reviewed scientific literature, state and federal regulations, technical reports, and resource 

experts. If there were no data available that met these resource-specific requirements for a particular 

indicator, we indicated that trend was Not Available for that indicator. 

If trend data were available for all key indicators, we calculated overall trend using a points system 

(NPS-ARD 2015) to assign an overall trend category of Improving, 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 trend was Improving. If the result was negative three 

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

two, the overall trend was Unchanging. If any measure did not have a trend, then there was no trend 

for overall condition. 
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Chapter 4. Natural Resource Conditions 

In this chapter we present the natural resource condition assessments. Each of these assessments 

includes background information about the resource, 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 to produce 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 help to convince the 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 principle of the 1916 Organic Act (16 USC § 1ï4) 

that established the National Park Service (NPS) and other park units, such as Badlands National 

Park (Figure 4.1.1). 

https://irma.nps.gov/
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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 current and future 

generations (16 USC § 1ï4). Scenic park resources are protected from impairment, which is any 

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 area visible from 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 beyond those 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 management policy currently 

exists exclusively for scenic resources, the NPS has shown a century-long commitment to the 

inventory, assessment, and preservation of the park systemôs visual resources. 

Regional Context 

At Badlands NP, 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 of deposition and 

erosion in the Badlands formations, are important aspects of the visitor experience (NPS 2016a). 

These park features 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 experience. Native 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 diverse nature of 

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 

authorized the creation of Badlands National Monument. This initial authorization stated the purpose 

of the monument to ñpreserve the scenic and scientific values of a portion of the White River 

Badlands and to make them accessible for public enjoyment and inspirationò (NPS 2006b). The 

scenic qualities and importance of the White River Badlands were further supported in the 1938 

establishment of Badlands National Monument and the subsequent re-designation of the monument 

as a National Park in 1978. Today a main purpose 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 and an approach used for assessing visual resource indicators developed by the NPS Air 

Resources Division (NPS-ARD) for Visual Resource Inventories (VRI) (M. Meyers, personal 

communication, 3 March 2016). 

To select key representative viewsðvantage pointsðfor 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 defined by one or more of the following characteristics: high elevation overlook, 

popular visitor attraction, iconic park resourceðeither natural or historic, park entrance, and/or major 

infrastructure developments such as visitor or interpretive centers. To pinpoint the 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 photographs on Google 

Earth. 

From these candidate vantage 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 limited the vantage point 

selection for that process to five points representative of the most-visited areas in Badlands NP 

(vantage points 1 [Big Badlands Overlook], 2 [Cliff Shelf Trail], 7 [Ancient Hunters Overlook], 8 

[Pinnacles Overlook], and 12 [Burns Basin Overlook]; Figure 4.1.3; Appendix A). We adapted the 

VRI process developed by NPS-ARD (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. The VRI 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 viewshed condition. This approach allowed us to 

focus on the condition of particularly iconic pointôs vantage points, well-visited points, and points 

that are currently developed or are being developed to draw visitor attention. In future viewshed 

condition assessments, the importance criteria may be applied to all points at the park to identify 

management priorities and development potential. While the full NPS-ARD VRI evaluation also 

includes an evaluation of historical importance and threats or opportunities that may 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 evaluating importance 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, non-scenic 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 



 

28 

 

importance elements from academic literature, local knowledge, and park interpretive materials 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 condition 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 

quantitative analyses of viewshed from each vantage point. We then considered the indicator 

conditions together to assess 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 scenic values 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 or the 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 relationships 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 integrity is the 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 and condition of the 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 in good condition, with few elements inconsistent with the ideal character of the 

landscape (Sullivan and Meyer 2015). 

To assign a score to landscape character, we used digital imagery in lieu of onsite surveys. We used 

the NPS Scenery Conservation Program (NPS 2015b) methods for this assessment (Figure 4.1.4) and 

assigned an overall rating based on equally weighted scores of the three landscape character 

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

We assigned ratings to the three components on a 1ï5 scale, for a total possible landscape character 

integrity score of 15 (Table 4.1.1). Our condition ratings correspond to the contribution each 

component has to overall scenic quality ratings of A-E, which are used 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 has to overall scenic quality ratings of 

Landscape character integrity rating values of 1ï5 (E) put this measure in the category, Warrants 

Significant Concern. Values of 6ï10 (C/D) put this measure in the category, Warrants Moderate 

Concern. A value higher than 10 (A/B) put this measure in the category, Resource in Good 

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

Resource condition 

Character 

integrity rating 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

1ï5 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

6ï10 

Resource in good condition 

 

 

Resource is i n Good Condition 

> 10 

 

Measure of Scenic Quality: Vividness 

Vividness is the memorable distinctiveness of the landscape within a viewshed. Distinctive or 

visually striking landscapes 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 exemplify this measure 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 

2015b). High scores for vividness would likely include multiple focal points, vibrant colors, striking 

features, and rich textures (Sullivan and Meyer 2015). To assign a score to landscape character, we 

used digital imagery in lieu of onsite surveys. We used the NPS Scenery Conservation Program (NPS 

2015b) methods for this assessment (Figure 4.1.5) and assigned an overall rating based on equally 

weighted scores of the three vividness components. 
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Figure 4.1.5. Methods to assign a score to vividness (NPS 2015b). 

We assigned ratings to the three components on a 1ï5 scale, for a total possible vividness score of 15 

(Table 4.1.2). The condition categories were based on Scenic Inventory Matrix ratings (NPS 2015b). 

Vividness values of 1ï5 put this measure in the category, Warrants Significant Concern. Values of 

6ï10 put this measure in the category, Warrants Moderate Concern, and a value higher than 10 put 

this measure in the category, Resource in Good Condition. 

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

Resource condition Vividness rating 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

1ï5 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

6ï10 

Resource in good condition 

 

 

Resource is i n 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 together spatially 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 a score to visual harmony, we used digital imagery in lieu of onsite surveys. We used the 

NPS Scenery Conservation Program (NPS 2015b) methods for this assessment (Figure 4.1.6) and 

assigned an overall rating based on equally weighted scores of the three visual harmony components. 

 

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

We assigned ratings to the three components of visual harmony on a 1ï5 scale, for a total possible 

rating of 15 (Table 4.1.3). The condition categories are based on the Scenic Inventory Matrix ratings 

(Sullivan and Meyer 2015). Visual harmony values of 1ï5 put this measure in the category, Warrants 

Significant Concern, values of 6ï10 put this measure in the category, Warrants Moderate Concern, 

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

Resource condition 

Visual harmony 

rating 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

1ï5 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

6ï10 

Resource in good condition 

 

 

Resource is i n Good Condition 

> 10 

 

Indicator: Land Cover Content 

Land cover is all physical material covering 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 of wilderness, 

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 no on site survey 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 using the most recent National Land Cover Dataset (USGS 2011). 

We grouped all cover types into three classesðnatural, developed, and agricultureðand calculated 

the percentage of each class in the foreground (0ï0.5 miles from vantage point), middle ground (0.5ï

3 miles), and background (3ï60 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 Scotts Bluff 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 the NPS-ARD resulted in significant 

correlations (p < 0.01) between land cover and scenic quality for all three cover classes (natural, 

developed, and agriculture) within the middle ground distance (Figure 4.1.7). 
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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 score in the middle ground distance (0.5ï

3.0 miles) from vantage points (rho = 0.62, P < 0.01; Figure 4.1.7A). We used a quartile approach to 

assign condition categories to land cover percentages, with higher natural land cover percentages 

corresponding to higher scenic value scores (Table 4.1.4). If the percentage of natural land cover in 

the middle ground was Ò 50%, the condition was Warrants Significant Concern. If the percentage of 

natural land cover in the middle ground was > 50% and Ò 75%, the condition was Warrants 

Moderate Concern. If the percentage of natural land cover in the middle ground was > 75% the 

condition was Resource in Good Condition. 

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

Resource condition 

Percentage 

natural cover 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

Ò 50 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

50 < and Ò 75 

Resource in good condition 

 

 

Resource is i n Good Condition 

76ï100 

 

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 

distance (0.5ï3.0 miles) from vantage points (rho = -0.66, P < 0.01). Only vantage points with < 10% 

developed land in the middle ground received the highest scenic quality score, and highest scenic 

quality scores had < 20% developed land in the middle ground (Figure 4.1.7B). We used a quartile 
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approach to assign categories to land cover percentages, within the observed range of values for 

developed land percentages in the middle ground (Table 4.1.5). If developed land cover percentage 

of viewshed was > 20%, we assigned the condition Warrants Significant Concern. If the percentage 

of developed land cover in the middle ground was Ò 20% and > 10%, the condition was Warrants 

Moderate Concern. If the percentage of developed land cover in the middle ground was Ò 10% the 

condition was Resource in Good Condition. 

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

ground. 

Resource condition 

Percentage 

developed cover 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

> 20 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

> 10 and Ò 20 

Resource in good condition 

 

 

Resource is i n Good Condition 

Ò 10 

 

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 

distance (0.5ï3.0 miles) from vantage points (rho = -0.60, P < 0.01). Only vantage points with < 13% 

agricultural land in the middle ground received the highest scenic quality score (Figure 4.1.7C). We 

used a quartile approach to assign categories to land cover percentages, within the observed range of 

values for agricultural land percentages in the middle ground (Table 4.1.6). If agricultural land cover 

percentage of viewshed was > 25%, we assigned the condition Warrants Significant Concern. If the 

percentage of agricultural land cover in the middle ground was Ò 25% and > 13%, the condition was 

Warrants Moderate Concern. If the percentage of developed land cover in the middle ground was Ò 

13% the condition was Resource 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. 

Resource condition 

Percentage 

agricultural cover 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

> 25 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

> 13 and < 25 

Resource in good condition 

 

 

Resource is i n Good Condition 

< 13 

 

Data Sources 

To evaluate viewpoints for scenic quality, 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 ñstitchedò panoramic photos from Google Earth street and ground views at five locations 

(Google Earth 2013a, 2013b, 2013c, 2013d, 2013e). We used these available ñphotographic 

surrogatesò (Shuttleworth 1890) to complete viewshed assessments in accordance with the NPS-

ARD viewshed assessment guidance. When available, we received additional scenic quality data 

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

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

Quantifying Viewshed Condition, Confidence, and Trend 

Indicator Condition 

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 quality condition (NPS-ARD 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 condition Warrants Significant Concern, 

50 points to Warrants Moderate Concern, and 100 points to Resource in Good Condition. The 

average of all measures determined the condition category of the indicator; scores from 0ï33 fell in 

the Warrants Significant Concern category, scores from 34ï66 were in the Warrants Moderate 

Concern category, and scores from 67ï100 indicated Resource in Good Condition. 

Indicator Trend 

Potential trend categories were Improving, Unchanging, or Deteriorating. To calculate a trend 

estimate for indicators, we sought viewshed data that were collected at least twice over a five-year 

period and met the conditions for a High confidence rating. If there were no data available that met 

these monitoring requirements for a particular indicator, we indicated that trend was Not Available 

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 of High confidence when data from full VRI assessments conducted within 

the park from selected views were available in conjunction with remote assessments using geo-

tagged photographs and digitally stitched panoramas. We assigned a Medium confidence rating when 

data was remotely assessed using only geotagged photographs and digitally stitched panoramas and 

the viewed landscape was presented in 360° natural perspective imagery. Low confidence ratings 

were assigned when data was limited to only single perspective photography or ñground viewò 

Google Earth images. 

We gave a rating of High confidence when data for land cover were collected recently and 

methodically. We assigned a Medium confidence rating when data were methodically collected, but 

recent land cover data were not available. Low confidence ratings were assigned if data were either 

missing or unavailable within 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, trend, and confidence. 

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 harmony of the view were 

all > 10 (Table 4.1.7). The combined scores placed scenic quality for Badlands NP in the Resource in 

Good Condition category. 
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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.  

Measure Components 

Vantage point ratings 

Big 

Badlands 

(vantage  

point 1) 

Cliff Shelf 

Trail  

(vantage 

point 2) 

Ancient  

Hunters  

(vantage  

point 7) 

Pinnacles 

(vantage  

point 8) 

Burns 

Basin  

(vantage  

point 12) 

Park  

average 

Landscape 

character 

integrity 

Landscape character 

elements 
4 5 5 5 5 4.8 

Quality and condition of 

elements 
4 5 5 5 5 4.8 

Inconsistent elements 3 5 5 5 5 4.6 

Total 11 15 15 15 15 14.2 

Vividness 

Focal points 4 3 3 4 4 3.6 

Forms/lines 5 5 5 5 5 5 

Colors 5 4 5 5 5 4.8 

Total 14 12 13 14 14 13.4 

Visual 

harmony 

Spatial relationship 4 5 5 5 5 4.8 

Scale 5 5 5 5 5 5 

Color 4 5 5 5 5 4.8 

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 using geo-tagged photographs, digitally stitched panoramas, and 

gigapans available from Badlands NP (NPS 2016b). The confidence rating was Medium. 

Trend 

Scenic quality data were insufficient to assign a trend to the resource, so trend was Not Available. 

Land Cover Content 

 
Condition: Resource in Good Condition 

Confidence: High 

Trend: Not Available 
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Condition 

Land cover content percentages for natural cover, developed cover and agricultural cover at mid-

ground distances were 98.51, 1.41, and 0.08 respectively (Figure 4.1.8). Each of these measurements 

placed land cover content in the Resource in Good Condition category. 

 

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 confidence was High. 

Trend 

Land cover data were insufficient to assign a trend to the resource, so trend was Not Available. 
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Viewshed Overall Condition 

Table 4.1.8. Viewshed overall condition. 

Indicators Measures Condition 

Scenic quality 

¶ Landscape character integrity 

¶ Vividness 

¶ Visual harmony 

 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; high confi dence i n the assessment.  

Land cover content 

¶ Mid-ground % natural cover 

¶ Mid-ground % developed cover 

¶ Mid-ground % agricultural cover  

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, and trend for each indicator, and assigned condition points 

(Table 4.1.9). Scenic quality at Badlands NP was placed in the Resource in Good Condition category 

and scored 100 points. Land cover content was placed in the Resource in Good Condition category 

and scored 100 points. The total score for overall viewshed condition was 100 points, which placed 

Badlands NP in the Resource in Good Condition category. 

Table 4.1.9. Summary of viewshed indicators and measures. 

Indicator Measure Condition Confidence Trend Condition Rationale 

Scenic 

quality 

Landscape 

character 

integrity 

Resource in 

good condition 
Medium 

Not 

available 

The average landscape character 

integrity score from five different 

viewpoints in Badlands NP was 14.2; 

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. 

Vividness 
Resource in 

good condition 
Medium 

Not 

available 

The average vividness score from five 

different viewpoints in Badlands NP was 

13.4; 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. 
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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 was Medium for Scenic Quality and High for Land Cover Content, so the score for 

overall confidence was 75, which met the requirements for High confidence in overall viewshed 

condition. 
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Trend 

Trend data were Not Available for any indicators, so overall trend for viewshed condition was Not 

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, such as development of land or natural 

events such as fire that 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 overall resource 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 related to viewshed vulnerability from the U.S. Forest 

Serviceôs resource management plan (USDA 2009a) and Pennington County planning documents. 

The U.S. Forest Service has a recent revision of the management plan for the Buffalo Gap National 

Grassland adjacent to Badlands 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 of Badlands 

NP. 

Based on the unpublished developmental guidance of the NPS-ARD (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 for our assessment 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. Primary 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 to the viewshed 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 and cities surrounding 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 the purpose 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 perspective imagery 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 potential stressors could 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 important vantage 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 

NPS-ARD brings an objective measurement to the assessment of visual park resource. Continued 

monitoring of vantage points and the corresponding views in the park offers the opportunity to 

increase the effectiveness of this effort to protect viewsheds in park units. Additionally, knowing the 

average number of visitors at each viewpoint would allow managers and analysts to assign 

importance level with more confidence. Long term monitoring that tracks disturbances within 

viewsheds would facilitate any assessment of trend. Further quantitative assessments could include 

analyses of how spatial distributions of land cover types and developments affect park goals for 

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 essentially the same ones 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 sky is the ñUltimate Cultural Resourceò (Rogers and 

Sovick 2001, NPS 2012b), because of the impressions 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, light-sensitive 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 human-caused light at night, within the parks (NPS 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 and star-gazing 

activities. Fewer than one-third 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 parks. Clear, 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 et al. 2016) for viewing many astronomical 

objects. Stargazing in parks is a popular activity (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 nightscapes 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 environment, helps to 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 greatest amount of light pollution, as of 2016 (Falchi et al. 

2016). For now, however, some of the darkest skies in the lower 48 states surround Badlands 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, dark 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 visitors the opportunity 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 Festival. The 2016 three-day 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 nightly sky events have been very successful (C. Schroll, personal 

communication, 31 July 2016). 

https://worldview.earthdata.nasa.gov/
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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 NPS units 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 ñvital signò of park resource health (Manning et al. 2015). The NPS 

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 acceptable conditions (NPS 2012e, 

Manning et al. 2015, International Dark-Sky 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 Skies 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 protect against night 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 night sky and visible 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 night 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, in many cases, 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 night sky free from the intrusion of light pollution. It is 

estimated that two-thirds 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 preserving the 

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 to eliminate 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 descriptor of night sky 

quality for amateurs and professionals alike (International Dark-Sky Association 2016b). 

The 1ï9 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 categorical designation of quality that defines 

Bortle Scale classes of 1ï3 as within the range of natural skies, we use this designation to correspond 

to the Resource in Good Condition category; classes of 4ï6 are considered significantly degraded 

skies and we assigned these to the Warrants Moderate Concern category; and Bortle classes 7ï9 are 

considered severely degraded by the NSNSD, so we assigned these classes to the Warrants 

Significant Concern category (Table 4.2.2). 

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

Bortle 

Scale  Milky Way 

Astronomical 

Objects 

Zodiacal Light/ 

Constellations 

Airglow and 

Clouds Night Time Scene 

Class 1 

Excellent, 

dark-sky 

site 

MW shows great 

detail and light; 

Scorpio/ 

Sagittarius region 

casts shadows 

on the ground 

M33 (the Pinwheel 

Galaxy) is obvious 

to the naked eye 

Visible zodiacal 

light and can 

stretch across the 

entire sky. 

Bluish airglow is 

visible near the 

horizon and clouds 

appear as dark 

voids  

Light from Jupiter and 

Venus degrade night 

vision. Ground objects 

are invisible 
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Table 4.2.1 (continued). The Bortle Dark Sky Scale (Bortle 2001). 

Bortle 

Scale  Milky Way 

Astronomical 

Objects 

Zodiacal Light/ 

Constellations 

Airglow and 

Clouds Night Time Scene 

Class 2 

Typical, 

truly dark 

site 

MW highly 

structured to the 

unaided eye. 

M33 is visible with 

direct vision, as 

are many globular 

clusters. 

Zodiacal light bright 

enough to cast 

weak shadows after 

dusk and has an 

apparent color. 

Airglow may be 

weakly apparent 

and clouds still 

appear as dark 

voids 

Ground is mostly dark, 

but objects projecting 

into the sky are 

discernible 

Class 3 

Rural sky 

MW still appears 

complex,  

Brightest Globular 

Clusters are 

distinct, M33 

visible with 

averted vision.  

Zodical light is 

striking in Spring 

and Autumn, color 

is weakly indicated 

Airglow is not 

visible and clouds 

are faintly 

illuminated, except 

at the zenith. 

Some light pollution 

evident along the 

horizon. Ground 

objects are vaguely 

apparent. 

Class 4 

Rural/sub-

urban 

transition 

MW visible well 

above horizon, 

lacks all but most 

obvious structure 

M33 is a difficult 

object, even with 

averted vision.  

Zodiacal light is 

clearly evident, but 

extends less than 

45 degrees after 

dusk. 

Clouds are faintly 

illuminated except 

at the zenith. 

Light pollution is 

obvious in several 

directions. Ground 

objects are visible 

Class 5 

Suburban 

sky 

MW is washed 

out overhead, 

weak or invisible 

at horizon. 

The oval of M31 is 

detectable, as is 

the glow in the 

Orion Nebula. 

Only hints of 

zodiacal light in 

Spring and Autumn. 

Clouds are 

noticeably brighter 

than the sky. 

Light pollution is 

evident in most 

directions. Ground 

objects are partly lit. 

Class 6 

Bright, 

suburban 

sky 

Indication of MW 

at zenith 

M33 impossible to 

see without 

binoculars 

No trace of zodiacal 

light 

Clouds anywhere 

in the sky appear 

fairly bright  

Sky from horizon to 35 

degrees glows with 

grayish color. Ground 

is well lit. 

Class 7 

Suburban/ 

urban 

transition 

MW is totally 

invisible or nearly 

so. 

M31 and the 

Beehive Cluster 

are indistinct 

The brighter 

constellations are 

recognizable. 

Clouds are 

brilliantly lit. 

Entire sky background 

has vague, grayish 

white hue 

Class 8 

City sky 
Not visible at all. 

M31 and M44 may 

be barely 

glimpsed on good 

nights 

Constellations lack 

key stars. 

Clouds are 

brilliantly lit. 

Sky glows whitish gray 

or orangish, 

newspaper headlines 

are readable 

Class 9 

Inner-city 

sky 

Not visible at all. 

Pleiades 

discernable to 

experienced 

viewer 

Only the brightest 

stars in 

constellations 

visible 

Clouds are 

brilliantly lit. 
Entire sky is brightly lit 
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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  

 

 

Resource Warr ants  

Significant Concern 

7 ï 9 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

4 ï 6 

Resource in good condition 

 

 

Resource is i n Good Condition 

1 ï 3 

 

Measure of Night Sky Quality: Synthetic Sky Quality Meter 

The Synthetic Sky Quality Meter (SQM) measurement provides a quantitative assessment of all-sky 

light measurement. The synthetic SQM uses an algorithm to mimic the measurements of a common 

sky darkness measurement tool, the Unihedron Sky Quality Meter (NPS 2015). 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 the brightness of sky 30 degrees above the horizon and 

https://www.stellarium.org/
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higher, discounting bright sources of artificial light along the horizon. The reported units are reported 

in magnitudes per square arc-second, a standard astronomical measurement that defines the 

brightness of 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). Values > 21.3 were assigned to the Resource in Good Condition category; we 

assigned values of 19.5ï21.3 to the Warrants Moderate Concern category; and we assigned values < 

19.5 to the Warrants Significant Concern category (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  

 

 

Resource Warr ants  

Significant Concern 

< 19.5 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

19.5 ï 21.3 

Resource in good condition 

 

 

Resource is i n 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 is 0ï100, where 100 is a dark sky free from artificial glow. 

Values of 80ï100 are considered to be representative of skies that retain natural conditions 

throughout most of the sky (NPS 2015) and we assigned these values to the Resource in Good 

Condition category. Index values of 60ï79 retain most of the visible natural sky features in areas 

above 40 degrees from the horizon, and we assigned these values to the Warrants Moderate Concern 

Category. Ratings of 40ï60 are areas where the Milky Way is not visible, or only slightly visible at 

zenith, 20ï40 are skies in which only stars and planets are visible, and values 0ï20 are 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 SQI values 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

80 ï 100 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

60 Ò and < 80 

Resource in good condition 

 

 

Resource is i n 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 and future 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 (NPS 2012c). 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 Light Ratio (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 indicates a night 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 indicates 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 depending on the natural 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 and urban 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 Condition. Ratios of values 0.33ï2.0 were assigned the condition, Warrants 

Moderate Concern, and any ALR values > 2.0 were considered severely degraded and assigned to 

the Warrants Significant Concern category (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  

 

 

Resource Warr ants  

Significant Concern 

> 2.0 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

0.33 ï 2.0 

Resource in good condition 

 

 

Resource is i n Good Condition 

< 0.33 

 

Data Sources 

To assess the condition of night sky, we used data collected by NPS Natural Sounds and Night Skies 

Division. Data collection took place on July 19, 2006, June 3, 2011, and June 5, 2011; we used the 

most recent data, those collected on June 5, 2011. Where multiple samples were 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 Condition, 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 

methods that were developed to calculate overall air quality condition (NPS-ARD 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 based 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 a Medium confidence rating when results were generated for a park unit 

using interpolated remote sensing data. When only less robust or no data were available, we assigned 

a Low confidence rating. 

Indicator Trend 

Potential trend categories were Improving, 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 for a High confidence rating. If there were no data available 

that met these monitoring requirements for a particular indicator, we indicated that trend was Not 

Available for 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 Chapter 3 (Methods 3.2.2) to calculate overall resource condition, trend, and confidence 

(Table 4.2.6). 

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 category, Resource 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 confidence was High. 

Trend 

Data were not available for the minimum three years, so trend was Not Available. 

Natural Light Environment 

 
Condition: Resource in Good Condition 

Confidence: High 

Trend: Not Available 

Condition 

The average ALR rating of 0.125 at Badlands NP was in the category Resource in Good Condition. 

Anthropogenic Light Ratio was the only measure of the indicator, Natural Light Environment, so this 

indicator was in the category, Resource in Good Condition. 

Confidence 

Natural Light Environment data were collected by the NPS Natural Sounds and Night Skies Division 

conducted on site at Badlands NP, so confidence was High. 

Trend 

Data were not available for the minimum three years, so trend was Not Available. 
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Night Sky Overall Condition 

Table 4.2.7. Night sky overall condition. 

Indicators Measures Condition 

Night sky quality 

¶ Bortle Dark Sky class 

¶ Synthetic Sky Quality Meter (SQM) 

¶ Sky Quality Index (SQI)  
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; high confi dence i n the assessment.  

Natural light environment 
¶ Sky Quality Index (SQI) 

¶ Anthropogenic Light Ratio (ALR) 
 

Resource is in good cond ition; trend in condition is unknown or no t applicable; high confidence in the assessment. 

Overall condition for all indicators and measures 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; high confi dence i n the assessment. 

 

Condition 

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

NP in the category, Resource 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 was High. 

Trend 

Data were not available for the minimum three years, so trend was Not Available. 

4.2.5. Stressors 

Badlands NP night sky 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, personal communication, 31 

July 2016). 

4.2.6. Data Gaps 

The most recent data were collected in 2011, and no 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 maintain optimal 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 Sounds and Night 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 for experiencing 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 important 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 

for having national parks (Haas and Wakefield 1998). Additionally, 91% of NPS visitors ñconsider 

enjoyment of natural quiet and the sounds of nature as compelling reasons for visiting national parksò 

(McDonald et al. 1995). 

Sound plays a critical role in intra- and inter-species 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 severity of the impacts 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. Documented responses of wildlife to noise include increased heart rate, 
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startle responses, flight, disruption of behavior, and separation of mothers and young (Selye 1956; 

Clough 1982; USDA 1992; Anderssen et al. 1993; NPS 1994). 

The natural soundscape is an inherent component of ñthe scenery and the natural and historic objects 

and the wildlifeò protected by the Organic Act of 1916. NPS Management Policies (Ä 4.9) require the 

NPS to preserve the parkôs natural soundscape and restore the degraded soundscape to the natural 

condition wherever possible. Additionally, NPS is required to prevent or minimize degradation of the 

natural soundscape from noise (i.e., inappropriate/undesirable human-caused sound). Although the 

management policies currently refer to the term soundscape as 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, waterfalls, wind, rain, and cultural 

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

acoustic environment, while the human perception of that acoustic environment is defined as the 

soundscape. Clarifying this distinction 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 

development bordering the park unit. Primary sources of non-natural sounds within the park include 

automobile traffic, visitor conversations and associated acoustics, maintenance operations, and air 

traffic passing overhead. Industrial activities and noise from business and 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 et al. 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 pitch. Humans 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 frequency 

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). The decibel 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 acoustic environment. For 

instance, a 6dB increase in a noise source will double the distance at which it can be heard, 
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increasing the affected area by a factor of four. Sound pressure level is commonly summarized in 

terms of dBA (A-weighted sound pressure level). This metric significantly 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 sounds upon which ecological processes and interactions depend. 

Examples of natural sounds in parks include: 

¶ Sounds produced by birds, frogs or insects to define territories or attract mates 

¶ Sounds produced by bats to navigate or locate prey 

¶ Sounds produced by physical 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, human-caused noise 

(Table 4.3.1) has the potential to mask these sounds. Noise impacts the acoustic environment much 

like smog impacts the visual environment; obscuring the listening horizon for both wildlife and 

visitors. Examples of human-caused sounds heard in parks include: 

¶ Aircraft (e.g., high-altitude and military jets, fixed-wing, helicopters) 

¶ Vehicles 

¶ Generators 

¶ Watercraft 

¶ Grounds care (lawn mowers, leaf blowers) 

¶ Human voices 

Characterizing the Acoustic Environment 

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

total area into ñacoustic zonesò on the basis of different vegetation zones, management zones, visitor 

use zones, elevations, or climate conditions. Then, the intensity, 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 natural and existing ambient sound levels and types of sound sources. Natural ambient sound 

level refers to the acoustical conditions that exist in the absence of human-caused noise and 

represents the level from which the NPS measures impacts to the acoustic environment. Existing 

ambient sound level refers to the current sound intensity of an area, including both natural and 

human-caused sounds. 

The influence of anthropogenic noise on the acoustic environment is generally reported in terms of 

SPL across the full range of human hearing (12.5ï20,000 Hz), but it is also useful to report results in 

a much narrower band (20ï1250 Hz) because most human-caused sound is confined to these lower 

frequencies. 

Reference conditions 

Reference criteria should address the effects 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 contribute to 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 human-caused noise is audible, and noise-

free interval. In summary, if we are to develop a complete understanding of a parkôs acoustic 

environment, we must consider a variety of sound metrics. This can make selecting one reference 

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

reference condition, we would focus 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 where on-site measurements have not been gathered, one can 

reference meta-analyses 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 800 Hz). 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 monitoring sites across 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 during daytime hours was found to be 35%. 

4.3.3. Methods 

Using acoustic data collected at 244 sites and 109 spatial explanatory layers (such as location, land 

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
50 

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 wealth of ultrasonic 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. Noise is unwanted sound, whereas extraneous sound serves no 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; L50 dBA impact (existing ambient sound ï 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 difference is a measure of impact to the natural acoustic environment from 

anthropogenic sources. The resulting metric (L50 dBA impact) indicates how much anthropogenic 

noise raises the existing sound pressure levels in a given location. Specifically, L50 is the median 

sound level attributable to anthropogenic sources that is exceeded Ó 50% of time in a summer day. 

Because the National Park System comprises a wide variety of park units, two threshold categories 

(Table 4.3.2) are generally considered (urban and non-urban), 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 non-urban criteria are applied to units that have at least 90% 

of the park property outside an urban Area. We used non-urban threshold to identify condition of 

anthropogenic impact in Badlands NP. Parks that are distant from urban areas possess lower sound 

levels, and they exhibit less divergence between existing sound levels and predicted natural sound 

levels. These quiet areas are more susceptible to subtle noise intrusions than urban areas. Visitors to 

parks have expectations for noise-free environments within their listening area, the area in which 

they can perceive sound (NPS 2015). Accordingly, the thresholds for Warrants Moderate Concern 

and Warrants Significant Concern are lower for these park units than for units near urban areas. 

Urban areas tend to have higher ambient sound levels than non-urban 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 levels to 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 L50 impact (dBA) non-urban 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

dBA > 3.0 

Listening area reduced by > 50% 

Warrants moderate concern  

 

 

Resource Warr ants  

Moderate Concern 

1.5< dBA Ò 3.0 

Listening area reduced by 30ï50% 

Resource in good condition  

 

 

Resource is i n Good Condition 

dBA Ò 1.5 

Listening area reduced by Ò 30% 

 

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, industrial facilities). We relied on expert opinion among park management 

to validate the modeled soundscape and to identify additional sources of noise, when relevant. 

Data Sources 

We used predicted sound level data collected by NPS Natural Sounds and Night Skies Division to 

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 Soundscape/Acoustic Environment Condition, Confidence, and Trend 

Indicator Condition 

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 experience of full-time 

management within the park. 

Indicator Trend 

Potential trend categories were Improving, Unchanging, or Deteriorating. To calculate a trend 

estimate for indicators, we required data that were collected on-site or interpolated using geospatial 

modeling for multiple years. If there were no data available that met these monitoring requirements, 

we indicated that trend was Not Available for that indicator. 

Evaluating trends in condition is straightforward for parks where repeated measurements have been 

conducted because measurements can be compared. But inferences can also be made for 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 trends. The 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, planned construction 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 good resource 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 signal improvements 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 retrofits (e.g., replacing a generator with 

solar array), or installation of ñquiet zoneò signage. 

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 assigned a Medium confidence rating when data were collected for 

short periods of time or do not differentiate between ambient natural and ambient existing sounds, or 

when expert opinion did not agree with modeled soundscape data. We assigned Low confidence 

ratings when acoustic data were unavailable. 

Overall Soundscape/Acoustic Environment Condition, Confidence, and Trend 

We used only one indicator, 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 

Soundscape/Acoustic Environment Overall Condition 

Table 4.3.3. Soundscape/acoustic environment overall condition. 

Indicators Measures Condition 

Anthropogenic impact 
¶ L50 dBA impact 

¶ Qualitative assessment 
 

Conditi on of resource warrants  moderate concern; trend in condition is  unknown or not applicabl e; medi um confidence in the assessment.  

 

Condition 

The L50 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 motorcycle rallies and helicopter tours. 

We placed overall condition for Badlands NP in the category, Warrants Moderate Concern. 

Confidence 

We used methods developed by NPS NSNSD to assess soundscape condition, and used data supplied 

by the division to complete the 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. Trend was Not 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., airplanes, vehicles). Growth in the number of vehicles on the road is increasing 

faster than is the human population in the US (Barber et al. 2010). Between 1970 and 2007, traffic on 

US roads nearly tripled to almost 5 trillion vehicle km/yr 

(http://www.fhwa.dot.gov/ohim/tvtw/tvtpage.cfm). Aircraft traffic grew by a factor of three or more 

between 1981 and 2007 

(http://www.bts.gov/programs/airline_information/air_carrier_traffic_statistics/airtraffic/annual/1981

_present.html). As these noise sources increase throughout the United States, the ability to protect 

pristine and quiet natural areas becomes more difficult (Mace et al. 2004). 

4.3.6. Data Gaps 

Baseline acoustic ambient data collection will clarify existing conditions and provide greater 

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. 

http://www.fhwa.dot.gov/ohim/tvtw/tvtpage.cfm
http://www.bts.gov/programs/airline_information/air_carrier_traffic_statistics/airtraffic/annual/1981_present.html
http://www.bts.gov/programs/airline_information/air_carrier_traffic_statistics/airtraffic/annual/1981_present.html
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With respect to the effects 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 presently limited. Several 

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 dedicated to chronic 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 also working 

to differentiate between impacts to wildlife that result from the noise itself or the presence 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 of scenic 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 views (visibility) can also 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 § 1 1916) 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 natural and cultural resources. 

https://www.nps.gov/orgs/1050/index.htm
http://www2.census.gov/geo/tiger/TIGER2010/UA/2010
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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 III) 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 classes. Class I 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 Badlands National Park, are 

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 come from 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, stakeholders, and other 

federal land managers. The CAA makes a provision for federal land managers to participate in 

regulatory decision-making when protected federal lands, such as NPS units, may be affected (Ross 

1990). Participation may include consultations, written comments, recommendations, 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 

across states and regions (ALA 2015). 
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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 each state, and assigns 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 counties comprising Badlands NP did not have enough monitoring data 

from 2013ï2015 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 regional coal-fired power plants have 

decreased with 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 include nitrogen dioxide (NO2) and other nitrogen 

oxide compounds (NOx), ozone (O3), and sulfuric acid (H2SO4). Some polluting sources may 

https://www.epa.gov/air-trends
https://www.epa.gov/air-trends
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contribute both primary and secondary pollutants. For example, coal-powered plants produce SO2, 

NOx, particulate matter, and mercury. 

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, structures, and visibility (EPA 2016a). The NPS Air Resources 

Division uses the EPAôs standards, natural visibility goals, and ecological thresholds as benchmarks 

to assess current conditions of visibility, ozone, and atmospheric deposition 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 (NPS-ARD) for use in Natural Resource Condition Assessments 

(NPS-ARD 2015b). Overall air quality condition was assessed with six main indicators 

(Figure 4.4.2): 

¶ Visibility  

¶ Ozone 

¶ Particulate matter 

¶ Nitrogen deposition 

¶ Sulfur deposition 

¶ Mercury deposition 

 

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 

environmental health in different ways. 

To assign a condition to each indicator, we used measurements specified by NPS-ARD and EPA 

(NPS-ARD 2013, EPA 2014, NPS-ARD 2015a). Measurements were compared to benchmarks 

recommended by NPS-ARD and EPA to assign one of three condition categories: Resource in Good 

Condition, Warrants Moderate Concern, and Warrants Significant Concern. We used additional 

measurements to support the indicator condition, and then considered all indicator conditions 

together in an overall air quality condition assessment. 

Some lichens (See section on Lichens and Air Quality) and plants that are sensitive to air quality 

conditions may provide an 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 measures (NPS-ARD 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 species, and 3) biomonitoring is less expensive than traditional air quality monitoring with 

specialized equipment (Pohlman and Maniero 2005). 

Unlike air quality monitors that collect data on individual pollutants, the presence and condition of 

specific lichens can indicate a cumulative biological response to air quality. Some lichens are 

sensitive to pollutantsðparticularly N and Sðand others are tolerant of poor air quality conditions 

(e.g., Brodo et al. 2001). The presence of sensitive lichens can be a sign of good air 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 a cause-and-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 National Park 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 

parkôs understanding of the cumulative effects of air pollution. 

Table 4.4.1. Lichen species at Badlands NP with known level of sensitivity. S = sensitive, I = intermediate 

sensitivity T = tolerant.  

Species Sensitivity Species  Sensitivity 

Ochrolechia androgyna S Physcia aipolia I 

Caloplaca flavorubescens S Physconia detersa I 

Candelaria concolor S-I Caloplaca holocarpa I 

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

intermediate sensitivity T = tolerant.  

Species Sensitivity Species  Sensitivity 

Usnea hirta S-I Xanthoria polycarpa I 

Caloplaca cerina S-I Parmelia sulcata I-T 

Candelariella vitellina I Phaeophyscia nigricans I-T 

Lecanora chlarotera I Lecanora dispersa T 

Hyperphyscia adglutinata I Lecanora hagenii T 

Phaeophyscia orbicularis I Lecanora muralis T 

Physcia adscendens I ï ï 

 

Indicator: Visibility 

Visibilityðhow well and how far a person can seeðcan affect visitor experience. Both particulate 

matter (e.g., soot and dust) and certain gases and particles in the atmosphere, 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 disappointed 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 180-mile visual range seen under natural conditions (IMPROVE 

2016). However, sometimes hazy days occur when the visibility is only about 55 miles. 

 

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 visibility to ñnatural conditionsò in Class I areas and 

the NPS-ARD recommends a visibility benchmark condition for all NPS units, regardless of Class 

https://www.nature.nps.gov/air/


 

73 

 

designation, consistent with the Clean Air Act goal. Natural visibility conditions are those estimated 

to exist in a given area in the absence of human-caused visibility impairment. The Regional Haze 

Rule (40 CFR § 51ï52 1999) calls for improving the worst air quality days and preventing 

degradation on good air quality 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 NPS-ARD assesses visibility condition based on the deviation of the estimated current visibility 

on mid-range days from natural visibility conditions (i.e., those estimated for a given area in the 

absence of human-caused visibility impairment). Mid-range days are defined as the mean of the 

visibility observations falling within 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 mid-range days ï estimated haze 

index under natural conditions on mid-range days 

For visibility condition assessments, annual haze index measurements on mid-range visibility days 

are averaged over a 5-year period at each visibility monitoring site with at least three years of 

complete annual data and interpolated 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 NPS-ARD benchmarks (Table 4.4.2). 

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

Resource condition Visibility* (dv) 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

> 8 

Warrants moderate concern  

 

 

Resource Warr ants  

Moderate Concern 

2 ï 8 

Resource in good condition  

 

 

Resource is i n 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 Visual Environments 

(IMPROVE) Program. In this assessment, we relied primarily on NPS-ARD air quality trends (2004ï

2013) and conditions (2009ï2013; NPS-ARD 2015b), with reference to additional studies and data 

where relevant. 

A visibility condition estimate of less than two deciviews above estimated natural conditions 

indicates that air quality is in Good Condition, estimates ranging from two to eight deciviews above 
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natural conditions Warrant Moderate Concern, and estimates greater than 8 dv above natural 

conditions Warrant Significant Concern. Reference 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, consistent with visibility 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 overall visibility trend 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 on-site Badlands NP IMPROVE 

monitoring site (IMPROVE site ID: BADL1). 

Indicator: Ozone 

Ozone (O3) is a colorless gas that naturally occurs high in the atmosphere and protects the earthôs 

surface from harmful ultraviolet rays. However, ozone that occurs close to the ground can be harmful 

to animal and plant health (McKee 1994, Sokhi 2011). Ground-level ozone is a secondary pollutant 

that is formed when oxygen reacts with nitrogen oxides (NOx), volatile organic compounds (VOCs), 

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). 

 

Figure 4.4.4. Graphic illustrating ozone (O3) 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 and Plains region as well (EPA 2014). In South Dakota, 

vehicle emissions produce the majority of NOx, followed by biogenics, non-vehicle fuel combustion, 

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

in ozone concentration from 2001ï2007 (Figure 4.4.5). 

 

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

Measure of Ozone: Human Health ï Ozoe Concentration 

 Ozone Concentration (4th-highest daily maximum 8-hour ozone concentration in parts per billion 

(ppb). The primary standard for ground-level ozone is based on human health effects. The status for 

human health risk from ozone is assessed using the 4th-highest daily maximum 8-hour ozone 

concentration in parts per billion (ppb). 

Ozone is monitored across the U.S. through air quality monitoring networks operated by the NPS, 

EPA, states, and others. Annual ozone concentrations were averaged over a 5-year period at all 

monitoring sites and interpolated for the contiguous U.S. The ozone condition for human health 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 from the NPS-ARD 

report on condition and trends for ozone (NPS-ARD 2015b) from 2009ï2013. The NPS-ARD rates 

ozone condition as Resource in Good Condition if the ozone concentrations are less than 54 ppb 

Warrants Moderate Concern if the ozone concentration is between 55 and 70 ppb, and of Warrants 

Significant Concern if the concentration is greater than or equal to 71 ppb (Table 4.4.3). 

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

Resource condition 

Ozone concentration* 

(ppb) 

Warrants significant concern  

 

 

Resource Warr ants  

Significant Concern 

Ó 71 

Warrants moderate concern  

 

 

Resource Warr ants  

Moderate Concern 

55 ï 70 

Resource in good condition  

 

 

Resource is i n Good Condition 

Ò 54 

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

Condition Adjustment: Ozone 

If the NPS unit is located in an area that the EPA designates as ñnonattainmentò for the 75 ppb 

ground-level ozone standard, then the ozone condition automatically becomes Warrants Significant 

Concern (NPS-ARD 2015a). We referred to the EPA Air Trends (EPA 2014) reports to identify 

locations designated as nonattainment for ground-level ozone. 

Measure of Ozone: Vegetation Health ï W126 Index 

Ozone can damage plants (Figure 4.4.6), and some species are particularly sensitive to ozone 

damage. Ozone-sensitive 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 alters physiological and biochemical processes. Once the ozone is inside the plantôs cellular 

system, chemical reactions can cause cell injury or even death, but more often reduce resistance to 

insects and diseases, growth, and 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 environment (e.g., 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 moisture, foster 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 metric used for the 

human health standard. The NPS-ARD 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 during daylight hours. The highest 3-month period 

that occurs during the ozone season is reported in parts per million-hours (ppm-hrs). 

Ozone is monitored across the U.S. through air quality monitoring networks operated by the NPS, 

EPA, states, and others. Annual maximum W126 values were averaged over a 5-year 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 from the NPS-ARD 

report on condition and trends for ozone (NPS-ARD 2015b) from 2009ï2013. 

The W126 condition thresholds are based on information in EPAôs Policy Assessment for the 

Review of the Ozone National Ambient Air Quality Standards (EPA 2014). Research has found that 

for a W126 value of Ò 7 ppm-hrs, tree seedling biomass loss is Ò 2 % per year in sensitive species. 

For W126 Ó 13 ppm-hrs, tree seedling biomass loss is 4ï10 % per year in sensitive species. NPS-

ARD recommends a W126 of < 7 ppm-hrs to protect most sensitive trees and vegetation. A W126 

index in this range was assigned Resource in Good Condition, a W126 index of 7-13 Warrants 
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Moderate Concern condition, and an index > 13 Warrants Significant Concern (NPS-ARD 2015a; 

Table 4.4.4). 

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

Resource condition 

W126*  

(ppm-hrs) 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

> 13 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

7 ï 13 

Resource in good condition 

 

 

Resource is i n Good Condition 

< 7 

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

Indicator: Particulate Matter 

Particulate matter can be detrimental to visibility and human health. There are two particle size 

classes of concern: PM2.5 ï fine particles found in smoke and haze, which are 2.5 micrometers in 

diameter or less; and PM10 ï coarse particles found in wind-blown 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 be more susceptible 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 (Stölzel et al. 2007, EPA 2009). The standard for particulate matter 

is set by the EPA, and is based on human health effects. 

Measure of Particulate Matter: PM2.5 Concentration 

The PM2.5 primary standard is 12 micrograms per cubic meter (µg/m3) annually (3-year average of 

weighted annual mean) and 35 µg/m3 for 24-hours (3-year average of the 98th percentile of 24-hour 

concentrations). 

Fine particulate matter (PM2.5) data were collected from 1988ï2015 at the Badlands NP Visitor 

Center. We evaluated these data over the most recent three years of the sampling period. NPS units 

that are in EPA designated nonattainment areas for particulate matter are assigned Warrants 

Significant Concern condition for particulate matter. For NPS units that are outside particulate matter 

nonattainment areas, EPA AQI breakpoints were used to assign a particulate matter condition based 

on 3-year average of the 98th percentile of 24-hour PM2.5 concentrations (Table 4.4.5). 
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Table 4.4.5. Air quality condition categories for particulate matter.  

Resource condition 

98th percentile 24-Hour 

PM2.5 concentration* 

(µg/m3) 

2nd maximum 24-hour 

PM10 concentration* 

(µg/m3) 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

Ó 35.5 Ó 155 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

12.1 ï 35.4 55 ï 154 

Resource in good condition 

 

 

Resource is i n Good Condition 

Ò 12.0 Ò 54 

* Measured three-year average. 

Measure of Particulate Matter: PM10 Concentration 

The standard for PM10 is 150 g/m3 for 24-hours (not to be exceeded more than once per year over 3 

years). 

Coarse particulate matter (PM10) data were collected from 1988ï2015 at the Badlands NP Visitor 

Center. We evaluated these data over the most recent three years of the sampling period. For NPS 

units that are outside particulate matter nonattainment areas, EPA AQI breakpoints were used to 

assign a particulate matter condition based on 3-year average of 2nd maximum 24-hour PM10 

concentrations (Table 4.4.5). NPS units that are in EPA designated nonattainment areas for 

particulate matter are assigned Warrants Significant Concern condition for particulate matter. 

Indicator: Nitrogen Deposition 

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 ñacid rainò includes all precipitation that transports acidifying compounds (primarily 

sulfuric and nitric acids) out of the atmosphere to the earthôs surface. Fuel combustion, industrial 

processes, and volcanic eruptions produce S- and N-compounds (EPA 2011) that can alter terrestrial 

and aquatic ecosystems through both dry and wet deposition (Driscoll et al. 2001). Dry deposition 

occurs when dust or smoke incorporate S- and N-particles 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). The deposition of S- and N-compounds can acidify water and soil 

(Likens et al. 1996), potentially reducing biodiversity and increasing ecosystem susceptibility to 

eutrophication and invasive species (Bouwman et al. 2002). Wet deposition of nitrates has generally 

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 vulnerable to changes caused by nitrogen 

deposition, as they are often N-limited. 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 of nitrogen has allowed cheatgrass (Bromus tectorum), a highly 

invasive grass that has spread vigorously throughout the northern Great Plains (Ogle and Reiners 

2002) the southern Colorado Plateau, Great Basin, and Mojave Desert, weedy annual grasses (e.g., 

cheatgrass), 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 sagebrush have reduced water use efficiency (Inouye 

2006). 

Measure of Nitrogen Deposition: Wet Deposition of N (kg/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 because dry deposition is not measured directly 

(Mickler et al. 2000, Freedman 2013). Wet deposition of nitrogen is measured in kilograms per 

hectare per year (kg/ha/year). 

Nitrogen wet deposition is monitored across the United States as part of the National Atmospheric 

Deposition Program/National Trends Network (NADP/NTN). Annual wet deposition is averaged 

over a 5-year period at monitoring sites with at least 3 years of annual data and interpolated for the 

contiguous U.S. For individual parks, minimum 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 nitrogen, we used the wet deposition results from the NPS-ARD report on 

condition and trends (NPS-ARD 2015b) from 2009ï2013. Total wet deposition of nitrogen levels 
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were calculated from interpolated data (NPS-ARD 2015b), using monitoring sites that were not on 

site at Badlands NP. 

While ecosystems respond to total (wet and dry) deposition, NPS-ARD 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/ha/yr is assigned a Warrants Significant Concern status 

(Table 4.4.6). A current nitrogen condition from 1ï3 kg/ha/yr is assigned Warrants Moderate 

Concern status. Resource in Good Condition was assigned if the current nitrogen condition is less 

than less than 1 kg/ha/yr. 

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

Resource condition 

Wet deposition* 

(kg/ha/yr) 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

> 3 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

1ï3 

Resource in good condition 

 

 

Resource is i n 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 atmospheric deposition 

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 measures of pollutant exposure, ecosystem sensitivity and park protection to calculate 

a summary risk. If the park was assigned an ecosystem sensitivity risk of Very High for nutrient 

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

Indicator: Sulfur Deposition 

Like nitrogen, sulfur (S) is an acidifying compound that can be transported out of the atmosphere as 

acid rain. The deposition of S-compounds 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 obtain because it canôt be measured directly (Mickler et al. 

2000, Freedman 2013). Wet deposition of sulfur is measured in kilograms per hectare per year 

(kg/ha/year; 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) concentrations in precipitation by a 

normalized precipitation. Annual wet deposition is averaged over a 5-year period at monitoring sites 

with at least 3 years of annual data. Five-year averages are then interpolated across the contiguous 

U.S. For individual parks, minimum 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 deposition results from the NPS-ARD report on 

condition and trends (NPS-ARD 2015b) from 2009ï2013. Total wet deposition of sulfur levels were 

calculated from interpolated data (NPS-ARD 2015b), using monitoring sites that were not on site at 

Badlands NP. 

NPS-ARD 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 assigned a Warrants Significant Concern status. A value 

from 1ï3 kg/ha/yr is assigned Warrants Moderate Concern status. Resource in Good Condition if the 

current sulfur condition is less than less than 1 kg/ha/yr (Table 4.4.6). 

Condition Adjustments 

If Badlands NP was at a Very High risk 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, ecosystem sensitivity and park protection to calculate 

a summary risk. If the park was assigned Very High risk, we adjusted the condition to the next worse 

category. 

Indicator: Mercury Deposition 

Mercury and other toxic pollutants (e.g., pesticides, dioxins, PCBs) accumulate 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 in 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 survival of diverse species from fish to mammals. While some 

sources of atmospheric mercury are natural, such as geothermal vents and volcanoes, most sources 

are anthropogenic; these sources include commercial incineration, mining activities, and coal 

combustion. These human-caused sources include by-products of coal-fire combustion, municipal 

and medical incineration, mining operations, volcanoes, and geothermal vents (NPS-ARD 2015b). 

A major contributor of mercury to inland areas is atmospheric deposition. Wet and dry deposition 

can lead to mercury loadings in 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 of Hg (ɛg/m2/yr) and Methylmercury Risk (ng/L) 

Mercury deposition condition was assessed using estimated 3-year average mercury wet deposition 

(micrograms per meter squared per year [µg/m2/yr]) and predicted surface water methylmercury 

concentrations (nanograms per liter [ng/L]). It is important to consider both mercury deposition 

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 accumulate in food webs (NPS-ARD 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 (NPS-ARD 2015a). 

Annual mercury wet deposition measurements are averaged over a 3-year period at all NADP-MDN 

monitoring sites with at least 3 years of annual data. Three-year averages are then interpolated across 

all monitoring locations using an inverse distance weighting 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 (Table 4.4.7). 

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

Rating Mercury Deposition (µg/m2/yr) 

Very high Ó 12 

High Ó 9 and < 12 

Moderate Ó 6 and < 9 

Low Ó 3 and < 6 

Very low < 3 

 

Conditions of predicted methylmercury concentration in surface water are obtained from a model that 

predicts surface 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 concentration at a park 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 4.4.8). 

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

Rating Predicted methylmercury concentration (ng/L) 

Very high Ó 0.12 

High Ó 0.075 and < 0.12 

Moderate Ó 0.053 and < 0.075 

Low Ó 0.038 and < 0.053 

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 matrix (Table 4.4.9) to identify one of three park-

specific mercury/toxics status categories: Resource in Good Condition, Warrants Significant 

Concern, or Warrants Significant Concern. 

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

Predicted methylmercury 

concentration rating 

Mercury wet deposition rating 

Very low Low Moderate High Very high 

Very low Good Good Good Moderate Moderate 

Low Good Good Moderate Moderate Moderate 

Moderate Good Moderate Moderate Moderate Significant concern 

High Moderate Moderate Moderate Significant conern Significant concern 

Very high Moderate Moderate Significant concern Significant concern Significant concern 

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

concern. 

Condition Adjustments 

The presence of in-park data on either mercury or toxins in food 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 were no park-specific 

studies examining 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 NPS-ARD methods for air quality 

assessment and used a point system to assign the indicator to a category (NPS-ARD 2015a). This 

points system is based on the NPS-ARD methods for calculating overall air quality condition: 

measures that placed the indicator in the Warrants Significant Concern category were assigned zero 

points, Warrants Moderate Concern measures were given 50 points, and Resource in Good 

Condition measures were given 100 points. If different measures each placed the indicator in a 

different condition category, as could be the case for ozone, then the measure with the worst category 

determined the condition for the indicator (NPS-ARD 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 type of pollutant, distance to monitor used for interpolated 

data, time since data collection, and data robustness. We gave a rating of High confidence when 

monitors were on site or nearby, data were collected recently, and the data were collected 

methodically. We assigned a Medium confidence rating when monitors were not nearby, data were 

not collected recently, or data collection was not repeatable or methodical. We assigned Low 

confidence ratings when there were no good data sources. 
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Indicator Trend 

Potential trend categories were Improving, Unchanging, or Deteriorating. To calculate a trend, we 

required data that were collected ñover a 10-year period at on-site or nearby monitors (within 10 

kilometers of the park for ozone, 16 kilometers of the park for wet deposition, and 100 kilometers of 

the park for visibility)ò (NPS-ARD 2013, NPS-ARD 2015a). If there were no data available that met 

these distance and monitoring durations for a particular indicator, we indicated that trend was Not 

Available for that indicator. 

Overall Air Quality Condition, Trend, and Confidence 

To assess overall air quality condition, we used the NPS-ARD method to assign points to each 

indicator based on condition (NPS-ARD 2015a). We assigned zero points to indicators in Warrants 

Significant Concern category, 50 points to indicators in the Warrants Moderate Concern category, 

and 100 points to indicators in the Resource in Good Condition category. The average of the points 

for each measure was the total score for air quality condition (Table 4.4.10); high scores (67ï100) 

indicated that air quality was in Good Condition, medium scores (34ï66) indicated that it Warrants 

Moderate Concern, and low scores (0ï33) indicated that air quality condition Warrants Significant 

Concern. We applied the EPA non-attainment status adjustments to the overall condition, such that if 

the NPS unit fell in an area that was in ñnonattainmentò for ozone or particulate matter, the overall 

condition would be Warrants Significant Concern (NPS-ARD 2015a). 

Table 4.4.10. Air quality overall condition categories. 

Resource condition Score 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

0 - 33 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

34 - 66 

Resource in good condition 

 

 

Resource is i n 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 of Improving, Unchanging, or Deteriorating. Specifically, we subtracted 

the number of deteriorating trends from improving trends. If the result of this calculation was > 3, the 

overall trend was Improving. If the result was < 3, the overall trend was Deteriorating. If the result 

was between > -2 and < 2, the overall trend was Unchanging. If any indicator did not have a trend, 

then there was no trend for overall condition (NPS-ARD 2015a). 

Overall confidence categories were High, Medium, or Low (NPS-ARD 2013). We calculated 

confidence using a points system similar to overall condition confidence; categories with High 
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confidence received 100 points, Medium confidence received 50 points, and Low confidence received 

zero points. The overall confidence was High if the average of these values was between 67 and 100, 

Medium between 34 and 66, and Low 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 2009ï2013 was 5.4 dv, which placed visibility in Badlands NP in the Warrants 

Moderate Concern category. 

To improve visibility, it is important to understand which pollutants have the greatest contributions to 

haze. Light extinction is used 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 compounds, NOx and SO2. 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 IMPROVE monitoring 

location (NPS-ARD 2015b). 
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Figure 4.4.8. Components of haze on haziest days at Badlands NP for 2009 to 2013. 

 

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 from 2009ï2013 

(Figure 4.4.10) were ammonium sulfate, ammonium nitrate, coarse mass, and organic carbon (NPS-

ARD 2015b). Ammonium sulfate originates mainly from coal-fired power plants and industrial 

facilities; coarse mass consists of wind-blown dust; ammonium nitrate originates from emissions 

from vehicles and coal-fired 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 of sulfates and nitrates that exist in the 

atmosphere as ammonium sulfate and ammonium nitrate. 

 

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 Badlands NP, so the confidence was High. 

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 2004ï2013, the trend in visibility at Badlands NP remained 

relatively unchanged (no statistically significant trend) on the 20% clearest days and 20% haziest 

days (IMPROVE Monitor ID: BADL1, SD). The overall visibility trend was Unchanging at 

Badlands NP (NPS-ARD 2015b). 
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Ozone 

 
Condition: Resource in Good Condition 

Confidence: Medium 

Trend: Not Available 

Human health condition: The calculated ground-level ozone from 2009ï2013 was 58.9 ppb, which 

placed the human health measure of ozone pollution at Badlands NP in the Resource in Good 

Condition category. 

Vegetation health condition: The W126 value for Badlands NP was 5.0 ppm-hrs, which placed the 

vegetation health risk in the Warrants Moderate Concern category. A study of ozone risk to plants 

concluded that risk of damage was Low at Badlands (Kohut 2004). Ozone-sensitive plants were 

present (Table 4.4.11), 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 

Asteraceae 
Yarrow Achillea millefolium 

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 was Medium (NPS-ARD 2015b). 

Trend 

There were insufficient data nearby or on-site at Badlands NP, so a trend for ozone was Not 

Available. 
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Particulate Matter 

 
Condition: Warrants Moderate Concern 

Confidence: High 

Trend: Unchanging 

Condition 

Badlands NP is located in Jackson, Pennington, and Oglala Lakota counties, South Dakota, that meet 

the 2012 and 2006 PM2.5 standards and 1987 PM10 standard. For this reason, the counties are EPA-

designated ñattainmentò areas for particulate matter. 

The measured 3-year average (2013ï2015) of the 98th percentile 24-hour PM2.5 concentration was 16 

ɛg/m3, which falls in the Warrants Moderate Concern category. The measured 3-year average 

(2013ï2015) of 2nd maximum 24-hour PM10 concentration was 36 ɛg/m
3 and falls into the Resource 

in Good Condition category. The overall particular matter condition falls into the Warrants Moderate 

Concern category. 

Confidence 

The particulate matter condition was calculated from on-site monitors in Badlands National Park, so 

the confidence was High. 

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. For 2004ï2013, the trend of the 

98th percentile 24-hour PM2.5 concentration was Unchanging and was also Unchanging for the 2nd 

maximum 24-hour PM10 concentration. The overall particulate matter trend was Unchanging at 

Badlands NP (K. Taylor, personal communication, 26 May 2016). 

Nitrogen Deposition 

 
Condition: Warrants Significant Concern 

Confidence: Medium 

Trend: Not Available 

Condition 

The total nitrogen deposition from 2009ï2013 was 3.1 kilograms/hectare, placing total nitrogen wet 

deposition pollution at Badlands NP in the Warrants Significant Concern category (NPS-ARD 

2015b). 

Ecosystems in the park were rated as having high sensitivity to nutrient-enrichment 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 useful tool in 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. (2011) suggested following critical load ranges for total nitrogen deposition in the 

Northwestern Forested Mountains ecoregion: 

¶ 5.0ï25.0 kg/ha/yr to protect herbaceous vegetation 

¶ 12.0 kg/ha/yr to protect mycorrhizal fungi 

To maintain the highest level of protection in the park, the minimum of the critical load ranges (5.0 

kg/ha/yr) is an appropriate management goal. 

The estimated maximum 2010ï2012 average for total nitrogen deposition was 4.5 kg/ha/yr in the 

Great Plains ecoregion (NPS-ARD 2014) of Badlands 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 deposition levels increase in the future. 

Confidence 

None of the monitoring stations for wet deposition were on site in Badlands NP or within 16 

kilometers (NPS-ARD 2013, NPS-ARD 2015a), so the confidence was Medium. 

Trend 

The closest monitoring site for wet deposition was approximately 50 kilometers east in Jackson 

County, South Dakota. The maximum distance allowed for calculating a trend in wet N deposition is 

16 kilommeters away from a park unit, so trend was Not Available (NPS-ARD 2013). 

Sulfur Deposition 

 
Condition: Resource in Good Condition 

Confidence: Medium 

Trend: Not Available 

Condition 

The total sulfur deposition from 2009ï2013 was 0.9 kilograms/hectare, which placed total sulfur wet 

deposition pollution at Badlands NP in the Resource in Good Condition category (NPS-ARD 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 monitoring stations for wet deposition were on site or within 16 kilometers (NPS-ARD 

2013, NPS-ARD 2015b), so the confidence was Medium. 
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Trend 

The closest monitoring site for sulfur wet deposition was approximately 50 kilometers away in 

Jackson County, SD (NADP 2014). The maximum distance allowed for calculating a trend in wet 

sulfur deposition is 16 kilometers away from a park unit so trend was Not Available (NPS-ARD 

2013). 

Mercury Deposition 

 
Condition: Warrants Significant Concern 

Confidence: Low 

Trend: Not Available 

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 

2011ï2013 estimated wet mercury deposition is medium at the park, ranging from 5.8 to 6.5 

µg/m2/yr (NPS-ARD 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 combined to determine the Warrants Significant Concern condition. 

Confidence 

The degree of confidence in the mercury/toxics deposition condition was Low because 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 trend was Not Available (NPS-ARD 2013). 
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Air Quality Overall Condition 

Table 4.4.12. Air quality overall condition. 

Indicators Measures Condition 

Visibility ¶ Haze index (dv) 

 

 
Conditi on of resource warrants  moderate concern; condition is  unchanging; high confi dence i n the assessment.  

Ozone 
¶ Human health (ppm) 

¶ Vegetation health (W126 index) 

 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; medium confi dence i n the assessment. 

Particulate matter 
¶ PM2.5 (ppm) 

¶ PM10 (ppm)  
 

Conditi on of resource warrants  moderate concern; condition is  unchanging; high confi dence i n the assessment. 

Nitrogen ¶ Wet deposition (kg/ha/year) 

 

 
Conditi on of resource warrants  significant concer n; trend in condition is  unknown or not applicable; medi um confidence in the assessment. 

Sulfur ¶ Wet deposition (kg/ha/year) 

 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; medium confi dence i n the assessment. 

Mercury 
¶ Wet deposition (µg/m2/year) 

¶ Methylmercury risk 

 

 
Conditi on of resource warrants  significant concer n; trend in condition is  unknown or not applicable; l ow confidence i n the assessment. 

Overall condition for all indicators and measures 

 

 
Conditi on of resource warrants  moderate concern; trend in condition is  unknown or not applicabl e; medi um confidence in the assessment. 

 

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 condition points as 

specified by NPS-ARD (Table 4.4.13; NPS-ARD 2015a). The total score for overall air quality 

condition was 57 points, which placed Badlands National Park in the Warrants 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 2009ï2013 was 5.4 dv; this 

value placed visibility in the Warrants 

Moderate Concern category. Particulate 

matter (PM2.5 and PM10) 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 2009ï2013 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 

PM2.5 

Warrants 

moderate 

concern 

High 
Not 

available 

PM2.5 for 2013-2015 was 16 ug/m3; this 

valued placed PM2.5 in the Warrants 

Moderate Concern category. Data were 

collected on-site for High confidence, and 

trend was Not Available. 

PM10 

Resource 

in good 

condition 

High 
Not 

available 

PM10 for 2013-2015 was 36 ug/m3; this 

valued placed PM10 in the Good 

Condition category. Data were collected 

on-site for High confidence, and trend 

was Not Available. 

Nitrogen 

deposition 

Wet deposition 

N (kg/ha/yr) 

Warrants 

significant 

concern 

Medium 
Not 

available 

Total wet deposition of N from 2009ï

2013 was 3.1 kg/ha/yr; 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 

Sulfur 

deposition 

Wet deposition 

S (kg/ha/yr) 

Resource 

in good 

condition 

Medium 
Not 

available 

Total average wet deposition level from 

2009ï2013 was 0.9 kg/ha S; total S wet 

deposition was in the Resource in Good 

Condition category. Risk of acidification 

was Moderate, so the category did not 

need to be adjusted. There were no 

monitoring data available from on site or 

nearby; confidence was Medium and 

trend was Not Available. 

Mercury 

deposition 

Wet deposition 

(µg/m2/yr) and 

Methylmercury 

rating 

Warrants 

significant 

concern 

Low 
Not 

available 

Combined wet deposition and 

methylmercury ratings placed mercury 

deposition in the Warrants Significant 

Concern category. There was no on-site 

monitoring, so confidence was Low and 

trend was Not Available. 

 

Confidence 

Confidence was High for visibility and particulate matter, Low for mercury, and Medium for all other 

indicators. The score for overall confidence was 57 points, which met the criteria for Medium 

confidence in overall air quality. 

Trend 

Trend data were Not Available for all but two indicators, so overall trend for air quality was Not 

Available. 

4.4.5. Stressors 

Potential air quality stressors include industrial operations in Rapid City, South Dakota, 

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

the north, smoke from fires during the summer months, and coal-fired power plants approximately 

220 kilometers away near Gillette, Wyoming (EIA 2015). Agricultural activity in the area could also 

contribute to poor air quality in Badlands NP, increasing particulate matter and deposition of nitrogen 

and sulfur (EPA 2016b). 

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 and northwest of the Badlands NP in eastern Wyoming, 

southwestern South Dakota and southeastern Montana. The Denver-Julesburg 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 to data from the 

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 with oil and gas 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 cause air 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 2016). Table 4.4.13 shows 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 lack of monitoring 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 (NPS-ARD 2015a), so it is unclear how conditions other than visibility may have 

changed at Badlands NP over time. 
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4.5. Water Quality 

4.5.1. Background and Importance 

Surface waters form complex ecosystems that support a vast 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 resources when 

they connect to a drinking water supply. The water 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 water quality as a 

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) provides a general 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 Northern Great 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 the jurisdiction of NPS 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 the NGPN 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 basin continues to 

be affected by the construction of dams, levees, reservoirs, and canals for agricultural, industrial, and 

infrastructural activities since the 19th century (Buie 1980, Brown et al. 2011). 

 

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 Cheyenne-Elk, Middle Cheyenne-Spring, 

Upper White, and Middle White River drainage basins. Each of these rivers flow east into the 

Missouri River, though only White River runs through the park. Other water resources within the 

park are limited, consisting primarily of intermittent streamsðBattle, Cedar, Palmer, and Sage 

Creeks, ephemeral water bodies, and constructed impoundments (Wilson et al. 2014). The top water 

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 supply, aquatic 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, regardless of whether or not those 

standards are currently attained (EPA 2014) or if the water bodies are impaired and, therefore, 

subject to 303d listing. 

The U.S. Environmental Protection Agency (EPA) publishes water quality criteria to guide standards 

set by states and tribes. States adopt or modify the criteria to create more stringent standards, which 

must then be approved by EPA (40 CFR §131.5 1998). States set water quality standards at two 

levels: for human use and use by aquatic life. For each of these levels, standards are calculated for 

acute and chronic exposure such that pollutants are not expected to pose a significant risk for the 

designated use. 

The NGPN has worked with the U.S. Geological Survey (USGS) to identify water resource priorities 

and key indicators 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 tributaries in the 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 and wildlife 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 Creek, plus the 

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 (Administrative Rules of South 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: 

¶ pH:  6.5ï9.0 (White River); 6.0ï9.5 (Sage Creek and stock ponds) 

¶ Dissolved oxygen (DO): Ó 5 mg/L (White River); not applicable to Sage Creek and stock ponds. 
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¶ Temperature: Ò 32°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. 

¶ Escherichia coli (E. coli): < 630 cfu/100 mL (average) or < 1,178 cfu/100 mL (daily maximum) 

(White River); not applicable to Sage Creek and stock ponds. 

¶ 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 affect 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 water quality indicators. 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 regime 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 or river use. 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 certain water quality values are not valid. 

For the rivers and Sage Creek, numeric water quality standards shall apply at all times 

except during low flow. Low flow is defined as either the minimum 7-day average low flow that can 

be expected to occur once in every five years or 1.0 cubic foot per second, whichever is greater 

(Administrative Rules of South Dakota 2015). 

4.5.3. Methods 

Indicators and Measures 

Overall water quality condition depends on the individual conditions of multiple indicators 

(Figure 4.5.2). 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 (Wilson et al. 2014). The 

National Park Service requires that each network monitor core parameters (DO, pH, specific 

conductivity, and water temperature) for surface waters within park boundaries. Collecting data for 

these core parameters is relatively straightforward and 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 quality indicators, including aquatic microorganisms (primarily E. coli bacteria) and 

aquatic macroinvertebrates (Wilson et al. 2014). These biological indicators reflect different aspects 

of water quality and can affect human and environmental health in different ways. 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 standards. 

 

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, used all available 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 measurements specified 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 quality monitoring 

protocol (Wilson and Wilson 2014). 

Potential water quality condition categories were Resource in Good Condition, Warrants Moderate 

Concern, and Warrants Significant Concern; category was determined by the proportion of samples 

that were outside the range of allowed values (Table 4.5.1). 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 exceeded Nebraska standards for 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 

 

 

Resource Warr ants  

Significant Concern 

> 25% 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

5 ï 25% 

Resource in good condition 

 

 

Resource is i n Good Condition 

0 ï 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 water body. We assigned all waters with 

Impaired status the condition, Warrants Significant Concern, all waters with a Threatened status as 

Warrants Moderate Concern, and all Good waters as Resource in Good Condition (Table 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 

Fish and wildlife propagation, recreation, and stock watering 

waters 
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 Indicators and 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 in 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 ecosystems (Gleick et 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). 

 

Figure 4.5.3. pH scale. Low and high pH waters are limiting for aquatic life; fish survive best at pH of 5ï9. 

Measure of Acidity: pH 

The pH of a water sample measures the relative amount of free hydrogen ions (H+) and free hydroxyl 

ions (OH-) in the sample. Acidic water has more H+ and alkaline water has more OH-. The 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), and low oxygen levels 

can damage macroinvertebrates and fish (Table 4.5.3; e.g., Davis 1975, Caraco and Cole 2002). Most 

fish do best when oxygen concentration is within 50ï100% saturation (~5ï10 milligrams/liter for a 

stream at 15°C), and dissolved oxygen tends to be 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 

temporarily 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 aquatic life (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 

0 ï 0.3 Small fish survive short exposure 

0.3 ï 1.5 Lethal if exposure is prolonged for several hours 

1.5 ï 5.0 Fish survive, but grown will be slow and fish will be more susceptible to disease 

5.0 ï 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 volume)ðtypically as 

mill igrams per liter (mg/L) water. 

Indicator: Temperature 

Fish, macroinvertebrates, microorganisms, and aquatic plants are limited to 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 2001). 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 measured 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 °F = -17. 8 °C, and the conversion formula is: T(°C) = (T (°F)ï32)/1.8. 

Biological Indicators and 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 eye and spend at least part of their lives in 

water. The composition of aquatic invertebrate communities can indicate long-term water quality 

condition that may not be reflected in periodic or short-term chemical and physical samples. Aquatic 

invertebrates experience and respond to a variety of water conditions in their environment for the 

duration of their livesðspanning weeks to many years (e.g., Martē¶ez 1998, Tronstad 2015)ðthus 

providing a comprehensive picture of overall water quality. Some invertebrate taxa are more 

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 can also account 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 more sensitive 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 where n is the number 

of individuals of taxonomic group i and a is the tolerance of that group: 

ὌὄὍ  
Вὲὥ

ὔ
 

Tolerance to pollution ranges from 0 for highly sensitive species, to 10 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 from 0ï4.50 indicated Good Condition, values from 4.51ï6.50 

indicted that water quality Warrants Moderate Concern, and values from 6.51ï10.00 indicted that 

water quality Warrants Significant Concern (Table 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 

 

 

Resource Warr ants  

Significant Concern 

6.51 ï 10.00 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

4.51 ï 6.50 

Resource in good condition 

 

 

Resource is i n Good Condition 

0 ï 4.50 

 

Measure of Invertebrate Assemblage: EPT Index 

Three orders of macroinvertebratesðEphemeroptera, Plecoptera, and Trichopteraðare particularly 

sensitive to pollution and are unlikely to occur in polluted waters when more tolerant groups are 

present. The presence of very few 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 within each of the 

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 Badlands NP (P. Snyder, 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 northernmost part of Nebraskaðthe Northwestern Great Plains (Bazata 2011, 2013). 

We assigned the condition Warrants Significant Concern to values below the 25th percentile (of 

samples collected from a variety of streams sampled in the region [Bazata 2011]), Warrants 

Moderate Concern to values from the 25th to the 75th percentile of all streams, and Good Condition 

to values above the 75th percentile of streams (Table 4.5.5). 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. When site-specific 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 

 

 

Resource Warr ants  

Significant Concern 

< 3 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

3 ï 5 

Resource in good condition 

 

 

Resource is i n 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 that are tolerant to pollution and EPT are all likely to be 

present in high-quality 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 for 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 Nebraskaðthe 

Northwestern Great Plains (Bazata 2011, 2013) and assigned condition based on these ranges (Table 

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. When site-specific 

criteria are available, they may be compared to the data we present here. 

Table 4.5.6. Water quality condition categories for proportion of Ephemeroptera, Plecoptera, and 

Trichoptera (EPT) taxa (Bazata 2011, 2013). 

Resource condition 

Proportion EPT 

taxa 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

< 0.11 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

0.11 ï 0.17 

Resource in good condition 

 

 

Resource is i n Good Condition 

> 0.17 
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Indicator: Fecal Indicator Bacteria (Fecal Coliform) 

Fecal coliform bacteria live in intestines of warm-blooded 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 organisms (Gallagher 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 1985). Escherichia coli is 

a well-known fecal coliform that has been associated with illness following food contamination. 

Measure of Fecal Indicator Bacteria (Fecal Coliform): Escherichia coli (E. coli) Concentration 

Concentration of E. coli (number of bacteria per unit volume) is regulated as 30-day averages and as 

single samples (Administrative Rules of South Dakota 2015). If we did not have the requisite number 

of samples to apply a 30-day mean, we used single sample standards to evaluate E. coli condition. 

We used a quartile approach to assign conditions (Table 4.5.7), such that concentrations up to the 

first quartile indicated Good Condition, the interquartile range indicated Warrants Moderate 

Concern, and concentrations above the third quartile indicated Warrants Significant Concern. 

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

Resource condition 

E. coli concentration 

(cfu/100 milliliters) 

E. coli concentration,  

30-day average 

(cfu/100 milliliters) 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

884 Ò x 473 Ò x 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

295 < x < 884 158 < x < 473 

Resource in good condition 

 

 

Resource is i n Good Condition 

0 < x Ò 295 0 < x Ò 158 

 

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 relevant monitoring 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 for South 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 

(Rust 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 of South Dakota (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] and Tronstad [2016] plus two additional locations sampled by 

Tronstad), and one sampling point on the White River (Figure 4.5.4). 

 

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 opinion and the scientific 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 developed to calculate overall air quality condition (NPS-ARD 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 condition Warrants Significant Concern, 50 points to 

Warrants Moderate Concern, and 100 points to Resource in Good Condition. The average of all 

measures determined the condition category of the indicator; scores from 0ï33 fell in the Warrants 

Significant Concern category, scores from 34ï66 were in the Warrants Moderate Concern category, 

and scores from 67ï100 indicated Resource in Good Condition. 

Indicator Confidence 

Confidence ratings were based on monitoring location, monitoring frequency, and time since data 

collection. We gave a rating of High 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 collected using equipment 

and procedures consistent with published methods and South Dakota DENR standards. We gave a 

rating of High for invertebrate indicators of water quality when sampling efforts were on site and had 

been collected at least twice a year for at least two years, with the second year falling within three 

years of this assessment. We assigned a Medium confidence rating when sampling efforts were not 

repeated or data were not collected recently. We assigned Low confidence ratings when reference 

conditions were 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 were Improving, Unchanging, or Deteriorating. To calculate a 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, but we 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 trend was Not Available for that indicator. 

To calculate a trend for 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, trend, and confidence (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 pH 

Resource in 

good 

condition 

Medium Not available 

Acidity was within state standards 

during sampling period. 

Monitoring was not continuous for 

two years, so confidence was 

Medium and trend was Not 

Available. 

Dissolved 

Oxygen (DO) 

Milligrams/ 

liter 

Resource in 

good 

condition 

High Not available 

DO was within state standards 

during sampling period. Condition 

was based on state summary data 

so confidence was High but trend 

was Not Available. 

Temperature °Celsius 

Resource in 

good 

condition 

High Not available 

Temperature was within state 

standards during sampling period. 

Condition was based on state 

summary data so confidence was 

High but trend was Not Available. 

Specific 

conductivity 

Siemens/ 

meter 

Resource in 

good 

condition 

Medium Not available 

Specific conductivity was within 

state standards during sampling 

period. Monitoring was not 

continuous for two years, so 

confidence was Medium and trend 

was Not Available. 

Invertebrate 

assemblage 

¶ HBI 

¶ EPT index 

¶ Proportion 

EPT 

Warrants 

significant 

concern 

Low Not available 

The average score of conditions 

indicated by all measures was 

33.3, which Warrants Significant 

Concern. Monitoring was 

repeated 2004ï2005. No 

reference data for EPT measures 

were available. Confidence was 

Low and trend was Not Available. 

Fecal indicator 

bacteria 

Escherichia 

coli (E. coli) 

count of 

colony 

forming 

units/100 

milliliters 

Warrants 

significant 

concern 

High Not available 

Fecal coliform count was a cause 

of impairment in the two large 

rivers considered in this 

assessment. Condition was based 

on state summary data so 

confidence was High but trend 

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, and in 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 

quality by South Dakota DENR and any water quality parameters outside 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 water bodies in this assessment. The available information placed DO for Badlands NP in 

the Resource in Good Condition category. 

Confidence 

We interpreted dissolved oxygen condition based on the South Dakota DENR (2016) report that was 

itself based on data collected on site Badlands NP over 12 years. The confidence was High. 

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 concentration from the summary data. 

Trend was Not Available. 

Dissolved Oxygen (DO) 

 
Condition: Resource in Good Condition 

Confidence: High 

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 

quality by South Dakota DENR and any water quality parameters outside 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 water bodies in this assessment. The available information placed DO for Badlands NP in 

the Resource in Good Condition category. 

Confidence 

We interpreted dissolved oxygen condition based on the South Dakota DENR (2016) report that was 

itself based on data collected on site Badlands NP over 12 years. The confidence was High. 

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 concentration from the summary data. 

Trend was Not Available. 

Temperature 

 
Condition: Resource in Good Condition 

Confidence: High 

Trend: Not Available 

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 outside of acceptable 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 assessment. The available information placed temperature for Badlands NP in the 

Resource in Good Condition category. 

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 confidence was High. 

Trend 

While the cause of impairment did not include temperature for at least 10 years prior to this 

assessment, we were unable to identify an overall trend in temperature from the summary data. Trend 

was Not Available. 
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Specific Conductivity 

 
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 standards. Conductivity criteria did not 

apply to the designated beneficial uses for the White River. The condition of specific conductivity at 

Badlands National Park was Resource in Good Condition. 

Confidence 

Specific conductivity data were collected on site at Badlands 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 was Not Available. 

Invertebrate Assemblage  

 
Condition: Warrants Significant Concern 

Confidence: Low 

Trend: Not Available 

Condition 

We used data collected by Rust (2006) to assign a condition to invertebrate assemblage. To calculate 

overall indicator condition from the three measures, we used the average condition indicated by each 

measure. 

¶ Hilsenhoff Biotic Index (HBI):  The average value of HBI was 6.83. This value indicated an 

HBI condition of Resource in Good Condition at Badlands NP. 

¶ EPT Index: The average value of EPT index was 0.5. This value indicated an EPT condition of 

Warrants Significant Concern at Badlands NP. 

¶ Proportion EPT:  The average value for proportion EPT of total invertebrate samples was 0.015. 

This value indicated a proportion EPT condition of Warrants Significant Concern at 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. 

Confidence 

Macroinvertebrate data were collected on site at multiple locations twice in 2004ï2005. 

Macroinvertebrate condition reflects long-term environmental conditions, unlike the snapshot nature 

of chemical sampling, but to assign a High 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 

was Low. 

Trend 

Data were insufficient to assign a trend. Trend was Not Available. 

Fecal Indicator Bacteria (Fecal coliform) 

 
Condition: Warrants Significant Concern 

Confidence: High 

Trend: Not AvailableCondition 

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 outside of acceptable limits were reported; 

fecal coliform 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 information placed fecal indicator bacteria for 

Badlands NP in the Warrants Significant Concern category. 

Confidence 

We interpreted fecal indicator bacteria condition based on the South Dakota DENR (2016) report that 

was itself based on data collected on site Badlands NP over 12 years. The confidence was High. 

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. Trend was Not Available. 
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Water Quality Overall Condition 

Table 4.5.9. Water quality overall condition. 

Indicators Measures Condition 

Acidity ¶ pH 

 

 
Conditi on of resource warrants  moderate concern; trend in condition is  unknown or not applicabl e; medi um confidence in the assessment.  

Dissolved oxygen ¶ mg/L 

 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; high confi dence i n the assessment. 

Temperature ¶ °C 

 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; high confi dence i n the assessment. 

Specific conductivity ¶ S/m 

 

 
Resource is i n good conditi on; tr end i n conditi on is unknown or not applicabl e; high confi dence i n the assessment. 

Invertebrate assemblage 

¶ HBI 

¶ EPT index 

¶ % EPT 

 

 
Conditi on of resource warrants  significant concer n; trend in condition is  unknown or not applicable; l ow confidence i n the assessment. 

Fecal indicator bacteria ¶ E. coli concentration 

 

 
Conditi on of resource warrants  significant concer n; trend in condition is  unknown or not applicable; high confidence in the assessment. 

Overall condition for all indicators and measures 

 

 
Conditi on of resource warrants  moderate concern; trend in condition is  unknown or not applicabl e; medi um confidence in the assessment. 

 

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 62.5 points, which placed water quality at 

Badlands NP in the Warrants Moderate Concern category. 

Confidence 

Confidence was High for dissolved oxygen, temperature, and fecal indicator bacteria, Low for 

Invertebrate assemblage and Medium for pH and specific conductivity. The score for overall 

confidence was 62.5 points, which met the criteria for Medium confidence in overall water quality. 
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Trend 

Trend data were Not Available for any indicator, so overall trend for water quality was Not 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. Contamination 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 communication, 7 July 2016) 

could pose a threat to water supply and water quality in the general region. A summary of current 

water quality conditions 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 pH 

Resource 

in good 

condition 

Medium 
Not 

available 

Acidity was within state 

standards during sampling 

period. Monitoring was not 

continuous for two years, so 

confidence was Medium and 

trend was Not Available. 

Dissolved 

Oxygen 

(DO) 

Milligrams/liter 

Resource 

in good 

condition 

High 
Not 

available 

DO was within state standards 

during sampling period. 

Condition was based on state 

summary data so confidence 

was High but trend was Not 

Available. 

Temperature °Celsius 

Resource 

in good 

condition 

High 
Not 

available 

Temperature was within state 

standards during sampling 

period. Condition was based on 

state summary data so 

confidence was High but trend 

was Not Available. 

Specific 

conductivity 
Siemens/m 

Resource 

in good 

condition 

Medium 
Not 

available 

Specific conductivity was within 

state standards during sampling 

period. Monitoring was not 

continuous for two years, so 

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 

Invertebrate 

assemblage 

¶ HBI 

¶ EPT index 

¶ Proportion 

EPT 

Warrants 

significant 

concern 

Low 
Not 

available 

The average score of conditions 

indicated by all measures was 

33.3, which Warrants Significant 

Concern. Monitoring was 

repeated 2004ï2005. No 

reference data for EPT 

measures were available. 

Confidence was Low and trend 

was Not Available. 

Fecal 

indicator 

bacteria 

Escherichia 

coli (E. coli) 

count of 

colony forming 

units/100 

milliliters 

Warrants 

Significant 

Concern 

High 
Not 

Available 

Fecal coliform count was a 

cause of impairment in the two 

large rivers considered in this 

assessment. Condition was 

based on state summary data so 

confidence was High but trend 

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 years, and frequent 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 schemes 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 be reduced to smaller pieces) determine the location 

and stability of other park resources. Topography, slope stability, surface- and groundwater flow 

patterns, soil types, vegetation, and human use patterns are all affected by underlying geology. 

In the northern 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 in this region 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 near the river 

channels (Graham 2009). 

http://water.usgs.gov/software/DOTABLES/
http://nwis.waterdata.usgs.gov/sd/nwis/qwdata/?site_no=435326102254600&agency_cd=USGS


 

124 

 

 

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, clay-rich bedrock is often prone to slumps, slides, and rockfalls. While events such as these are 

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 minimize uncharacteristic 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 

approximately 281 kilometers (175 miles) southwest 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 the Great Plains physiographic 

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 overlying Fox Hills 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 the end-Cretaceous extinction 

(Benton et al. 2015). 

After the retreat of the seaway, the region 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, distinctively-colored paleosols (fossil soils) on the exposed surfaces. 

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 widespread White River Group of Eoceneï

Oligocene age (~36ï30 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 best-preserved record of a climactic transition in the terrestrial rock record. This transition, 

termed the EoceneïOligocene climate transition (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 reflected in fossil 

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 wind-deposited and reworked 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 and Emry 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 exposed in Badlands NP, spanning the latest Eocene (37.1 Ma) to 

the early Oligocene (27.7 Ma), is one of the best-known parts of 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 Sharps Formation 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 (P.L. 91ï190; 31 Stat. 852; 42 USC 4321ï4327); the Federal Land Policy and 

Management Act of 1976 (P.L. 94ï579; 90 Stat. 27; 43 USC 1701ï1782); and most recently the 

Omnibus Public Land Management Act of 2009 (PL 11ï11, Title IV, Subtitle DðPaleontological 

Resources Protection). These Federal guidelines were put in place to protect fossil resources from 

destruction by various types of human activities, including theft and ground-disturbance during 

construction. 

4.6.3. Methods 

Indicators and Measures 

Overall geological resource condition in NP depends 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 concern at Badlands NP (Graham 2008), and it is discussed in detail in the section on 

Paleontological Resources in this NRCA. 

Indicator: Weathering and Erosion 

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 (Press and Siever 2001). Weathering/erosion 

can be both natural and human-influenced. 

The term ñbadlandsò refers to regions of highly weathered and eroded land with sparse or no 

vegetation cover (Stoffer 2003). In badlands areas, the surface is dissected by gullies and ridges, 

which create a rugged topography that can be difficult to cross. ñBadlandsò (with a capital ñBò), also 

called the Big Badlands and the White River Badlands, refers to the Badlands of western South 

Dakota including those protected within Badlands National Park (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 landslides 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 this indicator, 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 NP its 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 water, and this 

shrink/swell behavior often results in a distinctive surface texture called ñpopcorn weathering.ò 

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 factor in increased 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 

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 Pierre Shale as well 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 cliff and spire-forming Brule Formation rocks whose contained 

volcanic ash was not altered to smectite 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 of cosmic rays with materials on Earthôs 

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 in Badlands NP (Leithauser 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 Survey markers were 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 that has occurred in this part of the Badlands since the markers were placed 

(Benton et al. 2015). 

Recent work has focused on erosion rates that specifically impact fossil resources in Badlands NP. 

From 2010ï2013, measurements of weathering and erosion of fossil-bearing strata and fossils at six 

sites 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 
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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 current 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 (Stamm et al. 

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, for exactly 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 historic natural 

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 condition Warrants Significant Concern, meaning that the resource is 

behaving outside of historic natural conditions. If current weathering and erosion was moderate, we 

assigned the condition Warrants Moderate Concern, meaning that the resource is behaving 

somewhat outside of historic natural conditions. If current weathering and erosion has been occurring 

at a high rate, we assigned the highest level of condition, Resource in Good Condition, meaning that 

the resource is behaving within historic natural conditions (Table 4.6.1). 

Table 4.6.1. Geologic resource condition categories for the amount of erosion. 

Resource condition Erosion  

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

Weathering and erosion 

significantly outside range of 

historic natural conditions. 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

Weathering and erosion 

somewhat outside range of 

historic natural conditions. 

Resource in good condition 

 

 

Resource is i n Good Condition 

Weathering and erosion within 

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 to weather and erode 

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 signs of human-caused 

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 human-influenced 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 the information 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 quantitative and 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 trend, we used quantitative and qualitative data, expert 

opinion, and reports of prior impacts to the resource, as described above. 

Indicator Trend 

Potential trend categories were Improving, Unchanging, or Deteriorating. Because of the long 

timescales that are involved 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 a trend estimate for 

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 available that met these monitoring requirements for a 

particular indicator, we indicated that trend was Not Available for that indicator. 

Indicator Confidence 

Confidence ratings were based on availability and type of data collected about the indicator. We gave 

a rating of High 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 assigned a Medium confidence rating 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 only. Low confidence ratings were assigned when 

there were no good 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 overall resource condition, trend, and confidence (Table 

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 and Erosion 

 
Condition: Warrants Moderate Concern 

Confidence: Medium 

Trend: Not Available 

Condition 

Because of the type of rock that crops out at Badlands National Park, weathering 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 placed 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 exposure of the survey markers 

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 

sod-covered mesas that are remnants of older floodplain surfaces) have given estimated rates of 

erosion of between 10ï40 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 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 and bi-monthly for the rest of the year. 
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Precipitation 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/year. North-facing 

slopes had higher rates, with an average of 11.9 millimeters/year, while south-facing slopes had 

erosion rates of 7.9 millimeters/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 condition, Resource in Good Condition, meaning that the resource is 

behaving within historic natural conditions and awarded the measure 100 points (Table 4.6.1). 

While erosion at the monitoring locations was within the natural range of variation, anthropogenic 

impact poses a substantial risk to geologic 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 visitors were injured when 

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 activities also cause 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 become 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 the Badlands 

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 portions of the road for stabilization and safety (R. Benton, 

personal communication, 1 December 2016). Human activities and infrastructure maintenance issues 

reduced the condition to Warrants Moderate Concern. 

Confidence 

There were quantitative data available on the current 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 rating of Medium. 

Trend 

Trend was Not Available for the measure of the amount of weathering and erosion, so trend was Not 

Available for the indicator 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 

 

 
Conditi on of resource warrants  moderate concern; trend in condition is  unknown or not applicabl e; medi um confidence in the assessment. 

 

Condition 

The overall geological resources condition was determined by 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 category, Warrants Moderate 

Concern 

Confidence 

Confidence was Medium for geological resources. 

Trend 

Trend was Not Available. 

4.6.5. Stressors 

Potential stressors to geological resources include the timing and amounts of precipitation events. As 

demonstrated by Stetler (2014), individual heavy precipitation events can significantly increase the 

rate of short-term weathering and erosion of fossil-bearing 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 into areas 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 cause increased erosion 

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 

the historical reference condition for erosion rates for the 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. Fossils, and the natural geologic processes that form, 

preserve, and expose them, are included in this mission (NPS 2016). Paleontological resources are 

non-renewable, and they hold the keys to understanding the complex history 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 (NPS 2016). The fossil resources of Badlands NP include the richest 

accumulations of terrestrial vertebrate fossils of late Eocene and early Oligocene age in North 

America, if not the world (Benton et al. 2014). 

Paleontological resources are defined in the Paleontological Resources Preservation Act (2009) as 

ñany fossilized remains, traces, or imprints of organisms, preserved in or on the earthôs crust, that are 

of paleontological interest and that provide information about the history of life on Earth é ò 
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excluding archaeological and cultural resources. The distribution of paleontological resources is 

directly related to the distribution of sedimentary geologic units exposed on the ground surface, and 

this relationship allows prediction of fossil potential on a landscape-wide scale. 

 

Fossil at Badlands National Park. Photo by Dakota McCoy, NPS (2013). 

In the northern Great Plains area, most of the fossiliferous bedrock 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 terrestrial deposits of Oligocene and Miocene age that record the spread of grasslands 

across the region and the rise of large grazing mammals. 

Regional Context 

Surface and subsurface strata of the Great Plains physiographic province represent many different 

paleoenvironments 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 deposited by 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 of these fossils, the Cretaceous Interior Seaway persisted in the region until 

about 67 Ma (millions of years ago), just prior to the end-Cretaceous extinction (Benton et al. 2015). 

After the retreat of the seaway, the region experienced a period of erosion of existing sediments as 

well as non-deposition (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 surfaces. Deposition 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 EoceneïOligocene age (~36ï30 Ma; 

Benton et 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 best-preserved record of a climactic transition in the terrestrial rock record. This transition, 

termed the EoceneïOligocene climate transition (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 reflected in fossil 

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 wind-deposited and reworked 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 and Emry 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 exposed in Badlands NP, spanning the latest Eocene (37.1 Ma) to 

the early Oligocene (27.7 Ma), is one of the best-known parts of 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 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 ñbadlandsò refers to regions of weathered and eroded land with sparse or no vegetation 

cover (Stoffer 2003). In badlands areas, the surface is dissected by gullies and ridges, which create a 

rugged topography that can be difficult to cross. ñBadlandsò (with a capital ñBò), also called the Big 

Badlands and the White River Badlands, refers to the Badlands of western South Dakota including 

those protected within 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 our understanding 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 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 (Benton et al. 2015). 

Among the smaller mammalian fossils described from the Badlands are marsupials, insectivorous 

mammals, lagomorphs, and rodents. The carnivores include creodonts, nimravids (a group similar to 

but unrelated to modern felids), amphicyonids (often called ñbear-dogsò), canids, bears, and 

mustelids. Ungulates are also well represented, with both artiodactyls (even-toed ungulates) and 

perissodactyls (odd-toed ungulates) known. Artiodactlys include both browsers and grazers, with 
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differences in diet reflected in the dentition. Suids such as entelodonts (often called ñhell-pigsò) have 

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 (small browsers 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 the EoceneïOligocene 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 (P.L. 91ï190; 31 Stat. 852; 42 USC 4321ï4327); the 

Federal Land Policy and Management Act of 1976 (P.L. 94ï579; 90 Stat. 2743; 43 USC 1701ï

1782); and most recently, the Omnibus Public Land Management Act of 2009 (PL 11ï11, Title IV, 

Subtitle DðPaleontological Resources Protection). These federal guidelines were put in place to 

protect fossil resources from destruction by various types of human activities, including theft and 

ground-disturbance during construction. 

4.7.3. Methods 

Indicators and Measures 

Overall paleontological resource condition in Badlands NP depends on the condition of a single 

indicator: fossil loss. 

Indicator: Fossil Loss 

As non-renewable resources, the loss of fossils from NPS units is a very important resource issue. 

Fossils can be lost through natural processes 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 

erosionðthe movement of weathered material away from its place of originðare natural processes 

that can negatively affect fossil resources (Press and Siever 2001; Benton et al. 2015). Weathering 

and erosion are important factors in the health of fossil resources at Badlands NP. Although 

weathering and erosion are primarily seen in a negative light, these 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 fossils from park units is a human-caused impact that also results in the 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 contained fossils, as well the amount of 

poaching of fossils that has been 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 impact paleontological 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 2014). 
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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 many of the layers have a specific type of clay called 

smectite, which shrinks and swells with water. This shrink/swell behavior often results in a 

distinctive surface texture called ñpopcorn weathering,ò and vegetation tends to be sparse or 

nonexistent on these surfaces as it has difficulty establishing. This lack of vegetation, in turn, is a 

factor in increased 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 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 Pierre Shale as well 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 cliff and spire-forming Brule Formation rocks whose contained 

volcanic ash was not altered to smectite to the same degree (Benton et al. 2015). 

Weathering and erosion are natural occurrences, and the unique topography and lack of vegetation 

that give Badlands NP 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 such as roads, trails, and cultural 

and paleontological sites. Within the Badlands, some research has been done to quantify the amount 

of weathering and erosion that is occurring. 

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 of cosmic rays with materials on Earthôs 

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 in Badlands NP (Leithauser 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 Survey markers were 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 that has occurred in this part of the Badlands since the markers were placed 

(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 erosion of fossil-bearing 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 
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allow assessments of the actual amount of 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 condition Warrants Significant Concern. If weathering and erosion was moderate, and 

fossil resources were only moderately impacted, we assigned the condition Warrants Moderate 

Concern. If there was no weathering or erosion OR any weathering and erosion was at a low level, 

we assigned the highest level of condition, Resource in Good Condition (Table 4.7.1). 

Table 4.7.1. Paleontological resources condition categories for amount of erosion. 

Resource condition Impact of weathering/erosion 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

Weathering and erosion is 

occurring at a rate that 

negatively impacts fossil 

resources 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

Weathering and erosion is 

moderate and somewhat impacts 

fossil resources 

Resource in good condition 

 

 

Resource is i n Good Condition 

No weathering or erosion has 

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 sale of a Tyrannosaurus rex fossil for more than 

$8 million in 1997, puts paleontological resources on public lands at risk for permanent loss (Eveleth 

2013; Beat and Hanna 2009). 

Fossil poaching can take on many forms. For example, the casual park visitor may pick up a piece of 

fossilized bone during a hike along a park trail. In an area such as the Badlands, where fossils can 

easily be seen along well-traveled trails, visitors may believe that taking one fossil will not cause a 

problem. Multiplied by a million visitors per 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 be fossil-rich 

and rarely patrolled (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 of an 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) provides the NPS with mandates for 

protection of Federal fossil resources, and it clarifies the criminal penalties for fossil poaching 

(Benton et al. 2015). Even with strengthened laws, however, fossil poaching and vandalism are still 

major issues for paleontological resources. From 2004ï2014, nearly 900 individual law enforcement 

reports of fossil vandalism or poaching were documented in National Park System units (Santucci 

2014). 

One difficulty in prosecuting fossil poachers is the fact that unless they are ñcaught in the act,ò it is 

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 then potentially be used to prove the origin of a poached 

fossil (Cerruti et al. 2014). 

Because fossils and their contextual data are non-renewable resources, any amount of poaching 

impacts the resource in a negative way. We therefore classified significant fossil poaching as any 

formal or informal reports of poaching. 

If fossil poaching occurrences were known, we assigned the condition Warrants Significant Concern. 

Because there is no amount of fossil poaching that is acceptable, we did not include a condition of 

Warrants Moderate Concern in our assessment. We gave the highest level of condition, Resource in 

Good Condition, if there was no fossil poaching known (Table 4.7.2). 

Table 4.7.2. Paleontological resources condition categories for fossil poaching. 

Resource condition Fossil poaching status 

Warrants significant concern 

 

 

Resource Warr ants  

Significant Concern 

Fossil poaching occurrences 

are known 

Warrants moderate concern 

 

 

Resource Warr ants  

Moderate Concern 

ï 

Resource in good condition 

 

 

Resource is i n Good Condition 

No fossil poaching 

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 scientific papers and 

books that we identify throughout this assessment. Especially useful was a recently published book 

on the White River Badlands geology and paleontology (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 guidelines, 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 quality condition (NPS-

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 condition Warrants Significant Concern, 50 

points to Warrants Moderate Concern, and 100 points to Resource in Good Condition. The average 

of all measures determined the condition category of the indicator; scores from 0ï33 fell in the 

Warrants Significant Concern category, scores from 34ï66 were in the Warrants Moderate Concern 

category, and scores from 67ï100 indicated Resource in Good Condition. 

Indicator Trend 

Potential trend categories were Improving, Unchanging, or Deteriorating. Because of the long 

timescales that are involved in many geologic 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 geologic resource. To calculate a trend estimate for 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 2009). If there were no 

data available that met these monitoring requirements for a particular indicator, we indicated that 

trend was Not Available for that indicator. 

Indicator Confidence 

Confidence ratings were based on availability and type of data collected about the indicator. We gave 

a rating of High 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 assigned a Medium confidence rating 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 only. Low confidence ratings were assigned when 

there were no good data sources to support the condition. 

Overall Paleontological 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 overall resource condition, trend, and confidence (Table 

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 

Fossil loss 

Amount of 

weathering 

and erosion 

Warrants 

significant 

concern 

High 
Not 

available 

Measured rates of weathering and 

erosion in Badlands NP were 

high, averaging from 7.9 to 40 

millimeters/year. These rates 

have been demonstrated to be 

high enough to cause serious 

damage in a relatively short 

amount of time. This assessment 

placed amount of weathering and 

erosion in the Warrants 

Significant Concern category. 

Fossil 

poaching 

and 

vandalism 

Warrants 

significant 

concern 

High 
Not 

available 

Reports of fossil poaching and 

vandalism in Badlands NP are 

somewhat common. This 

assessment places fossil 

poaching and vandalism in the 

Warrants Significant Concern 

category. 

 

4.7.4. Paleontological Resource Conditions, Confidence, and Trends 

Fossil Loss 

 
Condition: Warrants Significant Concern 

Confidence: High 

Trend: Not Available 

Condition 

Because fossils are non-renewable resources, any 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 fossils, and 

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 these markers, and in 

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 Badlands NP using paleosols exposed in sod tables 

(low sod-covered mesas that are remnants of older floodplain surfaces) have given estimated rates of 

erosion of between 10ï40 millimeters/year (Stoffer 2003; Leithauser et al. 2010). 
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In more recent research, six sites 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 and bi-monthly 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 9.7 millimeters/year. North-facing slopes 

had higher rates, with an average of 11.9 millimeters/year, while south-facing slopes had erosion 

rates of 7.9 millimeters/year (Stetler 2014). 

These data give us rates of erosion over at the past 60 years, and show the recent and current 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 and erosion on 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 

piece of 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 becomes significant is can be difficult. 

The recent 18-month-long study by Stetler (2014) mentioned above measured the current rates of 

weathering and erosion of fossil-bearing strata within Badlands NP. This study also looked 

specifically at the rates that fossil bone degrades once 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 were scattered across the North Unit of the park in order to take into account climactic 

variation as well as differences in lithology. 

At each of these five localities vertebrate fossils were found on the surface at the beginning of the 

study, and their positions 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 completely 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 damaged less by the weathering process than were smaller fossils such as limb 

bones and skulls of oreodonts and rodents (Stetler, 2014). 

This study demonstrates that the rates of weathering and erosion measured in Badlands NP are high 

enough to cause damage to vertebrate 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 condition of Warrants Significant Concern for 

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 between 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 detailed fossil 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 Visitor Site 

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 hope that 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 significant fossil 

poaching or vandalism as any formal or informal reports of poaching or vandalism, we assigned a 

condition of Warrants Significant Concern for the measure of fossil poaching and vandalism 

occurrences and awarded the measure 0 points. 

The average of both measures determined the condition category of the indicator; as the average 

score of both measures was 0, this supports a condition of Warrants Significant Concern for the 

indicator of fossil loss. 

Confidence 

There were quantitative data available on the rates of weathering and erosion of the surface of the 

Badlands, and therefore we gave this measure a confidence rating of High. 

There was also quantitative data available on fossil poaching and vandalism occurrences. We were 

able to evaluate the impact of fossil poaching and vandalism on paleontological resources using this 

data, thus achieving a High confidence in this measure. The overall confidence for the indicator of 

fossil loss was High. 

Trend 

Trend was Not Available for either measure, so trend was Not Available for the indicator of fossil 

loss. 
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Paleontological Resource Overall Condition 

Table 4.7.4. Paleontological resources overall condition. 

Indicators Measures Condition 

Fossil loss 
¶ Amount of weathering and erosion 

¶ Fossil poaching and vandalism 

 

 
Conditi on of resource warrants  significant concer n; trend in condition is  unknown or not applicable; high confidence in the assessment.  

 

Condition 

The overall paleontological resources condition was determined by the condition of the single 

indicator, fossil loss. Fossil loss was given a condition of Warrants Significant Concern, which 

placed the overall paleontological resource condition for Badlands National Park in the category 

Warrants Significant Concern. 

Confidence 

Confidence was High for the single indicator of fossil loss, so overall confidence was High for 

paleontological resources. 

Trend 

Trend data were Not Available for the single indicator of fossil loss, so overall trend for 

paleontologic resources was Not Available. 

4.7.5. Stressors 

Potential stressors to paleontological resources include the timing and amounts of precipitation 

events. As demonstrated by Stetler (2014), individual heavy precipitation events can significantly 

increase the rate of short-term weathering and erosion of fossil-bearing strata. 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 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 buildings into areas 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 visitors overall will come into contact will fossil resources. 
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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 2011-2015 Summary Report, Plant Community Composition and Structure Monitoring for 

Badlands National Park. The 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 Vegetation condition assessment, the term 

ñweò refers to Ashton, Davis, and their team. Text included by the NRCA authors is denoted by 

italicized text in the Indicators and Measure section 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 non-natives to maximize livestock production, or otherwise developed, 

making it one of the 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 stewardship goal of the NPS is to ñpreserve ecological integrity and 

cultural and historical authenticityò (NPS 2012); however, resource managers struggle with the 

reality that there have been fundamental changes in the disturbance regimes, such as climate, fire, 

and large ungulate grazing, that have historically maintained prairies, and there is the continual 

pressure of exotic invasive species. Long-term 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 warning of declines 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 242,756 acres of rugged badlands, 

mixed-grass prairie, and rich fossil deposits. The vegetation is a mosaic of sparsely vegetated 

badlands, native mixed-grass prairie, woody draws, and exotic grasslands. Vegetation monitoring 

began at BADL in 1998 by the Northern Great 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 chosen to 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. 2012). In this report, we 

use the data from 2011-2015 to assess the current condition of park vegetation and the data from 

1998-2015 are used to look at longer-term trends. 

Using 18 years of plant community monitoring data in BADL, we explore the following questions: 

¶ What is the current status of plant community composition and structure of BADL grasslands 

(species richness, cover, and diversity) and how has this changed from 1998-2015?  
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¶ How do trends in grassland condition relate to climate, fire history, and the presence of bison? 

¶ What, if any, rare plants were found in BADL long-term monitoring plots? 

4.8.2. Methods 

Two different methods and protocols have been used to monitor long-term vegetation plots at BADL 

since 1997: the NGPN monitoring protocol (Symstad et al. 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 standard and was used to collect most of the data in this report. For more detail on any 

of the methods, please see the protocol publications (cited above). 

NGPN and NGPFire Monitoring Plots 2011-2015 

The NGPN and NGPFire implemented a survey to monitor plant community 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 become Plant Community Monitoring plots 

(PCM plots; Figure 4.8.2). The NGPN visits 20 PCM plots every year using a rotating sampling 

scheme where 10 sites were visited in the previous year and 10 sites are new visits. After 5 years 

(2011-2015), 50 PCM plots were visited at least twice during mid-June. 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 sampling schedule. 

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 2011-2015, 32 FPCM plots were 

established. A total of 84 plots were established by NGPFire and NGPN from 2011-2015. 
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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 visited, we recorded plant species cover and frequency in a 

rectangular, 50 meter x 20 meter (0.1 hectare), permanent plot (Figure 4.8.3). Data on ground cover, 

herb-layer height Ò 2 meter, and plant cover were collected on two 50 meter transects (the long sides 

of the plot) using a point-intercept method (Figure 4.8.4). At 100 locations along the transects (every 

0.5 meter) 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 canopy. Using 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 point-intercept method were supplemented in the 20 

NGPN plots with species presence data collected in five sets of nested square quadrats (0.01 meter2, 

0.1 meter2, 1 meter2, and 10 meter2) located systematically along each transect (Figure 4.8.2). 
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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). 



 

152 

 

When woody species were also present, tree regeneration and tall shrub density data were collected 

within a 10 meter radius subplot centered in the larger 50 meter x 20 meter plot (Figure 4.8.3). 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 willow (Salix exigua) seedlings in 

2015. 

At all PCM plots, 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 fire. For 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 impacts (Table 4.8.1). For each target species that was present 

at a site, an abundance class was given on a scale from 1-5 where 1 = one individual, 2 = few 

individuals, 3 = cover of 1-5%, 4 = cover of 5-25%, and 5 = cover > 25% of the plot. The 

information gathered from this procedure is critical for early detection and rapid 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 Dyerôs woad 

Taeniatherum caput-medusae Medusahead 

Chondrilla juncea Rush skeletonweed 

Gypsophila paniculata Babyôs 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 Monitoring Plots (1997-2015) 

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 vegetation cover and height data were collected using a point-

intercept method, with 100 points evenly distributed along a single 30 meter transect. In forested 

sites, plots are 0.1 hectare (20 x 50 meter) in size and point-intercept data was collected along the 

two 50 meter sides. For each live tree with a DBH > 15 centimeters located within the 0.1 hectare 

plot, the species and DBH were recorded. The densities of smaller trees (2.54 Ò DBH Ò 15 

centimeter) were measured within a subset of the plot area. NGPFire plot locations 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 these 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 and Measures 

Summaries of indicators came directly 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 NP was 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. 1999). Understanding 
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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 richness is 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 

Peilouôs Index of Evenness, Jô, measures how even abundances are across taxa. It ranges between 0 

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 describes the similarity in number of members that belong to 

different groups in a community (Figure 4.8.4). Values 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). 

 

Figure 4.8.4. Illustration 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 exotic (non-native) plants 

(McKinney and Lockwood 1999). Environmental 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 native 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 

(DôAntonio and Vitousek 2003). In the Northern Great Plains Parks, there is a negative correlation 

between the cover of annual bromes and native species richness (see Figure 4.8.10; F1, 551 = 36.5, P 

< 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/FIREMON Integrated; http://frames.gov/ffi/) as the primary software. We used 

FFI (FEAT/FIREMON Integrated; http://frames.gov/ffi/) as the primary 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 national-level support system, and generally conforms to the 

Natural Resource Database Template standards established by the Inventory and Monitoring 

Program. 

Species scientific names, codes, and common names are from the USDA Plants Database (USDA-

NRCS 2015). However, nomenclature follows the Integrated Taxonomic Information System (ITIS) 

(http://www.itis.gov). In the few cases where ITIS recognizes a new name that was not in the USDA 

PLANTS database, the new name was used, and a unique plant code was assigned. This report uses 

common names after the first occurrence in the text, but scientific names can be found in Appendix 

A. 

After data for the sites were entered, 100% of records were verified to the original data sheet 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 automated queries, changes 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, 

linear mixed models were used to test for significant responses where plot was considered 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, the plant life 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 Nebraska is determined by the South Dakota Natural Heritage Program (SDNHP). For the 

http://frames.gov/ffi/
http://frames.gov/ffi/
http://www.itis.gov/
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purpose of this report, a species was considered rare if its conservation status rank was S1, S2, or S3 

(Table 4.8.2). Definitions of state and global species conservation status ranks. For a detailed 

definition of each 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 

S1/G1 Critically imperiled 
Due to extreme rarity (5 or fewer occurrences) or other factor(s) making it 

especially vulnerable to extirpation 

S2/G2 Imperiled 

Due to rarity resulting from a very restricted range, very few populations (often 

20 or fewer), steep declines, or other factors making it very vulnerable to 

extirpation 

S3/G3 Vulnerable 
Due to a restricted range, relatively few populations (often 80 or fewer), recent 

widespread declines, or other factors making it vulnerable to extirpation 

S4/G4 Apparently secure 
Uncommon, but not rare; some cause for concern due to declines or other 

factors 

S5/G5 Secure Common, widespread and abundant 

S#S#/ 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 diversity at the plots in two ways: species richness and Pielouôs Index of Evenness. 

Species richness is simply a count of the species recorded in an area. Peilouôs Index of Evenness, Jô, 

measures how even abundances are across taxa, and Jô ranges between 0 and 1. Values near 0 

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 was calculated as the average height per plot using all 

species intersected on the transects. 

Climate data from the Interior 2 NE, SD, US weather station were downloaded from NOAAôs online 

database (NOAA 2015). A fire history map was compiled for BADL and cross-referenced 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 the templates from the 

State of the Park report series (http://www1.nrintra.nps.gov/im/stateoftheparks/index.cfm). The goal 

of the study is to improve park priority setting and to synthesize and communicate 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. 

http://www.natureserve.org/conservatio-tools/conservation-status-assessment
http://www.natureserve.org/conservatio-tools/conservation-status-assessment
http://www1.nrintra.nps.gov/im/stateoftheparks/index.cfm
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We chose a set of indicators and specific measures that can describe the condition of vegetation in 

the Northern Great Plains and the status of exotic plant invasions (See section on Indicators and 

Measures of Vegetation). The measures include: absolute herb-layer canopy 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 was compared 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, and significant 

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 these as ñTo be determinedò, or TBD, and estimate condition based on our 

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 Chapter 3 (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 plant species in monitoring 

plots from 1998-2015 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 low-growing shrub usually under 0.5 meter) 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 targeted exotic plants (Table 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 wheatgrass (Pascopyrum smithii) was the most abundant native grass and averaged over 

40% absolute cover (Figure 4.8.6). Japanese brome (Bromus japonicus), Kentucky bluegrass (Poa 

pratensis), and yellow sweet clover (Melilotus officinalis) 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 more recent years, 2011-2015, 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 Appendix 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. 



 

161 

 

 

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 plant in BADL, 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 1998-2015, the average relative cover 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 4.8.9). 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 of the ways for the NPS to measure how effectively the mission of ñpreserving ecological 

integrityò is being accomplished is to examine trends in native plant diversity and evenness within 

their boundaries. Average species richness has been measured by point-intercept since 1998 and in 1 

meter2 and 10 meter2 quadrats since 2011 (Table 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. 

Richness category 

Point-Intercept  

(1988-2011; N = 127) 

1m2 Quadrats  

(2011-2015; N = 93) 

10m2 Quadrats  

(2011-2015; N = 93) 

Species richness 14.7 ± 0.4 8.5 ± 0.4 14.2 ± 0.5 

Native species richness 10.6 ± 0.4 6.1 ± 0.3 10.4 ± 0.4 

Exotic species richness 4.3 ± 0.2 2.5 ±0.2 3.8 ± 0.2 

Granimoid species richness 7.0 ± 0.3 3.1 ± 0.2 4.5 ± 0.2 

Forb species richness 7.2 ± 0.2 5.2 ± 0.3 9.0 ± 0.4 
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While there was some variation across sites, the plots we visited in BADL tended to have a moderate 

diversity of native plants compared to other mixed-grass prairies. Species richness in the mixed-grass 

prairie is determined by numerous factors including fire regime, grazing, prairie dog disturbance, and 

weather fluctuations (Symstad and Jonas 2011). In BADL, there is also a mixed 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 long-time periods may be a good starting point (Symstad and Jonas 2014). Long-term 

records of species diversity in mixed-grass prairie from a relatively undisturbed site in Kansas vary 

between 3 and 15 species per square meter over the course of 30 years (Symstad and Jonas 2014). 

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 badlands and average only 1.6 native species per square meter 

(Figure 4.8.10). 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 species per square meter 

(Figure 4.8.10). 

 

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 meter2 quadrats was fairly similar from 2011-2015; it ranged from a low in 2012 of 4.7 ± 0.54 (a 

drought year) to a high of 6.8 ± 0.56 in 2014 (a wet year). We have a longer record of native richness 

from point-intercept data (Figure 4.8.11; top). From 1998-2015, we recorded an average between 5 

and 12 native species. There was no trend in Peilouôs Index of Evenness, Jô, which measures how 

even abundances are across taxa (Figure 4.8.11). A large variation in richness and evenness across 

sites within the park and from year-to-year contribute to a large range of values (dashed lines in 

Figure 4.8.11) and makes detecting long-term 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 grazing, prairie dogs, fire, and humans affects plant community structure and 

composition in mixed-grass prairie. We estimated the approximate area affected by natural and 

human disturbances at each site we visited in 2011-2015 by surveying the area for ~ 5 minutes at the 

end of the plot visit. The most common disturbance was from rodents (e.g., pocket 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 disturbance or small or large animal disturbance. 

Disturbance from grazing, prairie dogs, fire, and humans affects plant community structure and 

composition in mixed-grass prairie. We measured the approximate area affected by natural and 

human disturbances at each site 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 mammals (e.g., gophers, these excluded 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 detect 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 between these metrics and disturbance. 

The Influence of Climate and Fire on Plant Community Structure and Diversity 

Climate 

The 30-year 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 (based on 1980-2010). The 30-year normal annual precipitation totals 18.5 

inches. Annual precipitation at BADL in 1998-2015 was variable and ranged between 11.0 and 27.1 

inches, in 2002 and 1998, respectively. There were dry years in the early to mid-2000s and in 2012 

(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). Species richness and diversity in regional 

grasslands are also sensitive to temperature and precipitation fluctuation, but the response is complex 

and less predictable (Jonas et al. 2015). 

 

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 increasing average annual 

maximum temperatures (F, 232 = 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 monitoring and a longer time series of 

vegetation data and climate will allow us to determine whether the response to the 2012 drought is 

typical. 

Fire History 

Historically, fire was a common disturbance in Northern Great Plains grasslands, with natural fire 

return intervals of 8-25 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 Cave National Park in 1973 (Wienk et al. 2011). As of 

2015, there is a mosaic of recently burned and unburned areas in BADL (Figure 4.8.13). 

 

Figure 4.8.13. Map of recent fire history at Badlands National Park (Ashton and Davis 2016). 

The effects of specific prescribed burns on vegetation and fuel loads and more details about fires at 

BADL can be found in past NGPFire annual reports (see https://www.nps.gov/ngpfire/docs.htm). 

Here, we were interested in determining the relationship between fire history and vegetation. We 

https://www.nps.gov/ngpfire/docs.htm
https://www.nps.gov/ngpfire/docs.htm
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compared three vegetation metrics, native species richness and relative cover of all exotic plants and 

annual 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 excluded plots that had not burned from this analysis, 

because we do not have confidence in the historical fire record (pre-1975). 

We found no relationship between native richness and years since fire (Figure 4.8.14; F1, 192 = 2.9, 

P = 0.089) or the relative cover of exotic species and years since fire (F1, 192 = 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 recently (F1, 192 = 7.6, P = 0.006). This suggests 

that prescribed fire can benefit the mixed-grass prairie in BADL, but the reduction in annual brome 

cover may be short-lived. 

 

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 include burning; 

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 help with these 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 grazing and 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 mixed-grass prairie communities, especially when compared to prairie 

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 2015 to compare species richness and exotic 

species cover between areas in BADL of similar ecological site types with and without bison 

(Figure 4.8.15). We focused on 3 of the most ecological site types found in and out of the bison 

pasture; these included clay pan and two loamy soils (Figure 4.8.15). 

 

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 areas (F1, 107 = 

14.2, P < 0.001) and this pattern was consistent across ecological site types (Table 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 consistent with a past studies on the role of disturbance in 

maintaining grasslands (e.g., Collins and Barber 1986). Other factors could also influence this pattern 

including differences in past land-use 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 condition in and 

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. 

Soil ecological 

site name 

No bison present Bison pasture 

# of plots 

# of plot 

visits 

Native 

richness 

(mean ± se)  # of plots 

# of plot 

visits 

Native 

richness 

(mean ± se)  

Claypan  3 6 11.3 ± 1.1 4 7 16.3 ± 1.5 

Loamy 13-16 

P.Z. 
2 6 8.1 ± 1.2 2 6 13.2 ± 2.5 

Loamy 17-20 

P.Z. 
27 88 9.9 ± 0.4 10 16 11.9 ± 1.0 

All soil types 85 218 9.6 ± 0.3 42 87 12.2 ± 0.5 

 

Rare Plants 

While repeating rare plant surveys and locating rare species is not the focus of NGPN plant 

community monitoring, we identified one rare plant species in BADL from 1998 to 2015. Barrôs 

milkvetch (Astragalus barrii, S3), was observed in a single vegetation monitoring plot at BADL 

(Table 4.8.5). Barrôs milkvetch was observed at a single point in 2014 and at two points in 2015, and 

all occurrences were within the same plot. This species is a regional endemic, with a range limited to 

South Dakota, Wyoming, Nebraska, and Montana (Figure 4.8.16. Barrôs milkvetch (Astragalus 

barrii, S3), a rare species observed at Badlands National Park. Left: Barrôs milkvetch as observed by 

NGPN staff; Upper right: global distribution map; Lower right: in full bloom. Due to this limited 

range, it is also classified as a globally vulnerable species (G3). 

Table 4.8.5. Rare species occurrence in Badlands National Park from 1998-2015 (Ashton and Davis 2016). 

Status ranks are based on the South Dakota Natural Heritage Programôs designations. Plot count is the 

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 Barrôs milkvetch S3 1 < 0.01 
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Figure 4.8.16. Barrôs milkvetch (Astragalus barrii, S3), a rare species observed at Badlands National 

Park. Left: Barrôs milkvetch as observed by NGPN staff; Upper right: global distribution map; Lower right: 

in full bloom. 

While several vegetation community mapping projects have been completed for BADL, there are 

limited floristic diversity and rare species surveys available for the park, and we recommend a park-

wide survey be done when funds are available. A full rare plant 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 vegetation (e.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 for over 18 years. While methods have changed 

slightly, this report summarizes data from over 127 locations from 1998-2015. Below, we list the 

questions we asked and provide a summarized answer, for more details see the Results and 

Discussion section. We conclude with a Natural Resource Condition Table (Table 4.8.6) that 

summarizes the current status and trends in a few 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 

(1m2 

quadrats) 

6.1 ± 0.3 

species 
3-15 species 

 

 
Resource is i n good conditi on; conditi on is unchanging; medium confi dence i n the assessment. 

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 

 

 
Resource is i n good conditi on; conditi on is unchanging; medium confi dence i n the assessment. 

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 

 

 
Conditi on of resource warrants  significant concer n; condition is unchanging; medi um confidence in the assessment. 

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 
11.1 ± 1.0% < 10% cover 

 

 
Conditi on of resource warrants  moderate concern; condition is  unchanging; medium confi dence in the assessment. 

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 from 1998-2015? 

BADL plays a vital role in protecting and managing some of the largest 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 mixed-grass prairie. We found no 

significant trends in native species richness or evenness from 1998-2015, 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. Continued control 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 structure (e.g., 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 a longer time 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 or exotic 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 pattern is consistent with a past studies on the role of disturbance in maintaining grassland 

diversity. 

What, if any, rare plants were found in BADL long-term monitoring plots?  

We found only one rare plant in BADL. Barrôs milkvetch (Astragalus barrii) was observed in a 

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 

Upland plant community 

structure and composition 

Native species richness 

 

 
Resource is i n good conditi on; conditi on is unchanging; medium confi dence i n the assessment.  

Evenness 

 

 
Resource is i n good conditi on; conditi on is unchanging; medium confi dence i n the assessment. 

Exotic plant early detection and 

management 

Relative cover of exotic species 

 

 
Conditi on of resource warrants  significant concer n; condition is unchanging; medi um confidence in the assessment. 

Annual brome cover 

 

 
Conditi on of resource warrants  moderate concern; condition is  unchanging; medium confi dence in the assessment. 

Overall condition for all indicators and measures 

 

 
Conditi on of resource warrants  moderate concern; condition is  unchanging; medium confi dence in the assessment. 

 

Condition 

Overall vegetation condition was determined by the average of the indicator conditions. The NRCA 

authors summarized the condition, confidence, and trend for each indicator, and assigned condition 

points. The score for overall vegetation condition was 63 points, which placed vegetation at Badlands 

National Park in the Warrants Moderate Concern category. 

Confidence 

Confidence was Medium for all indicators and measures and, 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 increasingly challenging issue in recent years and efforts to 

control the spread of the species have been ineffective (B. Kenner, personal communication, 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 have methods to 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 species-rich group, they encompass a broad range of habitat requirements, and thus may 

http://plants.usda.gov/
http://www.fs.fed.us/database/feis/fire_regime_table/PNVG_fire_regime_table.html#3
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serve as indicators of landscape condition (OôConnell et al. 2000). Bird communities can reflect 

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. 2010). Protecting birds is key to 

park integrity, and park units may serve as ñislandsò of intact habitat for birds regionally (e.g., 

Goodwin and Shriver 2014). 

 

Western Meadowlark at Badlands National Park. Photo by Sara Feldt, NPS (2011). 

In 2013, the NPS Northern Great Plains Network (NGPN) began region-wide 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 Conservation Regions 

(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 densities of common breeding landbirds, and 4) 

relate changes in environmental parameters to bird population trends. 

History of Bird Surveys at Badlands National Park 

Badlands National Park lists 206 species as ñpresentò in the park, 3 species as ñprobably presentò, 

and 28 species as ñunconfirmedò (https://irma.nps.gov/NPSpecies). Portions of two Breeding Bird 

Survey (BBS) routes are within park boundaries, and monitoring data for these routes are available 

dating back to 1967 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). Thirty-eight species 

were detected in point 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). Eighty-one species were seen during these surveys. In 2011 and 2012, a 

https://irma.nps.gov/NPSpecies
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comparison of point count and acoustic monitoring techniques was conducted, revealing important 

differences in detectability among species (Pavlacky and Beason 2014). 

In the NGPN group of parks to which Badlands NP belongs, landbirds are considered a ñvital signò 

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 2013, 75 species in 2014, and 77 species in 2015. 

Regional Context 

Badlands NP is located within the badlands and prairies bird conservation region (BCR 17; 

Figure 4.9.1). The badlands and prairies is an arid region with limited vegetation height and diversity. 

Some of North Americaôs highest priority birds breed here, including the grasshopper sparrow 

(Figure 4.9.2), a species that can 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. 

http://www.nabci-us.org/map.html)
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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 for birds in the badlands and prairies BCR is stable (Sauer et al. 2003), 

most of the grassland-obligate species there exhibit negative trends (Sauer et al. 2003, Sauer and 

Link 2011). The causes of declines in species such as the grasshopper sparrow are poorly understood 

but could be related to a reduction in the diversity of native herbivores, such as bison and prairie dogs 

that create high quality habitat for many grassland bird species. 

4.9.2. Breeding Birds Standards 

The Migratory Bird Treaty Act of 1918 (16 USC 703-712; 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. The golden-winged warbler is a 

species that is under review for listing and Spragueôs pipit is a candidate for federal listing. However, 

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 

threatened 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 ñpriority rankingò scores. These scores are a quantitative way of assessing risk based 

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 Yellow Watch 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. 

South Dakotaôs State Wildlife Action Plan contains a list of species 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 eagle, peregrine falcon, 

chestnut-collared longspur, lark bunting, long-billed curlew, and Spragueôs pipit. 

 

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 to assess 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 study design 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 (number of point-transects conducted) and the number of species observed may vary 

from year to year at Badlands NP. Imperfect detection of species can make inter-annual comparisons 

of species lists unreliable indicators of species that were actually present in the park unit. Occupancy 

estimates take these factors into account, and incorporate imperfect detection in estimates. The 

particular type of model used is a multi-scale occupancy model (Nichols et al. 2008, Pavlacky et al. 

2012). This type of model assumes that there are no misidentifications of species that are not present 

(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 one. Even if a species was not detected in a given year, it may 

have a non-zero 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 provide one measure of species richness (A. Green, personal 

communication, 20 May 2016). 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 species expected 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 variance of each species-specific 

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 species richness, we assigned birds that were observed but for which 

occupancy estimates were lacking (32ï35 % 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 single individual in a 

given year. In the future, the Avian Data Center will likely provide occupancy estimates for all 
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species observed. All data are freely available online 

(http://rmbo.org/v3/avian/ExploretheData.aspx). 

Indicator: Species Abundance 

Bird population abundance can respond to both short- and long-term 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 (under-detection). 

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 with the same number of non-native 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, or of 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 

scales. One example is the bird community index developed for portions of the eastern United States 

(OôConnell et al. 2000). This index requires placing birds into guilds, and is a good indicator of 

habitat quality condition in those regions. This approach has been applied 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, so 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 (Hunter et al. 1993). 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 (high vulnerability) along the Partners in Flight Species Asessment Factors, and 

these category rankings may be summed to give an overall priority score for the species (from the 

Partners in Flight Handbook on Species Assessment Version 2012 [Committee 2005]): 

¶ Breeding Distribution (BD) : indicates vulnerability due to the geographic extent of a speciesô 

breeding range on a global scale. 

¶ Population Size (PS): indicates vulnerability due to the total number of adult individuals in the 

global population. 

¶ Population Trend (PT): indicates vulnerability due to the direction and magnitude of changes in 

population size within North America since the mid-1960s. 

http://rmbo.org/v3/avian/ExploretheData.aspx
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¶ 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. 

¶ Relative Density (RD): reflects the mean density of a species within a given BCR relative to 

density in the single BCR in 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), population size (global 

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 species at the level of the bird conservation region therefore is 5ï

25, with five being the lowest priority ranking and 25 being the highest. 

The Partners in Flight species concern scores may be used to set conservation priorities (Carter et al. 

2000). PIF-based conservation 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 approaches demonstrated the utility of the PIF method (OôConnell 2009); 

the two indices were strongly correlated, even when using a simple sum of PIF scores. All data are 

freely available online (http://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 rankings (OôConnell 2009), or weighting scores by 

abundance or occupancy (Nuttle et al. 2003). For simplicityôs sake and ease of interpretability, we 

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 also managed by the Bird Conservancy. 

Field Protocol 

Monitoring of birds at Badlands NP began in 2013 following a standardized protocol (Beaupré et al. 

2013). Up to 187 permanent point-transect 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 season (May 15 ï 

June 14; Beaupre et al. 2013). This approach tends to under-sample certain groups 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 (Buckland 2006). Repeat observations at sampling locations allow 

researchers to correct for under-detection of the number of sites occupied (MacKenzie et al. 2002). 

http://rmbo.org/pifdb
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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 and described by Nuttle 

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 species diversity, 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 calculations at the 

level of the bird conservation region. The IMBCR has completed full coverage of BCR17, so region-

wide estimates are available. The BCR17 results are a combination of data from five 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 

 

Occupancy, density, and count data were extracted from the Avian Data Center for using ñSD-

BCR17-BN: Badlands National Park ï North Unitò as the ñindividual stratumò for Badlands NP and 

the ñsuperstratum: BCR17ò for BCR17. 

Indicator Trend 

Calculating a trend estimate requires 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 is relatively new, 

having commenced in 2013, so data were not sufficient at the time of this assessment to calculate 

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 rating of High confidence when surveys were conducted 

regularly, data were collected recently, and the data were collected methodically. We assigned a 

Medium confidence rating when surveys were not conducted regularly, data were not collected 

recently, or data collection was not repeatable or methodical. Low confidence was assigned when 

there were no good data sources to support the condition. 

Overall Breeding Bird Condition, Trend, and Confidence 

We deferred to the 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 point-transect surveys conducted from 2013ï

2015 (Table 4.9.2, Figure 4.9.6). Across 128 point-transect locations, 54 species were observed in 

2013. Across 187 point-transect locations, 75 species were observed in 2014. Across 161 point-

transect locations, 77 bird species were observed in Badlands NP in 2015. Of these observations, 

three non-native species were observed from 2013ï2015 (European starling, ring-necked pheasant, 

and rock pigeon). These introduced species were excluded 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). 

Location Year 

Number of 

locations 

surveyed 

Number of 

species 

observed 

Number of 

species with 

occupancy 

estimates 

Number of 

non-native 

species 

Average species 

richness 

± standard error 

BADL 

2013 128 53 38 2 12.02 ± 0.71 

2014 187 75 50 3 13.12 ± 0.82 

2015 161 77 50 2 13.41 ± 0.92 

BCR17 

2013 3273 190 148 5 17.22 ± 0.60 

2014 2907 197 150 5 19.57 ± 0.61 

2015 2653 196 154 5 17.72 ± 0.64 

 

 

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). 
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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 richness was Not Available. 

Confidence 

We calculated species diversity from high-quality occupancy estimates from three years of 

monitoring data from up to 187 locations within the park. The confidence was High. 

Trend 

There were three years of point-transect data available from Badlands. Species richness estimates 

were similar for all years. The greatest 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. 

Species Abundance 

 
Condition: Not Available 

Confidence: High 

Trend: Not Available 

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 (number of birds per square kilometer). In general, density estimates should be fairly sensitive to 

short-term 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. 

Location Year 

Number of 

locations 

surveyed 

Number of 

species 

observed 

Number of 

species 

With density 

estimates 

Number of 

non-native 

species 

Average density ± 

standard error 

BADL 

2013 128 54 43 2 5.98 ± 0.56 

2014 187 75 58 3 4.82 ± 0.96 

2015 161 77 60 2 4.79 ± 0.76 

BCR17 

2013 3273 190 124 5 2.84 ± 0.14 

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 abundance was Not Available. 

Confidence 

Species abundance was calculated from high-quality occupancy estimates from three years of 

monitoring data from up to 187 locations within the park. The confidence was High. 

Trend 

There were three years of density estimates available 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 2014 and 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. 

Conservation Value 

 
Condition: Not Available 

Confidence: High 

Trend: Not Available 










































































































































































































































































































































































































































































































































