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Executive Summary 

As a unit in the National Park System, Devils Tower National Monument (DETO) is responsible 

for the management and conservation of its natural resources. This mandate is supported by the 

National Park Service Organic Act of 1916, which directs the Park Service to  

conserve the scenery and natural and historic objects and the wildlife therein and to 

provide for the enjoyment of the same in such a manner and by such means as will leave 

them unimpaired for the enjoyment of future generations. 

In 2003, the National Park Service (NPS) Water Resources Division received funding through 

the Natural Resource Challenge program to systematically assess watershed resource conditions 

in NPS units, thus establishing the Watershed Condition Assessment Program. This program, 

now titled the Natural Resource Condition Assessment (NRCA) Program, aims to provide 

documentation about the current conditions of important park resources through a spatially 

explicit, multidisciplinary synthesis of existing scientific data and knowledge. Findings from the 

NRCA, including the report and accompanying map products, will help DETO managers to 

¶ develop near-term management priorities 

¶ engage in watershed or landscape scale partnership and education efforts 

¶ conduct park planning (e.g., Resource Stewardship Strategy) 

¶ report program performance (e.g., Department of Interiorôs Strategic Plan ñland healthò 
goals, Government Performance and Results Act). 

Specific project expectations and outcomes for the DETO NRCA are listed in Chapter 3. 

For the purpose of this NRCA, NPS staff identified key resources, referred to as components in 

the project framework and throughout the assessment. The components selected include natural 

resources and processes that are currently of the greatest concern to park management at DETO. 

The final project framework contains 13 resource components, along with measures, stressors, 

and reference conditions for each. 

This study involved reviewing existing literature and data for each of the components in the 

framework, and, where appropriate, analyzing the data to provide summaries or to create new 

spatial or statistical representations. After gathering data regarding current condition of 

component measures, those data were compared to reference conditions (when possible), and a 

qualitative statement of condition was developed. The discussions in Chapter 4 represent a 

comprehensive summary of available information regarding the current condition of these 

resources. These discussions represent not only the most current published literature, but also 

unpublished park information and, most important, the perspectives of park experts. 

There were data gaps for all components analyzed in this assessment. The measures analyzed for 

most resource components in the park indicate a condition of good or moderate concern. In 

addition, most measures indicate that components are in a stable condition. Only one key 

resource component condition, Dark Night Skies, could not be defined.  
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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 components in national park units, hereafter ñparks.ò For these 

condition analyses, they also report trends (when possible), critical data gaps, and general level 

of confidence for study findings. The resources and components emphasized in the project work 

depend on a parkôs resource setting, status of resource stewardship planning, and science to 

identify high-priority components and availability of data and expertise to assess current 

conditions of potential study resources and 

components for that park.   

NRCAs represent a relatively new approach to 

assessing and reporting park resource conditions. 

They are meant to complement, not replace, 

traditional issue and threat-based resource 

assessments. As distinguishing characteristics, all 

NRCAs 

¶ are multidisciplinary in scope
1
  

¶ employ hierarchical component 

frameworks
2
 

¶ identify or develop logical reference conditions and values as a comparison for current 

conditions
3,4

 

¶ emphasize spatial evaluation of conditions and GIS (map) products
5
 

¶ summarize key findings by park areas
6
 

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

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

2
 Frameworks help guide a multidisciplinary selection of indicators and subsequent ñroll upò and reporting 

of data for measures ] conditions for indicators ] condition reporting by broader topics and park areas.   
3
 NRCAs must consider ecologically based reference conditions and 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. 
4
 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 to be avoided or 
those that require a follow-on response (e.g., ecological thresholds or management ñtriggersò).  
5
 When possible and appropriate, NRCAs describe condition gradients or differences across the park for 

important natural resources and study indicators through a set of GIS coverages and map products.   
6
 In addition to reporting indicator-level conditions, investigators are asked to take a more holistic view 

and summarize overall findings and provide suggestions to managers on a area-by-area basis: (1) by 
park ecosystem or 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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Although current condition reporting relative to logical forms of reference conditions and values 

is the primary objective, NRCAs also report trends for any study components where the 

underlying data and methods support it. Resource condition influences are also addressed. This 

can include past activities or conditions that provide a helpful context for understanding current 

park resource conditions. It also includes present-day condition influences (threats and stressors) 

that are best interpreted at park, watershed, or landscape scales, although NRCAs do not judge or 

report on condition status per se for land areas and natural resources beyond the parkôs 

boundaries. Intensive cause and effect analyses of threats and stressors or development of 

detailed treatment options 

is outside the project 

scope.   

Credibility for study 

findings derives from the 

data, methods, and 

reference values used in 

the project work: are they 

appropriate for the stated 

purpose and adequately 

documented? For each 

study component where 

current condition or trend 

is reported, it is important 

to identify critical data 

gaps and describe 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 to (1) 

assist selection of study components; (2) recommend study datasets, methods, and reference 

conditions and values to use; and (3) help provide a multidisciplinary review of draft study 

findings and products.  

NRCAs provide a useful complement to more rigorous NPS science support programs such as 

the NPS Inventory and Monitoring Program. For example, NRCAs can provide current condition 

estimates and help establish reference conditions or baseline values for some of a parkôs Vital 

Signs monitoring components. They can also bring in relevant non-NPS data to help evaluate 

current conditions for those same Vital Signs. In some cases, NPS inventory datasets are also 

incorporated into NRCA analyses and reporting products.  

In-depth analysis of climate change effects on park natural resources is outside the project scope; 

however, existing condition analyses and datasets developed by NRCAs will be useful for 

subsequent park-level climate change studies and planning efforts.  

NRCAs do not establish management targets for study components. Decisions about 

management targets must be made through sanctioned park planning and management processes. 

NRCAs do provide science-based information that will help park managers with an ongoing, 

longer term effort to describe and quantify their parkôs desired resource conditions and 

Important NRCA Success Factors é 

Obtaining valuable input from park and other NPS 
subjective 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 



 

3 

management targets. In the near term, NRCA findings assist strategic park resource planning
7
 

and help parks report to government accountability measures
8
. 

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

data and information, NRCAs are not intended to be exhaustive. Study methods typically involve 

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

of rigor and statistical repeatability will vary by resource or component, reflecting differences in 

our present data and knowledge bases across these varied study components.  

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 prioritize near-term 

workload, frame data and study needs for important park resources, and communicate messages 

about current park resource conditions to various audiences. A successful NRCA delivers 

credible science-based information and provides practical uses for a variety of park decision 

making, planning, and partnership activities.  

Over the next several years, the NPS plans to fund an NRCA project for each of the ~270 parks 

served by the NPS Inventory and Monitoring Program. Additional NRCA Program information 

is posted at: http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm 

                                                 
7
 NRCAs are an especially useful lead-in to park Resource Stewardship Strategies (RSSs), but the study 

scope can be tailored to also work well as a post-RSS project. 
8
 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. 

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, Congress, and the general public 

(ñresource condition statusò reporting) 

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

2.1 Introduction 

Enabling Legislation 

In 1906, Congress passed the American Antiquities Act (16 USC, 431ï433), granting the 

President the power 

to declare by public proclamation historic landmarks, historic and prehistoric structures, 

and other objects of historic or scientific interest that are situated upon the lands owned 

or controlled by the Government of the United States to be national monuments, and may 

reserve as a part thereof parcels of land, the limits of which in all cases shall be confined 

to the smallest area compatible with proper care and management of the objects to be 

protected. 

On 24 September 1906, Theodore Roosevelt signed a proclamation that established Devils 

Tower National Monument (DETO) as the nationôs first National Monument: 

Whereas, the lofty and isolated rock in the State of Wyoming, known as the óDevils 

Towerô, situated upon the public lands owned and controlled by the United States is 

such an extraordinary example of the effect of erosion in the higher mountains as to 

be a natural wonder and an object of historic and great scientific interest and it 

appears that the public good would be promoted by reserving this tower as a 

National Monument with as much land as may be necessary for the proper 

protection thereof; 

Now, therefore, I, THEODORE ROOSEVELT, President of the United States of 

America, by virtue of the power in me vested by section two of the aforesaid act 

of congress, do hereby set aside as the Devils Tower National Monument, the 

lofty and isolated rock situated in Crook County, Wyoming, more particularly 

located and described as follows, to wit: 

Section seven, and the north half of the northeast quarter, the northeast quarter of 

the northwest quarter and lot number one of section eighteen, in township fifty-

three north, range sixty-six, all west of the Sixth Principal Meridian, as shown 

upon the map hereto attached and made a part of this proclamation. 

Warning is hereby expressly given to all unauthorized persons not to appropriate, 

injure or destroy any feature of the natural tower hereby declared to be a National 

Monument or to locate or settle upon any of the lands reserved and made a part of 

said monument by this proclamation. 

Geographic Setting 

DETO is a 545 ha (1,347 ac) National Park in Crook County, located in northeastern Wyoming, 

on the northwest edge of the Black Hills (NPS 2001). Crook County has the fifth lowest human 

population density of all Wyoming counties at 0.81 individuals per square kilometer (USCB 

2010). The Black Hills, a mountain range in western South Dakota and northeastern Wyoming 
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roughly 200 km long by 100 km wide (62 by 124 mi) (Marriot et al. 1999), is named for the dark 

ponderosa pines (Pinus ponderosa) that cover most of the Hills (Marriot et al. 1999). The 

geology of the area consists of igneous and sedimentary rock and loamy soils (Salas and 

Pucherelli 1998). The Belle Fourche River flows through the eastern portion of DETO and forms 

part of its southern boundary.  

The 264 m (867 foot) high Devils Tower (Tower) was formed by the intrusion of igneous 

material into softer sedimentary rocks, which later eroded to expose the Tower. The formation 

consists of numerous hexagonal columns separated by vertical cracks that attract thousands of 

rock climbers each year. It is composed of a crystallized rock type called phonolite porphyry, a 

light to dark-gray or greenish-gray rock with conspicuous crystals of white feldspar (NPS 

2010b).  

DETO has a continental climate with hot summers and cold winters. Snow pack is usually light 

and temporary, although severe winters with long periods of snow cover occur periodically. 

Multiyear droughts are also a regular occurrence (Gitzen et al. 2010). Temperature and 

precipitation normals (defined as the arithmetic mean computed over three consecutive decades) 

are available for DETO from 1971ï2000 (Table 1). 

Table 1. Monthly temperature and precipitation normals for DETO, 1971ï2000 (Western Region Climatic 
Data Center). 

 

J
a

n
 

F
e

b
 

M
a

r 

A
p

r 

M
a

y
 

J
u

n
 

J
u

l 

A
u

g
 

S
e

p
 

O
c

t 

N
o

v
 

D
e
c

 

A
n

n
u

a
l 

Average Temperature (°C) 
           Max 1.2 4.6 9.6 15.3 20.7 26.0 30.1 29.9 24.2 16.7 6.7 1.9 15.7 
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Visitation Statistics 

Since 1980, 358,175 people on average have visited DETO each year. Most visitors come to 

DETO to observe the Tower during day trips, and a small percentage stay overnight at the parkôs 

campground near the Belle Fourche River (NPS 2010a). Other activities that attract visitors 

include hiking, cross-country skiing, and rock climbing. Park staff also offer interpretive talks, 

guided walks, and various evening programs, as well as hosting cultural gatherings (DETO 

2010b). 

2.2 Natural Resources 

Ecological Units and Watersheds 

DETO is part of the Environmental Protection Agencyôs (EPA) Middle Rockies Level III 

Ecoregion. 

The climate of the Middle Rockies lacks the strong maritime influence of the 

Northern Rockies. Mountains have Douglas-fir, subalpine fir, and Engelmann 

spruce forests, as well as some large alpine areas. Pacific tree species are never 
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dominant, and forests can have open canopies. Foothills are partly wooded or 

shrub- and grass-covered. Intermontane valleys are grass- and/or shrub-covered 

and contain a mosaic of terrestrial and aquatic fauna that is distinct from the 

nearby mountains. Many mountain-fed, perennial streams occur and differentiate 

the intermontane valleys from the Northwestern Great Plains. Granitics and 

associated management problems are less extensive than in the Idaho Batholith. 

Recreation, logging, mining, and summer livestock grazing are common land uses 

(USGS-EPA 2010). 

The EPA divides Level III Ecoregions into smaller Level IV Ecoregions. The Black Hills 

consists of three Level IV Ecoregions: the Black Hills Foothills, Black Hills Plateau, and Black 

Hills Core Highlands (Plate 1). DETO is located in the Black Hills Foothills Level IV Ecoregion. 

The U.S. Geological Society (USGS) Northern Prairie Wildlife Research Center offers the 

following description of this geographic area:  

Two contrasting landscapes, the Hogback Ridge and the Red Valley (or 

Racetrack), compose the Black Hills Foothills ecoregion. Each forms a concentric 

ring around the mountainous core of the Black HillséPonderosa pine cover the 

crest of the hogback and the interior foothills. Buffalo, antelope, deer, and elk still 

graze the Red Valley grasslands in Custer State Park (USGS-EPA 2010). 

DETO is located in the Belle Fourche River Watershed. This watershed is approximately 

1,821,000 ha (4,500,000 ac) in size, with about half located in Wyoming and half located in 

South Dakota. The Belle Fourche River flows from central Wyoming to northwest South Dakota 

to the Cheyenne River in Meade County, South Dakota. Within the park, the river averages 6.1 

m (20 ft) in width and is generally 1 m or less. The Keyhole Reservoir is an impoundment on the 

Belle Fourche River, roughly 28 km (17 mi) upstream of DETO, which became operational in 

1952.  

Resource Descriptions 

Ponderosa pine forest covers approximately 62% of the area in DETO. Plant species found in 

ponderosa pine forests include common juniper (Juniperus communis), Oregon grape (Mahonia 

aquifolium), and various grasses. Six types of prairie grasslands occupy roughly 29% of DETO 

in small patches within the more dominant ponderosa pine forests. Although deciduous forests 

are rare in DETO (only about 5% of the parkôs area), common species in this community include 

bur oak (Quercus macrocarpa), green ash (Fraxinus pennsylvanica), chokecherry (Prunus 

virginiana) and hawthorn (Crataegus spp.). Large cottonwoods (Populus deltoides Marshal 

Subsp. monilifera) are located in the Belle Fourche floodplain (NPS 2001). 

Common terrestrial vertebrates at the park include black-tailed prairie dog (Cynomys 

ludovicianus), white-tailed deer (Odocoileus virginianus), red squirrel (Tamiasciurus 

hudsonicus), least chipmunk (Tamias minimus), deer mouse (Peromyscus maniculatus), yellow-

bellied racer (Coluber constrictor), and bullsnake (Pituophis catenifer) (NPS 2001). Breeding 

birds are numerous (NPS 2001; Panjabi 2005) (see list of species in Chapter 4.4). The Tower is 

likely one of the prime nesting locations for prairie falcons (Falco mexicanus) in the area; 

because of this, the prairie falcon is the only avian species described as a management priority 

for DETO (Panjabi 2005). The Wyoming Department of Environmental Quality classifies the 
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Belle Fourche River as a class II river because it can support game fish. The river is a warm-

water fishery with a poor aquatic food supply (NPS 1992). White et al. (2002) found nine 

different species of fish in the Belle Fourche River: flathead chub (Platygobio gracilis), sand 

shiner (Notropis stramineus), shorthead redhorse (Moxostoma macrolepidotum), white sucker 

(Catostomus commersoni), stonecat (Noturus flavus), green sunfish (Lepomis cyanellus), 

smallmouth bass (Micropterus dolomieu), black bullhead (Ameiurus melas), and channel catfish 

(Ictalurus punctatus).  

Resource Issues Overview 

Installation of the Keyhole Dam in 1952 altered the landscape at DETO (NPS 2007), resulting in 

the loss of the natural flood regime required for cottonwood regeneration. Today, there are many 

old, dead, or dying cottonwoods in the floodplain of the park. Young cottonwoods and willows 

(Salix spp.) are not replacing the older trees, allowing exotic species a greater opportunity to 

establish. The National Park Service (NPS) is attempting to restore cottonwoods and willows in 

the floodplain through supplemental planting (NPS 2007). 

Black-tailed prairie dogs thrived in western prairies in the early 1900s, but human control and 

sylvatic plague (Yersnia pestis) decimated populations through the 20th century (Cully and 

Williams 2001). The prairie dog population at DETO is intact, with no evidence of decline. The 

DETO colony occupies 12 to 16 ha (30 to 40 ac) in the southeastern corner of the park and has 

been expanding; however, NPS manages this expansion because of concerns regarding plague 

(NPS 2007). 

Fire, both natural and prescribed, is one of the most important resource issues in the Northern 

Great Plains and in DETO. Historically, wild fires occurred every 15 to 30 years in ponderosa 

pine forests. Following European settlement, humans suppressed many wild fires, resulting in 

increased fuel loads and frequency of high severity wild fires. Today, NPS utilizes prescribed 

fire as a tool to encourage biological diversity. At DETO, burned trees are not logged; instead, 

they are left as habitat for birds, insects, and other animals (NPS 2007). 

Exotic species also affect DETO ecosystems. The park has at least 56 nonnative plant species. 

NPS utilizes multiple techniques to control exotics: manual, biological, and mechanical (NPS 

2007). The exotic plant species in DETO affect native park species in different ways. Many of 

these plants are unpalatable and provide poor nutrition for animals, and lack of grazing pressure 

allows the plants to reproduce and spread quickly. Exotic plants also out-compete native species 

by taking available sunlight and growing space (NPS 2007).  

Climate change could have dramatic impacts on the ecosystems within DETO (Gitzen et al. 

2010). Temperatures in the Northern Great Plains have risen more than 1.1°C (2 °F) over the 

past century, and models predict an increase of 2.7 to 6.7 °C (5 to 12 °F) during this century. 

While precipitation is also expected to increase, evapotranspiration will increase with higher 

temperatures and longer growing seasons, perhaps resulting in an overall drier climate (National 

Assessment Synthesis Team 2000). 
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2.3 Resource Stewardship 

Management Directives and Planning Guidance 

DETOôs General Management Plan (NPS 2001) describes four management goals, based on the 

parkôs mission: 

¶ Restore and maintain the health and diversity of DETOôs natural systems 

¶ Preserve archeological, historic, and ethnographic values at DETO 

¶ Interpret the significant and varied themes of DETO 

¶ Balance educational, spiritual, and recreational uses of DETO and its surrounding 

landscape to provide meaningful visitor experience 

DETOôs General Management Plan (NPS 2001) also offers goals regarding the desired future 

condition of key park resources: 

¶ Regarding Water Resources, Floodplains, and Wetlands 

o Surface water and groundwater will be restored or enhanced. 

o NPS and NPS-permitted programs and facilities will be maintained and operated 

to avoid pollution of surface water and groundwater. 

o Natural floodplain values will be preserved or restored. 

o The natural and beneficial values of wetlands will be preserved and enhanced. 

o Long-term and short-term environmental effects associated with the occupancy 

and modification of floodplains will be avoided. 

¶ Regarding Species of Special Concern 

o Federally listed and state-listed threatened and endangered species and their 

habitats will be sustained. 

o Native species populations that have been severely reduced in or extirpated from 

DETO will be restored where feasible and sustainable. 

o The management of populations of exotic plant and animal species, up to and 

including eradication, will be undertaken wherever such species threaten DETO 

resources or public health and when control is prudent and feasible. 

¶ Regarding Wildland Fire 

o Fire management programs will be designed to meet resource management 

objectives prescribed for the various areas of DETO and to ensure that the safety 

of firefighters and the public are not compromised. Until a fire management plan 

is approved, all wildland fires will be aggressively suppressed, taking into account 

the resource to be protected and the safety of firefighters and the public.  

¶ Regarding Night Sky 

o NPS will cooperate with DETO neighbors and local government agencies to seek 

ways to minimize the intrusion of artificial light into the night scene in the 
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monument. In natural areas, artificial outdoor lighting will be limited to basic 

safety requirements and will be shielded when possible. 

¶ Regarding Natural Sounds 

o NPS will preserve the natural ambient soundscapes to the natural ambient 

condition wherever possible, and protect natural soundscapes from degradation 

due to human-caused noise. Disruption from recreational uses will be managed to 

provide a high quality visitor experience in an effort to preserve or restore the 

natural quiet and natural sounds. 

Status of Supporting Science 

The Northern Great Plains Inventory and Monitory Network (NGPN) identifies key resources 

network-wide and for each of its parks that can be used to determine the overall health of the 

parks. These key resources are Vital Signs. In 2010, the NGPN completed and released a Vital 

Signs Monitoring Plan (Gitzen et al. 2010), a subset of which were selected for monitoring in 

DETO (Table 2). 

Table 2. NGPN Vital Signs selected for monitoring in DETO (Gitzen et al. 2010). Those in bold are 
already monitored by the park or another NPS program; those in italics will likely be monitored in the 
future, but there are currently no plans to develop a program. 

Category NGPN Vital Signs 

Air and Climate Ozone, wet and dry deposition, weather and climate 

Geology and Soils Stream and river channel characteristics 

Water Groundwater dynamics, surface water dynamics, 

surface water chemistry, aquatic contaminants, aquatic 
microorganisms and macroinvertebrates 

Biological Integrity Exotic plant early detection, forest insects and 
diseases, riparian lowland plant communities, upland 
plant communities, land birds, raptors, prairie dogs 

Human Use Treatments of exotic infestations, visitor use 

 Landscapes (ecosystem pattern 
and process) 

Fire and fuel dynamics, land cover and use, extreme 
disturbances, soundscape, viewscape, night sky 

Despite the small size of the park, there is a relatively large body of scientific literature regarding 

park natural resources. Research topics at the park have included deer browsing, prairie dog 

abundance and health, cottonwood regeneration, natural spring and river water quality, air 

quality, soundscapes, and night skies. 
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Plate 1. Black Hills Level IV Ecoregions. 
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Chapter 3 Study Scoping and Design 

This National Resource Condition Assessment (NRCA) was a collaborative effort between the 

National Park Service (NPS) and Saint Maryôs University of Minnesota GeoSpatial Services 

(SMUMN GSS). Stakeholders in this project include Devils Tower National Monument (DETO) 

park resource staff and the Northern Great Plains Inventory and Monitoring Network (NGPN) 

staff. Before embarking on the project, specific roles of the NPS and SMUMN GSS were 

identified. Preliminary scoping meetings were held, and both a task agreement and a detailed 

scope of work document were collaboratively created by NPS and SMUMN GSS.  

3.1 Preliminary Scoping 
A preliminary scoping meeting was held 21 October 2009 with SMUMN GSS and NPS staff to 

determine the purpose of the DETO NRCA, which is to evaluate and report the current 

conditions of key park resources, to evaluate critical data and knowledge gaps, and to highlight 

selected existing and emerging resource condition influences of concern to DETO managers. 

The National NRCA Program Office provided specific guidance requirements regarding this 

NRCA: 

¶ The NRCA would be conducted using existing data and information 

¶ Identification of data needs and gaps would be driven by the framework categories 

¶ The analysis of natural resource conditions would include a strong geospatial component 

¶ Resource focus and priorities would be driven primarily by DETO park resource 

management 

This condition assessment provides a ñsnapshot-in-timeò evaluation of resource condition status 

for a select set of park natural resources, identified and agreed to by the project team. Project 

findings will aid DETO resource managers in the following objectives: 

¶ Developing near-term management priorities 

¶ Engaging in watershed or landscape scale partnership and education efforts 

¶ Conducting park planning (e.g., General Management Plan, Resource Stewardship 

Strategy) Reporting program performance (e.g., Department of Interior Strategic Plan 

ñland healthò goals). 

NPS Involvement 

Expectations for DETO staff involvement were detailed during project scoping. Park staff 

participated in project development and planning, reviewed interim and final products, and 

participated in condition assessments. They were also expected to participate and collaborate 

with SMUMN GSS to identify sources of information; to define an appropriate resource 

assessment structure; to identify appropriately scaled resources, threats, and stressors; and to 

identify measures for these resources.  

DETO park staff helped identify other NPS staff that could provide guidance, technical 

assistance, and logistical coordination for site visits and discussions with the primary 
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investigator, analysts, and graduate research assistants. Park staff collaborated with the SMUMN 

GSS Principle Investigator during data mining and status assessment to ensure the synthesis was 

consistent with the project goals. Additionally, DETO natural resource staff assisted in 

developing recommendations for additional analyses to fulfill information needs that would aid 

in the assessment of park resource conditions. DETO staff was also expected to review and 

comment on draft reports and all publishable material submitted from this project in a timely 

fashion. Involvement of DETO staff in this project ensured that SMUMN GSS efforts met the 

true needs of the park. 

The NPS was responsible for informing the SMUMN GSS Principle Investigator of the specific 

activities required to comply with the ñNPS Interim Guidance Document Governing Code of 

Conduct, Peer Review, and Information Quality Correction for NPS Cultural and Natural 

Resource Disciplinesò or any subsequent guidance issued by the NPS Director to replace this 

interim document.  

3.2 Study Design 

Component Framework, Focal Study Resources and Components 

Selection of Resources and Measures 

As defined by SMUMN GSS in the NRCA process, a ñframeworkò is developed for a park. This 

framework is a way of organizing, in a hierarchical fashion, biogeophysical resource topics 

considered important in park management efforts. The primary features in the framework are key 

resource components, measures, stressors, and reference conditions.  

Components in this process are defined as natural resources (e.g., bison), ecological processes or 

patterns (e.g., natural fire regime or land cover change), or specific natural features or values 

(e.g., geological formation, dark night skies, or viewshed) considered important to current park 

management. Each key resource component has one or more ñmeasuresò that best define the 

current condition of a component being assessed in an NRCA. Measures are defined as those 

values or characterizations that evaluate and quantify the state of ecological health or integrity of 

a component. In addition to measures, current condition of components may be influenced by 

certain ñstressors,ò any agent that imposes adverse changes to a component, and thus are 

considered during assessment. These typically refer to anthropogenic factors that adversely affect 

natural ecosystems but may also include natural processes or disturbances such as floods, fires, 

or predation (adapted from GLEI 2010).  

During the DETO NRCA scoping process, key resource components were identified by NPS 

staff and are represented as components in the NRCA framework. While this list of components 

is not comprehensive for all park resources, it includes resources and processes unique to the 

park in some way, of greatest concern, or of highest management priority in DETO. Several 

measures for each component, as well as known or potential stressors, were also identified in 

collaboration with DETO resource staff.  

Selection of Reference Conditions 

A reference condition is a benchmark against which SMUMN GSS compares current values of a 

given componentôs measures to determine the present condition of that component. A reference 
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condition may be a historical condition (e.g., flood frequency prior to dam construction on a 

river), an established ecological threshold (e.g., EPA standards for air quality), or a targeted 

management goal or objective (e.g., a bison herd no larger than 700 individuals) (adapted from 

Stoddard et al. 2006). 

Reference conditions in this project were identified during the scoping process using input from 

NPS resource staff. In some cases, reference conditions represent a historical reference in which 

human activity and disturbance were not major drivers of ecological populations and processes, 

such as ñpre-exotic invasionsò or ñpre-1908 establishment.ò In other cases, peer-reviewed 

literature and ecological thresholds helped define appropriate reference conditions.  

Finalizing the Framework 

An initial framework was adapted from the organizational framework outlined by the H. John 

Heinz III Center for Scienceôs ñState of Our Nationôs Ecosystems 2008ò framework (Heinz 

2008). Key resources for the park were gleaned from the NGPN Vital Signs Monitoring Plan 

(Gitzen et al. 2010) and publically available informational materials from DETO. This initial 

framework was presented to park resource staff to stimulate meaningful dialogue about key 

resources that should be assessed. Significant collaboration between SMUMN GSS analysts and 

NPS staff was needed to focus the scope of the NRCA project and finalize the framework of key 

resource to be assessed.  

The NRCA framework was finalized in March 2010 following acceptance from DETO resource 

staff. It contains 13 components (Table 3) and was used to drive analysis in this NRCA. This 

framework outlines the resources (components), most appropriate measures, known or perceived 

stressors and threats to the resources, and the reference conditions for each resource to compare 

to current conditions. 
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Table 3. Final DETO NRCA framework. 
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Reporting Areas 

Reporting areas were not used in this assessment. 

General Approach and Methods 

This study involved gathering and reviewing all existing literature and data relevant to each of 

the key resource components included in the framework. No new data were collected for this 

study; however, where appropriate, existing data were analyzed to provide summaries of 

condition for resources or to create new spatial representations. After all data and literature 

relevant to the measures of each component were reviewed and considered, a qualitative 

statement of overall current condition was created and compared to the reference condition when 

possible. 

Individual Component Assessments 

Data Mining 

The data mining process (acquiring as much relevant data about key resources as possible) began 

at the first scoping meeting, where DETO staff provided data and literature in multiple forms, 

including NPS reports and monitoring plans, reports from various state and federal agencies, 

published and unpublished research documents, nongovernmental organization reports, 

databases, tabular data, and charts. Geographic information system (GIS) data were provided by 

NGPN and by DETO staff. Access was also granted to various NPS online data and literature 

sources, such as NatureBib and NPSpecies. Additional data and literature were also acquired 

through online bibliographic literature searches and inquiries on various state and federal 

government websites. 

Data and literature acquired throughout the data mining process were inventoried and analyzed 

for thoroughness, relevancy, and quality regarding the resource components identified at the 

scoping meeting.  

Data Development and Analysis 

Data development and analysis was highly specific to each component in the framework and 

depended largely on the amount of information and data available on the topic and analysis 

recommendations from DETO staff. Specific approaches to data development and analysis can 

be found within the respective component assessment sections located in Chapter 4 of this report. 

Preparation and Review of Component Rough Draft Assessments (Phase I Documents)  

The process of developing draft documents for each component began with a detailed phone or 

conference call with individuals considered resource components to verify the most relevant data 

and literature sources and to formulate ideas about current condition with respect to the expertsô 

opinions. Information gained in these initial conversations was important for rough draft 

development, which used the data gathered through the data mining process as well as the 

insights provided by component experts. Documents were then forwarded to component experts 

for initial review and comments.  

The preparation of rough draft assessments for each component was a cooperative process 

involving SMUMN GSS analysts and DETO and NGPN staff. Although SMUMN GSS analysts 

relied heavily on peer-reviewed literature and existing data in conducting the assessment, the 

expertise of NPS resource staff also played an invaluable role in providing insights into the 
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appropriate direction for analysis and assessment of each component, especially when data or 

literature were limited.  

Development and Review of Final Component Assessments (Phase II Documents) 

Following review of the component rough drafts (Phase I documents), analysts used the review 

feedback from resource experts to compile the final component assessments (Phase II 

documents). Consistent contact with experts was maintained throughout this process to 

adequately address questions and comments pertaining to rough draft reviews and to ensure 

accurate representation of DETO and NGPN staff knowledge. Completed Phase II documents 

were sent back to expert reviewers for a second thorough review to allow incorporations of 

additional comments or feedback into the assessment document. As a result of the feedback 

process and recommendations and insight provided by DETO resource staff and other experts, 

the final component assessments (Phase II documents) represent the most relevant and current 

data available for each component and the sentiments of park resource staff and resource experts.  

All resource component assessments are presented in a standard format in the final report 

(described below). 

Format of Component Assessment Documents 

Description 

Each resource component is described for relevance, context, and importance to the park setting,  

For example, a component may represent a unique feature of the park, may be a key process or 

resource in park ecology, or may be a resource of high management priority in the park. Any 

interrelationships that occur among a given component and other resource components included 

in the broader assessment are also emphasized. 

Measures 

Resource component measures were defined in the scoping process and refined through 

extensive dialogue with resource experts. Measures deemed most appropriate for assessing the 

current condition of a component are listed in this section, typically as bulleted items with a brief 

description of metrics used in the assessment. 

Reference Conditions and Values 

Reference conditions were determined for each resource component as defined in the framework, 

including an explanation of why specific reference conditions are appropriate or logical. 

Available data and literature that explain and elaborate on the designated reference conditions 

are included, and the development of conditions or values that originated with the park experts or 

SMUMN GSS analysts are explained.  
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Data and Methods 

Data sets used to evaluate each component were adjusted or processed as a lead-up to analysis 

(descriptions of extensive or highly technical processes are included in an appendix for the 

reader at the end of the document). A discussion of how the data were evaluated and analyzed to 

determine current condition (and trend when appropriate) is included.  

Current Condition and Trend 

In-depth key findings regarding the current condition of the resource component and trends 

(when available) is presented primarily in the text but is often accompanied by detailed maps or 

plates that display different analyses, as well as graphs, charts, and/or tables that summarize 

relevant data or show interesting relationships. All relevant data and information for a 

component are presented and interpreted in this section. 

Threats and Stressor Factors 

A summary of the threats and stressors that may affect resources and influence, to varying 

degrees, the current condition of a resource component are presented. Relevant stressors were 

described in the scoping process and are outlined in the NRCA framework. Threats and stressors 

are elaborated in this section to create a summary based on a combination of available data and 

literature as well as discussions with experts and park natural resources staff.  

Data Needs and Gaps 

Critical data needs or gaps for each resource component are outlined. Specifically, SMUMN 

GSS discusses how these data needs and gaps, if addressed, would help determine the current 

condition of a given component in future assessments. In some cases, the data needs and gaps are 

significant enough to make it inappropriate or impossible to determine the condition of the 

resource component. In these cases, stating the data needs and gaps will help natural resources 

staff prioritize monitoring or data gathering efforts. 

Overall Condition  

A qualitative summary statement of the current condition was determined for each resource 

component. Condition is determined after a thorough review of available literature, data, and any 

insights from park staff and experts, which are presented in the Current Condition and Trend 

section. The Overall Condition section summarizes the key findings and highlights the key 

elements used in determining and justifying the level of concern, if any, that analysts attribute to 

the condition of the resource component.  

Initial designations of current condition for a component (i.e., made by the authors during 

component rough draft preparation) were subject to review from resource experts during the 

review process and amended when appropriate to provide a more accurate representation of park 

staff and expertsô interpretation of condition. When applicable, condition designations were 

made with respect to the defined reference condition; when reference conditions were not 

available, the opinions of park staff and experts were relied on more heavily to determine 

condition.  
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Condition Graphic 

Graphic representations of the condition of the component (and trend when appropriate) are 

presented to provide readers a visual interpretation of the assessed condition but are not intended 

to replace the written statements of condition, which provide an in-depth discussion of and 

justification for the condition attributed by analysts to the resource component.  

An example of a condition graphic used to represent the assessed condition of a component 

(Figure 1) uses colored circles to indicate a componentôs condition expressed by level of 

concern. Red circles signify a resource of ñsignificantò concern to park management. Yellow 

circles signify a resource is of ñmoderateò concern to park management. Green circles indicate 

the condition of a component is of ñlowò concern. Gray circles signify that data are currently 

insufficient to make a statement about concern or condition of the component.  

Arrows nested inside the circles indicate the trend of the condition of a resource component. Up 

arrows indicate the condition of the component is improving from reference condition, right 

arrows indicate a stable trend in condition, and down arrows indicate a decline in the condition 

of a component from reference condition. These are only used when it is appropriate to comment 

on the trend of condition of a component. A triple-pointed arrow indicates the trend of the 

componentôs condition is currently unknown.  

 

Figure 1. Graphic representation of current condition and trend of a component. 
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Sources of Expertise 

A list of individuals (including their title and affiliation with offices or programs) who had a 

primary role in provided expertise, insight, and interpretation to determine current condition (and 

trend when appropriate) for each resource component is provided.  

Literature Cited 

Formal citations for literature or datasets used in the analysis and assessment of condition for the 

resource component are provided. 
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Chapter 4 Natural Resource Component Summaries 

The background, analysis, and condition summaries for the 13 key resource components in the 

project framework were compiled. The following sections discuss the key resources and their 

measures, stressors, and reference conditions. The order of components follows the project 

framework (Table 3): 

1. Land Cover Extent 

2. Native Plant Communities 

3. Prairie Falcon 

4. Birds 

5. Prairie Dog 

6. White-Tailed and Mule Deer 

7. Water Quality 

8. Air Quality  

9. Hydrology  

10. Soundscape 

11. Viewshed 

12. Dark Night Skies 

13. Tower Usage 
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4.1 Land Cover 

Description 

Land cover is the physical surface of the earth, described using classes of vegetation and land use 

classifications (e.g., agriculture, developed, transportation). Land cover is portrayed in maps 

created through field surveys and/or analysis of remotely sensed imagery (Comber et al. 2005). 

The Northern Great Plains Inventory and Monitoring Network (NGPN) recognizes land cover 

and land use (LCLU) as a Vital Sign because natural disturbances, stressors, and management 

cause large-scale changes to the general ecosystem composition of the National Park Service 

(NPS) units, altering the land cover of a park. In addition, the type, amount, and arrangement of 

vegetative structural types in park units partially determine the composition and abundance of 

vertebrate and invertebrate communities in those units (Vinton and Collins 1997).The protocol 

for monitoring this Vital Sign will be developed over the next 1ï5 years. 

Land cover in Devils Tower National Monument (DETO) is primarily a mix of ponderosa pine 

woodlands and short- and mixed-grass upland meadows. DETO also contains cottonwood and 

willow riparian areas, green ash and American elm forests (Ulmus americana), wolfberry 

(Symphoricarpos occidentalis) forests, and bare exposed rock. Disturbed and converted areas 

include vegetation influenced by nonnative plants in the prairie dog towns and some relatively 

small areas classified by the Anderson Level II LCLU (Anderson et al. 1976) as ñresidentialò and 

ñcommercial servicesò (park roads and infrastructure areas). 

Measures 

¶ Land cover change 

Reference Condition and Values 

Land Cover Change 

For this assessment, the reference condition for land cover is defined as a historical reference to a 

time when the environment was natural and healthy, before disturbances caused by cattle and 

sheep grazing in the area and before the introduction of nonnative plants.  

Historic human use and land management significantly changed the landscape in and around the 

DETO. Most of the surrounding land has been used for livestock grazing, timber production, and 

agricultural crop production. In addition to livestock grazing and nonnative plant introductions, 

humans have altered the landscape through the suppression of wildfires during the last century. 

This ñsignificantly changed the vegetation succession pattern and species compositionò (NPS 

2004, p. 13). The DETO Fire Management Plan suggests that lasting effects from years of fire 

suppression and cattle and sheep grazing may have significantly changed the land cover in the 

area (NPS 2004). Invasive plants have also changed plant community composition in and around 

present day DETO since European settlement, although no precise date identifies the first arrival 

of nonnative plants (NPS 2004).  

Extensive grazing of cattle, sheep, and goats occurred in the late 1800s and early 1900s. 

Daugherty (1984) noted that livestock foraged on land surrounding DETO, and often within 

DETO, during the 1930s. In 1932, as many as 1,000 head of cattle were fed within 1 mile of 
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DETOôs boundary, and as many as 25 head of cattle were driven off DETO per day. In 1933, as 

many as 50 head were driven off each day (Daugherty 1984).  

Land cover is a dynamic aspect of any ecosystem and is driven by both natural and human 

factors. Natural disturbances such as fire, wind-throw, and insect and disease infestations can 

reset vegetation successional trajectories. Another natural driver of vegetation and land cover is 

native ungulate grazing. For example, bison (Bison bison) were a keystone species of the Great 

Plains for approximately 10,000 years. Humans eliminated them from the area by the mid-1870s 

(Brown and Seig 1996). Quantitative information describing land cover before cattle and sheep 

grazing in the area around DETO is unavailable. The primary change in land cover (at least at a 

mapable scale through most LCLU mapping efforts) described in the literature is the increase in 

density and expansion of ponderosa pines into the grasslands (Covington and Moore 1994; 

Brown and Sieg 1996; Brown et al. 2001; Brown and Cook 2005). Some of the major factors that 

have affected land cover on a regional or landscape scale are discussed in the subsequent section. 

Fire Regime and Land Cover 

Fires are important, naturally occurring events in the Black Hills and Great Plains. A generally 

accepted ecological concept in western North American ponderosa pine forests is that frequent 

surface fires maintained open forest stands dominated by large, old trees (Covington and Moore 

1994; Brown et al. 2001, as cited in Brown and Cook 2005). The natural fire regime, specifically 

the fire return interval, has changed since European settlement due to fire suppression, grazing, 

logging, and fragmentation from human development. 

Stambaugh et al. (2008) found that the fire regime (i.e., frequency, severity, seasonality, and 

temporal variability) in DETO was similar to fire regimes in other fire history studies in the 

Black Hills and Northern Great Plains. The mean fire return interval (timing between fires) 

ranged from 11 to 32 years before European settlement (from 1312 to 1850). For a relatively 

short time in the late 19
th
 century (1850ï1880), mean fire return intervals shortened to 5.7 years. 

Following settlement in the area of present day DETO, there was a fire-free interval of 119 years, 

four times the long term mean from 1312 to 2001 (Stambaugh et al. 2008). 

Brown and Sieg (1996, 1999) identify reasons for longer fire intervals after major European 

settlement, including fire suppression policies and reduced fine-fuel loads because of livestock 

grazing, logging, and fragmentation. Fire suppression resulted in increases in woody vegetation 

density, allowing encroachment into prairie areas (NPS 2004). The reduction in fire frequency 

(or increases in mean fire return intervals) also raised concern for abnormally severe fires. In the 

absence of frequent fires, increases in fuel accumulation, and increased tree density, Stambaugh 

et al. (2008) suggest that a severe fire with ñhistorically unprecedented fire effectsò (p. 184) may 

occur near DETO.  

A fire history study completed in 1984 found that three types of fires occurred in DETO: 

lightning strikes, regional fires, and area-wide fires (NPS 2004). Lightning strikes were the most 

common cause of fire, but they were often extinguished by rain or by discontinuous fuels (NPS 

2004). Regional fires were those that started outside DETOôs boundaries and often burned one-

third to two-thirds of DETOôs area in a single fire event; from 1600 to 1983 there were 14 of 

these fires (NPS 2004). Finally, area-wide fires began in DETO and expanded over the entire 

area; 15 of these fires occurred from 1600 to 1937 (NPS 2004). 
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As discussed in the native plant communities section of this document (Chapter 4.2), prescribed 

fires are now set to reduce fuel loads (pine density) and the risk of severe wildfires. Prescribed 

fires, defined as any fire ignited by management actions to meet a specific objective, began in 

1982 in DETO. Most of the land surface of DETO has experienced fire at least once from 1981 

to 2009 (Table 4, Plate 2), and according to NPS fire perimeter (polygon) and point GIS data, the 

vast majority (ι90%) of the area burned in DETO was through prescribed burns. According to 

GIS perimeter (polygon) data, larger fires (ι14 ha [33 ac]) in DETO did not begin until 1993. 

Averaging all years from 1993 through 2009, both wildfire and prescribed fires burned an 

average of 34.7 ha (85 ac) per year (Figure 2; Table 4). 

 

Figure 2. Burn area by year, all fire types, within the boundaries of DETO, 1986ï2009 (NPS GIS data). 
Notes: During this period of record, more than 90% of the fire area burned in DETO was through 
prescribed fires, and in several years small areas were burned (Table 1). Areas for 1981ï1985 come from 
fire-point GIS data, whereas all subsequent years come from polygon GIS data. 
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Table 4. Annual burn area, all fire types, within the boundaries of DETO, 1981ï2009 (NPS GIS data). 
During this period of record, more than 90% of the fire area burned in DETO was prescribed fires.1981ï
1985 data are from GIS point data; all subsequent data are from GIS polygon data. 

Year 
Area burned 

Year 
Area burned 

ac ha ac ha 

1981 0.1 0.0 1996 0.0 0.0 

1982 32.3 13.1 1997 1.8 0.7 

1983 0.0 0.0 1998 1.8 0.7 

1984 0.1 0.0 1995 223.8 90.6 

1985 0.0 0.0 1999 59.4 24.1 

1986 0.0 0.0 2000 120.1 48.6 

1987 0.0 0.0 2001 102.4 41.4 

1988 0.3 0.1 2002 63.0 25.5 

1989 0.0 0.0 2003 0.1 0.1 

1990 0.1 0.1 2004 204.7 82.9 

1991 0.0 0.0 2005 0.3 0.1 

1992 0.0 0.0 2006 131.9 53.4 

1993 108.9 44.1 2007 108.9 44.1 

1994 0.0 0.0 2008 108.9 44.1 

1995 0.0 0.0 2009 0.0 0.0 

Recent fire effects monitoring data suggest that prescribed fire is opening up the midstory and 

overstory size classes within the ponderosa pine stands, significantly reducing fuel loading on the 

ground (D. Swanson, pers. comm., 2011). Most prescribed fire objectives are being met for each 

implemented burn unit in the forest or prairie. Those objectives include increasing cover of 

native grasses and forbs while decreasing cover of nonnative grasses. For most burn units and 

monitoring types, native grass cover and sedges are increasing following one prescribed burn. 

Most of this increase is from western wheatgrass (Pascopyrum smithii), big bluestem 

(Andropogon gerardii), and the grama grasses (Grama spp.). Kentucky bluegrass (Poa pratensis) 

is the predominant nonnative grass in the forest and prairie and generally decreases following 

prescribed burning, especially spring burns. Generally, native and nonnative forb cover has not 

significantly changed following one prescribed burn. 

Grazing and Land Cover 

Bison were once a keystone herbivore that grazed in the central grasslands of North America 

(Meagher 1986). Along with fire, their grazing habits played a role in vegetation succession and 

plant species composition, thus affecting overall land cover composition. Today, the primary 

grazers in the area around DETO are livestock, such as cattle and sheep. In addition to fire 

suppression and logging in the Black Hills, past livestock grazing affected pine density. 

Livestock selectively grazed on perennial grasses, reducing competitive exclusion. The removal 

of the herbaceous layer represented the loss of fine fuel burned by natural, frequent, low-

intensity fire that killed tree seedlings (Belsky and Blumenthal 1997; Covington et al. 1997). 

Overgrazing occurred specifically within DETO during the 1930s from wandering cattle that, at 

times, impacted vegetation and caused erosion (Daugherty 1984). Cattle entered DETO because 
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of poor fences, and the Belle Fourche River bottom served as a natural route for them 

(Daugherty 1984). 

Human Disturbance and Land Cover 

The ñlong history of human settlement in the Black Hills has resulted in a highly fragmented 

land ownership patternò (Fertig and Obald 2000). Most of the public lands have  

well-established multiple use mandates (logging, mining, and livestock grazing). 

Until recently, few areas have been designated for natural resource protection, and 

most of these were established for recreation or to preserve unique geological or 

cultural features rather than native biological diversity (Fertig and Oblad 2000, p. 

13).  

Fertig and Oblad (2000) also suggest that the road density in the Black Hills might prevent many 

areas from being preserved at a broad landscape level. 

DETO is located in Crook County, Wyoming, which at 0.81 individuals/km
2
 is the fifth lowest 

human population density of all counties in the state. Although high human population densities 

are often associated with significant land cover changes (e.g., conversion from vegetative cover 

to impervious surfaces), land uses such as mining, logging, and livestock grazing (both historic 

and present) create lasting effects on plant communities and on overall land cover. While logging 

and surface mining may have more visible effects to land cover types, ecological costs are also 

associated with livestock grazing (Fleischner 1994). 

Data and Methods 

NGPN does not yet have a protocol for monitoring the LCLU Vital Signs; however, the expected 

approach includes the acquisition and analysis of fine-scale satellite imagery and measuring land 

use and coarse vegetation cover within NPS units and within an undetermined buffer of the NPS 

units. This protocol will be developed over the next 1 to 5 years. 

Salas and Pucherelli (1998) provide the most recent, detailed vegetation map (also considered an 

LCLU map) in an area covering DETO. The map was derived from 1993 color infrared aerial 

photographs and field sampling at a scale of 1:16,000. In addition to the land within DETO 

boundaries, Salas and Pucherelli (1998) mapped an area of approximately 1 to 1.5 km (0.6 to 0.9 

mi) surrounding the boundaries. The map categorizes vegetation associations (land cover) and 

Anderson Level II land use categories using GIS polygons. The imagery used to create this land 

cover map is now more than 17 years old. No information is available quantifying the extent of 

changes that have occurred to these LCLU classifications. While some changes have occurred 

due to effects of prescribed fire since the imagery used to create the Salas and Pucherelli (1998) 

map, the data are still considered to be moderately accurate. 

The National Land Cover Database (NLCD) 1992/2001 Retrofit Land Cover Change Data 

Product (Fry et al. 2009), provides a coarse representation of LCLU (Anderson et al. 1976, Level 

I) change from 1992 and 2001 in and around DETO. These data are intended for regional scales 

with a minimum mapping unit of 0.4 ha (1 ac) and a final mapping accuracy of 70 to 80%. More 

recent LCLU change data (2001 to 2006) have recently become available (Fry et al. 2011); 

however, MRLC states that these data are provisional to date. 
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NPScape is a project created by the NPS Natural Resource Program Center, Inventory and 

Monitoring Division that monitors landscape dynamics and delivers a suite of landscape-scale 

datasets, maps, reports, and other products to NPS units (NPS 2011). NPScape project analyses 

outputs provide information regarding land cover and landscape dynamics on a regional scale 

(i.e., 30 km within and surrounding DETO).  

The NPScape project created a conceptual framework that describes two major factors affecting 

landscape scale dynamics: natural systems and human drivers. Together these help define the 

ñconservation contextò of a given NPS unit (Figure 3) (NPS 2010d). As one of the standard 

outputs, the project provides 2001 LCLU data in a 30-m cell size within a 30-km buffer of 

DETO from NLCD (NPS 2010a), a coarser resolution than the Salas and Pucherelli (1998) 

vegetation map. The NPScape project also provides several other land cover related datasets, 

developed using Python® scripts in GIS, including natural versus converted land cover, land 

cover change, and landscape pattern. These Python® scripts can be used on other datasets (e.g., 

updated LULC datasets at finer scales than offered datasets such as the NLCD) to derive similar 

GIS products. The project also examines human drivers including population, road density, 

impervious surfaces, and categorizations of conservation status metrics (NPS 2010b, 2010c). 

 

Figure 3. NPScape conceptual framework (NPS 2010d). 

The GIS outputs, namely those derived from NLCD, produced by the NPScape project are not 

immediately comparable to those in Salas and Pucherelli (1998). 

Current Condition and Trend 

Land Cover Change 

Current vegetation or land cover in DETO consists of a mosaic of ponderosa pine woodlands, 

forests, and mixed grass prairie, with the majority of the land cover (62%) being ponderosa pine 

woodlands and forests (Stambaugh et al. 2008). Salas and Pucherelli (1998) provide the most 

current high-resolution, field-verified vegetation map (LCLU) (Plate 3) at this scale. The 
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majority of land cover for the entire study area (within DETO and approximately 1.5 mi outside 

DETO) was considered Grassland Complex (41%), Ponderosa Pine Complex I (30%), or 

Ponderosa Pine Complex II (11%). Refer to Salas and Pucherelli (1998) for a detailed 

description of these classified map units, and to Table 9 in the native plant communities section 

(Chapter 4.2) for a breakdown of the 17 different vegetation associations identified in the 

mapping project. Appendix A displays total area of each mapping unit in the Salas and Pucherelli 

(1998) study area, including both vegetation associations and Anderson Level II land cover/use 

categories. 

Since this mapping effort, prescribed burns have created some relatively small changes in the 

extent and relative composition of land cover classifications in DETO. One specific area that has 

experienced change is the 94 ha (232 ac) Belle Fourche prescribed burn in April 1998. Some 

localized high fire intensities resulted in ponderosa pine overstory mortality, increased canopy 

openness, and increased grass cover (Figure 4). At a park-wide level, these changes are relatively 

small. Fire effects monitoring data indicate overall decreases in midstory and overstory size 

classes within ponderosa pine stands (D. Swanson, pers. comm., 2011). Some subtle changes 

may have also occurred due to small expansions or contractions of the prairie dog towns and 

from relatively small alterations, on a park-wide scale, to vegetative cover through nonnative 

plant control efforts and native plant restoration efforts. Therefore, despite these changes, the 

Salas and Pucherelli (1998) map is still largely representative of the current extent and relative 

composition of land cover and land use classes across DETO. 

 

Figure 4. Belle Fourche prescribed burn photos. The image on the left was taken 26 April 1998, 4 weeks 
after the burn. The image on the left was taken 7 July 2008. (Photos from Northern Great Plains Fire 
Ecology Program). 

The NLCD 1992/2001 Retrofit Change Product (Fry et al. 2009) provides an indication of land 

cover change in and immediately surrounding DETO (Plate 4). The only change (LCLU class to 

class) within the boundaries of DETO was open water to forest (Table 5). This represents a 

classification error, likely categorizing as open water a shadow in the Satellite image caused by 

the Devils Tower. Using the NPScape Area of Analysis (AOA), a 30-km buffer of DETO, the 

primary changes of LCLU class to class from 1992 to 2001 were grassland/shrub to open water 

(33% of total change area), wetlands to grassland/shrub (27% of total change area), forest to 

grassland/shrub (14% of total change area), and agriculture to grassland /shrub (11% of total 

change area) (Table 6; Plate 5). 












































































































































































































































































































