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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 
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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). 
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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). 



 

33 

Table 5. Land cover change, 1992 to 2001 in DETO (within boundaries) (Fry et al. 2009). 

Modified Anderson 
Land Cover Class  

Land Cover Change 
(class to class) 

area 
(ha) area (ac) 

% 
composition 

Open Water* 
 

0.9 2.2 0.2 

Urban 
 

15.1 37.4 2.8 

Barren 
 

2.7 6.7 0.5 

Forest 
 

239.3 591.3 44.0 

Grassland/Shrub 
 

276.3 682.7 50.9 

Agriculture 
 

1.1 2.7 0.2 

Wetlands 
 

7.0 17.3 1.3 

  Open Water to Forest* 0.9 2.2 0.2 

 

Totals: 543.3 1342.6 

 
*This is an erroneous classification, likely caused by the towerôs shadow in satellite imagery. 
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Table 6. Land cover change, 1992 to 2001 in DETO AOA (30 km buffer of DETO) (Fry et al. 2009). 

Modified Anderson 
Land Cover Class 

Land Cover Change 
(class to class) area (ha) area (ac) 

% 
composition 

% of 
change 

Open Water  1,667.7 4,121.0 0.54 NA 

Urban  1,262.9 3,120.6 0.41 NA 

Barren  261.7 646.7 0.08 NA 

Forest  93,987.3 232,246.7 30.16 NA 

Grassland/Shrub  206,090.7 509,259.3 66.12 NA 

Agriculture  2,206.0 5,451.1 0.71 NA 

Wetlands  1,906.0 4,709.9 0.61 NA 

 

Open Water to Barren 0.6 1.6 0.00 0.01 

 

Open Water to Forest 0.9 2.2 0.00 0.02 

 

Open Water to 
Grassland/Shrub 

132.3 326.9 0.04 3.08 

 

Open Water to 
Agriculture 

1.7 4.2 0.00 0.04 

 

Open Water to 
Wetlands 

13.1 32.5 0.00 0.31 

 

Barren to Forest 0.5 1.3 0.00 0.01 

 

Barren to 
Grassland/Shrub 

66.4 164.1 0.02 1.55 

 

Barren to Agriculture 6.0 14.9 0.00 0.14 

 

Barren to Wetlands 5.4 13.3 0.00 0.13 

 

Forest to Open Water 0.5 1.3 0.00 0.01 

 

Forest to Urban 1.4 3.3 0.00 0.03 

 

Forest to Barren 0.6 1.6 0.00 0.01 

 

Forest to 
Grassland/Shrub 

613.7 1,516.5 0.20 14.30 

 

Forest to Agriculture 44.6 110.3 0.01 1.04 

 

Forest to Wetlands 24.5 60.5 0.01 0.57 

 

Grassland/Shrub to 
Open Water 

1,397.1 3,452.2 0.45 32.55 

 

Grassland/Shrub to 
Urban 

10.1 24.9 0.00 0.23 

 

Grassland/Shrub to 
Barren 

19.1 47.1 0.01 0.44 

 

Grassland/Shrub to 
Forest 

29.1 71.8 0.01 0.68 

 

Grassland/Shrub to 
Agriculture 

69.7 172.1 0.02 1.62 

 

Grassland/Shrub to 
Wetlands 

19.7 48.7 0.01 0.46 

 

Agriculture to Urban 0.5 1.1 0.00 0.01 

 

Agriculture to Forest 2.3 5.8 0.00 0.05 

 

Agriculture to 
Grassland/Shrub 

460.4 1,137.5 0.15 10.72 

 

Agriculture to Wetlands 1.0 2.4 0.00 0.02 

 

Wetlands to Open 
Water 

22.1 54.7 0.01 0.52 

*Total change area in the AOA (30 km buffer of DETO) is 4,292.7 ha (10,607.5 ac). 



 

35 

Table 6. Land cover change, 1992 to 2001 in DETO AOA (30 km buffer of DETO) (Fry et al. 2009). 
(continued) 

Modified Anderson 
Land Cover Class 

Land Cover Change 
(class to class) area (ha) area (ac) 

% 
composition 

% of 
change 

 

Wetlands to Urban 2.8 6.9 0.00 0.06 

 

Wetlands to Forest 15.8 38.9 0.01 0.37 

 

Wetlands to 
Grassland/Shrub 

1,161.5 2,870.2 0.37 27.06 

  
Wetlands to Agriculture 169.3 418.3 0.05 3.94 

 

Totals: 311,675.0 770,162.7 

  
*Total change area in the AOA (30 km buffer of DETO) is 4,292.7 ha (10,607.5 ac). 

Through the NPScape project, NPS 2010a also offers a representation of regional scale (30 km 

area surrounding DETO) LCLU (Plate 6), and a representation of regional land cover change 

using a reclassification of the 2001 NLCD. These coarse resolution land cover data indicate 

general changes in land cover surrounding DETO. NPS 2010a defined ñnaturalò land cover as 

areas that are predominantly vegetated and ñconvertedò land cover as areas influenced by 

impervious surfaces, such as urban areas and roads (Plate 7). Two further points bear 

consideration: (1) the ñnaturalò categorization does not take into account important ecological 

changes that may have occurred, such as changes in plant species diversity, plant community 

composition and structure, and plant species nativity (i.e., native vs. nonnative plant species); (2) 

NLCD does not identify livestock grazing as a land use and therefore does not capture pasture as 

converted land, thus missing any associated ecological costs of this particular land use. LCLU 

categories were reclassified for this analysis (Table 7).   
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Table 7. 2001 NLCD reclassification to NPScape land cover natural vs. converted classes (NPS 2010a). 

NLCD Land Cover Class 
 

NPScape Land Cover Class 

 11 Open Water  
 

 2 Natural  

 12 Perennial Ice/Snow  
 

 2 Natural  

 21 Developed, Open Space  
 

 1 Converted  

 22 Developed, Low Intensity  
 

 1 Converted  

 23 Developed, Medium Intensity   1 Converted  

 24 Developed, High Intensity  
 

 1 Converted  

 31 Barren Land  
 

 2 Natural  

 32 Unconsolidated Shore  
 

 2 Natural  

 41 Deciduous Forest  
 

 2 Natural  

 42 Evergreen Forest  
 

 2 Natural  

 43 Mixed Forest  
 

 2 Natural  

 51 Dwarf Scrub  
 

 2 Natural  

 52 Scrub/Shrub  
 

 2 Natural  

 71 Grassland/Herbaceous  
 

 2 Natural  

 72 Sedge Herbaceous  
 

 2 Natural  

 73 Lichens  
 

 2 Natural  

 74 Moss  
 

 2 Natural  

 81 Pasture/Hay  
 

 1 Converted  

 82 Cultivated Crops  
 

 1 Converted  

 90 Woody Wetlands  
 

 2 Natural  

 95 Emergent Herbaceous Wetland   2 Natural  

Another NPScape analysis displays categories of LCLU change from 1992 to 2001 using the 

NLCD change product (Plate 8) (NPS 2010a). The map reveals some areas changed from natural 

to agriculture (areas in pink on the map) and from converted to natural land cover classifications 

(areas in blue on the map). The composition of this change classification within DETO and a 30-

km
2
 area surrounding DETO was calculated (Table 8). 

Table 8. Land cover change in and around DETO (NPS 2010a). 

Class Name 
Total Area % 

Composition ha ac 

Converted 3,469 8,571.7 9.9% 

Natural 30,744 75,968.9 87.9% 

Natural to Agriculture 291 719.9 0.8% 

Natural to Urban 142 35.1 <0.1% 

Agriculture to Urban <1 1.1 <0.1% 

Converted to Natural 464 1,145.8 1.3% 

Threats and Stressor Factors 

NPS identified fire suppression, past and present land use practices, and invasive plants as the 

main stressors or factors that have contributed to land cover change in and around DETO. Past 

fire suppression and land use practices such as livestock (cattle, sheep, and goat) grazing prior to 
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the park establishment and continued grazing of wandering of cattle from outside DETO have 

negatively altered the native land cover in DETO by decreasing native grass and herbaceous 

plant cover and increasing woody species cover via succession (NPS 2004). Invasive plants 

continue to establish within DETOôs boundaries and require repeated treatments to prevent 

continued spread into native plant communities. However, nonnative plants have not invaded at 

such a scale as to change land cover classes in DETO. 

The suppression of wildfires during the last century in and around DETO ñsignificantly changed 

the vegetation succession pattern and species compositionò (NPS 2004, p. 13). As of 2004, the 

fire management plan indicated that the densities of overstory ponderosa pine trees in savanna 

and ponderosa pine forests in DETO should be reduced (NPS 2004). Although wildland fire 

suppression continues in DETO, the NPS has been conducting prescribed burns since 1982. Each 

prescribed fire has its own set of management objectives, but many of the fires are used, in part, 

to control nonnative plants and stimulate the growth of native species. ñDesired future 

conditionsò identified in the DETO Fire Management Plan (NPS 2004, p. 6) that relate to land 

cover are as follows: 

¶ Fuel load levels consistent with low intensity fires 

¶ Open-canopy ponderosa pine stands with overstory (diameter at breast height [dbh] > 15 

cm) tree density in a range of 150ï250 stems/ha (60ï100 stems/ac) for ponderosa 

pine/mixed-grass savanna, and in a range of 200ï350 stems/ha (80ï140 stems/ac) for 

ponderosa pine forest 

¶ Nonnative plant cover reduction with a relative increase in the native plant cover of 

grasses and forbs 

¶ Meadow and forest area in various diverse stages of development 

¶ Mosaic within stands of ponderosa pines promoting habitat diversity 

NPS scientists in the NGPN Fire Ecology Program measure the effects of prescribed fires on 

vegetation on a plot-by-plot basis. Over time, the effects of prescribed burns may be detectable 

on a landscape scale (i.e., a scale often examined through land cover or vegetation mapping 

efforts, such as those used by Salas and Pucherelli 1998). Current fire effects plot data 

summaries that measure the number of stems per acre or trees per acre by dbh size class 

generally indicate reductions in pine densities, especially in the midstory and overstory size 

classes of ponderosa pine stands. This pine reduction has significantly reduced ground-level fuel 

loading (D. Swanson, pers. comm., 2011). 

Past land uses, especially livestock grazing caused changes to plant communities in DETO. 

Daugherty (1984) noted that significant livestock foraging, especially cattle, sheep, and goats, 

occurred on land surrounding DETO and often within DETO during the 1930s. During 1932, as 

many as 1,000 head of cattle were fed within 1 mile of 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 per 

day (Daugherty 1984). 

The ecological effects of cattle grazing across a landscape are particularly difficult to assess due 

to a lack of ñclear ecological benchmarksò (Fleischner 1994, p. 630). Fleischner (1994) notes 
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that ungrazed land is extremely rare in the western United States; therefore, predicting the 

potential natural vegetation is difficult. Fleischner (1994) summarizes the documented ecological 

costs of cattle grazing as (1) alteration of species composition of communities (including 

decreases in density and biomass of individual species, reduction of species richness, and 

changing community organization); (2) disruption of ecosystem functioning (including 

interference in nutrient cycling and ecological succession); and (3) alteration of ecosystem 

structure (including changing vegetation stratification, contributing to soil erosion, and 

decreasing availability of water to biotic communities). If these effects are considered difficult to 

assess then it follows that any effects of present day land use surrounding DETO on the overall 

land cover (vegetative communities) in DETO are also difficult to assess. 

Invasive plants that become prevalent and sufficiently dense could warrant a different vegetation 

classification. A recent example, assuming a minimum mapping unit of 0.5 ha (1.2 ac) (used in 

Salas and Pucherelli 1998), is leafy spurge (Euphorbia esula), which has occurred in large dense 

patches in DETO. Parker Williams and Hunt (2004) achieved 90% accuracy using hyperspectral 

image analysis to detect leafy spruge in DETO in July 1999, a method that could be used in the 

future to detect the extent of other invasive species (Jay et al. 2009). Recent reports from the 

Northern Great Plain Exotic Plant Management Team (NGP EPMT) indicate that treatments of 

leafy spurge are beginning to have the desired effect (i.e., reduction in density and extent). 

Although not currently found in DETO, white horehound (Marrubium vulgare), another example 

of a species that could warrant its own vegetation classification in other park units, has 

established itself in large, dense patches around many of the prairie dog towns in Wind Cave 

National Park (WICA). 

An NPScape examination of all roads within 30 km of DETO using Environmental Systems 

Research Institute, Inc. (ESRI) Streetmap data reveals a dense network of roads (NPS 2010b). A 

subsequent analysis using this road layer shows patch area between roads (>500 km from the 

nearest road), illustrating that road density may prevent landscape-level land preservation, as 

suggested by Fertig and Oblad (2000) (Plate 9) (NPS 2010b). Note that this analysis treated all 

roads equally when creating the roadless patch areas; however, roads vary widely in size and use 

intensity, and therefore would likely vary in their effects related to habitat fragmentation. Despite 

this diversity, roads still cause fragmentation of natural landscapes and are viewed here as 

stressors to land cover in the area surrounding DETO. 

Possible future development of DETO infrastructure is another potential threat to land cover, 

more specifically to native plants communities, at a localized scale. The current facilities at 

DETO were built during the 1930s and in 1955 to accommodate a yearly visitor capacity of 

about 20,000. Present-day visitor totals are now nearly 400,000 annually (NPS 2007) A new 

structure is proposed near the base of Devils Tower, and the parking will be moved to the lower 

lot to accommodate the visitors (NPS 2007). Construction of this infrastructure may require the 

conversion of natural areas to impermeable surfaces (e.g., pavement or buildings). Construction 

projects can also create soil disturbances and seed beds for the establishment of early seral 

nonnative and invasive plant species. 

Other current stressors or anticipated threats to ecosystem health (landscape scale) in DETO and 

in other NGPN parks include nonnative plant control methods (e.g., chemical plant controls), 

nitrogen deposition, increased atmospheric carbon dioxide concentrations, and climate change 
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(Symstad et al. 2006). These stressors may alter the composition, structure, and distribution of 

plant species and communities, which in turn could alter landscape scale patterns, and therefore 

land cover. Stambaugh et al. (2008) suggests ñclimate change, invasive species, and land use 

changes will significantly impact ecosystems and possibly determine future range of variabilityò 

in DETO (p. 184). 

Data Needs and Gaps 

No quantitative data were available for this assessment to examine land cover changes from a 

time before fire suppression and livestock grazing in the area. Quantifiable information of 

historic land cover composition before cattle and sheep grazing and the introduction of nonnative 

plants in the area would promote a more detailed understanding of the land cover changes that 

have occurred. 

Ranching and grazing history of DETO and the surrounding area is not quantified beyond reports 

from a past park manager noting the number of cattle driven off DETO lands. An examination of 

this grazing history may provide more context to the current condition of land cover and native 

plant communities in DETO, however, and allow identification of reference sites with little or no 

grazing. 

A protocol for reporting and measuring LCLU as a Vital Sign is not yet developed. A fully 

developed protocol would provide LCLU consistency and specificity for network park units. It 

could also be used for management within DETO and, in some cases, provide valuable 

information for coordinating conservation efforts with outside groups, especially those managing 

surrounding lands. 

An updated land cover map comparable to the Salas and Pucherelli (1998) map would provide 

much higher resolution land cover change information than offered by datasets such as the 

NLCD. In addition to remapping the area, an assessment of severe fire risk for adjacent land may 

be prudent according to Stambaugh et al. (2008), who were concerned with a potentially severe 

fire spreading into DETO. The NLCD 1992/2001 change product indicates some regional LCLU 

change, but at the park-scale does not indicate LCLU change outside of the erroneous open water 

change classification. 

Information regarding levels of invasive plant infestations outside DETO boundaries may help 

management understand seed sources and vectors of spread for some plant invasive species, 

which can be considered a stressor to native plant communities and their associated land cover 

classifications. 

Overall Condition 

Given past factors and current stressors, land cover is of moderate concern within DETOôs 

boundaries. Historic fire suppression, logging, mining, and livestock grazing have caused 

changes in the landscape in and around DETO (NPS 2004). Fire suppression, logging, and cattle 

grazing continue on lands surrounding DETO, and NPS staff recently report livestock entering 

park lands. However, not all of the changes associated with land uses are quantified, and their 

effects may not be quantifiable using common landscape scale LCLU mapping classification 

methods. 
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Little evidence suggests that current land cover composition (i.e., broad vegetation 

classifications) within DETO would be vastly different than it was prior to sheep and cattle 

grazing in the area, although quantifiable historic land cover data in DETO are unavailable to 

confirm this. With the reintroduction of fire to the landscape through prescribed burns, ongoing 

nonnative and invasive plant control efforts, and intensive restoration efforts (e.g., reseeding 

areas to native plant species), land cover may mirror historic land cover before cattle and sheep 

grazing in the area. Some obvious exceptions to this are areas of more intense human influence 

such as administrative areas, areas near DETOôs road, and heavily used trails. 

Two habitats related to land cover in DETO are of particular concern. Merrill et al. (2003) 

suggest that native deciduous woodlands in the Black Hills are a concern because they seem to 

be declining in the portion of the landscape where they occur, about 18% of DETO (Boldt et al. 

1978, as cited in Merril l et al. 2003). Merrill et al. (2003) suggest that these woodlands are 

critical habitats for wildlife and that the remaining woodlands in DETO are important for the 

conservation of these plant communities (Salas and Pucherelli 1998). Another specific habitat of 

concern in DETO is cottonwood and willow communities along the Belle Fourche River. The 

natural hydrograph of the river has changed due to the construction and operation of the 

upstream Keyhole Dam in Moorcroft, Wyoming, and cottonwood regeneration along the river in 

DETO has decreased (Tinker 2008). More information about cottonwood communities is 

available in the native plant communities section of this document (Chapter 4.2). 

Sources of Expertise 

Dan Swanson, Northern Great Plains Fire Ecologist, NPS 

Mark Biel, DETO Chief of Resource Management 
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Plate 2. Fire perimeters, all fire types, DETO, 1981-2009. 



 

 

4
5 

 

Plate 3. Land cover and land use (LCLU) in DETO and immediate surrounding area (Salas and Pucherelli 1998). 
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Plate 4. Land cover change, NLCD 1992 to 2001 Change Product (Fry et al. 2009). 
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Plate 5. Land cover change, NLCD Change Product in the DETO AOA (30 km buffer of DETO) (Fry et al. 2009). 
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Plate 6. Land cover within a 30 km buffer of DETO (NLCD 2001, NPS 2010a). 
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Plate 7. Land cover, natural vs. converted in and around DETO (NPS 2010a). 



 

 

5
0 

 

Plate 8. Land cover change, DETO area, 1992-2001 (NPS 2010a). 
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Plate 9. Roadless patch area, >500 m from nearest road (NPS 2010b). 
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4.2 Native Plant Communities  

Description 

The NGPN identifies native plant communities as a high priority resource and a Vital Sign. Plant 

community composition is affected by many of the stressors acting on terrestrial and riparian 

ecosystems, and therefore acts as an indicator of broad ecological health (Symstad. 2004). NGPN 

has developed a protocol for monitoring plant community composition in which frequency and 

percent cover of all species and select functional groups, species richness and diversity, forest 

structure, and herbaceous layer vegetation height will be measured (Symstad et al. 2011); 

however, this protocol was not implemented until 2011. Therefore, measures examined in this 

assessment are ponderosa pine density and distribution, exotic plant density and distribution, 

cottonwood regeneration, and plant species richness. 

DETO is located in two Level III Ecoregions: Northwestern Great Plains and Middle Rockies. 

Because of this, the 545 ha (1,347 ac) park contains a diverse group of plant species typified by 

ponderosa pine woodlands and mixed-grass upland meadows. In addition, some drainages 

support bur oak stands and green ash trees, and a portion of the floodplain of the Belle Fourche 

River within DETO contains cottonwood and willow (Wood and Rew 2005). Park management 

is particularly concerned about the regeneration of cottonwood as well as the persistence of the 

populations of a select list of plant species of special concern identified by Heidel (2008).  

Salas and Pucherelli (1998) define 17 specific vegetation associations in DETO, including two 

forest associations, five woodland associations, eight herbaceous associations (two of which are 

disturbed), and two sparsely vegetated associations (Table 9) (Salas and Pucherelli 1998). The 

two disturbed vegetation associations are unique because one is dominated by nonnative plants 

(Kentucky bluegrass disturbed community) and the other has resulted from extensive prairie dog 

disturbance (prairie dog town) (Salas and Pucherelli 1998). Refer to Appendix A for an area 

representation of each vegetation association within DETO and entire mapped area, plus 

disturbed landcover classes using an Anderson et al. (1976) Level II classification (e.g., 

residential, commercial) and other nonvegetated classes (e.g., bare rock).  
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Table 9. Vegetation associations within DETO. (Salas and Pucherelli 1998) 

Vegetation Associations 

Skunkbush Sumac / Bluebunch Wheatgrass Shrub Herbaceous Alliance 

Silver Sagebrush / Western-Wheat Grass Shrub Herbaceous Vegetation 

Green Ash - American Elm / Wolfberry Forest 

Eastern Cottonwood - Peach Leaf Willow / Narrow-Leaf Willow Woodland 

Little Bluestem - Grama (Side-Oats, Blue) - Threadleaf Sedge Herbaceous Vegetation 

Western-Wheatgrass - Blue Grama - Threadleaf Sedge Herbaceous Vegetation 

Prairie Cordgrass - Three-square Bulrush Herbaceous Vegetation 

Kentucky Bluegrass Disturbed Community 

Ponderosa Pine / Bur Oak Woodland 

Ponderosa Pine / Common Juniper Woodland 

Ponderosa Pine / Little Bluestem Wooded Herbaceous Vegetation 

Ponderosa Pine / Sun Sedge Woodland 

Ponderosa Pine / Oregon Grape Forest 

Ponderosa Pine / Bluebunch Wheatgrass Woodland 

Prairie Dog Town 

Phonolite Porphyry Sparse 

Redbeds Sparse Vegetation 

Measures 

¶ Ponderosa pine density and distribution 

¶ Exotic plant density and distribution 

¶ Cottonwood regeneration 

¶ Plant species richness 

Reference Conditions and Values 

Ponderosa Pine Density and Distribution 

Prefire suppression is the historic reference condition for ponderosa pine density and extent for 

this assessment. Fire suppression began in the area during the late 1800s.  

Measuring the change in historic fire return intervals is one way to discern the changes in 

ponderosa pine density and distribution over the last century. Fire return intervals before 1770 

were between 15 and 27 years (Fisher et al. 1987). From 1770 to approximately 1900, fires set 

by Native Americans reduced this to 8 to 14 years (NPS 2004). Since 1900, the fire return 

interval has increased due to suppression and is now 28 to 42 years (NPS 2004). It is unclear 

exactly what pine density and distribution would have been specifically in DETO with fire 

intervals of 15 to 27 years verses fire intervals of 8 to 14 years. Brown and Cook (2006) 

examined early settlement forest structure in the Black Hills region and provided a description of 

ponderosa pine stand structure, stating that ponderosa pine forests historically consisted of ña 

diverse landscape mosaic that varied from forested patches and open stands of very few large 
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trees to quite dense stands with many treesò (p. 288). The authors also found that most of the 

forest was open, but dense patches were also present, contributing to spatial heterogeneity. 

The increased time between fires has allowed ponderosa pines to expand into adjacent prairie 

plant communities and increase in density. While no precise measures of pine extent and 

densities are available for DETO for the time period before major fire suppression began in the 

late 1800s to early 1900s, a comparison of photographs from 1874 and 1974 reveal ñdramatic 

increases in pine densities and invasion into meadows in the Black Hills over the past 100 yearsò 

(Progulske 1974). In addition to fire suppression and logging, past livestock grazing affected 

pine density because livestock selectively grazed on perennial grasses, allowing a reduction in 

competitive exclusion; this removal of the herbaceous layer represents the loss of fine fuel 

burned by natural frequent low-intensity fire that would kill tree seedlings (Belsky and 

Blumenthal 1997, Covington et al. 1997). 

Nonnative and Invasive Plant Density and Distribution 

The reference condition for this assessment is a historic reference to a landscape prior to the 

introduction of nonnative species. A landscape completely free of nonnative plants is an 

unrealistic expectation for management, although zero nonnative plants can act as a baseline for 

comparison of current conditions and serve as a comparison for future conditions. 

Monitoring and control of nonnative plant species is important because nonnatives can become 

invasive and replace native plant communities. Invasive species will often negatively alter 

wildlife habitat, reduce biological diversity, and alter natural processes such as fire regimes, 

nutrient cycling, hydrology, and successional patterns (NPS 2005). Symstad (2004) states that 

the abundance and diversity of nonnative plant species plants, both absolute and relative to 

native species, is one of the greatest management concerns in nearly all NGPN parks. 

Cottonwood Regeneration 

The historic reference for cottonwood regeneration in DETO is a time before the construction of 

the Keyhole Dam (located 25.7 km [17.8 mi] upstream from DETO) and before cattle and sheep 

grazing in the area. No data or literature sources define the natural variation in regeneration that 

occurred during this time; however, the current average age for cottonwood trees in DETO 

suggest that cottonwoods are failing to produce enough seedlings to replace older trees. 

Plant Species Richness 

For this assessment, the historic reference for plant species richness is also identified as a time 

before cattle and sheep grazing in the area. Although cattle and sheep grazing contributed to 

dramatic shifts in plant species composition over the last century in much of the western United 

States, DETO represents an area where domestic animal use was limited in the past and therefore 

ñmany native species occur in healthy standsò (Redente 1993, p. F-1). The first plant species 

inventory in DETO occurred in 1982 (Marriott 1982). Subsequently, the list of plant species 

known to occur in DETO was reviewed and certified by Hollis Marriott and entered into the 

NPSpecies database. Heidel (2008) found additional plant species in DETO incidental to a 

survey for plant species of concern and suggested that because only a relatively small number of 

additional species were found in the survey, the original species inventory conducted by Hollis 

Marriott (Marriott 1982) was quite rigorous, and that the likelihood of finding many additional 
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species in the future was low. The additions and adjustments to the most recent (2004) certified 

plant list are under review by NGPN staff. 

Data and Methods 

Fire effects monitoring data provide estimates of ponderosa pine density, while distribution 

information comes from the landcover map developed by Salas and Pucherelli (1998). These 

data were not manipulated during analysis. 

Nonnative plant species information from the NGP Exotic Plant Management Team (EPMT) 

provides summary information on control efforts of recent years in DETO. In addition, spatial 

GIS data from the NPS DataStore were exported to Microsoft Excel to summarize total area by 

control type (6). The following spatial file titles, obtained through the NPS DataStore, (no 

metadata available) were used for this summary: ósurvey_2002_2006.shpô, 

mapping_2002_2006.shpô, ómanual_2002_2006.shpô, óchemical_2002_2006.shpô, 

ódeto_chemical_08.shpô, and óbiocontrol_2002_2006.shpô. 

A cottonwood study by Tinker (2008) provides information regarding cottonwood regeneration 

and conditions in DETO. The study examined the feasibility of proposed restoration actions and 

characterized the condition of mature cottonwoods in the Belle Fourche campground in DETO. 

Data collected in DETO as part of a protocol development for sampling herbaceous plant 

communities for various community characteristics (Symstad et al. 2006) provide information 

about plant species richness in some plant communities. Primary data contributing to current 

plant species lists come from Marriott (1982) and Heidel (2008). 

DETO staff, along with seasonal weed crews and the NGP EPMT, conducts nonnative and 

invasive plant control efforts in DETO. Primary data available for this assessment were NPS GIS 

data and NGP EPMT annual reports. The Park staff conducted significant nonnative and invasive 

plant control efforts using integrated pest management strategies, and their control efforts are 

summarized in internal, unpublished annual resource management field season reports. This 

information is not included in this assessment because the data are currently not summarized. 

Current Condition and Trend 

Ponderosa Pine Density and Distribution 

Historically, frequent, low-intensity fires acted as a community maintenance process, helping to 

shape the landscape and local ecosystems. Recognizing that ñprescribed fire is essential to 

restore the natural scene,ò the goal of current fire management is to restore fire to DETOôs 

ecosystems where possible through prescribed fires (NPS 2005). However, ñpeople, modern-day 

human developments, and cultural and historic resources in and adjacent to DETO require that 

the protection of life and property be primaryò (NPS 2004, p. 4ï5). 

Vegetation monitoring following prescribed fires examines percent change in grass cover, fuel 

load, stand structure, species richness, shrub density, and native versus nonnative relative cover 

on permanent plots within DETO (NPS 2004). The DETO Fire Management Plan states that 

current densities indicate a need to reduce overstory ponderosa pine. The plan also contains five 

key goals regarding desired future conditions at DETO: 
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¶ fuel load levels consistent with low intensity fires 

¶ open-canopy ponderosa pine stands with overstory (dbh > 15cm) tree density in a range 

of 150 to 250 stems/ha (60 to 100 stems/ac) for ponderosa pine/mixedïgrass savanna, and 

in a range of 200 to 350 stems/ha (80 to 140 stems/ac) for ponderosa pine forest 

¶ nonnative plant cover reduction with a relative increase in the native plant cover of 

grasses and forbs 

¶ meadow and forest areas in various diverse stages of development 

¶ mosaic within stands of ponderosa pines promoting habitat diversity (NPS 2004) 

The current extent of ponderosa pine is best illustrated in a map developed by Salas and 

Pucherelli (1998). The authorsô map represents the most current land cover/use map of DETO 

(Plate 10).  

Salas and Pucherelli (1998) provide estimates of ponderosa pine density (Table 10). Presumably, 

these densities are estimated tree canopy densities, conducted thorough aerial photography 

interpretation and ground-truthing during the mapping process. More precise measurements of 

ponderosa pine density, measured as stems per acre or trees per acre by dbh size class, come 

from fire effects monitoring via permanent plots across DETO. 

Table 10. Area of ponderosa associations by canopy density categories in DETO. From spatial data in 
(Salas and Pucherelli 1998) 

Association  

 Ponderosa Pine Canopy Density Category*  

Area 0 1 2 3 4 Totals 

Ponderosa Pine Complex 1 ha - 17.6 87.3 72.5 - 96.5 

ac - 43.6 215.7 179.2 - 238.4 

Ponderosa Pine Complex 2 ha 56.3 24.4 - - - 80.7 

ac 139.1 60.4 - - - 199.5 

Ponderosa Pine / Burr Oak Woodland ha - 28.2 - - - 28.2 

ac - 69.7 - - - 69.7 

Ponderosa Pine / Common Juniper Woodland ha  4.8    4.8 

ac - 11.8 - - - 11.8 

Totals: ha 56.3 57.4 87.3 72.5 - 384.9 

 ac 139.1 141.9 215.7 179.2 - 951.1 

*Density: 0 = undefined, 1 = closed continuous (>60%), 2 = discontinuous (40-60%), 3 = dispersed (25 to 40%), 4 = 
sparse (10-25%) 

Fire effects monitoring plot data indicate that prescribed fire is successfully decreasing the basal 

area and tree density (stems/ac) of ponderosa pine forests in DETO, especially smaller overstory 

trees, generally 2̓5.4 cm (10 inches) dbh (Figure 5 and Figure 6). A 34% decrease in density 

was realized for all trees at one year post-burn, with most of the mortality occurring in the 2.5 to 

10.1 cm (1 to 4 inch) and 10.1 to 15.2 cm (4 to 6 inch) dbh classes. This is reducing canopy 

densities to mimic historical stand structure, set by the Fire Management Plan (NPS 2004). 
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Figure 5. Mean ponderosa pine densities (stems/ac) by size class for seven fire monitoring plots: pre-
burn and 1, 2, and 5 years post-burn located in DETO. Note the size classes (in) displayed represent the 
mean of the size class range (e.g., 5 inches falls within the 4ï6 inch size class). 

 

Figure 6. Mean basal areas of ponderosa pines by size class for seven fire monitoring plots: pre-burn 
and 1, 2, and 5 year post-burn located in DETO. Note the size classes (in) displayed represent the mean 
of the size class range (e.g., 5 inches falls within the 4ï6 inch size class). 
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Plant Species Richness 

Plant species richness is a descriptive measure of plant community composition, usually 

measured on a plot sample basis, where more species present in a sample indicates higher species 

richness. Existing data available for this assessment do not allow calculation of species richness 

on a community basis. The NGPN recognizes plant community composition as one of its Vital 

Signs and is in the process of implementing a monitoring protocol, starting in 2011; plots will  be 

read in summer 2011. As part of protocol development, Symstad et al. (2006) compared two 

methods of vegetation sampling in NPS units to determine an effective sampling strategy for 

assessing herbaceous plant community composition. One of the main objectives of this research 

was to determine the number of subsamples necessary to adequately measure site parameters 

such as native species cover, nonnative species cover, and native species richness. The 

researchers examined sites in the following vegetation types in DETO: prairie dog town, 

ponderosa pine forest/woodland, and riparian forest. Appendix B presents means and ranges of 

percent cover and species richness for the vegetation types sampled in DETO (Symstad et al. 

2006). For more information on other vegetation types examined in the various NGPN park units 

refer to Appendix C. 

According to the certified plant list for DETO, 376 species are present in the park, 46 probably 

present in the park, and 41 unconfirmed species in park (NPS 2007b). Nonnative plant species 

(49 total) represent 12.5% of the total species present in the park. However, 24 native and 22 

nonnative plant species are considered probably present in park. There are 30 native species, 5 

nonnative species and 6 species of unknown nativity unconfirmed in the park. NGPN staff is in 

the process of making some adjustments and additions to the plant species. Ten additional 

species found during a survey for plant species of concern (Heidel 2008) are in the process of 

being certified, and other speciesô statuses may change from unconfirmed to present in park and 

from probably present in park to present in park.  

Heidel (2008) originally conducted a botanical survey to locate plant species of special concern 

on the Wyoming state species of concern list in DETO (Table 11). The surveys found four of the 

targeted species and added one other species of concern not originally targeted, rabbit tobacco 

(Filago prolifera). During the survey for the species of special concern, Heidel (2008) found 12 

additional species. Heidel (2008) suggests that DETO contains ñan exceptionally rich flora that 

complements its recognition as a national monumentò (p. 11). DETO contained 59.6% of the 

1,023 species known from Crook County, Wyoming, in 2001. The author also suggests that the 

eight target species of concern represent ñpotentially vulnerable components of its floraò and that 

failure to relocate two species, prairie violet (Viola pedatifida) and whorled milkweed (Asclepias 

verticillata) ñis significantò (Heidel 2008). Prairie violet may have been eliminated from its 

original DETO location by encroachment of leafy spurge, natural succession, or management 

efforts such as chemical herbicide spot treatments (Heidel 2008). 
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Table 11. Plant species of special concern at DETO. (Reproduced from Heidel 2008). This includes both Heidel (2008) targeted species and 
previous target species. 

Scientific 
Name Common Name Tracked

1
 Relocated 

Heritage 
Rank 

Fed. 
Status County(s) Managed Area 

Asclepias 
verticillata  

Whorled milkweed  Yes  No  G5/S1  None  Crook  DETO  

Carex emoryi  Emoryôs sedge  Yes  Yes  G5/S1  None  Crook, Goshen, Platte?  DETO Fort Laramie NM, 
Rawhide Wildlife 
Management Area  

Dichanthelium 
wilcoxianum  

Wilcoxôs panic grass   No  NA  G5/S2  None  Crook, Weston  Black Hills National Forest, 
DETO, Newcastle BLM 

Elymus 
villosus  

Hairy wild-rye  Yes  Yes  G5/S1  None  Crook  Black Hills NF, DETO, 
Newcastle BLM 

Filago prolifera  Rabbit tobacco  Yes  Yes -New  G5/S1  None  Crook, Natrona Platte  DETO  

Glandularia 
bipinnatifida  

Dakota vervain  Yes  Yes  G5/S1  None  Crook, Fremont  DETO  

Helianthemum 
bicknellii  

Plains frostweed  Yes  Yes  G5/S1  None  Crook  Black Hills National Forest, 
DETO, Newcastle BLM 

Oenothera 
laciniata  

Cut-leaved evening-
primrose  

Yes  Yes  G5/S1  None  Campbell, Crook  Black Hills NF, DETO 

Verbesina 
encelioides  

Cowpen crownbeard No  NA  G5/S2  None  Albany, Campbell, 
Converse, Crook Goshen, 
Platte, Sweetwater 

  

Viola 
pedatifida  

Prairie violet  Yes  No  G5/S1  None  Crook  Black Hills National Forest, 
DETO, Newcastle BLM?  

1
 Plant species that are currently tracked as species of concern (Heidel 2007) are indicated by ñYesò in the ñTrackedòô column. 

Heritage Rank Codes and definitions  
C - uncommon; apparently secure in state but warrants monitoring; may be localized or declining. (1986) 
U - status undetermined; possible rare, declining or extirpated in state; more information needed. (1986) 
(p) - peripheral: a species whose occurrence in SD represents the edge of its natural range. (1986) 
S3 -  vulnerable - Vulnerable in the nation or state due to a restricted range, relatively few populations (often 80 or fewer), recent and widespread declines, or 

other factors making it vulnerable to extirpation. 
S4 ï Apparently secure (2011) 
SNR ï not ranked by state (2011) 

G5 - Demonstrably secure, though it may be quite rare in parts of its range, especially at the periphery All species ranked S1 are known from 5 or fewer extant, well-
documented occurrences and are potentially vulnerable in the state. 
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The abundance and diversity of nonnative plants (both absolute and relative to native species) 

relate to plant species richness and are discussed in the ñNonnative plant density and 

distributionò section (see below). The increase in the abundance and diversity of nonnative plants 

affect plant species richness, initially creating a biased or misrepresented overall richness of the 

native plant community. 

Nonnative Plant Density and Distribution 

The overall density of nonnative invasive plants was categorized primarily as light density (25 to 

50% cover) during NGP EPMT fieldwork in 2008 (NPS 2008). However, some species were 

widely distributed across DETO. Wood and Rew (2005) surveyed 420 ha (1,039 ac) (77% of 

DETO) in 2003 and found that 59 to 67% of the surveyed area was infested with at least one, 

sometimes several, targeted nonnative species (Table 12). A list of targeted species as 

categorized by Wood and Rew (2005) is highlighted in Appendix D. 

Table 12. Land area surveyed, infested, and uninfested with at least one of the eight targeted nonnative 
plant species in DETO. (Wood and Rew 2005) 

  
Estimated ha (ac) Estimated ha (ac) low* 

Estimated ha (ac) 
high* 

Survey area 529.7 (1,308.9) -- -- 

Cumulative infested area 504.4 (1,246.3) 375.0 (962.7) 652.4 (1,612.2) 

Total infested area 333.7 (824.7) 313.6 (774.9) 354.4 (875.8) 

Uninfested area 196.0 (484.3) 216.1 (534.0) 175.3 (433.1) 

*Low and high ranges are based on standard error calculations, accounting for potential uncertainty in area 
associated with mapping. The original data were reported in acres; hectares added and rounded to the 
nearest tenth ha. 

According to the NGP EPMT, the highest priority nonnative species for control in 2008 in 

DETO were leafy spurge, Canada thistle (Cirsium arvense), houndstongue (Cynoglossum 

officinale), common mullein (Verbascum thapsus), Russian thistle (Salsola tragus), biennial 

thistles [Scotch thistle (Onopordum acanthium) and musk thistle (Carduus nutans)], bull thistle 

(Cirsium vulgare), cheatgrass (Bromus tectorum), smooth brome (Bromus inermis), Kentucky 

bluegrass, and tumbling mustard (Sisymbrium altissimum L.) (NPS 2008). Wood and Rew 

(2005) found extensive areas of leafy spurge and houndstongue as well as other widespread 

nonnative species including cheatgrass, Canada thistle, and smooth brome (Table 13).  
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Table 13. Nonnative plant composition of survey area in DETO. (Wood and Rew 2005) 

Species (scientific) Species (common) 
Estimated ha 

(ac) 
Estimated ha 
(ac) Low

1
 

Estimated ha 
(ac) High

1
 

Bromus inermis smooth brome  13.3 (32.8) 7.3 (18.0) 22.2 (54.8) 

Bromus tectorum and B. 
japonicus 

cheat grass and 
Japanese brome 

104.5 (258.2) 84.1 (207.8) 131.3 (324.5) 

*Carduus nutans musk thistle 1.7 (4.2) 1.1 (2.8) 2.8 (6.9) 

*Cirsium arvense Canada thistle 23.5 (58.1) 15.0 (37.1) 34.9 (86.3) 

Cirsium vulgare bull thistle 0.2 (0.4) 0.2 (0.4) 0.2 (0.5) 

*Cynoglossum officinale houndstongue 50.0 (123.5) 29.9 (73.8) 77.1 (190.5) 

Euphorbia esula leafy spurge 281.8 (696.8) 229.9 (568.5) 344.7 (852.4) 

*Onopordum acanthium scotch thistle 0.3 (0.7) 0.3 (0.7) 0.3 (0.7) 

Salsola tragus Russian thistle 0.0 (0.1) 0.0 (0.1) 0.0 (0.1) 

Verbascum thapsus common mullein 28.9 (71.5) 21.6 (53.4) 38.5 (95.2) 

Totals: 504.2 (1,243.3) 389.4 (926.7) 652.1 (1,612.2) 

*Currently on the State of Wyoming Designated Noxious Weeds List.  
1Low and high ranges are based on standard error calculations, accounting for potential uncertainty in area 

associated with mapping. The original data were in acres and were converted to hectares rounding up to the 
nearest tenth ha. 

In 2009, the NGP EPMT inventoried 53.9 ha (133 ac) and along with park resource staff sprayed 

14.2 ha (35 ac) of leafy spurge at DETO, focusing efforts along the Belle Fourche River, the 

campground, and along the road to the maintenance shop (NPS 2009). NPS (2009) noted that the 

area had significantly reduced densities of mature leafy spurge plants along the riparian area 

compared with the past several years. Then, in 2010, the NGP EPMT and a crew from the 

Conservation Corps of Minnesota treated over 43.7 ha (108 ac) of leafy spurge and cheatgrass 

(NPS 2010) on the same areas as the 2009 inventory and treatment and also along the Tower 

Trail. 

A total of 376 plant species have been certified as present in the park (NPS 2004). Of this total, 

49 plant species are nonnative (13% of the total species). However, many are unconfirmed 

species and species considered probably present in the most recent certified plant list for DETO. 

There are 5 nonnative and 30 native unconfirmed plant species and 22 nonnative and 24 native 

species considered probably present. Adding the number of the probably present and 

unconfirmed species to the number of species present in park, there are 76 nonnative species 

(17% of the total 456 species) and 380 native species (83% of the total 456 species). DETO 

management considers 12 of the nonnative plant species found in the monument to be 

management priority species; all except common burdock (Arctium minus) are considered weedy 

(i.e., invasive; Table 14) (NPS 2010).  

DETO managers utilize multiple methods to treat nonnative, invasive plants, including chemical, 

biological, manual, and cultural controls (NPS 2004). Biological controls began in 1998 with the 

release of flea beetles (Aphthona spp.) over several years to control leafy spurge. In 2002 and 

2003, more than one million beetles were released each year. Chemical spray treatments began in 

2000 and continue today along with manual and mechanical treatments (Table 14). DETO 
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resource staff and seasonal weed crews also treated areas with fire, chemical, mechanical, and 

biological methods; these data are not reflected Table 14. 

Table 14. Area of invasive plant survey and control treatments in DETO, 2000ï2010 (years 2000ï2008 
GIS data from NPS data store, 2009 from NPS 2009, 2010 from NPS 2010). 

Year 
Surveyed area ha 

(ac) 

Hectares (ac) by control measure % of Area 
Treated vs. 
Surveyed* Biological Manual Chemical Total 

2000 unknown -- -- 28 (70) 28 (70) -- 

2001 -- -- -- -- -- -- 

2002 80 (197) 23 (57) -- 32 (79) 55 (136) 69 

2003 119 (295) 21 (53) 0.4 (1) 160 (395) 182 (449) 152 

2004 247 (610) -- -- 150 (370) 150 (370) 61 

2005 154 (380) -- 39 (96) 78 (192) 116 (288) 76 

2006 303 (748) -- 4 (10) 116 (287) 120 (297) 40 

2007 -- -- -- -- -- -- 

2008 225 (556) -- -- 48 (118) 48 (118) 21 

2009 54 (133) -- -- 14 (35) 14 (35) 26 

2010 89 (221) -- -- 44 (108) 44 (108) 49 

*Some areas receive multiple control methods, therefore this number may exceed 100% in years 
where multiple treatment methods were employed. Note: ñunknownò refers to evidence that some 
unknown acreage of control or survey activity occurred that year and a dash (--) indicates that no 
activity occurred that year as indicated by data. 

A majority of the 48 ha (118 ac) was treated with chemicals in 2008 to target leafy spurge (Table 

15). In 2009, the NGP EPMT and DETO staff focused all of its efforts on leafy spurge, spraying 

plants along the eastern side of the Belle Fourche River, the campground, and along the road to 

the maintenance shop (NPS 2009). In 2009, the NGP EPMT noted a significant reduction in 

mature plant densities along the riparian area. In 2010, more than 43 ha (106 ac) of leafy spurge 

were treated by NGP EPMT. DETO resource staff and seasonal weed crews also treated a large 

area of invasive plants in 2010(302 ha [748 ac]). These efforts were primarily treatments of leafy 

spurge using chemicals but also included mechanical removal, biological introductions, and the 

introduction of fire for other invasive plants species in DETO. In addition, DETO staff focused 

on Canada thistle, hounds tongue, common mullein, bull thistle, and musk thistle along roads, 

trails, riparian areas, and heavily used areas. 
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Table 15. Area of chemically treated nonnative plants by species and density. (NPS 2008). 

 
 Density 

 

Nonnative species 
 Trace 

(0-25%) 
Light      

(25-50%) 
Moderate 
(50-75%) 

Heavy     
(75-100%) 

Total 

bull thistle 
ha 0.002 0.004 -- -- 0.004 

ac 0.006 0.011 -- -- 0.011 

Canada thistle 
ha -- -- 0.019 0.015 0.033 

ac -- -- 0.047 0.037 0.084 

common mullein 
ha 0.006 -- 0.005 -- 0.038 

ac 0.006 -- 0.012 -- 0.094 

houndstongue 
ha 0.010 0.002 0.072 0.075 0.148 

ac 0.024 0.004 0.178 0.183 0.365 

leafy spurge 
ha 1.444 45.030 1.224 0.027 46.281 

ac 3.569 111.272 3.024 0.067 114.363 

Scotch thistle 
ha 0.005 -- -- -- 0.005 

ac 0.012 -- -- -- 0.012 

Totals: ha 1.464 45.036 1.320 0.116 46.510 

 ac 3.617 111.287 3.261 0.286 207.948 

Leafy spurge was first documented in Massachusetts in 1827 and then made its way to Wyoming 

circa the 1970s (Anderson et al. 2000). One of the most abundant invasive species in the 

Northern Great Plains, it creates dense stands that displace native plants (Anderson et al. 2000). 

Anderson et al. (2000) state that ñLeafy spurge will never go away in the U.S.ò and ñthe best we 

can hope to do is reduce its impact below ecologically and economically significant levelsò (p. 

10). However, the authors suggest that a broad set of measures, including biological, ecological, 

scientific, economic, political, and social, can define control success, and the most success will 

be obtained by using biologically based, integrated pest management (IPM) strategies. 

In July 1999, researchers examined hyperspectral images to detect areas of leafy spurge in 

DETO (Parker, Willi ams, and Hunt 2004). Jay et al. (2009) suggest that low cost hyperspectral 

image analysis techniques are promising in the detection (remote sensing) of invasive species. 

Cottonwood Regeneration 

Tinker (2008) conducted a study to assess the current condition of riparian areas in DETO, 

specifically focusing on the regeneration of the native plains cottonwood. The author examined 

152 cottonwoods in the campground area of DETO. Core samples were taken from 59 mature 

trees, but only 21 cores were free enough from rot to measure tree age. Tinker (2008) found the 

average tree age was 112 years, and 14 trees were older than 100 (range 51 to 209). Tinker 

(2008) concluded that, with this high average age and the amount of core rot, many of the trees 

in the campground ñmay die in the near futureò (Tinker 2008, p. 8). The author also categorized 

the condition of the trees using classes one (best) to three (worst) (Table 16). The majority of 

trees, 74%, were determined to be in class two, 15% were categorized as class one, and 11% 

categorized as class three. 
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Table 16. Tree condition ranking criteria for each mature cottonwood tree measured in the Belle Fourche 
Campground. Trees ranked as condition class 1 were considered to be in the best condition, those 
ranked as class 3 were considered to be in the worst condition. (Tinker 2008) 

Tree condition Branching pattern Crown depth Crown width 

1 Complex >50% of tree height >75% of tree height 

2 Moderate 25ï50% of tree height 50ï75% of tree height 

3 Minimal <25% of tree height <50% of tree height 

Planting efforts to increase cottonwood abundance along the Belle Fourche River have been 

mostly unsuccessful. Tinker (2008) noted that plantings of seedling and sapling sized trees 

outside the floodplain may not have enough subsurface water to develop, and other trees planted 

in the floodplain were not sufficiently enclosed to prevent browsing and experienced high 

nonnative plant competition. 

Threats and Stressor Factors 

Ponderosa pine density and distribution increased directly due to years of fire suppression and 

indirectly due to past cattle and sheep grazing in the area. In addition to these broad plant 

community changes, high tree stocking levels and high stand density indexes of ponderosa pines 

(especially larger diameter trees) are of concern because they reduce tree vigor (Negrón and 

Popp 2004). The reduced tree vigor creates an opportune situation for insect development and 

spread, specifically increasing the potential for higher levels of tree mortality caused by bark 

beetles (Dendroctonus spp.) (Negrón and Popp 2004). Today, managers using prescribed burns 

seek to mimic natural forest and prairie fire regimes, keeping the ponderosa pine expansion in 

check over time and reducing the risk of broad insect infestations, such as those caused by bark 

beetles. 

Cottonwood regeneration is nearly nonexistent along the Belle Fourche River in DETO. A large 

earthen dam constructed on the Belle Fourche River in 1950ï1952 created the 9,000-acre 

Keyhole Reservoir approximately 30 km upstream of DETO (Bureau of Reclamation 2010). This 

changed the Belle Fourche River's hydrograph, suppressing high-water events that cottonwood 

trees rely on for new seedling establishment (Tinker 2008). In addition, Tinker (2008) 

determined that some natural factors, such as periods of drought and river channel movement 

over time, may be limiting cottonwood regeneration in DETO. Drought inhibits the ability of 

cottonwoods to regenerate, and river channel movement removes current stands from areas 

where flooding could occur, subsequently leaving established trees without access to high water 

tables found within current floodplains (Tinker 2008). 

Nonnative plants, particularly invasives, are stressors to native plant communities. Nonnatives 

replace native species and thereby alter community composition and diversity (taxonomic and 

genetic), vegetation structure, fuel dynamics, and, therefore, fire regime. Given the current suite 

of invasive species and native vegetation at DETO, the effect of invasive species on native plant 

communities is more likely due to changes in community composition and diversity rather than 

the others. 
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Data Needs and Gaps 

Species richness at a plot scale is a parameter that will be measured as part of an herbaceous 

plant community composition monitoring protocol by the NGPN. However, this protocol is in its 

early stages of implementation, with plots being read starting in summer 2011. Existing data do 

not indicate whether richness is increasing, decreasing, or stable, or indicate the suitable 

reference condition for this parameter.  

DETO has an ongoing program attempting to replace large stands of nonnative grasses 

(especially smooth brome) with native species via prairie plantings. An assessment or reporting 

of the results of various efforts, including those recommended by Redente (1993), will help 

create a better understanding of condition of native plant communities and future restoration 

activities to engage in by DETO resource management. 

In 2003, Wood and Rew (2005) noted extensive infestations of annual brome grasses and 

houndstongue in their 2003 survey; although houndstongue is treated by management practices, 

no management currently targets annual brome grasses. Most effort, in terms of inventory and 

control is focused on highly invasive, nonnative plant species, while other species are not treated 

or inventoried. Therefore, the relative density and diversity of nonnative plants is not understood 

across the landscape.  

Overall Condition 

Ponderosa pine conditions (density and distribution) are of low to moderate concern in the park 

primarily because dramatic changes have been observed in ponderosa pine densities and 

landscape coverage from 1874 to 1974 in the Black Hills (Progulske 1974). McAdams (1995) 

showed that trees 1 to 20 cm (0.4 to 7.9 inches) diameter increased in density and basal area in 

Black Hills forests from 1874 to 1995. Specific historic measurements of pine density and extent 

are uncalculated within DETO, so quantitative comparison is not possible. Efforts to reduce 

overstory ponderosa pine density are ongoing, primarily with the use of prescribed fires and 

some mechanical thinning. Fire effects monitoring indicate that prescribed fires have reduced 

density and basal area of trees in smaller diameter classes (generally 2̓5.4 cm [10 inches] dbh), 

but they have had little effect on overstory density. Based on rough canopy density 

categorization by the mapping unit in Salas and Pucherelli (1998), approximately 17 ha (43 ac), 

or 41%, of the ponderosa pine forest is considered to be a closed canopy. However, a significant 

portion of the ponderosa pine map units in Salas and Pucherelli (1998) have an undefined canopy 

density (Plate 10), thereby complicating the assessment of pine densities compared to reference 

condition. 

Symstad and Bynum (2007) provide a comparison of 1900 Black Hills forest structure across a 

wide range of locations with recent (2004) stand structure measured in stand level examinations 

in Mount Rushmore National Monument. Symstad and Bynum (2007, Figure 3) provide tree 

density by diameter class from Brown and Cookôs (2006) 1900 Black Hills information. The 

density of trees in various size classes described by the fire effects monitoring data (Figure 5) 

appears to be roughly similar to that of the historic (pre-fire-suppression) forest structure 

displayed by these data. This may suggest that current DETO forest structure, at least in areas 

that have had prescribed fire treatments, may be similar to historic forest structure used as the 

reference condition for this assessment. 
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The condition of plant species richness across DETO is unknown, given limited park-wide data. 

Also, many species on the currently list of native and nonnative plants are considered probably 

present or unconfirmed, complicating the understanding of current plant species richness across 

the monument. However, an indication of species richness in DETO is provided in Heidel (2008) 

with a statement that DETO ñhas an exceptionally rich flora.ò  

The condition of nonnative plant species density and distribution is of moderate concern. While a 

return to a landscape completely free of nonnative plant species in DETO is an unrealistic 

expectation, invasive nonnative plant control efforts continue every season. Eleven nonnative 

species are considered to be weedy by DETO resource management (NPS 2010). Leafy spurge is 

currently the most widespread and significant invasive plant in DETO, based on the relative 

number of acres where it is found and the number of acres treated with biological, chemical, and 

manual methods. The NGP EPMT noted significant declines in mature leafy spurge plants in the 

riparian areas of the DETO during 2009 (NPS 2009), and in 2010 a significant area (ι100 ac) of 

leafy spurge was chemically treated. However, evidence for reductions of other nonnative 

invasive species is scarce. Heidel (2008) believes the expansion of leafy spurge in DETO is one 

possible reason for not finding (relocating) prairie violet, a species of special concern in DETO.  

According to the most recent certified plant list for DETO, 49 nonnative species of the total 376 

plant species are considered present in park (NPS 2007b); 24 native and 22 nonnative plant 

species are considered probably present in park (NPS 2007b); and 30 native species, 5 nonnative 

species, and 6 species of unknown nativity are unconfirmed in the park (NPS 2007b). Finally, 5 

nonnative species and 9 unknown nativity species are considered false reports or historic species 

(NPS 2007b). NGPN staff is in the process of making adjustments and additions to the plant 

species. Ten additional species are in the process of being certified, and park statuses of other 

species may change from unconfirmed to present in park and from probably present in park to 

present in park.  

The condition of cottonwood habitat in DETO based on cottonwood regeneration is a significant 

concern in DETO. Regeneration is nearly nonexistent in and around the campground areas of the 

monument (along the Belle Fourche River). Most of the cottonwoods are very old; recent 

examination by Tinker (2008) indicated an average age of 112 years, with many trees having 

moderate or advanced rot in core samples. Restoration efforts have largely failed in past years, 

and Tinker (2008) recommends that future restoration efforts include planting trees within the 

existing floodplain of the river, watering them for the first 3 to 4 years, removing nonnative plant 

species (especially leafy spurge), reducing damage and mortality by animal browsing by 

installing tall exclosures, and potentially monitoring residual levels of Tordon® in the soil. 

Sources of Expertise 

Mark Biel, DETO Chief of Resource Management 
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Plate 10. Pondera pine extent and density (estimated canopy density) (Salas and Pucherelli 1998). 
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4.3 Prairie Falcon  

Description 

The prairie falcon is a medium-sized, migrating raptor. In Wyoming, this species nests in April 

with clutch sizes of four to five. Incubation is roughly 1 month, mostly conducted by the female; 

males gather food. At DETO, falcons nest on ledges or in crevasses on Devils Tower, with no 

affinity to aspect. They also nest in the sandstone cliffs around the base of Devils Tower. 

Measures 

¶ Changes in nesting activities  

¶ Nesting success and/or population status 

Reference Conditions and Values 

The reference condition for prairie falcons within DETO is successful nesting and fledging. The 

extent of prairie falcon use at DETO prior to settlement in the area is unknown. 

Data and Methods 

DETO staff provided the literature for this assessment, although sources were limited. No 

datasets were available regarding this species. Expert knowledge was used to supplement the 

data and literature deficiency for this species. 

Current Condition and Trend 

Nesting and Population Status 

Devils Tower is likely one of the prime nesting locations for prairie falcons in the area (Panjabi 

2005). Climbing routes in the immediate vicinity of the active nest on Devils Tower are closed 

during the nesting season to protect the nesting falcons as well as to protect climbers that may 

venture too close to the nest, as the falcons are known to aggressively dive and attack to protect 

their site. Britten (1993) noted that the earliest record of prairie falcons nesting on Devils Tower 

was 1972 or 1973. Between 1972 and 2005, various records indicate prairie falcon nesting at 

Devils Tower (Britten 1993). Since 2005, one prairie falcon nest has been confirmed at DETO 

each year (M. Biel, pers. comm., 2010). 

Threats and Stressor Factors 

Land cover change, development, and increased recreational use stress prairie falcons both 

locally and range-wide. Disturbance is a stressor that specifically applies to DETO. As 

mentioned previously, DETO staff alleviates disturbance by closing specific climbing routes near 

active nest sites. However, people using hiking trails around DETO on a daily basis may have 

some effect. 

Data Needs and Gaps 

Because prairie falcon use at DETO is minimal, there are few data needs. Examining the 

relationship between human presence and prairie falcon nesting habits could help develop ideas 

to encourage expanded nesting use and improve the parkôs ability to co-manage recreation and 

resource needs in the future.  
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Overall Condition 

Prairie falcon nesting at DETO is minimal, but one nesting pair has been documented each year 

since 2005. How this compares to historical use is unclear. Panjabi (2005) suggests that DETO is 

prime nesting habitat for the geographical area and the limited use is discouraging. However, it is 

unknown if Devils Tower is large enough to support more than one nesting pair of prairie falcons 

per breeding season (M. Biel, pers. comm., 2010). 

Sources of Expertise 

Mark Biel, DETO Chief of Resource Management 
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4.4 Birds 
Description 

Bird populations often act as excellent indicators of an ecosystemôs health (Morrison 1986, Hutto 

1998, NABCI 2009). Birds are typically easy to observe and identify, and bird communities 

often reflect the abundance and distribution of other organisms with which they exist (Blakesley 

et al. 2010). The 545 ha (1,347 ac) of DETO are covered with pine forests, woodlands, 

grasslands, prairie dog towns, and the 386 m (1,267 ft) tall Devils Tower (NPS 2010). This 

gradient of habitats and landforms across the park provide the birds of DETO with several 

unique niches. Monitoring avian population health and diversity in these habitats will be 

important for detecting ecosystem change. 

Measures 

¶ Species richness 

¶ Density 

¶ Abundance 

Reference Conditions and Values 

Reference condition for DETO birds is defined as the current diversity, richness, and 

distribution.  

Data and Methods 

The NPS Certified Species List for DETO (available online through NPSpecies, NPS 2007) was 

used for this assessment. Limited northern goshawk (Accipiter gentilis) data for this assessment 

were also provided by Mark Biel, DETO Chief of Resource Management.  

Rocky Mountain Bird Observatory (RMBO) Monitoring  

From 2002 to 2004, RMBO staff established a 6-point transect in a ponderosa pine forest along 

Tower Trail to determine density estimates for trend monitoring in DETO (Panjabi 2005). In 

2003, this transect was reconfigured and extended to 15 points. The transect started at the 

northwest corner of the park and systematically covered the pine forest habitat, making frequent 

turns to survey the forest irrespective of roads and trails (Panjabi 2005). 

Current Condition and Trend 

Species Richness 

Currently, there are no data regarding species richness in DETO. Without established annual 

surveys and monitoring programs this measure cannot be described. 

Species of Conservation Concern 

The Wyoming Partners in Flight (PIF) developed the current list of priority bird species in the 

state based on a combination of criteria in the national PIF priority database (Carter et al. 1997). 

A Level I Priority Species is defined by Nicholoff (2003) as a species that 

éclearly needs conservation action. Declining population trend and/or habitat loss may 

be significant. Includes species of which Wyoming has a high percentage of and 
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responsibility for the breeding population, monitoring, and the need for additional 

knowledge through research into basic natural history, distribution, etc. 

In DETO, there are five level I Priority Species confirmed in the park (Table 17). 

The Wyoming Natural Diversity Database (WYNDD) (Keinath et al. 2003) also developed a list 

of animal species of concern in Wyoming. This list summarized information on species in 

Wyoming that are rare, endemic, disjunct, threatened, or otherwise biologically sensitive 

(WYNDD 2008). In DETO, six species are listed on the WYNDD species of concern list (Table 

17). 

Beginning in 1991, PIF began assessing species to provide consistent, scientific evaluations of 

conservation status across all bird species (RMBO 2005). The assessments look at a speciesô 

population size, distribution, population trend, threats, and regional abundance to generate 

numerical scores that rank the species in terms of its biological vulnerability and regional status. 

The RMBO maintains PIF assessment data and organizes the species on a geographic scale using 

Bird Conservation Regions (BCRs), the accepted planning unit for updated regional bird 

conservation assessments under the North American Bird Conservation Initiative (NABCI) 

(RMBO 2005). DETO is part of BCR 17 (The Badlands and Prairies), and 16 species are listed 

by the PIF as Species of Regional Importance (Table 17). 

Table 17. Status designation for bird species of conservation concern confirmed in DETO. 

Species Level I
 1
 WYNDD SC 

2
 PIF SRI 

3
 

Northern goshawk x x x 

Golden eagle 
  

x 

Swainson's hawk x 
 

x 

Northern harrier 
  

x 

Bald eagle x x 
 

White-throated swift 
  

x 

Pinyon jay 
  

x 

Black-billed magpie 
  

x 

Peregrine falcon x x 
 

Vesper sparrow 
  

x 

Western meadowlark 
  

x 

Northern rough-winged swallow 
  

x 

Mountain bluebird 
  

x 

Sharp-tailed grouse x 
 

x 

Red-headed woodpecker 
  

x 

Lewis's woodpecker 
 

x x 

Black-backed woodpecker 
 

x x 

Three-toed woodpecker 
 

x 
 

Say's phoebe     x 

1
 Level 1 = Wyoming Partners in Flight Level 1 Priority Species (Nicholoff 2003) 

 2
 WYNDD SC = Wyoming Natural Diversity Database Species of Concern (Keinath et al. 2003) 

 3
 PIF SRI = Partners in Flight Species of Regional Importance (http://www.rmbo.org) 
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Species of Management Concern 

As described in the NPS Certified Species List, only the prairie falcon is a primary management 

concern for DETO. At DETO, falcons nest on ledges or in crevasses on Devils Tower, with no 

affinity to aspect. They also nest in the sandstone cliffs around the base of the Tower.  

Climbing routes in the immediate vicinity of the active nest on Devils Tower are closed during 

the nesting season to protect the nesting falcons as well as to protect climbers that may venture 

too close to the nest because the falcons are known to aggressively dive and attack to protect 

their site. Since 2005, one prairie falcon nest has been confirmed at DETO each year; prior to 

2005, reports of prairie falcon nesting are sparse (M. Biel, pers. comm. 2010). 

Density 

RMBO staff used point-transect survey routes during three annual surveys from 2002 through 

2004 to estimate density of birds in DETO (Panjabi 2005). Of the 65 species detected, three 

species were observed frequently enough to generate estimates of density for trend monitoring 

(Panjabi 2005). Number of observed birds per year ranged from 104 to 209 individuals. This 

large fluctuation in recorded number of birds is likely due to the reconfiguring of routes in 2003 

to accommodate for more off-trail survey transects (Table 18). 

Table 18. Density estimates for three DETO bird species during RMBO bird surveys from 2002ï2004 
(Panjabi 2005). 

Species Year 
Density Estimate 

(birds/ha) 

American robin 2002 1.00 

(Turdus migratorius) 2003 1.14 

 
2004 1.31 

Yellow-rumped warbler 2002 0.34 

(Dendroica coronata) 2003 0.47 

 
2004 0.54 

Chipping sparrow 2002 0.23 

(Spizella passerina) 2003 0.59 

 
2004 0.55 

All birds 2002 7.98 

 
2003 6.48 

  2004 8.48 

Determining trends in density patterns is difficult because surveys only occurred once a year for 

3 years. However, the average annual density of all breeding birds combined provides an index 

for monitoring the overall health of the avifauna at DETO. The estimates gathered by RMBO 

suggested that 12 to 14 years of annual sampling should be adequate to identify discernable 

trends in species density (Hanni and Panjabi 2004; Panjabi 2005). 

Abundance 

Currently, there are no data regarding species abundance in DETO. Without established annual 

surveys and monitoring programs, this measure cannot be accurately described. 
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Expected Bird Species 

According to the NPS Certified Species List, 155 species from 36 families have been reported in 

DETO, and 120 of those species are confirmed sightings within DETO boundaries (NPS 2007) 

(Figure 7). 

 

Figure 7. Status of bird species in DETO based on the NPS Certified Species List (NPS 2007). 

Northern Goshawk Monitoring 

During the 2007 nesting season, DETO attempted to monitor northern goshawk nest locations 

and reproductive success. NPS staff used a broadcast acoustical survey to elicit a response from 

goshawks by broadcasting a recording of an alarm or distress call. In addition to acoustical 

surveys, intensive nest searches were also performed that documented a single juvenile bird near 

DETOôs west boundary, but the sex of the bird was not determined (John Wrede, pers. comm., 

2010). 

Reports of annual goshawk observations and potential nest sites in the northwest quadrant of the 

park near Joyner Trail have been fairly consistent; however, prescribed burns in the park have 

altered potential habitat sites in DETO. The northwest quadrant of the park had a prescribed burn 

that opened the canopy and created secondary and tertiary habitat.  

Threats and Stressor Factors 

One of the major threats facing bird populations across all habitat types is land cover change 

(Morrison 1986). Altered habitat can compromise the reproductive success or survival rates of 

species adapted to that habitat. Being home to a wide-array of habitat types, DETO may offer 

refuge to several habitat-specific species. Land cover change could alter the species composition 

of the park. 

Data Needs and Gaps 

Annual bird surveys, such as breeding bird surveys (BBS), Christmas bird counts (CBC), or 

continuation of the RMBO survey transects would allow initial assessment of current species 

richness, density, and abundance. Without monitoring in the park, these measures cannot be 
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determined. Annual surveys would also help to monitor the current abundance of priority species 

within park boundaries. NGPN sampling and monitoring of birds in the NPS units will also help 

to assess the current condition and trends of the birds in DETO. 

Overall Condition 

DETO is home to one of the most diverse birding areas in the area due to absence of 

development and agriculture activities. All birds, whether breeding or migratory, use the park 

lands (M. Biel, pers. comm., 2010); however, because no annual bird surveys have been 

conducted in the park, a quantitative evaluation of condition of birds in DETO cannot be 

completed at this time. While the NPS has an exhaustive record of confirmed species in the park, 

this list does not allow estimates of current species richness, density, or abundance, which are the 

NPS-specified measures for birds in DETO. Annual monitoring of the populations in the park 

will provide a more accurate assessment of these parameters. 

Sources of Expertise 

Mark Biel, DETO Chief of Resource Management 

John Wrede, NGPN Biological Science Technician 
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4.5 Prairie Dogs 
Description 

Black-tailed prairie dogs, hereafter prairie dogs, are stout, burrowing rodents that occupy 

approximately 12.1 to 16.2 ha (30 to 40 ac) in southeastern DETO (NPS 2000a). Many species 

depend on prairie dogs for food, use of their burrows, and other reasons (Antolin et al. 2002). 

From 1989 to 1999, the estimated prairie dog population in DETO increased from 61 to 995 

individuals (NPS 2009b, 2009c). This population increase caused concern for public health 

because prairie dogs are known to carry sylvatic plague, which can be transferred to humans 

through contact with an infected individual or their fleas (NPS 2000a). An environmental 

assessment of the issue determined that removal of prairie dogs from high visitor use areas was 

the best course of action to alleviate health risks (NPS 2000b).  

Measures 

¶ Population number and distribution 

Reference Conditions and Values 

The reference condition for the DETO prairie dog colony is the size of the colony in the recent 

era. This is interpreted as prairie dog populations following natural variance, unimpacted by 

plague or other stressors. 

Data and Methods 

DETO staff provided data for this assessment, including spatial data (GIS shapefiles) and 

spreadsheets with population information. They also provided literature explaining the 

management practices at the park. In some instances, data were compiled for analysis, otherwise 

data were not manipulated. 

Current Condition and Trend 

Population Number and Distribution 

DETO contains one prairie dog town, located in the southeast. The prairie dog town is a popular 

stop for DETO visitors because of its easy access (the entrance road approximately bisects the 

prairie dog town) and the abundance of animals. The prairie dog town is bordered on the west 

and south by DETO and its access road. The size of the prairie dog town, sampled on 12 

occasions using both GPS and aerial imagery, has ranged from 4.49 to 20.8 ha (11.1 to 51.4 ac) 

(NPS 2009a, Plate 11ïPlate 23). The most recent estimate in 2010 was 16.7 ha (41.4 ac) (Table 

19).  

DETO staff members perform weekly prairie dog population trend counts yearly. From 1989 to 

1999, the estimated size of the prairie dog population increased from 61 to 995 individuals. Since 

1999, the prairie dog population estimates have fluctuated but seem stable ( = 762, range 285ï

1187). The most recent population estimate in 2009 was 573 (Figure 8). 
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Table 19. DETO prairie dog town size for all sampled years, 1974ï2007 (NPS 2009a). 

Year Area (ac) Area(ha) 

1974 51.4 20.8 

1985 42.9 17.4 

1992 11.1 4.5 

1995 22.5 9.1 

1996 30.3 12.3 

1999 34.8 14.1 

2001 40.2 16.3 

2002 37.0 14.9 

2003 39.9 16.1 

2004 40.7 16.4 

2006 38.0 15.3 

2007 35.0 14.1 

2008 42.8 17.3 

2009 41.3 16.7 

2010 41.4 16.7 

Average 36.6 14.8 

 

Figure 8. Prairie dog population estimates for the prairie dog town in DETO (NPS 2009b, 2009c). 
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Management 

In the late 1990s, an increase of the DETO prairie dog townôs area and population caused 

concerns over visitor health and safety (NPS 2000c); in response, an Environmental Assessment 

(EA) was performed that offered three management alternatives to control the DETO prairie dog 

town: Alternative A, no action; Alternative B, live 

trap black-tailed prairie dogs and provide them to 

the black-footed ferret (Mustela nigripes) 

reintroduction program; and Alternative C, 

eradicate encroaching black-tailed prairie dog 

population (NPS 2000a). Alternative B was the 

accepted management strategy because it offered a 

long-term and more humane solution than the other 

alternatives (NPS 2000c).  

Implementation of the management strategy began 

immediately after its acceptance. Memorandums 

from 2001 through 2006 outline prairie dog 

management accomplishments: 

2001 (NPS 2001) 

¶ Construction of a visual barrier between 

administration and the existing prairie dog 

town began. Skunkbush (Rhus trilobata), 

rubber rabbitbrush (Chrysothamnus 

nauseosus), and shrubby cinquefoil 

(Potentilla fruticosa) (145 plants) were 

planted and a game fence was put around 

them for protection. 

¶ A silt fence was erected at the proposed site 

for the permanent visual/physical barrier. 

¶ Three areas were mowed to enhance desirable prairie dog habitat and ease population 

pressure from the campground and picnic area. 

¶ Open holes in Loop A of the campground were closed with a mix of gravel and dirt and 

campground mowing was stopped to deter the prairie dogs. 

2002 (NPS 2002) 

¶ The town was monitored for evidence of any massive die-offs, an indication of sylvatic 

or bubonic plague (Yersinia pestis). 

¶ Construction of a permanent barrier between the administration building and the existing 

prairie dog town was suspended pending an EA.  

2003 (NPS 2003) 

¶ Areas mowed in 2001 to enhance desirable prairie dog habitat were mowed again. 

Photo 1. Black-tailed prairie dog (Cynomys 
ludovicianus) (GeoSpatial Services 2009). 
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¶ The town was monitored for evidence of any massive die-offs, an indication of sylvatic 

or bubonic plague. 

2004 (NPS 2004) 

¶ The silt fence was removed in spring of 2004, which resulted in three holes in the trailer 

drop area. 

¶ The town was monitored for evidence of any massive die-offs, an indication of sylvatic 

or bubonic plague. 

2005 (NPS 2005) 

¶ 26 prairie dog burrows were closed, 24 in the amphitheatre area and two in Loop A of the 

campground. 

¶ The town was monitored for evidence of any massive die-offs, an indication of sylvatic 

or bubonic plague. 

2006 (NPS 2006) 

¶ To accommodate for DETO centennial events, many areas adjacent to roads were 

mowed, and trapping and relocation was necessary to keep prairie dogs out of these areas. 

¶ The town was monitored for evidence of any massive die-offs, an indication of sylvatic 

or bubonic plague. 

 




































































































































































































