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Executive Summary  

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation 

about the current conditions of important park natural resources through a spatially explicit, 

multi-disciplinary synthesis of existing scientific data and knowledge. Findings from the NRCA, 

including the report and accompanying map products, will help THRO 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); and report 

program performance (e.g., Department of the Interiorôs Strategic Plan ñland healthò goals, 

Government Performance and Results Act). 

The objectives of this assessment are to evaluate and report on current conditions of key park 

resources, to evaluate critical data and knowledge gaps, and to highlight selected existing 

stressors and emerging threats to resources or processes. For the purpose of this NRCA, staff 

from the National Park Service (NPS) and Saint Maryôs University of Minnesota ï GeoSpatial 

Services (SMUMN GSS) identified key resources, referred to as ñcomponentsò in the project. 

The selected components include natural resources and processes that are currently of the 

greatest concern to park management at THRO. The final project framework contains 17 

resource components, each featuring discussions of measures, stressors, and reference 

conditions.  

This study involved examining exisiting literature and short- or long-term datasets, as well as 

expertise from NPS and other outside agency or organization scientists to provide summaries of 

current condition and trends in featured resources. When possible, existing data for the 

established measures of each component is compared to designated reference conditions. A 

weighted scoring system was applied to calculate the current condition of the components. 

Weighted condition scores, ranging from zero to one, were divided into three categories of 

condition: low concern, moderate concern, and significant concern. These weighted condition 

scores help determine the overall current condition of each resource. The discussions for each 

component, found in Chapter 4 of this report, represent a comprehensive summary of current 

available data and information for these resources, as well as unpublished park information and 

perspectives of park resource managers, and present a current condition designation when 

appropriate. Each component assessment was subjected to review by THRO park resource 

managers and NPS Northern Great Plains Network Inventory and Monitoring specialists. 

In a number of cases, data are unavailable or insufficient for many of the measures of the 

featured components in this assessment. In other instances, data that establishes reference 

condition were limited or unavailable for components, making comparisons with current 

information inappropriate or invalid. Thus, in these cases, it was not possible to assign condition 

for these components. Current condition was not able to be determined for 10 of the 17 

components (58%) due to these significant data gaps.  

For those components with more available data, the overall conditions assigned varied. For some 

components, enough data exist to determine a trend in condition over time; however, for others 

the lack of long-term or comparable data prevented the determination of trends. Several 

components were determined to be in good condition with a stable trend, including air quality, 

the prairie dog population, water quality, and fire. Flooding on the Little Missouri River in the 
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park was determined to have a condition of moderate concern but with a stable trend, meaning 

the condition is not believed to be degrading or improving from past conditions. Native 

grasslands and woody draws were also determined to be of moderate concern, but a lack of 

historical data does not allow for designating a trend in condition over time. A detailed 

discussion of these designations is presented in Chapter 5 of this report.  

Several threats and stressors were identified as park-wide influences on the condition of 

resources in THRO. Those of primary concern include establishment of non-native and invasive 

species, increased oil and gas industry development, and air pollution, especially increased 

emissions from nearby oil, gas, and power plant development.  

Major changes in vegetation communities, from native to more non-native species, could have a 

significant impact on the animal species that use these communities for habitat. A more complete 

understanding of the prevalence of non-natives in the different vegetation communities 

throughout the park would help managers strategize about potential management actions. 

Land development around THRO is mainly associated with the growth and expansion of the oil 

and gas industry. This development has increased exponentially in western North Dakota and 

around THRO over the last decade. Such development affects different aspects of park resources, 

including impacts to viewsheds with the building of new structures that can be seen from various 

points in the park, impacts to soundscapes with increased industrial activity and vehicle traffic at 

development sites, and greater stresses to air quality from increased vehicle and industrial 

emissions.  

This assessment serves as a review and summary of available data and literature for featured 

components in the park. The information presented here may serve as a baseline against which 

any changes in condition of components in coming years may be compared. Establishing a 

number of monitoring programs would begin to fill in data gaps for the resources viewed as 

important by THRO managers and would help managers better understand the current state of 

these resources throughout the park. Of those components that had sufficient available 

information, current condition was determined to be either good or of moderate concern. 

Understanding this can help managers prioritize management objectives and better focus 

conservation strategies.  
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Chapter 1 NRCA Background Information 

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

natural resources and resource indicators in national park units, hereafter ñparksò. For these 

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

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

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

identifying high-priority indicators for that park, and availability of data and expertise to assess 

current conditions for the things identified on a list of potential study resources and indicators.    

NRCAs represent a relatively new approach to 

assessing and reporting on park resource 

conditions. They are meant to complement, not 

replace, traditional issue and threat-based resource 

assessments. As distinguishing characteristics, all 

NRCAs: 

¶ are multi-disciplinary in scope1  

¶ employ hierarchical indicator frameworks2 

¶ identify or develop logical reference  

¶ conditions/values to compare current 

condition data against3,4 

¶ emphasize spatial evaluation of conditions and GIS (map) products5 

¶ summarize key findings by park areas6 

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

Although current condition reporting relative to logical forms of reference conditions and values 

is the primary objective, NRCAs also report on trends for any study indicators 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 

                                                 
1 However, the breadth of natural resources and number/type of indicators evaluated will vary by park.   
2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting 
of data for measures ] conditions for indicators ] condition reporting by broader topics and park areas.   
3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and 

regulatory standards, and can consider other management-specified condition objectives or targets; each 
study indicator can be evaluated against one or more types of logical reference conditions. 
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 that we wish to 
avoid or that require a follow-on response (e.g., ecological thresholds or management ñtriggersò).  
5 As 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 on indicator-level conditions, investigators are asked to take a bigger picture 
(more holistic) view and summarize overall findings and provide suggestions to managers on a area-by-
area basis: 1) by park ecosystem/habitat types or watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

Credible condition reporting for 
a subset of important park  

natural resources and 
indicators 

Useful condition summaries by 
broader resource categories or 

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

that are best interpreted at park, watershed, or landscape scales, though 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 workðare they appropriate for the stated purpose and adequately documented? For each 

study indicator 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: 1) to assist selection of study indicators; 2) to recommend study data sets, 

methods, and reference conditions and values to use; and 3) to help provide a multi-disciplinary 

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 ñVital 

Signsò monitoring indicators. They can also bring in relevant non-NPS data to help evaluate 

current conditions for those same Vital Signs. In some cases, NPS inventory data sets 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 data sets developed by a NRCA will be useful for 

subsequent park-level climate change studies and planning efforts.  

NRCAs do not establish 

management targets for study 

indicators. 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 management 

targets. In the near term, 

NRCA findings assist 

strategic park resource 

Important NRCA Success Factorsé 
Obtaining good 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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planning7 and help parks report to government accountability measures8.    

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 indicator, 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 as they think about 

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

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

successful NRCA delivers science-based information that is credible and has practical uses for a 

variety of park decision-making, planning, and partnership activities.  

Over the next several years, the NPS plans to fund a 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 working on a park Resource Stewardship Strategy (RSS) but 
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, to Congress, and to the general public 

(ñresource condition statusò reporting) 
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Chapter 2 Introduction and Resource Setting 

2.1 Introduction 

2.1.1 Enabling Legislation 

Theodore Roosevelt National Park (THRO) consists of three separate units: North Unit, Elkhorn 

Ranch, and South Unit. THRO was first protected as the Roosevelt Regional State Park in 1934, 

when the Civilian Conservation Corps (CCC) camps were sponsored by the North Dakota State 

Historical Society and the National Park System (NPS 1986). On 25 April 1947, the state park 

became Theodore Roosevelt National Memorial Park with the passage of Public Law 38 (61 

Stat. 52) (NPS 1986). The North Unit and the land west of the Little Missouri River, including 

the Elkhorn Ranch Unit, the petrified forest, and some land that was earlier designated 

ñrecreation demonstration areaò (RDA), were added to the park in 1948 (NPS 1986). Several 

years later, on 10 November 1978, the memorial park was designated Theodore Roosevelt 

National Park by Public Law 95-625 (92 Stat. 3467) (NPS 1986). 

2.1.2 Geographic Setting 

THRO encompasses 28,509 hectares (70,447 acres) (NPS 2011a), making it one of the larger 

national parks in the Northern Great Plains Network (NGPN) (Gitzen et al. 2010). The park 

consists of three units, the North Unit (9,740.91 hectares [24,070.32 acres]), the South Unit 

(18,679.71 hectares [46,158.57 acres]), and the Elkhorn Unit (88.22 hectares [218 acres]) (NPS 

1986, NPS 2011a). All units are connected by the Little Missouri River (NPS 1986). The park 

contains 33.79 km of the Little Missouri River, and 432.59 km of intermittent streams (Gitzen et 

al. 2010). THRO is bordered on the south by the town of Medora, in Billings County with a 

population of 783 people (U.S. Census 2010). The Little Missouri National Grassland, managed 

by the U.S. Forest Service, are adjacent to THRO.  

 

Photo 1. River Bend Overlook, North Unit of THRO (Photo by Shannon Amberg, SMUMN GSS, 2010). 
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The park is covered by predominantly native grassland (40%), forest (21%), barren ground 

(21%), and shrubland (14%) (Von Loh et al. 2000). However, over 400 species of plants and 

trees have been identified in the park, several of which are considered sensitive or vulnerable 

(NPS 2012a).  

THRO is a Class I airshed authorized by the Clean Air Act, and is one of the few national parks 

to maintain long-term air quality monitoring stations within the park (Gitzen et al. 2010). The 

NPS and state agencies operate some of the monitoring stations in THRO and those found in the 

NGPN (Pohlman and Maniero 2005). 

The geologic features within the park were formed by river and rainfall erosion, uplift, and 

sediment deposition from the Black Hills and the Rocky Mountains (KellerLynn 2007, Tweet et 

al. 2011). The soils in the Great Plains are commonly nitrogen poor and, for a majority of the 

year, retain little moisture (Seastedt 1995). 

THRO has several geological features of 

interest. Most of the park is located on the 

unglaciated Missouri Plateau, which gives 

the park its appearance (including the 

mountains, plateaus, and badland 

formations) (Trimble 1993, as cited by NPS 

2007a). The North Unit of the park has the 

ñthird largest concentration of petrified wood 

in the United Statesò (NPS 2011b, as stated 

by the superintendent, Valerie J. Naylor). 

The parkôs other geological features include 

concretions and cap rocks (photo 2), glacial 

erratics, oxbows, pediments, sheet-wash 

erosion, sandstone and silcrete, and terraces 

(NPS 2007a). 

THRO has a variable climate with windy 

conditions year-round (NPS 2011c). The 

park experiences warm summers with high temperatures above 30°C (86°F) (May through 

September). In the winter months (December through February), the low temperatures have been 

known to drop below -18°C (0°F). The majority of precipitation occurs from mid to late spring 

with an annual average of 37 cm (14.6 in) a year (Table 1; NPS 2011c). 

Photo 2. Concretion formations in the North Unit of 
THRO (Photo by Shannon Amberg, SMUMN GSS, 
2010). 
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Table 1. Monthly temperature and precipitation normals (1948-2010) for THRO (Station 325813, Medora, 
North Dakota) (High Plains Regional Climate Center 2011). 
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           Max -2.7 1.1 6.4 14.6 21.2 26.2 30.7 30.5 23.9 16.3 6.4 -0.4 14.5 

Min -16.7 -13.1 -7.8 -1.4 4.8 9.9 12.7 11.6 5.3 -0.83 -7.5 -13.9 -0.39 

Average Precipitation (cm) 

        Total  0.9 0.9 1.6 3.3 5.8 7.9 5.3 3.4 3.4 2.4 1.3 0.9 37.4 

 

2.1.3 Visitation Statistics 

On average, THRO receives about 523,885 visitors annually, who come to participate in 

activities such as sightseeing, hiking, and camping (NPS 2011d). In 2010, the park had an annual 

visitor count of 623,748 (NPS 2011a). The park receives the majority of visitors during the 

summer months (June through August) with numbers in the 100,000s (NPS 2011a).  

2.2 Natural Resources 

2.2.1 Ecological Units and Watersheds 

According to Griffith (2010), THRO falls into the Northwestern Great Plains ecological region. 

This region alone has the widest latitudinal range in North America, and it is characterized by its 

semiarid climate, grasslands, lack of forests, and moderately short topographic features (CEC 

1997). The Great Plains region is habitat for an unusually large amount of sensitive, threatened, 

and endangered species (CEC 1997). 

THRO is located approximately midway along the length of the Little Missouri River watershed, 

which stretches from northeastern Wyoming into central North Dakota; the Little Missouri River 

flows primarily northeast from the headwaters northeastern Wyoming into North Dakota and 

terminates at the Sakakawea Reservoir in central North Dakota (Berkley et a. 1998). The Little 

Missouri River flows through nine miles of the parkôs South Unit, 14 miles of the North Unit, 

forms the boundary of the Elkhorn Unit, and bisects the parkôs designated wilderness (Berkley et 

al. 1998). The Little Missouri River is entirely free-flowing and represents the major surface 

water resource throughout the park (Berkley et al. 1998).  

2.2.2 Resource Descriptions 

THRO is located in a grassland biome. The grasslands of the Great Plains region are also known 

as mixed prairie. Dominant plant species in the park include blue grama (Bouteloua gracilis), 

green needlegrass (Nassella viridula), western wheatgrass (Pascopyrum smithii), and needle-

and-thread (Hesperostipa comata) (Von Loh et al. 2000).  

The park supports 34 different species of mammal, 151 bird species, 21 fish species, and 15 

herpetofauna species (NPS 2012b). Porcupine (Erethizon dorsatum), beaver (Castor canadensis), 

black-tailed prairie dogs (Cynomys ludovicianus), prairie sharptail grouse (Pedioecetes 

phasianellus), great horned owl (Bubo virginianus), and golden eagle (Aquila chrysaetos) are 

just a few mammal and bird species found in the park (NPS 1999, NPS 2012b). THRO is one of 

the few NPS-managed areas in the western United States where there is a free-roaming feral 
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horse (Equus caballus) population (NPS 2011e). These feral horses have been found in western 

North Dakota for decades; their existence has dated back to the mid 19th century (NPS 2011e). 

THRO has a large variety of ungulate species, including bison (Bison bison), elk (Cervus 

canadensis), mule deer (Odocoileus hemionus), white-tailed deer (O. virginianus), bighorn sheep 

(Ovis canadensis), and pronghorn (Antilocapra americana) (NPS 1994, NPS 2012b).  

2.2.3. Resource Issues Overview 

Air contamination is a concern for the park staff at THRO. Serious air pollutants in the region 

include nitrate, sulfate, and ammonium because their levels have increased (Pohlman and 

Maniero 2005). The push to develop and obtain more gas and oil resources is the main factor 

influencing this increase in Montana, North Dakota, and Wyoming (Pohlman and Maniero 

2005). In the past, the air quality in THRO has been excellent, with the exception of a few cases, 

which were caused by wildfires and were short-lived (NPS 2008).  

Several non-native plant species have become problematic in the park. These include leafy 

spurge (Euphorbia esula), yellow sweetclover (Melilotus officinalis), brome grasses (Bromus 

sp.), Canada thistle (Cirsium arvense), Kentucky bluegrass (Poa pratensis) and crested 

wheatgrass (Agropyron cristatum) (NPS 1999, 2008). The spread of exotic plant species has 

been known to alter fire regimes by increasing leaf litter layers. When applicable, THRO 

managers intend to restore the fuel loads as well as the plant community and composition to 

ranges of natural variability using prescribed fires and various chemical and mechanical exotic 

plant treatment methods (NPS 2008). 

Managed Species 

Bison, elk, and feral horses are three intensively managed species in THRO. Fences surrounding 

each of the North and South Units of the park serve two purposes: to keep the parkôs bison and 

feral horses within park boundaries, and to keep domestic cattle on surrounding lands from 

entering the park (NPS 1994). Due to the management intensity, park staff has opted not to 

assess these species as traditional components in the NRCA. 

Bison 

For almost 10,000 years, plains bison (Photo 

3) were a keystone element of the Great 

Plains, providing food and materials for 

Native Americans and the European settlers 

that arrived in the 18th and 19th centuries 

(NPS 2006). It is not certain how many bison 

were present in North America prior to 

European settlement, but estimates are in the 

millions (NPS 2009). Today, there are a few 

remnant wild populations in North America, 

but most populations occur in parks, 

preserves, or on private ranches. Currently 

only 11 bison herds exist in federally 

protected lands (Halbert et al. 2007). There 

are now two bison herds in THRO, one in the 

North Unit of the park and one in the South 
Photo 3. Plains bison in THRO (Photo by Shannon 
Amberg, SMUMN GSS, 2010). 
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Unit. In 2000-2001, the park estimated the bison population at 312 and 371 bison in the North 

and South Units respectively, and population estimates for 2009 were about 300 for both the 

North and South Units. 

Marlow et al. (1984) determined a bison carrying capacity between 200-500 animals in the South 

Unit of THRO and 100-250 animals in the North Unit, based on factors such as potential 

droughts, overgrazing, and competition with other grazing ungulates for resources. The lack of 

natural predators and large area of available open space has forced management to implement 

culling to maintain a healthy population. Bison occasionally are exported to other national parks, 

Native American tribal lands, or zoos, or are transferred through the Inter-Tribal Bison 

Cooperative and other federal, state and non-profit entities (Dratch and Gogan 2010). A total of 

2,992 bison were removed from THRO between 1962 and 2008 (NPS 2009). 

Roundups of the bison herds take place within each unit of the park every 3-5 years (NPS 2009, 

M. Oehler, pers. comm., 2011). After examination of age, weight, sex, and presence of disease, 

each animal is assigned an identification number, and the number of animals to remove is 

determined according to a forage allocation model. Genetic variability is a major management 

goal of the NPS as inbreeding can cause decreased heterozygosity, adaptive response (ability of 

herd to adapt to environmental changes), and population viability (Franklin 1980, as cited by 

Halbert et al. 2007). Monitoring and management of bison populations are expected to continue 

in THRO. 

Elk 

Elk (Photo 4) resided throughout the North Dakota Badlands until extirpation in the late 1800s 

(NPS 2010). In 1985, the NPS reintroduced 47 elk from Wind Cave National Park (WICA) to the 

South Unit of THRO. Following reintroduction, the elk population grew rapidly, exceeding the 

NPS-established maximum population threshold by 1993 (NPS 2010). In 2010, THRO 

developed an Elk Management Plan and 

Environmental Impact Statement to guide 

management actions of the large herd and 

mitigate negative effects on other park 

resources. 

The Elk Management Plan established a 

goal of 100-400 individuals in the elk herd. 

This goal allows maintenance of the mixed-

grass prairie system in a lightly grazed state 

(NPS 2010). The estimated herd population 

size in 2010 in THRO was approximately 

950 individuals; at this population size, 

many different negative outcomes become 

possible. High-density elk populations often 

exhibit poor body condition and reproductive success. In addition, added stress on plant 

communities causes decreased forage availability, which in turn affects other species in the 

populationôs ecosystem. The large elk population and the looming negative effects on the THRO 

ecosystem prompted action in the form of a volunteer-based elk reduction effort.  

Photo 4. Bull elk with cows in THRO (NPS Photo). 
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From October 2010 to January 2011, park staff assisted volunteers by leading them to elk and 

instructing them to harvest appropriate animals (adult cow elk). The initial reduction effort 

resulted in the removal of 406 animals from the park. In the fall of 2011, another volunteer-based 

reduction resulted in the removal of 462 animals. The park intends to monitor carefully elk 

population numbers and demographics in the future; this information then will be used to tailor 

specific reduction efforts carried out by NPS employees.  

Feral Horses 

Modern horses (Equus) (Photo 5) evolved on the North American continent but became extinct 

nearly 10,000 years ago around the end of the Pleistocene epoch (NPS 2011d). Horses were re-

introduced to North America in the 16th century by Spanish explorers; Native Americans spread 

these animals across the continent, with horse populations eventually numbering in the thousands 

of individuals (McLaughlin 1989, NPS 2011d). The herd at THRO is a small, isolated 

population, which is comprised of descendents of local ranch stock that either escaped captivity 

or were abandoned by their owners. Marlow et al. (1992) examined feral horse distribution and 

habitat use in the park and found that the herd generally isolated itself to the southeastern and 

eastern portion of the South Unit. 

When THRO was established in 1947, several 

hundred horses were present in the park 

(McLaughlin 1989). Park land was used by area 

ranchers to graze their horses in the 1940s and 50s; 

during this time horses were considered a trespass 

livestock and removal was a priority. The parkôs 

goal was to eliminate horses from the South Unit 

(McLaughlin 1989). The decision was made in the 

late 1960s to maintain the horse population as a 

cultural demonstration herd at a maximum of about 

40 horses (NPS 1978). In 1978, the population grew 

to 65-70 horses in the fenced South Unit. Marlow et 

al. (1992) calculated a feral horse carrying capacity 

of 50 to 90 individuals for the South Unit of THRO, 

as a larger population would possibly lead to 

significant decline in certain forage plant species. 

The feral horse herd is managed now as a cultural 

demonstration herd to preserve the historical context 

of the horsesô presence in the park (NPS 2011d; 

Oehler, pers. comm., 2011). The current target 

population size is between 50-90 individuals (NPS 

2011d). However, the herd currently numbers 135 

individuals (Oehler, pers. comm., 2011). 

To guard against overpopulation, the herd is rounded up every 3-5 years, during which time 

horses are selected to be removed from the herd and sold at auction. In addition, THRO wildlife 

biologists have recently initiated field trials on a temporary contraception vaccination for females 

aged 2 years and older (Oehler, pers. comm., 2011). The park plans to continue management of 

feral horse populations in order to limit herd size. 

Photo 5. Feral horses in the South Unit of 
THRO (NPS photo). 



 

11 

 

Other Ungulates 

Rocky Mountain bighorn populations are also present in the park; the park plans to restore 

bighorn population sizes, but fences for bison and feral horses may limit the bighorn to less 

suitable habitat (NPS 1994). Deer and pronghorn populations are also present; however, the 

population sizes primarily are monitored and occasionally surveyed (NPS 1994). As for the 

predatory mammal species, the park monitors these populations for vector-borne diseases (NPS 

1994). 

Viewshed 

A viewshed is the area that is visible from a particular location. The National Park Service 

Organic Act (16 U.S.C. l) implies the need to protect the viewsheds of National Parks, 

Monuments, and Reservations. At THRO, viewsheds are of particular importance because a 

primary reason visitors frequent the park is to view the landscape. Views from within the park 

are expansive in some areas, with NPS and non-NPS lands being the primary visible features. 

Currently, the oil and gas industry is expanding in western North Dakota, which is a cause of 

concern for the viewsheds in THRO, due to rapidly expanding industrial development. 

Due to the current dynamic nature of the landscape surrounding the park, a detailed viewshed 

analysis is not appropriate for this document. The evidence of oil and gas development is 

increasing in North Dakota and this makes the viewshed from the park variable in the short-term. 

Therefore, conducting an all-inclusive viewshed analysis at this time is not appropriate, because 

the data would likely be irrelevant quickly.  

Even though a park-wide viewshed analysis is not appropriate at this time, THRO regularly uses 

viewshed analyses to provide specific data regarding anthropogenic development concerns. 

Developed data enrich the understanding of anthropogenic effects on the parkôs viewsheds. 

These data allow park management to make informed decisions and pursue appropriate actions 

regarding development.  

2.3 Resource Stewardship 

2.3.1 Management Directives and Planning Guidance 

THRO has several management plans, including the most recent Elk Management Plan (2010), 

the Centennial Plan (2007), the Fire Management Plan (2008), the Water Resources Management 

Plan (1998), the Resource Management Plan (1994), and the General Management Plan (1987). 

Each plan has its own objectives and goals to improve the parkôs resources and increase public 

awareness. 

The Elk Management Plan was proposed to ensure long-term preservation and protection of park 

resources. When the elk population increased after its reintroduction, the non-managed herd 

strained plant communities by over grazing; as of 2010, there were approximately 900 elk in the 

South Unit of the park (NPS 2010). The objectives for the elk management plan are as follows: 

¶ Prevent negative effects to the biotic and abiotic components of the park and adjacent 

lands. 

¶ Construct and execute actions parallel to the direction and limits set by the NPS 

Management Policies 2006. 
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¶ Determine indicators to assist and direct the management of elk. 

¶ Maintain the long-term viability of the elk population while limiting herd manipulation in 

the park. 

¶ Incorporate management flexibility to take action after obtaining information on disease 

or other factors that may adversely affect the elk population. 

¶ Offer opportunities to educate the public about the challenges of elk management when 

limiting that management to park land. 

¶ Collaborate with the stakeholders (e.g., federal agencies, state agencies, and private 

companies) by sharing data on the elk population and it management.  

¶ When applicable, improve the hunting opportunities on the areas of land surrounding the 

park. 

In 2007, the park celebrated its 60th anniversary. Its theme was ñ60 years of Preservation, 

Tradition, and Inspirationò (NPS 2007b). Now, the parkôs plan for the next decade is to revise its 

mission and purpose to be connected better with the American public (NPS 2007b). The goals 

for the centennial plan are as follows: 

¶ Enhance the condition of the park by improving its resources and assets. 

¶ Educate and motivate children to give back to the environment by becoming future 

conservationists.  

¶ Alter park operations to minimize adverse impacts on the environment. 

¶ Inspire the public to become environmentally conscious. 

¶ Encourage all to participate in a shared environmental stewardship. 

¶ Focus national, regional, and local tourism efforts to reach diverse audiences and young 

people and to attract visitors to lesser-known parks. 

¶ Create stimulating media to introduce and excite youth and their families to the national 

parks. 

The THRO Wildland Fire Management Plan (NPS 2008) was an addition to the resource 

management plan. Fire is an important factor that plays a large role in the development of most 

terrestrial ecosystems in North America (NPS 2008). This plan is becoming more intensive and 

of greater importance in the park; the objectives of the Wildland Fire Management Plan (NPS 

2008) are: 

¶ Decrease the frequency and severity of fires caused by humans. 

¶ Promote the occurrence of wildland fire in ecosystems dependent on its effects.  

¶ Control and utilize fire as a management tool.  

¶ Protect the park components (e.g., life, property and resources) from adverse effects of 

unwanted fire. 
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¶ Prevent adverse effects from fire suppression on the ecosystem.   

THRO created the Water Resources Management Plan in 1998 with the purpose of guiding park 

managers in assessing the water resources (NPS 1998). The park, being located in a semiarid 

ecosystem of the northern Great Plains, is particularly concerned with their water resources 

(Berkley et al. 1998). Maintaining plant and animal community diversity is dependent on water 

availability. The Water Resources Plan (1998) objectives include: 

¶ Manage the parkôs water resources to maintain an optimal level of species diversity and 

native plant composition. 

¶ Revive and protect the parkôs natural springs and developed wells for native wildlife. 

¶ Assure that any development within the park will not negatively impact the water 

resources and water-dependent environments. 

¶ Become knowledgeable about water quality to be able to actively contribute to the local 

and state water management plans while also striving for the optimal level of water 

quality standards for the park. 

¶ Protest the water rights applications that would negatively impact the park and contribute 

to water rights adjudications involving the park lands so that the NPS water rights and 

water-related resources remain protected. 

¶ Obtain a sufficient amount of information to adequately manage the parkôs water 
resources while also following the NPS inventory and monitoring requirements. 

¶ Follow NPS Floodplain Management Guidelines to insure minimal damage (e.g., injury, 

property) while also encouraging the occurrence of natural hydrologic and geomorphic 

processes of floods.  

¶ Create and update maps of the wetlands and riparian areas to make it easier to monitor 

and maintain ideal habitat conditions for the parkôs wildlife. 

¶ Educate the public and increase their awareness of the adverse effects done on water 

resources due to human impacts. 

¶ Protect the native fish species (e.g., rare, threatened, and endangered) found in the park 

and surrounding areas by creating and applying effort to a cooperative management plan. 

¶ Identify and assess the NPS water-related resources and any factors outside the park that 

may cause an impact. 

¶ Ensure minimal impact on surface and ground water resources when permitting oil and 

gas operations done on lands adjacent to the park. 

The Resource Management Plan (NPS 1994) is a supporting document of the original General 

Management Plan (NPS 1987), so that it would include both the 83 natural and 17 cultural 

resources important to the park (NPS 1994). The plan identifies resources and their components 

and indicates measures to be taken and methods to be used in management. The parkôs goal is to 

restore and maintain the resources and processes that form the parkôs ecosystem (NPS 1994). 

The Resource Management Plan had the following objectives: 



 

14 

 

¶ Create a tactical plan that recognizes and establishes priorities for resource management 

and research needs. 

¶ Manage the park as a natural badlands ecosystem, influenced by human activities over 

time, allowing natural processes to continue. 

¶ Prevent negative impacts on essential resources of the park by bearing in mind the effects 

that visitors and park managers may have on the natural and cultural resources with 

everyday activities. 

¶ Create an information system for the Little Missouri Badlands ecosystems to protect the 

natural resources and ecological processes native to each ecosystem. 

¶ Ensure the roadways are maintained and in satisfactory condition to make resource 

management (e.g., natural and cultural) more efficient. 

¶ Follow all appropriate laws, NPS guidelines, and management plans to properly manage 

natural and cultural resources inside the park. 

¶ Maintain resources in the park that are historically connected with Theodore Roosevelt 

(e.g., his life and experience in the Badlands). 

¶ Guarantee that a sufficient collections management program is developed for the parkôs 

natural and cultural resources. 

One of the earliest management plans for THRO is its General Management Plan (NPS 1987). 

The General Management Plan provides the necessary strategies to guide management, use, and 

development of the park for the next 10 years (NPS 1987). This plan addresses resource 

management (e.g., flood protection, bison management, historic building preservation, and 

visitor use needs) (NPS 1987). 
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2.3.2 Status of Supporting Science 

The Northern Great Plains Inventory and Monitoring 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 called Vital Signs. In 2010, the NGPN completed and released a 

Vital Signs monitoring plan (adapted from Gitzen et al. 2010, Table 2).  

Table 2. NGPN Vital Signs selected for monitoring in THRO (adapted from Gitzen et al. 2010).  

Category 
Vital Signs Currently Monitored by 
NPGN parks, Other NPS Entities, or 

Other Federal or State Agencies 

Vital Signs for Which NGPN Will 
Develop and Implement 

Monitoring Protocols in the Future 

Air and climate 

¶ Ozone 

¶ Wet and dry deposition 

¶ Visibility and particulate matter 

¶ Air contaminants 

¶ Weather and climate 

 

Geology and soils  
¶ Stream and river channel 

characteristics 

Water ¶ Surface water dynamics  

¶ Surface water chemistry 

¶ Aquatic contaminants  

¶ Aquatic microorganisms  

¶ Aquatic macroinvertebrates 

Biological integrity 

¶ Exotic plant early detection 

¶ Raptors 

¶ Prairie dogs  

¶ Ungulates 

¶ Riparian lowland plant communities 

¶ Upland plant communities 

¶ Land birds 

Human use 
¶ Treatments of exotic infestations 

¶ Visitor use 
 

 Landscapes  
(ecosystem pattern 
and process) 

¶ Fire and fuel dynamics,  

¶ Land cover and use 

¶ Extreme disturbances  

¶ Soundscape 

¶ Viewshed 

¶ Night sky 
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Chapter 3 Study Scoping and Design 

This NRCA is a collaborative project between the National Park Service (NPS) and Saint Maryôs 

University of Minnesota Geospatial Services (SMUMN GSS). Project stakeholders include the 

THRO resource management team and NGPN Inventory and Monitoring Program staff. Before 

embarking on the project, it was necessary to identify the specific roles of the NPS and SMUMN 

GSS. Preliminary scoping meetings were held, and a task agreement and a scope of work 

document were created cooperatively between the NPS and SMUMN GSS. 

3.1 Preliminary scoping 
A preliminary scoping meeting was held on 31 August 2010. At this meeting, SMUMN GSS and 

NPS staff confirmed that the purpose of the THRO NRCA was to evaluate and report on current 

conditions, critical data and knowledge gaps, and selected existing and emerging resource 

condition influences of concern to THRO managers. Certain constraints were placed on this 

NRCA, including the following: 

¶ Condition assessments are conducted using existing data and information. 

¶ Identification of data needs and gaps is driven by the project framework categories. 

¶ The analysis of natural resource conditions includes a strong geospatial component. 

¶ Resource focus and priorities are primarily driven by THRO resource management. 

This condition assessment provides a ñsnapshot-in-timeò evaluation of the condition of a select 

set of park natural resources that were identified and agreed upon by the project team. Project 

findings will aid THRO resource managers in the following objectives: 

¶ Develop near-term management priorities (how to allocate limited staff and funding 

resources); 

¶ Engage in watershed or landscape scale partnership and education efforts; 

¶ Consider new park planning goals and take steps to further these; 

¶ Report program performance (e.g., Department of Interior Strategic Plan ñland healthò 
goals, Government Performance and Results Act [GPRA]). 

Specific project expectations and outcomes included the following: 

¶ For key natural resource components, consolidate available data, reports, and spatial 

information from appropriate sources including: THRO resource staff, IRMA (Integration 

of Resource Management Applications), Inventory and Monitoring Vital Signs, NGPN 

staff, and available third-party sources. The NRCA report will provide a resource 

assessment and summary of pertinent data evaluated through this project. 
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¶ When appropriate, define a reference condition so that statements of current condition 

may be developed. The statements will describe the current state of a particular resource 

with respect to an agreed upon reference point. 

¶ Clearly identify ñmanagement criticalò data (i.e., those data relevant to the key 

resources). This will drive the data mining and gap definition process. 

¶ Where applicable, develop GIS products that provide spatial representation of resource 

data, ecological processes, resource stressors, trends, or other valuable information that 

can be better interpreted visually. 

¶ Utilize ñgray literatureò and reports from third party research to the extent practicable. 

3.2 Study Design 

3.2.1 Indicator Framework, Focal Study Resources and Indicators 

Selection of Resources and Measures 

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

preserve. This framework is a way of organizing, in a hierarchical fashion, bio-geophysical 

resource topics considered important in park management efforts. The primary features in the 

framework are key resource components, measures, stressors, and reference conditions.  

ñComponentsò in this process are defined as natural resources (e.g., prairie dogs), ecological 

processes or patterns (e.g., natural fire regime), or specific natural features or values (e.g., 

geological formations) that are 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 the 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 ñstressorsò which are also considered during assessment. A ñstressorò is defined as any 

agent that imposes adverse changes upon a component. 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 THRO NRCA scoping process, key resource components were identified by NPS 

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

components is not a comprehensive list of all the resources in the park, it includes resources and 

processes that are unique to the park in some way, of greatest concern or of highest management 

priority in THRO. Several measures for each component, as well as known or potential stressors, 

were also identified in collaboration with NPS resource staff. 

Selection of Reference Conditions 

A ñreference conditionò is a benchmark to which current values of a given componentôs 

measures can be compared to determine the condition of that component. A reference condition 

may be a historical condition (e.g., flood frequency prior to dam construction on a river), an 
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established ecological threshold (e.g., EPA standards for air quality), or a targeted management 

goal/objective (e.g., an elk herd of less than 200 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 was not a major driver of ecological populations and processes, 

such as ñpre-cattle/sheep grazingò or ñpre-fire suppression.ò In cases where reference conditions 

were less clearly defined, peer-reviewed literature, ecological thresholds, and consultation with 

resource staff were used to define appropriate reference conditions more clearly. In these 

instances, efforts were made to utilize existing research and documentation of historical 

conditions to identify the range of natural variation for 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 (Heinz Center 2008). 

Key resources for the park were adapted from the NGPN Vital Signs monitoring plan (Gitzen et 

al. 2010) and natural resource reports from THRO. 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 resources to be assessed.  

The NRCA framework was finalized in August 2011 following acceptance from NPS resource 

staff. It contains a total of 17 components (Table 3) and was used to drive analysis in this NRCA. 

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

perceived stressors and threats to the resources, and the reference conditions for each component 

for comparison to current conditions. The THRO framework also contains several components 

that are contextually important natural resource topics in the park; these include feral horses, 

bison, elk, and viewshed. During scoping, it was agreed that these topics would be addressed in 

Chapter 2 of the report. 
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Table 3. THRO natural resource condition assessment framework. 
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3.2.2 General Approach and Methods 

This study involved gathering and reviewing 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 further analyzed to provide summaries of 

resource condition 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. 

Data Mining 

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

at the initial scoping meeting, at which time THRO 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, databases, tabular data, and charts. 

GIS data were provided by NPS staff (NGPN and THRO). Access was also granted to NPS 

online data and literature sources, such as NatureBib, NPSpecies, and IRMA . 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 and recommendations from 

NPS reviewers and sources of expertise including NPS staff from THRO and NGPN. Specific 

approaches to data development and analysis can be found within the respective component 

assessment sections located in Chapter 4 of this report. 

Scoring Methods and Assigning Condition 

A set of measures are useful in describing the condition of a particular component, but all 

measures may not be equally important. A ñsignificance levelò represents a numeric 

categorization (integer of 1-3) of the importance of each measure in explaining the condition of 

the component; each significance level is defined in Table 4. This categorization allows 

measures that are more important for determining condition (higher significance level) of a 

component to be more heavily weighted in calculating an overall condition. 

Table 4. Scale of measure significance used in determining overall condition. 

Significance Level 
(SL) 

Description 

1 Measure is of low importance in defining the condition of this component. 

2 Measure is of moderate importance in defining the condition of this 
component. 

3 Measure is of high importance in defining the condition of this component. 

After each component assessment is completed (including any possible data analysis), a 

condition level is calculated for each measure. This is based on a 0-3 integer scale and reflects 

the data mining efforts and communications with park experts (Table 5). 
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Table 5. Scale used in determining condition level of individual measures. 

Condition Level 
(CL) 

Description 

0 Of NO concern. No net loss, degradation, negative change, or alteration. 

1 Of LOW concern. Signs of limited and isolated degradation of the component. 

2 Of MODERATE concern. Pronounced signs of widespread and uncontrolled 
degradation. 

3 Of HIGH concern. Nearing catastrophic, complete, and irreparable degradation 
of the component. 

After the significance levels (SL) and condition levels (CL) are assigned, a weighted condition 

score (WCS) is calculated via the following equation: 

ὡὅὛ 
В Ὓὒz ὅὒ
Π  

σz В Ὓὒ
Π  

 

The resulting WCS value is placed into one of three possible categories: condition of low 

concern (WCS = 0.0 ï 0.33); condition of moderate concern (WCS = 0.34 - 0.66); and condition 

of significant concern (WCS = 0.67 to 1.00). Figure 1 displays all of the potential graphics used 

to represent a componentôs condition in this assessment. The colored circles represent the 

categorized WCS; red circles signify a significant concern, yellow circles a moderate concern 

and green circles a condition of low concern. Gray circles are used to represent situations in 

which there is currently insufficient data to make a statement about the condition of a 

component. The arrows inside the circles indicate the trend of the condition of a resource 

component. An upward pointing arrow indicates the condition of the component has been 

improving in recent times. A right-pointing arrow indicates a stable condition or trend and an 

arrow pointing down indicates a decline in the condition of a component in recent times. These 

are only used when it is appropriate to comment on the trend of condition of a component. A 

gray, triple-pointed arrow is reserved for situations in which the trend of the componentôs 

condition is currently unknown. 
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Figure 1. Symbols used for individual component assessments with condition or concern designations 
along the vertical axis and trend designations along the horizontal. 

Preparation and Review of Component Draft Assessments 

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

among SMUMN GSS analysts and THRO staff. Though SMUMN GSS analysts rely heavily on 

peer-reviewed literature and existing data in conducting the assessment, the expertise of NPS 

resource staff also plays a significant and invaluable role in providing insights into the 

appropriate direction for analysis and assessment of each component. This step is especially 

important when data or literature are limited for a resource component. 

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

conference call with an individual or multiple individuals considered local experts on the 

resource components under examination. These conversations were a way for analysts to verify 

the most relevant data and literature sources that should be used and also to formulate ideas 

about current condition with respect to the NPS staff opinions. Upon completion, draft 

assessment were forwarded to component experts for initial review and comments. 

Development and Review of Final Component Assessments 

Following review of the component draft assessments, analysts used the review feedback from 

resource experts to compile the final component assessments. As a result of this process, and 

based on the recommendations and insights provided by THRO resource staff and other experts, 

the final component assessments represent the most relevant and current data available for each 

component and the sentiments of park resource staff and resource experts.  

Format of Component Assessment Documents 

All resource component assessments are presented in a standard format. The format and structure 

of these assessments is described below. 
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Description 

This section describes the relevance of the resource component to the park and the context within 

which it occurs in the park setting. For example, a component may represent a unique feature of 

the park, it may be a key process or resource in park ecology, or it may be a resource that is of 

high management priority in the park. Also emphasized are interrelationships that occur among a 

given component and other resource components included in the broader assessment. 

Measures 

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

with resource experts. Those measures deemed most appropriate for assessing the current 

condition of a component are listed in this section, typically as bulleted items. 

Reference Conditions/Values 

This section explains the reference condition determined for each resource component as it is 

defined in the framework. Explanation is provided as to why specific reference conditions are 

appropriate or logical to use. Also included in this section is a discussion of any available data 

and literature that explain and elaborate on the designated reference conditions. If these 

conditions or values originated with the NPS experts or SMUMN GSS analysts, an explanation 

of how they were developed is provided. 

Data and Methods 

This section includes a discussion of the data sets used to evaluate the component and if or how 

these data sets were adjusted or processed as a lead-up to analysis. If adjustment or processing of 

data involved an extensive or highly technical process, these descriptions are included in an 

appendix for the reader or a GIS metadata file. Also discussed is how the data were evaluated 

and analyzed to determine current condition (and trend when appropriate).  

Current Condition and Trend 

This section presents and discusses in-depth key findings regarding the current condition of the 

resource component and trends (when available). The information is presented primarily with 

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. 

Due to their low importance, measures that are assigned a significance level of 1 do not receive 

an in-depth analysis and are not addressed in the current condition section. These measures are 

briefly discussed in the overall condition section of the document (see below).  

Threats and Stressor Factors 

This section provides a summary of the threats and stressors that may impact the resource and 

influence to varying degrees the current condition of a resource component. Relevant stressors 

were described in the scoping process and are outlined in the NRCA framework. However, these 

are elaborated on in this section to create a summary of threats and stressor based on a 

combination of available data and literature, and discussions with resource experts and NPS 

natural resources staff.  
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Data Needs/Gaps 

This section outlines critical data needs or gaps for the resource component. Specifically, what is 

discussed is how these data needs/gaps, if addressed, would provide further insight in 

determining the current condition or trend of a given component in future assessments. In some 

cases, the data needs/gaps are significant enough to make it inappropriate or impossible to 

determine condition of the resource component. In these cases, stating the data needs/gaps is 

useful to natural resources staff that wish to prioritize monitoring or data gathering efforts. 

Overall Condition  

This section provides a qualitative summary statement of the current condition that was 

determined for the resource component using the WCS method. Condition is determined after 

thoughtful review of available literature, data, and any insights from NPS 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. 

Also included in this section are the graphics used to represent the component condition. 

Sources of Expertise 

This is a listing of the individuals (including their title and affiliation with offices or programs) 

who had a primary role in providing expertise, insight, and interpretation to determine current 

condition (and trend when appropriate) for each resource component. 

Literature Cited 

This is a list of formal citations for literature or datasets used in the analysis and assessment of 

condition for the resource component. Note, citations used in appendices and plates referenced in 

each section (component) of Chapter 4 are listed in that sectionôs ñLiterature Citedò section. 
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Chapter 4 Natural Resource Conditions 

This chapter presents the background, analysis, and condition summaries for the 17 key resource 

components identified in the project framework. Each component assessment is organized into 

the following sections:  

1. Description  

2. Measures  

3. Reference Condition 

4. Data and Methods  

5. Current Condition and Trend (including threats and stressor factors, data needs/gaps, and 

overall condition)  

6. Sources of Expertise  

7. Literature Cited 

 

Components appear in the order they are listed in the project framework (Table 3): 

4.1 Fire  

4.2 Wind and water erosion 

4.3 Flooding (Little Missouri River) 

4.4 Native grasslands 

4.5 Juniper forests 

4.6 Floodplain forests 

4.7 Woody draws 

4.8 Upland shrubland communities 

4.9 Aquatic communities  

4.10 Prairie dogs 

4.11 Breeding birds 

4.12 Air quality 

4.13 Water quality 

4.14 Soundscape 

4.15 Dark night skies 

4.16 Surface water availability 

4.17 Paleontological features 
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4.1 Fire  

4.1.1 Description 

Fire plays a major role in the ecological processes of North American prairies (Umbanhowar 

1996), and historically, fires have been important naturally occurring events in THRO. These 

fires created natural disturbances that are important for maintaining healthy native plant 

communities in the prairie landscape. Mixed grass prairie, the primary vegetative cover in 

THRO, is approximately 0.61-1.22 m (2 to 4 ft) tall and grows quickly then dies back each year 

(NPS 2008). However, small trees and shrubs 

grow primarily on north aspects and within 

woody draws in the park. Fire in mixed grass 

prairie tends to limit the growth of trees and 

shrubs to places where finer fuels are less 

continuous and natural fire breaks exist (e.g., 

drier, rocky breaks, draws, and riparian areas) 

(NPS 2008). 

Fires that are naturally ignited (i.e., wildfires 

starting from lightning strikes) have been quickly 

suppressed for the majority of the parkôs 

existence (NPS 2010a). However, wildland fires 

are allowed to burn under certain conditions and 

in particular geographic areas of the park (e.g., 

fire management unit no. 2 in the North Unit of 

the park) as described in the Fire Management Plan (FMP) (NPS 2008). Fire was reintroduced to 

THRO in 1999 through prescribed burns, as a native plant community management strategy 

(NPS 2010a). Generally, THRO uses prescribed fire as a management tool for reducing fuel 

loads and stimulating the growth and health of native plant communities adapted to fire. 

However, each fire is set to accomplish individualized resource management objectives, which 

are identified for each fire (project) plan (NPS 2008). The rough terrain and low vegetation 

densities within the park, which consequently contribute to low fuel densities, limit the extent to 

which fire can spread (NPS 2010a). Prescribed fires account for the vast majority of the burned 

area in the park with approximately 93% of the total acreage burned within THRO from 1999 to 

2010 (see Appendix A for information on individual fires).  

4.1.2 Measures 

¶ Frequency 

¶ Severity 

¶ Extent (area burned over time) 

¶ Fire origin (e.g., prescribed, lightning, human-caused, etc.) 

¶ Intensity 

¶ Seasonality 

Photo 6. Firefighters igniting a prescribed fire 
in THRO (NPS photo). 
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¶ Change in native vegetation after prescribed fire 

4.1.3 Reference Conditions/Values 

Given that reference conditions (i.e., natural fire regime parameters) are not well established and 

that prescribed fire has nearly completely replaced natural fire starts in THRO, the fire 

management goals for the park will serve as the reference condition. As a part of fire 

management in THRO, the NPS can chose from multiple options: wildland fire suppression, 

wildland fire use, prescribed fire, and non-fire fuel treatments. The 2008 THRO fire management 

plan (NPS 2008) contains several objectives. The objectives relevant to the use of wildland fires 

to meet resource objectives include:  

1) permit wildland fire use (lightning-caused) in areas where fire dependency has been 

scientifically proven and the fuel load and vegetation composition are within the range of 

natural variability, 

2) use fire to restore plant community structure, composition and maintain cultural 

landscapes similar to those before European settlement, 

3) allow wildland fire use within the constraints of policy (DO-18) and the Environmental 

Assessment/Assessment of Effect for the Fire Management Program of Theodore 

Roosevelt National Park. 

Objectives relevant to the use of prescribed fires in order to meet management objectives 

include: 

1) create and/or maintain defensible wildland fire use boundaries, 

2) where applicable, restore fuel loads and plant community structure and compositions to 

ranges of natural variability comparable to pre-European settlement using prescribed fire 

and wildland fire use, 

3) restore cultural landscapes similar to those present before European statement, 

4) minimize the occurrence of unnaturally intense fires through reduction of hazard fuels by 

prescribed burning, 

5) avoid prescribed fires and wildland fire use that would reduce air quality in Medora, 

North Dakota between Memorial Day and Labor Day,  

6) train park staff and cooperators to conduct safe, objective-oriented prescribed fires and 

wildland fire use consistent with DO-18 requirements, 

7) provide opportunities for public understanding of fire ecology principles, smoke 

management, and wildland fire program objectives, and 

8) monitor and evaluate the effectiveness of the preserved fire program. 
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Generally, fire managers aim to reduce the cover and density of non-native forbs and grasses 

while encouraging native plant species growth; reduce the cover and density of silver sagebrush 

(Artemisia cana), and western snowberry (Symphoricarpos occidentalis); and reintroduce fire to 

fire-adapted ecosystems in the park. However, each fire is set to achieve a particular set of goals, 

and these may vary based on landscape position, fire history in the area, weather conditions (e.g., 

wind, temperature, and humidity), a variety of fuel dynamics, and availability of fire suppression 

resources such as trained personnel and materials. 

4.1.4 Data and Methods 

Fire data captured in GIS were obtained from the park for fires that occurred within and near 

THRO from 1946 to 2010 (NPS 2010b). The attributes from the GIS data were used to assess the 

past and current condition of fire. Monitoring Trends in Burn Severity (MTBS 2011) provided 

burn severity data for two fires, specifically highlighting the acreage burned in each severity 

class. 

A series of prescribed fire monitoring reports were used to document the extent of most fires in 

THRO and the intensity and severity of each burn.  

Wienk et al. (2007) provided a program review of the Northern Great Plains Fire Ecology 

Program, focusing on research efforts from 1997-2007. This report provided information about 

native and non-native vegetation responses to different fire treatments over time. 

4.1.5 Current Condition and Trend 

Fire in THRO is monitored and managed to achieve a number of objectives, including restoring 

fire-adapted ecosystems within the park (NPS 2008). The measures used to assess the current 

condition of THRO fire are compared to the historic fire regime and current management 

objectives for fire on the landscape. Fire frequency is assessed by comparing the current fire 

frequency with the historic frequency (prior to European settlement of the region). Historic fire 

frequency is often determined through examination of fire-scars on trees and stumps and by 

charcoal research. However, the primary vegetation type in THRO is mixed grass prairie and 

little fire scar data are available to determine historic fire frequency. In an investigation of fire 

history in Great Plains National Parks, Guyette et al. (2011) found little evidence of fire scars in 

juniper in the South Unit of THRO. The authors suggested that, because of reduced spread of fire 

on the landscape due to natural fire breaks, fire scar history methods would likely not be 

appropriate for describing the history of fire events in the region. Therefore, the pre-European 

settlement fire frequency (i.e., fire return interval), extent (area), severity, and seasonality are not 

well understood in THRO. Wright and Bailey (1980) estimate fire frequency in the northern 

mixed prairie of the Badlands to be 5 to 30 years. While most historic fires originated from 

lightning strikes, historic fire frequency estimates may be confounded by evidence, according to 

pioneer settlersô reports, that Native Americans intentionally and unintentionally set fires (NPS 

1999).  

Official documentation of fires did not begin in THRO until 1949 (NPS 1999). From 1949 to 

1999, all fires were either accidental or caused by lightning; since 1999, the park has 

increasingly used prescribed fire as a management tool. Since then, resource managers and fire 

researchers have continued to record fire origin, frequency, area burned, and seasonality (dates) 

of fires. In many cases, only area burned has been recorded. These primarily have been 
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monitored through field reconnaissance and provide a basic assessment and overview of each 

fire (NPS 2003). Intensity and severity are assessed during prescribed burns and by examining 

the post-fire effects on the plant communities. 

Frequency 

Guyette et al. (2011) suggest pre-European settlement human-caused fires were rare in the 

THRO area because of the low human population density and the variation in topography, which 

inhibited natural fires. Wright and Bailey (1982) estimate that fire should burn every 5 to 10 

years in prairie grasslands with rolling topography, and every 20 to 30 years in topography with 

breaks and rivers; the latter is characteristic of the THRO landscape. 

THRO began recording fire dates in 1949 (NPS 1999). Natural wildfires (lightning-caused) are 

permitted to burn in areas where fire dependency is proven (NPS 2008). However, management 

suppresses all human-caused fires (non-prescribed) and does not allow natural wildfires to burn 

more than a few acres if there is direct threat to human life, private property, and park cultural 

resources (NPS 2008). Therefore, fire frequency or fire-return interval is primarily determined by 

burn prescriptions. However, because of the discontinuous, patchy fuel sources and sparsely 

vegetated topography within THRO, some sites may have mean fire-return intervals between 150 

and 400 years (NPS 2003). NPS (1999) reported 90 fires in THRO between 1949 and 1993. 

Since that time, (through 2010) the number of fires has increased to 157, with most fires being 

prescribed burns. In1999, prescribed fire was used for the first time in THRO, and since then an 

average of 4.1 fires occurred per year. Refer to Table 6 for fire frequency, area, and origin by 

major burn unit. The fire history dataset containing fire origin (cause), area, date, name, and burn 

unit from 1946 to 2010 is available in Appendix A. 

Table 6. Number of fires and area burned in THRO by origin and park unit (1984 to 2010) (NPS 2010b). 

Origin / Burn Unit Number 
of fires 

Percent of 
firesa 

Acres 
burned 

Hectares 
burned 

Percent of 
Area 

Human 25 23.5 78.0 31.6 1.0 

North Unit 6 18.9 8.0 3.2  

South Unit 19 27.1 70.0 28.3  

Lightning 28 26.4 760.2 307.6 8.8 

Elkhorn Ranch Unit 1 25.0 158.0 63.9  

North Unit 10 31.2 76.5 31.0  

South Unit 17 24.3 525.7 212.7  

Prescribed 49 46.2 7,813.7 3,162.1 90.0 

Elkhorn Ranch Unit 3 75.0 18.1 7.3  

North Unit 14 43.8 3,385.9 1,370.2  

South Unit 32 45.7 4,409.8 1,784.6  

Unknown 4 <0.1 21 8.5 0.2 

North Unit 2 0.1 19.0 7.7  

South Unit 2 <0.1 2.0 0.8  

Totals: 106 100.0 8,672.9 3,509.8 100.0 

a Percentages for origins use the park-wide total and each unit is calculated by the total within that unit. 

THRO uses prescribed fire to meet goals for vegetation management and to mimic the natural 

historic fire regime as closely as possible. However, the number of prescribed fires that can 
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occur depends largely on the funding available each year. Thus, areas of THRO may not see fire 

for 100 to 200 years (R. Skalsky, pers. comm., 2011). 

Severity 

Fire (or burn) severity is a term used to describe the physical and chemical changes to the soil, 

the conversion of vegetation and fuels to inorganic carbon, and structural or compositional 

transformations that create new microclimates and species assemblages (Key and Benson 2006). 

Severity is measured by the amount of organic matter loss both above and below the surface of 

the ground after a fire (Keeley 2008).  

One method for measuring burn severity is to compare LandSat imagery prior to and after a fire 

to determine a Differenced Normalized Burn Ratio (dNBR). The dNBR data, which represent 

continuous values, are separated into six categories. MTBS (2011b) classifies the six severity 

categories as unburned to low, low, moderate, high, increased greenness, and no data. According 

to MTBS (2011a), an analyst evaluates the dNBR data range and determines where significant 

thresholds exist to discriminate between severity categories. In Sorbel and Allen (2005), the 

accuracy of the dNBR method was tested by sampling Composite Burn Index (CBI) plots 

established on the ground in recently burned areas. CBI methods involve scoring burn severity 

based on 22 variables including soil cover/color change, duff and litter consumption, percent of 

colonizers, percent of altered foliage, and percent of canopy mortality (Sorbel and Allen 2005). 

A comparison of CBI scores and dNBRs for the same areas shows that dNBR is ña suitable 

measure and predictor of burn severityò (Sorbel and Allen 2005, p. 9). MTBS (2011b) provided 

burn severity data in which acreage of severity categories were derived for the Little Missouri II 

and Southeast Corner fires within THRO (Table 7). 

Table 7. Burn severity for the Little Missouri II and Southeast Corner fires (MTBS 2011).  

Year Fire Name 

Unburned 
to Low 

Severity 
Low 

Severity 
Moderate 
Severity 

High 
Severity 

Increased 
Greenness 

2002 Little Missouri II 
     

Acres 
 

369 467 505 97 7 

Hectares 
 

149 189 204 39 3 

% composition 
 

25.5 32.3 34.9 6.7 0.5 

2004 SE Corner 
     

Acres 
 

149 454 320 0 0 

Hectares 
 

60 184 130 0 0 

% composition 
 

16.2 49.2 34.7 0 0 

Immediate post-burn severity is also measured by fire monitoring personnel. Severity for some 

prescribed burns can be found in THRO prescribed burn reports. The recent prescribed fire 

reports cite mostly ñlowò and ñmoderateò severity with fewer occurrences of ñscorchedò severity 

(which is less severe than the ñlowò category) (Lund 2007, Mitchell 2007, Koller and Freeman 

2008, Freeman 2008). Low and moderate severity is a result of the fast-burning nature of THRO 

grassland fires (NPS 1999). When a fire is behaving in a manner that is counter to the 

management goals for the fire, the prescribed burning can be stopped, as was the circumstance 

for the Horse Camp fire of 2007 (Mitchell 2007).  
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Extent - Area Burned 

NPS (1999) suggests that, in comparing the historic presence of fire on the landscape to present 

fire, the largest difference is probably in the area or extent of fires. Currently, large landscape 

fires are not allowed to burn due to widespread agricultural land use and a landscape containing 

many human-created firebreaks (e.g., roads). In addition to land use changes, fire that once was 

used commonly by Native-American cultures and in cattle ranching practices has since ceased 

(NPS 1999). 

Wildland fires, typically caused by lightning, rarely burn more than a few acres (Appendix A) 

(C. Sexton, pers. comm., 2011). Where fire dependency is proven for vegetation communities, 

wildland fires are allowed to burn if fuel load and vegetation composition are within the range of 

natural variability (NPS 2008). According to the NPS (2008), the preferred strategy for 

managing fire in the majority of the park is to allow natural processes to occur in order to 

perpetuate and maintain various ecosystems to the maximum extent possible. Naturally-ignited 

fires may burn so long as human life and property are protected and all wildland fires are limited 

to burning in a manner consistent with national policy. Fire is suppressed in the Elkhorn Ranch 

unit and prescribed fire is implemented when it is determined that it can accomplish 

predetermined resource objectives (NPS 2008). Appendix A displays the areas burned in THRO 

from 1946 to 2010. 

Fire Origin 

Fires in the park are typically started by humans (non-prescribed), lightning, or are prescribed 

burns conducted by fire management and natural resource personnel (NPS 2003, Guyette et al. 

2011) (Appendix A). Another possible ignition source exists in the form of lignite (low-grade 

coal seams) (NPS 1999). THRO experiences very few lightning-ignited fires (0.00075 

fires/km2/yr) (Schroeder and Buck 1970, also reviewed by Guyette et al. 2011). Higgins (1984) 

found that between 1949 and 1981, THRO experienced an average of 1.09 lightning-caused fires 

per year. Lightning-caused fires occur most frequently in July and August (Hull Sieg and 

Fletcher 1998). Prescribed fire now accounts for the vast majority of area burned in THRO. 

From 1999 to 2010, prescribed fires accounted for 49 of the 106 fires, and 90% of the area 

burned. However, lightning-caused fires have been allowed to burn over larger areas in the last 

decade and appear more frequent in recent decades (Table 8). Table 6 shows the origin of 

recorded fires in the park from 1999 to 2010. 

Table 8. Lightning-caused fire numbers and area by decade in THRO (NPS 2010b). 

Decade No. of lightning-caused fires 
Area 

acres hectares 

1950s 15 308 125 

1960s 15 45 18 

1970s 11 403 163 

1980s 39 699 283 

1990s 39 1,185 480 

2000s 50 6,746 2,730 
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Intensity 

Fires in mixed-grass prairie ecosystems are generally fast-burning surface fires that tend to leave 

a mosaic of burned and unburned vegetation (NPS 1999). One goal of THRO fire management is 

to minimize the occurrence of unnaturally intense fires by reducing hazard fuels. Intensity is the 

energy or magnitude of heat produced by a fire (Key and Benson 2006, Keeley 2008). Intensity 

is an indicator to fire managers of the potential effects of fire on soil and vegetation (i.e., fire 

severity) during prescribed burns. Intensity can be measured in two ways: downward penetration 

to the soil, or upward spread to vegetation and the atmosphere. Both measures are dependent on 

residual flame time and are a function of fuel and weather conditions (Key and Benson 2006). 

Mineral soil surface temperatures from grassland headfires increase as the amount of 

uncompacted fine fuels increases (Wright and Bailey 1982). Headfires spread with the wind, 

sometimes uphill; these are different from backfires, which are generally low and burn back into 

the wind slowly (Wright and Bailey 1982). When fuel availability on grasslands in the Great 

Plains range from 1,685 to 7,865 kg/ha, the average soil temperature during burning ranged from 

102° to 388° C (215° to 730°F). Wright and Bailey (1982) suggest that the highest soil surface 

temperatures occur from local accumulations of loosely arranged fuel types and strong winds 

created by fire. Air temperature, relative humidity, and soil moisture do not appear to affect 

surface soil temperature in grassland fires (Britton and Wright 1971, as cited by Wright and 

Bailey 1982). 

Grasses have a high surface area to volume ratio and moisture is easily lost or gained as 

combustible material is exposed to the air. These properties result in grass fires that spread 

quickly and end abruptly (Anderson 1982). Grassland fuels also burn with faster rates of spread 

than other fuels during similar observed weather conditions (Anderson 1982). THRO contains 

grassland fuel model 1 (Anderson 1982), where spread of fire is controlled by cured and almost 

cured herbaceous fuels that are fine, porous, or continuous. As wind speed increases, model 1 

develops the fastest rate of spread within grassland models based upon the fine fuels, fuel load, 

and fuel depth relations. The fast rates of spread produce short periods of intense heat production 

in THRO (NPS 1999).  

Seasonality 

The season in which a fire burns affects the diversity, density, and composition of the plant 

community (Biondini et al. 1989). Burning in different seasons can affect plants and animals 

differently due to their sensitivity to disturbance at various phenological or reproductive stages 

and seasonal differences in moisture regimes at the site (NPS 2003). Biondini et al. (1989) found 

plot diversity of forb species in northern mixed-grass prairies decreased after fall and spring 

burns and remained the same following a summer burn. This same trend was also evident in 

areas left unburned. However, plots left unburned and those burned in the summer showed large 

decreases (54% and 60%, respectively) in density. Smaller declines in density were found in 

plots burned in the fall and spring (9% and 19%, respectively) (Biondini et al. 1989). Across the 

landscape, unburned, spring, and summer burn areas had random distribution patterns of forb 

regrowth, while plots burned in the fall showed high forb clustering (Biondini et al. 1989). 

The fire season in THRO is primarily April through September. Prescribed fires usually are 

conducted in either spring or fall, though fire can be used at any time of year to achieve a 

particular management objective (NPS 1999). Wienk et al. (2007) generally recommends late 

summer or fall prescribed burning for areas dominated by native plant species in NGPN park 
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units. However, Wienk et al. (2007) suggest that for areas dominated by cool-season species 

(e.g., Kentucky bluegrass [Poa pratensis], smooth brome [Bromus inermis], or crested 

wheatgrass [Agropyron cristatum]) spring burning tends to be more effective in reducing non-

native species cover. 

Natural fires caused by lightning generally occur in the late spring to early autumn season (NPS 

1999). Since prescribed fire has been used in THRO, most larger fires (Ó10 acres or 4 ha) have 

occurred in spring (April and May) and in late summer/fall (August, September, and October) 

(Table 9). Smaller fires (<10 acres) occur throughout the year. Other small fires occurring 

outside these months are typically accidental human-caused fires and suppressed lightning-

caused fires. 

Table 9. Number of fires by month for fires Ó one acre and those Ó 10 acres in THRO (NPS 2011b). 
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Period of record 1949 to 2010 

Ó 1 acre 1 4 7 23 16 16 17 29 11 11 - 2 

Ó 10 acres - - 3 18 6 3 3 10 7 6 - - 

Period of record 1984 to 2010 

Ó 1 acre 1 4 4 20 11 12 6 13 6 8 1 2 

Ó 10 acres - - 1 16 6 1 1 4 3 6 - - 

Changes in Native Vegetation after Prescribed Fires 

Management goals for prescribed fires may include to reduce 1-hour dead and down fuels, 

decrease cover of non-native grasses, and increase cover of native grasses, forbs, and sedges. 

Accomplishing vegetation goals and obtaining anticipated results from prescribed fire depends 

largely on such variables as weather and moisture conditions (R. Skalsky, pers. comm., 2011). In 

particular, managers at THRO use prescribed fire to stimulate or manage the growth of the 

following native species: western wheatgrass (Pascopyrum smithii), green needlegrass (Nassella 

viridula), needle-and-thread (Hesperostipa comata), grama grasses (Bouteloua spp.), and common 

yarrow (Achillea millefolium). 

Presently, the park contains too few monitoring plots to accurately and statistically measure 

changes in native vegetation in response to prescribed fires. However, the monitoring plots may 

provide possible trend and some insight to the degree of change, though no clear, causal 

relationships can be surmised. Rod Skalsky (pers. comm., 2012) observes that fire clearly 

impacts deciduous and brush species, but it is difficult to differentiate with any degree of 

certainty if changes in grasslands are due to fire, to grazing post-fire, or both. While it is most 

likely the latter, this complex relationship is difficult to measure statistically (Skalsky, pers. 

comm., 2012). Since 2011, the NGP Fire Ecology Program has been installing more sample plots 

within burn units at THRO in ordrer to increase precision and statistical confidence (D. Swanson, 

pers. comm., 2012). In addition, combined monitoring efforts and data from the NGP Fire 
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Ecology Program and the NGP I&M Program will allow for greater statistical confidence in the 

future, allowing some of the variables to be statistically differentiated. For example, it is 

postulated that variables such as interannual total precipitation and seasonal precipitation may 

have the largest impact on resultant herbaceous diversity and cover. Likewise the timing of 

prescribed fires in terms of the parkôs recent precipitation levels (i.e., whether the park is in a 

wet, normal, or droubt cycle) may significantly impact subsequent herbaceous species 

composition and cover (Swanson, pers. comm., 2012). 

The NGP Fire Ecology Program established fire monitoring units in 1998 and 1999 based on 

dominant plant species. The NGP Fire Ecology Program established individual post-fire 

vegetation objectives for each monitoring unit. Each unit (named by dominant plant species) may 

be represented in several different burn units (e.g., I-94, Jones Creek, Little Missouri, River 

Corridor). Likewise, some burn units may contain various vegetation types, and therefore distinct 

monitoring units. There are 27 fire-monitoring plots in THRO (NPS n.d.). From 1999 to 2010, 22 

prescribed fires occurred, most in spring (Table 10). Wienk et al. (2007) summarized work 

completed by the NGP Fire Ecology Program from 1997 to 2007 for the prescribed burns in 

THRO and is presented in Table 10.  
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Table 10. Prescribed fire dates, season, and area burned in THRO (from Wienk et al. [2007] and updated 
using NPS [2011b]). 

Unit   Date(s)  Season Size (acres) Size (hectares) 

Little Missouri  9/21/99  Fall 650 263 

SE Corner  4/19/99  Spring 475 192 

SE Corner  4/11/00  Spring 331 134 

NW Corner  10/18-21/01  Fall 700 283 

Little Mo II  5/13/02  Spring 800 324 

Peaceful Valley  5/29/02  Spring 18 7 

Skyline Vista  10/9/02  Fall 534 216 

I-94  10/10/02  Fall 300 121 

Cottonwood CG  4/25/03  Spring 250 101 

I-94  5/2/03  Spring 250 101 

SE Corner  4/23/04  Spring 910 368 

Monitoring results of the above prescribed fires are listed in the following section, the prescribed fires listed 
below are not yet reported for all monitoring unit types 

Horsecamp 4/24/07 Spring 92 37 

Loop 1 4/17/07 Spring 17 7 

Loop 2 4/17/07 Spring 25 10 

Loop 3 4/17/07 Spring 6 2 

Loop 4 4/17/07 Spring 44 18 

Loop 5 4/24/07 Spring 40 16 

Radiotower 10/04/07 Spring 95 38 

Loop 6 4/13/08 Spring 40 16 

Loop 7 4/13/08 Spring 93 38 

Loop 8 4/13/08 Spring 20 8 

Loop 9 4/13/08 Spring 70 28 

NW Corner 1 10/09/08 Spring 70 28 

NW Corner 2 10/09/08 Spring 327 132 

NW Corner 3 10/09/08 Spring 297 120 

Elkhorn Ranch 1 5/07/09 Spring 3 1 

Elkhorn Ranch 2 5/07/09 Spring 11 4 

Elkhorn Ranch 3 5/07/09 Spring 4 2 

Juniper Campground No date Spring 150 61 

Loop Unit 1 No date Spring 11 4 

North Loop Burn 5/03/09 Spring 150 61 

SE Corner 6 4/22/10 Spring 250 101 

Sheep 9/14/11 Fall 3641 1474 

Longhorn Flats 9/16/11 Fall 460 186 

D. Swanson (pers. comm., 2012) suggests that project based plot monitoring is more informative 

to park managers on whether objectives are met for each prescribed fire, since prescribed fires 

occur in both the spring and fall and occur under different temperatures and moisture conditions. 

Starting in 2011, the NGP Fire Ecology Program has been installing a greater number of plots 

within each burn unit to address changes to the vegetation composition and cover at the project 

level. 

Crested Wheatgrass (AGCR) 

Monitoring units for the non-native crested wheatgrass only exist within the Southeast Corner / I-

94 prescribed burn unit. Crested wheatgrass and the invasive smooth brome are the dominant 
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species found in this mostly non-native vegetation unit. The I-94 prescribed fire objectives were 

to burn 60-90% of project area and reduce fuel loads by 50-85% immediately after the burn. The 

goals for changes in post-burn vegetation are as follows: 

Immediate post-burn: 

¶ Burn 60-90% of project area; 

¶ Reduce fuel load by 50-85%. 

Two years post-burn: 

¶ Reduce non-native grasses by at least 20%; 

¶ Increase native grass cover by at least 20%; 

¶ Keep hardwood mortality to less than 10%. 

Five year post-burn: 

¶ Maintain a reduction of non-native species; 

¶ Maintain the increase in native species. 

Two-year objectives were partially attained in that non-native grasses decreased by 43%. 

However, native grasses decreased by 39%. Five-year objectives were not met as non-native 

grasses were only 11% lower than the pre-burned state and native grasses were 5% lower than 

the pre-burned state. Western wheatgrass was unchanged after one year and decreased two years 

after the burn. Precipitation is suspected to have affected the re-growth percentages (Wienk et al. 

2007). 

The Southeast Corner prescribed fire of 1999 had a pre-burn objective to reduce 1-hour decadent 

fuels by at least 70%. Paintner and Pindel (1999) state this goal was not met and suggest that it 

may have been unrealistic. Thorstenson and Schmitt (2004) indicate that 70-90% of the area 

burned during the 2004 Southeast Corner prescribed fire and the immediate fuel load goal was 

met in blocks (sections of the fire) F, G, and H. 

Silver sagebrush shrubland (ARCA) 

Four prescribed fire units contain plots for this monitoring unit; two plots burned in 1999 and 

two in 2002. 

Immediate post-burn objectives: 

¶ Burn 60-90% of the available project area. 

Two years post-burn: 

¶ Reduce silver sagebrush density by 40-60%; 

¶ Increase native herbaceous cover by 20%; 

¶ Reduce non-native cover by 25%, and increase native perennial grass cover by at least 

25%. 

Five years post-burn: 
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¶ Maintain the reduction of shrub density; 

¶ Increase native species; 

¶ Maintain a reduction in non-native species. 

The reduction of silver sagebrush density was reached for the two-year post-burn objectives, 

while the increase and reduction goals of native and non-native species were not met. However, 

five years post-burn, non-native grass cover decreased by 55%, while native grass and forb cover 

increased by 18% and 45%, respectively (Wienk et al. 2007). 

Cottonwood/Rocky Mountain juniper forest (PODE) 

Of the three plots installed for monitoring these forests, two have been burned. Post-burn 

vegetation objectives are: 

Immediate post-burn: 

¶ Reduce total fuel loading by 60-80%. 

Two years post-burn: 

¶ Reduce total brush density by 30-50%; 

¶ Reduce conifers by 50-70%, 

¶ Acceptable mortality of deciduous overstory trees was 20%. 

The Little Missouri II fire decreased total fuel loads by 17% immediately post-burn and total fuel 

load actually increased by 38% at five-year post-burn measurements. However, significant 

decreases in pole-sized stems/acre (from ~90 stems/acre pre-burn to ~15 stems/acre year five) 

were realized at 5 years in this burn unit for cottonwood and very few overstory trees were 

reduced. Conifers were not evaluated in Wienk et al. (2007) for this burn unit. 

Green needlegrass mixed-grass prairie (STVI) 

Ten plots were installed for the monitoring of this unit; three have burned in the Southeast 

Corner unit and three have burned in the Northwest Corner unit. The Southeast Corner unit is 

dominated by Kentucky bluegrass, whereas the Northwest Corner unit is a more appropriate unit 

to assess the condition of green needlegrass plots, as native species are dominant (Wienk et al. 

2007). Post-burn vegetation objectives are: 

Immediate post-burn: 

¶ Reduce thatch by 20-30%. 

Two years post-burn: 

¶ Reinvigorate native species and decadent vegetation; 

¶ Reduce brush species; 

¶ Restore and maintain native plant communities; 

¶ Reduce non-native cover by at least 20 to 30%; 

¶ Increase native perennial grass cover by at least 20 to 30%; 



 

44 

 

¶ Reduce brush by 20 to 30%; 

¶ Increase native herbaceous and shrub cover by 20 to 30%. 

Immediate visual estimates of the Northwest Corner fire in 2001 found that about 50% of the 

thatch was removed (Rehman and Thorstenson 2001). Based on the Northwest Corner prescribed 

fire monitoring report, none of the two-year objectives were met (Wienk et al. 2007). While non-

native grass cover was reduced by 53%, non-native forb cover increased by 100%. Five years 

after burning, native grass cover had increased by 40% (Wienk et al. 2007). 

Snowberry shrub land (SYOC) 

As of 2007, one plot was installed to monitor this mixed-grass prairie vegetation type. 

Immediate post-burn: 

¶ Reduce silver sagebrush density by 40-60%. 

Two year post-burn: 

¶ Reduce non-native cover by at least 25%; 

¶ Increase native perennial grass cover by at least 25%; 

¶ Reduce silver sage by 50%; 

¶ Reduce total fuel load by 75%. 

Immediate post burn goals were inconclusive and silver sage reduction was the only two-year 

post burn objective attained (Wienk et al. 2007). 

A park-wide summary of fire monitoring plots in THRO through 2007 indicated that 16 plots 

were burned and 15 of them were visited five years post-burn (Figure 2) (Wienk et al. 2007). 

 

Figure 2. Pre-burn and post-burn percent cover of native and non-native plant species (average of 15 
monitoring plots). Reproduced from Wienk et al. (2007). 
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Since Wienk et al. (2007), several treatments (fires) have been conducted in THRO. Decreases in 

the percent cover of nonnative grasses and increases in both native grass and sedges occurred in 

the Southeast Corner burn unit (which contains three green needlegrass monitoring plots) (Figure 

3). Kentucky bluegrass showed the most notable decrease in cover of five major non-native 

grasses. 

 

Figure 3. Southeast Corner burn unit changes in percent cover by life form following multi-year, multi-
burn, prescribed fire treatments in THRO. 

Similar decreases in non-native grasses and increases in native grasses and sedges also were 

reported in the Northwest Corner burn unit following multiple fire treatments (Figure 4). 

However, it is not clear how the additional influence of livestock and ungulate grazing may 

influence the results of any post-burn measurements. 
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Figure 4. Northwest Corner burn unit changes in percent cover by life form following multi-year, multi-
treatments (fires) in THRO. 

Overall, shrub density objectives for both silver sagebrush and western snowberry were achieved 

in the Little Missouri burn unit, though at ten years post-burn, a slight increase occurred in silver 

sagebrush density from initial post-burn measurements (Figure 5).  

 

Figure 5. Shrub density changes post-fire in the Little Missouri burn unit. 
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Threats and Stressor Factors 

Fire suppression and development adjacent to the park were identified by park managers as 

threats or stressors to the fire regime in THRO. Throughout the early to mid-1900s, fire 

suppression was practiced throughout the northern Great Plains region to protect private property 

and resources. This prevents the natural extent and frequency from occurring, especially in the 

case of large landscape-scale fires.Suppression of nearly all unplanned fires continues as a part 

of the THRO Fire Management Plan, creating a situation in which the fire regime is almost 

completely dependent upon prescribed burning and non-fire fuel treatments. 

Increased development adjacent to the park increases the opportunity for fires occurring within 

the park to destroy private property or structures and threaten human life should a fire escape 

park boundaries. This increased risk to private property elevates the need to suppress natural 

fires and requires deliberate, careful planning of prescribed fires in the park in order to achieve 

fire management goals while preserving park structures and private property. As a result, large-

scale fires are rare in the region and occur at a lower frequency. 

Data Needs/Gaps 

Immediate monitoring and reporting of burn intensity and severity will assist managers to further 

understand fireôs effects on vegetation. Continued capture/delineation of fire perimeters using 

GPS data (adding to 10 years of consistent data collection) will give managers a clear 

understanding of fire history in each burn unit, and will  illustrate areas of the park that have not 

experienced prescribed fire for long periods. Continued and consistent monitoring of established 

vegetation plots will provide a better understanding of the fire effects on vegetation as well as a 

way to determine if management objectives are being met. With additional plots within burn 

units and in combining NGP Fire Ecology Program and NGP I&M data vegetation plots may 

also allow managers to correlate different fire management parameters (e.g., season, fuel loads, 

or weather conditions) with the desired vegetation outcomes. 

Overall Condition 

Fire over the last several decades in THRO has been managed either through suppression 

(accidental fires or in some cases of lightning-caused) or through prescribed fires. While the 

following measures characterize the present-day fire regime in the park, prescribed fire has 

almost completely replaced natural-start fires. Prescribed fires are set to achieve desired effects 

on vegetation and soils. Therefore, the effects of fire may be considered a more important 

measure of fireôs condition in THRO than various parameters of fire occurrence in the park. The 

desired effects vary by individual burn unit, monitoring unit, and by fire. Understanding how fire 

parameters (e.g., intensity, severity, flame length, wind) influence the effects of burning will 

assist park staff in meeting their management objectives. 

Frequency 

The Significance Level for frequency is a 3. A fire behavior model suggests that the park should 

have fire-return intervals of 5 to 30 years. However, some areas of THRO do not burn for 100 to 

200 years. For this reason, Condition Level for frequency is a 2, indicating the component is of 

moderate concern. 
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Extent - Area Burned 

The Significance Level for area burned is a 3. There is not a target established for number of 

acres to be burned annually in the park. However, some areas in the park have not experienced 

fire in over 200 years, and the declining fuel budget is likely to further decrease the average 

extent burned per year (R. Skalsky, pers. comm., 2011). Thus, the Condition Level for extent of 

area burned is a 2, indicating the condition is of moderate concern. 

Intensity 

The Significance Level for intensity is a 2. Intensity is measured by the rate of spread and flame 

length. Prescribed fires are heavily monitored and managed during burns and wildfires are 

monitored and sometimes suppressed, depending on location, suppression support, and weather 

conditions. Since managers extinguish fires that are behaving unfavorably, the Condition Level 

for intensity is a 0, indicating the component is of no concern. 

Severity 

The Significance Level for severity is a 2. Fires that burn too hot will destroy vegetation 

completely and damage soils; thus, personnel will extinguish a prescribed fire that has the 

potential to become too severe. The majority of fires in THRO had a reported severity of 

ñscorchedò, ñlowò, or ñmoderate,ò largely due to the controlled nature of the fires. The Condition 

Level of severity is a 0, indicating the component is of no concern. This is because fire personnel 

generally control severity, and to date overall severity has been low. 

Seasonality 

The Significance Level for seasonality is a 2. Prescribed fires usually occur in the fall and spring 

but fire can be used during any season to meet management goals. Since most fires in THRO are 

prescribed, and wildfires only burn a few acres at a time and have minimal effects on vegetation 

park-wide, the Condition Level for seasonality is a 0, indicating no concern. The appropriate 

season in which to use prescribed fire to achieve a particular set of objectives (e.g., reducing 

non-native cool season grasses) continues to be a topic of research. Fire effects monitoring 

results will aid in answering this general research question. 

Fire Origin 

The Significance Level for fire origin is a 2. The Condition Level for fire origin is a 0, indicating 

no concern because 93% of the acres burned since 1984 are of prescribed origin. Since 2000, 

only five human-caused fires have occurred in the park, burning a total of six acres. Wildfires 

generally are suppressed because they are less predictable, and therefore pose threats to property 

within and adjacent to THRO; however, larger areas have burned from 1999 to 2010 due to 

natural wildfire.  

Changes in Native Vegetation 

The project team defined the Significance Level for changes in native vegetation as a 2. The 

Condition Level for changes in native vegetation is also a 2, indicating that the component is of 

moderate concern. Weather and moisture variables affect both the way prescribed fires burn and 

the results from prescribed fires. Most immediate prescribed fire goals have been met, while two-

year and five-year goals are sometimes met. Some progress has been realized as is evidenced by 

10-year post-fire effects (e.g., continued reductions in shrub densities). 
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Weighted Condition Score 

The Weighted Condition Score (WCS) for the fire component is 0.333 indicating the condition is 

in good condition with a stable trend.  

 

4.1.6 Sources of Expertise 

Rod Skalsky, Fire Management Officer, THRO 

Dan Swanson, Fire Ecologist, WICA 

Chad Sexton, Geographic Information Systems Analyst, THRO
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4.2 Wind and Water Erosion 

* During initial project scoping, project stakeholders identified wind and water erosion as 

important processes within the park, but little or no data exist to examine their current condition. 

Thus, no data will be summarized nor will the condition of erosion be assessed. Rather, a brief 

overview of the component and a description of potential measures, threats, and stressors are 

provided for the primary purpose of inclusion in a future assessment when appropriate data are 

available. 

4.2.1 Description 

Wind and water erosion are natural processes that have shaped the landscape of THRO, 

particularly the dramatic geological formations of the badlands. Erosion rates on the badlands 

slopes of western North Dakota have been estimated at 0.28-1.04 cm/year (Tinker 1970 and 

Bluemle 1975, as cited by Von Loh et al. 2000). Factors that influence erosion rates include 

lithology, slope gradient (steepness), and vegetative cover (Butler et al. 1985, KellerLynn 2007). 

The presence of bentonite (a clay material that swells when wet) in a rock formation increases its 

susceptibility to erosion. Bentonite is common in the Sentinel Butte Formation of THRO, where 

most landsliding occurs in the park (KellerLynn 2007). Slope gradient influences water 

infiltration, especially of runoff water, therefore affecting erosion rates (Butler et al. 1985). 

Finally, vegetative cover plays a key role in protecting surfaces from wind, rainsplash, and 

runoff (Wei et al. 2009, Munson et al. 2011). 

One significant erosional process of concern to park managers is mass wasting, which is the 

downslope movement of soil and rock material by gravity (e.g., landslides, slumping, soil creep) 

(NPS 2003, KellerLynn 2007). This movement, sometimes sudden and dramatic, can threaten 

park roads, trails, and visitor facilities (NPS 1986). For example, significant slumping due to 

above normal precipitation in 2011 led to the closure of a portion of road in the North Unit 

through Cedar Canyon, as it was deemed unsafe for visitors (Laurie Richardson, THRO Botanist, 

e-mail communication, 2012). Mass wasting in THRO occurs primarily as landslides and soil 

creep (Biek and Gonzalez 2001). Evidence of landslides is common in the North Unit, where 

ñrotational slumpsò are apparent in several locations (Photo 7). Large slumps with hummocky 

surfaces occur along the Little Missouri River, with the largest occurring on the north flank of 

the Achenbach Hills near Achenbach Spring (Biek and Gonzalez 2001). Another notable 

rotational slump can be found north of the river between the east entrance and Juniper 

Campground. The largest landslides in the South Unit occur along the eastern escarpment, on the 

eastern flank of the Petrified Forest Plateau, and around Buck Hill. Also in the South Unit, soil 

creep is common on steep slopes of the Bullion Creek Formation with north or northeast aspects 

(Biek and Gonzalez 2001). 
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Photo 7. A small landslide in Sentinel Butte strata (left) and a large rotational slump in the North Unit 
(right) (Biek and Gonzalez 2001). 

Other erosional processes in the park include rill and gully erosion, common in basal sandstone 

of the Sentinel Butte formation, and piping (KellerLynn 2007). Piping occurs ñwhen surface 

runoff erodes vertically downward through poorly lithified sedimentsò, creating a network of 

tunnels, small caves, and pseudokarst features that channel runoff underground (Biek and 

Gonzalez 2001, p. 56). It is common in poorly lithified bedrock and associated colluvial, alluvial, 

and landslide deposits, which regularly occur at or near the bottom of steep badlands slopes 

(Biek and Gonzalez 2001). These pipes can eventually collapse, potentially causing subsidence 

or rockslides that could threaten nearby roads or structures.  

Another erosion-related threat to the park is the exposure of lignite beds (also known as ñbrown 

coalò), which can ignite when exposed to air and trigger fires (Biek and Gonzalez 2001). Once 

ignited at the surface, lignite often burns back into the hillside or formation, creating an empty 

space into which overlying beds settle or collapse. Significant burning and subsidence occurred 

in the Buck Hill area from the early 1950s through the 1970s (Biek and Gonzalez 2001). No 

lignite beds were burning in THRO as of 2007, but several small fires occurred in the South 

Unitôs northeastern corner during the late 1980s and early 1990s (KellerLynn 2007). However, 

outcrops of lignite are a constant concern for the parkôs fire management program and can 

influence park planning and management (KellerLynn 2007).   

4.2.2 Measures 

¶ Changes in landscape features 

¶ Amount of material removed (erosion rates) 

4.2.3 Reference Conditions/Values 

A reference condition for wind and water erosion in the park has not been determined. 

4.2.4 Data and Methods 

Information regarding erosion in the park was primarily found in Biek and Gonzalez (2001) and 

the THRO Geologic Resources Evaluation Report (KellerLynn 2007). Numerous journal articles 

were consulted regarding the impact of climate on erosional processes.  
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4.2.5 Current Condition and Trend 

Changes in Landscape Features 

Wind and water erosion are constantly changing the landscape of THRO. However, no research 

or consistent monitoring of these changes has occurred.  

Amount of Material Removed (Erosion Rates) 

To date, no current or historical data are available for erosion rates in the park.  

Threats and Stressor Factors 

Climate is a critical factor in erosional processes, especially in semiarid regions (Kuehn 2003, 

Graham 2008). According to Wei et al. (2009, p. 308), ñrainfall is the initial and essential driving 

force for natural runoff generation and erosion variation.ò Climate variables also impact 

vegetation patterns, which in turn influence erosion across the landscape. An increase in 

precipitation generally is thought to increase erosion rates (as reviewed by OôNeal et al. 2005). A 

decrease in precipitation therefore would be expected to reduce erosion rates; however, a 

reduction in precipitation could reduce vegetative cover, increasing the surface area exposed to 

rainfall and runoff (Clarke and Rendell 2010). A reduction in vegetative cover may increase the 

soilôs exposure to wind erosion as well (Munson et al. 2011). The frequency of precipitation can 

also impact erosional processes. Wei et al. (2007) found that rainfall regimes with strong 

intensities and low frequencies induced more severe runoff and soil erosion than regimes with 

weak intensities and high frequencies. 

In semi-arid badlands like those found at THRO, ñthe ephemeral nature of precipitation and 

runoff means that change is particularly associated with extreme eventsò (Faulkner 2008, p. 92). 

Rain often comes in sudden showers that can drop several inches per hour (Opdahl et al. 1975, as 

cited by KellerLynn 2007); the resulting runoff typically causes rapid erosion. Heavy downpours 

have increased in frequency and intensity across the U.S. over the past several decades, a trend 

that is expected to continue throughout this century (Karl et al. 2009). 

Erosion also can be exacerbated by road construction and trail use. Movement is still occurring 

in landslide deposits under several roads in the park, causing buckled pavement and dips in the 

roads (Biek and Gonzalez 2001). For example, the North Unitôs scenic drive crosses several 

landslide deposits between the Concretion Pullout and the Highway 85 junction. In the South 

Unit, the park road crosses landslides near the Ridgeline Trail trailhead and along the Buck Hill 

road (Biek and Gonzalez 2001, KellerLynn 2007). Disturbance caused by repair activities such 

as placing fill, regrading, or rerouting drainage in these deposits may actually increase instability 

(Biek and Gonzalez 2001, KellerLynn 2007). Intense trail use or poor trail design often result in 

soil erosion and trampled vegetation (NPS 1994). In some places, trails have become deep 

channels that actually concentrate runoff, further exacerbating erosion. The eroded material can 

then impact vegetation and soils in previously undisturbed areas along the trail (NPS 1994). 

Data Needs/Gaps 

No research has been conducted in the park regarding either changes in landscape features or 

erosion rates. A multi-year study of erosion rates using a variety of sampling techniques (e.g., 

survey stakes and pins, sediment erosion traps, photogrammetry, LiDAR) is currently underway 

at Badlands National Park in South Dakota (Stetler and Benton 2011). The results of this study, 
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which is scheduled for completion in 2012, could help THRO design an erosion survey and 

monitoring plan.  

Overall Condition 

Due to a lack of information and data regarding erosion rates and erosional landscape changes in 

the park, the overall condition of wind and water erosion cannot be assessed at this time. 

4.2.6 Sources of Expertise 

Bill Whitworth, Chief of Resources, THRO 
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4.3 Flooding (Little Missouri River) 

4.3.1 Description 

The Little Missouri River is a tributary of the Missouri River, which begins in northeastern 

Wyoming and flows through all three units of THRO (through 14 km of the South Unit, 23 km 

of the North Unit, and through Elkhorn Ranch) (Miller 2005, KellerLynn 2007). Peak flows of 

the Little Missouri River in the 20th century were lower than in previous centuries; regardless, 

they have subsequently altered floodplain formation (Miller and Friedman 2009). These overall 

decreases in peak flows are postulated to be a result of climatic shifts (changes in precipitation 

and temperature), as the Little Missouri River is mostly unregulated (Miller and Friedman 2009). 

Despite the overall decrease in peak flow magnitude, several park features (Cottonwood and 

Juniper Campgrounds, Peaceful Valley Ranch, South Unit Park Headquarters, and portions of 

park roads) are located within 

the 100-year floodplain, 

leaving a 1% chance each 

year that these features will 

be in the riverôs inundation 

zone (KellerLynn 2007). In 

May 2011, the Little Missouri 

River experienced significant 

flooding in THRO and the 

surrounding area following 

heavy spring rain events.  

The National Weather Service 

defines a flood as ñany high 

flow, overflow, or inundation 

by water which causes or 

threatens damage (NWS 

2012).ò The National Weather 

Service defines gage heights 

that correspond to flooding events at certain gages. For the Little Missori River, two gages are 

most relevant to THRO, one at Medora and one near Watford City (Plate 1). The gage heights 

that represent flooding events at these sites do not correspond to flooding events in the park for 

all high-water events though; in 2011, a high-water event occurred that caused substantial 

flooding in the park, yet the gage height at Watford City did not correspond to a flood event as 

defined by the National Weather Service. 

4.3.2 Measures 

¶ Frequency 

¶ Magnitude 

¶ Duration 

¶ Effects of upstream water withdrawal on summer low flows 

¶ Snow pack 

Photo 8. Record flooding on the Little Missouri River in May 2011 as 
viewed from the MP 27 loop road in the South Unit, THRO (NPS 
photo). 
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4.3.3 Reference Conditions/Values 

The reference condition for flooding is the range of variation since the beginning of data 

collection (1904 and 1935 for Medora and Watford City, ND, respectively). 

4.3.4 Data and Methods 

Literature provided by THRO (Emerson and Macek-Rowland 1986; KellerLynn 2007; Miller 

2005; Miller and Friedman 2009) and USGS stream gage statistics (USGS 2011a, b, c) were the 

main sources of information for this assessment. Two USGS gage sites were utilized for this 

assessment: Little Missouri River at Medora, ND (USGS Station No. 06336000) and Little 

Missouri River at Watford City, ND (USGS Station No. 06337000). The Medora gage is 

indicative of streamflow characteristics near the South Unit and the Watford City gage is 

indicative of streamflow in the North Unit; there is no stream gage near the Elkhorn Ranch Unit 

of THRO. 

4.3.5 Current Condition and Trend 

Frequency 

Peak flows in the Little Missouri River occur in late March and early April of each year, with 

periodic summer high flows occurring in May through July. Spring peak flows are generally a 

result of snowmelt, but can also result from rain and the breaking up of river ice; summer high 

flows are generally the result of intense thunderstorms (Miller and Friedman 2009). High-flow 

events causing significant floodplain destruction occur every five to ten years on the Little 

Missouri River (Miller and Friedman 2009). Frequent flooding increases erosion and causes 

changes to the channel area, which is important for establishment and regeneration of 

cottonwoods (Populus deltoides).  

Magnitude 

Over the last century, there has been a reduction in the magnitude of peak flows on the Little 

Missouri River (Miller and Friedman 2009). Since the Little Missouri River is largely 

unregulated, climatic factors, such 

as temperature and precipitation, 

are thought to be the primary driver 

in the overall reduction in peak 

flow magnitude during the 20th 

century.  

Discharge has been monitored 

since 1935 (North Unit) and 1904 

(South Unit), and the overall 

average annual peak flow of the 

Little Missouri River was 15,122 

cfs (mean discharge = 535 cfs) 

(Miller 2005, Miller and Friedman 

2009). However, there are many 

gaps in the available data for the 

South Unit. The largest recorded 

instantaneous peak flow of the 

Photo 9. Flooding on the Little Missouri in May 2011 as viewed 
from the Medora Overlook in the South Unit, THRO (NPS photo). 
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Little Missouri River occurred in 1947, with a peak discharge of 110,000 cfs (Miller and 

Friedman 2009). This 1947 flood was seven times larger than the average annual peak flow on 

the Little Missouri River, and reached a peak height of 20.5 ft at Medora, 5.5 ft above the 

National Weather Service 15-foot Flood Stage (USGS 2011a). The second largest recorded flood 

occurred in 1950, with a peak discharge of 60,000 cfs. Recently, in May of 2011, a high-water 

event occurred; stage height of this event reached 16.70 feet and discharge reached 30,000 cfs at 

the Watford City gage (USGS 2012). At the same time, the stage height exceeded the flood stage 

(15 ft) at Medora, reaching a height of 20.39 ft with a discharge of 35,100 cfs. For the period of 

recorded streamflow, ñpeak flows along the Little Missouri River have declined over time and 

the active channel area has decreased by 38% since 1939ò (Miller and Freidman 2009, p. 754). 

Peak discharge is an important driver of erosion and channel migration (Miller 2005), which are 

both necessary for cottonwood establishment. Therefore, a decrease in flood magnitude could be 

problematic for cottonwood forests. Table 11 displays peak discharge for the Little Missouri 

River at the North and South Units of THRO, along with other tributaries of the Little Missouri 

River. Annual peak flow data recorded at the Medora, ND and Watford City, ND gages are 

included in Appendices A and B, respectively. 

Table 11. Flood discharges for the Little Missouri River and tributaries in THRO. Discharges in cfs; 
maximum water-surface elevations are in feet above sea level (asl) (Emerson and Macek-Rowland 1986). 

 

Peak recorded 
discharge 

Maximum water-
surface elevation 

Date 
100-year 

flood 
discharge 

500-year 
flood 

discharge 

North Unit 110,000 cfs 1,953.03 ft asl 25 March  1947 78,800 cfs 113,500 cfs 

South Unit 65,000 cfs 2,267.25 ft asl 23 March , 1947 65,300 cfs 99,300 cfs 

Elkhorn Ranch No data No data n/a 69,000 cfs 103,000 cfs 

Knutson Creek No data No data n/a 31,800 cfs  

Paddock Creek No data No data n/a 13,500 cfs  

Squaw Creek No data No data n/a 24,600 cfs  

North Unit 

Figure 6 represents peak discharge at the Watford City USGS stream gage near the North Unit of 

THRO. This stream gage gathers continuous data, with no data gaps, making overall trends 

discernable. Since 1980, no higher peak discharges have occurred, such as those seen in 1947, 

1950, 1952, and 1972.  
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Figure 6. Peak discharge (cfs) for the Little Missouri River near Watford City, ND (USGS Station No. 
06337000) from 1935-2010  (USGS 2011c, 2012). 

The National Weather Service determined the flood stage at Watford City to be 20 ft (USGS 

2011b). At Watford City, the Little Missouri River has only reached flood stage twice since 1935 

(in 1947 and 1950) (USGS 2011b). The peak gage height for 1947 and 1950 were 24 and 21.42 

ft, respectively (USGS 2011b). However, there seem to be many years with high peak gage 

heights, but relatively low peak discharge. J. Hughes (pers. comm.) indicated a potential reason 

for some of the discrepancies is that the gage near Watford City has changed location on 

numerous occasions. 

South Unit 

Figure 7 represents peak discharge at the USGS Medora stream gage near the South Unit of 

THRO at Medora, ND. The stream gage data for this location has many multi-year data gaps. For 

approximately 25 years (from the mid-1970s until 2000), there are no USGS stream gage 

statistics available. In addition, there are multi-year data gaps in years prior to 1945. It is difficult 

to draw any conclusions about peak discharge trends from the data that are available, due to the 

large data gaps. 

0

20000

40000

60000

80000

100000

120000

1
9

3
5

1
9

4
0

1
9

4
5

1
9

5
0

1
9

5
5

1
9

6
0

1
9

6
5

1
9

7
0

1
9

7
5

1
9

8
0

1
9

8
5

1
9

9
0

1
9

9
5

2
0

0
0

2
0

0
5

2
0

1
0

P
e

a
k

 D
is

c
h

a
rg

e
 (

c
fs

)

Water Year



 

62 

 

 

Figure 7. Peak discharge (cfs) for the Little Missouri River at Medora, ND from 1904-2010 (USGS Station 
No. 06336000) (USGS 2011c, 2012). 

The National Weather Service determined the flood stage at Medora to be 15 ft (USGS 2011a). 

At Medora, the Little Missouri River has reached flood stage seven times since 1904 (in 1904, 

1929, 1947, 1952, 1972, 2009, and 2011) (USGS 2011a, 2012). The peak gage heights for 1947, 

2011, 1972, 1952, and 1929 were the highest recorded, with respective gage heights of 20.50, 

20.39, 18.68, 18.35, and 17.20 ft (USGS 2011a). Interestingly, the 1950 peak gage height passed 

flood stage in Watford City, but did not in Medora. All years that passed flood stage at Medora 

(aside from 1947) did not pass flood stage in Watford City, which could be due to the difference 

in flood stage heights (15 versus 20 ft). As expected, all flow events that surpassed flood stage 

heights at Medora correspond to years with a higher-than-normal peak discharge; further 

investigation is needed to determine the actual effects of these high-water events in the park. 

Snowpack 

Snowpack is often measured in snow water equivalent (SWE). SWE is the water depth that 

would hypothetically result in the event that the entire snowpack melted at one time (NRCS 

2009). This estimate is based off snow depth and snow density information, gathered from 

SNOTEL sampling locations. Snowpack is directly related to the amount of water entering river 

systems, and is therefore important to understand when analyzing flooding. The nearest 

SNOTEL sampling station to the Little Missouri River is located at Cole Canyon, in Sundance, 

Wyoming. This SNOTEL station is located approximately 60 km east of the headwaters of the 

Little Missouri River, and should provide a general trend of the changes in snowpack in the last 

40 years. Figure 8 displays SWE averages from 1971-2000 and 2001-2009 at Cole Canyon. The 

2001-2009 averages are all smaller than the 1971-2000 averages, with 2001-2009 May averages 

at approximately 1/3 of the 1971-2000 May averages. While it may not be appropriate to draw 

further conclusions, this general decreasing trend in snowpack could be associated with the 
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conclusions of Miller and Friedman (2009), that climate is the primary driver for the recent 

decrease in peak flow magnitudes on the Little Missouri River. 

 

Figure 8. Snow water equivalent averages from 1971-2000 and 2001-2009 at Cole Canyon, Sundance, 
Wyoming (NRCS 2009). 

Duration 

The duration of a flood event is related largely to the volume of water received by the stream 

from precipitation and snowmelt events and the location of where runoff enters the stream. 

Spring floods are generally longer in duration than summer floods. A positive correlation 

between duration and magnitude exists, with larger floods having longer durations; a flood of 

higher magnitude will have more water, so it will take a longer period of time for the saturated 

soil and upstream tributaries to drain back to normal levels. Contrastingly, summer floods are 

much shorter, as they are generally a result of intense rain and thunderstorms. While duration 

appears to be important in forming the total channel area, peak magnitude appears to be the most 

important factor (Miller 2005).  

Effects of upstream water withdrawal on summer flows 

Jeff Hughes (pers. comm., 2012) indicated that he is gathering information on water rights and 

permits for water withdrawal on the Little Missouri River. Currently, the Theodore Roosevelt 

Medora Foundation has a permit to withdraw 11 cfs from the Little Missouri River (3 miles 

upstream of the South Unit of THRO) between 1 March and 1 July. The Medora Foundation 

permit and other similar operations upstream of THRO may affect flow in the Little Missouri 

River and the NPS Water Rights Branch is currently collecting available information on the 

number of water users and the amount of water diverted and withdrawn from the Little Missouri 

River system to determine if  adverse impacts could be occurring at the park. 
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Threats and Stressor Factors 

The climate around THRO is semi-arid, with extreme temperatures in the summer and winter 

months (Miller 2005). On average, the Little Missouri watershed receives 35.6 cm (14 in) of 

precipitation per year, and approximately 76 cm (30 in) of snowfall (average from 1939-2003) 

(Miller 2005). In the last 100 years, there has been a reduction in peak flows, and because the 

Little Missouri is largely unregulated, the cause of this reduction is thought to be related to 

climate. Climate is related directly to precipitation and snowpack, which directly influence the 

amount of water moving through the Little Missouri River system. This reduction in peak flows 

is correlated strongly with a reduction in erosion (Miller 2005), which poses a risk for 

cottonwood regeneration. 

Water retention in stock dams (in upriver tributaries and draws) can change the flooding patterns 

of the Little Missouri River. There is no current literature explaining the effects of water 

retention in stock dams in upriver tributaries and draws of the Little Missouri River. Other 

potential concerns include upstream irrigation practices and withdrawals associated with 

hydraulic fracturing.  

Data Needs/Gaps 

Peak magnitude and peak gage height for the Medora gage has major data gaps throughout the 

entire period of data collection (1904-present). J. Hughes (pers. comm., 2012) indicated that the 

Medora and Watford City gage locations are largely similar, and statistical models (using the 

Watford City gage data) likely could be used to predict the missing years for the Medora gage. 

J. Hughes (pers. comm., 2012) is currently investigating the amount and extent of water permits 

near the Little Missouri River, to get a better idea of the amount of water taken from the river. 

This information would be beneficial in understanding upstream drawdown statistics. 

Research investigating the number, location, and extent of stock dams in the upstream tributaries 

of the Little Missouri River would be beneficial to get a better idea of how these might be 

affecting floods near THRO. 

Overall Condition 

Frequency 

The project team defined the Significance Level of frequency as a 3. As a result of snowmelt, 

spring floods are still occurring, and summer floods from intense rain and thunderstorms are also 

occurring; thus, a Condition Level of 1 (low concern) was assigned for the frequency measure. 

Magnitude 

The project team defined the Significance Level of magnitude as a 3. While the spring and 

summer peak flows are still occurring on the Little Missouri, Miller and Friedman (2009) point 

out that the peak flows have dropped over the last century, likely due to climate change. The 

decrease in magnitude, coupled with concerns regarding climate change, result in a Condition 

Level of 2 (moderate concern) for the magnitude measure. 

Snowpack 

The project team defined the Significance Level of snowpack as a 3. Snowpack is the main driver 

of spring peak flows, and while some years still see heavy snowpack, there has been an overall 
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decrease in SWE over the last 40 years. Snowpack was given a Condition Level of 3 (significant 

concern) because of these overall decreasing trends. 

Duration 

The project team defined the Significance Level of duration as a 2. Duration is largely a product 

of magnitude, meaning that a decrease in flood magnitude over the last century has contributed 

to a decrease in flood duration as well. The project team assigned a Condition Level of 2 

(moderate concern) for the duration measure. 

Effects of Upstream Water Withdrawal on Summer Flows 

The project team defined the Significance Level of effects of upstream water withdrawal on 

summer flows as a 3. However, there are no current data on the amount of water withdrawn from 

the Little Missouri River. Thus, a Condition Level for this measure could not be determined.   

Weighted Condition Score 

While spring and summer peak flows are still occurring, decreases in snowpack have resulted in 

lower magnitude and duration of peak flows. The overall Weighted Condition Score of flooding 

was 0.666, meaning it is of moderate concern. 

 

4.3.6 Sources of Expertise 

Jeff Hughes, Hydrologist, NPS Water Resources Division  
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Plate 1. Watershed boundaries and Little Missouri River gages. 
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4.4 Native Grasslands 

4.4.1 Description  

Prior to the drought of the 1930s, the mixed-prairie grasslands of the northern Great Plains 

region were used extensively for grazing and agriculture, including the area that now makes up 

THRO. The establishment of THRO in 1947 allowed grassland communities within the park to 

revert to their natural state (Stubbendieck and Willson 1986). Today, native grasslands within 

THRO are widely distributed across areas with deeper soils such as plains, valleys, buttes, sand 

hills, and ridges. Grasslands also are interspersed with shrublands and woodlands throughout the 

park, and grasses sometimes 

comprise the understory of various 

woody habitats (Von Loh et al. 

2000). Native grasslands support a 

wide variety of wildlife, from bison 

and elk to prairie dogs and 

numerous bird species (NPS 2010a). 

The most abundant native grass 

species in THRO include needle-

and-thread (Hesperostipa comata), 

blue grama (Bouteloua gracilis), 

and threadleaf sedge (Carex 

filifolia ). Von Loh et al. (2000) 

identified six grassland alliances in 

THRO (five native and one 

introduced). The native grassland 

communities found in the park are 

listed in Table 21.   

Table 12. Native grassland communities of THRO (Von Loh et al. 2000). 

Common Name NVCS Association or Complex 

Needle-and-Thread Herbaceous Alliance  Hesperostipa comata ï Bouteloua gracilis ï Carex filifolia 
Herbaceous Vegetation 

Western Wheatgrass Herbaceous Alliance Pascopyrum smithii ï Bouteloua gracilis ï Carex filifolia 
Herbaceous Vegetation; Pascopyrum smithii ï Nassella 
viridula Herbaceous Vegetation 

Little Bluestem - Sideoats Grama Herbaceous Alliance Schizachyrium scoparium ï Bouteloua (curtipendula, 
gracilis) ï Carex filifolia Herbaceous Vegetation 

Prairie Sandreed Grass Herbaceous Alliance Calamovilfa longifolia ï Carex inops ssp. heliophila 
Herbaceous Vegetation 

Prairie Cordgrass Temporarily Flooded Herbaceous 
Alliance 

Spartina pectinata ï Carex spp. Herbaceous Vegetation 

4.4.2 Measures 

¶ Species composition  

¶ Distribution 

Photo 10. Native grassland in the Peaceful Valley in THRO 
(Photo by Shannon Amberg, SMUMN GSS, 2010). 
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¶ Prevalence of non-natives 

4.4.3 Reference Conditions/Values 

The ideal reference condition for this component is the composition and distribution of 

grasslands prior to European settlement. However, no information is available from this 

historical period. The earliest description of native grasslands within THRO comes from Hansen 

et al. (1984), who identified three grassland habitat types in the park: Hesperostipa 

comata/Carex filifolia, Pascopyrum smithii/Carex filifolia, and Schizachyrium scoparium/Carex 

filifolia . These descriptions will be used as reference conditions for species composition in the 

respective grassland types present in the park today. An earlier work by Hanson and Whitman 

(1938) focused on grasslands in western Northern Dakota and included these three grasslands, as 

well as a Calamovilfa longifolia grassland. Although not specific to the park, these descriptions 

also can be used as secondary reference conditions for species composition. 

4.4.4 Data and Methods 

The USGS-NPS Vegetation Mapping Program document (Von Loh et al. 2000) was a major 

source of information for this component. The NPS Inventory and Monitoring (I&M) Program 

implemented this project to map and categorize the vegetation of THRO using aerial 

photography GIS analysis. Multiple sources documented the occurrence of non-natives in the 

parkôs grasslands: Hansen et al. (1984), Trammell (1994), Von Loh et al. (2000), and THRO GIS 

data (NPS n.d.) 

4.4.5 Current Condition and Trend 

Species Composition 

Many of the parkôs native grasslands have similar species compositions, but with variation in 

which species are dominant. The most common native grassland type in THRO is the Needle-

and-Thread Herbaceous Alliance, which consists of Needle-and-Thread ï Blue Grama ï 

Threadleaf Sedge Herbaceous Vegetation. In addition to these three grasses, other common 

species include Junegrass (Koeleria macrantha), western wheatgrass (Pascopyrum smithii), 

prairie sagewort (Artemisia frigida), purple coneflower (Echinacea angustifolia), prairie 

coneflower (Ratibida columnifera), and the non-natives field brome (Bromus arvensis) and 

yellow sweetclover (Melilotus officinalis) (Von Loh et al. 2000).   

The Prairie Cordgrass Temporarily Flooded Herbaceous Alliance is characterized by prairie 

cordgrass (Spartina pectinata) and sedge species (Carex spp.) Other species in this community 

include western wheatgrass, foxtail barley (Hordeum jubatum), and several non-native grasses. 

Curly-cup gumweed (Grindelia squarrosa), wild bergamot (Monarda fistulosa), and white aster 

(Aster ericoides) are commonly associated forbs, although species richness is generally low in 

cordgrass stands (Von Loh et al. 2000). 

In THRO, the Prairie Sandreed Grass Herbaceous Alliance consists of Prairie Sandreed ï Long-

stolon Sedge Herbaceous Vegetation. In these grasslands, prairie sandreed (Calamovilfa 

longifolia) is associated with threadleaf sedge, little bluestem (Schizachyrium scoparium), 

needle-and-thread, and prairie sagewort. Several stands in the South Unit include porcupine grass 

(Hesperostipa spartea) as a co-dominant graminoid species (Von Loh et al. 2000).   
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The Little Bluestem-Sideoats Grama Herbaceous Alliance, dominated by little bluestem, is rare 

within the park. Other species regularly found with little bluestem include sideoats grama 

(Bouteloua curtipendula), threadleaf sedge, prairie sandreed, porcupine grass, and various forbs 

(Von Loh et al. 2000).   

The Western Wheatgrass Alliance is divided further into two associations. The Western 

Wheatgrass ï Blue Grama ï Threadleaf Sedge Herbaceous Vegetation Association is dominated 

by western wheatgrass with blue grama and prairie sagewort as major secondary species on drier 

sites and green needlegrass (Nasella viridula) on more mesic sites (Von Loh et al. 2000). Silver 

sagebrush is also common, but typically with less than 25% coverage. In the Western 

Wheatgrass ï Green Needlegrass Herbaceous Vegetation Association, western wheatgrass and 

green needlegrass are codominant, although western wheatgrass is more abundant on drier sites 

and green needlegrass increases on more mesic sites. Other common species include blue grama 

and white sagebrush (A. ludoviciana). The exotic species Kentucky bluegrass, yellow 

sweetclover, and leafy spurge are often found in both associations (Von Loh et al. 2000). Table 

13 summarizes the most abundant species in each of these grassland communities. 

In 2011, the Northern Great Plains Inventory & Monitoring program established and surveyed 

vegetation in 21 plots in THRO as part of a larger, multi-year vegetation survey (Ashton et al. 

2012). Early results indicate western wheatgrass was the most common species across the plots. 

In 1m2 plots, an average of 10 and 12 species were found in the North and South Unit, 

respectively.  

Table 13. The native grasslands of THRO and the most abundant species in each community, as 
surveyed by Von Loh et al. (2000). 

Grassland community Most abundant species 

Needle-and-Thread Herbaceous Alliance Hesperostipa comata, Bouteloua gracilis, 
Carex filifolia 

Western Wheatgrass ï Blue Grama ï Threadleaf 
Sedge Herbaceous Vegetation 

Pascopyrum smithii, Bouteloua gracilis, 
Nasella viridula, Artemisia cana 

Western Wheatgrass ï Green Needlegrass 
Herbaceous Vegetation 

Nassella viridula, Pascopyrum smithii 

Little Bluestem - Sideoats Grama Herbaceous Alliance Schizachyrium scoparium, Bouteloua 
curtipendula, Carex filifolia 

Prairie Sandreed - Long-stolon Sedge Herbaceous 
Vegetation  

Calamovilfa longifolia, Carex filifolia 

Prairie Cordgrass Temporarily Flooded Herbaceous 
Alliance 

Spartina pectinata, Pascopyrum smithii, 
Hordeum jubatum 
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Distribution 

Native grasslands cover over 10,000 ha of THRO. Their distribution is shown in Plate 2, 

 

Plate 3, and Plate 4. Needle-and-thread grasslands are the most widely distributed type, with 

western wheatgrass grasslands a distant second. Needle-and-thread occurs in dry areas on plains, 

flats on buttes, plateaus, on top of mesas, and dry hillsides (Von Loh et al. 2000). Large areas of 

these grasslands occur on the Petrified Forest Plateau and Big Plateau in the South Unit, and on 

the Achenbach Hills of the North Unit. The Western Wheatgrass Herbaceous Alliance generally 

is found in broad floodplains, moist swales, and slopes below badland formations where runoff 

water is available (Von Loh et al. 2000).  

The Little Bluestem-Sideoats Grama Herbaceous Alliance occurs in small patches on moist north 

and east facing slopes, but is also common in the understory of several shrubland types, 

particularly creeping juniper (Juniperus horizontalis) (Von Loh et al. 2000). Prairie Sandreed 

Grass Herbaceous Alliance grasslands occur in small stands on knolls, hilltops, slopes, and at the 



 

72 

 

heads of mesic draws in both the North and South Units of THRO, often on gravelly or sandy 

soils. Finally, the Prairie Cordgrass Temporarily Flooded Herbaceous Alliance is found 

sporadically in the Little Missouri River floodplain and is most noticeable near Scenic Drive in 

the North Unit. This vegetation occurs in areas where the water table is close to the surface or in 

depressions holding water following flood events (Von Loh et al. 2000). The area covered by 

each grassland alliance in the park is shown in Table 14. 

Table 14. Area (in hectares) covered by native grasslands in THRO. GIS data from Von Loh et. al. 
(2000). 

Common Name North Unit South Unit EHR Total 

Needle-and-Thread Herbaceous Alliance 2,182.8 7,126.4 3.5 9,312.7 

Western Wheatgrass Herbaceous Alliance 369.5 832.2 0.8 1,202.5 

Little Bluestem - Sideoats Grama Herbaceous 
Alliance 

75.6 9.4 -- 85.0 

Prairie Sandreed Grass Herbaceous Alliance 12.8 44.6 -- 57.4 

Prairie Cordgrass Temporarily Flooded 
Herbaceous Alliance 

11.6 -- -- 11.6 

Prevalence of Non-natives 

In addition to the five native grasslands, Von Loh et al. (2000) mapped an Introduced Grassland 

Alliance in the park. This alliance covered 146 ha in the North Unit and 192 ha in the South Unit 

for a park-wide total of 338 ha (Plate 5 and Plate 6). Kentucky bluegrass is one of the most 

widespread exotic grasses in THRO, dominating the eastern portion of the South Unit. This 

species is present on many of the more moist areas in the park where western wheatgrass would 

be expected to occur (Von Loh et al. 2000). The other dominant non-native grasses in the park 

are crested wheatgrass and smooth brome. Additional non-native species documented in THROôs 

grasslands as of 2000 are listed in Table 15. More recent non-native plant survey efforts have not 

identified the plant community where each species has been found. A full list of non-native plant 

species in the park (many of which are likely found in native grasslands) can be found in 

Appendix C. Grassland areas sampled in the park during 2011 as part of an NGPN plant 

community monitoring program averaged 17% (±12.4%) non-native species cover in the North 

Unit and 16% (±15.7%) in the South Unit (Ashton et al. 2012). 
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Table 15. Non-native species documented in THRO grasslands (Hansen et al. 1984, Trammell 1994, Von 
Loh et al. 2000). 

Common Name Scientific Name 

Field brome Bromus arvensis 

Cheatgrass Bromus tectorum 

Lambsquarters Chenopodium album 

Barnyard grass Echinochloa spp. 

Leafy spurge Euphorbia esula 

False flax  Camelina microcarpa 

Prickly lettuce Lactuca serriola 

Yellow sweetclover Melilotus officinalis 

Alfalfa Medicago sativa 

Dandelion Taraxacum officinale 

Yellow salsify Tragopogon dubius 

Threats and Stressor Factors 

Non-native plants have invaded the native grasslands of THRO and have become dominant in 

some areas of the park. In addition to altering native species composition, non-natives can alter 

natural processes such as fire, nutrient cycling, and erosion (Von Loh et al. 2000). As of 1994, 36 

non-native plant species had been observed within the park during field surveys (Trammell 

1994). By 2011, over 60 non-native species were documented in the park with many more 

thought to be present (Appendix C). The most problematic and aggressive non-native plants in 

THRO are leafy spurge and Canada thistle (Cirsium arvense). In 2011, THRO and EPMT staff 

chemically treated infestations of Canada thistle in North Unit grasslands and leafy spurge in 

South Unit grasslands (L. Richardson, pers. comm., 2012). Non-native grasses introduced from 

pasture lands include crested wheatgrass, Kentucky bluegrass, and smooth brome (Von Loh et al. 

2000).  

Fire suppression is another threat to the parkôs native grasslands. Fire is one of the most 

important processes in the maintenance of grassland systems (Anderson 1990), as it reduces 

competition from woody species. Frequent fires are important for maintaining native species 

diversity and also positively impact other grassland components, such as nutrient cycling and 

productivity (Collins and Wallace 1990). Fire suppression often leads to juniper and other woody 

species encroachment into native grasslands (NPS 1994, 2010b) and can favor non-native plants 

over native species (Whisenant and Uresk 1990). Fire was viewed as a danger to people, 

property, and resources for much of the 20th century and was suppressed all across the Great 

Plains (NPS 2010b). Fire returned to the landscape of THRO in the form of prescribed burns in 

the late 1990s. Further discussion of fire in THRO is found in section 4.1 of this assessment. 

Overgrazing is not currently a threat to the parkôs grasslands (L. Richardson, pers. comm., 2012).  

Data Needs/Gaps 

While the park is monitored annually for non-native species, Von Loh et al.ôs (2000) vegetation 

mapping project remains the most comprehensive survey conducted in the park. In 2011, a plant 

community composition and structure monitoring was initiated by the NGPN and baseline data 

was gathered in all network parks. Twenty-one plots (16 upland and five riparian) were sampled 

in THRO (Ashton et al. 2012). Over time, this monitoring data will allow for a better comparison 

of current grassland condition to earlier reports (e.g., Hanson and Whitman 1938, Hansen et al. 
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1984). An updated vegetation mapping effort would also help to identify the extent of juniper 

and other woody encroachment into park grasslands. 

Overall Condition 

Species Composition 

During initial scoping meetings, THRO staff assigned the measure of species composition a 

Significance Level of 3. Von Loh et al.ôs (2000) grassland species composition descriptions are 

slightly different than those in Hansen et al. (1984) and Hanson and Whitman (1938). While Von 

Loh et al.ôs (2000) description of the needle-and-thread herbaceous alliance is very similar to 

Hanson and Whitman (1938), it differs from Hansen et al. (1984) who reported very little blue 

grama and more western wheatgrass in the Hesperostipa comata/Carex filifolia habitat type. 

Hansen et al. (1984) also reported minimal blue grama and green needlegrass in the Pascopyrum 

smithii/Carex filifolia habitat type, two grasses that were key ñsecondary speciesò in Von Loh et 

al.ôs (2000) descriptions. Some of these differences could be natural variation due to climate 

variability, fire regime, and land use shifts (e.g., grazing). These differences are worth further 

investigation and this measure is therefore assigned a Condition Level of 1 indicating low 

concern. In the future, data from the NGPN plant community monitoring can be used to assess 

this measure.   

Distribution 

A Significance Level of 3 was assigned to the measure of distribution. Since there are no historic 

or more recent distribution maps that are directly comparable to Von Loh et al.ôs (2000) 

distribution data, a Condition Level cannot be assigned. Data from the NGPN plant community 

monitoring may also be useful in assessing this measure in the future. 

Prevalence of Non-natives 

A Significance Level of 3 was assigned to the prevalence of non-native species measure. Non-

native grasses have become dominant in several areas within THRO and have the potential to 

expand further into native grasslands. Several other non-native species, particularly the 

aggressive leafy spurge, have been documented in the parkôs native grasslands. This measure 

was assigned a Condition Level of 2, indicating moderate concern. 

Weighted Condition Score 

The Weighted Condition Score (WCS) for native grasslands in THRO is 0.500, indicating 

moderate concern. The trend is currently unknown, although the new network vegetation 

monitoring program should help to fill this gap in the near future. 
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4.6.1 Sources of Expertise 

Laurie Richardson, Botanist, THRO  
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Plate 2. Native grassland alliances in the North Unit of THRO. 
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Plate 3. Native grassland alliances in the South Unit of THRO.  
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Plate 4. Native grassland alliances in the Elkhorn Ranch Unit of THRO. 
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Plate 5. The introduced grassland alliance in the North Unit of THRO. 
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Plate 6. The introduced grassland alliance in the South Unit of THRO. 
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4.5 Juniper Forests 

4.5.1 Description 

Juniper forests are considered a distinct vegetation type in THRO and occur primarily on north-

facing hill slopes in the park. This forest type, dominated by Rocky Mountain juniper (Juniperus 

scopulorum), is the most common wooded plant community in the park (NPS 2010a). Juniper 

forests are important for slowing erosion on slopes and are the preferred habitat for elk (Cervus 

elaphus) in THRO (NPS 2010a). Berry-like cones produced by 

junipers are a critical food source for several bird species in 

the park, including Townsendôs solitaires (Myadestes 

townsendi), cedar waxwings (Bombycilla cedrorum), 

Bohemian waxwings (B. garrulus), and American robins 

(Turdus migratorius) (NPS 2010a).  

Juniper forests in the park often are wooded densely with thick 

tree canopies (Von Loh et al. 2000). Green ash (Fraxinus 

pennsylvanica) and chokecherry (Prunus virginiana) are also 

common but at much lower densities. Characteristic 

understory species include little-seed ricegrass (Oryzopsis 

micrantha), mosses and lichens, and false Solomonôs seal 

(Maianthemum stellatum) (Hansen et al. 1984, Von Loh et al. 

2000). 

4.5.2 Measures 

¶ Distribution 

¶ Density 

4.5.3 Reference Conditions/Values 

The ideal reference condition for this component would be the composition and distribution of 

juniper forests prior to European settlement. However, no information is available from this 

historical period. The earliest description of THROôs juniper forests comes from Ralston (1960), 

who studied the structure and ecology of ñnorth slope juniper standsò in the area. This source 

will act as the reference condition for density in this assessment. For the distribution measure, 

Von Loh et al.ôs (2000) 1996-97 vegetation mapping data will serve as the reference condition. 

4.5.4 Data and Methods 

Von Loh et al. (2000) used remote sensing to map vegetation in THRO and provided the 

majority of information regarding juniper forests in the park, particularly regarding distribution. 

Ralston (1960) also provided stand density data for several juniper forests in the park. Density 

measurements were calculated using the quarter method (Cottam and Curtis 1956) in 12 juniper 

stands in the North and South Units of THRO (Ralston 1960). 

Photo 11. Rocky Mountain juniper 
in THRO (Photo by Shannon 
Amberg, SMUMN GSS 2010) 
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4.5.5 Current Condition and Trend 

Distribution 

Rocky Mountain juniper often covers 

steep north-facing slopes in the 

badlands, facing away from direct 

sun where there is less surface 

insolation, conditions are cooler, 

snow remains longer in the spring, 

and moisture evaporates less readily 

(Godfread 1994). It is widely 

distributed across THRO, most often 

forming dense woodlands in 

drainages and draws, but also 

occurring on ridges, hill tops, and 

slumps on side slopes (Von Loh et 

al. 2000). Nelson (1961) states that 

this vegetation type generally is 

found on slopes of scoria or clay, and 

that juniper will generally cover the 

slope from its base to the summit.  

Plate 7, Plate 8, and Plate 9 display the area covered by the Rocky Mountain juniper alliance as 

of 2000 in the North, South, and Elkhorn Ranch Units of THRO, respectively. Based on GIS 

data, this vegetation alliance is slightly more widespread in the North Unit. GIS data are also 

available for the distribution of the Juniperus scopulorum/Oryzopsis micrantha habitat type in 

the park as of 1984 (Norland 1984). Although not directly comparable due to slight methodology 

differences, a comparison of total juniper forest area in 1984 and 2000 suggests that these forests 

have expanded over time. According to 1984 GIS data, the Juniperus scopulorum/Oryzopsis 

micrantha habitat type covered approximately 1,000 ha of THRO (just under 500 ha in the South 

Unit and just over 500 ha in the North Unit). By 2000, GIS data show Rocky Mountain juniper 

woodland covering approximately 3,800 ha of the park (about 2,200 ha in the South Unit and 

1,600 ha in the North Unit) (Von Loh et al. 2000). 

Density 

No recent information is available regarding the density of THROôs juniper forests specifically. 

Stand density data is being gathered as part of the NGPN plant community monitoring, but this 

monitoring has just completed its first year. 

Ralston (1960) calculated densities for 12 juniper stands in THRO

Photo 12. Juniper forests in the North Unit of THRO (Photo 
by Shannon Amberg, SMUMN GSS 2010). 
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Table 16). Stands with the highest density also exhibited the greatest reproduction rates. Density 

appeared to be related to fire intensity, with stands exposed to higher intensity fires actually 

showing higher densities (Ralston 1960). 
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Table 16. Tree densities for THRO juniper stands sampled in 1960 (Ralston 1960). 

Stand Density (trees per acre) 

 Ash Juniper Total Juniper saplings (trees/m2) 

101 19.5 759 778.5 0.30 

102 -- 1286 1286 -- 

103 -- 970.37 970.37 0.20 

104 34.3 880.7 915.00 0.2875 

105 154.8 619.6 774.4 0.325 

106 134 844 978 0.1125 

107 292 770 1062 -- 

109 11.44 903.56 915 0.25 

110 1041.7 852.3 1894 -- 

111 134 763 897 0.162 

112 23 906 926 0.10 

116 177.4 1241.6 1419 -- 

Threats and Stressor Factors 

Non-native plant species constitute a threat to the juniper forests of THRO. These species can 

impact native species composition and alter natural processes such as fire, nutrient cycling, and 

erosion (Von Loh et al. 2000; as reviewed by Brooks et al. 2004). THRO and EPMT staff have 

been chemically treating infestations of Canada thistle in North Unit juniper forests and leafy 

spurge and Canada thistle in South Unit forests annually for nearly a decade (NPS n.d.). Other 

non-natives documented in juniper stands are field brome, yellow sweet clover, Kentucky 

bluegrass, lambsquarters, dandelion, and yellow salsify (Hansen et al. 1984, Trammell 1994, 

Von Loh et al. 2000). 

Rocky Mountain juniper generally is considered intolerant of fire. Particularly intense fires can 

kill all but the largest junipers in a stand (Scher 2000). However, without fire juniper woodlands 

will expand and eventually encroach into other native plant communities (Burkhardt and Tisdale 

1976, NPS 2010b). The majority of Rocky Mountain juniper stands sampled during the THRO 

vegetation mapping program showed evidence of historic burns (Von Loh et al. 2000). Some 

evidence suggests that juniper stands that experienced fires of a certain intensity actually 

increased in stand density and reproduction over time (Ralston 1960).  

Data Needs/Gaps 

Density and other stand structure data is lacking for THROôs juniper forests and could help 

managers better understand the juniper encroachment occurring in the park. NGPN plant 

community monitoring will contribute some stand density information over time. Also, the 

distribution of juniper has not been mapped since 2000. Updated distribution data would help 

identify any vegetation changes (e.g., juniper encroachment) occurring in the park.    

Overall Condition 

Distribution 

A Significance Level of 3 was assigned to the measure of juniper forest distribution. Evidence 

suggests that juniper distribution has expanded in the park over time, perhaps due to a long 

period of fire suppression. Junipers are encroaching on other native plant communities, which is 
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a concern for park management. Therefore, this measure is assigned a Condition Level of 2, 

indicating moderate concern. 

Density  

A Significance Level of 3 was assigned to the measure of juniper forest density. Since no recent 

density information is available for the park, a Condition Level could not be assigned. 

Weighted Condition Score  

A Weighted Condition Score (WCS) could not be calculated for the juniper forest community in 

THRO, since a Condition Level was only assigned for one of the two measures. As a result, the 

condition and trend of juniper forests in the park are considered unknown. 

 

4.5.6 Sources of Expertise 

Laurie Richardson, Botanist, THRO  
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Plate 7. Rocky Mountain Juniper Alliance in the North Unit of THRO. 
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Plate 8. Rocky Mountain Juniper Alliance in the South Unit of THRO. 
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Plate 9. Rocky Mountain Juniper Alliance in the Elkhorn Ranch Unit of THRO (based on 1996 aerial imagery). Juniper stands in the northwestern 
corner are no longer visible in 2004 aerial photography, as this area burned in the Elkhorn wildfire that occurred in August 2001. 
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4.6 Floodplain Woodlands 

4.6.1 Description 

Floodplain woodlands are areas dominated by trees with less than 60% canopy cover (Von Loh 

et al. 2000), occurring along the banks of the Little Missouri River and its major tributaries in 

THRO (Miller 2005). Sometimes referred to as gallery forests (Norland 1984, Girard et al. 

1989), or more broadly as bottomland forests (Nelson 1961), they are primarily characterized by 

cottonwood-willow (Populus-Salix sp.) woodlands (Miller 2005). Floodplain woodlands at 

THRO are dominated by plains cottonwood (Populus deltoides subsp. Monilifera). 

 

Photo 13. Floodplain woodlands along the Little Missouri River in the North Unit of THRO (photo by 
Shannon Amberg, SMUMN GSS 2010). 

Native woodlands represent less than 5% of the southwestern North Dakota vegetation (Jakes 

and Smith 1983); floodplain woodlands along the Little Missouri River represent a subset of 

these woodlands. The plant communities/alliances related to floodplain woodlands, along with 

those alliances that may succeed to or from floodplain woodlands, are listed in Table 17. 

According to GIS data (Von Loh et al. 2000), cottonwood woodlands and other related map units 

listed in Table 17 make up approximately 55% of the EHR, 7% of the North Unit, and 1% of the 

South Unit, and 3.4% of the total land area across the three units of THRO. Despite the small 

proportion on the landscape, these woodlands and associated alliances provide valuable habitat 

for many wildlife species in THRO including white-tailed deer (Odocoileus virginianus) (Nelson 

1961), numerous bird species, porcupine (Erithizon dorsatum), and beaver (Castor canadensis) 

(NPS 2009).  

Reproduction and age structure of cottonwood woodlands are controlled by river flooding and 

channel migration. Survival of woodland species during drought depends upon a water subsidy 

from the river. Reproduction and survival of these woodlands has been impaired globally by 

construction of dams and channel stabilization that limit flooding and channel migration, and by 

summer water withdrawals that cause drought mortality. The Little Missouri River in THRO is a 

rare example of a large river with minimal flow regulation, channel stabilization, or land 

clearing. As a result this forest includes the oldest known plains cottonwood trees in the world 

(up to 371 years, Friedman pers. comm., 2012), and the age structure and spatial patterns of 

cottonwood trees serve as a reference example of the natural condition for this plant community. 












































































































































































































































































































































